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Summary

We evaluated the prevalence of rapid decline in kidney function, its potential risk factors and
influence upon mortality in sickle cell disease (SCD) in a retrospective single-center study. Rapid
decline of kidney function was defined as estimated glomerular filtration rate (eGFR) loss of >3.0
ml/min/1.73 m2 per year. A multivariable logistic regression model for rapid eGFR decline was
constructed after evaluating individual covariates. We constructed multivariate Cox-regression
models for rapid eGFR decline and mortality. Among 331 SCD patients (median age 29 years
[intergquartile range, IQR: 20, 41]; 187 [56.5%] female) followed for median 4.01 years (IQR:
1.66, 7.19), rapid eGFR decline was noted in 103 (31.1%). History of stroke (odds ratio [OR]:
2.91, 95% confidenc interval [CI]: 1.25 — 6.77) and use of angiotensin converting enzyme
inhibitors/angiotensin receptor blockers (OR: 3.17, 95%Cl: 1.28-7.84) were associated with rapid
eGFR decline. The rate of eGFR change over time was associated with mortality (hazard ratio
[HR]: 0.99, 95%CI: 0.984-0.995, p = 0.0002). In Cox-regression, rapid eGFR decline associated
with mortality (HR: 2.07, 95%CI: 1.039-4.138, p = 0.04) adjusting for age, sex and history of
stroke. Rapid eGFR decline is common in SCD and associated with increased mortality. Long-
term studies are needed to determine whether attenuating loss of kidney function may decrease
mortality in SCD.
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INTRODUCTION

Sickle cell disease (SCD), one of the most common monogenic disorders worldwide, results
in many structural and functional abnormalities of the kidney (Ataga, et al 2014). Chronic
kidney disease (CKD), defined by evidence of kidney damage or decreased kidney function
for three or more months (Levey and Coresh 2012), is common in SCD. Albuminuria is the
most frequently assessed marker of kidney damage in clinical practice and occurs in up to
68% of adult patients with SCD (Ataga, et al 2014). Although the natural history of CKD in
patients with SCD remains inadequately defined, multiple studies suggest that kidney
function declines at a more rapid rate in SCD than in healthy individuals (Asnani, et al 2016,
Derebail, et al 2019, Xu, et al 2018). We and others have reported on the prevalence of CKD
as well as the rate of decline in estimated glomerular filtration rate (¢eGFR) in adults with
SCD. (Asnani, et al 2016, Derebail, et al 2019, Xu, et al 2018) In our earlier publication, the
baseline prevalence of CKD in this patient cohort was 19.9%, with an annual rate of decline
in eGFR among individuals with HbSS and HbSBP thalassaemia of 2.05 mI/min/1.73 m? per
year (Derebail, et al 2019). Prior studies in other populations, including patients with
hypertension and diabetes, have demonstrated that those with more rapid decline in kidney
function had higher mortality (Rifkin, et al 2008, Shlipak, et al 2009). However, this
relationship has never been examined in the sickle cell patient population. In this present
study, we examined rapid decline in kidney function in an observational cohort of adult
patients with SCD, factors associated with such decline and the association with mortality.

Materials and Methods

Patient Selection and Assessment of Mortality

The study design and participants of this study have been described previously (Derebail, et
al 2019). Briefly, patients with SCD aged at least 18 years, followed at a single academic
medical centre from 2004 to 2013, were identified via medical record review. We included
patients with all common forms of SCD (e.g. homozygous sickle cell disease [HbSS],
haemoglobin SC disease [HbSC], sickle-p0-thalassaemia [HbSBY], sickle-p*-thalassaemia
[HbSB*], haemoglobin SE disease [HbSE], haemoglobin SD disease [HbSD] and sickle cell-
hereditary persistence of fetal haemoglobin [SHPFH]). Evaluations were obtained when
patients were seen during routine clinic visits in a non-crisis, “steady state” and absent of an
acute vaso-occlusive episode at the time of assessment. The baseline visit was defined as the
first available serum creatinine measurement during the follow-up period. Only those
patients with two or more measures of kidney function over the observation period were
included. Evaluation of decline in kidney function was obtained in patients who had no
kidney transplant or need for dialysis at baseline. In addition, patients with a history of bone
marrow transplantation, systemic lupus erythematosus, human immunodeficiency virus, or
hepatitis B or C infection were excluded. Mortality during the observation period was
assessed by review of patients’ medical records and by utilizing the US Social Security
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Death Index. The Institutional Review Board at the University of North Carolina at Chapel
Hill approved the study, with a waiver of consent for analysis of deidentified data.

We used the creatinine-based Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation to calculate eGFR (Levey, et al 2009). CKD was defined using a modification
of Kidney Disease Improving Global Outcomes (KDIGO) guidelines that incorporate eGFR
and levels of albuminuria (KDIGO 2013) based on the presence of proteinuria (at least 1+ on
dipstick urinalysis) or eGFR < 90 ml/min/1.73 m2 (Becker 2011, Thompson, et al 2007).
Hyperfiltration was defined as eGFR > 130 ml/min per 1.73 m? for women and > 140
ml/min per 1.73 m2 for men (Haymann, et al 2010, Vazquez, et al 2014). Rapid decline of
kidney function was defined as eGFR loss of >3.0 ml/min/1.73 m? per year (Rifkin, et al
2008, Shlipak, et al 2009). Proteinuria was assessed semi-quantitatively by dipstick
urinalysis and defined as absent if results were 0 to trace and present if > 1+.
Haemoglobinuria was defined as dipstick urinalysis with blood = 1+, but with less than 5 red
blood cells per high power field by microscopy. CKD progression was defined as a decline
in eGFR to < 90 ml/min and at least a 25% decline in eGFR (KDIGO 2013).

Statistical analyses

All variables of interest were summarized by counts and percentages if categorical, or by
median and interquartile ranges (IQR) if continuous. Patients were evaluated together and
categorized by presumed disease severity based on the SCD genotype. Individuals with
HbSS and HbSpR? thalassaemia were categorized as “severe genotype” and those with HbSC
and HbSB™ thalassaemia were categorized as “mild genotype.” To evaluate the association of
clinical and laboratory variables with rapid decline in eGFR, we first conducted a separate
logistic regression analysis for each variable adjusted for baseline age and sex. We then
performed a multivariable logistic regression analysis with backward elimination to select
the variables significantly associated with rapid eGFR decline. The following variables were
included in the initial multivariable model: haemoglobin, reticulocyte count, lactate
dehydrogenase, baseline eGFR, history of stroke, hydroxycarbamide therapy, systolic blood
pressure, use of angiotensin converting enzyme (ACE) inhibitors/angiotensin receptor
blockers (ACE-I/ARB) and history of diabetes. The multivariable analysis was also adjusted
for baseline age and sex. As proteinuria measures were missing for many patients, sensitivity
analyses of the multivariable analysis were performed using four scenarios: 1) exclude
proteinuria in the initial model, 2) include proteinuria in the initial model but use only
patients with proteinuria values available, 3) include proteinuria in the initial model and use
all patients by assigning no proteinuria to those with missing values, or 4) include
proteinuria in the initial model and use all patients by assigning proteinuria to those with
missing values.

To evaluate the association of rapid eGFR decline with mortality, we obtained the Kaplan-
Meier estimates of survival probabilities for rapid and non-rapid eGFR decline groups, and
performed log-rank testing to compare the survival probabilities for the two groups. We
performed survival analyses utilizing a Cox regression model in two scenarios: 1) using the
rate of eGFR change over time (a continuous variable) as the covariate; 2) using the
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indicator of rapid eGFR decline (a binary variable) as the covariate. Both analyses were
adjusted for baseline age and sex. For the Cox regression model utilizing the binary variable
for eGFR decline, we also performed additional multivariable modelling using covariates
that were associated with exposure (eGFR decline > 3.0 ml/min/1.73 m2 per year) or with
the outcome (death) in the unexposed. All analyses were conducted using SAS software,
Version 9 for Windows Copyright © [2014] SAS Institute Inc., Cary, NC, USA.

Patient Demographics and Prevalence of Rapid Decline in Estimated Glomerular Filtration

Rate

Association

Of the 427 patients with SCD in the cohort, 331 patients (HbSS = 218, HbSC = 67, HbSg°
thalassaemia = 18, HbSB* thalassaemia= 22, HbSE = 2, HbSD = 2, SHPFH = 2) had at least
two assessments of eGFR. Of these 331 patients included in the analysis, 327 (98.8%) self-
identified as African-American and 4 (1.2%) were of other race/ethnicity designations. The
median age of the patients with at least 2 measurements of eGFR was 29 years (IQR: 20 —
41 years) and 187 (56.5%) were female. The patients had a median follow-up duration of
4.01 years (IQR: 1.66, 7.19). The median number of creatinine measurements was 6 (IQR 3
to 11). Among the severe genotype patients, the median was 7 (IQR 3.75 to 13) and in the
mild genotype patients, the median was 5 (IQR 3 to 89). Patients with HbSS/HbSpB°
thalassaemia appeared to have lower median values of systolic blood pressure, diastolic
blood pressure and haemoglobin, but higher white blood cell count, total bilirubin and
lactate dehydrogenase than those with HbSC/HbSB™* thalassaemia (Table 1). Proteinuria was
observed in 16.7% of patients, 19.9% in patients with HbSS/HbSBP thalassaemia versus
8.9% in patients with HbSC/HbSB* thalassaemia. Rapid decline of kidney function (eGFR
decline >3.0 ml/min/1.73 m? per year) was observed in 103 (31.1%) patients in total, 80
(33.9%) with HbSS/HbSRO thalassaemia and 21 (23.6%) with HbSC/HbSB* thalassaemia.
Of the 103 with rapid eGFR decline, 27 (26.2%) had CKD (8 due to proteinuria alone and
19 due to eGFR < 90 mI/min/1.73 m2). In those without rapid decline (N=228), 35 (15.4%)
had CKD (15 due to proteinuria alone and 20 due to eGFR < 90 ml/min/1.73 m2). One
hundred and sixty-six (50.2%) patients demonstrated hyperfiltration at baseline, with a
greater proportion noted in the severe genotype group than in the mild genotype group
(58.5% v. 28.1%). Among the patients with hyperfiltration, 36 (21.7%) had declines in
eGFR > 3 ml/min/1.73m?2 per year, while among the patients without hyperfiltration, 67
(40.6%) patients had eGFR decline > 3 ml/min/1.73m? per year. Sixty-six out of 331
patients (19.9%) had CKD progression, with 43 (41.8%) in the > 3ml/min/1.73m? per year
group vs. 23 (10.1%) in the < 3 ml/min/1.73m? per year group. CKD progression was
significantly greater in patients with rapid decline of kidney function than in those without
rapid decline of kidney function (difference: 0.32, 95% confidence interval [CI]: 0.21 — 0.43,
p < 0.0001).

of Clinical and Laboratory Variables with Rapid Decline in Kidney Function

We examined baseline laboratory and clinical variables that were associated with rapid
decline in eGFR in the cohort. In age- and sex-adjusted analyses, baseline haemoglobin (p =
0.007), ferritin (p = 0.01) and baseline eGFR (p = 0.01) were significantly associated with
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rapid decline in eGFR in all of the SCD patients (Table 11). There was a trend towards an
association of proteinuria (p = 0.06) with rapid decline in eGFR. Clinical variables
significantly associated with rapid decline in eGFR were history of stroke (p = 0.002) and
use of ACE-I/ARB (p = 0.006). Hyperfiltration was less likely to be associated with rapid
eGFR decline (p=0.02). In patients with HbSS/HbSBP thalassaemia, ferritin (p = 0.03),
baseline eGFR (p = 0.0015), history of stroke (p = 0.001) and use of ACE-I/ARB (p = 0.05)
were significantly associated with a rapid decline in eGFR (Table II). Presence of proteinuria
(p = 0.06) showed a trend towards an association with rapid decline in eGFR, but no
association was seen between baseline haemoglobin (p = 0.1) and rapid decline in eGFR in
patients with HbSS/HbSR? thalassaemia. Similarly, hyperfiltration was less likely to be
associated with rapid decline (p=0.01). In patients with HbSC/HbSB* thalassaemia, history
of diabetes (p = 0.02) and use of ACE-I/ARB (p = 0.04) were significantly associated with a
rapid decline in eGFR (Table I1). No statistically significant association was noted with
hyperfiltration among these patients.

Proteinuria measures were missing for 151 (45.6%) of the total 331 patients, 104/228
(45.6%) of patients with eGFR decline < 3ml/min/1.73m? per year and 47/103 (45.6%) of
patients with eGFR decline > 3ml/min/1.73m? per year. We performed sensitivity analyses
for the multivariable analyses using four scenarios: in the backward elimination procedure
for variable selection, 1) exclude proteinuria in the initial model, 2) include proteinuria in
the initial model but use only patients with proteinuria values available, 3) include
proteinuria in the initial model and use all patients by assigning no proteinuria to those with
missing values, or 4) include proteinuria in the initial model and use all patients by assigning
proteinuria to those with missing values. Hyperfiltration was not included in the primary
backward elimination models because we included baseline eGFR in the model assessment.
We performed subsequent additional analyses adding hyperfiltation to the final selected
models to evaluate its potential association with rapid eGFR decline. In all SCD patients, for
scenarios (1)(3) and (4), history of stroke (odds ratio [OR]: 2.91, 95% CI: 1.25 - 6.77) and
use of ACE-I/ARB (OR: 3.17, 95% ClI: 1.28 — 7.84) were retained in the final model after
backward elimination and associated with rapid eGFR decline (Table I1). In scenarios (3)
and (4), proteinuria was not retained in the model after backwards elimination. For scenario
(2), only history of stroke (OR: 7.38, 95% CI: 1.72 — 31.65) was associated with rapid eGFR
decline. In patients with HbSS/HbSPO thalassaemia, for scenarios (1)(3) and (4), history of
stroke (OR: 3.41, 95% CI: 1.30 — 8.92) and baseline eGFR (OR: 0.98, 95% CI: 0.97 — 0.998)
were associated with rapid eGFR decline; for scenario (2), only history of stroke (OR: 10.85,
95% ClI: 1.83 — 64.33) was associated with rapid decline in eGFR. In patients with HbSC/
HbSB* thalassaemia, for scenarios (1)(3) and (4), only use of ACE-I/ARB (OR: 10.85, 95%
Cl: 1.83 - 64.33) was associated with rapid eGFR decline. For scenario (2), no variables
were associated with rapid decline in eGFR, although the number of evaluated patients was
limited (N = 30). In subsequent models in which we evaluated hyperfiltration, among all
patients, hyperfiltration was associated with a lower odds of rapid eGFR decline (OR: 0.31,
95% CI: 0.14 — 0.71). Hyperfiltration was not included in this model for severe genotype
patients due to its collinearity with baseline eGFR. Among mild genotype patients,
hyperfiltration was retained in the model but did not have a statistically significant
association with rapid eGFR decline.
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Association of Rapid Decline in Estimated Glomerular Filtration Rate with Mortality

We evaluated the association of eGFR decline with mortality, adjusting for age and sex.
There were 43 deaths over the observation period — 34 (79%) in the severe genotype group
(21 [61.7%] with eGFR decline > 3 mI/min/1.73 m? per year) and 8 (18.6%) in the mild
genotype group (1 [12.5%] with eGFR decline > 3 ml/min/1.73 m? per year). One death
occurred in a patient with HbSE disease and was not analysed with the mild or severe
genotypes. In all patients with SCD, there was an association of the rate of eGFR change
over time with mortality (hazard ratio [HR]: 0.99, 95% CI: 0.984 - 0.995, p = 0.0002). This
means that mortality is 10% less likely with every 10 ml/min per 1.73 m? per year increase
in the rate of eGFR change. In assessing the association of rapid eGFR decline and
mortality, patients with eGFR < 3 ml/min/1.73 m? per year served as the reference
population. Rapid decline in eGFR > 3 ml/min/1.73 m? per year was significantly associated
with increased mortality (HR: 2.40, 95% CI: 1.31 - 4.42, p = 0.005). Kaplan-Meier estimates
also showed significantly lower survival probabilities for patients with rapid eGFR decline
(log-rank test; p = 0.0002) (Figure 1). In subjects with HbSS/HbSBO thalassaemia, the rate of
eGFR change over time was significantly associated with mortality (HR: 0.99, 95% CI: 0.98
- 0.99, p< 0.0001). Rapid decline in eGFR was also significantly associated with increased
mortality in HbSS/HbSBP thalassaemia (HR: 2.96, 95% Cl: 1.46 - 5.98, p = 0.003). Due to
the low number of deaths (N=8) observed in the HhSC/HbSB* thalassaemia group, we did
not complete this modelling in this group alone.

In multivariable Cox regression models, in addition to rapid eGFR decline, we evaluated the
association of baseline eGFR, ACE-I/ARB use, history of stroke, baseline haemoglobin, and
baseline hydroxycarbamide use with mortality. Only history of stroke was retained in the
model, and rapid eGFR decline had a similar association with mortality among all patients
(HR: 2.07, 95% CI: 1.04 - 4.14, p = 0.04) and among severe genotype patients (HR: 2.89,
95% Cl: 1.32 - 6.36, p = 0.008).

DISCUSSION

Glomerular filtration rate progressively declines with age, with an annual rate of decline of
kidney function of 1.27 + 1.97 ml/min/1.73m? reported in African-American adults (Young,
et al 2016). Multiple previous studies suggest that kidney function progressively declines in
SCD (Asnani, et al 2016, Derebail, et al 2019, Gosmanova, et al 2014, van Tuijn, et al 2017,
Xu, et al 2018). In a 25-year prospective longitudinal demographic and clinical cohort study;,
31 out of 725 patients with HbSS (4.2%) and 5 out of 209 patients with HbSC disease
(2.4%) developed chronic renal failure (Powars, et al 1991). However, most of the patients in
the study were children in whom prevalence of CKD would be relatively low. A
retrospective, single centre study of 98 SCD patients found that the prevalence of CKD,
defined according to the 2012 KDIGO recommendations, increased from 28.6% to 41.8%
after a mean follow-up of 5 years (Gosmanova, et al 2014). In a more recent single-centre,
prospective study of 104 patients in the Netherlands, the prevalence of renal failure
increased from 6.7% to 23.4% after 7 years of follow-up (van Tuijn, et al 2017). Although
these studies assessed the progression of CKD, they did not evaluate rapid decline in kidney
function and its association with mortality.
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Rapid decline in kidney function is reported to occur in 11.5% of African-Americans
following up to 12 years of follow-up (Young, et al 2016). Rapid decline in GFR, defined as
an annual GFR loss of >3 mI/min/1.73 m2 (Rifkin, et al 2008, Shlipak, et al 2009),
represents a magnitude of change more than two times the rate of decline in African-
American adults and has been shown to predict impaired kidney function in patients with
diabetes, end-stage renal disease and cardiovascular outcomes (Bjornstad, et al 2015, Groop,
et al 2009, Orchard, et al 2010). However, the association between rapid GFR decline and
CKD progression as well as mortality have not been previously described in SCD. In this
study, we report on the high prevalence of rapid decline in kidney function in adult patients
with SCD. As expected, the prevalence is higher in patients with HbSS/HbSB? thalassaemia
than in those with HbSC/HbSB™ thalassaemia, probably due to their more severe disease
phenotype. These results are similar to recently published data of 193 subjects with 5-year
follow-up data in whom rapid eGFR decline of =3 ml/min/year over 5 years was observed in
approximately 37% of patients (Xu, et al 2018). In addition, consistent with reports in
patients with type 1 diabetes (Young, et al 2016), we find that rapid decline in kidney
function is associated with CKD progression in patients with SCD.

In multivariable analysis, we found that patients with history of stroke had an increased risk
of rapid decline in kidney function. This relationship may be a result of a shared
vasculopathic pathophysiology between cerebrovascular disease and kidney disease. Vaso-
occlusion with ischaemia-reperfusion as well as endothelial dysfunction due, at least in part,
to ongoing haemolysis probably play roles in these phenomena in SCD (Hebbel, et al 2004).
We have previously reported that albuminuria is associated with history of stroke in SCD
(Ataga, et al 2010). Although we did not find a significant association of proteinuria with
rapid decline in eGFR, we observed that patients on treatment with ACE-I/ARBs had an
increased risk of rapid decline in eGFR. This finding is not surprising as the majority of
patients on ACE-I/ARBs were on these agents for an indication of proteinuria, a clinical
marker of glomerular injury. This still suggests that glomerular injury, assessed clinically by
proteinuria, may be a risk factor for rapid decline in kidney function in SCD, much like in
other patient populations (Koye, et al 2018, Schwandt, et al 2018, Young, et al 2016).
Worsening renal function due to these agents, while possible, seems less likely given their
demonstrable benefit in attenuating renal function decline in numerous other settings.
Indeed, baseline severe albuminuria (>300 mg/g by urine-albumin-to-creatinine ratio) has
previously been reported to be associated with the development and progression of CKD in
SCD (Gosmanova, et al 2014). Interestingly, patients with hyperfiltration had a lower
likelihood of rapid eGFR decline. This may suggest that those who appear to have “normal”
eGFR have already dropped from the hyperfiltration state due to loss of renal mass and are
therefore more likely to progress, as has been postulated in diabetes (Tonneijck, et al 2017).
This same argument could be made in the severe genotype group, in which higher baseline
eGFR was associated with lower odds of eGFR decline.

Although multiple studies show an association of CKD with increased mortality in patients
with SCD (Elmariah, et al 2014, Platt, et al 1994, Thrower, et al 2019), there are no
previously published studies of the association of rapid decline in kidney function with
mortality. Consistent with observations in the general population as well as patients with
diabetes (Rifkin, et al 2008, Shlipak, et al 2009). we found that rapid decline in eGFR is
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associated with increased mortality in adult patients with SCD. With a greater than 2-fold
increased risk of death with rapid decline in eGFR, early identification of patients with rapid
decline in kidney function is important with regard to modifying risk factors and possibly
slowing the decline in eGFR. We have recently reported that treatment with renin-
angiotensin-aldosterone system blocking agents results in a slower decline in eGFR in adult
SCD patients with proteinuria, although no effect on mortality was observed (Thrower, et al
2019).

Our study is limited by its retrospective design and assessment of proteinuria by dipstick
analysis. Despite these limitations, the large size of the cohort, the consistency in practice at
our single centre and long duration of follow-up allow us to draw several important
conclusions.

We observed that rapid decline in eGFR is common and is associated with CKD progression
and mortality in adult patients with SCD. Rapid decline in kidney function is associated with
history of stroke and use of ACE-I/ARBs. Although we were unable to demonstrate an
association between rapid decline in eGFR and proteinuria, the association of ACE-I/ARB
use with rapid decline in kidney function suggests that patients with glomerulopathy have an
increased risk of rapid decline in kidney function. Early identification of patients with rapid
decline in kidney function is important to address potential modifiable risk factors and
possibly slow eGFR decline, which, in turn, may reduce mortality. Prospective, multicentre
studies that focus on measures to reduce the loss of kidney function in patients with SCD are
needed to assess their potential to impact overall mortality.
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Figure 1:

Kaplan-Meier Estimates of the Survival Probabilities for Rapid and Non-Rapid Estimated

Glomerular Filtration Rate (eGFR) Decline Groups.
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Table I:

Baseline Demographics, Laboratory and Clinical Data of Patients in the Cohort

Page 12

Variable N All SCD N HbSS/HbSB N HbSC/HBSB*
Thalassaemia Thalasaemia

Age (years) 331 | 29 (20, 41) 236 | 28.0(20.5, 39.5) 89 | 35 (20, 43)

Female sex 331 | 187 (56.5) 236 | 133 (56.4) 89 | 51(57.3)

Weight (kg) 323 | 67.9(59.2, 80.1) 230 | 65.5 (57.1, 75.8) 87 | 75.6 (65.8, 92.9)

Height (cm) 125 | 170.3 (162.5, 89 | 170.3(163,175.9) 33 | 168 (162, 173)
175.7)

Systolic blood pressure (mm Hg) 329 | 121 (111, 132) 236 | 119 (109, 130) 87 | 128 (118, 134)

Diastolic blood pressure (mm Hg) 329 | 71(64,79) 236 | 70 (62, 76) 87 | 77 (70, 83)

WBC count (10°/1) 330 | 10.2(7.6,12.5) 236 | 10.8(8.4,13) 88 | 8.6(6.5,10.5)

Haemoglobin (g/1) 330 | 95(81,109) 236 | 88(78,100) 88 | 120 (105, 130)

Reticulocyte count (10%/1) 305 %gg.g)(lﬂ.?), 222 | 218.7 (148.5, 303.4) 79 | 115.6 (83.2, 184.8)

Haemoglobin F (%) 143 | 4.9(1.9,9.49) 124 | 6.5(3.2,10.4) 29 | 0.9(05,2.6)

Blood urea nitrogen (mmol/l) 311 | 2.86(2.14, 3.93) 226 | 2.86(2.14,3.57) 79 | 3.21(2.50,3.93)

Creatinine (umol/l) 331 | 61.88 (53.04, 236 | 61.88 (53.04, 75.14) 89 | 70.72 (61.88, 88.40)
79.56)

eGFR (ml/min/1.73m?) 331 | 135(113.9, 152.1) 236 | 140.4 (120.1, 155.9) 89 | 120.7 (105.9, 137.1)

Hyperfiltration * 331 | 166 (52.2) 236 | 138(58.5) 89 | 25(28.1)

Lactate dehydrogenase (u/l) 267 | 853 (623, 1155) 189 | 943 (752, 1280) 73 | 582 (508, 789)

Total bilirubin (umol/1) 297 | 32,50 (20.52, 213 | 41.04 (25.66, 73.55) 78 | 17.10 (13.68, 25.66)
56.44)

Indirect bilirubin (umol/l) 71 | 34.21(20.52, 52 | 40.37 (29.08, 68.42) 18 | 18.81(13.68, 23.95)
63.28)

Ferritin (ug/) 135 | 249 (71, 880) 95 | 307 (124, 1340) 37 | 122 (44, 322)

Specific gravity 169 | 1.01(1.01, 1.01) 121 | 1.01(1.01, 1.01) 44 | 1.01(1.01, 1.01)

Proteinuria (yes) 180 | 30 (16.7) 131 | 26 (19.9) 45 | 4(8.9)

Haemoglobinuria (yes) 167 | 15(9.0) 119 | 15(12.6) 44 | 0(0)

Hydroxycarbamide use (yes) 329 | 110(33.4) 234 | 98 (41.9) 89 | 12 (13.5)

ACE-I/ARB therapy (yes) 329 | 36 (10.9) 235 | 24 (10.2) 88 | 12 (13.6)

Chronic RBC transfusion (yes) 331 | 13(3.9) 236 | 11 (4.7) 89 | 2(2.3)

History of diabetes (yes) 331 | 15(4.5) 236 | 7 (3.0 89 | 8(9.0)

History of acute chest syndrome 314 | 254 (80.9) 226 | 197 (87.2) 82 | 55(67.1)

(ves)

History of stroke (yes) 304 | 41(13.5) 216 | 36 (16.7) 82 | 5(6.1)

History of leg ulcers (yes) 271 | 39 (14.3) 197 | 38(19.3) 71| 1149

History of avascular necrosis (yes) 233 | 91(39.1) 162 | 64 (39.5) 66 | 25(37.9)

History of priapism ** (yes) 117 | 45(38.5) 86 | 37(43) 30 | 8(26.7)

All SCD groups included 6 patients (SE = 2, SD = 2, SHPFH = 2) not categorized as mild (HbSC/HBSp+ thalasaemia) or severe genotype (HbSS/

HbSPO thalassaemia).

Continuous variables presented as median and interquartile range (IQR). Categorial variables presented as count (percentage) - N(%).
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*
Hyperfiltration defined as: as eGFR > 130 ml/min per 1.73 m2 for women and > 140 ml/min per 1.73 m2 for men

Ak
Male subjects only.

ACE-I/ARB - angiotensin converting enzyme inhibitors/angiotensin receptor blocker; eGFR — estimated glomerular filtration rate; RBC — red
blood cellSCD - sickle cell disease; SD - haemoglobin SD disease; SE - haemoglobin SE disease; SHPFH - sickle cell-hereditary persistence of
fetal haemoglobin; WBC — white blood cell
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Multivariable Analysis of Covariates Associated with Rapid Decline in Kidney Function™

Table lll:

All SCD HbSS/HbSE? HbSC/HbSB*
Variable OR@®% Cl) | p OR (95% ClI) p OR (95% ClI) p
History of stroke | 2.91 (1.25,6.77) | 0.01 | 3.41(1.30,8.92) | 0.01 - -
Use of ACE-I/ARB | 3.17 (1.28,7.84) | 0.01 - - | 10.85(1.83,64.33) | 0.009
Baseline eGFR - - ] 0.98(0.97,0.998) | 0.02 - -

Page 16

*
Results when proteinuria was excluded from the model or when proteinuria status was assigned to those with missing values (proteinuria present

or proteinuria absent)

ACE-I/ARB - angiotensin converting enzyme inhibitors/angiotensin receptor blocker; CI — confidence interval; eGFR — estimated glomerular
filtration rate; OR — odds ratio; SCD - sickle cell disease
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