
Sex differences in progression of kidney disease in sickle 
cell disease

End-organ dysfunction results in substantial morbidity 
and mortality in sickle cell disease (SCD).1-3 Chronic kidney 
disease (CKD), defined as kidney damage or decreased 
kidney function for ≥3 months, is common in SCD.4 While 
individuals with SCD have shortened life expectancy, fe-
male patients appear to live longer than male patients, 
although some more recent cohort studies show no dif-
ferences in survival according to sex.1,5,6 This difference in 
mortality may be driven by less end-organ damage in fe-
males. In mouse models of SCD, males present early de-
velopment of  elevated glomerular filtration rate (GFR), 
with a subsequent progressive decline in renal function 
over 20 weeks, findings which are not observed in fe-
males.7 Estimated GFR (eGFR) decline is also reportedly 
faster in male than in female SCD patients.8,9 In this study, 
we evaluated sex differences in kidney complications and 
the association of CKD with mortality in SCD. We hypothe-
sized that kidney disease is more prevalent in male pa-
tients and is associated with a higher risk of mortality. 
We analyzed a previously described pooled cohort from four 
centers.10 Adult patients with severe SCD genotypes (HbSS, 
HbSb0) were evaluated during routine visits to the clinic at 
'steady state'. Baseline was defined by first available 
serum creatinine during the observation period. Only pa-
tients with ≥2 creatinine values were evaluated for eGFR 
decline or CKD progression. Patients with kidney trans-
plant or dialysis requirement were not evaluated for pro-
teinuria or eGFR decline but were included in analyses of 
baseline CKD and association of CKD with mortality. Each 
center obtained approval for the study from their Institu-
tional Review Board. 
We calculated eGFR using the creatinine-based Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI-2009) 
equation without adjustment for black race11 and the recent 
creatinine-based CKD-EPI-2021 equation, which does not 
include race.12 As CKD-EPI-2021 has not been adequately 
assessed in SCD, CKD-EPI-2009 was used for primary ana-
lyses. We defined CKD as eGFR <90 mL/min/1.73 m2 or pro-
teinuria (≥1+ on urinalysis or urine albumin-creatinine ratio 
of >300 mg/g) modified from KDIGO (Kidney Disease: Im-
proving Global Outcomes) CKD guidelines.13 Patients with 
eGFR ≥90 mL/min/1.73 m2 and missing proteinuria data 
were classified as not having CKD. Hyperfiltration was de-
fined as eGFR >130 mL/min/1.73 m2 for women and >140 
mL/min/1.73 m2 for men.14 Progression of CKD was defined 
as eGFR decline to <90 mL/min/1.73 m2 and ≥25% decline 
from baseline,15 and rapid kidney function decline was de-
fined as eGFR loss >3.0 mL/min/1.73 m2 annually.16 

Continuous variables were summarized by medians and 
interquartile ranges (IQR), and categorical variables by 
counts and percentages. A linear mixed effects model 
with random intercept and random slope for time was 
used to assess eGFR change over time, adjusted for 
baseline eGFR, baseline age, main cohort effect, and sex 
(in the non-stratified analyses). Individual eGFR decline 
was evaluated from the estimated slope in linear models. 
Logistic regression modeling, adjusted for baseline eGFR, 
baseline age and main cohort effect, was used to evalu-
ate the association of sex with rapid eGFR decline. Ka-
plan-Meier estimates of survival function for age at death 
were obtained for patients with rapid versus non-rapid 
eGFR decline and for female versus male patients. Median 
age at death was obtained from Kaplan-Meier estimates. 
A Cox regression model evaluated the association of sex, 
baseline CKD and rapid eGFR decline with age at death. 
For analyses of age at death, we used age as the time 
scale and accounted for left truncation using age at 
baseline (first eGFR measurement) as the left truncation 
time. In comparisons of sexes, we employed two-sample 
t test for continuous variables and two-sample propor-
tion test for categorical variables. The interaction be-
tween sex and the variable of interest in the mortality 
analysis was tested to assess if the associations differed 
according to sex. The interaction of sex and time in the 
linear mixed effects model was tested to evaluate if eGFR 
change over time differed according to sex. Analyses were 
conducted using SAS OnDemand for Academics© 2014 
(SAS Institute Inc., Cary, NC, USA). 
The pooled analysis included 699 individuals (females: 374 
[53.5%]) with HbSS and HbSb0 and at least one eGFR 
value. Baseline laboratory and clinical data, stratified ac-
cording to sex, are shown in Table 1. Urine microalbumin-
creatinine ratios were not available in the majority of 
patients. Proteinuria was present in 83 of 339 (24.5%) pa-
tients with available data (1+ proteinuria in 46 patients; 
2+ proteinuria in 19 patients; 3+ proteinuria in 12 patients; 
4+ proteinuria in 1 patient; and 5 patients with available 
albumin-creatinine ratio, and levels >300 mg/g were clas-
sified as having proteinuria): 21.7% of female versus 28% 
of male patients. Using CKD-EPI-2009, baseline hyperfil-
tration was present in 232 of 699 (33.2%) patients, and 
36.4% of female versus 29.5% of male patients. At base-
line, 173 of 699 (24.7%) patients had CKD (see Online Sup-
plementary Appendix for KDIGO staging), including 3 on 
dialysis and 2 with kidney transplants. Ninety-eight of 374 
(26.2%) female and 75 of 325 (23.1%) male patients had 
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baseline CKD. Twenty-one of 83 patients with proteinuria 
(25.3%) had baseline eGFR <60 mL/min/1.73 m2, while only 
5 of 256 patients without proteinuria (1.95%) had baseline 
eGFR <60 mL/min/1.73 m2. 
Two or more eGFR values were available in 606 patients 
(excluding kidney transplant or dialysis patients). The 
median observation period in these patients was 5.20 
years (IQR: 1.56, 7.53), with 3128.6 patient-years of obser-
vation and a median of 4 (IQR: 2, 10) eGFR values. Progres-
sion of CKD occurred in 144 of 606 (23.8%) patients: 83 of 
327 (25.4%) female versus 61 of 279 (21.9%) male patients. 

Change in eGFR over time for all patients, adjusted for 
baseline eGFR, baseline age, sex and cohort, was -2.06 
mL/min/1.73 m2 per year (95% confidence interval [CI]: -
2.36, -1.77; P<0.0001), with a decline of -1.86 mL/min/1.73 
m2 per year (95% CI: -2.25, -1.48; P<0.0001) in females and 
-2.33 mL/min/1.73 m2 per year (95% CI: -2.80, -1.87; 
P<0.0001) in males (Table 2, Figure 1). After adjustment for 
baseline eGFR, age and cohort, no significant associations 
were observed between eGFR change over time and use of 
angiotensin converting enzyme inhibitors/angiotensin re-
ceptor blockers (ACE-I/ARB) either in all patients (P=0.15) or 

Variable
All 

patients 
N

Median 
(IQR)/N (%)

Male 
patients 

N

Median 
(IQR)/N (%)

Female 
patients 

N

Median 
(IQR)/N (%)

P 

Age, years 699 26 (19.0-37.3) 325 24 (18-36) 374 27.4 (20-40.0) 0.003

Weight, kg 648 65.5 (57.5-74.8) 299 68.0 (59.6-76.2) 349 63.5 (55.7-73.4) 0.006

Height, cm 313 169.8 (163.7-175.5) 150 175.1 (170.2-180.0) 163 165.1 (160.0-169.2) <0.0001

White blood cell count, x109/L 655 10.5 (7.8-13.0) 308 10.5 (7.5-12.9) 347 10.5 (8.1-13.0) 0.13

Hemoglobin, g/dL 655 8.9 (7.9-10.0) 308 9.3 (8.0-10.5) 347 8.7 (7.9-9.7) <0.0001

Hematocrit, % 653 26.2 (23.0-29.1) 307 26.9 (23.0-30.3) 346 25.6 (22.9-28.1) <0.0001

Reticulocyte count, x109/L 520 255.4 (174.1-355.7) 236 262.7 (174.9-359.0) 284 245.7 (171.7-351.7) 0.45

Platelet count, x109/L 648 409.5 (306.5-521.0) 305 400.3 (298.3-503.0) 343 419 (316.0-535) 0.35

Baseline eGFR, mL/min/1.73m2 699 125.3 (105.0-138.2) 325 128.4 (109.1-144.7) 327 121.8 (101.4-133.5) 0.004

Blood urea nitrogen, mg/dL 371 8.0 (6.0-11.0) 162 9.0 (7.0-11.0) 209 7.0 (5.0-10.0) 0.15

Total bilirubin, mg/dL 616 2.4 (1.5-3.9) 287 2.6 (1.6-4.3) 329 2.3 (1.4-3.8) 0.006

Direct bilirubin, mg/dL 271 0.3 (0.2-0.4) 130 0.3 (0.2-0.4) 141 0.3 (0.2-0.5) 0.20

Indirect bilirubin, mg/dL 271 2.20 (1.50-3.60) 130 2.26 (1.51-3.7) 141 2.1 (1.4-3.5) 0.25

Ferritin, ng/mL 370 494.5 (155.0-1,299.0) 169 367 (129-924) 201 590 (193-1,755) 0.0004

Hemoglobinuria, N (%) 399 78 (19.6) 172 35 (20.4) 227 43 (18.9) 0.73

Proteinuria*, N (%) 339 83 (24.5) 150 42 (28.0) 189 41 (21.7) 0.18

Hemoglobin F, % 419 7.7 (3.5-14.2) 194 7.1 (3.0-12.9) 225 8.4 (4.2-15.8) 0.03

H/O acute chest syndrome, N (%) 657 473 (72.0) 308 222 (72.1) 340 251 (71.9) 0.96

H/O stroke, N (%) 644 115 (17.9) 304 55 (18.1) 340 60 (17.7) 0.88

H/O leg ulcers, N (%) 615 101 (16.4) 292 54 (18.5) 323 47 (14.6) 0.19

H/O priapism#, N (%) 225 93 (41.3) 224 93 (41.5) na na -

H/O avascular necrosis, N (%) 469 162 (34.5) 212 71 (33.5) 257 91 (35.4) 0.66

Systolic blood pressure, mm Hg 663 118 (109-128) 310 121 (112-131) 353 115 (109-126) 0.0009

Diastolic blood pressure, mm Hg 663 69 (61-75) 310 68 (61-74) 353 69 (63-75) 0.35

H/O diabetes, N (%) 650 12 (1.9) 304 3 (1.0) 346 9 (2.6) 0.13

Chronic RBC transfusion, N (%) 670 66 (9.9) 312 32 (10.3) 358 34 (9.5) 0.74

Hydroxyurea therapy, N (%) 697 371 (53.2) 324 198 (61.1) 373 173 (46.4) 0.0001

RAAS blocking agents, N (%) 385 46 (12.0) 168 25 (14.9) 217 21 (9.7) 0.12

*Proteinuria: at least 1+ by dipstick urinalysis. #Male patients only. P value: comparing differences between male and female patients. eGFR: 
estimated glomerular filtration rate (using CKD-EPI-2009 without adjustment for black race); N: number; H/O: history of; RAAS blocking 
agents: renin-angiotensin-aldosterone system blocking agents (angiotensin-converting enzyme inhibitors and angiotensin receptor blockers); 
IQR: interquartile range; na: not available; RBC: red blood cell.

Table 1. Baseline demographic, laboratory and clinical variables in pooled patient cohorts with sickle cell disease.

Haematologica | 108 May 2023 

1437

LETTER TO THE EDITOR



Variable

All patients  
(N=699)

Males 
(N=325)

Females 
(N = 374)

P

CKD-EPI- 
2009

CKD-EPI- 
2021

CKD-EPI- 
2009

CKD-EPI- 
2021

CKD-EPI- 
2009

CKD-EPI- 
2021

CKD-EPI- 
2009

CKD-EPI- 
2021

Prevalence of baseline 
hyperfiltration (%)

232 (33.2) 227 (32.5) 96 (29.5) 87 (26.8) 136 (36.4) 140 (37.4) 0.056 0.003

Baseline CKD, N (%) 173 (24.8) 162 (23.2) 75 (23.1) 70 (21.5) 98 (26.2) 92 (24.6) 0.34 0.34

Slope of eGFR*#  
(mL/min/1.73 m2 per year) (95% CI)

-2.06 
(-2.36 to 
-1.77)

-1.98 
(-2.27 to 
-1.70)

-2.33 
(-2.80 to 
-1.87)

-2.21 
(-2.66 to 
-1.77)

-1.86 
(-2.25 to 
-1.48)

-1.82 
(-2.20 to 

-1.43)
0.12 0.18

Progression of CKD* 
(<90 mL/min/1.73 m2 and ≥25% 
decline in baseline eGFR), N (%)

144 (23.8) 137 (22.6) 61 (21.9) 57 (20.4) 83 (25.4) 80 (24.5) 0.31 0.24

Progression of CKD* 
(<90 mL/min/1.73 m2 and ≥50% 
decline in baseline eGFR), N (%)

55 (9.1) 54 (8.9) 25 (9.0) 25 (9.0) 30 (9.2) 29 (8.9) 0.93 0.97

Prevalence of rapid decline of eGFR* 
(>3 mL/min/1.73 m2 per year) (%)

191 (31.5) 172 (28.4) 97 (34.8) 88 (31.5) 94 (28.8) 84 (25.7) 0.11 0.11

Prevalence of rapid decline of eGFR* 
(>5 mL/min/1.73 m2 per year) (%)

125 (20.6) 119 (19.6) 58 (20.8) 55 (19.7) 67 (20.5) 64 (19.6) 0.93 0.97

Association of baseline eGFR  
(<90 mL/min/1.73 m2) 
with mortality, HR (95% CI)°

3.12 
(2.01-4.84)

3.10 
(2.01-4.78)

2.32 
(1.19-4.49)

2.88 
(1.50-5.52)

4.03 
(2.19-7.41)

3.50 
(1.91-6.43)

0.52 0.98

Association of baseline CKD  
with mortality, HR (95% CI)°

2.05 
( 1.33-3.15)

1.98 
(1.28-3.04)

2.21 
(1.13-4.31)

2.39 
(1.23-4.66)

2.12 
(1.18-3.82)

1.88  
(1.04-3.38)

0.99 0.71

Association of ACE-I/ARB  
use with mortality, HR (95% CI)† 

1.16 
(0.57-2.38)

1.15 
(0.56-2.37)

1.45 
(0.36-5.76)

1.45 
(0.36-5.82)

0.47 
(0.17-1.32)

0.46 
(0.16-1.29)

0.34 0.35

Association of hydroxyurea  
use with mortality, HR (95% CI)†

0.78 
(0.53-1.15)

0.78 
(0.53-1.15)

0.76 
(0.43-1.37)

0.75 
(0.42-1.35)

0.87 
(0.51-1.49)

0.87 
(0.51-1.49)

0.87 0.84

Association of rapid eGFR decline 
(>3 mL/min/1.73 m2) 
 with mortality, HR (95% CI)*°

2.64 
(1.73-4.03)

2.57 
(1.67-3.95)

2.31 
(1.17-4.56)

2.31 
(1.17-4.58)

3.54 
(1.93-6.49)

3.33 
(1.80-6.15)

0.17 0.24

Association of rapid eGFR decline 
(>5 mL/min/1.73 m2) 
with mortality, HR (95% CI)*°

3.44 
(2.17-5.44)

3.43 
(2.17-5.43)

4.56 
(2.03-10.21)

4.71 
(2.08-10.66)

3.78 
(2.01-7.11)

3.81 
(2.02-7.17)

0.82 0.82

Table 2. Biomarkers of kidney function and association of kidney disease with mortality in male and female patients.

*For assessments including eGFR decline, patients were only included if they had ≥ 2 measures of serum creatinine over the observation 
period (N=606). The model was adjusted for sex, center, baseline WBC count, hemoglobin, eGFR and hydroxyurea therapy in all patients and 
adjusted for the same variables except sex in male or female patients alone. #Adjusted for age, sex, center and baseline eGFR. °Mortality data 
were available in 698 patients. Age was used as the time scale and left-truncation was accounted for. The model was adjusted for sex, center, 
white blood cell count (WBC), hemoglobin, and hydroxyurea therapy in all patients and adjusted for the same variables except sex in male or 
female patients alone. †Adjusted for sex, center and baseline estimated glomerular filtration rate (eGFR). ACE-I: angiotensin converting enzyme 
inhibitors; ARB: angiotensin receptor blockers; CKD: chronic kidney disease; HR: Hazard Ratio. CKD Epidemiology Collaboration (CKD-EPI) for-
mulae (CKD-EPI-2009 and CKD-EPI-2021) were used to estimate glomerular filtration rate; race variable excluded from CKD-2009 equation. 
P value: comparing differences between male and female patients.  

in male patients (P=0.29). However, change in eGFR over 
time was significantly associated with use of ACE-I/ARB in 
female patients (P=0.006; slopes = -1.49 and -2.70 for the 
group not using and the group using ACE-I/ARB, respect-
ively), suggesting faster eGFR decline in females on ACE-
I/ARB than females not taking these agents. No significant 
associations were observed between change of eGFR over 
time and hydroxyurea use in all patients (P=0.14), male pa-
tients (P=0.16), or female patients (P=0.61). Rapid eGFR de-

cline was observed in 191 of 606 (31.5%) patients, 28.8% fe-
male patients and 34.8% male patients. Adjusted for base-
line eGFR, baseline age and cohort, there was a trend for 
association of male sex with rapid eGFR decline (OR: 1.37, 
95% CI: 0.96, 1.95; P=0.08). Results obtained using CKD-EPI-
2021 and alternative definitions are shown in Table 2. 
During the observation period, 114 of 698 patients (16.3%), 
62 of 373 (16.6%) females and 52 of 325 (16%) males with 
available data died. The median age at death was 44.8-
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years overall: 44.8-years for females and 44.5-years for 
males. Sixty of 173 (34.7%) patients with baseline CKD died 
versus 54 of 525 (10.3%) patients without CKD. After ad-
justment for white blood cell (WBC) count, hemoglobin 
(Hb) and fetal hemoglobin (HbF), CKD was associated with 
age at death in all patients (hazard ratio [HR]: 2.05, 95% 
CI: 1.33, 3.15; P=0.0012), and when stratified according to 
sex, in female patients (HR: 2.12, 95% CI: 1.18, 3.82; P=0.012) 
and in male patients (HR: 2.21, 95% CI: 1.13, 4.31; P=0.02). 
Baseline eGFR <90 mL/min/1.73 m2 was significantly as-
sociated with age at death in all patients (HR: 3.12, 95% CI: 
2.01, 4.84; P<0.0001), and when stratified according to sex, 
in female patients (HR: 4.03, 95% CI: 2.19, 7.41; P<0.0001) 
and in male patients (HR: 2.32, 95% CI: 1.19, 4.49; P=0.013). 
No significant association was observed between sex and 
age at death, following adjustment for cohort (HR: 1.22, 
95% CI: 0.84, 1.78; P=0.29). Neither baseline CKD nor base-
line eGFR <90 mL/min/1.73 m2 showed any interaction with 
sex in the association with mortality. Adjusted for baseline 
eGFR, neither hydroxyurea use nor use of ACE-I/ARB were 
significantly associated with risk of death in all patients, 
male patients or female patients (Table 2).  
Fifty-two of 190 patients (27.4%) with rapid eGFR decline 
died compared with 46 of 415 patients (11.1%) without 
rapid eGFR decline. Rapid eGFR decline was associated 
with age at death in all patients (HR: 2.75, 95% CI: 1.83, 
4.14; P<0.0001) following adjustment for sex and cohort, 
and when stratified according to sex, in female patients 
(HR: 4.69, 95% CI: 2.63, 8.37; P<0.0001) following adjust-

ment for cohort, but not in male patients (Online Supple-
mentary Figure S1). After adjustment for baseline WBC, Hb, 
eGFR and use of hydroxyurea, rapid eGFR decline was as-
sociated with increased risk of death in all patients (HR: 
2.64, 95% CI: 1.73, 4.03; P<0.0001), and when stratified by 
sex, in female patients (HR: 3.54, 95% CI: 1.93, 6.49; 
P<0.0001) and male patients (HR: 2.31, 95% CI: 1.17, 4.56; 
P=0.02). No significant association was observed between 
sex and risk of death in patients with rapid eGFR decline 
(HR: 0.77, 95% CI: 0.42, 1.42; P=0.40), but among those 
with non-rapid eGFR decline, male patients had a signifi-
cantly higher risk of death than females (HR: 2.20, 95% CI: 
1.21, 4.00; P=0.01).  
As in our previous report,17 in this pooled analysis hyper-
filtration was more prevalent in adult female patients, 
possibly reflecting earlier declines in eGFR from hyperfil-
tration to normal range among males. Furthermore, eGFR 
decline was faster and rapid kidney function decline more 
common in male patients. However, baseline CKD and 
progression of CKD were similar in male and female pa-
tients, possibly related to the absence of albuminuria as-
sessments in the majority of patients in the pooled 
analysis, which did not allow a complete assessment of 
CKD. Although our analyses of interaction of ACE-I/ARB 
use and time demonstrated eGFR decline was faster in 
female patients on ACE-I/ARB than in female patients not 
on such treatment, the number of patients on these 
agents was only small.  
Sex differences in SCD may occur due to lower hemolysis 

Figure 1. Slope of estimated glomerular filtration rate decline in pooled population with sickle cell disease and stratified ac-
cording to sex. The change in estimated glomerular filtration rate (eGFR) over time for all patients was -2.06 mL/min/1.73 m2 per 
year (95% CI: -2.36, -1.77; P<0.0001), for female patients -1.86 mL/min/1.73 m2 per year (95% CI: -2.25, -1.48; P<0.0001), and for 
male patients -2.33 mL/min/1.73 m2 per year (95% CI: -2.80, -1.87; P<0.0001).
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rates,18 higher HbF levels,19 and greater bioavailability of 
or responsiveness to nitric oxide in females.20 However, 
no meaningful differences in baseline Hb, HbF or bilirubin 
were observed between sexes in this pooled analysis, 
which may relate to the higher proportion of male pa-
tients on hydroxyurea compared to females.  
Baseline CKD was associated with age of death in both 
female and male patients, but no significant association 
was observed between sex and age at death. Similarly, 
rapid eGFR decline was significantly associated with in-
creased risk of death in both female and male patients 
even in adjusted analyses. Although there was no signifi-
cant association between sex and age at death in patients 
with rapid eGFR decline, among those with non-rapid 
eGFR decline, male patients had higher risks of death 
compared to females. End-organ damage may occur in 
multiple organ systems simultaneously, with higher mor-
tality seen when multiple organ systems are involved.21  
Our study is limited by missing proteinuria data, the lack 
of albuminuria assessments in the majority of patients, 
absence of prior longitudinal data from childhood, and 
exact data on hydroxyurea dosing and adherence. How-
ever, it is strengthened by the use of a real-world multi-
center cohort with a relatively large sample size given the 
rarity of the disease under study.  
Despite a more rapid eGFR decline and a higher preva-
lence of rapid kidney function decline in males, mortality 
associated with kidney disease was not higher in male 
than female patients with SCD. Further examination of 
sex-related effects of both kidney disease and multi-
organ dysfunction on mortality in SCD is warranted. 
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