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Background/purpose: African Americans (AA) with systemic lupus erythematosus
(SLE) are at higher risk for both kidney disease and Osteonecrosis (ON). Two
Apolipoprotein L1 (APOL1) risk variants (RV), G1 and G2, have been associated with
chronic kidney disease (CKD), hypertension, and microvascular disease in AAs, which
are independent risk factors for ON. Accordingly, we investigated the association
betweencarriers of theAPOL1 risk variants and theprevalenceofON inAASLEpatients.
Methods:Acohort of 121 adult participants of self-reportedAAancestryandmeeting at
least four of the American College of Rheumatology (ACR) revised criteria for SLE were
recruited from a high volume urban SLE clinical site. PCR/sequencing was used to
stratify participants by APOL1 genotype. Medical records, including clinical notes and
imaging reports, were retrospectively reviewed for documentation of ON.
Associationbetween thenumberof APOL1 risk variantswith time tofirstONwas tested.
Results: In our cohort, 18 individuals developed ON; across the APOL1 genotype
groups, 2/37 0RV, 11/59 1RV, and 5/15 2RV participants were affected. The mean
time to ON was 27 years, 22 years, and 18 years in 0RV, 1RV, and 2RV carriers,
respectively. An adjusted Cox regression model showed that carrying the APOL1 risk
variants associated with shorter ON free survival with hazard ratios (HR) of 3.1 (95%
CI: 1.6–6.2) and 9.6 (95% CI 2.4–37.8) for 1RV and 2RV carriers, respectively. 2RV
carriers more often exhibited multiple and bilateral joint sites affected by ON.
Disease duration was longer in ON-affected participants at 20.5 years compared to
9.0 years in those unaffected (p <0.001). In individuals who had received
glucocorticoids, median cumulative prednisone equivalent dose was higher in
ON-affected participants, though this did not reach statistical significance (18.7 g vs.
9.0 g; p-value =0.3).
Conclusion: Our analysis suggests a higher risk of osteonecrosis among African
American SLE patients who carry the APOL1 risk variants. In addition, disease
duration increased the rate of ON. Given the high frequency of the APOL1 risk
variants in African Americans, APOL1 high-risk genotype carriers may represent an
ON-vulnerable subgroup within the AA population. Further work is necessary to
uncover the mechanism of this association.
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GRAPHICAL ABSTRACT
Introduction

Osteonecrosis (ON), previously known as avascular necrosis, is a

pathologic process of the bone involving reduced osseous and marrow

perfusion and resultant atraumatic necrosis. Multiple conditions

contributing to endothelial dysfunction, microangiitis, or marrow

fat content appear to play a crucial role in ON (1). This risk is

magnified in patients with systemic lupus erythematosus (SLE),

where the estimated prevalence of symptomatic and asymptomatic

ON reaches 9% and 29%, respectively (2). African American (AA)

race, systemic steroid use, and antiphospholipid syndrome, along

with comorbidities, such as hypertension (HTN), renal disease, and

sickle cell anemia, are known risk factors for ON (2). Recent

evidence has linked several polymorphisms to pathogenic

mechanisms of ON, including mutations in nitric oxide synthase,

prothrombin, and factor V Leiden, which are thought to influence

the osseous microvasculature (3–5). While this growing genetic

landscape offers clues about ON pathogenesis, the molecular

mechanisms are not fully understood.

Two coding change variants in the Apolipoprotein L1 (APOL1)

gene, G1 (S342G and I384M) and G2 (N388del; Y389del) have been

identified in ancestrally African genomes (6). Approximately 13% of

AA carry the APOL1 high-risk genotype (HRG), defined as two

variant allele copies in any combination (G1/G1, G1/G2, or G2/G2)
Frontiers in Lupus 02
(6). The APOL1 HRG is most strongly associated with a higher

incidence and severity of chronic kidney disease by multiple causes

(7–10). Further, APOL1 HRG has been implicated in microvascular

stroke and preeclampsia risk, suggesting a potential role in vascular

dysfunction (11–13). We have previously identified several APOL1

risk traits in SLE, including lupus nephritis progression,

hypertension, early cardiovascular disease, and organ damage accrual

—all of which have been linked to SLE ON risk (14, 15). However,

APOL1 as a candidate risk SNP for ON has not been studied.

APOL1 is expressed in vascular endothelial cells and arteriolar

smooth muscle (16, 17). Multiple inflammatory stimuli increase

APOL1 expression, leading to accumulation of the encoded protein

and enhanced cytotoxicity in APOL1 HRG tissues (18, 19). In a

recent endothelial cell culture model, treating HRG cells with

interferon was shown to induce APOL1 expression and produce

cytotoxicity by reducing mitochondrial energy production and

disrupting autophagy, a critical cellular maintenance process (19).

These data raise the possibility that APOL1 variants confer a genetic

predisposition toward endothelial damage in the microvasculature.

We hypothesize that APOL1 HRG may contribute to ON risk due

to a cytotoxic effect on endothelial cells and its role in promoting

known comorbid conditions associated with ON.

Considering the high proportion of AA carrying the APOL1

HRG and the known higher prevalence of SLE and renal disease
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in this population (20–22), we aimed to determine if APOL1

HRG independently associates with ON in a well-phenotyped

African American SLE cohort. This study is the first to evaluate

whether a common pathologic variant found exclusively in

African genomes is associated with ON in this high risk

population. These results could improve risk stratification among

AA SLE patients, and offer new insights into ON pathogenesis.

Moreover gene therapy for APOL1 HRG carriers is being

developed (23); therefore identifying targetable disease

phenotypes is an important step in furthering precision medicine

for AA patients.
Methods

Study population

This was a nested retrospective study that enrolled

participants from the ongoing, prospective NYU-wide

Specimen and Matched Phenotype Linked Evaluation

(SAMPLE) biorepository. This repository was initiated on

February 14, 2014 with ongoing yearly renewal by the

Institutional Review Boards of New York University Grossman

School of Medicine (NYUGSoM) and Bellevue Hospital Center

of the New York City Health and Hospitals Corporation.

Written informed consent, which was available in English,

Spanish, and Mandarin, was obtained from all participants in

accordance with the Declaration of Helsinki principles.

Participants were recruited from three high-volume SLE

clinical sites. This nested sub-sample of eligible individuals

were included, and retrospective chart reviews were completed.
FIGURE 1

Screening workflow. We screened 123 Ancestrally African SLE patients; 10 with
were reviewed for the remaining 111 patients. Of 37 0RV carriers, 2 had osteone

Frontiers in Lupus 03
Inclusion criteria were individuals ≥18 years of age, of self-

reported AA race, and meeting at least four of the American

College of Rheumatology (ACR) revised criteria for SLE (24).

Exclusion criteria were patients unwilling or unable to

complete informed consent and patients with fewer than three

clinical visits at least six months apart to ensure capture of

longitudinal data. Self-reported ancestry was confirmed by

ancestry informative markers as previously described (15), and

participants without significant African admixture were

excluded from analyses.
APOL1 genotyping

Genomic DNA was isolated from anti-coagulated whole

blood collected in EDTA blood sample tubes using the

Qiagen kit (Valencia, CA, USA) according to the

manufacturer’s instructions. DNA was isolated from blood

samples taken at clinical visits within 24–48 h of blood draw.

DNA isolates were stored at −80°C. Batches of 10–15 DNA

samples were evaluated and quantitated using a Nanodrop-

1,000 spectrophotometer (Nanodrop Products, Wilmington,

DE). One hundred nanograms (ng) of genomic DNA was

used as a conventional polymerase chain reaction (PCR)

template. A single 300-base-pair DNA segment containing the

APOL1 polymorphisms, G1 (rs73885319 and rs60910145) and

G2 (rs71785313), was amplified using AmpliTaq Gold 360

DNA Polymerase (Applied Biosystems, Foster City, CA). For

quality control, DNA was elongated in both forward and

reverse directions. Genotypes were analyzed using the

GeneWiz online platform, as previously described (25).
insufficient African admixture were excluded. Database and clinical charts
crosis (ON), in 59 1RV carriers 11 had ON, and of 15 2RV carriers 5 had ON.
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Data collection

We genotyped 121 study participants for APOL1; informative

ancestry markers were completed, and a principal component

analysis was run (26). Models were adjusted for African admixture

using the

Euclidean distance¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðSi¼1½ðPC1AA�AveragePC1AFRÞ2þðPC2AA�AveragePC2AFRÞ2�Þ

q

between principal components (PC) 1 and 2 of the AA samples and

mean values for the African reference samples. This method

excluded 10 participants who did not cluster with the African

reference population. Of the 111 study participants remaining,

longitudinal data capture was reviewed and supplemented with

data from the electronic medical record where necessary. A study

researcher (KY) blinded to the APOL1 status of the participants

initially reviewed the medical charts, clinical notes, and imaging

reports for documentation of evidence of ON, which was then

validated by another co-researcher (AB) for accuracy. ON was
TABLE 1 Characteristics of the cohort by osteonecrosis (ON) status.

Demographics and comorbidities O

ON present

N = 18
Age, mean years (SD) 44.4 (13.0)

Gender, female N (%) 17 (94.4)

BMI, mean (SD) 27.4 (5.6)

BMI category, N (%)

Missing data 3 (16.7)

Normal weight 5 (27.8)

Overweight 4 (22.2)

Obese 6 (33.3)

Number of APOL1 risk variants

0 risk variant, N (%) 2 (11.1)

1 risk variant, N (%) 11 (61.1)

2 risk variants, N (%) 5 (27.8)

SLE characteristics

Disease duration years 20.5 (14.0, 30.0)

Nephritis, N (%) 12 (66.7)

ESRD, N (%) 2 (11.1)

eGFR (ml/min/1.73 m2) 79 (60.0, 112.0)

Average SLEDAI 3.3 (1.3, 7.3)

C3 91.7 (59.3, 125.3)

C4 23.6 (6.7, 29.0)

Proportion having received glucocorticoids (%) 13 (72.2)

Cumulative Prednisone in ga 18.65 (3.0, 34.8)

UPCR 0.4 (0.1, 1.0)

Average LDL (mg/dl) 97.3 (77.5, 111.0)

Average HDL 59.8 (44.5, 64)

Average Cholesterol (mg/dl) 174.0 (153, 200.5)

Average Triglycerides (mg/dl) 143.3 (66.5, 159.0)

Thromboembolism, N (%) 7 (38.9)

APLS, N (%) 5 (27.8)

P values are calculated using t-tests or Mann–Whitney U-test where appropriate.
aindicates that only individuals who had ever received glucocorticoids were compared;

are shown. (%) indicates percentage of participants affected.

Frontiers in Lupus 04
defined by chart mention of a history of ON in physician notes.

Mentions of Osteonecrosis in clinical notes were recorded and

confirmed by imaging reports including xrays; and ultrasounds

and MRIs where available. A screening workflow is presented in

Figure 1.

Longitudinal, prospective data captured as part of the NYU-

division wide SLE (SAMPLE) repository was reviewed, including

SLE ACR criteria, physical examination findings, medication history,

and disease activity measured using the the SELENA-SLEDAI

HYBRID index, which comprises all elements of the SELENA-

SLEDAI instrument (27) but contains a modification of the

definition of proteinuria (28) such that four points for proteinuria is

always captured when the UPCR is >0.5. Information on smoking

history, body mass index, diabetes, dyslipidemia, blood pressure,

eGFR, and proteinuria, were collected through retrospective chart

review. Values for vital signs and laboratory data were obtained at

three visits at least six months apart and averaged. For all study

participants, four independent reviewers (KY, NL, RF, AB) reviewed

each SLE-related visit, including rheumatology outpatient visits,

inpatient hospitalizations, infusion clinic visits, and nephrology

outpatient visits, where applicable, from 2011 (first available
N P value Total

ON absent N = 111

N = 93
42.4 (13.9) 0.58 42.7 (13.7)

86 (92.5) 0.99 103 (92.8)

29.1 (8.3) 0.45 28.8 (7.9)

0.59

10 (10.8) 13 (11.7)

28 (30.1) 33 (29.7)

33 (35.5) 37 (33.3)

22 (23.7) 28 (25.2)

0.04

35 (37.6) 37 (33.3)

48 (51.6) 59 (53.2)

10 (10.8) 15 (13.5)

9 (4.0, 16.0) <0.0001 10 (5.0, 18.0)

50 (53.8) 0.31 62 (55.9)

5 (5.4) 0.32 7 (6.3)

107.2 (84.5, 126.4) 0.12 105.3 (78.0, 125.0)

4.0 (1.3, 5.0) 0.51 4.0 (1.3, 5.0)

101 (80.0, 121.0) 0.53 100.0 (74.3, 120.7)

22.8 (16.7, 28.0) 0.56 23.0 (15.7, 28.0)

68 (73.1) 1.00 81 (73.0)

9.01 (3.8,18.6) 0.30 9.15 (3.7,21.2)

0.2 (0.1, 1.2) 0.64 0.2 (0.1, 1.1)

99.8 (82.5, 120.5) 0.57 99.8 (80.8, 119.8)

56 (39.5, 66.0) 0.91 57.3 (39.5, 66)

182.3 (153.5, 196.5) 1.00 179.8 (153.3, 198.5)

98.5 (69.0, 132.5) 0.25 106 (67.8, 145.5)

17 (18.3) 0.06 24 (21.6)

19 (20.4) 0.53 24 (21.6)

g indicates grams. Unless otherwise indicated, the median and 25th, 75th quartiles
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electronic health records) to last study visit date. The prescribed

corticosteroid dose was recorded and converted to prednisone

equivalent and dose duration at each visit. Mentions of “pulse dose

steroids” were assumed to indicate 1,000 mg of methylprednisolone

for three days. Where available, doses were corroborated with

pharmacy records. Once obtained, the prednisone equivalent dose

was multiplied by the number of days prescribed. The resultant

values were added to obtain the cumulative prednisone dose.
Statistical analysis

Descriptive statistics [mean and standard deviation or

median (25th, 75th percentiles) for continuous variables;

frequencies and percentages for categorical variables] were

calculated separately by group (ON present vs. ON absent) for

demographic information and comorbidities. The two groups

were compared using the chi-square or Fisher’s exact test, as

deemed appropriate, for categorical variables and the two-sample

t-test or Mann–Whitney test for continuous data.

To test the association between APOL1 genotype and ON, we

treated the number of APOL1 risk variants (additive model) as the

predictive variable. The primary outcomes were time from SLE

disease diagnosis to first ON occurrence and the number of ON

sites. The analysis of “time from SLE disease diagnosis to first

ON occurrence” was accomplished b computing the Kaplan–

Meier product limit curves, where the data were stratified by the

number of APOL1 risk variants. In cases where the endpoint

event had not yet occurred, data were censored at the time of
FIGURE 2

Disease duration associates with osteonecrosis. Two opposing histograms show
those without ON (lower). A regression curve is plotted in red. The median dis
those wiht ON.
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death or at the date of the last study visit. Comparison across

APOL1 genotypes were made using the log-rank test. Multiple

imputations were performed using the Fully Conditional

Specification approach as implemented in the MICE R package

to create 10 imputed datasets (29, 30). Cox penalized regressions

were fitted using each imputed dataset independently starting

with an initial model that included the following variables:

disease duration (D3_Disease_Duration), age (D1_Age), sex

(D1_Sex), BMI (D2_BMI), eGFR (D2_eGFR), history of nephritis

(D3_Nephritis), end stage kidney disease (D3_ESRD) average

complement C3 level) (D3_C3), average complement C4 level

(D3_C4), average SLEDAI score (D3_AVE_SLEDAI), APOL1

genotype (APOL1_Risk_allele), and cumulative prednisone dose

(Total_pred_divided_by_visits) (31, 32). Variables consistently

selected across the 10 imputed datasets were retained. A final

model that only included variables that were consistently selected

in the penalized cox regression across the 10 imputed datasets

was fitted without the penalty term to provide unbiased

parameter estimates. These variables were lupus nephritis, age,

and APOL1 genotypes. We also included biological sex in the

model due to the known sex differences in SLE. Ten sets of

estimates, one for each imputed dataset, were obtained. These

estimates were combined using Rubin’s approach for combined

results from multiple imputations (33–35). Model results are

reported as hazard ratios with corresponding 95% confidence

intervals. Unless otherwise specified, results were considered

statistically significant at the 0.05 level of significance. Analyses

were performed using SAS version 9.4 (SAS Institute Inc., Cary,

NC), SPSS version 25, or R 3.6.3 platforms.
disease duration frequencies in those with osteonecrosis (ON upper) and
ease duration in those without ON was 9.5 years compared to 20 years in
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FIGURE 3

(A) An unadjusted osteonecrosis (ON) free survival analysis is shown. The Y axis represents the proportion of individuals free of the outcome, and the X axis
repesents disease duration over time. Individuals were censored at last follow-up or death. The number of individuals at risk at each time point is shown in
the table below. (B) Adjusted Cox regression model for ON free survival, using an additive genetic model for APOL1 and adjusting for biological sex, age,
and lupus nephritis status. Parameter estimates and hazard ratios are shown with 95% confidence intervals.

FIGURE 4

APOL1 risk variants associate with more osteonecrosis (ON) affected joint sites (A). In 18 individuals, 40 joints were affected by ON. The table shows the
disease sites and laterality of joint sites by number of APOL1 risk variants (RV). The proportion of joints that were replaced is shown in the bottom row. (B)
The number of body sites is shown on the y axis, and APOL1 genotype is shown on the X axis.

Yip et al. 10.3389/flupu.2023.1219277

Frontiers in Lupus 06 frontiersin.org

https://doi.org/10.3389/flupu.2023.1219277
https://www.frontiersin.org/journals/lupus
https://www.frontiersin.org/


Yip et al. 10.3389/flupu.2023.1219277
Results

Cohort characteristics

One hundred and eleven consented participants met the

inclusion criteria. Demographic characteristics are shown in

Table 1. Consistent with the reported higher incidence of SLE

in women vs. men, 93% of study participants were female.

The mean age was 43 ± 14 years, and mean BMI was 28.8 kg/

m2. The mean age of SLE onset was 29 ± 12 years, and

median disease duration was 10 (5, 18) years. Among those

who had received glucocorticoids, the median cumulative

prednisone equivalent dose was 9.2 g (3.7, 21.2). Fifty-six

percent of study participants had a history of SLE nephritis,

with 17% having received a course of cyclophosphamide

therapy. The clinical characteristics of the cohort are

described in Table 1. As shown in Figure 1, 37 participants

carried 0RVs, 59 carried 1RV, and 15 carried 2RV. The allele

frequencies of the ancestral allele, G0, and variant alleles, G1

and G2, were 0.6, 0.22, and 0.18, respectively.
Associations with osteonecrosis

In our cohort 18 participants developed ON. Participants with

ON had longer disease duration and carried more APOL1 RV

copies with trends toward lower eGFR (Table 1). Across APOL1

genotype, 2 of the 37 0RV, 11 of the 59 1RV, and 5 of the 15

2RV participants developed ON (Figure 1). About 24% of the

participants had no documented courses of glucocorticoids, both

among those with and without ON. In participants who had

received a glucocorticoid dose, the median cumulative prednisone

equivalent dose was 18.6 g (2.0, 34.8) in those with ON and 9.0 g

(3.8, 18.6) in those without ON. This trend did not meet

statistical significance. The median disease duration in patients

with vs. without ON was 9 (4, 16) and 20.5 (14, 30) years,

respectively (Figure 2).

In time-to-event analysis, the proportion of individuals free

from ON throughout SLE disease was assessed, and participants

were censored at the age of the last follow-up visit or death. In

an unadjusted ON-free survival model, 1RV and 2RV carriers

developed ON earlier in SLE disease course, as presented by the

Kaplan Meier Curves in Figure 3A. Across APOL1 genotype

groups, the mean time to developing ON was 27 years in 0RV

carriers, 22 years in 1RV carriers, and 18 years in 2 RV carriers

(χ2 = 9.7; p = 0.005). The adjusted Cox regression model, 1RV

and 2RV carriers exhibited shorter ON-free survival at hazard

ratios of 3.1 (95% CI 1.6–6.2) and 9.6 (95% CI 2.4–37.8),

respectively (Figure 3B).
Osteonecrosis frequency and laterality

We lastly assessed the number of body sites and outcomes

of ON in each of the APOL1 genotype groups. Figures 4A,B
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show that APOL1 variant carriers were more likely to have

multiple and bilateral disease sites. Among the 18 individuals

with ON, 40 joint sites were affected. The most reported sites

were the femoral head, followed by the distal femur,

proximal tibia, and ankles. There was one report of ON in

the wrist. All 3 ON-affected joints in 0RV individuals

occurred at a unilateral site. By contrast, 9 of 23 and 7 of 14

ON-affected joints in 1RV and 2RV individuals occurred at

bilateral sites. Regarding ON frequency, 0RV carriers

developed ON in 1–2 (mean = 1.5) joints compared to 1–3

(mean = 1.9) and 1–5 (mean = 2.8) joints in 1RV and 2RV

carriers, respectively (χ2 = 19.0, p = 0.04, Figure 4B). The

proportion of joints replaced was no different across the

genotype groups.
Discussion

We have identified an association between APOL1 HRG and

the development of ON in this well-phenotyped African Ancestry

SLE cohort. APOL1 genotype associated with the presence of ON,

time to first ON, and number of affected sites. This result was

independent of disease duration, lupus nephritis status, and

cumulative glucocorticoid dose. A higher proportion of 2RV

carriers also developed ESRD relative to 0RV or 1RV carrying

participants (2RV: 20% vs. 0RV: 8% and 1RV: 2%; p-value =

0.03). About 73% of individuals had documented corticosteroid

doses; however the 1RV carriers had been prescribed a higher

cumulative dose of glucocorticoids compred to 0RV or 1RV

carrying participants. These participants also trended toward

higher average SLEDAI scores than 0RV or 2RV participants.

The APOL1 RV association best fit an additive model with an

intermediate phenotype in the 1RV genotype group. Identifying

this potential genetic risk for ON is a step forward in

understanding ON pathobiology and identifying at-risk

subpopulations within a vulnerable ancestral group.

Given that APOL1 HRG has been implicated in endothelial

cell injury and is associated with predisposing comorbidities, an

association with ON is biologically plausible (14, 19). APOL1

HRG has been shown to increase chronic kidney disease,

hypertension, and microvascular disease risk (11, 12, 14, 15).

ON pathogenesis involves an overlap of intravascular occlusion

and extravascular compromise, leading to tissue ischemia and

bone death (36). Immune complex deposition, intravascular

lipid deposits, and thrombosis due to antiphospholipid

syndrome all contribute to intravascular occlusion in SLE (37).

Both endogenous interferons and hypoxia increase APOL1

expression (38). Therefore, it is plausible that interferon

pathway activation and bony ischemia in SLE create a

feedback loop with APOL1 HRG, whereby the accumulation of

APOL1 variant protein induces endothelial damage. Endothelial

cells highly express APOL1, and HRG-carrying cells exhibit an

energetically senescent phenotype characterized by impaired

autophagy (19). This critical cellular maintenance process

allows cells to survive ischemic conditions (39). The APOL1
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HRG endothelium may be more susceptible to ischemic injury

characterized by ON.

Median cumulative corticosteroid dose in participants with

ON was double that of those without ON, though this did not

achieve statistical significance. It has long been shown that

cumulative doses of corticosteroids, used to manage organ-

threatening disease, increase ON risk (2). Various

contributory mechanisms have been proposed. Systemic

corticosteroids increase marrow fat content, which may lead

to higher intraosseous pressure and lower circulation (40).

Additional potential mechanisms include induction of a

hypercoagulable state and inhibition of angiogenesis (41–43).

High systemic corticosteroids are often used in lupus

nephritis, the most common life-threatening SLE

complication. Given that APOL1 HRG patients exhibit

progressive proteinuric kidney disease despite standard of care

LN treatment, these patients may be more likely to receive

recurrent courses of glucocorticoids (44). Prospective cohorts

better able to capture all inpatient and outpatient

glucocorticoid dosing would help understand the relationship

between HRG and clinical decision-making.

APOL1 HRG has been linked to systemic and aberrant

intracellular lipid metabolism. APOL1 risk variants have been

linked to dysfunctional reverse lipid transport and cholesterol

accumulation in peripheral tissues and macrophages (45).

Systemically, APOL1 HRG carriers exhibit higher levels of small

HDL particles (46). Additional reports have found that the

APOL1 HRG alters podocyte lipid metabolism; therefore, this

role in ON development is a consideration (47, 48).

Strengths of our study include a detailed capture of clinical

data, including cumulative corticosteroid dose and specific

information regarding the frequency and laterality of ON.

Our study is not without limitations. First, the small sample

size may have limited the statistical power to identify other

potential risk factors for ON, including hypertension, lupus

nephritis, antiphospholipid syndrome, hemoglobin S and

other β-globin chain abnormalities, radiation exposure,

alcohol consumption and disease activity. Additionally, our

study was not powered to understand whether or not the G1

and G2 alleles confer different phenotypes in SLE. Larger

observational studies would be necessary to address these

factors. Despite our attempt to control for the major known

risk factors for ON, our data could still contain unassessed

confounders. It is also possible that not all cases of ON were

captured, given the study’s retrospective nature. Similarly, our

retrospective review centered heavily on outpatient visits,

pharmacy notes, and hospitalizations at one institution.

Therefore historical glucocorticoid doses, or those given at

outside emergency rooms and inpatient units, may have been

missed resulting in an underestimation of the true cumulative

glucocorticoid dose. Differences in parameters of steroid use,

such as cumulative dose, maximum daily dose, and pulsed

steroid dosing, may also pose a difference in the association

between glucocorticoid use and ON. Despite these limitations,

the biological plausibility and dose-dependent association
Frontiers in Lupus 08
between carrying these risk variants and ON is interesting

and warrants additional study.
Conclusion

Our study found a higher risk of ON among African ancestry

patients with SLE who carry APOL1 risk variants. This is a novel

finding that should be studied in a multicenter, prospective study

to address the limitations and confounders mentioned above.

If confirmed, this association could provide important insights—

particularly in light of forthcoming APOL1-targeted therapies.

Further work is necessary to uncover the mechanism of

association and help understand potential pathways of disease

and treatment targets.
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