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Introduction: Sex/gender inequities persist in access to kidney transplantation. Whether differences in

preemptive referral (i.e., referral before dialysis start) explain this inequity remains unknown.

Methods: All adults (aged 18–79 years; N ¼ 44,204) initiating kidney replacement therapy (KRT; dialysis or

transplant) in Georgia (GA), North Carolina (NC), or South Carolina (SC) between 2015 and 2019 were

identified from the United States Renal Data System (USRDS). Individuals were linked to the Early Steps to

Kidney Transplant Access Registry (E-STAR) to obtain data on preemptive referral and followed-up with

through November 13, 2020, for outcomes of waitlisting and living donor transplant. Logistic regression

assessed the association between sex/gender and likelihood of preemptive referral among all KRT pa-

tients. Cox-proportional hazards assessed the association between sex/gender and waitlisting or living

donor among preemptively referred patients.

Results: Overall, men and women were similarly likely to be preemptively referred (odds ratio [OR]: 0.99

[0.95–1.04]). Preemptively referred women (vs. men) were, on average, younger and with fewer comor-

bidities. There were no sex/gender differences in waitlisting once patients were preemptively referred

(hazard ratio [HR]: 0.97 [0.91–1.03]); however, women (vs. men) who were preemptively referred remained

25% (HR: 0.75 [0.66–0.86]) less likely to receive a living donor transplant.

Conclusion: In the Southeast US, men and women initiating KRT are similarly likely to be preemptively

referred for a kidney transplant, and this appears, at least in part, to mitigate known sex/gender inequities

in access to waitlisting, but not living donor transplant. Despite this, preemptively referred women, on

average, had a more favorable medical profile relative to preemptively referred men.
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T
ransplantation remains the preferred treatment for
the majority of people with kidney failure because

it prolongs survival, improves quality of life, and
provides cost saving relative to dialysis.1 Importantly,
patients with kidney failure who receive a preemptive
transplant (i.e., before initiating dialysis), experience
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better health outcomes following transplantation,
including improved graft and patient survival.2 Un-
fortunately, access to transplantation is not equitable.
National data show women are 10% to 20% less likely
than men to be waitlisted and transplanted, including
living donor transplant, despite similar or better post-
transplant survival,3-7 and despite being more likely to
be preemptively waitlisted (i.e., before dialysis initia-
tion) compared to men.7

Whether the sex/gender inequity in access to overall
transplant is caused by delayed referral for transplant
evaluation among women is unknown due to a lack of
national surveillance data collected on the necessary
early transplant steps of referral and evaluation,
including preemptive referral (i.e., referral before
Kidney International Reports (2024) 9, 2134–2145
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US Renal Data System Data

N = 50,669 pa�ents
Incident ESKD pa�ents ini�a�ng KRT in one of GA, NC, or SC 

from January 1, 2015 to December 31, 2019

N = 6,465 pa�ents excluded:
• Age < 18 years old or age >= 80 years old (N = 4,703)
• Missing race (N = 565)
• Not been informed of kidney transplant op�ons due to 

medically unfit, psychologically unfit, or age (N = 1,802)

N = 44,204 incident ESKD pa�ents ini�a�ng KRT 
(2015-2019)

Eligible pa�ents in USRDS

N = 44,204 pa�ents

Transplant Center Referral Data

N = 114,585 total referrals
Received by one of the transplant centers in network 6 from 

2012 to 2020

N = 24,960 referrals excluded:
• Pa�ent could not be matched to a USRDS ID (n = 17,332)
• Likely duplica�on (same ID and referral date) (n = 7,628)

N = 29,969 referrals excluded:
• Only included first-�me referrals for each pa�ent

N = 59,656 unique pa�ents with first-�me referral 
(2012-2020)

Received at transplant centers in network 6

Figure 1. Flow diagram of study inclusion and exclusion criteria for study population. GA, Georgia; ID, identification; NC, North Carolina; SC,
South Carolina; USRDS, United States Renal Data System.
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dialysis initiation). The E-STAR8 is the only regional
registry with data on transplant referral and evalua-
tion. Using E-STAR, we have previously shown that
women with kidney failure are 14% less likely to be
referred within 12 months of dialysis initiation than
men after adjustment for several clinical and socio-
demographic factors.9 We also found that the sex/
gender disparity in referral was greatest in women with
diabetes-attributed kidney failure, obesity, older age,
and in White and Black women.10,11 Whether the rates
of preemptive referral contribute to this sex/gender
disparity remain unknown.

Therefore, the primary aim of this study was to
examine sex/gender inequities in pre-emptive referral
for kidney transplantation evaluation in the Southeast
US, and to examine associations with subsequent rates
of waitlisting and living donor transplant.
METHODS

Study Population and Data Sources

To create a cohort of all patients with kidney failure in
the region who may have been preemptively referred
for transplant, we identified all patients (aged 18
to <80 years) initiating KRT for the first time (i.e.,
dialysis or transplant) between January 1, 2015 and
December 31, 2019 in End-Stage Renal Disease Network
6 (comprised the states of GA, NC, and SC) from the
USRDS, a national registry of all patients in the United
States initiating KRT.1 We excluded patients who were
missing information on race (n ¼ 565), and those who
were listed as unsuitable transplant candidates on the
USRDS Centers for Medicare and Medicaid Services
(CMS) form 2728 (i.e., medically unfit, unsuitable due
Kidney International Reports (2024) 9, 2134–2145
to age, or psychologically unfit; n ¼ 1802). The final
cohort included 44,204 people initiating KRT between
2015 and 2019 (Figure 1).

Sex/Gender

“Sex” is documented by dialysis center staff on CMS
form 2728 completed within 45 days of dialysis initia-
tion. In general, “sex” refers to biological characteris-
tics linked to sexual reproduction in males and females,
including genetics, gonads, and genitals. “Gende”’ re-
fers to social and cultural norms, roles, behaviors, and
interactions among women and men. Here, we use the
variable of provider-perceived sex, which may actually
capture provider-perceived gender, as a proxy for
gender dimensions of interest that likely impact
transplant access, including gender identity, expres-
sion, roles, expectations, and experiences of sexism,
and thus opt for the term sex/gender throughout.12,13

As of October 2022, CMS form 2728 only contains
“male” and “female” options for sex.

Outcomes

Outcome data were obtained by linking individuals in
our USRDS cohort to patient-level referral data obtained
from the E-STAR,8,14 a voluntary registry of transplant
referral and evaluation forms collected from all 9 adult
transplant centers in the End-Stage Renal Disease
Network 6 (i.e., 100% coverage). With this unique E-
STAR-linked-USRDS registry, we identified all referrals
to transplant centers (from E-STAR) among individuals
who initiate KRT (from USRDS) (Figure 1). The primary
outcome examined was preemptive referral for kidney
transplant evaluation. The date of referral is defined as
the date the transplant center receives the referral
2135
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(determined from E-STAR). Individuals who were pre-
emptively waitlisted (i.e., waitlisted before KRT initia-
tion), or where transplant was the first modality of KRT,
were considered to be preemptively referred. Non-
preemptively referred individuals included those who
were never referred and those who were referred after
dialysis initiation. We chose to include patients not
referred at all owing to the known sex/gender inequities
in likelihood of referral after dialysis.9 Secondary out-
comes, examined among preemptively referred patients
included placement on the deceased donorwaiting list or
receipt of a living donor transplant (determined from
USRDS), evaluated separately, with follow-up through
November 13, 2020.

Covariates

“Patient-level characteristics,” as recorded in USRDS at
time of KRT start, were ascertained from the CMS form
2728. Key variables of interest included attributed cause
of kidney failure (diabetes, hypertension, glomerulone-
phritis, other), age (18–44, 45–64, and 65–80 years), race
and ethnicity (non-HispanicWhite, non-Hispanic Black,
Hispanic, and “other;”where other is made up ofMiddle
Eastern, American Indian or Alaskan Native, Asian, In-
dian, Pacific Islander, and multiracial), and obesity as
measured by body mass index (underweight:< 18.5 kg/
m2, normal weight: 18.5–24 kg/m2, overweight: 25–29
kg/m2, obese class I: 30–34 kg/m2, obese class II: 35–40
kg/m2; and obese class III:>40 kg/m2). Other variables of
interest collected on the CMS2728 form included access
to pre-KRT nephrology care (yes, no), comorbidities
(smoking status, congestive heart failure, diabetes,
atherosclerotic heart disease, other cardiac disease, ce-
rebrovascular disease, peripheral vascular disease, and
cancer), transplant education (informed of transplant
yes/no) and insurance status (no insurance, Medicaid,
Medicare, private, or other). For insurance status, where
patients indicated they had >1 insurance provider, we
categorized them using a hierarchy of private, Medicaid,
Medicare, and “other” to best reflect the highest level of
socioeconomic status (private), followed by the lowest
(Medicaid), the most common for KRT patients (Medi-
care) and all other insurance. For all nonprimary vari-
ables, excluding pre-KRT nephrology care, 5.2% of data
were missing. For pre-KRT nephrology care, 13.1% of
dataweremissing. Further, due to the high proportion of
preemptively referred patients (i.e., > 95%) who re-
ported having pre-KRT nephrology care, we did not
adjust for this variable in models, as described below.

“Neighborhood-level characteristics” were deter-
mined from the 2014 to 2018 American Community
Survey using patient 5-digit ZIP code linked to USRDS
data and included poverty ($ or < 20% of ZIP code
living in poverty), percentage of Black individuals, and
2136
percentage of high school graduates.When summarizing
this data, we report the average percentage of Black in-
dividuals or high school graduates across all ZIP codes.

Statistical Analysis

Baseline demographic and clinical characteristics
among the incident KRT population, by sex/gender or
preemptive referral status, were summarized using
frequencies and proportions, or means and SDs; and
compared using chi-square and t tests as appropriate.

Bivariable analyses were performed to determine the
association between patient-level and neighborhood-
level characteristics and preemptive referral. To assess
the association between sex/gender and likelihood of
preemptive referral, we used crude and multivariable-
adjusted logistic regression. We included multivariable-
adjusted models using a complete case analysis
approach to explore if differences in transplant access
were explained by underlying risk factors or comorbid-
ities, including (when applicable) age, race and ethnicity,
obesity, insurance, primary cause of kidney failure,
transplant education, comorbidities, and neighborhood-
level characteristics among individuals with complete
data. We did this overall (i.e., all variables in the model),
and using a forward stepwise approach to ascertain if any
one variable was driving observed changes in OR esti-
mates. Most of these factors likely lie on the causal
pathway between sex/gender and transplant access and
should therefore be considered as potential mediators of
the associations under study rather than confounders as
described by Swartling et al.15 in a prominent study
examining sex/gender disparities in the recognition,
monitoring, and management of chronic kidney disease
(CKD). We therefore decided a priori to present crude
risks as our primary results and consider adjusted results
in our interpretations. We also performed interaction
tests for potential effect modification of the association
between sex/gender and preemptive referral by age, race,
obesity, and attributed cause of kidney failure based on
our prior work.9-11 Stratifications by race consider race as
a proxy for social and structural forms of racism and/or
bias. Given the lack of statistical power inherent in
interaction tests, an interaction was deemed to be statis-
tically significant using a P-value cut point of P< 0.2 in
crude models,16 at which point stratification by that fac-
tor (e.g., age, race, or obesity) was performed.

To determine if preemptive referral was associated
with placement on the deceased donor waitlist or
receipt of living donor transplant, we used crude and
adjusted Cox-proportional hazards models overall and
stratified by sex/gender. Individuals were followed-up
with from the date of first KRT (dialysis or transplant)
until waitlisting, living donor transplant, death
(a censored event), or end of follow-up (November 1,
Kidney International Reports (2024) 9, 2134–2145
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2020), whichever occurred first. All patients were fol-
lowed from the first KRT instead of referral date to
ensure we did not artificially inflate time-to-event for
those who were preemptively referred. For individuals
who were preemptively waitlisted (i.e., before dialysis
start), follow-up time to waitlisting was estimated as 1
day. For individuals whose first KRT was transplant,
follow-up time to transplant was also estimated as 1
day. In sensitivity analyses, we restricted this analysis
to all individuals who had been referred.

Finally, to examine if preemptive referral eliminates
or reduces sex/gender disparities in downstream
transplant steps, we used Cox-proportional hazards
models to examine the association between sex/gender
and waitlisting and living donor transplant among all
patients who were preemptively referred. Follow-up
time as well as crude and multivariable models were
performed as described above. We performed interac-
tion tests to determine if the relationship between sex/
gender and waitlisting and living donor transplant
among preemptively referred patients was modified by
age, race, obesity, and attributed cause of kidney fail-
ure. Finally, in additional sensitivity analyses, we
performed competing risk analyses using Fine-Gray
models treating death as a competing risk for all out-
comes. All analyses were performed using SAS version
9.4 (SAS Institute, Inc., Cary, NC). Figures were created
GraphPad Prism 9.5.0. for Windows (GraphPad Soft-
ware, Boston, MA, www.graphpad.com).

This study adheres to the STROBE guidelines for
observational studies (Supplementary Table S1), ad-
heres to the Declaration of Helsinki, and was approved
by the institutional review board at Emory University
(IRB00113572). A waiver of informed consent was
approved by Emory Institutional Review Board. The
clinical and research activities being reported are
consistent with the Principles of the Declaration of
Istanbul as outlined in the “Declaration of Istanbul on
Organ Trafficking and Transplant Tourism.”
RESULTS

Baseline Characteristics

We included 44,204 adult patients initiating KRT (mean
[SD] age: 58.8 [13.2] years; 44.4% women; and 52.8%
Black) in GA, SC, and NC between December 2015 and
December 2019. Overall, 7841 (17.7%)were preemptively
referred, of whom 2856 (36.4%) were preemptively wai-
tlisted and 939 (12.0%) preemptively transplanted.

By sex/gender, women (vs. men) initiating KRT were
more likely to have type 2 diabetes as the primary
cause of kidney failure, administratively identify as
Black race, have a higher body mass index, have
Medicaid insurance, have pre-KRT care, and to live in a
Kidney International Reports (2024) 9, 2134–2145
neighborhood with a higher poverty level and greater
proportion of Black residents at time of KRT initiation
(Table 1). Men and women were similarly likely to be
informed of transplant as a treatment option at KRT
initiation, and to have similar neighborhood-level ed-
ucation. In addition, comorbidities were similar be-
tween men and women, excluding diabetes, which was
more common among women; and previous tobacco
use, which was more common among men.

Compared to preemptively referred men, preemp-
tively referred women were on average younger, more
likely to be Black, more likely to be Medicaid insured,
be underweight or of normal body mass index, and
have fewer comorbidities (Supplementary Table S2).

Association Between Sex/Gender and

Preemptive Referral

Overall, 17.7% of women and 17.8% of men initiating
KRT were preemptively referred (Table 2 and
Supplementary Table S2). In crude models, sex/gender
was not associated with the likelihood of preemptive
referral (OR: 0.99 [95% confidence interval: 0.95–1.04])
(Table 2). In fully adjusted models, women (vs. men)
were more likely to be preemptively referred (1.09
[1.03–1.15]). Stepwise analysis indicated that adjust-
ment for age and race was similar to crude models (1.04
[0.99–1.04]), whereas additional adjustment for insur-
ance status and obesity (factors that lie on the causal
pathway between sex/gender and transplant access and
are unequally distributed across sex/gender) largely
explained the change in OR between crude and
adjusted models (Supplementary Table S3).

Other factors associated with a reduced likelihood of
preemptive referral included older (vs. younger) age,
Black or Hispanic (vs. White) race, nonemployer
(vs. employer) -based insurance, diabetes or hyper-
tension as the primary cause of kidney failure (vs. other
causes), most comorbidities (vs. no comorbidity), obese
class III, and living in neighborhoods with high
poverty, higher proportion of Black residents, and
lower education (Table 2).

There were some differences among sex/gender
subgroups. Younger women (aged 18–49 years) were
11% to 35% more likely to be preemptively referred,
whereas older (aged 70–79 years) women were 26% less
likely to be preemptively referred than men of the same
age (Figure 2 and Supplementary Table S4). White
women were 7% less likely to be preemptively referred
than White men, whereas Black women were 8% more
likely to be preemptively referred than Black men,
with no sex/gender inequities observed among other
race groups. Underweight or normal weight women
were 43% to 48% more likely to be preemptively
referred, whereas obese women were 15% to 21% less
2137
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Table 1. Baseline characteristics of patients initiating kidney
replacement therapy from 2015 to 2019, overall and stratified by sex/
gender, in the Southeast US
Characteristics Total Women Men

N 44,204 19,619 24,585

Patient-level characteristics

Age, yr

Mean � SD 58.8 � 13.2 59.3 � 13.3 58.5 � 13.1

18–29, n (%) 1297 (2.9) 631 (3.2) 666 (2.7)

30–39, n (%) 2953 (6.7) 1278 (6.5) 1675 (6.8)

40–49, n (%) 5953 (13.5) 2396 (12.2) 3557 (14.5)

50–59, n (%) 10,145 (23.0) 4227 (21.6) 5918 (24.1)

60–69, n (%) 13,487 (30.5) 6253 (31.9) 7234 (29.4)

70–79, n (%) 10,369 (23.5) 4834 (24.6) 5535 (22.5)

Race/ethnicity group, n (%)

Non-Hispanic White 18,472 (41.8) 7634 (38.9) 10,838 (44.1)

Black 23,348 (52.8) 11,033 (56.2) 12,315 (50.1)

Hispanic 1355 (3.1) 511 (2.6) 844 (3.4)

Other 1029 (2.3) 441 (2.3) 588 (2.4)

Insurance status, n (%)

Medicaid 9603 (21.7) 5435 (27.7) 4168 (17.0)

Medicare 17,659 (40.0) 7853 (40.0) 9806 (39.9)

Employer 8976 (20.3) 3617 (18.4) 5,359 (21.8)

Other 3709 (8.4) 1166 (5.9) 2543 (10.3)

None 4257 (9.6) 1548 (7.9) 2709 (11.0)

Attributed cause of kidney
failure, n (%)

Diabetes 20,176 (46.3) 9,300 (48.1) 10,876 (44.9)

Hypertension 15,452 (35.5) 6478 (33.5) 8974 (37.1)

Glomerulonephritis 3261 (7.5) 1606 (8.3) 1655 (6.8)

Other 4659 (10.7) 1960 (10.1) 2699 (11.2)

Obesity (BMI, kg/m2)

Mean BMI � SD 30.6 � 8.3 31.6 � 9.1 29.8 � 7.6

Underweight, n (%) 1218 (2.8) 609 (3.1) 609 (2.5)

Normal, n (%) 10,605 (24.1) 4378 (22.4) 6227 (25.4)

Overweight, n (%) 11,918 (27.1) 4533 (23.2) 7385 (30.2)

Obese class I, n (%) 9,261 (21.0) 3997 (20.5) 5264 (21.5)

Obese class II, n (%) 5546 (12.6) 2799 (14.3) 2747 (11.2)

Obese class III, n (%) 5467 (12.4) 3202 (16.4) 2265 (9.3)

Comorbidities, n (%)

Congestive heart failure 11,623 (26.3) 5329 (27.2) 6294 (25.6)

Atherosclerotic heart disease 3737 (8.5) 1477 (7.5) 2260 (9.2)

Other cardiac disease 7483 (16.9) 3097 (15.8) 4386 (17.8)

Cerebrovascular disease 4007 (9.1) 1820 (9.3) 2187 (8.9)

Peripheral vascular disease 3307 (7.5) 1271 (6.5) 2036 (8.3)

Hypertension 39,870 (90.2) 17,744 (90.4) 22,126 (90.0)

Diabetes 26,838 (60.7) 12,376 (63.1) 14,462 (58.8)

COPD 3696 (8.4) 1792 (9.1) 1904 (7.7)

Cancer 2416 (5.5) 952 (4.9) 1464 (6.0)

Tobacco use 3855 (8.7) 1379 (7.0) 2476 (10.1)

Pre-KRT nephrology care,
n (%)

30,496 (79.3) 13,787 (80.8) 16,709 (78.2)

Patient has been informed of
kidney transplant options,
n (%)

39,861 (92.1) 17,712 (92.4) 22,149 (92.0)

Neighborhood-level factors

Neighborhood poverty level,
n (%)

< 20% (low poverty) 26,021 (59.7) 11,175 (57.7) 14,846 (61.3)

$ 20% (high poverty) 17,570 (40.3) 8187 (42.3) 9383 (38.7)

Average % Black
(mean � SD)

34.1 � 23.7 35.4 � 23.9 33.1 � 23.5

(Continued)

Table 1. (Continued) Baseline characteristics of patients initiating
kidney replacement therapy from 2015 to 2019, overall and stratified
by sex/gender, in the Southeast US
Characteristics Total Women Men

Average % high school
graduates (mean � SD)

85.2 � 6.8 85.0 � 6.6 85.3 � 6.9

BMI, body mass index; COPD, chronic obstructive pulmonary disease; ESKD, end-stage
kidney disease; KRT, kidney replacement therapy.
Percent missing: 1.5% primary cause of ESKD, 0.4% BMI, 13.0% pre-KRT nephrology
care, 2.1% patient informed of kidney transplant options, 1.4% neighborhood poverty
level, 1.3% average percent Black, and 1.3% average percent high school graduates.
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likely to be preemptively referred than men of the same
weight. Finally, women (vs. men) with diabetes as
attributed cause of kidney failure were 8% less likely
to be preemptively referred, whereas women (vs. men)
with kidney failure attributed to “other causes” were
18% more likely to be preemptively referred.

Association Between Sex/Gender, Preemptive

Referral, and Subsequent Waitlisting and Living

Donor Receipt

Overall, patients who were preemptively referred were
8.2 times (HR: 8.23 [95% confidence interval: 7.88–
8.59]) more likely to be waitlisted, and 14.7 times (14.72
[12.96–16.72]) more likely to receive a living donor
transplant, compared to patients who were not pre-
emptively referred (Table 3). This effect was similar in
women and in men, and when accounting for the
competing risk of death or deceased donor transplant
(Supplementary Table S5). Patterns were similar but
effect sizes reduced when the study population was
restricted to only patients who had been referred (i.e.,
preemptively referred or referred after dialysis). Crude
HR for waitlisting and living donor transplantation
were 4.19 (4.01–4.40) and 8.20 (7.17–9.38), respectively
(Supplementary Table S6).

Among patients who were preemptively referred,
there was no difference in likelihood of waitlisting in
women (vs. men) in both crude (HR: 0.97 [0.91–1.03])
and adjusted (1.00 [0.93–1.07]) models (Table 4).
However, preemptively referred women (vs. men)
remained less likely to receive a living donor in crude
(0.75 [0.66–0.86]) and adjusted (0.73 [0.60–0.89]) models
(Table 5). Patterns were similar by age, race, obesity,
and attributed cause of kidney failure subgroups, with
some exceptions as follows: women (vs. men) with
diabetes-attributed kidney failure were less likely to be
waitlisted, whereas women with normal weight were
more likely to be waitlisted compared with their
normal weight male counterparts (Table 4).
DISCUSSION

Among patients who initiated KRT (dialysis or
transplantation) in the Southeast US, we show that
Kidney International Reports (2024) 9, 2134–2145



Table 2. Association between patient and neighborhood-level characteristics, including sex/gender, and preemptive referral among patients
initiating KRT from 2015 to 2019, with follow-up through 2020

Characteristics Preemptively referred Not preemptively referred

Odds ratio (OR) reporting the association between
each characteristic and preemptive referral

Crude OR (95%CI) Adjusted OR (95% CI)a

N (%) 7841 (17.7) 36,363 (82.3)

Patient-level characteristics

Sex/gender

Men 4371 (55.8) 20,214 (55.6) reference reference

Women 3470 (44.3) 16,149 (44.4) 0.99 (0.95–1.04) 1.09 (1.03–1.15)

Age

18–29 316 (4.0) 981 (2.7) reference reference

30–39 721 (9.2) 2232 (6.1) 1.00 (0.86–1.17) 1.19 (0.99–1.42)

40–49 1383 (17.6) 4570 (12.6) 0.94 (0.82–1.08) 1.10 (0.93–1.30)

50–59 2053 (26.2) 8092 (22.3) 0.79 (0.69–0.90) 0.93 (0.79–1.10)

60–69 2431 (31.0) 11,056 (30.4) 0.68 (0.60–0.78) 0.82 (0.69–0.96)

70–79 937 (12.0) 9432 (25.9) 0.31 (0.27–0.36) 0.36 (0.30–0.43)

Race/ethnicity group

White 3768 (48.1) 14,704 (40.4) reference reference

Black 3643 (46.5) 19,705 (54.2) 0.72 (0.69–0.76) 0.84 (0.78–0.89)

Hispanic 184 (2.4) 1171 (3.2) 0.61 (0.52–0.72) 0.63 (0.53–0.76)

Other 246 (3.1) 783 (2.2) 1.23 (1.06–1.42) 1.08 (0.91–1.28)

Insurance status

Medicaid 1157 (14.8) 8446 (23.2) 0.25 (0.23–0.27) 0.39 (0.36–0.43)

Medicare 2546 (32.5) 15,113 (41.6) 0.31 (0.29–0.33) 0.57 (0.53–0.62)

Employer 3189 (40.7) 5787 (15.9) reference reference

Other 732 (9.3) 2977 (8.2) 0.45 (0.41–0.49) 0.57 (0.53–0.62)

None 217 (2.8) 4040 (11.1) 0.10 (0.08–0.11) 0.12 (0.10–0.14)

Attributed cause of kidney failure

Diabetes 3174 (41.2) 17,002 (47.4) reference reference

Hypertension 2275 (29.6) 13,177 (36.8) 0.93 (0.87–0.98) 0.89 (0.83–0.96)

Glomerulonephritis 1045 (13.6) 2216 (6.2) 2.53 (2.33–2.74) 1.47 (1.31–1.64)

Other 1206 (15.7) 3453 (9.6) 1.87 (1.73–2.02) 1.14 (1.02–1.26)

Obesity (BMI, kg/m2)

Underweight 126 (1.6) 1092 (3.0) 0.59 (0.49–0.72) 0.58 (0.47–0.73)

Normal 1,733 (22.2) 8872 (24.5) reference reference

Overweight 2374 (30.4) 9544 (26.4) 1.27 (1.19–1.36) 1.22 (1.13–1.32)

Obese class I 1928 (24.7) 7333 (20.3) 1.35 (1.25–1.45) 1.27 (1.17–1.38)

Obese class II 1067 (13.7) 4479 (12.4) 1.22 (1.12–1.33) 1.14 (1.03–1.25)

Obese class III 588 (7.5) 4879 (13.5) 0.62 (0.56–0.68) 0.58 (0.52–0.65)

Comorbidities

Congestive heart failure 1019 (13.0) 10,604 (29.2) 0.36 (0.34–0.39) 0.53 (0.49–0.57)

Atherosclerotic heart disease 445 (5.7) 3292 (9.1) 0.60 (0.55–0.67) 1.04 (0.93–1.17)

Other cardiac disease 904 (11.5) 6579 (18.1) 0.59 (0.55–0.64) 0.85 (0.78–0.92)

Cerebrovascular disease 395 (5.0) 3612 (9.9) 0.48 (0.43–0.54) 0.66 (0.59–0.74)

Peripheral vascular disease 336 (4.3) 2971 (8.2) 0.50 (0.45–0.57) 0.78 (0.69–0.89)

Hypertension 7097 (90.5) 32,773 (90.1) 1.04 (0.96–1.14) 1.35 (1.22–1.50)

Diabetes 4129 (52.7) 22,709 (62.5) 0.67 (0.64–0.70) 0.89 (0.83–0.96)

COPD 246 (3.1) 3450 (9.5) 0.31 (0.27–0.35) 0.56 (0.48–0.65)

Cancer 299 (3.8) 2117 (5.8) 0.64 (0.57–0.73) 0.70 (0.61–0.80)

Tobacco Use 364 (4.6) 3491 (9.6) 0.46 (0.41–0.51) 0.61 (0.54–0.69)

Pre-KRT nephrology care (reference ¼ yes) 6877 (95.1) 23,619 (75.7) 0.16 (0.15–0.18) n/ab

Patient has been informed of kidney
transplant options (reference ¼ yes)

6587 (95.4) 33,274 (91.5) 0.52 (0.46–0.58) 0.62 (0.55–0.70)

Neighborhood-level factors

Neighborhood poverty level

< 20% (low poverty) 5399 (69.9) 20,622 (57.5) reference reference

$ 20% (high poverty) 2326 (30.1) 15,244 (42.5) 0.58 (0.55–0.61) 0.88 (0.81–0.94)

Average % Black (per 10% increase) 30.9 � 23.3 34.8 � 23.7 0.93 (0.92–0.94) 0.98 (0.97–1.00)

Average % high school graduates (per 10% increase) 86.8 � 6.7 84.8 � 6.7 1.59 (1.53–1.66) 1.29 (1.23–1.36)

BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; KRT, kidney replacement therapy; OR, odds ratio.
aMultivariable model adjusted for all characteristics in Table 2, excluding pre-KRT nephrology care; 5.2% missing data and excluded from multivariable model.
bPre-KRT nephrology care not included in multivariable models.
Values are presented as n (%) and mean � SD.

JL Harding et al.: Sex and Preemptive Kidney Transplant Referral CLINICAL RESEARCH

Kidney International Reports (2024) 9, 2134–2145 2139



Figure 2. Association between sex/gender and likelihood of preemptive referral overall and by subgroups of age, race, obesity, and attributed
cause of kidney failure in crude (blue) and multivariable-adjusted (red) logistic regression models. CI, confidence interval.
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similar proportions (w18%) of men and women had
been referred for transplant preemptively (before
KRT), and this was associated with 8.2-fold and
Table 3. Crude and adjusted hazards ratios for the association
between preemptive referral and placement on the deceased donor
waitlist or receipt of a living donor transplant, overall and by sex/gender,
among patients initiating kidney replacement therapy between 2015
and 2019 with follow-up through 2020 in the Southeast US
Outcome Crude HR (95% CI) Adjusted HR (95% CI)a

Waitlisting HR examining association between preemptive referral
and waitlisting

Total population 8.23 (7.88–8.59) 5.06 (4.82–5.32)

Women 9.49 (8.86–10.16) 5.50 (5.10–5.92)

Men 7.47 (7.06–7.90) 4.78 (4.49–5.09)

Living donor transplantation HR examining association between preemptive referral
and receipt of living donor transplant

Total population 14.72 (12.96–16.72) 4.10 (3.51–4.80)

Women 18.33 (14.61–22.99) 4.51 (3.46–5.89)

Men 13.19 (11.31–15.40) 3.92 (3.26–4.72)

CI, confidence interval; HR, hazard ratio; KRT, kidney replacement therapy.
aMultivariable model adjusted for all characteristics in Table 2, excluding pre-KRT
nephrology care; 5.2% missing.
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14.7-fold increased likelihood of subsequent wai-
tlisting or receipt of a living donor transplant relative
to not being preemptively (or at all) referred,
respectively. Among preemptively referred patients,
we report no sex/gender inequities in access to wai-
tlisting, although women remained 25% less likely to
receive a living donor as compared with men.
Importantly, women who were preemptively referred
had, on average, more favorable characteristics than
men (i.e., younger, fewer comorbidities and more
likely to be under/normal weight), suggesting that
though rates of preemptive referral may be similar,
the eligibility standard may be higher for women.
This was further iterated in our models adjusting for
factors such as insurance and obesity, which
demonstrated that if women had a similar distribu-
tion of these factors as men, they would have similar
or greater likelihood of being preemptively referred.
Understanding key drivers of these differential
standards will be essential to understanding overall
Kidney International Reports (2024) 9, 2134–2145



Table 4. Hazard ratios reporting the association between sex/gender (men as reference group) and access to the waitlist among patients
preemptively referred for kidney transplant between 2015 and 2019, and followed-up until 2020, overall and stratified by age, race, obesity, and
attributed cause of kidney failure

Subgroup N (%) with the outcome Crude HR (95% CI)
P-value for
interaction Adjusted HR (95% CI)a

P-value for
interaction

Waitlisting HR examining association between sex/gender and waitlisting among patients preemptively referred

Overall 4575 (58.4) 0.97 (0.91–1.03) 1.00 (0.93–1.07)

Age, yr

18–29 219 (69.3) 0.75 (0.58–0.98) 0.16 0.81 (0.59–1.10) 0.049

30–39 443 (61.4) 1.01 (0.84–1.22) 1.07 (0.87–1.33)

40–49 907 (65.6) 1.05 (0.92–1.20) 1.18 (1.02–1.37)

50–59 1250 (60.9) 1.00 (0.90–1.12) 1.02 (0.90–1.16)

60–69 1349 (55.5) 0.92 (0.82–1.02) 0.93 (0.82–1.05)

70–79 407 (43.4) 0.85 (0.70–1.04) 0.83 (0.66–1.04)

Race/ethnicity group

White 2351 (62.4) 1.00 (0.92–1.08) 0.44 0.97 (0.88–1.07) 0.51

Black 1916 (52.6) 0.96 (0.88–1.05) 1.00 (0.91–1.11)

Hispanic 133 (72.3) 1.11 (0.79–1.56) 1.20 (0.82–1.75)

Other 175 (71.1) 1.22 (0.90–1.64) 1.18 (0.86–1.64)

Obesity (BMI, kg/m2)

Underweight 64 (50.8) 0.79 (0.49–1.30) 0.05 0.64 (0.35–1.20) 0.45

Normal 1008 (58.2) 1.18 (1.05–1.34) 1.09 (0.95–1.26)

Overweight 1466 (61.8) 0.95 (0.85–1.06) 0.98 (0.87–1.11)

Obese class I 1225 (63.5) 0.95 (0.85–1.06) 0.95 (0.83–1.08)

Obese class II 596 (55.9) 0.97 (0.83–1.14) 1.05 (0.88–1.25)

Obese class III 206 (35.0) 0.87 (0.66–1.14) 0.93 (0.70–1.24)

Attributed cause of kidney failure

Diabetes 1434 (45.2) 0.83 (0.75–0.92) 0.01 0.88 (0.78–0.98) 0.04

Hypertension 1263 (55.5) 1.01 (0.90–1.12) 1.08 (0.95–1.21)

Glomerulonephritis 811 (77.6) 0.97 (0.84–1.11) 1.04 (0.88–1.22)

Other 967 (80.2) 1.09 (0.96–1.23) 1.10 (0.94–1.30)

BMI, body mass index; CI, confidence interval; ESKD, end-stage kidney disease; HR, hazard ratio; KRT, kidney replacement therapy.
aMultivariable model adjusted for all characteristics in Table 2, excluding pre-ESKD nephrology care.
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sex/gender inequities in access to all steps of the
complex transplant process.

This study adds important information to a growing
area of research documenting sex/gender disparities in
prewaitlisting transplant steps. Our previous work has
shown that women with kidney failure are less likely to
be referred and evaluated for transplant as compared to
men; however, rates of waitlisting and transplantation
are similar if women complete the initial steps of
referral and evaluation, highlighting that existing sex/
gender inequities in prewaitlisting steps are the likely
drivers of lower overall transplant rates in women.10,11

Indeed, we show here that if women are preemptively
referred, their chances of waitlisting are similar to
preemptively referred men. However, our findings
appear to contrast with other literature examining rates
of preemptive transplantation. A recent national US
study using data from the Scientific Registry of
Transplant Recipients reported that between 2015 and
2018, women were 38% more likely to be preemptively
transplanted than men.17 Importantly, the discrepancy
in reported sex/gender outcomes is likely explained by
the fact that this study population consisted of patients
who had already received a deceased donor transplant
Kidney International Reports (2024) 9, 2134–2145
and did not include all patients initiating KRT. Schold
et al.,7 using appropriate denominator data from
USRDS, showed that women were 22% more likely to
be preemptively waitlisted compared to men, but still
had reduced access to waitlisting and living donor
transplant, consistent with the findings in the current
study specific to preemptive referral. Authors of this
earlier study do not offer a specific hypothesis to
support these sex/gender-specific findings, but do
comment that, over time, the increasing number of
patients being preemptively waitlisted, especially
women, may reflect the growing burden of stage 4 CKD
in the general population and thus, more patients
qualifying for referral to transplant as opposed to an
indication of improved access to care in the overall
population.

The finding that preemptively referred women are
younger, have fewer comorbidities, and more likely to
be underweight or of normal weight than their male
counterparts is a key contribution to the growing body
of evidence, both within and outside the kidney dis-
ease community, demonstrating that for the same set of
conditions, women receive poorer care compared to
men.18 A recent study from Sweden showed that
2141



Table 5. Hazard ratios reporting the association between sex/gender (men as reference group) and access to living donor transplantation
among patients preemptively referred for kidney transplant between 2015 and 2019, and followed-up until 2020, overall and stratified by age,
race, obesity, and attributed cause of kidney failure

Subgroup N (%) with the outcome Crude HR (95% CI)
p-value for
interaction Adjusted HR (95% CI)a

P-value for
interaction

Living donor transplantation HR examining association between sex/gender and living donor transplantation among patients preemptively referred

Overall 940 (12.0) 0.75 (0.66–0.86) 0.73 (0.60–0.89)

Age, yr

18–29 86 (27.2) 0.61 (0.39–0.94) 0.18 0.64 (0.36–1.14) 0.49

30–39 125 (17.3) 0.76 (0.53–1.09) 1.01 (0.61–1.66)

40–49 221 (16.0) 0.74 (0.57–0.98) 0.67 (0.45–1.00)

50–59 250 (12.2) 0.89 (0.69–1.15) 0.87 (0.60–1.26)

60–69 198 (8.1) 0.54 (0.40–0.73) 0.56 (0.35–0.90)

70–79 60 (6.4) 0.92 (0.55–1.55) 0.55 (0.24–1.30)

Race/ethnicity group

White 702 (18.6) 0.89 (0.76–1.04) 0.23 0.72 (0.57–0.91) 0.50

Black 166 (4.6) 0.71 (0.52–0.97) 0.76 (0.51–1.14)

Hispanic 31 (16.9) 0.49 (0.22–1.10) 0.39 (0.14–1.07)

Other 41 (16.7) 1.14 (0.62–2.11) 1.00 (0.50–1.99)

Obesity (BMI, kg/m2)

Underweight 18 (14.3) 1.43 (0.54–3.80) 0.02 2.92 (0.34–25.03) 0.64

Normal 255 (14.7) 1.10 (0.86–1.41) 0.83 (0.59–1.17)

Overweight 320 (13.5) 0.63 (0.49–0.80) 0.65 (0.45–0.93)

Obese class I 224 (11.6) 0.68 (0.51–0.89) 0.67 (0.44–1.02)

Obese class II 97 (9.1) 0.69 (0.46–1.04) 0.78 (0.45–1.35)

Obese class III 24 (4.1) 0.63 (0.28–1.41) 0.49 (0.17–1.38)

Attributed cause of kidney failure

Diabetes 191 (6.0) 0.63 (0.47–0.85) 0.02 0.73 (0.49–1.08) 0.34

Hypertension 166 (7.3) 0.56 (0.40–0.78) 0.58 (0.39–0.88)

Glomerulonephritis 249 (23.8) 0.68 (0.53–0.88) 0.68 (0.48–0.98)

Other 298 (24.7) 0.98 (0.78–1.23) 0.97 (0.66–1.42)

BMI, body mass index; CI, confidence interval; ESKD, end-stage kidney disease; HR, hazard ratio; KRT, kidney replacement therapy.
aMultivariable model adjusted for all characteristics in Table 2, excluding pre-ESKD nephrology care.
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women with CKD were less likely to have a confirmed
diagnosis of CKD, be referred to a nephrologist, un-
dergo monitoring of creatinine or albuminuria, or be
initiated on renin-angiotensin system inhibitors and
statins, despite guideline-recommend indications, for
the same level of estimated glomerular filtration rate as
men.15 This suggests, therefore, that to receive the
same level of access to a transplant (where a healthier
and younger candidate is preferable), women may have
to have a more favorable medical profile than men.
Indeed, in our data, after we adjusted for baseline
differences between men and women, women had a
higher odds of preemptive referral (OR: 1.09 [1.03–
1.15]). This change in direction of effect is perhaps
what we would expect when adjusting for factors that
lie on the causal pathway between sex/gender and
preemptive referral; we bias the risk estimate to sug-
gest that being a woman has a positive effect on
transplant access, when the opposite is in fact true.
This is highlighted when we adjust for 1 variable at a
time (Supplementary Table S3). For example, when we
adjust for age and race, which do not lie on the causal
pathway (i.e., sex/gender cannot influence age and
race), we see no association between sex/gender and
2142
preemptive referral as in crude results. However, once
we start adjusting for additional variables, such as in-
surance status (where sex/gender influence insurance
status, and insurance status in turn influences the
likelihood of preemptive referral), you see the estimates
“flip” from a null association to a positive one, where
women have greater likelihood of preemptive referral,
suggesting that insurance status serves as a mediator of
access to transplant for women. This highlights why
examining crude data is essential when reporting sex/
gender inequities because it reflects the real-life access
to transplant in men versus women.

Understanding the underlying mechanisms that
create this sex/gender inequity is complex and requires
information beyond what is captured in routine med-
ical records. For example, sex/gender inequities likely
relate to conscious or unconscious provider biases,
possible differences in candidate self-selection (i.e.,
women are less likely to be self-advocating19), or a
combination of these factors. Studies demonstrate that
women with kidney failure, in particular older women,
are often perceived as frailer than men which could
lead providers to incorrectly assume women will not be
able to tolerate major surgery,20 and this may impact
Kidney International Reports (2024) 9, 2134–2145
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referral practices. Obese men and women also do not
appear to be viewed the same, with obese women up to
34% less likely to be referred, evaluated, and waitlisted
even after adjusting for several clinical and socio-
demographic factors, though mechanisms remain un-
known.4,10 Importantly, both frailty and obesity are
modifiable factors, and life expectancy improvements
have been noted following transplant even in in-
dividuals with a body mass index up to 41 kg/m2.21

Finally, calculation of estimated glomerular filtration
rate (which is used to guide initiation of dialysis)
currently adjusts for sex, with unknown implications
for subsequent access to transplantation. In liver
transplant, previous studies have shown that the
Model for End-stage Liver Disease score inaccurately
estimates disease severity in women and subsequently
reduces access to waitlisting.22 Whether this is true in
kidney disease is unknown, but warrants investiga-
tion, particularly in light of recent changes to the
removal of race from estimated glomerular filtration
rate.23 Recognition of these biases, coupled with the
development of policies to improve referral rates, and
in particular preemptive referral rates, will be neces-
sary to reduce provider-related variability and ensure
equitable access to this limited resource for women
with kidney failure.

The final important finding from this work is that
women who are preemptively referred are still 25% less
likely to receive a living donor transplant than pre-
emptively referred men. Sex/gender inequities in living
donor transplantation have long been documented, with
women comprising more than 60% of living donors,
whereas men constitute more than 60% of the living
donor recipients.24 Although there is no conclusive ev-
idence why women donate more than they receive, this
inequality likely stems from factors linked to sex,
gender, and their interaction.25,26 For example, previous
work by Rota-Musoll et al.27 has shown that a woman’s
decision to donate a kidney is driven by their desire to
improve the life and health of recipients, likely stem-
ming from the traditional caregiving roles that women
have typically occupied in society. In terms of receipt of
living donor transplant, pregnancy-induced sensitiza-
tion is often considered a barrier for women.28 Other
studies have suggested that sex/gender-based differ-
ences in living donor transplant receipt may instead be
explained by differences in race, with Black patients
with end-stage kidney disease less likely to seek living
donor transplants.29 In our study, among those pre-
emptively referred, we saw no difference in sex/gender
disparities by race, though we may have been under-
powered to detect this. However, another study
confirmed that even among Black patients, sex/gender
disparities in access to living donor transplant persist.30
Kidney International Reports (2024) 9, 2134–2145
The reasons for sex/gender disparities in seeking living
donor transplant may be uniquely different from those
for deceased donor transplant, highlighted by the
greater magnitude of this disparity, and future in-
terventions should be tailored accordingly. Importantly,
a 2017 study showed that participation in a kidney
paired exchange program eliminated sex-based differ-
ences in living donor kidney transplant, highlighting
that despite any biological differences, sex/gender eq-
uity in access to living donor transplant can be achieved
with the right policies in place.28

The key strength of this study includes the use of
novel referral data across all 9 transplant centers in GA,
NC, and SC, through the E-STAR database8 linked to the
national USRDS registry allowing us to examine each
step of the transplant process among an appropriate
denominator population (i.e., all patients initiating
KRT). However, there are some limitations to be
considered. First, our results are generalizable only to
the Southeastern US, which has a larger Black popula-
tion, higher burden of chronic disease, and lower
transplant rates compared with other regions in the
US.31,32 Second, a small proportion (i.e., <10%)14 of
patients who may have initiated dialysis in the region
but were referred to transplant centers outside of GA,
NC, and SC were excluded from the study population.
Third, USRDS captures all patients initiating KRT (either
dialysis or transplant). It therefore does not include
patients with late-stage CKD who do not yet need dial-
ysis, but who may be eligible for preemptive referral for
transplant. Findings of this work are therefore limited to
individuals with kidney disease who are initiating KRT.
However, we believe this represents the majority of
individuals being referred for a transplant. For example,
in Figure 1 we report that w15% of individuals who
were referred to a transplant center could not be linked
to USRDS. We believe this represents the smaller pro-
portion of referred patients who are late-stage CKD.
Fourth, this study is limited to data routinely captured
in transplant centers and therefore we are unable to
examine the impact of several potentially important
factors, such as income, education status, pregnancy,
frailty, or antibodies such as calculated panel reactive
antibody that may impact donor match among wai-
tlisted patients. Finally, sex/gender, as determined from
CMS2728, is assigned by the provider at KRT initiation
and does not necessarily reflect patient self-identified
sex/gender. Therefore, findings of this study will be
influenced by provider perceptions of sex/gender.

Conclusion

In the Southeast US, a similar proportion of men and
women with end-stage kidney disease initiating KRT
are preemptively referred for a kidney transplant with
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substantial benefits for increased access to waitlisting
and receipt of a living donor transplant. Nonetheless,
the standard for preemptive referral appears higher for
women (i.e., preemptively referred women have a more
favorable medical profile relative to men) and under-
standing key mechanisms driving this differential will
be essential to mitigating sex/gender inequities in ac-
cess to transplant.
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