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Introduction: Although the management of scleroderma continues to evolve, it is unknown whether the

burden of end-stage kidney disease (ESKD) treated with maintenance renal replacement therapy from SD

has changed.

Methods: We examined United States Renal Data System data (n ¼ 1,677,303) for the years 1996 to 2012 to

quantify the incidence and outcomes of ESKD from scleroderma treated with renal replacement therapy

(n ¼ 2398). Outcomes assessed through demography-matched scleroderma-positive/scleroderma-

negative comparisons included recovery of kidney function, mortality, listing for transplant, renal

transplantations, and graft failure.

Results: Overall ESKD rates from scleroderma were 0.5 per million per year. Adjusted incidence ratios fell

over time, to 0.42 in 2012 (vs. 1996, 95% confidence interval [CI] ¼ 0.32�0.54, P < 0.001). Adjusted inci-

dence ratios for ESKD from scleroderma fell over time in both sexes, all age, race, and ethnicity categories

except age < 20 years and Asian race, and in all regions of the United States. After initiating renal

replacement therapy, patients with scleroderma had a greater likelihood of recovery of kidney function

(hazards ratio [HR] ¼ 2.67, 95% CI ¼ 1.90�3.76, P < 0.001) and death (HR ¼ 1.44, 95% CI ¼ 1.34�1.54,

P < 0.001) and a lower likelihood of transplantation (HR ¼ 0.51, 95% CI ¼ 0.44�0.59, P < 0.001) than

demography-matched patients without scleroderma.

Conclusion: The incidence of ESKD from scleroderma appears to have declined in the United States since

1996. ESKD from scleroderma is associated with an enhanced likelihood of recovery of kidney function and

death, a reduced likelihood of transplantation, and similar outcomes after transplantation.
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S
cleroderma, a rare disorder associated with
considerable morbidity and mortality, has an

estimated annual incidence of 10 to 12 per million in
the United States.1,2 End stage kidney disease (ESKD) is
a feared complication that may occur abruptly as a
scleroderma renal crisis, or as more indolent, progres-
sive deterioration of kidney function.3�11

The therapeutic approach to scleroderma has evolved
substantially in recent years, particularly with regard to
angiotensin-converting enzyme inhibitor use in sclero-
derma renal crisis and vasodilator therapy for pulmo-
nary hypertension.12�14 As management of scleroderma
has continued to evolve, it seems natural to question
whether reductions in ESKD have occurred, and, if so,
whether salutary trends have been generalized across
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major demographic subgroups. Hence, we set out to
describe the clinical epidemiology of ESKD from
scleroderma in the United States between 1996 and 2012.

MATERIALS AND METHODS

Study Objectives

The principal objective of this study was to evaluate
trends in demography-adjusted incidence ratios of
ESKD from scleroderma necessitating RRT in the
United States between 1996 and 2012. For secondary
outcomes after initiation of renal replacement therapy
(RRT), we set out to compare likelihoods of renal re-
covery (where RRT was no longer necessary), listing
for renal transplant, transplantation, death, and graft
failure in matched patients with and without sclero-
derma. We further aimed to calculate hazards ratios for
these outcomes, specific to the scleroderma population.

Study Subjects

In this retrospective study, we used data from the
United States Renal Data System (USRDS) for patients
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Figure 1. Trends in adjusted incidence ratios of end-stage kidney disease (ESKD) from scleroderma and other causes, 1996 to 2012. AIR,
adjusted incidence ratio; DM, diabetes mellitus; GN, glomerulonephritis; RRT, renal replacement therapy.
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who initiated maintenance RRT in the United States
between 1996 and 2012 (N ¼ 1,677,303). Baseline
characteristics at initiation of RRT were determined
from the Centers for Medicare & Medicaid (CMS)
Medical Evidence Report (form CMS-2728). By federal
requirement, this form must be submitted for all new
patients starting RRT in the US. The Medical Evidence
Form changed in 2005. On both forms, 1 of 82 causes is
entered as the primary cause of ESKD, with identical
options in the 1995 and 2005 forms. For this study,
scleroderma cases were those with primary cause of
ESKD listed as “Scleroderma” in the Medical Evidence
Form. Dates of death, recovery of renal function, first
listing for transplant, first renal transplantation, and
Kidney International Reports (2018) 3, 148–154
graft failure were used to define clinical outcomes
occurring after first RRT.

Analysis

Mid-year US census data were used for population
denominators for the years examined, with age in
5-year increments. Poisson regression was used to
calculate incidence ratios of RRT-requiring ESKD from
scleroderma, as well as for graphical illustration of
annual trends of ESKD from glomerulonephritis or from
causes other than diabetes and glomerulonephritis. The
c2 test was used for unadjusted comparisons of patients
with and without scleroderma, and logistic regression
for adjusted comparisons. For comparisons of clinical
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Table 1. Adjusted incidence ratios of end-stage kidney disease due to scleroderma, requiring renal replacement therapy, 1996 to 2012
(N ¼ 2400)

Era

Incidence ratios, overall population

Unadjusted incidence ratio Adjusted incidence ratio

Year as a continuous 0.61 (0.56–0.66) 0.58 (0.54–0.63) — —

variable, per 10 yr

Categorical — —

1996 1 (Reference) 1 (Reference) — —

1997 0.96 (0.78–1.19)a 0.96 (0.78–1.19)a — —

1998 0.96 (0.78–1.19)a 0.95 (0.77–1.18)a — —

1999 0.90 (0.73–1.12)a 0.89 (0.72–1.1)a — —

2000 0.98 (0.79–1.21)a 0.96 (0.78–1.18)a — —

2001 0.98 (0.8–1.21)a 0.96 (0.78–1.19)a — —

2002 0.90 (0.72–1.11)a 0.87 (0.7–1.08)a — —

2003 0.82 (0.66–1.02)a 0.79 (0.64–0.99)b — —

2004 0.78 (0.62–0.97)b 0.75 (0.6–0.94)b — —

2005 0.74 (0.59–0.93)c 0.71 (0.57–0.89)c — —

2006 0.66 (0.52–0.83) 0.63 (0.5–0.79) — —

2007 0.72 (0.57–0.9)c 0.68 (0.55–0.86) — —

2008 0.54 (0.42–0.69) 0.51 (0.4–0.65) — —

2009 0.54 (0.42–0.69) 0.51 (0.4–0.65) — —

2010 0.54 (0.42–0.69) 0.5 (0.4–0.64)

2011 0.51 (0.4–0.65) 0.47 (0.37–0.60) Incidence ratios for calendar year as continuous variable
within subgroups, per decade

2012 0.45 (0.35–0.58) 0.42 (0.32–0.54) Unadjusted Adjusted

Age < 20 yr 0.01 (0.01–0.02) 0.01 (0.01–0.02) 0.56 (0.19–1.62)a 0.57 (0.20–1.65)a

Age 20–39 yr 0.20 (0.18–0.23) 0.20 (0.18–0.23) 0.56 (0.43–0.72) 0.55 (0.43–0.72)

Age 40–64 yr 1 (Reference) 1 (Reference) 0.55 (0.49–0.62) 0.56 (0.50–0.62)

Age 65–79 yr 1.68 (1.53–1.84) 1.61 (1.47–1.76) 0.64 (0.54–0.74) 0.65 (0.56–0.76)

Age $ 80 yr 0.50 (0.40–0.63) 0.44 (0.35–0.56) 0.54 (0.34–0.86)c 0.55 (0.34–0.88)b

Male sex 1 (Reference) 1 (Reference) 0.65 (0.55–0.76) 0.60 (0.51–0.72)

Female sex 3.06 (2.78–3.36) 2.83 (2.58–3.11) 0.60 (0.55–0.66) 0.58 (0.52–0.63)

White race 1 (Reference) 1 (Reference) 0.54 (0.45–0.66) 0.65 (0.53–0.79)

African American/black race 1.49 (1.35–1.65) 1.84 (1.65–2.04) 0.66 (0.60–0.72) 0.64 (0.58–0.71)

Native American race 0.73 (0.47–1.15)a 1.07 (0.68–1.68)a 0.35 (0.14–0.91)b 0.35 (0.13–0.92)b

Asian race 0.47 (0.36–0.63) 0.56 (0.43–0.75) 0.86 (0.49–1.51)a 0.77 (0.44–1.36)a

Non-Hispanic ethnicity 1 (Reference) 1 (Reference) 0.7 (0.64–0.76) 0.65 (0.59–0.70)

Hispanic ethnicity 0.47 (0.41–0.55) 0.83 (0.71–0.98)b 0.57 (0.42–0.78) 0.53 (0.39–0.72)

Northeastern region 1 (Reference) 1 (Reference) 0.72 (0.6–0.86) 0.69 (0.58–0.82)

Midwestern region 0.98 (0.87–1.11)a 1.02 (0.91–1.15)a 0.70 (0.59–0.82) 0.67 (0.56–0.78)

Southern region 0.83 (0.74–0.93)c 0.84 (0.75–0.94)c 0.5 (0.43–0.58) 0.47 (0.41–0.55)

Western region 0.72 (0.64–0.82) 0.89 (0.78–1.01)a 0.62 (0.51–0.75) 0.59 (0.49–0.71)

aP $ 0.05.
b0.01 # P < 0.05.
c0.001 # P < 0.01.
Note: Of 2400 patients, 2385 (99.4%) with scleroderma had documentation of age, sex, ethnicity, and geographic region and had race categories corresponding to those used in the
census summaries (“Native American,” “Asian,” “black,” “white”). Incidence ratios are reported with 95% confidence intervals in parentheses. Adjustment factors were year, age, sex,
race, ethnicity, and region.
P < 0.001 unless otherwise indicated.
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outcomes, patients with and without scleroderma were
matched by calendar year, age, sex, race, ethnicity, and
region of the United States. Poisson regression and Cox
regression, respectively, were used to calculate inci-
dence ratios of scleroderma and scleroderma-positive/
scleroderma-negative�adjusted hazards ratios (AHRs)
for events occurring after initiation of RRT, with
follow-up ending on 30 June 30 2013. The Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation was used to estimate glomerular filtration rate
at RRT initiation.15 The Fine and Gray proportional
150
hazards method was used for calculating hazards ratios
of clinical events,16 with death, recovery of renal
function, and renal transplant as competing events,
using the “eventcode” option in the “phreg” function
of SAS software version 9.1.4 (SAS Institute, Cary, NC),
the program used for all data analysis.
RESULTS

The crude incidence rate of ESKD from scleroderma
between 1996 and 2012was 0.5 cases permillion per year
Kidney International Reports (2018) 3, 148–154



Table 2. Comparisons of patients with and without scleroderma at initiation of renal replacement therapy, at listing for renal transplant, and at
renal transplantation

Characteristic

At initiation of renal replacement therapy At listing for renal transplant
At renal

transplantation

AOR scleroderma
(yes vs. no)

Scleroderma

AOR scleroderma
(yes vs. no)

Scleroderma

AOR scleroderma
(yes vs. no)

Scleroderma

Yes
2398

No
1,680,073

Yes
392

No
246,421

Yes
260

No
203,594

ESKD from diabetes 0 44.5 — 0 40.0 — 0 30.2 —

ESKD from hypertension 0 27.9 — 0 22.2 — 0 18.0 —

ESKD from other cause 100 27.6 — 100 37.8 — 100 51.8 —

Era 1996�2000 35.2 24.9 1 (Reference) 23.2 19.1 — 20 17.2b —

Era 2001�2005 32.7 29.6 0.82 (0.74–0.90) 36.0 29.8 1.05 (0.81–1.37)a 38.5 32.0b 1.04 (0.74–1.45)a

Era 2006�2012 32.1 45.6 0.53 (0.48–0.59) 40.8 51.1 0.73 (0.56–0.94)b 41.5 50.9b 0.72 (0.51–1.01)a

Age < 40 yr 11.2 9.4 1 (Reference) 15.1 24.8 1 (Reference) 12.3 29.1 —

Age 40–64 yr 57.5 41.4 1.13 (0.99–1.29)a 74.0 62.3 2.01 (1.51–2.66) 76.2 58.3 3.23 (2.22–4.7)

Age 65–79 yr 28.1 35.9 0.52 (0.45–0.60) 11.0 12.7 1.38 (0.93–2.05)a 11.5 12.4 2.36 (1.43–3.91)

Age $ 80 yr 3.2 13.3 0.15 (0.12–0.20) 0 0.2 — 0 0.2 —

Female sex 75.9 44.8 4.13 (3.76–4.54) 78.8 38.9 6.19 (4.85–7.89) 78.1 39.3 5.75 (4.28–7.71)

White race 77.6 66.1 1 (Reference) 78.8 60.0 — 86.2 70.2 —

African American/black race 18.9 28.4 0.41 (0.37–0.46) 17.3 32.1 0.34 (0.26–0.45) 10.4 23.1 0.35 (0.23–0.52)

Other race 3.5 5.5 0.44 (0.35–0.54) 3.8 7.9 0.30 (0.18–0.51) 3.5 6.7 0.38 (0.19–0.75)c

Hispanic 7.3 11.8 0.43 (0.36–0.50) 10.2 16.9 0.44 (0.31–0.61) 9.2 13.0a 0.64 (0.42–0.99)b

Northeast 21.7 18.2 1 (Reference) 23.5 18.9 — 26.5 19.0c —

Midwest 25.1 21.8 0.87 (0.78–0.98)b 25.5 19.7 0.94 (0.70–1.24)a 25.0 24.3c 0.68 (0.49–0.96)b

South 34.3 40.4 0.72 (0.64–0.80) 28.8 38.3 0.66 (0.50–0.86)c 28.5 36.0c 0.61 (0.44–0.85)b

West 18.9 19.7 0.84 (0.74–0.96)c 22.2 23.1 0.83 (0.61–1.12)a 20.0 20.7c 0.70 (0.49–1.01)a

On dialysis > 1 yr — — — 57.1 48.7 1.60 (1.31–1.97) 77.3 62.0 2.69 (2.00–3.63)

Hemodialysis as first RRT 92.5 90.5 — 79.8 81.4a — 91.0 92.0a —

Peritoneal dialysis as first RRT 6.8 7.5 0.64 (0.54–0.75) 20.2 18.6 0.91 (0.71–1.18)a 9.0 8.0a 0.85 (0.52–1.39)a

Transplant as RRT as first RRT 0.8 2 0.21 (0.13–0.34) — — — — — —

Vascular disease 19.2 34.2 0.49 (0.44–0.54) — — — — — —

Diabetes 7.5 50.8 0.07 (0.06–0.08) — — — — — —

Malignancy 3.3 6.6 0.58 (0.46–0.73) — — — — — —

Smoking 5.8 5.7a 0.93 (0.78–1.10)a — — — — — —

Alcohol/drug abuse 2 2.4a 0.99 (0.74–1.32)a — — — — — —

eGFR > 15 ml/min per 1.73 m2 9.2 11.2c 0.93 (0.81–1.07)a — — — — — —

Body mass index $ 30 8.5 32.2 0.15 (0.13–0.17) — — — — — —

Serum albumin < 3.5 g/dl 71.9 64.5 1.42 (1.29–1.58) — — — — — —

Hemoglobin $ 9 g/dl 70.7 71.3a 1.02 (0.93–1.12)a — — — — — —

Living donor — — — — — — 49.2 38.3 1.45 (1.13–1.85)

AOR, adjusted odds ratio; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease. Parameter estimates are presented as column percentages or odds ratios, with 95%
confidence intervals in parentheses. Estimates for age, duration of dialysis therapy, and mode of dialysis therapy refer to the day of initiation of RRT, listing for transplant, and renal
transplantation, respectively. Comorbid conditionswere assessed only at initiation of RRT. Statistical comparisons are of patients with andwithout scleroderma at initiation of RRT, listing for
transplant, and renal transplantation. Logistic regression�adjusted for age, sex, race, ethnicity, and geographic region was used to calculate odds ratios; reference categories for binary
variables were those without the characteristic. Missing data at initiation of renal replacement therapy: eGFR, 0.5%; body mass index, 3.0%; serum albumin, 24.8%; hemoglobin, 9.4%.
aP $ 0.05.
b0.01 # P < 0.05.
c0.001 # P < 0.01.
P < 0.001 unless otherwise indicated.
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(n¼ 2385 total). ESKD from scleroderma declined in the
United States over the years of observation (Figure 1,
Table 1), with adjusted incidence ratios (AIRs) falling to
0.42 by 2012 (vs. 1996, 95% confidence interval
[CI] ¼ 0.32�0.54, P < 0.001). Other associations
included the following: age, peaking at 65 to 79 years
(AIR ¼ 1.61, vs. 40�64 years, 95% CI ¼ 1.47�1.76,
P< 0.001); female sex (AIR¼ 2.83, 95%CI¼ 2.58�3.11,
P< 0.001); AfricanAmerican/black race (AIR¼ 1.84, vs.
white, 95%CI¼ 1.65�2.04,P< 0.001); and residence in
southern states (AIR ¼ 0.84, vs. northeastern states,
95%CI¼ 0.75�0.94, P< 0.01). Calendar year�associated
Kidney International Reports (2018) 3, 148–154
AIR values fell in every subgroup examined, except
age < 20 years and Asian race (Table 1).

Factors associated with a greater likelihood of
scleroderma than other causes of ESKD at initiation
of RRT included female sex (adjusted odds ratio
[AOR] ¼ 4.13, 95% CI ¼ 3.76�4.54, P < 0.001) and
serum albumin < 3.5 g/dl (AOR ¼ 1.42, 95%
CI ¼ 1.29�1.58, P < 0.001) (Table 2); factors associated
with a lower likelihood of scleroderma included more
recent era (AOR ¼ 0.53 for 2006�2012 vs. 1996�2000,
95% CI¼ 0.48�0.59, P< 0.001), older age (AOR¼ 0.15
for age$ 80 years, vs.< 40 years, 95% CI¼ 0.48�0.59,
151



Table 3. Adjusted hazards ratios for outcomes in patients with
scleroderma (sclerodermaþ) and in matched patients without
scleroderma
Event of interest within
each follow-up period Rate, sclerodermaD

Hazard ratios for scleroderma
(yes vs. no)

Followed from initiation of renal replacement therapy

(2398 pairs, mean follow-up 3.3 yr)

Death 22.0 (21.0–23.1) 1.44 (1.34–1.54)

Listing for transplant 1.5 (1.3–1.8) 0.80 (0.64–1.00)a

Transplantation 3.6 (3.2–4.1) 0.51 (0.44–0.59)

Deceased-donor transplant 1.9 (1.6–2.3) 0.47 (0.39–0.58)

Living-donor transplant 1.7 (1.4–2.1) 0.56 (0.45–0.69)

Recovery 1.6 (1.3–1.9) 2.67 (1.90–3.76)

Followed from listing for transplant

(392 pairs, mean follow-up 5.0 yr)

Death 8.6 (7.4–9.9) 1.23 (0.98–1.53)a

Transplantation 21.9 (19.0–25.1) 0.65 (0.54–0.78)

Deceased-donor transplant 13.2 (11.1–15.8) 0.75 (0.59–0.96)b

Living-donor transplant 8.6 (6.9–10.8) 0.54 (0.41–0.71)

Followed from transplant

(260 pairs, mean follow-up 5.4 yr)

Death 6.4 (5.2–7.9) 0.97 (0.73–1.29)a

Graft failure 1.2 (0.4–3.8) 0.90 (0.85–0.95)

aP $ 0.05.
b0.01 # P < 0.05.
Rates are reported per hundred person-years. Ninety-five percent confidence intervals
are shown in parentheses. Factors used for matching were calendar year, age, sex,
race, ethnicity, and region.
P < 0.001 unless otherwise indicated.
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P < 0.001), African American/black race (AOR ¼ 0.41,
vs. white, 95% CI ¼ 0.37�0.46, P < 0.001), Hispanic
ethnicity (AOR¼ 0.43, 95%CI¼ 0.36�0.50, P< 0.001),
residence outside the northeastern states, peritoneal
dialysis (AOR ¼ 0.64, vs. hemodialysis, 95%
CI¼ 0.54�0.75, P< 0.001), transplant (AOR¼ 0.21, vs.
hemodialysis, 95% CI¼ 0.13�0.34, P< 0.001), vascular
disease (AOR ¼ 0.49, 95% CI ¼ 0.44�0.54, P < 0.001),
diabetes (AOR¼ 0.07, 95% CI¼ 0.06�0.08, P< 0.001),
malignancy (AOR ¼ 0.58, 95% CI ¼ 0.46�0.73,
P < 0.001), and body mass index > 30 kg/m2

(AOR¼ 0.15, 95% CI¼ 0.13�0.17, P< 0.001) (Table 1).
Figure 2. Cumulative incidence of the following events in patients starting
patients without scleroderma (n ¼ 2398) in an analytical framework in
transplantation, recovery of kidney function, or any of these events.
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Compared to demography-matched patients without
scleroderma, those with scleroderma were more likely
to die (hazards ratio [HR] ¼ 1.44, CI ¼ 1.34�1.54,
P < 0.001) and recover kidney function (HR ¼ 2.67, CI
1.90�3.76, P < 0.001) and less likely to receive a
transplant (HR¼ 0.51, CI¼ 0.44�0.59, P < 0.001) after
initiating RRT (Table 3, Figure 2); after transplantation,
scleroderma was associated with a lower likelihood of
graft failure (HR ¼ 0.90, CI ¼ 0.85�0.95, P < 0.001).
Scleroderma-specific risk factors for death, recovery,
listing, transplantation, and graft failure are shown in
Supplementary Table S1. Further comparisons of out-
comes between scleroderma and other primary diseases
are detailed in Supplementary Table S2.

DISCUSSION

We found that the incidence of ESKD from scleroderma
declined during the 16-year interval of observation.
The burden of ESKD fell in individuals of both sexes,
and in all but 1 race/ethnicity category and 1 age
group. Although it is tempting to hypothesize that the
encouraging trends in scleroderma-related RRT may
reflect improvements in the management of sclero-
derma, the nonexperimental design of our study does
not allow us to make such an inference.

Possible explanations for these salutary trends might
include a combination of improvements in overall man-
agement, despite the lack of specific therapies, such as the
widespread use of angiotensin-converting enzyme in-
hibitors and/or calcium channel blockers and directed
therapy for scleroderma-related vascular phenomena
such as pulmonary arterial hypertension, Raynaud phe-
nomenon, and digital ulceration.8,13,14,17�21 Although
the incidence of scleroderma renal crisis itself is also
thought to be falling, the impact of this on ESKD may
theoretically be counterbalanced by improving survival,
with mortality falling from approximately 76% at 1 year
renal replacement therapy with scleroderma (n ¼ 2398) and matched
which all clinical events are competing with each other: death,

Kidney International Reports (2018) 3, 148–154
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initially to less than 10% following the introduction of
angiotensin-converting enzyme inhibitor use in sclero-
derma renal crisis.12

There are other possible explanations for these
observed trends, such as a reduced incidence of
scleroderma in the general population, an increased
mortality as a competing risk for ESKD among in-
dividuals with scleroderma, or a failure to capture
ESKD cases not treated with dialysis or trans-
plantation.22 As with other uncommon conditions with
variable severity and presentation, an accurate assess-
ment of incidence is difficult, because precise identifi-
cation of first disease onset may be difficult.12,23,24

Although mortality rates in scleroderma, both overall
and in renal crisis, are thought to be falling, the inci-
dence of scleroderma, as of 2008, was thought to be
stable, which may make the salutary trends in ESKD
seen even more noteworthy, as one might expect an
increase in incidence in this setting.12,23,24

Although more likely in scleroderma cases than in
matched patients without scleroderma, recovery of
dialysis independence was still relatively uncommon,
and appeared to occur relatively early after dialysis
initiation. Our findings regarding renal recovery are
similar to a previous report from the ANZDATA reg-
istry.25 Although we found that mortality risk in the
contemporary era remains high for ESKD patients with
scleroderma in comparison to other causes, the mor-
tality disparity was not evident after renal trans-
plant.12,19,23 Scleroderma is thought to be more
common in African Americans, and we did find a
higher rate of ESKD associated with African American/
black race, along with a lower likelihood of listing for
transplantation and receiving a renal transplant. The
reasons for this are unclear but possibly relate to
disease-specific factors in African American/black race,
as well as possible racial heterogeneity in access to
medical care in the United States.21,24,26 The findings
pertaining to renal transplantation in scleroderma may
be encouraging and consistent with the available
literature, which, although limited, suggests a survival
benefit to renal transplantation in scleroderma.27,28

This study has several limitations, including retro-
spective registry-based design and a lack of information
about earlier stage kidney disease and treatments
received. The agreement between the primary diagnosis
as presented on Form 2728 and biopsy-proven disease
has been questioned for glomerulonephritis.29 In
USRDS-based studies the generalizability of findings to
different primary diseases may be limited by this fact.
Although the diagnosis of scleroderma is often made
clinically without tissue biopsy, we cannot refute the
possibility that there may be some misclassification bias
inherent to the USRDS dataset. Inability to identify
Kidney International Reports (2018) 3, 148–154
participants who initiate RRT for acute kidney injury
from scleroderma, and uncertainty about discriminating
irreversible ESKD from reversible acute kidney injury, is
a limitation of dialysis patient registries, in which
information starts to accrue only after kidney disease is
labeled as irreversible. Finally, matching for comparison
of outcomes could conceivably have introduced un-
known confounding.

Despite its limitations, we feel that our study pro-
vides some useful information. Although research ef-
forts to develop alternative efficacious treatments are
clearly needed, it is encouraging that rates of RRT from
scleroderma appear to be declining. The reduction in
the incidence of ESKD from scleroderma identified in
this study, synchronous with the reduction in mor-
tality in scleroderma reported in prior studies, is
encouraging.
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