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Abstract
Background—In this study, we hypothesized that higher level of comorbidity and greater body
mass index (BMI) may mediate the association between diabetes and access to transplantation.

Methods—We used data from the United States Renal Data System (01/01/2000–24/09/2007)
(n=619,151). We analyzed two outcomes using Cox model: 1) time to being placed on the waiting
list or transplantation without being listed; 2) time to transplantation after being listed. Two
primary Cox models were developed based on different levels of adjustment.

Results—In Cox models adjusted for priori defined potential confounders, history of diabetes
was associated with reduced transplant access (compared with non-diabetic population) - both for
wait-listing/transplant without being listed [HR 0.80, p < 0.001] and for transplant after being
listed [HR 0.72, p < 0.001]. In Cox models adjusted for BMI and comorbidity index along with the
potential confounders, history of diabetes was associated with shorter time to wait-listing or
transplantation without being listed [HR 1.07, p < 0.001] and there was no significant difference in
time to transplantation after being listed [HR 1.01, p = 0.42].

Conclusion—We demonstrated that higher level of comorbidity and greater BMI mediate the
association between diabetes and reduced access to transplantation.
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INTRODUCTION
Diabetes mellitus is the leading cause of end-stage renal disease (ESRD) worldwide[1]. In
2008, nearly 48,000 people with diabetes related ESRD were started on dialysis in the US
[2]. Apart from diabetes related ESRD, there is also a high prevalence of associated diabetes
in the ESRD population [3, 4]. For suitable ESRD patients, renal transplantation is accepted
as the optimal modality of renal replacement therapy, conferring both better quality of life
and better life expectancy [5, 6]. This is also true for ESRD patients with diabetes [7, 8].
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With a limited supply of donor organs available for transplantation and an increasing ESRD
population requiring renal transplantation, there is a need to ensure a fair and equitable
system of organ allocation. In order to achieve this, it is important to identify the objective
barriers, bias, and disparities among different population groups in regard to transplant
access. There is evidence to suggest that African Americans [9–11], females [12–14], and
elderly [11, 15] have inferior access to transplantation. Literature also suggests that history
of diabetes is associated with inequitable access to transplantation [15–21]. Most of these
studies however looked at access to transplantation in population with diabetes mellitus as
the primary cause of ESRD (as opposed to diabetes being present in ESRD patients, but not
necessarily the cause of the renal failure).

In this large retrospective study, based on a nationally representative sample of US ESRD
patients, we tested the hypothesis that diabetes is associated with inferior access to
transplantation. We studied all diabetic patients with ESRD, whether or not diabetes caused
renal failure. We further aimed to evaluate the factors mediating this association.
Specifically, we hypothesized that higher level of comorbidities and greater body mass
index (associated with diabetes and not the diabetic status per se) may be the barriers in
placement of patients with diabetes on the waiting list and subsequent transplantation.

METHODS
Data Source and Study Population

We analyzed data from the United States Renal Data System (USRDS) including the data
directly provided to USRDS by United Network for Organ Sharing (UNOS). Data was used
from the Txunos_ki, Waitlist_ki, Rxhist60, Case mix, Adequacy, Patient and Medevid files.
The information regarding the diabetic status was obtained from the Patient and Medevid
files. Incident and prevalent ESRD patients, with known diabetic status, who were started on
dialysis during or after January 1, 2000, through September 24, 2007 were included in the
study (n=793,106). Patients of age < 18 years and ≥80 years were not included in the study
population. Patients with acute kidney failure who were on dialysis initially but then
recovered renal function were excluded from the analysis. With the above exclusions, the
final study cohort consisted of 619,151 ESRD patients. Median income based on zip codes
and stratified by race was obtained from the US Census Bureau data source and linked to
our study cohort.

Primary and Outcome Variables of interest
Diabetic status at the time of onset of ESRD was the primary variable of interest. We
analyzed two outcomes using Cox model: (1) time to being placed on the waiting list or
transplantation without being listed (whichever occurred first) from the time of dialysis
initiation. Some candidates were transplanted without being listed (e.g., recipients of living
donor kidneys); in that case we used time to transplantation instead of listing time. (2) time
to transplantation (the waiting time between dialysis initiation and transplantation) in the
group of patients who were initially placed on the waiting list. For recipients of multiple
transplants, the first transplantation was considered to be the transplant of interest.

Cox proportional hazards models and Covariates
Two primary Cox models were developed based on different levels of adjustment. The first
model estimated the impact of history of diabetes, standard socio-demographic and ESRD-
related covariates on access to transplantation. For this model, covariates included are a
priori defined potential confounding factors (Figure 1) - patient age at onset of ESRD, race,
sex, geographic location, hemoglobin, serum albumin, eGFR, median income, and duration
of pre-ESRD nephrology care. Of the covariates included in the Cox model, some of the
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patient records had missing information for duration of pre-ESRD nephrology care
(n=448,265), serum albumin (n=157,883), hemoglobin (n=54,485), and estimated
glomerular filtration rate (eGFR) (n=9,906) at the time of initiation of dialysis. Continuous
variables (albumin, hemoglobin, and eGFR) with missing information were converted into
categorical variables and missing category was analyzed separately. Similarly, missing
information for pre-ESRD nephrology care was analyzed as a separate category.

To evaluate the mechanism of potential association between the diabetes and access to
transplantation, our second model was also adjusted for potential mediators: BMI and
comorbidity index (described below). To further dissect the role of BMI and comorbidities
as potential mediators, we performed two additional Cox models adjusting for only one of
these two factors each time along with the previously defined covariates.

To adjust for patient comorbidities, we formed a comorbidity coefficient similar to the
Charlson comorbidity index [22]. Each of the comorbidity conditions available in the dataset
(from the CMS form 2728) contributed one point towards the composite index with
additional point given for older age. However, since our primary variable of interest is
diabetes, we removed diabetes from the comorbidity index calculation to eliminate potential
co-linearity. We previously used similar approaches to describe comorbidities using
abbreviated comorbidity indices of Davies et al. [23] and Charlson et al.[22] using
information available in the data. These abbreviated indices were validated by strong
association with clinical outcomes [24, 25].

Statistical analysis
Means and standard deviations were used to summarize the distributions of continuous
variables. Categorical variables were summarized as percent of total. To compare between
groups, we used analysis of variance for continuous variables and Chi-square for the
categorical variables. Cox model was used for time to outcome analysis. As measures of
association between diabetic status and outcome variables, we estimated hazard ratios (HR)
and 95% confidence intervals. All analyses were performed with SAS software version 9.2
(SAS Institute, Cary, NC)

RESULTS
Descriptive Statistics

We identified 619,151 ESRD patients with available information regarding diabetic status.
The study cohort had a mean age of ESRD onset of 60.2±13.7 years. Of the entire study
population, 62.3 % were White, 54.9 % were male, and 59.2 % had diabetes mellitus. Of the
patients who were eventually transplanted, 42.6 % received it from a living donor. Among
the diabetic population who were transplanted, 37.7% received it from a living donor, while
it was 45.4% in the non-diabetic population. Distribution of other baseline characteristics of
the study population was presented in Table 1.

Transplant access in the entire study population
In the model adjusted for the priori defined potential confounding factors, but not for
comorbidities and BMI (Model 1), history of diabetes was associated with reduced
transplant access (compared with non-diabetic population): both for wait-listing/transplant
without being listed [HR 0.80, p < 0.001] and for transplant after being listed [HR 0.72, p <
0.001]. In a separate analysis, when proportional hazard models were adjusted for BMI and
comorbidity index along with the potential confounding factors (Model 2), patients with
diabetes had better access to waiting list or transplantation without being listed [HR 1.07, p
< 0.001] but there was no significant difference in time to transplantation after being listed
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compared to non-diabetics [HR 1.01, p = 0.42] (Table 2). This trend was same in most of the
subgroups studied.

To further dissect the role of BMI and comorbidities as potential mediators, we analyzed
two additional Cox models adjusting for only one of these two factors each time. When BMI
was included along with the previously defined covariates, the association did not change
appreciably compared to Model 1 (HR 0.81, p < 0.001 and HR 0.75, p < 0.001 for listing/
transplant without being listed and for transplant after being listed respectively). On the
other hand, when comorbidity index was included along with the previously defined
covariates, the hazard ratios changed to 1.05 (p < 0.001) for listing / transplant without being
listed and to 0.96 (p = 0.004) for transplant after being listed.

Transplant access in Subgroups
We performed subgroup analysis to evaluate the effect of diabetic status in different
population subgroups based on age, sex, and race. The results indicate a strong association
of diabetic status with transplant access in most of the subgroups studied. When compared to
non-diabetic population, diabetic individuals had better or equal access to renal
transplantation in most of the sub groups studied after adjusting for the potential mediators
(i.e. Cox models were adjusted for BMI and comorbidity index in addition to the potential
confounding factors - Model 2). In particular, history of diabetes was associated with better
or equal transplant access compared to non-diabetics in males (HR 1.14, p < 0.001 for
listing/transplanted without being listed and HR 1.07, p < 0.001 for transplant after being
listed), whites (HR 1.02, p = 0.02 for listing/transplanted without being listed and HR 0.97,
p = 0.01 for transplant after being listed), and blacks (HR 1.14, p < 0.001 for listing/
transplanted without being listed and HR 1.16, p < 0.001 for transplant after being listed).
Results for other subgroup analysis were given in Table 3.

DISCUSSION
Renal transplantation is currently considered the optimal modality of renal replacement
therapy for patients with ESRD [26, 27]. Current data indicate better outcomes in patients
who receive a transplant early in the course of renal replacement therapy; with each
additional year of dialysis therapy, survival is compromised, particularly in the diabetic
population [8, 24, 27–30].

In this context, it is important to identify the factors that affect access to transplantation and
understand the underlying mechanisms of existing disparities, differences and bias, in order
to propose potential interventions to overcome them. One of the critical steps of the
transplantation process is the pre-transplant evaluation, which identifies patient’s transplant
candidacy based on medical guidelines. However, studies of factors affecting access to renal
transplantation, have reported a number of disparities, that may not be totally explained on
the basis of medical criteria, including African American patients [9–11], and females [13,
14, 31], having inferior access. Age [11, 32], nephrology referral [33], primary renal disease
[11, 34] body mass index [35], and comorbidities [20] have been shown to affect access to
renal transplantation. Our team has previously shown that social adaptability index is also
associated with access to transplantation [36].

Existing literature suggests that ESRD patients with diabetes are disadvantaged in terms of
access to renal transplantation [13, 37]. Alexander et al, in a prospective study on 7125
patients demonstrated that diabetes-related ESRD population had inferior access to wait-
listing (OR: 0.73) [18]. Similarly, Wolfe et al studied 228,552 ESRD patients using US data
from 1991 to 1997 and demonstrated that the relative rates for wait-listing and
transplantation associated with diabetes as a cause of ESRD (compared to
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glomerulonephritis) were 0.52 and 0.98 respectively [21]. Villar et al., in a study on 549
subjects in France, demonstrated that patients with Type-2 diabetes had inferior rates for
pre-transplant evaluation (33.0%) and wait-listing for transplantation (24.2%) compared to
the non-diabetic population (65.8 and 60.6%, respectively). The duration of pre-transplant
evaluation was significantly longer in patients with type-2 diabetes (12.7±11.0 months)
compared to patients without (7.5±7.1). Also, among patients without apparent clear reasons
for exclusion from pre-transplant evaluation, patients with type-2 diabetes were twice as
likely to be excluded compared to patients without [16]. Similarly, Bayat et al. reported that
diabetic patients had less access to wait-listing for transplantation compared to the non-
diabetic population (OR 2.52, 95% CI 1.44–4.43) in a French community-based network of
care[19]. In addition, the report of a national conference in the U.S on wait-listing for kidney
transplantation by Gaston et al documented diabetes as a variable that might delay referral of
ESRD patients for renal transplantation [15]. Our results are consistent with the previous
reports demonstrating an association between presence of diabetes and inferior access to
transplantation. Similarly, we also demonstrated inferior access to transplantation in
females, blacks, and elderly.

The general process of the nephrology referral and evaluation for transplantation in ESRD
patients is illustrated in Figure 2. Diabetic patients are subjected to exclusion from the
evaluation process at any of the three decision points B, C or D as in the Figure 2. Thus, due
to higher comorbidity and BMI they may never be referred for transplant evaluation by
primary nephrologist (B). Furthermore, patients with diabetes might be declined by the
transplant program after initial evaluation (C) due to higher level of comorbidity and
concern that the recipient’s diabetic status might lead to poor graft and recipient survival
post-transplant [38–40]. Alternatively, the evaluation itself may be prolonged due to the
various cardiovascular investigations such as angiography that might be needed for
evaluation of associated coronary disease in a diabetic patient. Once placed on the waiting
list candidates may be later removed or become “temporarily unavailable” due to their
comorbid conditions or events, predominantly cardiovascular disease (D) [41–44]. The
number of diabetic patients who eventually get transplanted therefore tends to be limited
[45].

Comorbidities and greater BMI are more prevalent in the diabetic population compared to
the non-diabetic population (Table 1). It has been previously shown that patients with high
co-morbidity [17, 20], less access to living donors [46], and greater BMI [35] have delayed
access to transplantation. We hypothesized that higher level of co-morbidity and greater
BMI may be mediating the observed affect. When we control for these factors in our model,
we anticipated that access to transplantation in patients with diabetes would not be worse
than in the general population. In fact, when adjusted for comorbidities and BMI, history of
diabetes was associated shorter time to wait-listing or transplantation without being listed
but there was no significant difference for time to transplantation after being listed compared
to non-diabetics. Furthermore when BMI and comorbidity index were included individually
in two separate Cox models along with the priori defined potential confounders, the results
demonstrated that majority of the effect was mediated specifically by comorbidities. Also,
we noted that there was a significant difference in the donor type (cadaveric vs living)
between the ESRD patients with diabetes and without diabetes and who had received a
transplant (Table 1). Since donor type was viewed as a “post-baseline” event, we did not
include it in the Cox model. Still, we hypothesized that along with comorbidities and BMI it
could be another potential mediator between diabetes and inferior access to transplantation.

The association of diabetes mellitus with shorter time to listing after adjustment for
comorbidities and BMI might potentially be explained by greater level of exposure to
healthcare system in the diabetic population, potentially more frequent follow-up visits with
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the primary care physician, involvement of the specialists, and potentially higher awareness
and earlier referral for renal disease [47]. In general, more frequent surveillance of renal
status likely increases opportunity to identify need for nephrology referral and
transplantation evaluation. Referring back to Figure 2, we would anticipate the quicker and
earlier referral of diabetic ESRD patients to nephrologist by the primary care physician
(point A in Figure 2) when compared to non-diabetic patients with similar comorbidity and
BMI leading to relatively shorter time to being listed. As patients being listed, the time to
transplantation is not different between diabetic and non-diabetic patients. These results
make sense since that time period is determined by administrative regulations of transplant
list (rather than “human decision”) and should not depend on diabetic status, once adjusted
for comorbidities, BMI, and other patient characteristics.

There are some limitations to this study that deserve mentioning. First, because our study
was a retrospective analysis, we could not assess causality, but only the association between
diabetic status and transplant access. However, the fact that association changed after
comorbidity index and BMI were included in the models suggest that these factors mediate
the effect of diabetes. A second limitation may have been our inability to stratify by the type
and severity of diabetic status (as opposed to simple binary designation of presence or
absence of diabetes) because of the limitations of the data. Another limitation is - we were
not able to censor the patient records that were removed from the waiting list as we do not
have information regarding these events in our data set.

In conclusion, in our study cohort the association between the presence of diabetes and
reduced access to renal transplantation seems to be mediated by comorbidities and BMI.
Adjusted for these factors the access to transplantation in diabetic population is not worse
(or even better) than in other groups.
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Figure 1.
Directed acyclic graph representing association between diabetes and access to
transplantation.
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Figure 2.
The general process of the nephrology referral and evaluation for transplantation in ESRD
patients.
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Table 1

Baseline characteristics of the study population at the time of ESRD onset.

Entire study
population
(n=619,151) Non-diabetic population (n=252,789) Diabetic population (n=366,362) P

Age at ESRD onset 60.2(13.7) 57.9(15.9) 61.8(11.7) <0.001

Age categories (yr)

 18–40 9.5 15.7 5.2 <0.001

 41–65 47.6 43.6 50.4

 66–79 42.9 40.7 44.4

Race/ethnicity

 White 62.3 61 63.2 <0.001

 African American 31.3 33.3 29.8

 Native American 1.3 0.6 1.8

 Asian 3.9 3.8 3.9

 Other 1.2 1.2 1.2

Sex

 Male 54.9 58.3 52.5 <0.001

 Female 45.1 41.7 47.5

Body mass index (kg/m2) 28.3(7.3) 26.4(6.7) 29.4(7.4) <0.001

Co-morbidity index 5.9(2.0) 5.1(2.1) 6.4(1.8) <0.001

Donor type

 Cadaveric 4.8 7.1 3.2 <0.001

 Living 3.6 5.9 2.0

 Missing (i.e. Patients not
transplanted)

91.6 87 94.8

Hemoglobin categories (g/dl)

 ≤ 10 48.5 48.2 48.7 <0.001

 > 10 42.7 42.7 42.7

 Missing 8.8 9.1 8.6

GFR categories (ml/min/1.73m2)

 < 15 86.5 90.0 84.2 <0.001

 15 to 30 11.8 8.2 14.3

 Missing 1.7 1.8 1.5

Albumin Categories (g/dl)

 < 3.5 49.4 44 53.2 <0.001

 ≥ 3.5 25.1 30.7 25.6

 Missing 25.5 25.3 21.2
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Entire study
population
(n=619,151) Non-diabetic population (n=252,789) Diabetic population (n=366,362) P

Duration of Pre-ESRD
nephrology care

 No nephrology care 9.3 10.4 8.5 <0.001

 Less than 6 months 3.2 3.0 3.4

 6 to 12 months 7.8 6.6 8.6

 More than 12 months 7.3 6.8 7.5

 Missing 72.4 73.1 72.0

Geography

 Rural 19.3 18.1 20.2 <0.001

 Urban 78.3 79.9 77.1

 Unknown 2.4 2.0 2.7

Median income (US $ per
annum)

39914.1 (16680) 40591.35 (17317.85) 39445.35 (16207.34) <0.001

Continuous variables presented as mean (standard deviations) and categorical variables presented as percent of total. ESRD- End Stage Renal
Disease.
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Table 2

The association of diabetic status in ESRD patients with getting listed/transplanted in the entire study

population by Cox models1,2

Outcome: listed/transplanted without being listed Outcome: Transplant for those who got listed

HAZARD RATIO (95% CI) HAZARD RATIO (95% CI)

MODEL 1 MODEL 2 MODEL 1 MODEL 2

Diabetes (compared to non-
diabetes)

0.80(0.79–0.81) 1.07(1.05–1.09) 0.72(0.70–0.73) 1.01(0.99–1.03)*

Age at ESRD onset 0.95(0.95–0.95) 0.98(0.98–0.98) 0.95(0.95–0.95) 0.98(0.98–0.98)

Sex

 Male Reference Reference

 Female 0.83(0.82–0.84) 0.83(0.82–0.84) 0.84(0.82–0.85) 0.84(0.83–0.86)

Race

 White Reference Reference

 Black 0.77(0.76–0.78) 0.75(0.74–0.76) 0.50(0.49–0.51) 0.50(0.49–0.51)

Native American 0.82(0.77–0.87) 0.81(0.77–0.86) 0.60(0.55–0.65) 0.59(0.54–0.64)

Asian 1.29(1.26–1.33) 1.21(1.18–1.24) 0.70(0.67–0.72) 0.63(0.61–0.66)

Other 0.68(0.65–0.72) 0.66(0.63–0.70) 0.46(0.42–0.49) 0.44(0.41–0.47)

Hemoglobin (g/dl)

 ≤ 10 Reference Reference

 > 10 1.15(1.14–1.17) 1.14(1.13–1.16) 1.30(1.28–1.32) 1.29(1.27–1.32)

 Missing 1.02(1.00–1.04)* 1.02(1.00–1.04)* 1.17(1.14–1.21) 1.17(1.13–1.20)

Albumin (g/dl)

 < 3.5 Reference Reference

 ≥ 3.5 1.46(1.44–1.49) 1.41(1.38–1.43) 1.49(1.46–1.53) 1.44(1.41–1.47)

 Missing 1.14(1.13–1.17) 1.11(1.09–1.13) 1.14(1.12–1.17) 1.11(1.09–1.14)

GFR (ml/min/ 1.73m2)

 < 15 Reference Reference

 15 – 30 0.59(0.57–0.61) 0.62(0.61–0.64) 0.50(0.57–0.62) 0.62(0.60–0.65)

 Missing 0.71(0.67–0.75) 0.73(0.70–0.77) 0.68(0.63–0.74) 0.71(0.65–0.76)

Duration of pre-ESRD nephrology
care

 No nephrology care Reference Reference

 Less than 6 months 1.82(1.73–1.92) 1.83(1.74–1.92) 2.23(2.03–2.45) 2.22(2.02–2.44)

 6 to 12 months 1.51(1.45–1.57) 1.52(1.46–1.58) 1.92(1.77–2.08) 1.93(1.78–2.08)

 More than 12 months 1.91(1.83–1.99) 1.95(1.87–2.03) 2.96(2.75–3.19) 3.02(2.80–3.25)

 Missing 1.35(1.31–1.40) 1.38(1.34–1.42) 2.03(1.91–2.16) 2.05(1.92–2.18)

Geographic location
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Outcome: listed/transplanted without being listed Outcome: Transplant for those who got listed

HAZARD RATIO (95% CI) HAZARD RATIO (95% CI)

MODEL 1 MODEL 2 MODEL 1 MODEL 2

Rural Reference Reference

Urban 0.99(0.97–1.01)* 0.97(0.95–0.99)* 0.86(0.84–0.88) 0.84(0.82–0.86)

Unknown 0.82(0.77–0.86) 0.81(0.76–0.85) 0.77(0.71–.0.83) 0.75(0.70–0.81)

Median income (US $ per annum) 1.00(1.00–1.00) 1.00(1.00–1.00) 1.00(1.00–1.00) 1.00(1.00–1.00)

Body mass index (kg/m2) - 1.00(0.99–1.00) - 0.98(0.98–0.99)

Comorbidity index - 0.73(0.73–0.74) - 0.72(0.71–0.73)

1
Cox model 1 was adjusted for age at ESRD onset, sex, race, history of diabetes, hemoglobin, GFR, Serum albumin, geographic location, median

income, and duration of pre-ESRD nephrology care.

2
Cox model 2 was adjusted for BMI and Comorbidity index in addition to the covariates listed above in model 1.

*
Note: P value was <0.001 for all the above variables in both the models except i) for diabetes variable for the outcome transplant for those who

got listed in the 2nd model (P=0.42), ii) missing category in hemoglobin for the outcome listed/ transplanted without being listed (P=0.12 and 0.18
for model 1 and 2 respectively), and iii) for urban category in geography for the outcome listed/ transplanted without being listed (P=0.22 and
0.002 for model 1 & 2 respectively)
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Table 3

Association of diabetic status in ESRD patients with getting listed/transplanted in the entire study population
and study groups by Cox model1

Outcome: listed/transplanted without being
listed.

Outcome: transplant for those who got listed.

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Diabetes in the entire study population 1.07(1.05–1.09) <0.001 1.01(0.99–1.03) 0.42

Diabetes by age group (yr)

 18–40 0.94(0.91–0.97) 0.003 1.18(1.13–1.24) <0.001

 41–65 0.96(0.94–0.97) <0.001 0.84(0.82–0.87) <0.001

 66–80 1.21(1.16–1.26) <0.001 0.98(0.92–1.04) 0.46

Diabetes in males 1.14(1.11–1.16) <0.001 1.07(1.04–1.10) <0.001

Diabetes in females 0.98(0.96–1.01) 0.13 0.93(0.89–0.96) <0.001

Diabetes in Whites 1.02(1.00–1.04) 0.02 0.97(0.94–1.00) 0.01

Diabetes in African Americans 1.14(1.10–1.17) <0.001 1.16(1.11–1.22) <0.001

Diabetes in Asians 1.02(0.95–1.09) 0.67 0.85(0.76–0.95) 0.003

Diabetes in Native Americans 1.07(0.92–1.25) 0.38 0.87(0.70–1.08) 0.20

Diabetes in Others 1.25(1.09–1.43) 0.001 1.21(0.99–1.49) 0.06

1
The results shown in the table were derived from 22 separate proportional hazard models, each of them adjusted for the following covariates: age

at ESRD onset, race, sex, diabetic status, body mass index, comorbidity index, geographic location, duration of pre-ESRD nephrology care, eGFR,
serum albumin, hemoglobin, and median income.
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