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Age and Comorbidities Are Effect Modifiers of
Gender Disparities in Renal Transplantation
Dorry L. Segev,* Lauren M. Kucirka,* Pooja C. Oberai,† Rulan S. Parekh,†‡§
L. Ebony Boulware,†§ Neil R. Powe,†§储 and Robert A. Montgomery*
Departments of *Surgery, †Medicine, ‡Pediatrics, §Epidemiology, and 储Health Policy and Management, Johns
Hopkins University, Baltimore, Maryland

ABSTRACT
Women have less access to kidney transplantation than men, but the contributions of age and comorbidity to this disparity are largely unknown. We conducted a national cohort study of 563,197 patients
with first-onset ESRD between 2000 and 2005. We used multivariate generalized linear models to
evaluate both access to transplantation (ATT), defined as either registration for the deceased-donor
waiting list or receiving a live-donor transplant, and survival benefit from transplantation, defined as the
relative rate of survival after transplantation compared with the rate of survival on dialysis. We compared
relative risks (RRs) between women and men, stratified by age categories and the presence of common
comorbidities. Overall, women had 11% less ATT than men. When the model was stratified by age, 18to 45-yr-old women had equivalent ATT to men (RR 1.01), but with increasing age, ATT for women
declined dramatically, reaching a RR of 0.41 for those who were older than 75 yr, despite equivalent
survival benefits from transplantation between men and women in all age subgroups. Furthermore, ATT
for women with comorbidities was lower than that for men with the same comorbidities, again despite
similar survival benefits from transplantation. This study suggests that there is no disparity in ATT for
women in general but rather a marked disparity in ATT for older women and women with comorbidities.
These disparities exist despite similar survival benefits from transplantation for men and women regardless of age or comorbidities.
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For many patients with ESRD, kidney transplantation (KT) improves both survival and quality of
life1– 4; however, the organ supply is limited, and
careful patient selection is required to ensure equitable access to transplantation (ATT) for patients
who stand to derive a survival benefit from transplantation (SBT). Studies of factors influencing
ATT have identified a number of subgroup disparities that may not be explained by poor SBT, including patients of lower socioeconomic status,5,6 black
patients,5,7–10 and obese patients.11
Among the most difficult findings in ATT research to explain has been that of gender disparity.
More than 20 studies have shown that women with
ESRD have 10 to 20% less ATT than men, even after
adjustment for relevant demographic and clinical
characteristics.5–7,9,10,12–27 This disparity has been
J Am Soc Nephrol 20: 621–628, 2009

shown to exist in both live- and deceased-donor
transplantation. A systematic review20 determined
that most studies found equivalent or better
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post-KT survival in women.13,23,27–37 At least one study suggested that women were less likely to be thought of as appropriate transplant candidates by their providers, despite similar
medical histories26; however, no studies have attempted to dissect out the factors contributing to this disparity to elucidate a
possible mechanism.
Even though all older adults are eligible for Medicare, this
population is less likely to access tertiary care services such as
surgical procedures.38 – 41 Older patients with ESRD are no exception; they comprise ⬎50% of the ESRD population but
account for ⬍10% of all transplants.42 We hypothesized that
physicians, friends and family, and the patients themselves
might be more likely to perceive elderly female patients as frail
and unable to withstand a surgical procedure. As such, there
might be an interaction between increased age and female gender such that the gender disparity is exaggerated in older patients, yet, of ⬎20 reports of gender disparities, a potential age
interaction was suggested in only one statewide study between
1984 and 1989 of patients who were younger than 65 yr.16 In
older patients, we thought that clinical decision making might
be driven more by patient and provider perceptions of health
status than by validated clinical metrics. As such, it is conceivable that older women might be more likely to be perceived by
their providers or to perceive themselves as unable to survive
an invasive surgical procedure such as transplantation. We also
hypothesized that the presence of comorbidities in women
might be perceived differently than the same comorbidities in
their male counterparts and as such also contribute to the gender disparity. The goal of this study was to quantify the effects
of age and comorbidity on the relationship among gender,
ATT, and SBT in a recent national cohort that included patients who were older than 65 yr.

RESULTS
Baseline Characteristics

Of 563,197 incident patients who had ESRD and were eligible
for this study, 81,301 (14.4%) joined the deceased-donor waiting list during the study period, 9359 (1.7%) received a transplant from a live donor without ever joining the waiting list,
and 472,537 (83.9%) never joined the waiting list (Figure 1).
Of those who never had ATT, 234,519 (49.6%) remained on
dialysis until the end of the study, whereas 238,018 (50.4%)
died during the study period.
Women with incident ESRD were more likely to be black
(31.4 versus 25.7%), more likely to have Medicaid insurance
coverage (13.7 versus 9.7%), more likely to have diabetes as the
assigned cause of ESRD (48.3 versus 42.6%), and slightly more
likely to have congestive heart failure (32.0 versus 29.4%) (Table 1). Men were more likely to have peripheral vascular disease (14.6 versus 12.4%) and ischemic heart disease (26.0 versus
21.8%) and were slightly more likely to be have hypertension as
the assigned cause of ESRD (28.5 versus 26.3%), to have had a
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Figure 1. Paths of incident ESRD in our study population. EOS,
end of study; TX, transplant. Percentages refer to proportion of
group one level above.

myocardial infarction (MI; 9.2 versus 7.1%), to smoke (5.7
versus 3.8%), and to have pulmonary disease (8.1 versus 6.7%).
Association among Gender, ATT, and SBT

When all ages were analyzed together, there was a populationbased association between female gender and access, with
women having 11% less ATT than men (Table 2); however,
when a term for the interaction between age and gender was
added to the model, the gender disparity was explained by the
interaction term alone, showing that women had 7% less ATT
for every decade increase in age (RR 0.93; 95% confidence
interval [CI] 0.92 to 0.94; P ⬍ 0.001). Older age was still associated with decreased ATT (RR 0.70; 95% CI 0.69 to 0.70; P ⬍
0.001), indicating that age was still a predictor of ATT, in addition to the relationship between age and gender (Table 2).
Analyses stratified by age confirmed that the disparity occurred only for older women, and, in fact, the ATT disparity
for women widened exponentially with increasing age (Figure
2A). Women aged 18 to 55 had equivalent ATT; in the 56- to
65-yr age group, women had 15% less ATT (RR 0.85; 95% CI
0.83 to 0.87; P ⬍ 0.001); in the 66- to 75-yr age group, women
had 29% less ATT (RR 0.71; 95% CI 0.68 to 0.75; P ⬍ 0.001);
and women who were older than 75 yr had 59% less ATT than
men of the same age (RR 0.41; 95% CI 0.34 to 0.50; P ⬍ 0.001).
At all ages, however, women derived an SBT equivalent to or
greater than that of their male counterparts (Figure 2B).
Association of Gender with ATT by Donation Type

Women had less access to both the deceased-donor waiting list
(Figure 3A) and live donation (Figure 3B), although the gender
disparity in access to live donor transplantation seemed to
emerge at an older age. Women aged 18 to 55 yr had equivalent
ATT to both the deceased-donor waiting list and live donation.
Women aged 56 to 65 yr had 16% less access to the waiting list
(RR 0.84; 95% CI 0.82 to 0.86; P ⬍ 0.001) and 7% less access to
J Am Soc Nephrol 20: 621–628, 2009
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Table 1. Baseline characteristics of incident patients with
ESRD, 2000 to 2005a
Characteristic
Demographics
age (yr; mean)
black
Insurance type
no insurance
Medicaid
Medicare
Medicaid and Medicare
private
BMI
⬍18
18 to 25
25 to 30
30 to 35
35 to 40
⬎40
Primary cause of ESRD
diabetes
hypertension
glomerulonephritis
polycystic kidney
urologic
other
unknown
Erythropoietin
Hypertension
Diabetes
Heart Disease
dysrhythmia
MI
cardiac failure
Vascular disease
cerebrovascular
peripheral vascular
ischemic heart disease
Other
smoker
immobile
cancer
pulmonary disease
a

Men

Women

% Missing

62.5
25.7

63.9
31.4

0.0
0.0
7.0

8.9
9.7
45.9
8.9
26.6

6.4
13.7
40.1
17.0
22.7

4.0
38.8
31.7
15.4
6.1
4.1

5.9
33.0
26.2
17.0
9.4
8.4

42.6
28.5
9.5
2.3
3.2
9.6
4.3
30.7
80.1
50.9

48.3
26.3
7.3
2.3
2.2
9.9
3.7
33.9
81.3
56.8

6.6
9.2
29.4

5.4
7.1
32.0

8.7
14.6
26.0

9.1
12.4
21.8

4.0

2.3

4.0
3.0
3.0
3.0

3.0

3.0
5.7
3.5
6.5
8.1

3.8
4.5
5.0
6.7

Data are percentages unless otherwise specified. BMI, body mass index.

live donation (RR 0.93; 95% CI 0.88 to 0.99; P ⫽ 0.02). Women
aged 65 to 75 yr had 29% less access to the waiting list (RR 0.71;
95% CI 0.68 to 0.74; P ⬍ 0.001) and 30% less access to live
donation (RR 0.70; 95% CI 0.63 to 0.78; P ⬍ 0.001). Women
who were older than 75 yr had 59% less access to the waiting list
(RR 0.41; 95% CI 0.33 to 0.50; P ⬍ 0.001) and 62% less access
to live donation (RR 0.38; 95% CI 0.24 to 0.62; P ⬍ 0.001).
Timing of Gender Disparity in Relation to Onset of
ESRD

When ATT was examined as a time-dependent event, the gender disparity in older women existed almost immediately after
J Am Soc Nephrol 20: 621–628, 2009
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Table 2. Multivariate analysis of factors associated with
ATT in patients who had ESRD and were older than 18 yr
and repeated with a term for the interaction between
decade of age and gender included
Factor
Demographics
female
age (decade)
age and female
gender
black
Insurance type
no insurance
Medicaid
Medicare
Medicare and
Medicaid
private
BMI
⬍18
18 to 25
25 to 30
30 to 35
35 to 40
⬎40
Primary cause of ESRD
diabetes
hypertension
glomerulonephritis
polycystic kidney
urologic
other
unknown
Erythropoietin
Hypertension
Diabetes
Heart disease
dysrhythmia
MI
cardiac failure
Vascular disease
cerebrovascular
disease
peripheral vascular
disease
ischemic heart
disease
Other
smoker
immobile
cancer
pulmonary disease

Population Based

Interaction Term

0.89 (0.88 to 0.90)
0.67 (0.67 to 0.68)
N/A

1.06 (1.04 to 1.08)
0.70 (0.69 to 0.70)
0.93 (0.92 to 0.94)

0.74 (0.73 to 0.75)

0.74 (0.73 to 0.75)

0.52
0.52
0.52
0.42

0.52
0.52
0.52
0.42

(0.51
(0.51
(0.51
(0.41

to
to
to
to

0.53)
0.53)
0.53)
0.43)

(0.51
(0.51
(0.51
(0.41

to
to
to
to

0.53)
0.53)
0.53)
0.44)

Reference

Reference

0.75 (0.72 to 0.77)
Reference
1.19 (1.17 to 1.21)
1.22 (1.20 to 1.24)
1.05 (1.02 to 1.07)
0.70 (0.68 to 0.72)

0.74 (0.72 to 0.77)
Reference
1.19 (1.18 to 1.21)
1.22 (1.21 to 1.24)
1.05 (1.03 to 1.07)
0.70 (0.68 to 0.72)

0.87 (0.85 to 0.90)
0.73 (0.72 to 0.74)
Reference
1.43 (1.41 to 1.46)
0.80 (0.78 to 0.83)
0.67 (0.66 to 0.69)
0.78 (0.75 to 0.80)
1.34 (1.32 to 1.35)
1.21 (1.20 to 1.23)
0.82 (0.80 to 0.85)

0.87 (0.85 to 0.90)
0.73 (0.72 to 0.74)
Reference
1.43 (1.41 to 1.46)
0.79 (0.77 to 0.82)
0.67 (0.65 to 0.68)
0.78 (0.75 to 0.80)
1.33 (1.32 to 1.35)
1.22 (1.20 to 1.23)
0.82 (0.80 to 0.85)

0.76 (0.72 to 0.79)
0.89 (0.85 to 0.92)
0.63 (0.62 to 0.64)

0.75 (0.72 to 0.79)
0.88 (0.85 to 0.91)
0.63 (0.62 to 0.65)

0.69 (0.67 to 0.72)

0.69 (0.67 to 0.72)

0.71 (0.69 to 0.73)

0.71 (0.69 to 0.73)

0.84 (0.82 to 0.86)

0.83 (0.81 to 0.85)

0.78
0.31
0.49
0.56

0.78
0.31
0.48
0.55

(0.76
(0.28
(0.46
(0.53

to
to
to
to

0.80)
0.33)
0.51)
0.58)

(0.76
(0.28
(0.46
(0.53

to
to
to
to

0.80)
0.34)
0.51)
0.58)

Data are RR (95% CI). All covariates are binary except age and the age/
female gender interaction term, which are listed as RR per decade. P ⬍
0.001 for all RR estimates.

initiation of hemodialysis and persisted throughout treatment
(Figure 4A); however, of patients who eventually gained access
to the deceased-donor waiting list, there was no gender disparGender Disparities in Transplantation
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Figure 2. (A) Adjusted access to transplantation, comparing
women with men, by age category. (B) Adjusted SBT, comparing
women with men, by age category.

Figure 3. (A) Adjusted access to the deceased-donor waiting list,
comparing women with men, by age category. (B) Adjusted access to live-donor transplantation, comparing women with men,
by age category.

ity in the time the patient waited for a kidney transplant (Figure 4B).

Association of Gender and Comorbidities with ATT

Association between Social Factors and Gender
Disparity in Patients Who Were Older than 65

To determine how much of the observed disparity might be
explained by social factors, we examined a random subset of
the study population for whom social factors were measured.
Although we found education to be significantly associated
with ATT (RR 3.52; P ⬍ 0.001; Table 3), differences in level of
education between men and women accounted for only a small
part of the observed disparity. A model adjusted for only clinical and demographic factors showed that women who were
older than 65 yr had 68% less ATT than men. When education
was added to the model, women had 62% less ATT.
Patients who reported working full or part time were 2.87
times as likely to have ATT (P ⫽ 0.005); again, this difference
accounted for only a small part of the disparity. When employment status was added to the model, women had 67% less
ATT. There were no statistically significant associations between ATT and marital status, living alone, inability to drive,
living ⬎2 h from a transplant center, or level of support from
family and friends in this analysis.
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Women with comorbidities including diabetes, heart disease,
or vascular disease had decreased ATT compared with men
with the same comorbidities (Figure 5). Interestingly, this disparity for women with comorbidities occurred even in the
younger age groups, in which in nonstratified models women
had similar access as men. For example, women who were aged
18 to 45 and had diabetes had 8% less ATT than their male
counterparts (RR 0.94; 95% CI 0.91 to 0.97; P ⬍ 0.001; Figure
5, top), women who were aged 18 to 45 and had heart disease
had 11% less ATT than men with heart disease (RR 0.89; 95%
CI 0.84 to 0.94; P ⬍ 0.001; Figure 5, middle), and women who
were aged 18 to 45 and had vascular disease had 10% less ATT
than men with vascular disease (RR 0.90; 95% CI 0.84 to 0.98;
P ⬍ 0.001; Figure 5, bottom). Conversely, women who were
aged 18 to 45 and did not have diabetes, heart disease, or vascular disease had equivalent ATT (RR 1.03, 1.02, and 1.01,
respectively).
In patients who were older than 65 yr, women with or without comorbidities had decreased ATT compared with men, but
the disparity was greater when a comorbidity was present. For
example, in women aged 66 to 75 yr, those without diabetes
had 15% less ATT than men without diabetes (95% CI 0.80 to
J Am Soc Nephrol 20: 621–628, 2009
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Figure 4. (A) ATT after ESRD onset, men and women older than
65 yr. (B) Transplantation rate once listed, men and women older
than 65.

0.89), whereas women with diabetes had 42% less ATT than
men with diabetes (95% CI 0.54 to 0.62; Figure 5, top). Similarly, women who were older than 75 yr and did not have
diabetes had 52% less ATT compared with men without diabetes (95% CI 0.38 to 0.60), whereas women with diabetes had
68% less ATT compared with men with diabetes (95% CI 0.24
to 0.43; Figure 5, top).
Association of Gender and Comorbidities with SBT

In examining SBT within these strata, we found no difference in
SBT between men and women, regardless of comorbidity status.
Women who were aged 18 to 45 and had diabetes derived a survival benefit equivalent to men of the same age with diabetes (SBT
1.19; 95% CI 0.94 to 1.50; P ⫽ 0.20), as did women with heart
disease (SBT 0.86; 95% CI 0.56 to 1.34; P ⫽ 0.50) and women with
vascular disease (SBT 0.86; 95% CI 0.53 to 1.40; P ⫽ 0.50). Similarly, equivalent SBT between men and women was observed in
the other age subgroups for each comorbidity (data not shown).

DISCUSSION

Almost two dozen studies have concluded that women have
lower rates of ATT compared with men.5–7,9,10,12–27 In contrast
J Am Soc Nephrol 20: 621–628, 2009

CLINICAL EPIDEMIOLOGY

to these previous studies, we showed that it is not all women
but in fact only older women who experience decreased access.
Furthermore, this disparity worsens with increasing age, with
29% less ATT for women aged 66 to 75 yr and 59% less ATT for
women who are older than 75 yr; however, we found no difference in SBT between men and women, suggesting that a substantial number of older women who stand to benefit from
transplantation lack access to it.
Several of our findings shed light on the nature of this disparity.
First, we found that a disparity in access for older women occurred
only at the level of joining the waiting list or receiving a transplant
from a live donor and not in the time to transplantation once
access to the waiting list was achieved. Such differences could be
due to patient, family, or provider behaviors or attitudes. This
stands in contrast to other disparities in ATT, such as those for
black and for obese individuals, where patients experience both
decreased likelihood of listing and decreased likelihood of receiving an organ once listed5,11; however, it seems that although older
women are less likely to “get into the system,” they are equally
likely to receive an organ once “in the system.” Further studies are
needed to elucidate factors contributing to this phenomenon: It is
not clear whether physicians are less likely to refer older female
candidates, or older female candidates themselves are less likely to
seek a referral.
Furthermore, our finding that the disparity is restricted to
older women or women with comorbidities suggests that the
gender disparity may be partly explained by differences in perceptions of women’s ability to benefit from transplantation
compared with men. Older and sicker women may be more
likely to be perceived by their providers or to perceive themselves as frail and unable to withstand a major surgical procedure (as compared with men of the same characteristics).
Frailty has recently been formally characterized as a syndrome
in older adults marked by decreased physiologic reserves in
multiple organ systems resulting in adverse health outcomes,
independent of other disability or comorbidities.43 Despite evidence that it affects both dialysis44 and postsurgical outcomes
(Makary et al., unpublished), frailty is not formally measured
and used in risk prediction for patients with ESRD. Rather, we
believe that both physicians and patients may use their perception of the patient’s overall physiologic reserves and well-being, a so-called perceived frailty, when deciding whether to list
for transplantation. It is possible that older women and sicker
women are more likely to be misclassified or misclassify themselves as frail and as a result experience lower ATT than their
male counterparts despite equal SBT.
Our study had several limitations. Information about the
severity of comorbidities was not captured. We were able to
include data only on the presence or absence of the comorbidity for each patient; therefore, even though we adjusted for all
comorbidities recorded in the US Renal Data System (USRDS)
in our regression models, it is possible that diabetes, heart diseases, and vascular diseases are more severe in women than in
men. If this were the case; however, then we would expect
women with these comorbidities to have decreased SBT when
Gender Disparities in Transplantation
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Table 3. Role of social factors in the relationship between gender and ATT in patients who had ESRD and were older
than 65 yr
Parameter
No social factorsa
Education level
Marital status
Living alone
Unable to drive
Distance to transplant center
Support level
Work (full or part time)
a

RR for ATT for This
Factor

P

N/A
(1.97 to
(0.50 to
(0.41 to
(0.23 to
(0.74 to
(0.69 to
(1.37 to

N/A
⬍0.001
0.800
0.600
0.400
0.300
0.200
0.005

3.52
0.94
0.83
0.63
0.91
1.76
2.87

6.27)
1.77)
1.68)
1.74)
1.11)
4.47)
6.02)

RR for Women versus Men, Adjusted for This Factor
and Other Clinical and Demographic Factors
0.32
0.38
0.30
0.33
0.34
0.33
0.27
0.33

(0.18
(0.21
(0.16
(0.19
(0.19
(0.19
(0.13
(0.16

to
to
to
to
to
to
to
to

0.57)
0.70)
0.56)
0.58)
0.61)
0.57)
0.54)
0.72)

P
⬍0.001
0.002
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.005

This row represents the model adjusted for only clinical and demographic factors.

compared with men, which was not the case. Another limitation is
lack of psychosocial factors such as marriage and social support
network captured in registry data. Although we were able to examine these issues in a small subset of USRDS patients, detailed
studies of social barriers to ATT are needed to develop effective
patient- and provider-level interventions to eliminate this disparity. Unfortunately, we were unable to capture some factors that
have been shown to be associated with ATT, such as cognitive
decline, dementia, and medication compliance. Because women
are at approximately 10% greater risk for dementia overall, in this
study, they may have been more likely to have been affected by
cognitive decline, dementia, and medication noncompliance,
which could have contributed somewhat to their decreased ATT.
We were also unable to capture factors such as dialysis facility
ownership and timing of predialysis care, which are known to be
associated with ATT but are unlikely to affect women differentially and as such should not confound the relationship between
gender and ATT. A further limitation is that we were unable to
account for panel reactive antibody (PRA) levels in our models.
Because previous pregnancy can raise PRA levels, it is likely that
women are more likely to have a positive cross-match with a potential live donor; however, this is unlikely to explain the disparity
in listing for deceased donation, because PRA is not measured
until the time of listing. Furthermore, if differences in PRA were
driving the disparity, then we would expect women to wait longer
for a kidney once listed, and this is not the case (Figure 4B).
In conclusion, we have identified important effect modifiers not previously accounted for in national population-based
reports of a gender disparity in ATT. Our study suggests that
there is no disparity in ATT for younger women but rather a
marked disparity in ATT (despite similar SBT) for older
women and women with comorbidities. More work is needed
to understand better why this disparity is occurring to inform
clinical decision making and interventions to increase ATT for
women who stand to benefit from it.

CONCISE METHODS
Study Design
We performed a cohort study of 563,197 patients who were older than
18 yr and initiated hemodialysis or received a first-time preemptive
626
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KT between January 1, 2000, and September 30, 2005, as reported to
the USRDS and the United Network for Organ Sharing.

Access to Transplantation
Our outcome of interest was ATT, defined as either joining the deceased-donor waiting list or receiving a transplant from a live donor.
We performed separate analyses to analyze access to live donation
only and access to deceased donation only. ATT was modeled in two
ways: (1) As a binary outcome indicating whether an incident patient
with ESRD had ATT at any time during the study period and (2) as a
time-dependent event from the initial onset of ESRD. We analyzed
binary outcomes using multivariate generalized linear models as described previously45; we compared coefficients with those obtained
from logistic regression models to ensure that inferences were not
sensitive to our modeling assumptions. We analyzed time-dependent
outcomes using Kaplan-Meier survival method.

Role of Social Factors in the Gender Disparity in
Patients Who Were Older Than 65
Previous studies showed ATT to be associated with education and
social support; therefore, we hypothesized that differences in education level and degree of social support might contribute to the gender
disparity in older patients. Because social support and education data
are not captured in the USRDS main registry, we examined these
associations using wave 2 of the Dialysis Morbidity And Mortality
Study (DMMS-2), a substudy of patients with ESRD captured in
USRDS. DMMS-2 consists of a random sample of 4024 patients who
had ESRD, were older than 18 yr, and initiated dialysis for the first
time between January 1, 1996, and November 1 1997. We confirmed
that associations between age, gender, and ATT were similar to those
found in the entire ESRD population using multivariate analyses. Because only 1426 patients who were older than 65 yr were captured in
DMMS-2, we built a parsimonious model to ensure stability of estimates. We added each of the following social factors individually to
the model to examine their effects on the association between gender
and ATT: (1) Education level (college educated versus no college education), (2) marital status (married versus unmarried, widowed, divorced, or separated), (3) living alone (yes or no), (4) unable to drive
(yes or no), (5) working full or part time (yes or no), (6) distance to a
transplant center (quintile), and (7) level of support from family and
friends (categorized as excellent or very good, compared with good,
fair, or poor).
J Am Soc Nephrol 20: 621–628, 2009
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the interaction term between female gender and transplantation. We
performed this analysis first comparing transplant patients with all
dialysis patients captured in USRDS and then repeated it comparing
transplant patients with patients who were on the waiting list only.

Statistical Analysis
All clinically relevant patient characteristics captured through USRDS
were included in the regression models. Lack of collinearity was confirmed by testing variance inflation factors, and the importance of
each covariate in the model was confirmed by Akaike information
criterion. Covariates included age; gender; ethnicity (dichotomized as
black versus nonblack); insurance type (no insurance, Medicaid,
Medicare, or both Medicaid and Medicare); body mass index; smoking status (current smoker versus not a current smoker), immobilized
(yes or no); primary cause of renal failure (diabetes, polycystic kidney
disease, urologic complications, hypertension, other, or unknown);
and comorbidities including pulmonary disease, MI, ischemic heart
disease, congestive heart failure, dysrhythmia, peripheral vascular disease, cerebrovascular disease, and diabetes. For analyses stratified by
comorbidity, we group comorbidities as follows: Heart disease (defined as presence of MI, cardiac failure, ischemic heart disease, or
dysrhythmia), vascular disease (defined as presence of ischemic heart
disease, peripheral vascular disease, or cerebrovascular disease), and
diabetes (defined as a diagnosis of diabetes). Forced models including
all biologically relevant covariates were used for all analyses except
access to live donation in patients who were older than 75 yr, for
which a very small sample size of events required the creation of a
parsimonious model to ensure stable estimates.
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Figure 5. Adjusted ATT, comparing women with a given comorbidity with men with that comorbidity (⽧) and women without a
given comorbidity with men without that comorbidity (F), by age
category.

Survival Benefit from Transplantation
To exclude the possibility that men have more adverse events than
women on dialysis and thus derive more survival benefit from transplantation, we directly compared hazard of death after transplantation with hazard of death on dialysis using a method similar to Merion
et al.46 We built a time-dependent Cox proportional hazards model in
which patients who received a transplant contributed time at risk to
the model as dialysis patients for the time they were on dialysis and
then contributed time at risk as transplant recipients after their transplant date. After adjusting for appropriate confounders, we examined
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