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Abstract
Background and objectives Individuals with ESRD have a very high risk of death. Although mortality rates have
decreased over time in ESRD, it is unknown if improvements merely reﬂect parallel increases in general population
survival. We, therefore, examined changes in the excess risk of all-cause mortality—over and above the risk
in the general population—among people treated for ESRD in the United States from 1995 to 2013. We
hypothesized that the magnitude of change in the excess risk of death would differ by age and RRT modality.
Design, setting, participants, & measurements We used time-dependent relative survival models including data
from persons with incident ESRD as recorded in the US Renal Data System and age-, sex-, race-, and calendar
year–speciﬁc general population mortality rates from the Centers for Disease Control and Prevention. We
calculated relative excess risks (analogous to hazard ratios) to examine the association between advancing
calendar time and the primary outcome of all-cause mortality.
Results We included 1,938,148 children and adults with incident ESRD from 1995 to 2013. Adjusted relative excess
risk per 5-year increment in calendar time ranged from 0.73 (95% conﬁdence interval, 0.69 to 0.77) for 0–14 year olds
to 0.88 (95% conﬁdence interval, 0.88 to 0.88) for $65 year olds, meaning that the excess risk of ESRD-related
death decreased by 12%–27% over any 5-year interval between 1995 and 2013. Decreases in excess mortality over
time were observed for all ages and both during treatment with dialysis and during time with a functioning kidney
transplant (year by age and year by renal replacement modality interactions were both P,0.001), with the
largest relative improvements observed for the youngest persons with a functioning kidney transplant. Absolute
decreases in excess ESRD-related mortality were greatest for the oldest persons.
Conclusions The excess risk of all-cause mortality among people with ESRD, over and above the risk in the general
population, decreased signiﬁcantly between 1995 and 2013 in the United States.
Clin J Am Soc Nephrol 13: ccc–ccc, 2018. doi: https://doi.org/10.2215/CJN.04330417

Introduction
ESRD, a condition requiring maintenance dialysis or a
kidney transplant for survival, carries a high risk of
death. Accordingly, immense efforts aim to extend the
life expectancy of persons with ESRD to match that of
their healthy peers (1). Analyses of registry data
support that survival of those with ESRD has increased
over the past 20–30 years (2–4). However, general
population survival has also increased due to public
health (e.g., smoking prevention) and medical (e.g.,
cardiovascular) interventions (5,6). Given that no well
designed randomized trials in the ESRD population
showed a mortality beneﬁt, it remains unknown if the
longer life expectancy observed in registries simply
reﬂects improved general population survival (7).
Relative survival models, which yield relative excess risks analogous to hazard ratios, are commonly
used in cancer research to estimate changes over time
in mortality attributable to speciﬁc cancers (8). We
applied time-dependent relative survival modeling to
examine changes over time in the excess risk of death
in persons with ESRD. Excess risk was deﬁned as
www.cjasn.org Vol 13 January, 2018

the mortality risk in the ESRD population minus the
expected risk in the age-, sex-, race-, and calendar
year–matched general population (9).
Estimating changes in excess ESRD-related mortality
risk determines if investments have inﬂuenced diseasespeciﬁc survival and identiﬁes groups requiring new
strategies (8). We examined the association between
advancing calendar time and the excess risk of mortality
among children and adults initiating ESRD care in the
United States between 1995 and 2013. We hypothesized
that excess mortality decreased over calendar time for
all age groups, except adolescents and young adults
(due to poor adherence with treatment), and that the
magnitude of the decrease differed by RRT modality
(dialysis versus transplant).
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Materials and Methods
Data Sources and Population
We conducted a retrospective cohort study of children and adults recorded in the US Renal Data System
(USRDS) who initiated ESRD care, deﬁned as receiving
maintenance dialysis or a kidney transplant, between
Copyright © 2018 by the American Society of Nephrology
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January 1, 1995 and December 31, 2013; follow-up ended
December 31, 2013. The USRDS includes virtually all people
diagnosed with ESRD in the United States (details are in
Supplemental Material) (1,3,7). We excluded 8780 persons
who died on the date of ﬁrst ESRD care and 123 persons
with a recorded age of .100 years old. General population
mortality data needed to determine expected mortality risk
were obtained from the US Centers for Disease Control and
Prevention. The Montreal Children’s Hospital Institutional
Review Board approved the study.
Primary Exposure and Outcome Variables
The primary exposure was current calendar year of
observation (time-varying, continuous variable). The primary outcome was all-cause mortality. Deaths are captured
using the USRDS Death Notiﬁcation Form and the National
Vital Statistics Database (1,3,7).
Relative Survival Models
We used time-dependent relative survival models (9,10)
with time-varying covariates to estimate the relative excess
risk of ESRD-related mortality associated with advancing
calendar year. Relative survival models are Cox models
(time to event). Time zero was the date of ﬁrst ESRD care.
Observation was censored at end of observation or third
transplant (to simplify modeling), whichever came ﬁrst.
The dataset was dynamic: both age and calendar year of
observation were updated as patients were followed
through time. To accomplish this, each patient’s observation was split into multiple intervals on the basis of
calendar year using the SAS macro Lexis (11,12). Each
patient’s expected hazard of death in each time interval
was calculated on the basis of the calendar year–speciﬁc
United States general population mortality rates for individuals of the same sex, race, and age (matched on the basis
of the following categories: ,1, 1–4, and 5–9 years and 5year age intervals thereafter) as the patient was in that
interval, the calendar year in that interval, and the duration
of the interval (13–15). We assumed a constant hazard in
each interval. The hazard function at any given time since
ﬁrst ESRD care was modeled as the sum of the expected
hazard and the excess hazard due to ESRD (9).
The ﬁrst set of models did not adjust for RRT modality;
these models provide information on the magnitude of the
change in excess ESRD-related mortality risk over time,
including the effects of all factors that may have contributed to the change. These factors include changes in the
relative proportions of observation time in each RRT
modality state (i.e., likelihood of having a functioning
kidney transplant—determined by access to transplant and
allograft survival) and changes over time in mortality risk
during treatment with each RRT modality. To determine
whether changes over time in excess ESRD-related mortality risk differed by age, the ﬁrst models included an
interaction between current age category (0–14, 15–24, 25–
44, 45–64, and $65 years old) and calendar year.
A second set of models also included a time-varying RRT
modality variable (peritoneal or hemodialysis versus transplant; RRT modality was updated as each patient was
followed over time) and the following interaction terms:
RRT modality by calendar year, RRT modality by age,
and RRT modality by age by calendar year. These models

provided separate estimates of the change in excess mortality
risk over time for patients of different ages treated with
dialysis and patients of different ages treated with transplant,
and they provide information on the contribution of changes
to dialysis care and transplant care that resulted directly in a
change in mortality risk (i.e., without the contributions of
changes in access to transplant or allograft survival).
Initial models were unadjusted (included only the primary
exposure—calendar year—and the effect modiﬁers). To
account for possible changes in the distributions of patient
characteristics over time, all models were subsequently
adjusted for sex, race, socioeconomic status quartile (using
median household income by zip code within the 2000 US
Census data [3]), insurance status at ESRD initiation, and
primary disease or number of comorbidities at ESRD initiation (16). Primary disease and baseline comorbidity were
highly correlated; all patients with diabetes as their primary
kidney disease also had diabetes as a comorbidity. Therefore,
we ﬁtted adjusted models including primary disease or
comorbidity separately. Missing covariate values were imputed using multiple imputation (17).
The SAS procedure GENMOD with a Poisson error structure was used to estimate the Cox survival model for excess
mortality (9,12). Although the models returned relative excess
risks associated with a 1-year increment in calendar year,
these were scaled up, such that relative excess risks were
reported per 5-year increment in calendar year. Analyses
were performed using SAS, version 9.4 (SAS Institute) and
S-plus Professional, version 6.1 (TIBCO Software). The SAS
procedure PROC MI was used to impute the missing values,
and PROC MIANALYZE was used to analyze the imputed
complete datasets on the basis of ﬁve imputations (18). A twosided P value ,0.05 was considered statistically signiﬁcant.
Proportionality of hazards was assessed by ﬁtting models
censored at 5, 10, and 15 years; uniformity of results
suggested that proportionality was not violated (19).
Crude and Fitted Calendar Year–Specific Excess
Mortality Rates
We calculated the crude excess ESRD-related mortality
rate (deaths per 1000 person-years) for each age interval in
each calendar year as (observed number of deaths minus
expected number of deaths within the same age interval
and calendar year) times 1000 and divided by person-years
of observation within the calendar year (9). The expected
number of deaths was determined on the basis of the age,
sex, and race distributions of ESRD person-time within
each calendar year and the age-, sex-, race-, and calendar
year–speciﬁc United States general population mortality
rates (13–15). Fitted excess mortality rates were calculated
for each calendar year from the results of the relative
survival models and the crude excess mortality rates for
2005, when the proportion of incident and prevalent
patients with ESRD became stable. Supplemental Material
provides detailed methods, and explanatory ﬁgures are
shown in Supplemental Figures 1–3.

Results
Cohort Characteristics
This retrospective cohort study included 1,938,148 children and adults with incident ESRD recorded in the USRDS
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who initiated care with dialysis or kidney transplant between
January 1, 1995 and December 31, 2013; follow-up ended
December 31, 2013 (Figure 1). Patients were followed for a
median of 2.5 years (interquartile range, 0.8–5.3 years) and
could contribute observation to multiple age intervals and
calendar years. Table 1 summarizes the composition of the
observed experience in consecutive calendar time periods,
which reﬂects, in part, the relative proportions of the total
experience in that time period contributed by individuals of
different ages. The mean age seemed to decrease slightly over
time, as did the proportion of time contributed by people
with diabetes and people insured under Medicare/Medicaid.
Table 2 summarizes the composition of the observed experience within each age interval as well as the absolute numbers of deaths and crude mortality rates within each age
interval. For all age intervals except 0–14 years old, dialysis
was the RRT modality for the majority of the observation
time; the youngest people spent almost twice as much time
with a functioning transplant as on dialysis. Individuals
with diabetes and hypertension as their primary disease
contributed the largest proportion of observation time in the
two oldest age categories, whereas those with GN and
congenital anomalies contributed the largest proportion in
the youngest ages.
The composition of the observed experience in consecutive calendar periods by age category is shown in
Supplemental Tables 1–5. These tables provide the best
indication of factors that may confound the association
between calendar year and excess mortality risk within
each age interval. Comorbidity burden seemed stable, but
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diabetes as the primary cause of ESRD decreased in
frequency over time in persons 15–64 years old; the
proportion lacking insurance decreased over time in those
younger than 24 years old.
Changes in the Excess Risk of ESRD-Related Mortality over
Calendar Time
Supplemental Table 6 shows observed and expected
numbers of deaths and crude observed and excess mortality rates by age and calendar year. Changes in crude and
ﬁtted excess mortality rates over time are illustrated in
Figure 2 and Supplemental Figure 4, respectively.
Table 3 shows results of unadjusted and adjusted models.
In analyses considering all ESRD observation (without
adjustment for RRT modality), the excess ESRD-related
mortality risk decreased signiﬁcantly for all age groups.
The magnitude of the changes differed signiﬁcantly by age
(year by age interaction P,0.001). Compared with those $65
years old, all other age intervals, except 45–64 years old,
showed signiﬁcantly larger relative decreases in excess
mortality risk over time. Relative decreases in excess mortality were largest for 0–14 year olds. However, as illustrated
in Figure 2, absolute decreases in excess mortality were
greatest for the oldest persons.
The change in excess mortality risk also differed significantly by RRT modality (both year by RRT modality
and year by age by RRT modality interactions P,0.001).
Focusing on time during treatment with dialysis, excess
mortality risk decreased signiﬁcantly for all ages, with the
greatest relative improvements in the youngest persons

Figure 1. | Flow chart describing the study cohort. The numbers of persons in the cohort who died or were censored at each stage in the trajectory
of ESRD care are illustrated.
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Table 1. Composition of the observed experience by calendar period among all children and adults initiating ESRD care from 1995 to
2013 in the United States
Calendar Year
Variable
Person-years of observation
Over all observation
During treatment with dialysis
During time with a functioning transplant
Age at ﬁrst ESRD service, yr
Males, %
Race, %
White
Black
Other
Primary kidney disease, %
Diabetes
Hypertension
GNa
Congenital anomalies of the kidneys
and urinary tract
Others
Missing
Socioeconomic quartile, %
Lowest
Midlow
Midhigh
Highest
Missing
Primary insurance coverage, %
Medicare/Medicaid
Employer/other
No coverage
Missing
Comorbidities,b %
None
1
2–3
$4

1995–1999

2000–2004

2005–2009

2010–2013

669,264
606,392
62,872
60 [47–71]
54

1,621,412
1,340,645
280,767
58 [45–69]
55

231,9175
1,790,168
529,007
56 [44–67]
56

2,355,051
1,773,237
581,814
56 [44–66]
57

61
32
7

60
33
7

61
32
7

61
31
8

43
25
15
1

41
24
16
2

40
24
16
2

39
24
15
2

15
1

16
1

17
1

18
1

25
20
23
28
4

24
19
23
29
4

23
19
24
30
5

23
19
24
30
5

55
28
8
8

54
33
10
3

51
35
11
3

49
35
11
5

34
32
27
7

36
31
26
6

37
31
25
6

38
30
24
6

Because the unit of analysis was person-time rather than person, the characteristics presented are weighted by a factor derived from the
number of person-years of observation and number of events and presented as weighted median [interquartile range] or percentage (for
example, percentage of person-years contributed by men). Over-representation of the experience during the ﬁrst year of ESRD care in the
1995–1999 period may inﬂuence the estimates for that period.
a
Includes FSGS.
b
Comorbidities counted included congestive heart failure, ischemic heart disease/coronary artery disease, myocardial infarction,
cardiac arrest, cardiac dysrhythmia, pericarditis, atherosclerotic heart disease, other cardiac disease, cerebrovascular disease/cerebrovascular accident/transient ischemic attack, peripheral vascular disease, diabetes, chronic obstructive pulmonary disease, current
tobacco use, malignancy, alcohol dependence, drug dependence, inability to ambulate, and inability to transfer. If no comorbidities were
reported, it was assumed that there were none.

(Table 3). During time with a functioning transplant, excess
mortality risk decreased for all ages. Differences by age in
the relative change in excess mortality risk over time were
greater during treatment with transplant than dialysis.
To investigate the possibility that mortality rates for 15–24
year olds did not change until the most recent years (on the
basis of Figure 2), we considered additional models in a cohort
restricted to those initiating ESRD care from 1995 to 2006, with
observation censored at 2006. Between 1995 and 2006, there
was no signiﬁcant change in excess mortality risk among 15–
24 year olds considering all ESRD observation (relative excess
risk, 0.95; 95% conﬁdence interval, 0.88 to 1.02), during
treatment with dialysis (relative excess risk, 1.02; 95% conﬁdence interval, 0.95 to 1.11), or during time with a functioning
transplant (relative excess risk, 0.89; 95% conﬁdence interval,

0.63 to 1.27). For all other age groups, changes in excess
mortality risk from 1995 to 2006 were similar in magnitude
and direction to those seen from 1995 to 2013.
Effects of Covariates
Covariates independently associated with the risk of ESRDrelated mortality were age, RRT modality, insurer, socioeconomic status, sex, race, primary disease, and comorbidity
(Supplemental Table 7).

Discussion
Among almost 2 million individuals initiating ESRD care in
the United States from 1995 to 2013, the excess risk of ESRDrelated mortality decreased signiﬁcantly with advancing
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Table 2. Composition of the observed experience by age category among persons initiating ESRD care from 1995 to 2013 in the United
States
Age Category, yr
Variable
Person-years of
observation
Overall observation
During treatment with
dialysis
During time with a
functioning transplant
Age at ﬁrst ESRD service,
yr
Missing, %
Males, %
Missing
Race, %
White
Black
Other
Missing
Primary kidney disease,
%
Diabetes
Hypertension
GNa
Congenital anomalies of
the kidneys and
urinary tract
Others
Missing
Socioeconomic quartile,
%
Lowest
Midlow
Midhigh
Highest
Missing
Primary insurance
coverage, %
Medicare/Medicaid
Employer/other
No coverage
Missing
Comorbidities,b %
None
1
2–3
$4
Deaths, n
Overall observation
During treatment with
dialysis
During treatment with
transplant
Observed absolute
mortality rate per
1000 person-years
(95% CI)
Over all observation
During treatment with
dialysis
During treatment with
transplant

0–14

15–24

25–44

45–64

$65

55,467
19,671

153,316
82,286

1,170,490
780,408

3,010,635
2,300,020

2,574,543
2,328,056

35,796

71,030

390,532

710,615

246,487

5 [2–10]

18 [15–21]

34 [28–38]

53 [47–58]

70 [66–76]

0
60
0

0
56
0

0
58
0

0
58
0

0
53
0

72
18
11
0

63
27
10
0

54
38
8
0

57
35
8
0

67
26
7
0

,1
1
23
39

2
8
43
18

25
22
30
3

45
22
14
1

45
30
9
,1

32
5

26
4

18
1

18
1

16
1

18
16
23
33
9

21
18
23
30
8

24
19
24
28
5

25
19
23
28
5

21
19
24
32
4

53
40
4
4

40
42
14
5

35
42
20
4

39
45
13
3

76
16
3
5

92
6
2
,1

89
9
2
,1

60
28
11
1

36
33
25
6

25
31
34
10

1151
947

3365
3048

63,123
59,601

358,485
340,804

838,668
822,966

204

317

3522

17,681

15,702

20.8 (12.5 to 29.0)
48.1 (34.5 to 61.8)

21.9 (17.0 to 26.9)
37.0 (30.3 to 43.7)

53.9 (52.2 to 55.7)
76.4 (74.2 to 78.5)

119.1 (118.0 to 120.1)
148.2 (147.0 to 149.4)

325.8 (324.8 to 326.8)
353.5 (352.5 to 354.5)

5.7 (4.6 to 16.0)

4.5 (2.9 to 11.8)

9.0 (5.9 to 12.1)

24.9 (22.6 to 27.2)

63.7 (59.9 to 67.5)

Because the unit of analysis was person-time rather than person, the characteristics presented are weighted by a factor derived from the
number of person-years of observation and number of events and presented as weighted median [interquartile range] or percentage (for
example, percentage of person-years contributed by men). 95% CI, 95% conﬁdence interval.
a
Includes FSGS.
b
Comorbidities counted included congestive heart failure, ischemic heart disease/coronary artery disease, myocardial infarction,
cardiac arrest, cardiac dysrhythmia, pericarditis, atherosclerotic heart disease, other cardiac disease, cerebrovascular disease/cerebrovascular accident/transient ischemic attack, peripheral vascular disease, diabetes, chronic obstructive pulmonary disease, current
tobacco use, malignancy, alcohol dependence, drug dependence, inability to ambulate, and inability to transfer. If no comorbidities were
reported, it was assumed that there were none.
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Figure 2. | Crude excess mortality rates decreased over calendar time, for all ages, in people with ESRD. Crude excess ESRD-attributable
mortality rates by calendar year are shown within each current age category. Excess mortality rates were calculated by subtracting age-, sex-,
race- (white, black, or other), and calendar year–specific United States general population mortality rates (expected) from the observed ESRD
mortality rates. Observed mortality rates were compared with general population rates in the following age intervals: ,1, 1–4, and 5–9 years and
5-year intervals thereafter. The years 1995 and 1996 are excluded from the plot, because these years include primarily the observation of patients
with incident ESRD. Because mortality rates are highest in the initial months after ESRD onset, calendar years in which observation is mainly from
incident patients will overestimate excess mortality compared with years in which observation represents a mix of incident and prevalent
patients. Fitted excess mortality rates on the basis of the relative excess risks determined by the models and the observed excess mortality rates in
2005, when the proportion of incident and prevalent patients became stable, are shown in Supplemental Figure 4.

calendar time. Improvements were observed across all age
groups in analyses considering all ESRD experience. Although
it is not possible to determine the exact reasons for the
improvements, we speculate that technical advances in dialysis, new medications, and uptake of clinical practice
guidelines may have contributed (3,16,20). Increased access
to transplantation, especially among the youngest and oldest
people with ESRD, and improved allograft survival may also
have played a role (1), because mortality rates are substantially lower during treatment with transplant than
dialysis (3,16,21).
We found signiﬁcant differences by age and RRT modality
in the magnitude of the changes in excess mortality risk over
time. Younger people showed signiﬁcantly larger relative
improvements in excess mortality risk than older people. This
was observed for those treated with dialysis, those treated with
transplant, and without adjustment for RRT modality. The
reasons for greater relative improvements in younger people
are not clear. Incomplete capture of comorbidities by the
database may have resulted in underestimation of improvements in older patients; comorbidities are more common in
older than younger patients, and therefore, inconsistencies in
reporting of comorbidities may have a greater effect on results
in older patients. Of note, the absolute magnitude of the
improvements was largest for the oldest individuals.
Young people with functioning kidney transplants
showed greater relative reductions in excess mortality
risk over time than young people treated with dialysis.

In contrast, elderly people treated with dialysis showed
larger relative survival improvements over time than elderly
people treated with kidney transplants. The very small or
absent improvements among elderly transplant recipients
may reﬂect selection bias. It is possible that only the healthiest
elderly people had access to transplants in more remote
years, whereas comparatively sicker people were accepted as
kidney transplant candidates more recently.
The improvements over time observed during treatment
with dialysis or a functioning kidney transplant suggest
that advances in clinical care have improved outcomes. No
well designed randomized trial in the ESRD population,
including trials targeting higher hematocrit values (22),
targeting lower intact parathyroid hormone concentrations
(23), aiming for a higher dialysis dose, or using high-ﬂux
dialyzers (24), showed a survival beneﬁt. However, it may
be unrealistic to expect a single intervention to affect mortality
risk in a complex condition like ESRD. The cumulative effect of
multiple care advances may explain the decreases in excess
mortality.
Some hypothesize that improved survival in the ESRD
population simply reﬂects improved survival of the general
population (7). Relative survival models remove general
population risk from the equation by comparing ESRDrelated death rates over time. Two prior studies used a
relative survival approach to examine changes in ESRDspeciﬁc survival; both concluded that improvements in
ESRD-attributable survival did not keep pace with
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Table 3. Relative excess risks of mortality in people with ESRD per 5-year increments in calendar time from 1995 to 2013
Relative Excess Risk (95% Conﬁdence Interval)
Age, yr
All ESRD
observation timea
0–14
15–24
25–44
45–64
$65
During treatment
with dialysisb
0–14
15–24
25–44
45–64
$65
During treatment
with transplantb
0–14
15–24
25–44
45–64
$65

Unadjusted

Adjusted, Including Primary Disease

Adjusted, Including Comorbidity

0.75 (0.70 to 0.79)
0.86 (0.83 to 0.89)
0.83 (0.82 to 0.84)
0.89 (0.88 to 0.89)
0.89 (0.88 to 0.89)

0.73 (0.69 to 0.77)
0.83 (0.80 to 0.86)
0.82 (0.81 to 0.83)
0.88 (0.87 to 0.88)
0.88 (0.88 to 0.88)

0.71 (0.67 to 0.75)
0.82 (0.79 to 0.85)
0.80 (0.79 to 0.80)
0.86 (0.85 to 0.86)
0.86 (0.86 to 0.86)

0.83 (0.78 to 0.89)
0.89 (0.85 to 0.92)
0.83 (0.82 to 0.83)
0.89 (0.88 to 0.89)
0.88 (0.88 to 0.88)

0.81 (0.76 to 0.86)
0.86 (0.83 to 0.89)
0.82 (0.81 to 0.83)
0.88 (0.88 to 0.89)
0.87 (0.87 to 0.87)

0.80 (0.75 to 0.85)
0.85 (0.82 to 0.88)
0.80 (0.79 to 0.81)
0.87 (0.86 to 0.87)
0.86 (0.86 to 0.87)

0.67 (0.56 to 0.79)
0.85 (0.73 to 0.98)
0.79 (0.73 to 0.84)
0.88 (0.83 to 0.92)
1.00 (0.98 to 1.02)

0.65 (0.55 to 0.76)
0.81 (0.70 to 0.93)
0.78 (0.74 to 0.83)
0.86 (0.82 to 0.90)
0.99 (0.97 to 1.01)

0.64 (0.54 to 0.75)
0.80 (0.69 to 0.92)
0.76 (0.71 to 0.81)
0.84 (0.80 to 0.88)
0.97 (0.95 to 0.99)

Data are relative excess risks (95% conﬁdence intervals). A relative excess risk of 0.73 (for example) means that the excess risk of ESRDrelated mortality in any given calendar year was 27% lower than it was 5 years previously (or 0.73 times the risk 5 years previously).
Model ﬁt was assessed using the chi-squared test for goodness of ﬁt, which showed no evidence of signiﬁcant lack of ﬁt.
a
The unadjusted model included age and a calendar year by age interaction. Both adjusted models also included sex, race, socioeconomic
status quartile, and insurance status at ESRD initiation. The model shown in column 3 also included primary disease; the model shown in
column 4 also included number of comorbidities at ESRD initiation.
b
The unadjusted model included age (time dependent) and RRT modality (time dependent) as well as the following interaction terms:
calendar year by age, calendar year by RRT modality, RRT modality by age, and calendar year by age by RRT modality. Both adjusted
models also included sex, race, socioeconomic status quartile, and insurance status at ESRD initiation. The model shown in column 3 also
included primary disease; the model shown in column 4 also included number of comorbidities at ESRD initiation.

improvements in the general population (25,26). One study
compared excess mortality rates in 1987, 1997, and 2007
with rates in 1977, when computer technology was in its
infancy; there was signiﬁcant potential for incomplete
death data for 1977, leading to unreliably low mortality
estimates (26). The other study focused exclusively on
cardiovascular mortality among adults treated with dialysis (25). Neither assessed differences in the change in
excess mortality risk by age or RRT modality using timedependent relative survival models.
In our analyses restricted to the interval between 1995
and 2006, 15–24 year olds were the only age group with no
signiﬁcant improvement in relative survival. This age
interval includes a developmental stage associated with
poor health outcomes due to decreased adherence to
treatment and gaps in care when transferring from pediatric to adult providers (27–29). Increasing awareness of the
high risk associated with this age period in the early 2000s
(30) and growing implementation of formal transition
programs may have contributed to the apparent improvements in survival from 2006 to 2013. Starting in late 2005,
the Share 35 policy provided children younger than 18
years old with increased access to kidneys from younger
deceased donors, also possibly contributing to the observed improvements (31). It is also conceivable there was
insufﬁcient power to detect very small improvements
between 1995 and 2006 in this age interval.

To our knowledge, this is the ﬁrst study to determine the
change in excess ESRD-related mortality risk across the entire
age range and compare changes over time by age and RRT
modality. Another novel feature was the treatment of age,
calendar year, and RRT modality as time-dependent variables;
this approach allowed us focus on age, calendar year, and
RRT modality at death rather than at initiation of ESRD care.
The study does have limitations. Like any retrospective
analysis of a registry, our study is subject to limitations due to
data entry errors, residual confounding by variables not
captured or incompletely captured in the USRDS, and missing
data. In particular, comorbidity reporting may be incomplete,
resulting in underestimation of the burden of illness in some.
Comorbidities are captured by indicating which of a list of
comorbidities are present; if none are selected, it is assumed
that none are present. It was not possible to determine if an
“absent” comorbidity was truly absent or was simply not
reported (missing). To minimize the effect of missing data, we
used multiple imputation methods, but we cannot exclude the
possibility that missingness inﬂuenced results. We can also
not exclude the possibility that completeness of comorbidity
reporting changed over time. Furthermore, changes in comorbidity over time in individual patients are not captured—
only comorbidity at ESRD care initiation.
The USRDS may not capture all patients with ESRD,
speciﬁcally those who died early in the course of dialysis,
those who withdrew from dialysis before death, and those
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with advanced CKD who died before starting dialysis. We
also acknowledge that factors other than improvements in
care may have inﬂuenced the changes observed in excess
ESRD-related mortality risk. First, it is possible that
improvements in general care or public health measures
(i.e., smoking reduction) may have had a bigger effect in the
ESRD population than in the general population. Second,
selection of healthier patients for RRT in more recent years
may also have contributed (32,33). In addition, it is possible
that the improvements observed among those being treated
with dialysis may be partly due to increasing waiting times
for transplant in some age categories, resulting in healthier
patients on dialysis continuing dialysis longer in more
recent than more remote years.
Among people being treated for ESRD in the United
States between 1995 and 2013, the risk of death over and
above that expected on the basis of age-, sex-, race-, and
calendar year–speciﬁc general population rates has dropped
signiﬁcantly. A lack of improvement in the risk of death
with a functioning transplant among elderly kidney transplant recipients requires further investigation. Although most
trials have not identiﬁed individual therapies that improve
survival, our ﬁndings are encouraging, suggesting that
cumulative efforts to improve care have resulted in improved
survival. However, absolute mortality rates remain high in
ESRD, and continued efforts to improve outcomes are
needed.
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