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Abstract

Background: During the past decade, a trend has been observed in the United States toward
initiation of chronic dialysis at higher levels of estimated glomerular filtration rate. This likely
reflects secular trends in the composition of the dialysis population and a tendency toward
initiation of dialysis earlier in the course of kidney disease.

Methods: The goal of this study was to generate model-based estimates of the magnitude of
changes in the timing of dialysis initiation between 1997 and 2007. We used information from a
national registry for end-stage renal disease on estimated glomerular filtration rate at initiation
among patients who received their first chronic dialysis treatment in 1997 or 2007. We used
information regarding predialysis estimated glomerular filtration rate slope from an integrated
health care system.

Results: After accounting for changes in the characteristics of new US dialysis patients from
1997 to 2007, we estimate that chronic dialysis was initiated a mean of 147 days earlier (95%
confidence interval, 134-160) in the later compared with the earlier year. Differences in timing
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stent across a range of patient subgroups but were most pronounced for those aged 75
der; the mean difference in timing in that subgroup was 233 days (95% confidence

interval, 206-267).

Conclusi

ons: Chronic dialysis appears to have been initiated substantially earlier in the course

of kidney disease in 2007 compared with 1997. In the absence of strong evidence to suggest that

earlier init

iation of chronic dialysis is beneficial, these findings call for careful evaluation of

contemporary dialysis initiation practices in the United States.

METHODS
OVERVIEW

USRDS PATI

Chronic dialysis is an intensive and costly therapy used to treat advanced kidney disease.
During the past decade, a trend has been observed toward initiation of chronic dialysis at
progressively higher levels of estimated glomerular filtration rate (eGFR).1~* Because Egfr
at dialysis initiation often is higher for older patients and for those with a greater burden of
comorbidity, an upward trend in eGFR at initiation may reflect changes in the composition
of the dialysis population over time.2®> However, it is also likely that such trends reflect
changes in practice, where by chronic dialysis now is initiated earlier in the course of
chronic kidney disease compared with previous years.! We designed a study to evaluate the
latter possibility and to estimate the magnitude of changes in the timing of dialysis initiation.

The goal of this study was to generate model-based estimates of changes in timing of
dialysis initiation between 1997 and 2007. We used information on trends in eGFR at
initiation from the United States Renal Data System (USRDS), a national registry of end-
stage renal disease. However, the relationship between trends in eGFR at initiation and
timing of dialysis initiation depends on the predialysis eGFR slope (Figure 1), which is not
available in USRDS data sources. Therefore, we estimated predialysis eGFR slope for
USRDS patients using serial creatinine measures from Group Health Cooperative, a mixed-
model nonprofit health care system in Seattle, Washington.

ENTS AND DATA SOURCES

The USRDS contained data for 185 677 patients (aged 18-100 years) who had initiated
chronic dialysis in 1997 (n=78 904) or 2007 (n=106 773) and had not received a renal
transplant. We excluded 5394 patients (2.9%) with missing information regarding
demographic characteristics, comorbid conditions, and/or eGFR at dialysis initiation,
yielding an analytic cohort of 75 572 patients who had initiated dialysis in 1997 (1997
USRDS cohort) and 104 711 patients who had initiated dialysis in 2007 (2007 USRDS
cohort).Demographic characteristics and comorbid conditions at the time of dialysis
initiation were ascertained from USRDS sources and included age, race (black vs nonblack),
sex, diabetes, vascular disease (defined as coronary artery disease, peripheral arterial
disease, or stroke), and congestive heart failure.

GROUP HEALTH COOPERATIVE PATIENTS AND DATA SOURCES

Using a comprehensive electronic medical record system developed by the nephrology
specialty clinic at Group Health Cooperative, we identified 748 patients who had initiated
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chronic dialysis between January 1, 1997, and August 31, 2007; had information regarding
demographic characteristics; and had not received a renal transplant. We selected an eGFR
of less than 25 mL/min/1.73 m? as the upper threshold for slope calculation for the primary
analysis to provide a summary measure of chronic eGFR slope during the course of
advanced kidney disease but before dialysis initiation. We excluded 82 patients (11.0%)with
fewer than 3 serum creatinine (SCr) measurements after their first eEGFR measurement less
than 25 mL/min/1.73 m2, leaving an analytic cohort of 666 patients. We used the Group
Health Research Institute data warehouse, a comprehensive source of administrative and
clinical data for Group Health Cooperative patients, to ascertain predialysis SCr
measurements, demographic characteristics, and comorbid conditions for cohort patients.
The abbreviated Modification of Diet in Renal Disease equation was used to calculate eGFR
based on SCr, age, race, and sex.

STATISTICAL ANALYSIS

The goal of our analysis was to estimate the time difference between when each 2007
USRDS patient had initiated dialysis and when he or she would have initiated dialysis based
on 1997 practice (Figure 1, part C). To estimate this hypothetical quantity, we developed
model-based predictions of 2 quantities: the eGFR at which each 2007 patient would have
initiated dialysis based on 1997 practice (eGFR1997) and each patient’s chronic outpatient
eGFR slope before dialysis initiation (SLOPEgEgr)- Using these predicted measures, along
with each patient’s actual eGFR at initiation of dialysis in 2007 (eGFRyqg7), the difference
in timing from 1997 to 2007 was estimated for each patient as (€GFR,q07—-€GFR1997)/
SLOPEggEr. The models used to predict eGFR19g97 and SLOPEgER are described in the
next 2 subsections of the text. Because we compared the eGFR at initiation in patients who
started dialysis in 2007 with that of similar patients who started dialysis in 1997, estimates
of differences in timing between 1997 and 2007 derived from these models are not the result
of changes in measured patient characteristics during this period.

eGFR1997 MODEL

The eGFR1997 model was a linear regression estimated among members of the 1997 USRDS
cohort of the association of eGFR at dialysis initiation with demographic characteristics,
individual comorbid conditions, and number of comorbid conditions. The variables for this
model then were used to predict eGFR1gg7 in the 2007 USRDS cohort (an estimate of the
eGFR at which patients who initiated dialysis in 2007 would have initiated dialysis based on
1997 practice).

SLOPEegrr MODEL

The SLOPE.gpr model was a longitudinal mixed model of the trajectory of eGFR overtime
prior to dialysis initiation among Group Health Cooperative patients. The dependent variable
was the outpatient eGFR for patient 7at time #from each patient’s first eGFR less than 25
mL/min/1.73 m2 until the time of dialysis initiation. All outpatient SCr measurements
recorded during this time period were included in the model. The model included fixed
effects for each covariate in the eGFR1997 model, time, interaction terms between time and
each covariate, and random components for the intercept and time terms. The model thus
assumes that trajectories are linear overtime, with systematic and random components to the
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subject-specific intercepts and slopes. Graphical diagnostics suggested that this linearity
assumption was largely consistent with the data and that any departure from linearity was
not strong enough to measurably affect the results. Model variables then were applied to the
2007 USRDS cohort to predict each patient’s predialysis eGFR slope (SLOPEggFR).
Confidence intervals (Cls) for mean differences in timing were derived from 1000
bootstrapped replicates of the variables from the eGFR19g97 and SLOPEggrrmodels.

7 Analyseswereconductedusingstatisticalsoftware (Stata, version 10.1; StataCorp LP, College
Station, Texas; and R, version 2.10.1; RFoundation, Vienna, Austria).The study was
approved by the institutional review boards at the Group Health Research Institute and the
University of Washington, Seattle.

SENSITIVITY ANALYSES

RESULTS

We conducted 3 sensitivity and subgroup analyses. First, we repeated the primary analysis
among patients with at least 10 (rather than 3) SCr measurements to account for the
possibility that eGFR slope estimates may be less accurate for patients with fewer SCr
measures. Second, we repeated the primary analysis among patients who had initiated
dialysis in the outpatient setting to account for the possibility that outpatient SCr
measurements may provide incomplete information regarding predialysis eGFR slope in
patients who initiate dialysis in the hospital in the setting of an acute kidney injury. We were
able to generate these estimates only for USRDS patients with Medicare coverage at the
onset of end-stage renal disease because we did not have information on the site of initiation
for other USRDS patients. Third, we repeated the primary analysis using eGFR slope
estimates calculated from eGFR thresholds closer to the time of dialysis initiation (ie, <20
mL/min/1.73 m? and <15 mL/min/1.73 m2) to account for possible variation in eGFR slope
during the course of advanced kidney disease.

Compared with USRDS patients who initiated dialysis in 1997, those who initiated dialysis
in 2007 were, on average, older and had a higher prevalence of diabetes and vascular disease
(Table 1). The mean (SD) eGFR at initiation for USRDS patients was 10.8 (4.9) mL/min/
1.73 m2 in 2007 compared with 8.1 (3.8) mL/min/1.73 m2 in 1997 (P<.001). The absolute
change in eGFR over this 10-year period was slightly higher for patients aged 75 and older
and for those with congestive heart failure but otherwise was similar across patient
subgroups.

Compared with 2007 USRDS cohort patients, Group Health Cooperative patients (who had
initiated dialysis between 1997 and 2007) were slightly older and less likely to be black,
with a similar sex distribution, a higher prevalence of diabetes and vascular disease, a similar
prevalence of congestive heart failure, and more comorbid conditions (Table 1). Mean eGFR
before dialysis initiation for Group Health Cooperative patients was 8.2 (4.7) mL/min/1.73
m?2, ranging from 6.8 (3.7) mL/min/1.73 m? for those who had initiated dialysis in 1997 to
9.9 (5.9) mL/min/1.73 m? for those who had initiated dialysis in 2007. Mean predialysis
eGFR slope was —6.7 mL/min/1.73 m2 per year (95% Cl, =7.1 to —6.3) (Table 2). Loss of
eGFR occurred more rapidly in younger vs older patients, in black vs nonblack patients, and

Arch Intern Med. Author manuscript; available in PMC 2021 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

O’Hare et al.

Page 5

in patients with vs those without diabetes but otherwise was similar across patient
subgroups.

CHANGES IN TIMING OF DIALYSIS INITIATION FROM 1997 TO 2007 AMONG USRDS

PATIENTS

We estimated that, in 2007, patients initiated dialysis a mean of 147 days earlier (95% Cl,
134-160) in the course of their kidney disease than would have been the case for comparable
patients in 1997 (Figure 2). Across patient subgroups, mean change in timing of dialysis
initiation between 1997 and 2007 ranged from a minimum of 95 days earlier (95% CI, 86—
105) for those younger than 60 to a maximum of 233 days earlier (206-267) for those 75
and older. In sensitivity analyses, differences in timing from 1997 to 2007 were similar to or
larger than those observed in the primary analysis (Table 3).

COMMENT

We estimate that in 2007, US patients had initiated chronic dialysis almost 5 months earlier
in the course of advanced kidney disease compared with patients who had initiated dialysis
in 1997. This difference in timing is not explained by changes in measured patient
characteristics and most likely reflects a shift in dialysis initiation practices during this time
period.

Few chronic outpatient treatment regimens are as intensive or as costly as dialysis.
Outpatient center hemodialysis, the dominant modality in the United States, typically
involves 3 treatments per week, each lasting 3 or more hours. In 2007, Medicare composite
payments for hemodialysis conducted in outpatient centers were approximately $230 per
treatment.® The mean difference in timing of 147 days reported herein translates into
approximately 63 additional hemodialysis treatments during 189 or more hours of treatment,
which would translate into approximately $14 490 in additional payments for dialysis for
each patient, or more than $1.5 billion if extrapolated to all cohort patients who initiated
dialysis in 2007.

It seems unlikely, based on available evidence, that such a large increase in treatment
intensity and costs has been balanced by an equal or larger treatment benefit. Most
observational studies*®-13 have reported higher rather than lower mortality in patients who
initiate chronic dialysis at higher levels of kidney function, and 2 recent randomized
trials141° failed to show a benefit of earlier dialysis initiation. Brunori and colleagues!*
randomized 112 Italian patients older than 70 years with an eGFR between 5 and 7 mL/min/
1.73 m? to receive dialysis or a supplemented very-low-protein diet and found no
statistically significant difference in survival during a median of 26.5 months. The Initiating
Dialysis Early and Late trial'® randomized 828 adults in Australia and New Zealand with an
eGFR between 10 and 15 mL/min/1.73 m? to initiate dialysis at an eGFR of 10 to 14
mL/min/1.73 m? (early start) vs 5 to 7 mL/min/1.73 m? (late start). No benefit was observed
with earlier initiation of dialysis for a wide range of outcomes, including death,
cardiovascular and infectious events, treatment complications, and quality of life; also,
dialysis costs were higher.16 It is not clear whether the results of these trials can be
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generalized to the US dialysis population; however, they certainly support the need for
careful evaluation of contemporary dialysis initiation practices in this country.1’

Several factors may have contributed to the alterations in US dialysis initiation practices
during the past decade. First, opinion-based clinical practice guidelines!’~21 have endorsed
successively higher threshold levels of renal function as being appropriate for dialysis
initiation, particularly in the presence of malnutrition. Second, beginning in 2002, US
practice guidelines?223 have favored the use of SCr-based equations such as the
Modification of Diet in Renal Disease and Cockroft-Gault equations vs measures based on
24-hour urine collection. In concert with more wide-spread use of automated eGFR
reporting, newer equations, such as the Modification of Diet in Renal Disease equation, are
increasingly favored over the Cockroft-Gault equation. Because each of these methods for
estimating renal function can yield different results in the same individual, these changes
clearly have potential to affect dialysis initiation decisions for some patients.2425 Also, it is
possible that the current classification scheme for chronic kidney disease inadvertently may
have affected initiation practices by conflating an eGFR less than 15 mL/min/1.73 m? with
dialysis (both are classified as stage 5 chronic kidney disease or renal failure).22:23 Finally,
Medicare, which is the primary payer for chronic dialysis in this country, now provides
significantly less oversight regarding the level of renal function among new dialysis patients
compared with earlier years.26:27

Compared with other groups examined, it appears that older patients disproportionately have
been affected by changes in the timing of dialysis initiation. More pronounced differences in
timing among older patients appear to reflect a larger temporal change in eGFR at initiation
and slower loss of eGFR before initiation. The latter finding is consistent with reports28-30
of stable or very slow rates of eGFR decline among older patients with advanced kidney
disease, a finding that may reflect slower loss of true GFR and/or greater concurrent loss of
muscle mass at older ages.3! Regardless of the underlying explanation, we estimate that
patients aged 75 and older initiated dialysis almost 8 months earlier in 2007 compared with
1997. Because mortality rates among older adults with advanced kidney disease are high,2°
these results suggest that members of this group spent a substantially greater fraction of their
limited remaining life undergoing dialysis in 2007 compared with 1997 and that some may
never have initiated dialysis during the earlier period. Although older patients were not well
represented in the Initiating Dialysis Early and Late trial, it seems unlikely that these
individuals would gain any more benefit from earlier initiation of dialysis than would their
younger counterparts. Observational data suggest that older patients receiving dialysis,
particularly those with a high burden of comorbidity, are less likely than younger, healthier

patients to derive a survival benefit from dialysis compared with more conservative therapy.
32

The following assumptions and limitations should be considered when interpreting our
results. First, we assumed that rates of decline in eGFR among Group Health Cooperative
patients could be extrapolated to USRDS patients who had initiated dialysis in 2007. An
important advantage of using Group Health Cooperative data to estimate this quantity is that
most patients in this system who begin chronic dialysis have multiple outpatient SCr
measurements available for slope estimation. However, it is possible that our results may not
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be generalizable to groups with in the USRDS population who are not represented in the
Group Health Cooperative (eg, patients without health insurance coverage). Second, detailed
information regarding the circumstances of dialysis initiation (eg, indications and inpatient
SCr measurements) was not available for either cohort, precluding a detailed understanding
of how practices have changed. Finally, although we controlled for all variables that could be
ascertained with reasonable reliability and completeness across data sources and time
periods, it is possible that our analyses did not completely adjust for changes in patient
characteristics between 1997 and 2007, particularly given that USRDS data pertaining to
comorbid conditions are lacking in sensitivity.33

Our results suggest that patients may be initiating chronic dialysis at a substantially earlier
point in the course of advanced kidney disease. The dearth of evidence available to suggest
that this practice is beneficial and the sizable potential effect on treatment burden and costs
support the need for careful evaluation of contemporary dialysis initiation practices in this

country.
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Figure 1.
Schematic to illustrate the relationship between level of renal function at dialysis initiation,

loss of renal function prior to initiation, and timing of initiation in a hypothetical patient. A,
Difference between each patient’s level of renal function at initiation of dialysis in 2007 and
a prediction of the level of renal function at which he or she would have initiated dialysis
based on 1997 practice (estimated glomerular filtration rate [eGFR]o007—€GFR1g97). B,
Prediction of how rapidly each patient was losing renal function prior to dialysis initiation
(chronic outpatient eGFR slope before dialysis initiation [SLOPE¢gEr]). C, A (difference in
eGFR in mL/min/1.73 m2)/B (rate of eGFR loss in mL/min/1.73 m2/day)=number of days
earlier patients initiated dialysis in 2007 compared with when they would have initiated
dialysis based on 1997 practice.
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Mean

Subgroup Days 95% Cl
All patients 147 134-160 -
Age,y

<60 95 86-105 L B

60-74 139 128-150 Fm

>75 233 206-267 —a—
Sex

Male 139 126-153 m-

Female 156 140-176 —m—
Race

Black 122 107-143 —m—

Nonblack 157 142-172 m-
Diabetes

Yes 132 121-148 Fm

No 163 140-187 —m—
Vascular disease

Yes 150 138-164 -l

No 144 129-161 —m—
Congestive heart failure

Yes 165 148-184 —m—

No 138 125-151 -m-
Comorbidities

>3 140 127-154 +m-

<3 149 134-164 -

80 130 180 230 280
Mean Days (95% Cl)

Figure 2.

Mean number of days earlier that patients initiated dialysis in 2007 compared with 1997.
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Table 1.
Characteristics of Study Cohorts
No. (o/o)
[ |
Group
Health
Cooperative
USRDS Patients Patients
- |
1997 2007 1997-2007
Characteristic (n=75572) (n=104711) (n=666)
Age, mean (SD), y 61.8 (15.4)2 63.1 (15.3) 64.2 (14.1)2
Sex
Male 40139 (53.1)@ 58370 (55.7) 356 (53.5)
Race
Black 22748 (30.1)2 30350 (29.0) 106 (15.9)2
Comorbidity
Diabetes 35198 (46.6)2 51161 (48.9) 399 (59.9)2

Vascular disease” 27499 (36.4)2 43743 (41.8) 390 (58.6)2
Congestive heart 25854 (34.2)2 34073 (32.5) 195(29.3)
failure
No. of comorbid ESi@2)e 1.4 (1.2) 177 (1], B
conditions,
mean (SD)°®

Abbreviation: USRDS, United States Renal Data System.
< .05 for comparisons with USRDS patients who had initiated dialysis in 2007, based on ¢test or XZ test results.
b .. : . . .

Defined as the presence of coronary or peripheral vascular disease or cerebrovascular disease (ie, stroke).

Defined as the total number of the above-listed comorbid conditions present in each patient.
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