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Abstract
The United States Renal Data System (USRDS) registry of end-stage renal disease has often been used to study the timing of dialysis
initiation, measured by estimated glomerular filtration rate (eGFR) at dialysis initiation. We conducted an observational study and
examined how well variables in the USRDS database explain the trends and variation in eGFR at dialysis initiation.
We identified 971,481 patients who initiated dialysis between 1995 and 2012 in the USRDS registry.
The mean eGFR at dialysis initiation monotonically rose from 7.7 in 1995 to 11.1 in 2009, and then leveled off to 10.9mL/min/1.73

m2 in 2012. The trend of rising, then leveling off was similar across all subgroups studied. Substantial variation in eGFR at dialysis
initiation was observed, with standard deviation of 4.38 (95% CI: 2.0–18.4). A total of 11.4% of the total variation occurred across
physicians and 88.6% within physicians. Adjustment for measured factors only modestly decreased the total variation. Of the total
variance, 10.7% was explained by measured patient-level variables and 1.2% by measured physician and other factors, while 9.2%
of physician-level variation and 78.9% of patient-level variation remained unexplained. The extent of variation explained by measured
variables was similar over the entire study period.
The finding that the majority of variation in eGFR at dialysis initiation is unexplained by measured variables casts doubt on how well

eGFR serves as a measure for “timing” of dialysis initiation, and it indicates the need to collect more focused data to gain
understanding of factors that affect timing of dialysis initiation in the US.

Abbreviations: CMS=Centers for Medicare &Medicaid Services, eGFR= estimated glomerular filtration rate, ESRD= end-stage
renal disease, LMM = linear mixed model, USRDS = United States Renal Data System.
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1. Introduction

In the United States (US), about 117,000 patients developed end-
stage renal disease (ESRD) requiring dialysis, while more than
663,000 prevalent patients were on dialysis in 2013.[1] In 2012,
total Medicare spending for ESRD was about $28 billion,
representing 5.6% of the entire Medicare budget.[2] Per standard
convention, estimated glomerular filtration rate (eGFR) at
dialysis initiation has been used as the principle measure of the
“timing” of dialysis initiation, with higher eGFR indicating
earlier dialysis initiation. It has served as either the main predictor
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or endpoint in various research publications on the timing of
dialysis initiation.[3–12] In the US, the mean eGFR at dialysis
initiation rose for more than two decades, though it may have
leveled off in recent years.[13] A number of studies have
demonstrated that higher eGFR at dialysis initiation is not
associated with longer survival on dialysis.[3,4,8–12] Other studies
have linked patient and provider characteristics to eGFR at
dialysis initiation,[5] and additional studies have focused on the
trend of rising eGFR at dialysis initiation over time.[13–16]

Most of these studies were conducted using the United States
Renal Data System (USRDS) ESRD registry database.[5,9–12]

However, it is not clear howwell the information captured by this
database explains the eGFR variation at dialysis initiation, nor
how well eGFR serves as a measure for the “timing” of dialysis
initiation. Additionally, analyses that focused on eGFR at dialysis
initiation were often limited to descriptive statistics, and did not
account for temporal changes in patient/provider characteristics.
Using USRDS ESRD registry data from 1995 to 2012, our
study addresses these questions by examining eGFR at dialysis
initiation and its trend over time. It is the largest study of its
kind, based on the most recent USRDS data available, and over a
long study interval. We investigate the following research
questions:
(1)
 Has the rise in average eGFR at dialysis initiation continued
to level off in the US?
Has the overall pattern of change in eGFR over time been
(2)

consistent across subgroups?
How much variation is there in eGFR at dialysis initiation in
(3)

the US?
What proportion of this variation can be explained by
(4)

patient- and nonpatient levels variables recorded in the
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1,750,909 aged 18 years or older

1,767,244 incident dialysis patients 
between January 1995 and 

December 2012

1,540,500 excluding preemptive transplant, re-
entitlement*, and supplemental* patients
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USRDS ESRD registry database, and has this proportion
changed over time?

We hypothesized that eGFR at dialysis initiation has continued
to level off overall in the most recent years, but that changes in
eGFR over time may not be similar across subgroups. We also
hypothesized that there is large variation of eGFR at dialysis
initiation, which would indicate that many factors other than
eGFR drive the initiation of dialysis. Additionally, we postulated
that there is large unexplained variation in eGFR at dialysis
initiation, which would imply that the available data are
insufficient to understand decisions regarding timing of dialysis
initiation at the US population level.
1,175,702 with no missing county-level information 
(rural/urban, percent high school graduates, poverty level, 

unemployment rate)

1,152,113 with no missing facility-level information (free-
standing/teaching, profit/non-profit, number of total 

patients)

1,151,669 with no missing provider ID

972,046 with no missing patient laboratory information 
(hemoglobin, albumin)

1,293,904 with no missing information to calculate eGFR 
in the medical evidence report

971,481 with no other missing patient information in the 
medical evidence report (cause of ESRD, comorbidities, 
BMI, modality, employment status, insurance status, etc.)

Figure 1. Flow chart of patient selection.
∗
Based on CMS Form 2728.
2. Methods

2.1. Study population

The study population included adult patients (18 years or older)
who initiated dialysis between January 1, 1995 andDecember 31,
2012 as identified in the USRDS ESRD database. We excluded
patients who received a preemptive kidney transplant instead of
dialysis as initial treatment for ESRD. We also excluded patients
who had missing values for the variables (see Fig. 1, which
demonstrates the patient selection process). Our final study
sample included 971,481 patients.

2.2. Patient demographic, clinical, and laboratory
measures

We obtained patient-level measures, listed in Table 1, as recorded
at the time of patients’ 1st dialysis from the Centers for Medicare
& Medicaid Services (CMS) Medical Evidence Report Form
2728. Two versions of Form 2728 were used, due to
modifications incorporated in 2005. Data only collected on
the new form were used in sensitivity analyses restricted to 2005
to 2012, including the receipt of nephrology care prior to dialysis,
vascular access type (catheter, fistula, or graft), and being
institutionalized (eg, assisted living, nursing home). eGFR at
dialysis initiation was based on serum creatinine reported on
Form 2728 (required to be within 45 days before 1st dialysis),
and was calculated using the Modification of Diet in Renal
Disease equation.
2.3. Physician-, facility-, and county-level measures

We obtained facility-level variables including the total number of
patients, nurse-to-patient ratio, profit versus nonprofit status,
free-standing versus hospital-based facilities, and facility ESRD
network membership through the CMS Annual Facility Survey
2744. Treating physicians were identified as those signing the
CMS Form 2728. Information on counties where facilities were
located (including unemployment rate, high school graduation
rate, and percentage of households below poverty level) was
based on the 2000 US Census, and facility rural status was
identified using the 2000 Rural Urban Commuting Area codes.
2.4. Statistical methods

We truncated eGFR values at both tails of the distribution, with
the minimum and maximum set at 2 and 20mL/min/1.73m2,
respectively. About 0.2% of patients had a calculated eGFR
<2mL/min/1.73m2and5.2%hadan eGFR>20mL/min/1.73m2.
To obtain adjusted mean eGFR over time, we used linear mixed
2

models (LMMs) to model eGFR as a function of calendar year, the
variables provided above, and their respective interactions with
year. All LMMs accounted for within-cluster correlations by using
treating physicians as the random intercept.
To calculate the proportion of variation in eGFR at dialysis

initiation explained by measured variables, we fit a series of
LMMs sequentially. First, we used an intercept-only model,
which allowed us to estimate the total amount of variation (s2) in
eGFR at initiation and separate its between-provider component,
denoted by s2

b, and within-provider component (ie, patient-level),
denoted by s2

w. Here, s2
b captures variation beyond patient level

which includes provider, facility, county, regional, or higher
levels. Then we added patient-, treatment-, facility-, and county-
level variables to the model sequentially. With each set of
variables added, we obtained the total residual (ie, unexplained)
variance (p2). The proportion of variance explained by this set
of variables was calculated as s2�p2

s2
. It measures how well

the set of variables predict (explain) the eGFR at dialysis
initiation. We varied the order that sets of variables were entered
into the models to evaluate how sensitive this approach was to
ordering.



Table 1

The percentages of patients by subgroups in 3-year intervals from 1995 to 2012.
1995–1997 1998–2000 2001–2003 2004–2006 2007–2009 2010–2012
n=137,706 n=169,485 n=183,300 n=164,560 n=152,509 n=163,921

Age (18–45, 45–65, 65–100) [18, 45] 10.3% 9.3% 8.8% 9.1% 9.6% 10.4%
[45, 65] 33.2% 33.3% 33.4% 35.0% 36.7% 38.4%
[66, 100] 56.5% 57.4% 57.8% 56.0% 53.6% 51.2%

Gender Male 50.6% 51.3% 52.1% 53.5% 54.9% 56.3%
Female 49.4% 48.7% 47.9% 46.5% 45.1% 43.7%

Race Black Race 31.4% 29.7% 29.0% 29.2% 29.2% 28.2%
Asian, American Indian, and Other 15.2% 15.5% 16.0% 15.4% 16.3% 18.6%
Non-Hispanic White 53.4% 54.8% 55.0% 55.4% 54.5% 53.2%

BMI, kg/m2 [11, 23] 37.1% 32.2% 28.3% 25.0% 21.9% 19.6%
[23, 64] 62.9% 67.8% 71.7% 75.0% 78.1% 80.4%

Hypertension Hypertension as ESRD cause or
comorbidity

77.2% 80.8% 83.8% 86.1% 88.4% 89.9%

No hypertension 22.8% 19.2% 16.2% 13.9% 11.6% 10.1%
Diabetes Diabetes as ESRD cause or

comorbidity
54.1% 56.3% 58.0% 59.1% 60.1% 61.1%

No diabetes 45.9% 43.7% 42.0% 40.9% 39.9% 38.9%
Glomerulonephritis as ESRD

cause
Yes 9.9% 8.6% 7.7% 7.2% 7.1% 7.4%

No 90.1% 91.4% 92.3% 92.8% 92.9% 92.6%
Other or missing causes of

ESRD
Yes 3.4% 2.8% 2.2% 1.8% 1.3% 1.1%

No 96.6% 97.2% 97.8% 98.2% 98.7% 98.9%
Heart disease CHF 37.5% 37.1% 36.0% 37.5% 35.6% 32.7%

ASHD or CVD or PVD, no CHF 11.4% 14.4% 21.1% 21.7% 23.1% 23.0%
No heart disease 51.1% 48.5% 42.9% 40.8% 41.3% 44.2%

Chronic obstructive pulmonary
disease

Yes 8.1% 8.4% 9.1% 10.1% 10.5% 10.4%

No 91.9% 91.6% 90.9% 89.9% 89.5% 89.6%
Current smoker Yes 6.0% 5.4% 5.4% 6.3% 7.1% 7.0%

No 94.0% 94.6% 94.6% 93.7% 92.9% 93.0%
Cancer Yes 5.7% 6.2% 7.1% 7.9% 8.4% 8.2%

No 94.3% 93.8% 92.9% 92.1% 91.6% 91.8%
Alcohol or drugs Yes 2.8% 2.2% 2.1% 2.7% 2.8% 2.7%

No 97.2% 97.8% 97.9% 97.3% 97.2% 97.3%
Unable to transfer or ambulate Yes 5.7% 4.7% 4.8% 6.6% 7.7% 7.5%

No 94.3% 95.3% 95.2% 93.4% 92.3% 92.5%
Prior EPO care Yes 22.7% 26.9% 31.8% 32.0% 28.2% 20.6%

No 77.3% 73.1% 68.2% 68.0% 71.8% 79.4%
In center hemodialysis Home HD, PD, or other 12.0% 7.7% 6.4% 5.8% 5.6% 8.2%

In-center HD 88.0% 92.3% 93.6% 94.2% 94.4% 91.8%
Hemoglobin, g/dL [12, 29] 7.8% 9.3% 12.0% 12.8% 10.2% 7.4%

[10, 12] 23.1% 28.2% 34.6% 37.1% 36.3% 31.1%
[3, 10] 69.1% 62.5% 53.5% 50.1% 53.5% 61.5%

Albumin, g/dL [3, 4.8] 54.1% 46.1% 44.7% 51.9% 59.4% 61.8%
[0.5, 3] 45.9% 53.9% 55.3% 48.1% 40.6% 38.2%

Facility profit status Not for profit 36.5% 27.7% 25.1% 23.3% 21.2% 17.7%
For profit 63.5% 72.3% 74.9% 76.7% 78.8% 82.3%

Facility type Hospital-based 28.8% 22.1% 17.6% 15.3% 13.1% 9.5%
Free standing 71.2% 77.9% 82.4% 84.7% 86.9% 90.5%

Facility size [1, 120] patients 65.0% 67.6% 69.7% 72.0% 71.1% 70.8%
[120, 501] patients 35.0% 32.4% 30.3% 28.0% 28.9% 29.2%

Unemply_higher County with lower unemployment rate
[1%–3.6%]

40.3% 42.3% 44.0% 44.7% 44.3% 45.0%

County with higher unemployment
rate [3.6%, 17.3%]

59.7% 57.7% 56.0% 55.3% 55.7% 55.0%

Fam_poverty_higher County with lower % family below
poverty [1.6%, 9.4%]

47.0% 48.1% 49.9% 50.8% 51.1% 51.6%

County with higher % family below
poverty [9.4%, 47.4%]

53.0% 51.9% 50.1% 49.2% 48.9% 48.4%

Hsedu_higher County with lower % of high school
graduation [11.7%, 28.5%]

56.2% 54.0% 53.6% 52.4% 51.8% 53.0%

County with higher % of high school
graduation [28.5, 52.1]

43.8% 46.0% 46.4% 47.6% 48.2% 47.0%

Urban County in rural area 13.7% 15.7% 16.1% 17.7% 18.5% 18.4%
County in urban area 86.3% 84.3% 83.9% 82.3% 81.5% 81.6%

Sensitivity analysis 1 (age<65) n=59,916 n=72,137 n=77,443 n=72,463 n=70,728 n=79,951
Employment status (age<65) Employed 23.6% 22.1% 21.4% 23.2% 27.0% 27.1%

Unemployed 76.4% 77.9% 78.6% 76.8% 73.0% 72.9%
Insurance status (age<65) No insurance 15.7% 23.8% 23.2% 23.4% 25.2% 26.5%

Medicare or Medicaid or Private
Insurance or Other

84.3% 76.2% 76.8% 76.6% 74.8% 73.5%

Heart disease: CHF, ASHD, CVD, or PVD; BMI: BMI based on based on weight and height (kg/m2) measured when the form was completed; creatinine, albumin, and hemoglobin levels were most recently reported
prior to dialysis initiation within 45 days prior to the 1st dialysis treatment; prior EPO care: erythropoietin use prior to dialysis; dialysis modality: in center HD, home HD, PD, and other. ASHD= atherosclerotic heart
disease, BMI=body mass index, CHF= congestive heart failure, CVD= cerebrovascular disease, EPO= erythropoietin, ESRD= end-stage renal disease, HD=hemodialysis, PD=peritoneal dialysis, PVD=
peripheral arterial disease or amputation.
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Figure 2. Temporal trends in estimated glomerular filtration rate (eGFR) at dialysis initiation: distribution by year.
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Sensitivity analyses included: a subset analysis of the 2005 to
2012 USRDS data using the updated CMS Form 2728; LMMs
using the dialysis facility (rather than physician) as the random
intercept; and a comparison of analyses with and without
multiple imputation (based on the 2006–2009 data) to determine
if the results were sensitive to missing data. The University of
Michigan Institutional Review Board approved this study
(HUM0086162); the USRDS database is freely available to the
public. The details for data requests can be found at https://www.
usrds.org/faq.aspx.
3. Results

3.1. Study population

The reported characteristics of incident dialysis patients and
facilities changed over time (Table 1). Compared to 1995 to
1997, patients in 2010 to 2012 were more likely to have body
mass index in [23, 64] kg/m2 (80% vs 63%), diabetes (61% vs
54%), or hypertension (90% vs 77%). Patients in 2010 to 2012
were more likely to be treated in facilities that were for-profit
(82% vs 64%) and free-standing (91% vs 71%).
3.2. eGFR time trends, unadjusted

Figure 2 shows that mean eGFR (standard deviation) increased
from 7.7mL/min/1.73m2 (3.5) in 1995 to a peak of 11.0 (4.5) in
2009, before leveling off for the final 3 years, to 10.8 (4.5) in
2012. Over the entire study period, mean eGFR at initiation
increased by 3.3mL/min/1.73m2 and the standard deviation
increased by 1mL/min/1.73m2. The 95% confidence interval of
eGFR increased from 2.0, 14.6 to 2.2, 19.8. Although this
temporal trend is plotted based on our study sample, a similar
trendwas observed based on all adult USRDS patients with eGFR
information (n=1,293,904; see Figure, Supplemental Content,
4

http://links.lww.com/MD/B692 showing temporal trends at
dialysis initiation by year).

3.3. Variation explained in eGFR at dialysis initiation

Figure 3 shows that the partition of variation in eGFR at dialysis
initiation in 1995 to 2012 into between- and within-physician
components, without and with adjusting for measured cova-
riates. Based on the intercept-only model, the total variance (s2)
of eGFR at initiation was estimated at 20.3 (mL/min/1.73m2)2,
consisting of 11.4% between-physician variance and 88.6%
within-physician variance. The intracluster correlation was
0.114. Of the total variation, measured patient-level character-
istics explained 10.7% and measured facility/county-level
characteristics 1.2%, while 9.2% of between-physician and
78.9% of within-physician variations remained unexplained.
Similar proportions were obtained when we varied the order of
the variables that entered the models. In sensitivity analyses
restricted to 2005 to 2012 (ie, with additional variables on
revised Form 2728), measured patient-level characteristics
explained 10.6% and measured facility/county-level character-
istics 0.8%, while 6.9% of between-physician and 81.7% of
within-physician variations remained unexplained.

3.4. Temporal trends in variation explained in eGFR at
dialysis initiation

Table 2 lists the proportion of variation explained in 3-year
increments from 1995 to 2012. The proportions of variation
explained were similar across time intervals. Between 2010 and
2012, measured patient-level characteristics explained 10.9% of
total variation, and facility/county-level characteristics explained
0.9% of total variation, while 7.3% of between-physician and
80.9% of within-physician variations remained unexplained.
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Varia�on Par��on: No
covariates Included 

between-
physician:
11.4%

within-
phyiscian:
88.6%

Propor�on of Varia�on
Explained/Unexplained by

Meaured Covariates  

Variance
explained by
measured
pa�ent-level
factors: 10.7%

Variance
explained by
measured facility
or county-level
variables: 1.2%

Figure 3. Physcian- and patient-level variation without and with adjusting for measured covariates between 1995 and 2012. Measured covariates include patient-
level factors (age, race, sex, insurance, employment status, diabetes, heart disease, chronic obstructive pulmonary disease, cancer, patients’ ability to ambulate or
transfer, erythropoietin use prior to dialysis, dialysis modality, creatinine prior to dialysis initiation, albumin/ hemoglobin levels prior to the first dialysis treatment, body
mass index) and facility/countylevel factors (total number of patients, nurse-to-patient ratio, profit versus non-profit status, freestanding versus hospital-based
facilities, and facility ESRD network membership, unemployment rate, high school graduation rate, and percentage of households below the poverty level, facility
rural status).
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3.5. Trends by patient variables, treatment factors,
facility-, and county-level variables

Figure 4 illustrates that the temporal trends in eGFR at dialysis
initiation were similar across all subgroups defined by patient
demographic and clinical variables (panels A and B), and by
dialysis treatment factors, facility-, and county-level variables
(panels C and D). Panels A and B show that higher eGFR at
dialysis initiation was seen among patients who were older (eg,
[65, 100] years old), male, or black. Among younger patients
([18, 65] years old), higher eGFR was seen among patients who
were unemployed or insured. In sensitivity analyses of 2005 to
2012 data, institutionalized patients had higher eGFR than
noninstitutionalized patients (data not shown). Higher eGFR at
dialysis initiation was also seen in patients with lower serum
albumin levels ([0.5, 3] g/dL), inability to transfer or ambulate,
and with major comorbid conditions such as diabetes, congestive
heart failure, atherosclerotic heart disease, cerebrovascular
disease, peripheral arterial disease or amputation, and chronic
obstructive pulmonary disease (all P-values <.001).
Furthermore, Fig. 4 panels C and D show that patients who

received home hemodialysis or peritoneal dialysis had higher
eGFR at dialysis initiation than in-center hemodialysis patients.
In a sensitivity analysis restricted to 2005 to 2012, hemodialysis
patients initiating dialysis via a surgical AV access had slightly
Table 2

Variation at the patient and physician levels for eGFR at dialysis initi

1995–1997 1998–2000 2

Variance % Variance % Varia

Variance explained by patient-level
characteristics

1.5 12.1% 1.8 11.4% 2

Variance explained by facility-level and
county-level variables

0.1 0.6% 0.1 0.6% 0

Unexplained physician-level variance 0.9 7.2% 1.2 7.6% 1
Unexplained patient-level variation 10.3 80.1% 13.0 80.4% 15
Total variance 12.8 100.0% 16.2 100% 18

The fully adjusted models include the following covariates: patient-level factors (age, race, sex, insurance,
ability to ambulate or transfer, erythropoietin use prior to dialysis, dialysis modality, creatinine prior to dialy
facility/county-level factors (total number of patients, nurse-to-patient ratio, profit vs nonprofit status, free-
school graduation rate, and percentage of households below the poverty level, facility rural status). eGF

5

higher eGFR at dialysis initiation than those using a central
venous catheter. Patients receiving prior nephrology care started
dialysis at higher eGFR than those without. The temporal trends
and the mean eGFR at initiation were very similar across all
subgroups defined by facility- and county-level variables.

3.6. Additional sensitivity analyses

When we repeated the analyses with dialysis facilities as the
clustering units rather than physicians, the results of all analyses
remained similar. Adding the multiple imputation method for
missing data for the period 2006 to 2009 yielded very similar
results.
4. Discussion

This analysis confirms that mean eGFR at dialysis initiation in the
US leveled off during 2009 to 2012, after rising steeply for 2
decades. We demonstrate that this temporal pattern was similar
across all subgroups studied, after accounting for temporal
changes in measured variables. Examining between-physician (ie,
beyond patient-level) and within-physician (patient-level) varia-
tion in eGFR at dialysis initiation, we found the total variation
and the range of eGFR at dialysis initiation were substantial, with
88.6% of the total variation occurring at the patient level and
ation for every 3 years between 1995 and 2012.

001–2003 2004–2006 2007–2009 2010–2012

nce % Variance % Variance % Variance %

.1 11.3% 2.2 10.9% 2.1 10.5% 2.2 10.9%

.1 0.7% 0.2 0.8% 0.2 0.8% 0.2 0.9%

.5 8.0% 1.4 7.3% 1.4 6.9% 1.5 7.3%

.1 79.9% 16.0 81.0% 16.5 81.8% 16.4 80.9%

.9 100% 19.7 100% 20.2 100% 20.3 100%

employment status, diabetes, heart disease, chronic obstructive pulmonary disease, cancer, patients’
sis initiation, albumin/hemoglobin levels prior to the 1st dialysis treatment, and body mass index) and
standing vs hospital-based facilities, and facility ESRD network membership, unemployment rate, high
R= estimated glomerular filtration rate, ESRD= end-stage renal disease.
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Figure 4. Temporal trend of estimated glomerular filtration rate (eGFR) at dialysis initiation between 1995 and 2012 in subgroups.
∗
The adjusted mean eGFR over

time was obtained based on linear mixed models (LMMs) with the following variables: patient-level factors (age, race, sex, insurance, employment status, diabetes,
heart disease, chronic obstructive pulmonary disease, cancer, patients’ ability to ambulate or transfer, erythropoietin use prior to dialysis, dialysis modality,
creatinine prior to dialysis initiation, albumin/hemoglobin levels prior to the first dialysis treatment, body mass index) and facility/county-level factors (total number of
patients, nurse-to-patient ratio, profit versus non-profit status, free-standing versus hospital-based facilities, and facility ESRD network membership,
unemployment rate, high school graduation rate, and percentage of households below the poverty level, facility rural status), calendar year, respective covariates
and calendar year interactions. For catheter use and prior nephrology care in Panel C, the adjusted mean eGFR over time was obtained based on LMMs including
the above list of variables and three additional variables: prior nephrology care, vascular access and being institutionalized.

∗∗
The LMMs show that the average

eGFR at dialysis initiation was significantly different across all subgroups (P< .001). The rate of increase in eGFR at dialysis initiation over time (i.e., the slope) was
significantly different across subgroups defined either by age, race, BMI, insurance status, employment status, hypotension, diabetes status, heart disease, alcohol
or drug dependence, albumin levels or the status of in-center hemodialysis (P< .01).
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11.4% beyond patient levels. After adjusting for the long list of
variables recorded in the USRDS ESRD database, it is striking
that approximately 88% of total variation in eGFR remains
unexplained. This finding has been consistent over the study
period. These results suggest that the variables collected in the
USRDS ESRD registry database are not sufficient to explain
either variation in eGFR at dialysis initiation or its temporal
trends, and indicate the need to collect and utilize more focused
data to gain better understanding of factors that drive decisions
about when to initiate dialysis in the US.
Our analyses provide more comprehensive analyses on the

temporal trends in eGFR at dialysis initiation in the US from 1995
to 2012 than previously published. Patients who are older,
insured, unemployed (for age<65 years), and with certain major
comorbid conditions initiated dialysis at higher eGFR. Patients
with surgical arteriovenous vascular access at dialysis initiation
and with predialysis nephrology care also initiated dialysis at
higher eGFR. The temporal pattern of a monotonic rise before
leveling off after 2008 was generally similar across subgroups,
indicating that the trend was mostly independent of temporal
changes in variables recorded in the USRDS ESRD registry.
6

Although in most related prior studies the trend of eGFR at
initiation and/or its association with outcomes before 2009 was
examined, Rosansky and Clark[13] focused on descriptive trends
of eGFR across age groups between 1996 and 2011. Based on
data from the Veterans Affairs health care system, Yu et al[17]

found that temporal trends in eGFR at initiation within the
Department of Veterans Affairs mirrored those in the US dialysis
population between 2000 and 2009; O’Hare et al[18] found that
eGFR at initiation increased but the frequencies of clinical signs
or symptoms remained similar between 2000 to 2004 and 2005
to 2009.
Our analyses demonstrate that unmeasured factors drove the

trends of eGFR at dialysis initiation. Many reasons have been
suggested for substantial increases in eGFR at dialysis initiation
from the 1990s to 2009.[4,19] Our analyses started in 1995, only
2 years before the 1997 Kidney Disease Outcomes Quality
Initiative practice recommendations for dialysis initiation were
issued, which recommended beginning dialysis when GFR fell
below 10.5mL/min/1.73m2, or below 15mL/min/1.73m2 in
some diabetic patients.[20] In response to these recommendations
and published findings from others,[21] it is quite likely that some
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nephrologists changed practice and based the decision to start
dialysis on these relatively high eGFR cut points. Over
subsequent years, numerous studies have found no evidence
that the trend of rising eGFR at dialysis initiation would, on
average, benefit patients.[3,13,22] Indeed, growing concerns that
dialysis may have been initiated unnecessarily early for some
patients may have contributed to the leveling off in average eGFR
at dialysis initiation since 2008.
To our knowledge, this is the first study to examine the

variation and its temporal trends in eGFR at dialysis initiation in
the US between 1995 and 2012. Our analyses show that the
variation of eGFR at dialysis initiation is substantial, and that
USRDS data only explain a small fraction of the variation. These
findings have been consistent over time between 1995 and 2012.
This indicates that even when all measured factors are identical,
eGFR at dialysis initiation is still substantially variable and can
differ markedly for different patients. Factors not captured by the
USRDS database explained most of the variation. Clinical
intuition readily generates a list of such factors, such as eGFR
trajectory over time, worsening nutrition or frailty, hyper-
kalemia, metabolic acidosis, volume overload, serum potassium,
serum phosphorous, bicarbonate, or blood urea nitrogen, overt
or “soft” uremic signs or symptoms, treatment information such
as diuretic use, other precipitating medical events, patient/
provider preference, or perceived benefits and burden of dialysis.
eGFR has been used as the principle indicator of “timing” of

dialysis initiation in prior studies. Many patient factors and
provider and care characteristics have been linked to eGFR at
initiation.[5,23,24] Although these prior studies focused on
identifying statistically significant determinants of eGFR at
initiation, our study clearly shows that, despite statistical
significance, these factors only explain a very small fraction of
the variation in eGFR and do not predict well eGFR at dialysis
initiation. The remaining substantial variation in eGFR after
adjustment implies many unmeasured factors played substantial
roles in decisions about the timing of dialysis initiation. eGFR
level is one of many considerations about when to initiate
dialysis, and alone it may tell little about the true timing of
dialysis initiation.
Another noteworthy finding is that the majority of the

variation in eGFR occurred at the patient level, rather than
beyond the patient level. This indicates that the mean eGFR at
initiation is relatively similar across different physicians, but the
eGFR of patients treated by the same physician tend to vary
substantially. This suggests that despite possible preferences of
physicians to start at relatively lower or higher eGFR, the decision
to initiate dialysis is largely determined by patient-related factors
not recorded in USRDS data. Based on Canadian data, Sood
et al[28] also found the variation in mean eGFR across facilities
and regions was small (note that Sood et al used “explained
variation” to denote “total variation.”[25] Therefore, special
efforts are needed to collect patient-level factors among chronic
kidney disease patients approaching the need for dialysis, in order
to gain real understanding about determinants of timing of
dialysis initiation.
Nonetheless, the observed between-physician variation in

eGFR at dialysis initiation highlights the influence of physician
preferences. In fact, 9.2% of residual between-provider variation
is not trivial, given that the long list of measured patient-level
factors accounted for only 10.7% of the total variation in eGFR
at dialysis initiation. Residual between-provider variation implies
discretionary variation, that is, treatment decisions that were
influenced by nonpatient-centered factors (such as physician
7

preference and facility size). In turn, this suggests that
individualization of care, that is, initiating dialysis based on
patients’ symptoms andwishes, was compromised to some degree.
Our findings can be generalizable to the incident dialysis

patient population in the US because we used the USRDS ESRD
database, which captures more than 99% of the incident ESRD
patients nationally.[26] However, our study is subject to a few
limitations.
(1)
 eGFR may not accurately estimate true GFR (kidney
function) especially in patients who are frail, old, undernour-
ished, or with very low kidney function.[4,27–29]

Laboratory measurement and reporting of serum creatinine
(2)

changed slightly after 2006; however, it is reassuring that we
did not see a huge shift in observed eGFR over this time
period.[30]

We have 2.5% of patients with acute kidney injury; however,
(3)

analysis results remain similar after exclusion of these
patients.
The physician identified as the attending physician on CMS
(4)

Form 2728 may not have been the physician overseeing the
decision to initiate dialysis. This concern is mostly assuaged
by consistent findings when analyzed at the dialysis facility
level, rather than physician level.
Reporting of comorbid conditions on CMS Form 2728 may
(5)

not be uniformly consistent.
The exclusion of patients due to incomplete information is
(6)

not trivial, and missing data methods on the 18-year dataset
were not computationally feasible. However, we found that
the distributions of eGFR over time with and without
exclusions were similar. Additionally, the results were
consistent with and without the multiple imputations in an
analysis of 4-year data (2006–2009).
In the USRDS database, there may be under-reporting of
(7)

high-risk incident patients in the initial weeks of dialysis due
to very early death.[31]

In conclusion, we found the temporal trends and the majority
of variation in eGFR at dialysis initiation were unexplained by
USRDS data. These findings suggest the need to collect data
prospectively from advanced chronic kidney disease patients
approaching the need for dialysis, rather than rely on data from
patients starting dialysis therapy as with the USRDS dataset, to
gain better understanding of factors that drive decisions about
when to initiate dialysis in the US. Given the potentially dramatic
implications for patients’ quality of life, morbidity, mortality, and
costs, these efforts should be a priority.
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