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Abstract

Rationale & Objective: The current clinical guidelines for vascular access do not have specific
recommendations for older hemodialysis patients. Our study aimed to determine the association of
age with arteriovenous fistula (AVF) placement, maturation, and primary and secondary patency
loss among older hemodialysis recipients.

Study Design: Retrospective cohort study.

Setting & Participants: A US national cohort of incident hemodialysis patients 67 years or
older (N = 43,851) assembled from the US Renal Data System.

Exposure: Age at dialysis initiation.
Outcomes: AVF placement, maturation, primary patency loss, and abandonment.

Analytical Approach: Cause-specific and subdistribution proportional hazards models were
used to examine the association of age and AVF outcomes, with kidney transplantation, peritoneal
dialysis, and death treated as competing events. Age cutoff was identified by restricted cubic
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splines. We compared crude and inverse probability—weighted cumulative incidence functions
using Gray’s test.

Results: As compared with those aged 67-<77 years, patients 77 years or older had significantly
lower probabilities of AVF placement (adjusted cause-specific HR [cHR], 0.96 [95% ClI,
0.92-0.99]; adjusted subdistribution HR [sHR], 0.92 [95% ClI, 0.89-0.95]; Gray’s test A< 0.001)
and maturation (adjusted cHR, 0.95 [95% CI, 0.91-0.99]; adjusted sHR, 0.93 [95% CI, 0.90-0.97];
P<0.001). However, age was not associated with AVF primary (adjusted cHR, 1.05 [95% ClI,
1.00-1.11]; adjusted sHR, 1.04 [95% CI, 0.99-1.09]; £ = 0.09) or secondary (adjusted cHR, 1.06
[95% CI, 0.94-1.20]; adjusted sHR, 1.05 [95% Cl, 0.93-1.18]; £=0.4) patency loss.

Limitations: Reliance on administrative claims to ascertain AVF outcomes.

Conclusions: The likelihood of AVF maturation is an important consideration for vascular
access planning. Age alone should not be the basis for excluding older dialysis patients from AVF
creation because maintenance of fistula patency was not reduced with older age despite a modest
reduction in fistula maturation
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Older adults are the fastest growing segment of the prevalent population with end-stage renal
disease (ESRD). In 2016, 47.4% of US patients undergoing hemodialysis therapy were 65
years or older! as compared to 44.7% in 2010.2 Older dialysis recipients present a special
challenge because of their heavy comorbid burdens, limited functional and cognitive ability,
and short life expectancy.34

Current clinical guidelines recommend the arteriovenous fistula (AVF) as the optimal
vascular access for hemodialysis.> This recommendation was based on observational data
that AVFs, when functional, are less prone to infection and are associated with reduced all-
cause mortality as compared with arteriovenous grafts (AVGs) and central venous catheters
(CVCs).57 In older dialysis recipients, matured AVFs achieve longer patency and require
fewer interventional procedures to maintain functionality than AVGs.8 However, in the short
term, AVFs are less likely to mature and need a higher frequency of interventions to achieve
maturation as compared with AVGs.8 This leads to prolonged CVC use, which is related to
substantially elevated rates of infection%10 and increased all-cause mortality.11:12 Older
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patients, especially those who are likely to have short life expectancy and worse AVF
outcomes, face the dilemma of whether they should have an AVF or AVG placed as the
primary vascular access. To date, there is no clear clinical recommendation for AVF
placement using age as a criterion and the clinical decision is left to the individual vascular
surgeon, taking into account the patient’s preference and goals.!3

In general, evidence on the association of age and AVF outcomes is scarce in the literature.
14.15 Definitions of “elderly” in these studies are often inconsistent and the results of AVF
outcomes are conflicting. This study aims to examine the association of age with AVF
outcomes, including AVF placement, maturation, and primary and secondary patency loss in
US older adults undergoing hemodialysis. Precise estimation of the association of age with
AVF outcomes may provide valuable information to update clinical guidelines and assist
individual vascular access planning.

Data Source and Study Population

Our primary data source was derived from the 2010 to 2015 US Renal Data System
(USRDS) standard analytic files. Figure 1 shows the development of 3 study cohorts. Cohort
1, the hemodialysis cohort, included 43,851 incident hemodialysis recipients 67 years and
older who initiated dialysis through a CVC between July 1, 2010, and June 30, 2012. To
ensure that the CVC was the only vascular access present at the start of dialysis therapy,
patients were excluded if they: (1) were using an AVF or AVG or had an AVF or AVG
placed but were awaiting maturation at dialysis initiation, as reported in the Medical
Evidence Form; (2) underwent AVF or AVG surgery in the 2-year period before ESRD, as
assessed using Current Procedural Terminology, 4th edition (CPT-4) procedure codes 36818,
36819, 36820, 36821, and 36825 for AVF and 36800, 36810, and 36830 for AVG.

From the hemodialysis cohort (cohort 1), we further identified 2 subcohorts. Cohort 2, the
AVF-placed cohort, included 14,892 patients who underwent AVF placement within 6
months after dialysis initiation. Cohort 3, the AVF-matured cohort, included 7,528 patients
whose AVFs matured within 6 months after placement.

Study Outcomes

The primary outcomes of this study were AVF placement (cohort 1), AVF maturation
(cohort 2), and AVF primary and secondary patency loss (cohort 3). We identified AVF
placement from the physician/supplier claims and institutional claims files, which record the
exact date of AVF construction, by using the same CPT7-4 codes as listed. Different from
AVF placement, AVF maturation and patency loss were ascertained by month. AVF
maturation was determined by using the first vascular access modifier code V7 reported
from the institutional details claims file or the first AVF used with 2 needles reported from
the CROWNWeb clinical file. We defined AVF primary patency loss as the first revision
procedure after maturation. Codes used to identify intervention procedures are listed in
Table S1. We defined AVF secondary patency loss (abandonment) as 6 consecutive months
of CVC use or a new vascular access placement.
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The secondary outcome of this study was AVF assisted maturation, which was defined as the
performance of any percutaneous or surgical interventions before AVF maturation among
patients who achieved AVF maturation within 2 years from AVF placement in cohort 2
(Table S1). Cohort 1 started at dialysis initiation and was followed up for 3 years. Cohort 2
started at AVF placement and was followed up for 2 years. Cohort 3 started at AVF
maturation and was followed up for 2 years.

Competing Events

A competing event in this study was defined as kidney transplant, peritoneal dialysis
transfer, or death, whichever occurred first in the follow-up period. Competing events were
determined by using the transplant file, dialysis institutional claims file, and death file,
respectively.

Covariates of Interest

Age at dialysis initiation was the study exposure. We extracted patient demographics,
residential region, body mass index, functional status, laboratory values, primary cause of
kidney failure, and predialysis nephrology care from the Medical Evidence Form. In
addition, 2-year pre-ESRD claims files were used to identify major comorbid conditions. A
comorbid score was calculated based on these conditions.18 ESRD Network number, facility
profit status, and hospital association were ascertained from the facility file and merged to
patient-level data by using facility provider identification number.

Statistical Analysis

We presented summary statistics as frequency and percentage for categorical data and mean
+ standard deviation for continuous variables by patient age at dialysis initiation. In each
cohort, we classified patients into 3 mutually exclusive groups according to whether they
experienced the outcome of interest (AVF placement, maturation, primary patency loss, and
abandonment) or a competing event: (1) patient experienced the outcome of interest, (2)
patient had a competing event, and (3) patient did not experience the outcome of interest or a
competing event.

To properly categorize the continuous age into groups, we tested the assumption of a linear
relationship between age and log cause-specific hazard ratios (cHRs) of AVF outcomes by
using restricted cubic spline function.1”:18 Any breakpoint in linearity or change in the slope
of cubic splines was viewed as a change in the association of age with AVF outcomes. We
tested different knot numbers and locations and selected spline functions with 3 knots at the
10th, 50th, and 90th percentiles. When evidence of a nonlinear relationship was found, we
identified the break points and used them to categorize age. We used the cause-specific and
subdistribution proportional hazards models to explore the possible association between age
group and AVF outcomes. We reported cHRs and subdistribution HRs (sHRs) for both the
AVF outcomes and competing events, as recommended.1® The cHR assesses whether the
rate at any point in time is higher (lower) among the older versus younger group, whereas
the sHR identifies whether the cumulative risk is higher (lower) among the older versus
younger group.
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The proportional hazards assumption was checked by examining age and time interaction
and plotting log of negative log of estimated survival function versus log of time for each
AVF outcome.20 When the proportional hazards assumption is satisfied, the graph should
show parallel lines and the statistical test of age and time interaction should be insignificant.
When nonproportionality is present, we calculated time-varying HRs. To avoid any violation
of proportional hazards assumption, we also generated the nonparametric inverse
probability-weighted cumulative incidence function curves?! and implemented Gray’s test??
for equivalence of cumulative incidence function to compare weighted cumulative incidence
by age groups. Inverse probability weights are the inverse of propensity scores, which are
the estimated probabilities of treatment assignment conditioned on covariates. We used
logistic regression to examine the association of age and 2-year assisted maturation under
the assumption that patients who experienced competing events did not have assisted
maturation.

Statistical analyses were performed using SAS (version 9.4; SAS Institute). All statistical
tests were 2 sided, and P < 0.05 was considered statistically significant. Institutional Review
Board approval for an exempt review was obtained from Bloomberg School of Public Health
at Johns Hopkins University. Informed consent was not required because this is a secondary
data analysis and has minimal risk to participants. We used the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines to improve the reporting of
our observational research study.

Age Categorization

Figure S1 indicated that the log HRs of AVF placement was not linear (£ < 0.0001) but the
log HRs of AVF maturation and primary and secondary patency loss were linear. We had
tested restricted cubic splines with 3, 4, and 5 knots with locations automatically selected
from the percentiles of age distribution.23 Age 76 or 77 years corresponded to a break point
in the splines of log HR. HRs of AVF placement at 67-<77 years were homogeneous but
decreased rapidly with age older than 77 years. Accordingly, we chose age of 77 years as a
convenient cutoff value to classify patients into 2 groups.

Baseline Characteristics

Table 1 lists patient demographics, comorbid conditions, functional status, laboratory values,
and care patterns by 2 categories of age at dialysis initiation. Patients 67-<77 years old were
more likely to be male (53.1% vs 51.8%) and black (23.2% vs 16.7%) as compared with
those 77 years or older. Not surprisingly, patients 77 years or older carried higher comorbid
burdens and had worse functional status as compared with those aged 67-<77 years.
Nutrition status (hemoglobin and serum albumin values) and practice patterns were similar
between the 2 age groups.

Age and AVF Placement

Of 43,851 patients who initiated dialysis with a CVC in the hemodialysis cohort (cohort 1),
the 3-year cumulative incidence was 394 per 1,000 patients for AVF placement and 408 per
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1,000 patients for competing events (Table 2). Compared with patients aged 67-<77 years,
those 77 years or older had a significantly lower probability to have an AVF placed
(unadjusted cHR, 0.93 [95% CI, 0.90-0.96]; adjusted cHR, 0.96 [95% CI, 0.92-0.99];
unadjusted sHR, 0.86 [95% ClI, 0.84-0.89]; adjusted sHR, 0.92 [95% ClI, 0.89-0.95]) but
higher probability of experiencing a competing event (unadjusted cHR, 1.36 [95% CI,
1.32-1.40]; adjusted cHR, 1.19 [95% Cl, 1.15-1.24]; unadjusted sHR, 1.36 [95% ClI,
1.32-1.40]; adjusted sHR, 1.20 [95% ClI, 1.16-1.25]; Table 3). The HR was not constant over
time (P = 0.01 and P < 0.001 for time and age interactions in cause-specific and
subdistribution models, respectively).

Time-varying HRs are presented in Table 4, which shows that cHRs and sSHRs among those
77 years or older compared with patients aged 67-<77 years were initially higher but
decreased quickly afterward. Results of Gray’s test for the equality of weighted cumulative
incidence function also confirmed that age was statistically significantly associated with
AVF placement (P < 0.001; Fig 2).

Age and AVF Maturation

In the AVF-placed cohort (cohort 2), the 2-year cumulative incidence was 689 per 1,000
patients for AVF maturation and 203 per 1,000 patients for competing events (Table 2).
Proportional hazards regressions showed that AVFs placed in patients 77 years or older were
less likely to mature as compared with those in patients 67-<77 years old (unadjusted cHR,
0.95 [95% CI, 0.91-0.99]; adjusted cHR, 0.95 [95% ClI, 0.91-0.99]; unadjusted sHR, 0.91
[95% CI, 0.87-0.94]; adjusted sHR, 0.93 [95% CI, 0.90-0.97]; Table 3). They were more
likely to have a competing event (unadjusted cHR, 1.33 [95% ClI, 1.24-1.43]; adjusted cHR,
1.17 [95% Cl, 1.08-1.26]; unadjusted sHR, 1.35 [95% CI, 1.25-1.45]; adjusted sHR, 1.19
[95% CI, 1.10-1.28]; Table 3).

The proportional hazards assumption was violated when comparing AVF maturation (P <
0.001 for both models). Time-varying cHRs and sHRs suggest that maturation was initially
more likely to occur among patients 77 years or older as compared with those 67-<77 years
old, but then less likely to mature (Table 4). Gray’s test also demonstrated that the
association of age and AVF maturation was statistically significant (P < 0.001; Fig 2).
Among 10,260 patients who achieved AVF maturation, 55.0% had assisted maturation. As
compared with patients aged 67-<77 years, those aged 77 years or older were more likely to
have an assisted maturation (unadjusted odds ratio [OR], 1.23 [95% ClI, 1.15-1.31]; adjusted
OR, 1.12 [95% ClI, 1.05-1.21]; Table S2).

Age and AVF Primary Patency Loss

Among 7,528 patients in the AVF-matured cohort (cohort 3), the 2-year cumulative
incidence was 752 per 1,000 patients for AVF primary patency loss and 139 per 1,000
patients for competing events (Table 2). The proportional hazards assumption was not
rejected in both models (P = 0.2 and P = 0.9). Both cause-specific and subdistribution
hazards analyses showed that age was not associated with AVF primary patency loss
(unadjusted cHR, 1.05 [95% ClI, 1.00-1.11]; adjusted cHR, 1.05 [95% ClI, 1.00-1.11];
unadjusted sHR, 1.03 [95% ClI, 0.98-1.08]; adjusted sHR, 1.04 [95% CI, 0.99-1.09]; Table
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3). Gray'’s test also revealed that the difference in AVF primary patency loss was not
statistically significant by age groups (P = 0.09; Fig 2). The probability of experiencing a
competing event was not significantly different in patients 77 years or older compared with
those aged 67-<77 years (unadjusted cHR, 1.44 [95% ClI, 1.25-1.65]; adjusted cHR, 1.12
[95% CI, 0.99-1.27]; unadjusted sHR, 1.09 [95% CI, 0.97-1.23]; adjusted sHR, 1.04 [95%
Cl, 0.92-1.18]; Table 3).

Age and AVF Abandonment

Overall, the 2-year cumulative incidence was 158 per 1,000 patients for AVF abandonment
and 345 per 1,000 patients for competing events in the AVF-matured cohort (cohort 3; Table
2). The proportional hazards assumption was not rejected in both models (P = 0.7 and P =
0.8). Age was not associated with increased risk for AVF abandonment (unadjusted cHR,
1.09 [95% CI, 0.97-1.22]; adjusted cHR, 1.06 [95% CI, 0.94-1.20]; unadjusted sHR, 1.05
[95% CI, 0.94-1.18]; adjusted sHR, 1.05 [95% CI, 0.93-1.18]; P = 0.4) but patients 77 years
or older had a higher likelihood of experiencing a competing event (unadjusted cHR, 1.31
[95% CI, 1.21-1.41]; adjusted cHR, 1.19 [95% CI, 1.10-1.29]; unadjusted sHR, 1.29 [95%
Cl, 1.19-1.39]; adjusted sHR, 1.18 [95% ClI, 1.09-1.28]) as compared with those 67-<77
years old (Table 3; Fig 2).

Discussion

By using a national prospective cohort of older hemodialysis patients, we examined the
association of age with AVF placement, maturation, primary patency loss, and abandonment,
accounting for the competing events of death, kidney transplant, and peritoneal dialysis
transfer. Among the US older adults who initiated dialysis with a CVC, patients 77 years or
older had a significantly lower probability of getting an AVF placed in 3 years after dialysis
initiation and matured in 2 years after placement compared with those aged 67-<77 years.
However, in the subcohort of patients with a matured AVF, primary and secondary AVF
patency loss was not statistically different by age group (=77 vs 67-<77 years) in 2 years
after maturation.

These results are consistent with 2 national studies of the association of age with AVF
placement and maturation among older adults initiating dialysis.24:25 Lilly et al24 showed
that among the US patients who initiated hemodialysis between 2005 and 2009, those 85
years and older had lower odds of AVF maturation as compared with patients aged 65-<85
years at their first dialysis session. Similarly, Harford et al? reported that the odds of AVF
maturation was significantly lower in the 80-year-and-older group compared with those aged
67-<80 years at dialysis initiation between 2005 and 2010. The association of age with AVF
maturation persisted in these 2 studies after adjusting for patient demographics, comorbid
conditions, insurance status, prior nephrologist care patterns, body mass index, or functional
status. However, these 2 studies estimated the rate of AVF maturation in a crosssectional
design without considering whether these patients had an AVF placed. Our study instead
implemented a retrospective design and considered change in risk set due to competing
events so that we obtained a better estimation of the impact of age on AVF placement and
maturation.
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Our findings of similar rates in AVF patency loss concur with the conclusions drawn from 3
retrospective single-center studies that older age did not increase the risk for AVF patency
l0ss.26-28 In a single-center study of 335 patients, Swindlehurst et al?6 reported that 25-
month AVF primary and secondary patency rates were not significantly different between
adult patients 65 years or older and those younger than 65 years. Another study by Weale et
al?’ also indicated that age group (<65, 65-79, and >80 years) was not associated with 1- and
2-year primary and secondary patency among 658 adult patients. Similar to our study, these
2 studies included both radiocephalic (wrist or forearm) and brachiocephalic (upper-arm)
AVFs. Nonetheless, patients in these 2 studies were enrolled after ultrasound vessel
screening so they were more likely to have homogeneous vein parameters regardless of age.
In the third study of 444 incident AVF patients by Lok et al 28 preoperative vein mapping
was not necessarily performed. Their study also demonstrated that 1- and 5-year AVF
secondary patency was not significantly different between patients 65 years and older and
younger than 65 years.28 Our study adds to the evidence by extending the findings from
these single-center studies to a national cohort of patients.

Our study revealed that patients 77 years and older had a lower probability of AVF
placement and maturation and higher probability of assisted maturation as compared with
those aged 67-<77 years after controlling for patient demographics, comorbid conditions,
functional status, and facility practice patterns. Notably, although a greater number of
patients in the 77-year-or-older group were removed from the risk set due to competing
events, the resulting cumulative incidences of AVF placement and maturation were still
lower than those in the group aged 67-<77 years. This indicated that nephrologists or access
surgeons were conservative with referring patients in this age group to AVF placement and
the lower likelihood of AVF maturation although patients in the group 77 years or older have
comparable comorbid profiles and functional status as their younger counterparts. Our study
showed that these patients are more likely to experience a competing event than have an
AVF placed or matured.

Our study also demonstrated that when matured, AVFs placed in those 77 years or older
attained similar primary and secondary patency as compared with those aged 67-<77 years
after accounting for competing events. AVF maturation could be viewed as the barrier
between the initial step of AVF placement and achieving the goal of patency attainment.
However, older hemodialysis patients should not be excluded for AVF placement based on
their age alone. Although the cumulative incidence function was statistically lower in
patients 77 years or older, the absolute difference in maturation rate per patient-year in those
who received an AVF was 0.07 per patient-year difference in risk. A proper selection of
patients for AVF placement using an individualized vascular access plan with consideration
of the patient’s preference, likelihood of AVF maturation, frailty, clinical situation, and other
factors may lead to better AVF outcomes.29-31

Our study has several strengths. Competing risk is a crucial consideration in studies of older
adults undergoing dialysis because of high mortality and a frequent switch in therapy.
Methods that fail to account for the presence of these competing risks, such as standard
survival analysis, can overestimate the probability of AVF outcomes.32 In this study, we used
the cumulative incidence estimate and competing risks regression to determine the
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association of age and AVF outcomes. Compared to the method using traditional survival
analysis, our study provided precise estimations of the association of age with AVF
outcomes and presented a full picture to better describe data and interpret results. In the
presence of nonproportional hazards, we evaluated the association of AVF placement and
maturation with age by using time-varying HRs. Moreover, the cutoff values of age were
often arbitrarily selected in previous studies so that the association of age with AVF
outcomes was forced to be homogeneous within each category. Our study instead chose the
cutoff point of 77 years to categorize age based on the change in slope of the log HR
function.

However, several limitations should be noted. First, we relied on AVF procedure codes to
ascertain AVF outcomes. These codes were submitted by dialysis facilities for billing
purposes and thus likely to be subject to misclassification and selection bias. However, they
are identified by clinical experts in the field of vascular access33 and have been widely used.
8.34.35 second, USRDS data do not capture AVF location, blood vessel parameter, or surgeon
technique and experience. Unmeasured confounding likely exists. Third, our analytic
cohorts were not randomly selected. Those who initiate dialysis, undergo AVF placement,
and achieve AVF maturation may be substantially different from those who do not based on
demographics, severity of comorbid conditions, blood vessel configuration, and life
expectancy.

In conclusion, our retrospective analysis of a national cohort encompassing older adults who
initiated dialysis with a CVVC shows that increased age is associated with reduced
probabilities of AVF placement and maturation but not AVF primary or secondary patency
loss. This highlights the importance of individualized vascular access planning focusing on
the likelihood of AVF maturation. The chance of AVF maturation estimated based on
patients’ demographics, blood vessel configuration, comorbid conditions, functional status,
and life expectancy may inform the optimal vascular access for older hemodialysis patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PLAIN-LANGUAGE SUMMARY

The role of age in making clinical recommendations for arteriovenous fistula placement
is unclear. We assessed the association of age with arteriovenous fistula placement,
maturation, and primary and secondary patency loss in a national retrospective cohort of
older hemodialysis patients. We found that increasing age was significantly associated
with a lower probability of fistula placement and maturation. However, in patients with a
matured fistula, primary and secondary patency loss did not differ across age groups. The
likelihood of fistula maturation is an important consideration for vascular access planning
in the elderly. Older patients should not be excluded for fistula placement simply because
of their age, and the decision to place a fistula should be based on an individualized
approach.

Am J Kidney Dis. Author manuscript; available in PMC 2021 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Qian et al.

Page 13

201,309 initiated HD 2-year period

v

92,104 were 267 years old

v

57,137 used CVC only without a maturing AVF/AVG

v

46,764 had at least 1 inpatient/outpatient Medicare
claim in 2 years prior to HD initiation

v

Cohort 1: 43,851 had no previous AVF/AVG surgeries
using 2 years of pre-ESRD claims

v

Cohort 2: 14,892 had AVF placement within 6 months
of HD initiation

v

Cohort 3: 7,528 matured in 6 months

Figure 1.
Development of 3 study cohorts. Abbreviations: AVF, arteriovenous fistula; AVG,

arteriovenous graft; CVC, central venous catheter; ESRD, end-stage renal disease; HD,
hemodialysis.
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Figure 2.

Weighted cumulative incidence functions (CIFs) of arteriovenous fistula (AVF) outcomes
and competing events by age group in older hemodialysis patients. P values were obtained
using Gray's test for equality of the weighted CIF. AVF outcomes included (A) AVF
placement in 3 years after dialysis initiation, (B) AVF maturation in 2 years after placement,
(C) AVF primary patency loss in 2 years after maturation, and (D) AVF abandonment in 2
years after maturation.
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Patient Characteristics by Age Group in Older Patients Initiating Dialysis With a Catheter

Table 1.

Age at Dialysis Initiation

67-<77y 277y
(n=21722) (n=22,219)
Demographics
Male sex 11,526 (53.1%) 11,464 (51.8%)
Race
White 15,660 (72.1%) 17,407 (78.7%)
Black 5,042 (23.2%) 3,705 (16.7%)
Other/unknown 1,020 (4.7%) 1,017 (4.6%)
Region
Northeast 3,425 (15.8%) 4,356 (19.7%)
Midwest 5,344 (24.7%) 5,673 (25.6%)
South 8,864 (40.8%) 7,936 (35.9%)
West 3,038 (18.1%) 4,041 (18.3%)
Comorbid Conditions
Comorbid score 8.8+4.6 95+45
Primary cause of kidney failure
Hypertension/large-vessel disease 6,191 (28.5%) 9,263 (41.9%)
Diabetes 9,917 (45.7%) 7,107 (32.1%)
Glomerulonephritis 656 (3.0%) 695 (3.1%)
Other 4,958 (22.8%) 5,064 (22.9%)
Diabetes 15,452 (71.1%) 13,194 (59.6%)
Hypertension 15,824 (72.9%) 16,740 (75.7%)
Coronary artery disease 13,259 (61.0%) 14,580 (65.9%)
Myocardial infarction 5,531 (25.5%) 5,816 (26.3%)
Atherosclerosis 12,731 (58.6%) 14,019 (63.4%)
Coronary revascularization 1,386 (6.4%) 1,190 (5.4%)
Congestive heart failure 14,476 (66.6%) 16,143 (73.0%)
Peripheral vascular disease 11,023 (50.8%) 12,029 (54.4%)
Cerebrovascular disease 6,544 (30.1%) 7,050 (31.9%)
Stroke 2,880 (13.3%) 2,985 (13.5%)
Chronic obstructive pulmonary disease 8,257 (38.1%) 8,565 (38.7%)
Cancer 4,165 (19.2%) 4,786 (21.6%)
Depression 3,984 (18.3%) 3,649 (16.5%)
Dementia 1,230 (5.7%) 2,397 (10.8%)
Functional Status
Amputation 448 (2.1%) 225 (1.0%)
Inability to ambulate 2,515 (11.6%) 3,063 (13.8%)
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Age at Dialysis Initiation

67-<77y 277y
(n=21,722) (n=22219)
Inability to transfer 1,488 (6.9%) 1,854 (8.4%)

Needs assistance with daily activities 4,122 (19.0%) 5,447 (24.6%)

Institutionalized 3,191 (14.7%) 4,612 (20.8%)

Laboratory Values

Body mass index, kg/m? 29.4+78 27.0+ 6.6
Hemoglobin, g/dL 9.6 [8.7-10.6] 9.7 [8.8-10.6]
Serum albumin, g/dL 3.0[2.6-3.5] 3.1[2.6-3.5]
eGFR, mL/min/1.73 m? 1324538 139+57

Care Patterns

Nephrology care

None or <6 mo 14,463 (66.6%) 14,661 (66.3%)

6-12 mo 3,204 (14.8%) 3,151 (14.3%)

12 mo 4,055 (18.7%) 4,317 (19.5%)
Facility type

Hospital-based 1,956 (9.0%) 2,089 (9.5%)

Freestanding 19,716 (91.0%) 19,985 (90.5%)
Profit status

For-profit 18,143 (83.7%) 18,287 (82.8%)

Nonprofit 3,348 (15.5%) 3,565 (16.2%)

Unknown 181 (0.8%) 222 (1.0%)

Note: Values for categorical variables given as count (percentage); for continuous variables, as mean + standard deviation or median [interquartile
range].

Abbreviation: eGFR, estimated glomerular filtration rate.
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