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Abstract
Background: Predialysis nephrology care is associated with lower mortality and rates of hospitalization following
chronic dialysis initiation. Whether more frequent predialysis nephrology care is associated with other favorable
outcomes for older adults is not known.
Methods: Retrospective cohort study of patients ≥66 years who initiated chronic dialysis in 2000–2001 and were
eligible for VA and/or Medicare-covered services. Nephrology visits in VA and/or Medicare during the 12-month
predialysis period were identified and classified by low intensity (<3 visits), moderate intensity (3–6 visits), and high
intensity (>6 visits). Outcome measures included very low estimated glomerular filtration rate, severe anemia,
use of peritoneal dialysis, and receipt of permanent vascular access at dialysis initiation and death and kidney
transplantation within two years of initiation. Generalized linear models with propensity score weighting were
used to examine the association between nephrology care and outcomes.
Results: Among 58,014 patients, 46 % had none, 22 % had low, 13 % had moderate, and 19 % had high
intensity predialysis nephrology care. Patients with a greater intensity of predialysis nephrology care had more
favorable outcomes (all p < 0.001). In adjusted models, patients with high intensity predialysis nephrology care
were less likely to have severe anemia (RR = 0.70, 99 % CI: 0.65–0.74) and more likely to have permanent
vascular access (RR = 3.60, 99 % CI: 3.42–3.79) at dialysis initiation, and less likely to die within two years of
dialysis initiation (RR = 0.80, 99 % CI: 0.77–0.82).
Conclusion: In a large cohort of older adults treated with chronic dialysis, greater intensity of predialysis
nephrology care was associated with more favorable outcomes.
Keywords: Dialysis, Elderly, Nephrology care

Background
Several studies have demonstrated that absent, infrequent, or late nephrology care prior to dialysis initiation
for patients with end-stage kidney disease (ESKD) is
associated with significantly higher subsequent mortality
and prolonged hospitalizations [1–4]. However, few of
these studies included older patients [5–9], despite their
high burden of ESKD treated with chronic dialysis.
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Compared with adults under the age of 60, incidence
rates of treated ESKD are more than 2-fold higher in
those aged 65–69 years and 3-fold higher in those aged
80–84 years [10].
Among prior studies that included older adults, neither
the frequency of predialysis nephrology care obtained nor
detailed information about a variety of clinical outcomes
was reported [5, 6, 8]. The frequency of predialysis nephrology care visits may be especially important because
decisions and interventions for dialysis planning and preparation often do not occur at a single point in time but
rather as a process that unfolds over time [11, 12]. In a
prior manuscript, we reported that older adults with
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frequent nephrology care (>6 visits) in the year prior to
initiating dialysis had nearly half the hospital days and
significantly lower total healthcare costs during the first
year of chronic dialysis compared with those with less
frequent or absent nephrology care [13].
Similarly, an examination of a broad range of outcomes
beyond mortality is crucial for a proper understanding of
the care for older patients with ESKD because they may
value a range of outcomes beyond survival. Outcomes
such as loss of independence and functional decline are
relatively common after dialysis initiation among high risk
populations of older adults [14, 15]. Moreover, since older
adults have a higher burden of competing comorbid medical conditions, a more unpredictable course of kidney
disease progression, and a higher risk of death than younger patients, it is unclear whether associations between
predialysis nephrology care and more favorable outcomes
hold true in this complex population [11, 16].
The objective of this present analysis was to evaluate
the relationship between predialysis nephrology care and
a range of dialysis-related clinical outcomes among older
adult patients. Specifically, we examined the relationship
between frequency of predialysis nephrology visits and
outcomes at dialysis initiation (e.g., very low kidney function, severe anemia, receipt of peritoneal dialysis, use of
permanent vascular access) and health outcomes after
initiation (e.g., transplantation, mortality) among a large
cohort of older adults with incident ESKD initiating
dialysis.

Methods
Study design and sample

We conducted a retrospective cohort study of dialysisrelated health outcomes at the time of dialysis initiation
and during the two-year period afterwards among older
adults who initiated chronic dialysis between January 1,
2000 and December 31, 2001 from our previously reported cohort [13, 17]. Medicare is the payer of most
chronic dialysis care in the United States, while the
Department of Veterans Affairs (VA) may provide such
care to Veterans. Therefore, we included patients who
were eligible for Medicare and/or VA-covered services
during the 12-month period preceding dialysis initiation
(i.e., predialysis period).
Dialysis initiation was identified using the United
States Renal Data System (USRDS) national ESKD registry linked to Medicare claims and VA administrative
data [18, 19]. To ensure that patients were eligible for
Medicare-covered services throughout the 12-month
predialysis period, we restricted our sample to patients
who were ≥ 66 years old at dialysis initiation. To ensure
adequate capture of healthcare utilization information,
we excluded patients who (1) were enrolled in Medicare
but did not have Medicare as their primary payer during
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this period, (2) were enrolled in Medicare managed care
(i.e., Medicare Advantage) plans, or (3) had no healthcare use in either VA or Medicare during the predialysis
period [7, 13, 17].
Variables
Patient characteristics

We obtained data on patient characteristics (e.g., age,
gender, race, ethnicity, body mass index) from Medicare
enrollment files, the USRDS Patient and Medical Evidence Files, and VA administrative sources [18, 20, 21].
Co-morbidities were determined from diagnostic and
procedure codes in Medicare claims data and national
VA administrative data during the predialysis period
[18, 20, 21]. To categorize socioeconomic status, we
used zip-code-based median household income information from 2000 Census data [22]. To categorize access
to care, we obtained county-level healthcare characteristics from the Area Resource File, including short-term
hospital and physician density, and the urban/rural nature
of a zip code of patient residence at dialysis initiation from
the VA Planning Systems Support Group (PSSG) [23, 24].
Potential geographic variation in the intensity of predialysis care was categorized using census region [22].
The study cohort included Veteran and non-Veteran
patients. Veterans were defined as individuals who used
VA healthcare services, were enrolled in the Veterans
Health Administration, or received pension or compensation from VA [13, 17]. All other study patients were
classified as “non-Veterans”, which may include Veterans
who have not received health care or benefits from
VA [13, 17].
Nephrology care

Episodes of outpatient nephrology care as well as other
utilization (e.g., primary care, hospitalizations) during
the predialysis period were identified using both the
Medicare Carrier files and VA administrative data as
described previously [13, 17]. Nephrology care was
defined as the presence of any of the following during
the predialysis period: nephrology clinic visit (VA), outpatient hypertension clinic visit with a nephrology provider (VA), and nephrology provider visit (Medicare).
Because visits coded as level 1 in Medicare do not
require interaction with a nephrology practitioner, they
were excluded. Participants were categorized into four
mutually exclusive groups by intensity of predialysis
nephrology care: no nephrology care, low intensity (1–3
visits), moderate intensity (4–6 visits) and high intensity predialysis nephrology care (>6 visits) in the year
prior to dialysis initiation [5–7, 13, 17]. We also examined intensity of predialysis nephrology care among the
subgroup referred late to a nephrologist, which was defined as having the first visit to a nephrologist less than
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3 months before dialysis initiation [4, 5, 13, 17, 25–27],
in order to also account for the effect of timing of predialysis nephrology care on outcomes.
Outcomes at dialysis initiation

We assessed the following intermediate clinical outcomes
at the time of dialysis initiation as reported in the USRDS
Medical Evidence file based on current guidelines and/or
definitions from prior clinical studies: 1) whether a patient
had very low estimated glomerular filtration rate (eGFR),
defined as an eGFR ≤5 mL/min/1.73 m2 and 2)
whether a patient had severe anemia, defined as a
hemoglobin level <9 g/dL [28].
We assessed the following process measures at dialysis
initiation: 1) whether a patient had received peritoneal
dialysis within 60 days of dialysis initiation using the
USRDS Treatment History files and VA databases (for
patients receiving dialysis within VA or VA fee basis)
and 2) whether a patient had received permanent vascular access placement for dialysis during the 2 years
before dialysis initiation, based on the presence of at
least one Current Procedural Terminology (CPT) and
International Classification of Disease – 9th Revision
(ICD-9) procedural code using Medicare claims and VA
administrative data. Permanent vascular access was classified as arteriovenous fistula (fistula), arteriovenous
graft (graft), and other (fistula or graft) using CPT and
ICD-9 codes. Because patients intending to receive
peritoneal dialysis do not require permanent vascular
access placement, we excluded patients who received
peritoneal dialysis within 60 days of dialysis initiation from our analyses of permanent vascular access
placement.
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by intensity of predialysis nephrology care, and the
log-rank test was used to determine significant
comparisons.
We used generalized linear models (GLM) with robust
variance estimates to further examine the association of
intensity of predialysis nephrology care with outcomes
(described above) [29, 30]. We used a Poisson distribution with a log link function to calculate risk ratios
(RR), which facilitates interpretation of results since
there is an increasing differential between relative risk
ratios and odds ratios as the incidence of an outcome
increases. In order to account for potential biases from
non-random patient assignment into intensity of predialysis nephrology care group, we used inverse probability weighting with the weights calculated based on
propensity score of patients being placed in each of the
predialysis nephrology care intensity groups [19]. Propensity scores were computed from 3 logistic models
that predicted the probability of membership in 1 of
the 3 groups rather than the no predialysis care group,
adjusting for predialysis patient characteristics (i.e.,
demographics, comorbidities, healthcare system used)
and characteristics of the patient’s geographic location.
The weights were defined as one over the propensity
score for patients in each predialysis intensity group
and one over one minus the propensity score for patients with no predialysis nephrology care [19].
All analyses were conducted using STATA/MP version
14.0 [31]. In order to account for multiple tested outcomes, a p-value < 0.01 was considered significant for
these analyses.

Results
Outcomes following dialysis initiation

Participant characteristics

Outcomes after dialysis initiation included: 1) death
within 2 years of dialysis initiation, which was ascertained from the USRDS Patients’ file [18] and VA Beneficiary Identification Record Locator Subsystem death
file, and 2) kidney transplant within 2 years of dialysis
initiation, which was determined from the USRDS
Patients’ files.

After exclusions, the final analytic cohort comprised
58,014 patients (Additional file 1: Figure S1). Overall,
46 % had no predialysis nephrology care, 22 % had low
intensity care, 13 % had moderate intensity care, and
19 % had high intensity care. With increasing intensity
of predialysis nephrology care, patients were younger
and more likely to be male (p < 0.001) (Table 1). Some
chronic co-morbidities (e.g., myocardial infarction, congestive heart failure) were less common in patients with
greater intensity of predialysis nephrology care, while
others were more common (e.g., diabetes mellitus, hypertension) (p < 0.001). As intensity of predialysis nephrology
care increased, the proportion of patients living in
urban residence increased and the proportion with
median income < $30,000 decreased (p < 0.001). Sensitivity analyses (Additional file 2: Table S1), which collapsed groups into absent or present nephrology care,
confirm that propensity weighting eliminated significant inter-group differences.

Statistical methods

We compared characteristics of all participants and
outcomes by intensity of predialysis nephrology care
using ANOVA or Chi-square tests. Using the same statistical tests, we also compared outcomes across intensity of predialysis nephrology care in the subgroup with
late nephrology care (first nephrology visit <3 months
before dialysis initiation) and after stratification by age
and burden of comorbidity. Additionally, we computed
the number of days from dialysis initiation to death
and used Kaplan-Meier estimates to display survival
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Table 1 Patient characteristics by intensity of predialysis nephrology care
Characteristic

Overall

No visits

Low intensitya

Moderate intensitya

High intensitya

N = 58,014

N = 26,798

N = 12,566

N = 7,690

N = 10,960

P-value

Patient Characteristics
Age (yrs)b

75.7

76.1

75.5

75.2

75.2

<0.001

Female, %

50.1

52.2

50.7

48.0

46.1

<0.001

White

75.2

75.3

75.4

74.9

74.9

African American

20.9

20.7

20.7

21.7

21.1

Other

3.9

4.0

3.9

3.4

4.0

Hispanic Ethnicity, %

9.0

9.2

9.6

8.7

8.3

0.002

Body Mass Index (kg/m2)b

26.0

25.8

25.9

26.4

26.3

<0.001

20.0

20.0

21.3

20.6

18.2

<0.001

Physician Density

2.2

2.3

2.2

2.1

2.2

<0.001

Urban Residence

84.1

84.5

82.5

82.7

85.9

<0.001

23.1

23.6

24.0

23.3

20.7

Race, %

0.16

Geographic Characteristics
Hospital Densityc
d

e

Median Income < $30,000
Region, %

<0.001
<0.001

Northeast

14.5

14.4

14.2

14.4

15.1

Midwest

25.7

28.6

24.5

23.8

21.4

South

38.1

33.5

39.7

41.0

45.2

West

20.3

22.2

20.0

19.1

17.1

4.2

4.1

4.5

4.5

4.0

<0.001

Inpatient Days

12.8

14.8

14.5

9.9

7.7

<0.001

Inpatient Admissionsb

1.5

1.5

1.6

1.3

1.2

<0.001

10.8

13.3

10.7

8.0

6.8

<0.001

Predialysis Healthcare Use
Primary Care Visitsb
b

Predialysis Comorbidities, %
Myocardial Infarction
Congestive Heart Failure

57.6

62.1

59.7

53.0

47.2

<0.001

Cerebrovascular Disease

11.5

12.5

12.4

10.0

9.3

<0.001

Chronic Obstructive Pulmonary Disease

25.9

29.0

26.3

22.6

20.1

<0.001

Diabetes mellitus

52.4

50.6

54.4

55.9

52.2

<0.001

Hypertension

92.8

88.7

95.2

96.9

97.5

<0.001

Peripheral vascular disease

22.0

23.0

23.7

21.3

18.2

<0.001

Veteran, %

12.8

10.1

14.0

16.1

15.6

<0.001

a

Patients were categorized by intensity of predialysis nephrology care: low intensity care (1–3 nephrology visits), moderate intensity care (4–6 nephrology visits),
and high intensity care (>6 nephrology visits)
b
Mean value
c
Number of hospitals per million persons (1990)
d
Number of physicians per thousand persons (1990)
e
1999 data (US dollars)

Dialysis-related outcomes by intensity of predialysis
nephrology care

Patients who received a greater intensity of predialysis
nephrology care had a higher prevalence of permanent
vascular access (both fistula and graft) and a lower prevalence of severe anemia and very low eGFR at the time of
dialysis initiation (Table 2). Similarly, use of peritoneal
dialysis within 60 days of dialysis initiation was more

frequent in patients with greater intensity of predialysis
nephrology care (p < 0.001). The percentage of patients
who died within 2 years of dialysis initiation was 59.7 %
(15,991/26,789), 55.0 % (6,916/12,566), 48.0 % (3,694/
7,690), and 42.7 % (4,689/10,960) among those who
received no, low intensity, moderate, or high intensity
predialysis nephrology care, respectively (p < 0.001). The
percentage of patients who received a kidney transplant
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Table 2 Dialysis-related health outcomes by intensity of predialysis nephrology care
P-value

No visits

Low intensitya

Moderate intensitya

High intensitya

N = 26,798

N = 12,566

N = 7,690

N = 10,960

Very low eGFRc

10.1

7.3

6.9

7.0

<0.001

Severe anemiad

28.5

27.7

24.3

19.4

<0.001

Characteristic
At Dialysis Initiation, %

b

Permanent vascular access

13.7

22.6

38.7

54.1

<0.001

Fistula

7.8

13.6

23.0

33.9

<0.001

Graft

3.7

6.5

13.5

17.7

<0.001

Other (graft or fistula)

2.2

2.6

2.6

3.2

<0.001

4.9

7.3

10.3

11.4

<0.001

Peritoneal Dialysis
At Dialysis Follow-up, %
Mortality at 2 years

59.7

55.0

48.0

42.7

<0.001

Kidney transplant at 2 years

0.4

0.6

1.0

1.5

<0.001

a
Patients were categorized by intensity of predialysis nephrology care: low intensity care (1–3 nephrology visits), moderate intensity care (4–6 nephrology visits),
and high intensity care (>6 nephrology visits)
b
N = No Visits = 25,490; Low Intensity = 11,649; Moderate Intensity = 6,896; High Intensity = 9,708
c
eGFR ≤5 mL/min/1.73 m2
d
Hemoglobin level <9 g/dL

within 2 years of dialysis initiation was 0.4 % (106/26,798),
0.6 % (76/12,566), 1.0 % (75/7,690), and 1.5 % (164/
10,960) among patients who received no, low intensity,
moderate, or high intensity predialysis nephrology care,
respectively, (p < 0.001). Upon analyses stratified by sex
and race, outcomes by intensity of predialysis nephrology
care were not significantly different and consistent across
these subgroups.

Fig. 1 Patient survival by intensity of predialysis nephrology care

Survival was also longer among patients with a greater
intensity of predialysis nephrology care (Fig. 1) (p < 0.001).
Following dialysis initiation, median days of survival were
502, 618, 730, and 730 among patients who received no,
low intensity, moderate, or high intensity nephrology care
in the predialysis period, respectively, (p < 0.001).
Results were similar in subgroup analyses among
patients with late nephrology care (first nephrology
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visit <3 months before dialysis initiation) (Table 3),
among patients ≥ 75 years, among those with three or
more comorbid conditions (e.g., diabetes + hypertension +
cardiovascular disease), and among those with differing
levels of eGFR at dialysis initiation (data not shown).
Association intensity of predialysis nephrology care with
dialysis-related outcomes

Significant independent associations were observed
between intensity of predialysis nephrology care and
dialysis-related outcomes (Table 4). In particular, compared with the referent group (i.e., no predialysis nephrology care), the prevalence of severe anemia at the time of
dialysis initiation was 4 % lower for patients with low
intensity predialysis nephrology care (RR = 0.96, 99 % CI:
0.92 to 1.01), 16 % lower for patients with moderate intensity predialysis nephrology care (RR = 0.84, 99 % CI: 0.79
to 0.90) and 30 % lower for patients with high intensity
predialysis nephrology care (RR = 0.70, 99 % CI: 0.65 to
0.74). The risk of permanent vascular access at dialysis
initiation was 57 % greater with low intensity (RR = 1.57,
99 % CI: 1.48 to 1.67), 161 % greater with moderate intensity (RR = 2.61, 99 % CI: 2.45 to 2.77), and 260 % greater
with high intensity predialysis nephrology care (RR = 3.60,
99 % CI: 3.42 to 3.794). The risk of death within 2 years
after dialysis initiation was 6 % lower among patients with
low intensity (RR = 0.94, 99 % CI: 0.92 to 0.97), 13 % lower
for patients with moderate intensity (RR = 0.87, 99 % CI:
0.84 to 0.91), and 20 % lower for patients with high

Table 3 Dialysis-related health outcomes by intensity of
predialysis nephrology care among patients with late predialysis
nephrology referral
Low
Moderate High
P-value
intensitya intensitya intensitya

Characteristic

N = 6,962 N = 1,093 N = 359
At Dialysis Initiation, %
Very low eGFRc

6.6

4.8

7.5

0.04

Severe anemiad

27.0

23.2

20.1

0.001

b

Permanent vascular access

21.7

39.4

41.3

<0.001

Fistula

12.8

18.8

19.5

<0.001

Graft

6.5

17.7

19.5

<0.001

Other (graft or fistula)

2.4

3.1

2.3

0.46

7.9

11.4

15.6

<0.001

55.1

48.0

45.7

<0.001

0.6

0.3

0.72

Peritoneal Dialysis
At Dialysis Follow-up, %
Mortality at 2 years

Kidney transplant at 2 years 0.6
a

Patients were categorized by intensity of predialysis nephrology care: low
intensity care (1–3 nephrology visits), moderate intensity care (4–6 nephrology
visits), and high intensity care (>6 nephrology visits)
b
N = Low Intensity = 6,409; Moderate Intensity = 968; High Intensity = 303
c
eGFR ≤5 mL/min/1.73 m2
d
Hemoglobin level <9 g/dL

intensity predialysis nephrology care (RR = 0.80, 99 % CI:
0.77 to 0.82).

Discussion
In older adults treated with chronic dialysis, greater
intensity of predialysis nephrology care was associated
with more favorable health parameters and outcomes at
the time of dialysis initiation and for the first two years
following initiation. A greater number of predialysis
visits were independently associated with a lesser likelihood of having a very low eGFR and severe anemia and
a greater risk of permanent vascular access and use of
peritoneal dialysis at dialysis initiation. Moreover, a higher
number of predialysis visits was associated with decreased
risk of death and higher chance of kidney transplantation
during follow up. Results were consistent in subgroup
analyses among very older adults, those with a substantial
burden of comorbidity, and those whose initial visit
occurred <3 months before dialysis initiation.
In contrast to most prior studies of predialysis nephrology care, which focused only on mortality after dialysis initiation, we evaluated outcomes at dialysis initiation
(e.g., placement of permanent vascular access, presence
of severe anemia, use of peritoneal dialysis) in older patients, finding that nearly all were more favorable with
more frequent predialysis nephrology care. These results
raise the question of whether improving the frequency
of predialysis care for older patients with kidney disease
represents an opportunity to improve preparation, treatment of complications, and modality selection for chronic
dialysis. Cohort studies in the United States and Europe
have reported that >50 % of incident older dialysis patients
begin dialysis with a catheter instead of arteriovenous graft
or fistula (i.e., permanent vascular access), and that catheter use is associated with up to a 70 % increase in death
at 1-year among these older dialysis patients [32, 33].
Comparable to our results, Avorn et al. found that more
frequent predialysis nephrology care (≥3 visits) was independently associated with a 1.5 fold increase in permanent
vascular access in a mixed Medicaid and Medicare cohort
[8]. Similarly, many older Medicare recipients initiate
dialysis with a hemoglobin <9 g/dL, despite current
guideline recommendations [34]. Severe anemia, as defined in this study by a hemoglobin < 9 g/dL, has also
been observed to be independently associated with the
additional burden of transfusions [35]. Peritoneal dialysis appears to be underutilized in older adults, despite
the observation that many older patients do not cope
well with in-center hemodialysis [36]. A recent literature review concluded that most older patients have the
requisite physical and cognitive skills to successfully
perform peritoneal dialysis, and have excellent compliance and success with this modality [37]. In addition to
similar survival compared with similar aged individuals
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Table 4 Association of dialysis-related health outcomes with Intensity of predialysis nephrology care
Adjusted relative risk ratio (99 % CI)a

Predialysis nephrology care

Low intensityb

Moderate intensityb

High intensityb

N = 12,566

N = 7,688

N = 10,956

Very low eGFRc

0.72 (0.66 to 0.80)

0.67 (0.59 to 0.77)

0.66 (0.59 to 0.75)

Severe anemiad

0.96 (0.92 to 1.01)

0.84 (0.79 to 0.90)

0.70 (0.65 to 0.74)

At Dialysis Initiation, %

b

Permanent vascular access

1.57 (1.48 to 1.67)

2.61 (2.45 to 2.77)

3.60 (3.42 to 3.79)

Fistula

1.66 (1.52 to 1.80)

2.72 (2.50 to 2.97)

3.85 (3.58 to 4.14)

Graft

1.65 (1.46 to 1.87)

3.20 (2.84 to 3.61)

4.28 (3.83 to 4.77)

Other (graft or fistula)

1.15 (0.96 to 1.38)

1.18 (0.94 to 1.49)

1.60 (1.30 to 1.97)

1.44 (1.29 to 1.60)

2.01 (1.77 to 2.27)

2.12 (1.90 to 2.37)

Mortality at 2 years

0.94 (0.92 to 0.97)

0.87 (0.84 to 0.91)

0.80 (0.77 to 0.82)

Kidney transplant at 2 years

1.41 (0.95 to 2.10)

2.13 (1.39 to 3.27)

2.72 (1.91 to 3.88)

Peritoneal Dialysis
At Dialysis Follow-up, %

a

Weighted by propensity scores derived from logistic regression models including age, sex, race, Hispanic ethnicity, body mass index, hospital and physician
density, urban residence, median income, region, predialysis comorbidities (listed in Table 1), veteran status, and predialysis outpatient care venue. No predialysis
nephrology care visits is the reference group in each of the 3 propensity score models
b
Patients were categorized by intensity of predialysis nephrology care: low intensity care (1–3 nephrology visits), moderate intensity care (4–6 nephrology visits),
and high intensity care (>6 nephrology visits). Patients with no predialysis nephrology care were the reference group
c
eGFR <5 mL/min/1.73m2
d
hemoglobin level <9 g/dL
e
N = Low Intensity = 11,649; Moderate Intensity = 6,894; High Intensity = 9,708

on hemodialysis, older patients treated with peritoneal
dialysis may have better quality of life [37, 38].
We are not aware of prior studies reporting the relationship between frequency of predialysis nephrology and
access to kidney transplantation in older adults. Although
overall rates of kidney transplantation were low, we did
observe higher rates of kidney transplantation in patients
who received more intensive nephrology care. While kidney transplantation is less common in older compared
with younger patients with ESKD, a steady increase in
kidney transplantation in older adults has been observed
during the last decade [39, 40]. Similar to their younger
counterparts, older patients who undergo transplantation
have lower mortality rates and higher quality of life
compared with those receiving chronic dialysis [39, 40].
Our results reporting lower 2-year mortality among older
patients who received more frequent predialysis nephrology care are broadly consistent with prior studies. In three
large cohort studies of older Medicare recipients, infrequent (<5 visits before dialysis initiation) or late (<3 months
of care before dialysis initiation) nephrology care was independently associated with up to a 36 % increase in 1-year
mortality [5, 6, 9]. In a recent examination of secular trends
in timing of nephrology care for older Medicare patients, a
large increase in timely nephrology referral prior to dialysis
was observed, and referral to a nephrologist was associated
with lower mortality. Although there was only a very modest improvement in patient survival over this time period,
more timely referral to a nephrologist appeared to account
for about half of this improvement [9, 41]. In a German

study comparing 1-year mortality in adults with pre-ESKD
who were > =75 years with those <75 years, late nephrology
referral (<8 weeks before starting dialysis) was similarly
associated with an increased risk of mortality in both older
and young adults [32].
We are not advocating broad nephrology referral for
all older patients with severe CKD. Decisions regarding
implementing guideline recommendations and dialysis
preparations for older patients are often particularly
complex and challenging because of the burden of
disability and functional compromise [42–45]. Although
members of this cohort who received more frequent
predialysis nephrology care experienced more favorable
outcomes, it is important to note that our study was
restricted to those who initiated chronic dialysis. Since
many older patients have slow progressive loss of kidney
function and die before progressing to dialysis initiation
[46], predicting prospectively which ones will start chronic
dialysis among large populations of older adults with
severe CKD can be challenging and balancing the risks
and benefits of relevant management strategies (e.g.,
permanent vascular access surgery) may not be straightforward [47]. A recent small study testing clinical vignettes
of older patients with severe CKD among healthcare
providers noted that providers would only refer 50 % of
these patients to a nephrologist [48]. Both physician
specialty (e.g., internist, geriatrician) and patient characteristics such as comorbidity burden, cognitive decline, and
functional impairment were noted to influence referral
decisions [48]. While we did not have data regarding
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important clinical attributes such as frailty and dementia,
we did observe an association of improved dialysis-related
outcomes with predialysis nephrology care even in patients with the highest degree of comorbid disease burden
and advanced age. Clearly, a nuanced patient-centered
approach is needed for decisions regarding nephrology
referral for older adults with severe CKD.
There are limitations to this study. First, selection bias
could impact our findings because predialysis nephrology care was allocated in a nonrandom manner and
some characteristics differed between these groups. Patients with more rapid loss of kidney function might be
both more ill and less likely to see a nephrologist. However, we included a robust number of important covariates that could have potentially confounded our results
and employed a weighted propensity score approach to
minimize this concern [19]. Second, lead time bias could
affect our findings because patients with higher intensity
nephrology care initiated dialysis at higher eGFR values,
and may possibly have less severe disease. However, the
relationship between intensity of predialysis nephrology
care and outcomes was unchanged across strata of eGFR.
Third, although the time period of this study and its data
are from 2000 to 2002 and may not reflect current rates of
nephrology referral for older adults, nephrology referral
guidelines for patients with severe CKD have not changed
since the conduct of this study; therefore, these findings
remain relevant. Fourth, because all participants in this
cohort initiated dialysis, we cannot comment on the
impact of predialysis nephrology care on outcomes in
older patients with severe CKD who did not reach ESKD
because of death or less progressive CKD. Fifth, the lack
of outpatient predialysis nephrology care may reflect the
patient’s preference not to receive nephrology care, the
provider’s preference to not refer certain patients for such
care, or the its substitution for inpatient nephrology care,
which was not captured in our data. Finally, the use of
surgical codes to identify vascular access may not indicate
that the access is actually being used for dialysis and as
such, may overestimate its use. While the USRDS Medical
Evidence File contains data regarding vascular access at
dialysis initiation, it only began including this information
in 2005 and hence this source could not be used for our
cohort.

Conclusions
In conclusion, more frequent predialysis nephrology care
among older patients initiating chronic dialysis was associated with improved control of disease complications,
preparation for dialysis, and patient survival. These findings suggest that in older patients expected to initiate
chronic dialysis, more frequent nephrology care beforehand may translate into more favorable outcomes at the
time of and within two years following dialysis initiation.

Page 8 of 10

Additional files
Additional file 1: Figure S1. Study Sample Selection. Selection of
Study Sample. Description: flow diagram of data used to determine final
analytic study cohort. (DOCX 67 kb)
Additional file 2: Table S1. Sample Characteristics by Propensity
Weighting. Patient Characteristics by Intensity of Predialysis Nephrology
Care: Unweighted and Propensity Score Weighted Samples. Description:
baseline characteristics of the unweighted study sample and propensity
weighted sample. (DOCX 75 kb)
Abbreviations
CI, confidence interval; CKD, chronic kidney disease; CPT, current procedural
terminology; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; Fistula, arteriovenous fistula; GLM, generalized linear models;
Graft, arteriovenous graft; HMO, health maintenance organizations; ICD-9,
international classification of disease – 9th revision; PSSG, planning systems support group; RR, relative risk; USRDS, United States renal data
system; VA, veterans affairs
Acknowledgments
The views expressed in this article are those of the authors and do not
necessarily represent the views of the Department of Veterans Affairs or
Health Services Research and Development Service.
The results presented in this paper have not been published previously in
whole or part, except in abstract form.
Funding
The authors received funding support for this research project from:
Department of Veterans Affairs, Veterans Health Administration, Health
Services Research and Development Service (VA HSR&D IIR 02–244 and IIR
20–016 – K. Stroupe, D. Hynes, M. Browning; VA HSR&D Research Career
Scientist Award – D, Hynes; VA HSR&D Career Development Award – M. Fischer);
NIH K23AG28980 – A. O’Hare. USRDS and Medicare data for this project were
provided by the VA Information Resource Center (VA HSR&D SDR 02–237).
Availability of data and materials
The data for this study are not permitted to be shared. Because the data for
this study included Medicare data, we are not allowed to share these data
based on the data use agreement that we signed to obtain these data.
Authors’ contributions
MJF - made substantial contributions to conception and design, analysis and
interpretation of data; involved in drafting the manuscript or revising it
critically for important intellectual content; gave final approval of version to
be published; agreed to be accountable for all aspects of the work and
appropriate portions of the content. KTS - made substantial contributions to
conception and design, acquisition of data, and analysis and interpretation
of data; involved in drafting the manuscript or revising it critically for
important intellectual content; gave final approval of version to be
published; agreed to be accountable for all aspects of the work and
appropriate portions of the content. JSK - made substantial contributions to
conception and design, analysis and interpretation of data; involved in
revising manuscript critically for important intellectual content; gave final
approval of version to be published; agreed to be accountable for all aspects
of the work and appropriate portions of the content. AMO – made
substantial contributions to conception and design, analysis and
interpretation of data; involved in revising manuscript critically for important
intellectual content; gave final approval of version to be published; agreed
to be accountable for all aspects of the work and appropriate portions of the
content. MMB - made substantial contributions to conception and design,
acquisition of data, and interpretation of data; involved in revising
manuscript critically for important intellectual content; gave final approval of
version to be published; agreed to be accountable for all aspects of the
work and appropriate portions of the content. MWS - made substantial
contributions to conception and design and interpretation of data; involved
in revising manuscript critically for important intellectual content; gave final
approval of version to be published; agreed to be accountable for all aspects
of the work and appropriate portions of the content. ZH - made substantial
contributions to conception and design, acquisition of data, and analysis of

Fischer et al. BMC Nephrology (2016) 17:103

data; involved in revising manuscript critically for important intellectual
content; gave final approval of version to be published; agreed to be
accountable for all aspects of the work and appropriate portions of the
content. DMH - made substantial contributions to conception and design,
acquisition of data, and analysis and interpretation of data; involved in
revising manuscript critically for important intellectual content; gave final
approval of version to be published; agreed to be accountable for all aspects
of the work and appropriate portions of the content.
Competing interests
Dr O’Hare has received royalties for her contributions to the UpToDate
Series, an evidence-based, peer-reviewed information resource, available via
the Web and Mobile Devices. None of the other authors has any financial or
non-financial conflicts of interest to declare.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study protocol was approved with waiver of consent by the Hines VA
Hospital Research & Development Committee and the Hines VA Hospital
Institutional Review Board, and is in accordance with the principles of the
Declaration of Helsinki.
Author details
1
Medicine/Nephrology, Jesse Brown VA Medical Center, University of Illinois
Medical Center, Chicago, IL, USA. 2Center of Innovation for Complex Chronic
Care, Edward Hines, Jr. VA Hospital, Hines, IL, USA. 3Department of Public
Health Sciences, Loyola University Chicago, Maywood, IL, USA. 4VA
Information Resource Center, Edward Hines, Jr. VA Hospital, Hines, IL, USA.
5
Medicine/Nephrology, VA New York Harbor Healthcare System, New York,
NY, USA. 6New York University School of Medicine, New York, NY, USA.
7
Medicine/Nephrology, VA Puget Sound Healthcare System, Seattle, WA,
USA. 8Medicine/Nephrology, Group Health Research Institute, University of
Washington, Seattle, WA, USA. 9Department of Public Health Sciences,
University of Virginia, Charlottesville, VA, USA. 10Medicine/Health Promotion
Research, School of Public Health, University of Illinois at Chicago, Chicago,
IL, USA.
Received: 23 February 2016 Accepted: 22 July 2016

References
1. Chan MR, Dall AT, Fletcher KE, Lu N, Trivedi H. Outcomes in patients with
chronic kidney disease referred late to nephrologists: a meta-analysis. Am J
Med. 2007;120(12):1063–70.e2.
2. Obrador GT, Pereira BJ. Early referral to the nephrologist and timely
initiation of renal replacement therapy: a paradigm shift in the
management of patients with chronic renal failure. Am J Kidney Dis.
1998;31(3):398–417.
3. Lameire N, Wauters J, Teruel J, Van Biesen W, Vanholder R. An update on
the referral pattern of patients with end stage renal disease. Kidney Int
Suppl. 2002;80:27–34.
4. Jungers P. Late referral: Loss of chance for the patient, loss of money for
society. Nephrol Dial Transplant. 2002;17(3):371–5.
5. Avorn J, Bohn RL, Levy E, et al. Nephrologist care and mortality in patients
with chronic renal insufficiency. Arch Int Med. 2002;162(17):2002–06.
6. Khan SS, Xue JL, Kazmi WH, et al. Does predialysis nephrology care
influence patient survival after initiation of dialysis? Kidney Int.
2005;67(3):1038–46.
7. Kausz AT, Guo H, Pereira BJG, Collins AJ, Gilbertson DT. General medical care
among patients with chronic kidney disease: opportunities for improving
outcomes. J Am Soc Nephrol. 2005;16(10):3092–101.
8. Avorn J, Winkelmayer WC, Bohn RL, et al. Delayed nephrologist referral and
inadequate vascular access in patients with advanced chronic kidney failure.
J Clin Epidemiol. 2002;55(7):711–16.
9. Winkelmayer WC, Liu J, Chertow GM, Tamura MK. Predialysis nephrology
care of older patients approaching end-stage renal disease. Arch Intern
Med. 2011;171(15):1371–78.

Page 9 of 10

10. Renal Data System US. USRDS 2009 Annual Data Report: Atlas of End-Stage
Renal Disease in the United States. Bethesda: National Institute of Diabetes
and Digestive and Kidney Diseases; 2010.
11. Schell JO, O’Hare AM. Illness trajectories and their relevance to the care of
adults with kidney disease. Curr Opin Nephrol. 2013;22:316–24.
12. Wong SPY, Vig EK, Taylor JS, Burrows NR, Liu CF, Williams DE, Hebert PL,
O’Hare AM. Timing of initiation of maintenance dialysis. JAMA Intern Med.
2016;176(2):228–35.
13. Stroupe KT, Fischer MJ, Kaufman JS, et al. Predialysis nephrology care and
costs in elderly patients initiating dialysis. Med Care. 2011;49(3):248–56.
14. Tamura MK, Covinsky KE, Chertow GM, Yaffe K, Landefeld CS, McCulloch CE.
Functional status of elderly adults before and after initiation of dialysis.
N Engl J Med. 2009;361(16):1539–47.
15. Jassal SV, Chiu E, Hladunewich M. Loss of independence in patients starting
dialysis at 80 years of age or older. N Engl J Med. 2009;361(16):1612–3.
16. Campbell KH, Dale W, Stankus N, Sachs GA. Older adults and chronic kidney
disease decision making by primary care physicians: a scholarly review and
research agenda. J Gen Intern Med. 2008;23(3):329–36.
17. Fischer M, Stroupe K, Kaufman J, et al. Predialysis nephrology care among
older veterans using Department of Veterans Affairs or Medicare-covered
services. Am J Manag Care. 2010;16(2):e57–66.
18. USRDS Coordinating Center. United States Renal Data System (online).
http://www.usrds.org. Accessed 6 May 2009.
19. Rosenbaum PR, Rubin DB. The central role of the propensity score in
observational studies for causal effects. Biometrika. 1983;70(1):41–55.
20. VIReC. VIReC Research User Guide: Fiscal Year 2014 VHA Medical SAS
Inpatient Datasets. 2nd ed. Hines, IL: US Department of Veterans Affairs
Health Services Research & Development Service, VA Information Resource
Center; 2015.
21. VIReC. VIReC Research User Guide: Fiscal Year 2014 VHA Medical SAS
Outpatient Datasets and Inpatient Encounters Dataset. Hines, IL: US
Department of Veterans Affairs Health Services Research and Development
Service, VA Information Resource Center; 2015.
22. U. S. Census Bureau, 2001. http://www.census.gov/geo/ZCTA/zcta.html.
Accessed 6 May 2009.
23. Quality Resource Systems. Area Resource File, 2002. http://www.arfsys.com/.
Accessed 6 May 2009.
24. Department of Veterans Affairs, Veterans Health Administration, Office of
the Under Secretary for Health for Policy and Planning, Planning System
Support Group. FY2003 Geographic Access to Veterans Health
Administration Services; 2005.
25. Wauters J-P, Lameire N, Davison A, Ritz E. Why patients with progressing
kidney disease are referred late to the nephrologist: on causes and
proposals for improvement. Nephrol Dial Transplant. 2005;20(3):490–6.
26. Navaneethan S, Aloudat S, Singh S. A systematic review of patient and
health system characteristics associated with late referral in chronic kidney
disease. BMC Nephrol. 2008;9:3.
27. Sprangers B, Evenepoel P, Vanrenterghem Y. Late referral of patients with
chronic kidney disease: no time to waste. Mayo Clin Proc. 2006;81(11):1487–94.
28. KDIQO. Clinical Practice Guideline for Anemia in Chronic Kidney Disease.
Kidney Int. 2012;2(suppl):S283–337.
29. Liang KY, Zeger SL. Longitudinal data analysis using general linear models.
Biometrika. 1986;73(1):13–22.
30. Zou G. A modified Poisson regression approach to prospective studies with
binary data. Am J Epidemiol. 2004;159(7):702–6.
31. StataCorp. Stata Statistical Software: Release 14.0. College Station, TX:
StataCorp LP; 2015.
32. Schwenger V, Morath C, Hofmann A, Hoffmann O, Zeier M, Ritz E. Late
referral—A major cause of poor outcome in the very elderly dialysis patient.
Nephrol Dial Tranplant. 2006;21(4):962–67.
33. Xue JL, Dahl D, Ebben JP, Collins AJ. The association of initial hemodialysis
access type with mortality outcomes in elderly Medicare ESRD patients. Am
J Kidney Dis. 2003;42(5):1013–9.
34. Xue JL, St. Peter WL, Ebben JP, Everson SE, Collins AJ. Anemia treatment in
the pre ESRD period and associated mortality in elderly patients. Am J
Kidney Dis. 2002;40(6):1153–61.
35. Lawler EV, Bradbury BD, Fonda JR, Gaziano JM, Gagnon DR. Transfusion
burden among patients with chronic kidney disease and anemia. Clin J Am
Soc Nephrol. 2010;5(4):667–72.
36. Brown EA. Peritoneal dialysis for older people: overcoming the barriers.
Kidney Int Suppl. 2008;108:S68–71.

Fischer et al. BMC Nephrology (2016) 17:103

Page 10 of 10

37. Teitelbaum I. Peritoneal dialysis is appropriate for elderly patients. Contrib
Nephrol. 2006;150:240–6.
38. Yang X, Fang W, Kothari J, Khandelwal, et al. Clinical outcomes of elderly
patients undergoing chronic peritoneal dialysis: experiences from one
center and review of the literature. Int Urol Nephrol. 2007;39(4):1295–302.
39. Huang E, Segev DL, Rabb H. Kidney transplantation in the elderly. Semin
Nephrol. 2009;29(6):621–35.
40. Schaeffner ES, Rose C, Gill JS. Access to kidney transplantation among the
elderly in the United States: a glass half full, not half empty. Clin J Am Soc
Nephrol. 2010;5(11):2109–14.
41. Johansen KL. Is predialysis nephrology care worthwhile? Arch Intern Med.
2011;171(15):1317–18.
42. Patel UD, Young EW, Ojo AO, Hayward RA. CKD progression and mortality
among older patients with diabetes. Am J Kidney Dis. 2005;46(3):406–14.
43. O’Hare AM, Bertenthal D, Covinsky KE, et al. Mortality risk stratification
in chronic kidney disease: one size for all ages? J Am Soc Nephrol.
2006;17(3):846–53.
44. Tinetti ME, Bogardus ST, Agostini JV. Potential pitfalls of disease-specific
guidelines for patients with multiple comorbidities. N Eng J Med.
2004;351(27):2870–4.
45. Boyd CM, Darer J, Boult C, Fried LP, Boult L, Wu AW. Clinical practice
guidelines and quality of care for older patients with multiple comorbid
diseases. JAMA. 2005;294(6):716–24.
46. O’Hare AM, Choi AI, Bertenthal D, et al. Age affects outcomes in chronic
kidney disease. J Am Soc Nephrol. 2007;18(10):2758–65.
47. O’Hare AM, Bertenthal D, Walter LC, et al. When to refer patients with
chronic kidney disease for vascular access surgery: should age be a
consideration? Kidney Int. 2007;71(6):555–61.
48. Campbell KH, Sachs GA, Hemmerich JA, Smith SG, Stankus N, Dale W.
Physician referral decisions for older chronic kidney disease patients: a
pilot study of geriatricians, internists, and nephrologists. J Am Geri Soc.
2010;58(2):392–5.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

