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Nephrologist Caseload and Hemodialysis Patient
Survival in an Urban Cohort

Kevin T. Harley,* Elani Streja,*† Connie M. Rhee,*‡ Miklos Z. Molnar,*§| Csaba P. Kovesdy,**††

Alpesh N. Amin,‡‡ and Kamyar Kalantar-Zadeh*†‡‡

*Harold Simmons Center for Kidney Disease Research and Epidemiology, Division of Nephrology and Hypertension,
University of California Irvine Medical Center, Orange, California; †Harold Simmons Center, LABioMed at Harbor-
UCLA, Torrance, California; ‡Division of Nephrology, Brigham and Women’s Hospital, Boston, Massachusetts;
§Institute of Pathophysiology, Semmelweis University, Budapest, Hungary; |Department of Medicine, Division of
Nephrology, University Health Network, University of Toronto, Toronto, Ontario, Canada; **Division of Nephrology,
Memphis Veterans Affairs Medical Center, Memphis, Tennessee; ††Division of Nephrology, University of Tennessee
Health Science Center, Memphis, Tennessee; and ‡‡Department of Medicine, University of California Irvine School of
Medicine, Irvine, California

ABSTRACT
Physician caseloadmay be a predictor of patient outcomes associatedwith variousmedical conditions and
procedures, but the association betweenpatient-physician ratio andmortality amongpatients undergoing
hemodialysis has not been determined. We examined whether a higher patient-nephrologist ratio affects
patient mortality risk using de-identified data from DaVita dialysis clinics and the U.S. Renal Data System.
A total of 41 nephrologistswith a caseloadof 50–200 hemodialysis patients froman urbanCalifornia region
were retrospectively ranked according to their hemodialysis patient mortality rate during a 6-year period
between 2001 and 2007. We calculated all-cause mortality hazard ratios for each nephrologist and com-
pared patient- and provider-level characteristics between the 10 nephrologists with the highest patient
mortality rates and the 10 nephrologists with the lowest patient mortality rates. Nephrologists with the
lowest patientmortality rates had significantly lower patient caseloads than nephrologists with the highest
mortality rates (median [interquartile range], 65 [55–76] versus 103 [78–144] patients per nephrologist,
respectively; P,0.001). Additionally, patients treated by nephrologists with the lowest patient mortality
rates received higher dialysis doses, had longer sessions, and received more kidney transplants. In de-
mographic characteristic–adjusted analyses, each 50-patient increase in caseload was associated with a
2% increase in patient mortality risk (hazard ratio, 1.02; 95% confidence interval, 1.00 to 1.04; P,0.001).
Hence, these results suggest that nephrologist caseload influences hemodialysis patient outcomes, and
future research should focus on identifying the factors underlying this association.

J Am Soc Nephrol 24: 1678–1687, 2013. doi: 10.1681/ASN.2013020123

Currently more than 400,000 patients are receiving
long-term hemodialysis (HD) therapy for ESRD in
the United States. Despite advancements in tech-
nology, patients with ESRD experience a seven-fold
higher risk of death compared with the general
population.1 To reduce the high burden of morbid-
ity andmortality among dialysis patients,2,3 clinical
practice guidelines, such as the National Kidney
Foundation’s Kidney Disease Outcome Quality Ini-
tiative, have established targets for dialysis pre-
scription and kidney disease complications (e.g.,
anemia, mineral bone disease, and malnutrition).4

In the past decade, several studies have sought to
identify determinants of HD patient morbidity
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and mortality at the patient level (such as case mix and socio-
economic factors) and at the facility level (such as urban versus
rural dialysis center and remote distance fromdialysis center5–7).

In addition to patient and facility-level characteristics, there
has been increasing examinationof provider-level factors, such
as physician caseload (patient-to-physician ratio), as predictors
of mortality among various conditions and procedures.8–19

Physician caseload has been inversely associated with risk of
adverse outcomes for both surgical procedures12 and medical
conditions (e.g., AIDS,13 sepsis,9 and myocardial infarction8).
However, for some complex medical conditions (such as di-
abetes18 and pneumonia16), high physician caseload has been
associated with reduced adherence to clinical practice guide-
lines and process measures, but not worse outcomes per se.

Patients with ESRD are a unique population with a high
burden of complex comorbid conditions who are routinely
subjected to specialized procedures. In this regard, there may
be a differential association between provider caseload and
outcomes in this population. In one study, highHDpatient-to-
nurse ratios were associated with an increased likelihood of
patient dissatisfaction, reduced adherence to dialysis (i.e.,
skipped and/or shortened treatments), and increased intra-
dialytic hypotension.20 However, to our knowledge no studies
have examined the association between patient-to-physician
ratio and HD patient mortality. To better inform the field, we
examined the association between nephrologist caseload and
HDpatient all-causemortality within a large for-profit dialysis
provider in a densely populated urban region in California
during a 6-year period. We hypothesized that patients receiv-
ing care from nephrologists with higher caseloads had incre-
mentally greater mortality than those receiving care from
lower-caseload nephrologists.

RESULTS

Cohort Description
The national database of all DaVita dialysis patients included
164,789 patients during the 6-year period from July 1, 2001,
through June 30, 2007. From this cohort, we excluded patients
who did not have information in the base quarter, resided
outside of Los Angeles County (as determined by a non-
“90xxx” ZIP code), were,18 years of age, received treatment
from a nephrologist with a discrepancy in patient assignment
and outcomes, were receiving a non-HD modality (i.e., peri-
toneal dialysis), or had missing cohort time. Table 1 shows
patient characteristics and HD treatment data for the Los
Angeles County HD patient population irrespective of ne-
phrologist caseload (n=7600) and broken down in caseload
increments of 50.We then excluded patients who received care
from nephrologists with caseload of ,50 or .200 HD. The
final cohort consisted of 4073HDpatients under the care of 41
Los Angeles County nephrologists. Table 2 presents further
analysis of patient characteristics of the 10 nephrologists
with the lowest hazard ratios (HRs) (n=820) and the highest

HRs (n=1051). Figure 1 shows the death hazard ratios of the
41 nephrologists included in Table 2.

During the follow-up period, a greater proportion of deaths
and a lower proportion of kidney transplantations occurred
among patients receiving treatment from nephrologists asso-
ciatedwith thehighestmortality risk than thosewith the lowest
mortality risk. Compared with patients cared for by nephrol-
ogists with the highest mortality risk, those cared for by
nephrologists with the lowest mortality risk tended to have a
lower prevalence of Hispanic race/ethnicity, diabetes, heart
failure, hypertension, and private insurance as their primary
insurer and ahigher prevalence ofAfrican-American andwhite
race/ethnicity, arteriovenous fistulas, and Medicaid as their
primary insurer. Additionally, patients cared for by nephrol-
ogists with the lowest mortality risk had, on average, longer
dialysis session lengths, higher delivered dialysis doses, and
some but not all laboratory measures consistent with less
inflammation (lower white blood cell count) and greater
protein intake (increased normalized protein catabolic rate).

Nephrologist Caseload and Mortality
In survival analyses, nephrologists with the highest patient
mortalityHRs had a significantly larger caseload than nephrol-
ogists with the lowest patient mortality HRs (median [inter-
quartile range], 103 [78, 144] versus 65 [55, 76] patients/
nephrologists, respectively; P,0.001). In case mix–adjusted
analyses, patients receiving care from higher-caseload neph-
rologists had greater mortality, such that for every increase in
caseload of 50 patients/nephrologist, there was a 2% higher
mortality risk (HR, 1.02; 95% confidence interval, 1.00 to
1.04; P,0.001). When nephrologist caseload was examined
as a restricted cubic spline function, excluding two outlier
physicians, each with .250 patients, there appeared to be a
monotic increase in mortality risk from 50 patients up to a
peak of 140 patients, after which risk plateaued (Figure 2).

DISCUSSION

To our knowledge, this is the first study to evaluate the
relationship between individual nephrologists, nephrologist
caseload, and HD patient mortality risk. In this study, we
examined a contemporary cohort of 7600 patients undergoing
maintenanceHD treated in a largeUnited States–based dialysis
organization during a period of 6 years. We found that among
Los Angeles County nephrologists caring for 50–200 patients,
nephrologists with lower patient mortality HRs had a signif-
icantly smaller caseload than those with higher patient mor-
tality HRs. Additionally, nephrologists with lower patient
mortality HRs tended to have more favorable case-mix and
delivered-dialysis characteristics (e.g., longer dialysis session
lengths and greater dialysis doses). After accounting for differ-
ences in case mix, we found that patients receiving care from
higher-caseload nephrologists had greater mortality than
those receiving care from lower-caseload nephrologists and
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Table 1. Baseline demographic, clinical, and biochemical characteristics of all HD patients within the study cohort

Variables
All Patients (n=7600)
and MDs (n=341)

Nephrologist Caseload

P Value0 to ,50:
Patients (n=1899)

MDs (n=294)

50 to ,100:
Patients (n=1443)

MDs (n=22)

100 to ,150:
Patients (n=1576)

MDs (n=13)

‡150:
Patients (n=2682)

MDs (n=12)

Mortality, n (%) 3,900 (51) 908 (48) 716 (50) 843 (53) 1,433 (53) ,0.001
Transplant, n (%) 580 (8) 148 (8) 137 (9) 102 (6) 193 (7) 0.11
Mean dialysis session
time (min)

200641 200640 203646 198641 199640 0.11

Median dialysis session
time (min)

210 (180, 210) 210 (180, 210) 210 (180, 230) 210 (180, 210) 210 (180, 210) 0.11

Nephrologist caseload 112 (49, 192) 21 (8, 36) 67 (60, 78) 119 (111, 138) 205 (192, 345) n/a
Cohort time (d) 902 (472, 1461) 879 (484, 1350) 983 (519, 1703) 843 (456, 1422) 911 (457, 1488) 0.12
Average patient cohort
time per MD (d)

996 (737, 1218) 962 (720, 1242) 1071 (1013, 1184) 933 (869, 1018) 999 (965, 1052) 0.69

Age 60616 61616 60616 60615 60615 0.03
Women (%) 47 46 47 48 49 0.08
Diabetes mellitus (%) 63 60 59 66 67 ,0.001
Race (%)
White 13 18 16 12 8 ,0.001
Black 25 25 22 29 23 0.78
Hispanic 48 37 43 47 58 ,0.001
Asian 7 11 8 5 5 ,0.001
Other 7 9 11 7 6 ,0.001

Vintage (time on dialysis) (%)
0–6 mo 59 59 54 61 60 0.15
6–24 mo 16 18 18 14 15 ,0.001
2–5 yr 16 15 18 15 16 0.56
.5 yr 9 8 10 10 9 0.28

Primary insurance (%)
Medicare 55 58 58 52 54 ,0.001
Medicaid 21 18 24 20 24 ,0.001
Private insurance 12 7 11 15 13 ,0.001
Other 12 17 7 13 9 ,0.001

Marital status (%)
Married 45 43 44 46 47 0.03
Divorced 6 7 6 6 6 0.75
Single 35 36 36 32 34 0.14
Widowed 14 14 14 16 13 0.30

Kt/V (dialysis dose) 1.5060.36 1.5260.39 1.5560.37 1.4660.32 1.5060.35 ,0.001
Residual renal
function (ml/min)

0.3161.15 0.4061.31 0.4661.35 0.2461.05 0.2060.95 ,0.001

Access type (%)
Arteriovenous fistula 26 25 29 23 27 0.68
Graft 29 28 28 30 30 0.14
Catheter 31 32 28 34 31 0.80
Other 1 1 1 1 1 0.59
Unknown 13 14 14 12 11 0.003

Comorbid conditions (%)
AIDS ,1 3 6 6 ,1 0.30
Cancer 2 2 2 2 2 0.11
Heart failure 21 19 17 23 23 ,0.001
Peripheral vascular disease 5 5 4 4 7 0.001
HIV-positive ,1 7 6 ,1 ,1 0.05
Nonambulatory 4 3 3 4 4 0.16
Pulmonary disease 2 2 2 2 2 0.84
Current Smoker 2 2 2 2 2 0.88
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that this association was robust in both categorical and re-
stricted cubic spline analyses.

Thefindings contrast with those of prior studies showing an
inverse association between provider caseload and patient
outcomes in the context of surgical12,21 and invasive cardio-
vascular11 procedures and medical conditions (e.g., acute
myocardial infarction,8 sepsis,9 pulmonary embolus,14 and
AIDS13). In a systematic review evaluating the effect of physi-
cian volume on outcomes, 69% of studies showed that high
provider volume was a determinant of improved patient out-
comes.10 There have been several explanations for this pattern
of association. First, it has been hypothesized that provider
caseload may be a proxy for a physician’s experience, knowl-
edge, skills, and/or quality of care with which to manage par-
ticular diseases.8,9,13 Second, there may be a selection factor in
which (1) physicians who achieve favorable patient outcomes
will receivemore patient referrals or (2) patients may self-refer
to physicians who care for patients with similar charac-
teristics.9,10 Third, these observations may reflect not only
physician practice patterns but also the system in which the
provider works. For example, physicians with high patient
caseloads may belong to high-volume facilities with greater
access to resources (e.g., multidisciplinary care teams) that
confer improved outcomes.15 In contrast, in studies of ambu-
latory diabetes and inpatient pneumonia cohorts, high patient

volume was associated with reduced adherence to process
measures (e.g., decreased hemoglobin A1c screening and vac-
cine screening/administration, respectively); however, this did
not translate into worse outcomes (e.g., no differences in A1c
levels or patient mortality, respectively).16,18

Several factors may explain why a differential association
betweenphysician caseload andmortalitymayexist amongHD
patients. First, the aforementioned studies of patients without
ESRD examined acute procedures and conditions (e.g., pul-
monary embolus14) or short-term outcomes of chronic con-
ditions (i.e., in-hospital or 30-daymortality).8,9,11,13–15,17,19 In
contrast, our study evaluated long-term outcomes in a largely
ambulatory setting, which is more representative of the lon-
gitudinal care that nephrologists provide to maintenance HD
patients. Second, HD patients have a disproportionate burden
of comorbid conditions and kidney disease–related complica-
tions and routinely undergo specialized procedures that re-
quire complex decision-making from a multidisciplinary
team of providers (i.e., nephrologist, dialysis nurse, vascular
access surgeon, dietician, social worker). This population may
thus require a substantial amount of individualized man-
agement and communication with multidisciplinary team
members that may be more difficult to achieve among high-
caseload nephrologists. Third, in caring for HD patients, there
may be a caseload threshold above which the benefits of

Table 1. Continued

Variables
All Patients (n=7600)
and MDs (n=341)

Nephrologist Caseload

P Value0 to ,50:
Patients (n=1899)

MDs (n=294)

50 to ,100:
Patients (n=1443)

MDs (n=22)

100 to ,150:
Patients (n=1576)

MDs (n=13)

‡150:
Patients (n=2682)

MDs (n=12)

Atherosclerosis 10 9 9 11 10 0.14
Cerebrovascular disease 5 5 3 5 5 0.14
Hypertension 76 75 73 81 76 0.05
Other cardiovascular 3 3 3 3 3 0.21

Serum levels
Creatinine (mg/dl) 8.363.4 8.063.2 8.563.3 8.363.4 8.463.5 0.006
Albumin (g/dl) 3.6760.48 3.6460.49 3.7560.45 3.6660.49 3.6560.48 0.19
Blood hemoglobin (g/dl) 11.961.3 11.961.2 11.961.2 11.961.2 11.961.3 0.88
White blood cell
count (3103/ml)

7.562.4 7.562.6 7.362.3 7.662.4 7.562.3 0.61

Ferritin (ng/ml) 415 (185, 780) 411 (188, 736) 451 (205, 838) 409 (187, 767) 398 (173, 785) 0.96
TIBC (mg/dl) 207646 206648 207645 205645 207645 0.75
Lymphocyte (% of total

white blood cells)
2168 2268 2267 2168 2167 0.36

Calcium (mg/dl) 9.160.7 9.160.7 9.260.7 9.260.7 9.160.7 0.54
Parathyroid hormone (pg/ml) 251 (143, 440) 255 (145, 454) 252(143, 438) 255 (160, 463) 240 (135, 415) 0.34
Alkaline phosphatase (U/L) 100 (78, 134) 99 (77, 131) 100 (76, 134) 101 (77, 135) 100 (79, 134) 0.38
Phosphorus (mg/dl) 5.561.5 5.561.5 5.561.4 5.561.5 5.661.5 0.05
Bicarbonate (mg/dl) 22.863.0 22.963.0 23.362.9 22.662.9 22.562.9 ,0.001
Body mass index (kg/m2) 26.066.5 25.967.8 25.765.8 26.166.2 26.166.1 0.21
Protein catabolic

rate (g/kg per day)
0.9860.26 0.9960.27 1.0160.26 0.9760.25 0.9760.26 ,0.001

Data presented as percentages, means6 SDs, andmedians (25th percentile, 75th percentile). Significant differences between lowest versus highest mortality MD
groups estimated using chi-square test, t test, and Wilcoxon rank-sum test according to data type. MD, nephrologist; TIBC, total iron-binding capacity.
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Table 2. Baseline demographic, clinical, and biochemical characteristics of all HD patients within the study cohort and those
receiving care from the 10 0nephrologists with the lowest mortality hazard ratios and the 10 nephrologists with the highest
mortality hazard ratios

Variables
All Patients (n=4073)

and MDs (n=41)

Lowest Mortality:
Patients (n=820)

MDs (n=10)

Highest Mortality:
Patients (n=1051)

MDs (n=10)
P Value

Mortality, n (%) 2102 (52) 344 (42) 594 (57) ,0.0001
Transplant, n (%) 297 (7) 75 (9) 68 (6) 0.031
Mean dialysis session time (min) 205626 210624 201622 ,0.0001
Median dialysis session time (min) 210 (180, 212) 210 (188, 230) 210 (180, 210)
Nephrologist caseload 86 (62, 123) 65 (55, 76) 103 (78, 144) ,0.0001
Cohort time (d) 893 (467, 1523) 997 (542, 1705) 816 (440, 1461) ,0.0001
Average patient cohort time per MD (d) 1018 (924, 1088) 1145 (1013,1289) 987 (869, 1058) ,0.0001
Age 60616 60616 60615 0.90
Women (%) 48 47 47 0.86
Diabetes mellitus (%) 63 59 65 0.006
Race (%)
White 13 16 8 ,0.0001
Black 27 28 24 0.05
Hispanic 47 44 57 ,0.0001
Asian 6 4 4 0.44
Other 7 8 7 0.38

Vintage (time on dialysis) (%)
0–6 mo 12 12 11 0.72
6–24 mo 30 31 29 0.42
2–5 yr 33 33 32 0.57
.5 yr 25 25 28 0.09

Primary insurance (%)
Medicare 53 53 54 0.51
Medicaid 22 26 21 0.007
Private insurance 14 12 15 0.04
Other 11 9 10 0.76

Marital status (%)
Married 45 47 48 0.63
Divorced 6 7 6 0.22
Single 35 35 31 0.13
Widowed 14 11 15 0.03

Kt/V (dialysis dose) 1.5160.35 1.5360.34 1.4960.36 0.01
Residual renal function (ml/min) 0.3261.19 0.3761.15 0.4361.39 0.35
Access type (%)
Arteriovenous fistula 25 31 24 0.001
Graft 29 30 31 0.6
Catheter 31 29 30 0.62
Other 1 1 1 0.83
Unknown 13 9 14 0.001

Comorbid conditions (%)
AIDS ,1 ,1 ,1 0.37
Cancer 1 2 2 0.54
Heart failure 20 18 23 0.02
Peripheral vascular disease 4 4 4 0.75
HIV-positive 2 0 0 NA
Nonambulatory 3 3 3 0.55
Pulmonary disease 2 2 2 0.58
Current Smoker 2 1 2 0.68
Atherosclerosis 10 11 11 0.75
Cerebrovascular disease 4 3 5 0.14
Hypertension 76 72 79 ,0.001
Other cardiovascular 3 2 2 0.66
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acquiring greater experience and knowledge is outweighed by
insufficient time and attention provided to individual pa-
tients. In this study, we focused on patients receiving care

from nephrologists with a caseload of 50–
200, and it is possible that this threshold
exists below this lower limit.

The association between nephrologist
caseload andoutcomesmayhave important
policy implications given the high preva-
lence, costs, mortality rate, and health care
burden of ESRD. First, identifying mecha-
nisms by which increased caseload confers
worse outcomes may provide an opportu-
nity to improve the static morbidity and
mortality rates of patients with ESRD. For
example, whenwe compared nephrologists
with the highest patient mortality HRs
(with a higher median caseload) to those
with the lowest patient HRs, patients from
the former group had shorter median di-
alysis session lengths than those in the latter
group. Given the association between
shorter dialysis session lengths and greater
mortality,22 this may be a process of care by
which high caseload confers greater mor-
tality. However, it should be noted that
these values represent delivered as opposed
to prescribed indicators, which may be
influenced by patient-level (e.g., nonadher-
ence) or facility-level (e.g., overcrowding)
practices as opposed to physician-level fac-
tors. Second, there has been increasing

concern about an impending nephrologist workforce crisis
in the context of a declining interest in nephrology as a career
among trainees.23 If these concerns are realized, a nephrologist

Table 2. Continued

Variables
All Patients (n=4073)

and MDs (n=41)

Lowest Mortality:
Patients (n=820)

MDs (n=10)

Highest Mortality:
Patients (n=1051)

MDs (n=10)
P Value

Serum levels
Creatinine (mg/dl) 8.463.4 8.363.3 8.663.5 0.05
Albumin (g/dl) 3.6960.48 3.7260.46 3.6960.47 0.13
Blood hemoglobin (g/dl) 11.961.2 11.961.2 12.061.3 0.64
White blood cell count (3103/ml) 7.562.4 7.262.2 7.662.3 ,0.001
Ferritin (ng/ml) 5676581 5676611 5676565 0.99
TIBC (mg/dl) 206645 208644 205647 0.15
Lymphocyte (% of total white blood cells) 2168 2267 2167 ,0.001
Calcium (mg/dl) 9.260.7 9.160.7 9.260.7 0.19
Parathyroid hormone (pg/ml) 3696375 3756350 3686391 0.73
Alkaline phosphatase (U/L) 120686 119686 122691 0.43
Phosphorus (mg/dl) 5.561.5 5.561.4 5.561.4 0.37
Bicarbonate (mg/dl) 22.962.9 23.162.9 22.763.0 0.007
Body mass index (kg/m2) 25.966.1 25.665.9 25.965.6 0.31
Protein catabolic rate (g/kg per day) 0.9860.26 1.0160.26 0.9860.26 0.02

Data presented as percentages, means6 SDs, andmedians (25th percentile, 75th percentile). Significant differences between lowest versus highest mortality MD
groups estimated using chi-square test, t test, and Wilcoxon rank-sum test according to data type. MD, nephrologist; NA, not available; TIBC, total iron-binding
capacity.

Figure 1. All cause mortality hazard ratios for patients of 41 Los Angeles County
Nephrologists. Analyses adjusted for entry calendar quarter, age, sex, diabetes, race/
ethnicity, vintage, primary insurance, marital status, dialysis dose, residual renal
function, 10 comorbid conditions, and vascular access type.
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shortage may exacerbate the associations between high case-
load and higher mortality.

We also demonstrate significantly more transplants among
lower-mortality-risk (lower-caseload) doctors. Although ra-
cial differences between our high- and low-mortality cohorts
may limit the significance of this finding, it may nonetheless
prompt high-volume providers to examine whether ongoing
patient education and transplant referrals are equally available
to patients in a higher-volume setting. Further studies are
needed to confirm these findings and to explore processes by
which high caseload influences patient outcomes.

The strengths of our study include the following: ex-
amination of a contemporary dialysis cohort (2001–2007);
uniform laboratory measurements, with all laboratory data
analyzed within a single laboratory facility; large sample size;
long period of follow-up; and adjustment for differences in
comorbid conditions, sociodemographics, and laboratory
value characteristics.

Several limitations of this study also exist. First, althoughwe
adjusted for differences in case mix in analyses examining the
caseload-mortality association, we cannot exclude the possi-
bility of clustering of patient characteristics among providers.
There did appear to be a less favorable distribution of case-mix
and delivered-dialysis characteristics among nephrologists
with the highest patient mortality HRs (higher prevalence of
diabetes,24 hypertension,25,26 and heart failure; lower prevalence
of African Americans;27 and shorter dialysis sessions28,29) than
those with the lowest mortality HRs. Second, given the

observational and retrospective nature of
our study, we cannot exclude the possibility
of residual confounding due to limited se-
verity of illness information. Third, we did
not examine cause-specific mortality (i.e.,
cardiovascular, infectious), which may
have provided greater insight into mecha-
nisms. Fourth, our study did not account
for peritoneal or home HD patients, which
may have accounted for differences in in-
center HD patient caseload among some
nephrologists. We were also unable to take
into account care provided by the examined
nephrologists to HD patients outside our
study cohort during the study period. Fifth,
our data were restricted to patients who re-
ceive treatment in for-profit dialysis units in
an urban Californian region30,31 and thus
may not be generalizable to patients receiv-
ing care in not-for-profit dialysis units or
those residing in other United States re-
gions. Finally, our available study data and
methods did not allow us to control for pro-
vider vintage, number of provider en-
counters per month, presence of ancillary
providers (such as nurse practitioners or
physician assistants), or associationwith ac-

ademic centers where fellowsmay participate in dialysis patient
care. We also had no direct information about socioeconomic
status of the patients, although we used insurance status as a
surrogate to this end. Given the ever-changing nature of
healthcare practice models in the United States, future studies
should explore the effect of these potential variables in hemo-
dialysis patient care.

In conclusion, we believe our study is the first of its kind to
examine the association between nephrologist caseload and
mortality risk in a large urban United States setting. We have
found that patients receiving treatment from higher-caseload
nephrologists have greater mortality than those receiving care
from lower-caseload nephrologists. Further studies are needed
to confirm findings, to explore mechanisms by which caseload
influences outcomes, and to determine the caseload threshold
above which the benefits of increased experience are outweighed
by a deterioration in quality of care and patient outcomes.

CONCISE METHODS

Patient Cohort
Administrative data from all individuals with ESRD who underwent

HD treatment from July 1, 2001, to June 30, 2006, for 20 consecutive

calendar quarters in one of the United States outpatient dialysis

facilities of DaVita, Inc., were included and were followed for 1

additional year (until June 30, 2007). The creation and analyses of this

6-year, nonconcurrent, dynamic cohort of HD patients have been

Figure 2. Cubic spline of increasing all cause mortality with increasing patient-
nephrologist ratio. Analyses adjusted for entry calendar quarter, age, sex, diabetes,
race/ethnicity, vintage, primary insurance, marital status, dialysis dose, residual
renal function, 10 comorbid conditions, and vascular access type.
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described previously.32–37 The study was approved by the institu-

tional review committees of the Los Angeles Biomedical Research

Institute at Harbor-UCLA and DaVita Clinical Research. The re-

quirement for a written consent form was exempted because of the

large number and anonymity of the patients studied and the non-

intrusive nature of the research.

Nephrologist Cohort
De-identified information regarding nephrologists and their respec-

tive patients was examined. Using random code identifiers to preserve

anonymity, we restricted the nephrologist cohort to those who

provided care to patients in Los Angeles County. At start of the data

analyses, no members of the investigative team had the ability to link

this de-identified code to the identity of any specific nephrologist.

However, later in the study, one of the study co-investigators whowas

within the nephrologist cohort agreed to be identified for the sake of

comparison once all analyses were completed.

Clinical and Demographic Measures
To minimize measurement variability and the effect of short-term

variation in dietary and fluid intake on weight or laboratory measure-

ments, we averaged all repeated measures for each patient during any

given calendar quarter (i.e., over 13 consecutive weeks or 3 months).

Dialysis vintage was defined as the duration of time between the

first day of dialysis treatment and the first day that the patient entered

the cohort. In addition to quarterly laboratory values, postdialysis dry

weight (to calculate averaged body mass index [BMI]) was also

calculated. The first (baseline) study quarter for each patient was the

calendar quarter in which patient’s vintage was .45 days during at

least half of the time of that quarter. The administered dialysis dose

was measured by single-pool Kt/Vusing urea kinetic modeling equa-

tions that are described elsewhere.34 HD treatment time was esti-

mated in minutes based on the dialysis machine log of the facility.

The presence or absence of diabetes at baseline was obtained from

DaVita data. History of tobacco smoking and preexisting comorbid

conditions were obtained by linking the DaVita database to the

Medical Evidence Form 2728 of the United States Renal Data System,

and the latter were categorized into 10 comorbid conditions: ischemic

heart disease, congestive heart failure, history of cerebrovascular

events, history of myocardial infarction, pericarditis, cardiac dys-

rhythmia, peripheral vascular disease, chronic obstructive pulmonary

disease, current tobacco smoking, and cancer.34

Laboratory Values
Most blood samples were collected before dialysis, with the exception

of the postdialysis serum urea nitrogen, which was obtained to

calculate urea kinetics. Blood samples were drawn using uniform

techniques in all dialysis clinics and were transported within 24 hours

to a single laboratory center (DaVita Laboratory in Deland, Florida),

where the laboratory values were measured by automated and

standardized methods.

Statistical Analyses
Patientswere assigned anephrologist caseload value according to their

respective nephrologist’s total cumulative caseload (number of HD

patients cared for over the study period).

Baseline characteristics within four groups of nephrologist case-

load (,50, 50 to,100, 100 to,150, and$150 patients per nephrol-

ogist) were analyzed as proportions, means6 SDs, or medians (with

interquartile ranges) as dictated by data type, with P value for test-for-

trend to evaluate whether there was an increasing or decreasing trend

linearly across groups.

For the 41 nephrologists who had 50–200 patients, we evaluated

individual nephrologists’ HD patient all-cause mortality HRs in case

mix–adjusted Cox proportional hazards models using the robust

sandwich covariance estimates to take into account interdependency

among patients from the same clinic. This limitation was set in order

to focus our analysis on typical urban physician practice size while

eliminating effects of very small or large caseload outliers. The case

mix–adjusted models included each nephrologist, entry calendar

quarter (Q1–Q20), age, sex, diabetes mellitus, race/ethnicity (non-

Hispanic white, non-Hispanic black, referred to as white andAfrican-

American; also Hispanic, Asian, and other), dialysis vintage (,6

months, 6 months to ,2 years, 2 to ,5 years, $5 years), primary

insurance (Medicare, Medicaid, private, and other), marital status

(married, single, divorced, or widowed), dialysis dose as indicated

by single-pool Kt/V, residual renal function during the entry quarter

(i.e., urinary urea clearance), 10 comorbid conditions (ischemic heart

disease, congestive heart failure, history of cerebrovascular events,

history of myocardial infarction, pericarditis, cardiac dysrhythmia,

peripheral vascular disease, chronic obstructive pulmonary disease,

current tobacco smoking, and cancer), and vascular access type (ar-

teriovenous fistula, graft, catheter, other, or unknown).We then com-

pared the baseline characteristics of patients receiving treatment from

the 10 nephrologists with highest all-cause mortality HRs and the 10

nephrologists with the lowest HRs using chi-squared, Wilcoxon rank

sum, and two-sample t tests according to data type.

Using multivariable Coxmodels with robust sandwich covariance

estimators adjusted for the case-mix covariates (except for individual

nephrologist), we examined the association between nephrologist

caseload and all-cause mortality in which caseload was examined as a

continuous variable with caseload increments of 50 and as a contin-

uous variable illustrated with restricted cubic splines with 2 degrees of

freedom to examine the nonlinear associations with mortality.

Patientswhounderwent transplantation or leftDaVita clinicswere

censored at the time of the event. Patients were followed for mortality

outcomes through June 30, 2007, and records of death were obtained

from the U.S. Renal Data Service. Missing covariate data (,1% for

most laboratory and demographic variables) were imputed by means

or medians of recorded values. For all analyses, two-sided P values are

reported, and results were considered statistically significant if

P,0.05. Analyses were carried out with SAS software, version 9.1

(SAS Institute, Inc., Cary, NC).
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