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ABSTRACT
The association between dialysis facility size and mortality for patients undergoing hemodialysis remains
largely unclear, and whether the relationship differs by race and ethnicity or among high-risk subgroups is
not known. Using data from the USRDS, we analyzed mortality rates in 385,074 incident patients ages$18
years who received in-center hemodialysis at 4633 dialysis facilities between 2003 and 2009. Facilities
were categorized by the number of hemodialysis stations (1–5, 6–10, 11–15, 16–20, 21–25, 26–30, 31–35,
36–45, 46–60, and $61 stations). We found signiﬁcantly higher mortality associated with facilities comprising #15 stations, and within this group, mortality increased as the number of stations decreased. The
association with increased mortality was weaker for facilities with 16–30 stations, but .30 stations offered
no additional survival beneﬁt. The association between increased mortality and facilities with #15 stations
was stronger for racial minorities and patients with diabetes or cardiovascular diseases. After adjustments,
blacks had a 78% greater 1-year mortality risk in facilities with one to ﬁve stations, whereas whites had
only a 26% greater risk. Notably, other patient-related events remained comparable across the categories
assessed. In summary, these data suggest that hemodialysis care at small facilities associates with a signiﬁcant increase in mortality that is only partially explained by measured patient case mix, other well
deﬁned facility characteristics, and geographic region. Future studies should investigate differences in
processes of care and practices among hemodialysis facilities of different sizes.
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The relationship between hospital volume or size and
mortality has been extensively documented. Hospitals
with a larger volume of patients have been associated
with lower mortality rates on numerous surgical
procedures (e.g., cancer surgery) and medical conditions (e.g., acute myocardial infarction).1,2 These relationships are likely because of the increased availability
of specialized staff, equipment, and infrastructure
dedicated to a given condition or procedure and better
economies of scale to implement measures for quality
improvement in larger hospitals. Moreover, it has
been found that the magnitude of the volume–outcome association is stronger for black patients and
several high-risk procedures and conditions, including
pancreatic cancer, esophageal cancer, and AIDS.1
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Across the United States, approximately 400,000
patients with ESRD undergo maintenance hemodialysis at dialysis facilities each year.3 However,
only 51% of dialysis patients are still alive 3 years
after the start of ESRD therapy.3 Thus, there is a
pressing need to identify best practices that are
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associated with improved outcomes. Prior studies addressing
the relationship of facility characteristics with outcome and
processes of care have largely focused on proﬁt status and
chain afﬁliation,4–14 whereas the role of facility size remains
largely unclear. We conducted a national study to examine the
association between facility size and mortality among maintenance hemodialysis patients. Our objectives were to examine
whether the size–outcome relationship exists among hemodialysis patients and if so, whether the relationship differs by
race/ethnicity and high-risk subgroups after accounting for
variation in patient, facility, and geographic characteristics.

RESULTS
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15%–18% of larger facilities. Less than 4% (69 of 1803) of
facilities with #15 stations were located in isolated rural areas.
Of 385,074 patients, 23.6% of patients were treated at
facilities with 1–15 stations, 64.5% of patients were treated at
facilities with 16–30 stations, and 11.9% of patients were treated at facilities with $31 stations (Table 2 and Supplemental
Table 2); 30.1% of whites, 16.7% of blacks, and 15.4% of Hispanics received care at smaller facilities (#15 stations). Compared with whites, black and Hispanic patients tended to be
younger and of lower SES (employment, insurance, and income), and they were more likely to be women, have higher
prevalence of hypertension and diabetes, and have lower prevalence of other comorbid conditions. Characteristics of patients of the same race/ethnicity seemed to be similar in these
three broad facility size categories.

Patient and Facility Characteristics

Of 4633 facilities, 45 (0.97%) facilities had 1–5 stations, 491
(10.6%) facilities had 6–10 stations, 1267 (27.3%) facilities
had 11–15 stations, 2562 (55.3%) facilities had 16–30 stations,
and 268 (5.8%) facilities had more than 31 stations. The average number of stations was 18 (median=17; range=1–80).
Compared with large facilities ($31 stations), small facilities
(#15 stations) were more likely to be rural, have higher nurseto-patient ratios, and locate in zip codes with higher socioeconomic status (SES) and the Midwest (Table 1). Additional
examination of facilities with 1–5, 6–10, and 11–15 stations
(Supplemental Table 1) revealed that 51% of facilities with 1–5
stations and 27% of facilities with 6–10 stations were not
afﬁliated with national dialysis chains compared with only

Unadjusted Mortality Rates by Facility Size Category

Overall, 19.8% of patients died within 1 year of follow-up (after
the ﬁrst 90 days of ESRD onset), and 43.0% of patients died
within 5 years (after the ﬁrst 90 days of ESRD onset; median
follow-up=19.6 months), corresponding to 23.9 and 21.6
deaths per 100 patient-years, respectively. By race/ethnicity,
deaths per 100 patient-years over 1-year follow-up times were
30.7 in whites, 17.8 in blacks, and 15.4 in Hispanics. The rates
over 5-year follow-up times were 28.7 in whites, 16.0 in blacks,
and 14.4 in Hispanics. Other events during 1-year follow-up
times, including transplant or transfer out of the facility, were
not substantially different across 10 facility size categories
(Supplemental Table 3).

Table 1. Facility characteristics by size (n=4633)
Facility Characteristics
Number of facilities, n
For proﬁt (%)
Chain ownership (%)
DCI
DaVita
Fresenius
Other chains
No chain afﬁliation
Median full-time RNs + LPNs per 100 patients
Facility zip code SES, mean 6 SD
Median annual household income ($1000)
Percentage of persons in poverty
Percentage of black population
Percentage of persons with high school education
Urban (%)
Census region (%)
Northeast
Midwest
South
West

Number of Stations in the Facility
1–15

16–30

‡31

1803 (38.9%)
89.1

2562 (55.3%)
91.3

268 (5.8%)
85.4

4.3
31.5
34.3
11.3
18.7
7.4

4.4
30.7
36.3
13.3
15.3
6.2

5.6
25.4
41.0
9.7
18.3
5.5

41.1614.9
12.568.0
12.8619.2
79.7610.3
59.7

40.4614.5
14.569.2
19.9623.8
78.0611.9
84.9

35.6613.0
18.269.4
30.4627.7
74.8612.4
89.6

10.9
29.3
44.8
15.0

14.4
16.5
50.6
18.5

10.8
19.4
50.7
19.0

RN, Registered Nurse; LPN, Licensed Practical Nurse; DCI, Dialysis Clinic, Inc.
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1–15 Stations

16–30 Stations

White (n=202,977)
‡31 Stations
1–15 Stations

16–30 Stations

Black (n=125,877)
‡31 Stations
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BMI, body mass index; eGFR, estimated GFR; ESA, erythropoiesis-stimulating agent; AVF, arteriovenous ﬁstula.
a
For patients who completed the new CMS Medical Evidence form since 2005.

Number of patients, n
61,101 (30.1%) 126,039 (62.1%) 15,837 (7.8%) 21,068 (16.7%) 82,809 (65.8%) 22,000 (17.5%)
Men (%)
57.1
57.7
57.8
49.7
49.8
50.7
Age, mean 6 SD (yr)
66.7614.0
66.8614.2
65.6614.6
59.3614.8
58.2614.9
57.9614.8
BMI, mean 6 SD (kg/m2)
29.067.7
28.767.6
28.667.7
29.468.2
29.468.1
29.568.2
11.164.9
10.964.8
10.364.6
10.665.0
10.264.8
9.964.6
eGFR, mean 6 SD (ml/min
per 1.73 m2)
SES
Employed (%)
88.9
88.4
85.7
77.5
75.1
72.1
Private insurance (%)
57.8
58.9
57.1
37.7
37.0
34.9
No insurance (%)
6.7
7.9
8.9
11.2
13.3
14.8
43.9615.3
46.5615.4
45.1614.1
30.6615.2
30.6613.8
28.8611.8
Race/ethnicity-speciﬁc zip
code income ($1000)
Current smoker (%)
7.1
6.6
7.6
6.6
6.8
8.7
Cause of ESRD (%)
Diabetes
44.3
43.8
43.7
46.0
45.0
43.4
Hypertension
28.3
28.3
27.1
36.9
36.9
39.2
GN
6.6
7.1
7.7
5.0
5.6
5.6
Other
16.5
16.6
17.4
9.4
9.9
9.5
Unknown
4.3
4.1
4.1
2.7
2.6
2.3
Comorbidity
Hypertension (%)
82.3
82.6
83.8
88.0
88.7
89.7
Diabetes (%)
52.4
51.3
52.7
54.5
53.5
54.2
Cardiac failure (%)
36.4
36.2
35.9
30.6
29.6
30.2
Atherosclerotic heart disease (%)
29.1
28.5
30.3
15.5
14.1
14.0
Cerebrovascular disease (%)
10.1
9.9
10.7
10.5
9.4
10.1
Peripheral vascular disease (%)
17.1
17.1
17.3
10.6
9.5
9.3
Chronic obstructive
12.7
11.9
12.0
5.7
5.4
5.7
pulmonary disease (%)
Pre-ESRD care
Use of ESA before ESRD (%)
30.0
32.7
33.8
23.8
25.1
26.4
Receipt of pre-ESRD
61.3
62.7
64.2
52.9
53.6
54.7
nephrologist care (%)a
15.8
16.9
17.8
12.0
12.9
13.4
AVF for ﬁrst dialysis (%)a

Characteristics

Table 2. Patient characteristics by facility size and race/ethnicity

85.5
65.8
28.0
16.8
7.0
11.7
3.2

84.1
64.8
27.7
16.8
6.8
11.1
4.2

12.2

63.1
19.7
5.7
8.2
3.3

62.4
19.1
6.4
8.1
4.1

12.7

2.5

3.0

24.1
49.1

74.8
30.1
16.3
34.0612.0

75.2
32.5
14.3
35.2613.5

22.9
48.6

39,488 (70.2%)
55.8
59.0615.2
28.267.0
9.864.6

8648 (15.4%)
56.6
59.2615.2
28.467.1
10.064.6

11.2

22.5
46.7

85.7
66.5
26.2
15.5
6.4
9.7
2.8

64.6
20.2
5.1
7.0
3.2

2.9

70.4
27.6
19.1
33.3610.9

8084 (14.4%)
55.1
58.2614.8
28.367.1
9.564.5

1–15 Stations 16–30 Stations ‡31 Stations

Hispanic (n=56,220)
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For 1-year mortality in all patients, facilities with 15 or
fewer stations had signiﬁcantly higher mortality rates, and this
result was exacerbated as the number of stations decreased
(Figure 1A). The higher mortality rates were also seen among
facilities in the categories of 16–20 and 21–25 stations compared with those facilities with 26–30 stations. In the ﬁve
smallest facility size categories (1–5, 6–10, 11–15, 16–20,
and 21–25 stations), the crude 1-year mortality rates were
87%, 41%, 21%, 13%, and 10% higher, respectively, than
the crude 1-year mortality rates in the reference category of
26–30 stations (all P,0.001) (Table 3). The strength of the
relationship for 5-year mortality decreased but remained
strongly signiﬁcant (data not shown). There did not seem
to be additional survival beneﬁt as the number of stations
increased beyond 30 stations.
The increasing unadjusted mortality and decreasing facility
size below 15 stations was strongest for blacks followed by
Hispanics and whites (Figure 1 and Table 4). Figure 2 shows
cumulative mortality over 1 year of follow-up, indicating that
the higher mortality in smaller facilities, relative to the medium-sized facilities (26–30 stations), persisted throughout
the entire 1-year follow-up time. Also, notably, the higher
mortality in #10 stations was more signiﬁcant in racial minorities, especially blacks, than whites.

CLINICAL EPIDEMIOLOGY

Adjusted Results

The strong association of facility size and mortality below 15
stations was attenuated but still signiﬁcant after adjustment for
demographic factors, including race and ethnicity, and clinical
factors as well as after sequential adjustments for patient SES,
facility characteristics and geographic region, and facility zip
code SES (Table 3). In the fully adjusted model for 1-year
mortality (model 4), patients in facilities with 1–5, 6–10,
and 11–15 stations had a 33% (hazard ratio [HR], 1.33; 95%
conﬁdence interval [95% CI], 1.09 to 1.63), 17% (HR, 1.17;
95% CI, 1.11 to 1.23), and 6% (HR, 1.06; 95% CI, 1.02 to 1.10)
higher risk of death, respectively, than those patients treated in
facilities with 26–30 stations. For facilities with $31 stations,
only those facilities with 31–35 stations had signiﬁcantly
higher adjusted 1-year mortality (HR, 1.07; 95% CI, 1.02 to
1.13) than those facilities with 26–30 stations.
By racial/ethnic groups, after the adjustments, the higher
mortality risks at the small facilities persisted but were
attenuated and more robust among black patients (Table 4).
For 1-year mortality, blacks treated in facilities with 1–5 stations had an adjusted HR of 1.78 (95% CI, 1.35 to 2.33) compared with their counterparts in facilities with 26–30 stations,
whereas whites had an HR of 1.26 (95% CI, 1.00 to 1.57).
There was a trend to higher 1-year mortality rates in the largest
size category ($61 stations) for blacks
(HR, 1.17; 95% CI, 0.99 to 1.38) and whites
(HR, 1.18; 95% CI, 0.93 to 1.49) but not
Hispanics. Additional adjustment for preESRD nephrologist care and vascular access
type in the ﬁrst outpatient dialysis for patients who completed the 2005 form did
not alter the main ﬁndings. The sensitivity
analysis that censored the time when the
patients were ﬁrst transferred out yielded
similar results (Supplemental Table 4).
In the fully adjusted model for 1-year
mortality, among patients with the same
comorbid conditions with respect to either
presence or absence of diabetes or cardiovascular diseases, blacks (HR ranging from
1.28 to 1.48; P,0.001) and whites (HR ranging from 1.09 to 1.12; P,0.02) always had a
greater risk of death at smaller facilities (#10
stations) than their counterparts in facilities
with 26–30 stations. Among Hispanics, there
was an increased mortality rate at smaller
facilities only in the presence of diabetes
(HR, 1.35; P=0.005) or cardiovascular diseases (HR, 1.39; P=0.003), but there were no
signiﬁcant differences in their absence.
DISCUSSION

Figure 1. Unadjusted 1-year mortality rates after the ﬁrst 90 days of ESRD onset by
facility size category. Pt-yrs, patient-years.
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Table 3. Unadjusted and adjusted HRs of 1-year mortality for all patients
Unadjusted Results

Adjusted Results: Model 1a

Number of
Stations

Proportion of Death
(Deaths/Total)

Death Rate (n per
100 patient-yr)

1–5
6–10
11–15
16–20
21–25
26–30
31–35
36–45
46–60
$61

30.4 (279/918)
24.1 (4647/19,259)
21.2 (14,963/70,640)
20.0 (23,585/118,042)
19.5 (17,344/89,149)
17.9 (7385/41,145)
18.2 (3602/19,826)
17.4 (3125/17,911)
16.5 (1118/6772)
17.8 (251/1412)

40.0
30.2
25.9
24.2
23.4
21.3
21.6
20.6
19.3
21.1

1.87 (1.45 to 2.40)
,0.001
1.41 (1.32 to 1.51)
,0.001
1.21 (1.16 to 1.26)
,0.001
1.13 (1.09 to 1.18)
,0.001
1.10 (1.05 to 1.15)
,0.001
1 (reference)
1.01 (0.95 to 1.08)
0.72
0.97 (0.90 to 1.04)
0.41
0.91 (0.81 to 1.01)
0.09
0.99 (0.86 to 1.14)
0.92

1.26 (1.03 to 1.54)
0.02
1.13 (1.07 to 1.19)
,0.001
1.04 (1.00 to 1.08)
0.03
1.04 (1.00 to 1.07)
0.05
1.05 (1.01 to 1.09)
0.01
1 (reference)
1.08 (1.03 to 1.14)
0.002
1.03 (0.97 to 1.09)
0.34
0.98 (0.89 to 1.09)
0.72
1.16 (0.99 to 1.36)
0.08

Adjusted Results: Model 2b

Adjusted Results: Model 3c

Adjusted Results: Model 4d

Number of
Stations
1–5
6–10
11–15
16–20
21–25
26–30
31–35
36–45
46–60
$61

HR (95% CI)

P (versus Reference)

1.27 (1.03 to 1.56)
0.02
1.12 (1.06 to 1.18)
,0.001
1.04 (1.00 to 1.08)
0.03
1.04 (1.00 to 1.07)
0.03
1.05 (1.01 to 1.09)
0.006
1 (reference)
1.08 (1.02 to 1.13)
0.003
1.02 (0.97 to 1.08)
0.39
0.98 (0.89 to 1.09)
0.75
1.13 (0.98 to 1.32)
0.10

HR (95% CI)

HR (95% CI)

P (versus Reference)

P (versus Reference)

1.31 (1.08 to 1.60)
0.007
1.16 (1.09 to 1.22)
,0.001
1.05 (1.01 to 1.09)
0.008
1.03 (1.00 to 1.07)
0.05
1.05 (1.01 to 1.09)
0.01
1 (reference)
1.08 (1.03 to 1.13)
0.003
1.02 (0.97 to 1.08)
0.41
0.98 (0.89 to 1.08)
0.67
1.14 (0.97 to 1.35)
0.11

HR (95% CI)

HR (95% CI)

P (versus Reference)

P (versus Reference)

1.33 (1.09 to 1.63)
0.005
1.17 (1.11 to 1.23)
,0.001
1.06 (1.02 to 1.10)
0.002
1.04 (1.01 to 1.08)
0.02
1.05 (1.01 to 1.09)
0.006
1 (reference)
1.07 (1.02 to 1.13)
0.007
1.02 (0.97 to 1.08)
0.42
0.97 (0.88 to 1.07)
0.50
1.11 (0.92 to 1.34)
0.29

a
Adjusted for patient demographic and clinical factors, including race/ethnicity, age, sex, body mass index, estimated GFR, cause of ESRD (diabetes, hypertension,
GN, other, and unknown), presence of comorbid conditions (hypertension, diabetes, cardiac failure, atherosclerotic heart disease, cerebrovascular disease, peripheral vascular disease, chronic obstructive pulmonary disease, and cancer), lifestyle behaviors (smoking, alcohol, and drug dependence), immobility, and preESRD use of erythropoiesis-stimulating agents (model 1).
b
Additionally adjusted for patient zip code race/ethnicity-speciﬁc income, health insurance, and employment (model 2).
c
Additionally adjusted for facility structural and geographic region, including for-proﬁt status, chain ownership (Dialysis Clinic, Inc., DaVita, Fresenius, other chains,
and no chain afﬁliation), urban/rural location, and US Census regions (Northeast, South, Midwest, and West; model 3).
d
Additionally adjusted for facility zip code SES, including median household income, percentage of persons who completed high school, percentage of persons in
poverty, and percentage of black population (model 4).

characteristics that affects the processes of care and outcomes.15–17
Prior studies have mostly focused on other structural characteristics, such as proﬁt status or chain ownership,4–14 whereas the
relationship between facility size and outcome has received
limited attention. The studies that discussed this relationship
used patient volume as a measure for facility size. Frankenﬁeld et al.18 found little inﬂuence of the number of patients
treated in the facility on intermediate outcomes, such as dialysis dose and anemia management, but did not assess mortality. Eisenstein et al.19 found a relationship between fewer
facility patients and increasing mortality. The data between
1996 and 1999 used in the study by Eisenstein et al.19 might
not reﬂect many of the recent changes in dialysis care and
payment reform. For example, the number of dialysis facilities
has almost doubled over the last 15 years (from 3095 facilities
in 1996 to 5869 facilities in 2010).3 The present study, however, is the ﬁrst to use the number of stations in the facility as a
measure of facility size, which reﬂects the capacity of the facility structure. The present study is also the ﬁrst to examine
whether the relationship between facility size and patient
mortality is modiﬁed by race/ethnicity. Our ﬁndings were
derived after extensive adjustment for potential confounding
2066
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by differences in patients, facility characteristics, and geographic region.
We found that, when the number of stations was 15 or
smaller, there was a signiﬁcant increase in mortality as the
number of stations decreased (Figure 1). Furthermore, blacks
and Hispanics had a greater increase in mortality than whites
at small facilities, although they overall had lower absolute
mortality rates than whites. These ﬁndings, although attenuated after multiple adjustments, remained signiﬁcant in most
instances. It should be noted that, during this study period, the
differences in other types of events across the 10 facility size
categories were comparable (Supplemental Table 3), suggesting that these mortality differences could not be attributed to
reasons related to transplantation or transfer out of the facility.
In hemodialysis, where there is practically universal coverage
under the Medicare program, these large differences in mortality rates among facility sizes were not only unexpected but
in fact, quite alarming.
Similar to numerous prior studies for surgical conditions
that identiﬁed some thresholds,20 there seemed to be a threshold size of approximately 15 stations, where the association
between facility size and mortality seemed to weaken from 16
J Am Soc Nephrol 24: 2062–2070, 2013
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Table 4. Unadjusted and adjusted HRs of 1-year mortality for each race/ethnicity group
Number of
Stations
Unadjusted results
1–5
6–10
11–15
16–20
21–25
26–30
31–35
36–45
46–60
$61
Adjusted resultsa
1–5
6–10
11–15
16–20
21–25
26–30
31–35
36–45
46–60
$61

White
HR (95% CI)

P (versus Reference)

Black
HR (95% CI)

Hispanic

P (versus Reference)

HR (95% CI)

P (versus Reference)

1.36 (1.02 to 1.81)
0.04
1.09 (1.03 to 1.16)
0.005
1.01 (0.97 to 1.05)
0.70
1.01 (0.97 to 1.05)
0.62
1.01 (0.97 to 1.06)
0.53
1 (reference)
1.06 (0.99 to 1.13)
0.09
0.98 (0.90 to 1.06)
0.58
1.01 (0.90 to 1.14)
0.88
1.07 (0.96 to 1.18)
0.21

2.58 (1.96 to 3.39)
,0.001
1.55 (1.36 to 1.76)
,0.001
1.18 (1.09 to 1.27)
,0.001
1.11 (1.05 to 1.18)
,0.001
1.14 (1.08 to 1.22)
,0.001
1 (reference)
1.06 (0.99 to 1.15)
0.11
1.04 (0.96 to 1.13)
0.37
0.97 (0.86 to 1.09)
0.57
1.22 (1.03 to 1.44)
0.02

1.82 (1.13 to 2.94)
0.02
1.35 (1.09 to 1.66)
0.006
1.08 (0.95 to 1.23)
0.24
1.10 (1.00 to 1.22)
0.05
1.01 (0.91 to 1.11)
0.90
1 (reference)
1.06 (0.89 to 1.27)
0.51
1.04 (0.90 to 1.20)
0.64
0.88 (0.64 to 1.22)
0.44
0.85 (0.69 to 1.05)
0.12

1.26 (1.00 to 1.57)
0.05
1.10 (1.03 to 1.17)
0.003
1.03 (0.98 to 1.07)
0.21
1.01 (0.97 to 1.05)
0.61
1.02 (0.98 to 1.07)
0.28
1 (reference)
1.09 (1.02 to 1.16)
0.01
0.99 (0.92 to 1.06)
0.67
1.01 (0.89 to 1.14)
0.88
1.18 (0.93 to 1.49)
0.16

1.78 (1.35 to 2.33)
,0.001
1.38 (1.26 to 1.51)
,0.001
1.13 (1.05 to 1.21)
,0.001
1.09 (1.03 to 1.15)
0.003
1.12 (1.05 to 1.18)
,0.001
1 (reference)
1.07 (0.99 to 1.15)
0.08
1.07 (0.99 to 1.16)
0.09
0.97 (0.86 to 1.10)
0.68
1.17 (0.99 to 1.38)
0.07

1.14 (0.67 to 1.95)
0.62
1.28 (1.07 to 1.53)
0.008
1.07 (0.96 to 1.20)
0.23
1.06 (0.97 to 1.15)
0.19
0.99 (0.90 to 1.08)
0.80
1 (reference)
1.12 (0.96 to 1.30)
0.15
1.08 (0.96 to 1.21)
0.20
0.93 (0.75 to 1.16)
0.53
0.96 (0.68 to 1.35)
0.80

a
From the fully adjusted model (model 4) for each racial/ethnic group (additionally adjusted for facility zip code SES, including median household income, percentage of persons who completed high school, percentage of persons in poverty, and percentage of black population).

to 26–30 stations. Above 30 stations, there did not seem to be a
relationship of increasing size and reducing mortality. No
prior study has documented an association between increasing volume and worse outcome.1 However, we found a trend
to higher mortality rate in facilities with $61 stations for
blacks and whites, albeit not statistically different after covariate adjustments (Table 4).
Most of the 1803 facilities with 1–15 stations were located in
zip code areas with higher SES, a characteristic that has commonly been associated with better health outcomes. These
facilities also tended to have higher nurse-to-patient ratios,
which may have to do with the regulation that mandates the
presence of a registered nurse on site. In addition, we found
that the mortality rates were higher in Southern and Western
US facilities, zip codes with a higher proportion of blacks, and
urban facilities. However, after adjusting for patient case mix
as well as facility and geographic factors, the higher mortality
risk at the small facilities compared with the medium-sized
category persisted and remained strongly signiﬁcant, indicating that facility size is independently associated with outcome.
These results show that facility size is a strong indicator for
facility quality care, which should deserve great attention.
The reasons for the higher mortality risk in smaller dialysis
facilities with #15 stations are unclear. Our results were markedly attenuated after the multiple adjustments as shown in
Tables 3 and 4, reﬂecting that this ﬁnding was partially attributable to patient case mix, other facility characteristics, and
geographic region. Importantly, however, the increased
J Am Soc Nephrol 24: 2062–2070, 2013

mortality risk below 15 stations persisted after the adjustments, suggesting the existence of contributors that might
be unmeasured or unexamined. One possibility is the potential ﬁnancial constraints faced by the small facilities because of
the lack of economy of scale, thus limiting the opportunities
for advancing expertise, developing rigorous clinical care protocols, and implementing measures for quality improvement.
Consequently, small facilities may lack experience to care for
diabetic and cardiovascular patients and racial/ethnic minorities. Although hospital-based dialysis units were excluded
from the present analysis, there might still be some residual
confounding, such as severity of key clinical and disease conditions, leading to higher mortality risk in small facilities.
Here, we have identiﬁed an important gap in health outcomes,
which should be amenable to improvement, but it will require
the collection of more information about structure, processes
of care, and practice differences among facilities with different
sizes.
There are limitations to our current ﬁndings. First, our main
analyses linked the baseline facility to outcome, regardless of
whether patients were transferred to other facilities later. To
assess the robustness of these main ﬁndings, we performed
sensitivity analysis that censored for the time when the patients
were ﬁrst transferred and obtained similar results. Second, our
multivariate models did not adjust for some other aspects of
care, such as dialysis dose or dialyzer reuse, that might be
associated with outcomes. There might have been residual
confounding from other factors not captured, such as severity
Hemodialysis Facility Size, Race, and Mortality
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sizes and especially, these racial/ethnic- and
disease-speciﬁc subgroups may help inform
focused strategies to improve clinical outcomes.

CONCISE METHODS
Data Sources
We used the USRDS.21 The patient-level data,
such as ESRD onset date, demographics, and
clinical characteristics, were obtained from the
Centers for Medicare and Medicaid Services
(CMS) Medical Evidence Report (CMS-2728)
in the USRDS. The facility-level data, including
the number of hemodialysis stations, chain afﬁliation, and facility zip code, were from the
annual CMS Facility Survey (CMS-2744) in
the USRDS. In addition, we obtained zip code
socioeconomic data from the 2000 US Census
Zip Code Tabulation Areas Files.22

Study Population
We identiﬁed all adult patients ($18 years) beginning the ﬁrst maintenance dialysis between October 1, 2003 and December 31, 2009 who had not
previously received kidney transplantation, resided
Figure 2. Cumulative incidence of mortality over 1 year of follow-up after the ﬁrst 90 in the 50 states or the District of Columbia, and
days of ESRD onset by facilities with 1–5, 6–10, 11–15, 16–20, 21–25, and 26–30 were white, black, or Hispanic. We did not include
stations.
Asians and Native Americans, because there were
very few patients in those racial/ethnic groups in
smaller facilities. Using the USRDS 90-day rule for
of speciﬁc illnesses (only a yes/no ascertainment of comorbid stable modality, we only included those patients who survived the ﬁrst 90
conditions in the US Renal Data System [USRDS]) or others.
days since ESRD onset and received in-center hemodialysis at day 91 for
Third, because information on individual patient income was
at least 60 days. Of 481,561 eligible patients, we excluded 16,784 (3.5%)
not available, we used zip code race/ethnicity-speciﬁc income
patients with missing CMS Facility Survey information or facility zip
that might have introduced bias. The validity of the lifestyle
codes that could not be linked to a zip code in the 2000 US Census
variables, such as smoking, alcohol, and drug dependence, is
data. We excluded another 52,750 (10.9%) patients treated in hospitallimited because of the data being self-reported without based facilities to achieve a more homogeneous study population, belaboratory veriﬁcation. Despite multiple adjustments, we
cause hospital-based patients have a much higher mortality risk than
cannot exclude the inﬂuence of potential changes in baseline
those patients in freestanding facilities.23 Of the remaining 412,027 pacomorbid conditions, vascular access, and other variables over
tients, 6.5% of patients were excluded because of missing patient covatime on facility differences in the mortality rates. Fourth,
riates. The ﬁnal cohort included 385,074 patients (52.7% white, 32.7%
transferring between units might have limited the robustness of
black, and 14.6% Hispanic) at 4633 dialysis facilities. This project was
5-year mortality as attributed to dialysis unit size.
approved by the Institutional Review Board at the University of Virginia.

In summary, we show the robust ﬁnding that maintenance
hemodialysis at small facilities is associated with a signiﬁcant
increase in mortality, which is only partially explained by the
measured patient case mix, other well deﬁned facility characteristics, and geographic region. Black and Hispanic patients as
well as patients with diabetes and cardiovascular diseases in
small facilities were particularly susceptible to death compared
with patients with similar demographic and clinical characteristics in larger facilities. Future work to identify the reasons for
these differences in mortality rates among facilities of various
2068
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Study Variables
The primary outcome of interest was 1-year survival from day 91 of the
dialysis initiation, with censoring at transplant, dialysis modality
switch, or administrative end of study (August 31, 2010). The primary
predictor was facility size, deﬁned as the number of hemodialysis
stations in the facility where the patient received dialysis at day 91 from
his/her dialysis initiation, regardless of whether the patient was
subsequently transferred to other facilities during the study period.
However, we performed sensitivity analysis that censored for the
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follow-up time when the patient was ﬁrst transferred out. We also
examined survival at 5 years from day 91 of the dialysis initiation.
Patient race and ethnicity (non-Hispanic African American/black,
non-Hispanic Caucasian/white, and Hispanic) were classiﬁed in the
CMS Medical Evidence form. The following covariates at the onset of
ESRD were sequentially added to the statistical models: (1) demographic and clinical factors, including age, race/ethnicity (in the analysis for overall population), sex, body mass index, estimated GFR,
cause of ESRD, comorbid conditions (hypertension, diabetes, all cardiac diseases, cerebrovascular disease, peripheral vascular disease,
chronic obstructive pulmonary disease, and cancer), lifestyle behaviors (smoking, alcohol, and drug dependence), and immobility as
well as pre-ESRD use of erythropoiesis-stimulating agents; (2) patient
SES, including employment status at 6 months before ESRD onset,
health insurance (private, Medicare, or Medicaid/none), and income
(income was substituted by race/ethnicity-speciﬁc median household
income within the residential zip code, because it was not available in
the USRDS); (3) facility structural and geographic characteristics,
including for-proﬁt status, chain ownership, urban/rural location,
and four US Census regions (urban/rural location was determined
according to facility zip code using Rural–Urban Commuting Area
Codes24,25); and (4) facility zip code SES, including median household income, percentage of persons who completed high school, percentage of persons in poverty, and percentage of black population.
Additionally, we included two pre-ESRD care indicators (nephrologist care and vascular access type used for the ﬁrst outpatient dialysis)
in patients who have these data available since 2005.

Statistical Analyses

We ﬁrst used nonparametric smoothing techniques implemented in
Cox regression to model the relationship of facility size as a continuous
predictor and mortality.26 The results revealed an exponential increase in mortality risk as facility size decreased. Therefore, we grouped facility size into 10 categories (1–5, 6–10, 11–15, 16–20, 21–25,
26–30, 31–35, 36–45, 46–60, and $61 stations). The association between facility size category and survival was examined in Cox regression, with the middle group (26–30 stations) as the reference. CIs and
P values were computed using empirical (sandwich) standard errors
that incorporated intrafacility correlations.27 We performed unadjusted analysis and analyses sequentially adjusted for the four sets
of variables for overall population and each racial/ethnic group. To
further investigate whether the relationships differed by comorbid
conditions, we repeated similar analyses for several subgroups according to the presence/absence of diabetes or cardiovascular diseases. A number of sensitivity analyses were performed, including one
analysis with survival time censored at ﬁrst transfer and one analysis
additionally adjusted for two pre-ESRD care indicators.
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