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Objective. To compare the estimated effects of dialysis center profit status on patient
survival using alternative estimation strategies with retrospective data.
Data Sources/Study Setting. Patient and provider-level retrospective data from the
United States Renal Data System (USRDS), 1996–1999.
Study Design. Observational risk adjustment and instrumental variable methods.
Data Collection/Extraction Methods. Study collected measures from various
USRDS files describing clinical characteristics, survival, and the profit status of the initial
dialysis center for incident end-stage renal disease (ESRD) patients aged 671. USRDS
facility files were used to assess dialysis center profit status and measure patient distances
to dialysis centers.
Principal Findings. Found survival effect related to profit status in the range of pre-
vious research using risk-adjusting covariates similar to those used in previous models.
Adding further risk-adjusting covariates halved this effect. The relative proximity of for-
profit and nonprofit dialysis centers to the patient residence was the strongest deter-
minant of the profit status of the patient’s initial dialysis center. The effect of profit status
on survival was eliminated using the two-stage least squares variant of instrumental
variable estimation with the relative proximity of for-profit and nonprofit dialysis cen-
ters to the patient’s residence as the instrument.
Conclusions. Using only the variation in initial dialysis center profit status that was
related to the relative proximity of for-profit and nonprofit dialysis centers to the patient,
we found no relationship between dialysis center profit status and patient survival. These
results are in contrast to results obtained using risk-adjustment methods with a limited
set of risk-adjusting covariates.
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The percentage of for-profit dialysis centers increased from approximately 60
percent in 1991 to nearly 80 percent in 2001 (U.S. Renal Data System 2004).
The effect of dialysis center ‘‘profit’’ status on provision of care and outcomes
for patients with end-stage renal disease (ESRD) has been the topic of several
research efforts. It has been reported that for-profit dialysis centers use fewer
resources than their nonprofit counterparts (Held 1990, 1991; de Lissovoy
et al. 1994; Farley 1996; Hirth et al. 2000; Ozgen and Ozcan 2002) and it has
been suggested that patients treated at for-profit dialysis centers are at greater
risk as a result (Levinsky 1999; Devereaux et al. 2002; Meyer and Kassirer
2002). Several researchers estimated the difference in survival rates between
for-profit and nonprofit dialysis centers (McClellan et al. 1998; Garg et al.
1999; Irvin 2000; Port et al. 2000). Because of the inability to randomize
patients between dialysis centers, these researchers used the profit status of the
dialysis centers treating ESRD patients found in observational databases as the
basis of their comparisons. A meta-analysis by Devereaux et al. 2002 of several
of these studies showed a greater 1-year mortality risk for ESRD patients on
hemodialysis treated at private for-profit centers relative to private nonprofit
centers. The authors attribute this increased risk to the lower resource levels
used in for-profit dialysis centers and surmised that 2,500 dialysis deaths could
be avoided each year in the United States if only private nonprofit centers
provided dialysis services.

It is well known that exploiting ‘‘treatment’’ variation from observational
databases for outcome estimation is fraught with inferential difficulties (Byar
1991; Jollis et al. 1993; Doll 1994; Hornberger and Wrone 1997). Inappro-
priate inferences will occur if patients are selected for treatment in a manner
associated with expected outcomes——treatment selection bias, or treatment is
simply correlated with unmeasured variables that also affect outcome——con-
founding bias. If we define the profit status of the dialysis center used by a
patient as the ‘‘treatment,’’ treatment selection bias occurs if ESRD patients
with less severe conditions are systematically directed to either for-profit or
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nonprofit centers. For example, if less severe patients are directed toward for-
profit centers the estimated survival effect from using a for-profit center for
dialysis relative to a nonprofit centers will have a positive bias relative to its
true effect reflecting the higher initial health status of patients using for-profit
centers. Confounding (or omitted variable) bias occurs if profit status is simply
correlated to unmeasured variables that also affect survival. For example, the
‘‘ecological’’ characteristics of populations, such as intrapersonal factors, in-
terpersonal processes and primary groups, institutional factors, community
factors, and public policy (McLeroy et al. 1988), may vary across geographic
areas with the predomination of either for-profit or nonprofit dialysis centers.
For example, Subramanian et al. (2001) demonstrated significant variation in
health status across states after controlling for differences in individual char-
acteristics.

Previous studies assessing the effect of dialysis profit status on patient
outcomes dealt with selection and confounding problems by specifying a set of
‘‘risk’’ adjusters or measured confounders in outcome equations to control for
patient differences directly. The measured confounders used varied with the
information available in the study. Using data collected from two prospective
studies of ESRD patients performed by the United States Renal Data System
(USRDS) in the early 1990s, Garg et al. (1999) specified patient age at ESRD
onset, race, gender, education status, employment status, whether the patient
was a nursing home resident, census region of residence, residence in a census-
defined metropolitan area, primary cause of ESRD, and 14 comorbid con-
ditions. Irvin (2000) used the universe of Medicare patients in the USRDS
database in 1996 that were treated at either freestanding for-profit or nonprofit
dialysis centers and specified patient age, race, gender, primary cause of
ESRD, region of the country (south, far west, east, other), the presence of
certificate of need legislation in a state and the zip code-level variables per
capita income, years schooling, and urban percentage. Port et al. (2000) used
USRDS data from 1995 and 1996 and controlled for age, race, gender, pri-
mary cause of ESRD, geographic region, and the presence of 15 comorbid
conditions. Pushkal and Powe (2001) argued that the risk adjusters specified by
these authors were sufficient to eliminate selection and confounding problems.
However, the inferences drawn from these results remain conditional on the
validity of this argument.

In this study, we focused on patients with at least 2 years of Medicare
coverage before ESRD incidence (aged 67 years and older at incidence) and
collected data from the USRDS on survival, clinical characteristics at dialysis
initiation, residence zip code, and Medicare claims. We also obtained the
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universe of dialysis centers in each year from USRDS facility files that include
center profit status and zip code. These data enabled us to use additional
strategies to avoid selection and confounding problems. First, we measured an
expanded set of potential confounders (previous patient health care utilization,
distance from the patient to the nearest dialysis center, and state-level indi-
cators of patient residence) unavailable in previous studies. In addition, we
used an instrumental variable (IV) estimation approach used earlier by
McClellan et al. (1994) in their estimation of the effects of invasive surgery on
the survival of patients with acute myocardial infarction. For each patient in
their study, McClellan et al. (1994) measured differential distance as the distance
from the patient’s residence at diagnosis to the nearest provider of a given
classification (e.g., a high treatment provider) minus the distance from the
patient’s residence at diagnosis to the nearest provider not in that classification
(e.g., a low treatment provider). For differential distance to be useful in IV
estimation it must be related to treatment choice and not be related to patient
outcomes directly or to unmeasured confounding variables. In this study, we
calculated differential distance for each patient as the distance to the nearest
for-profit center minus the distance to the nearest nonprofit center and then
estimated the effect of the profit status of the patient’s initial dialysis center on
patient survival using both regression methods that risk-adjust for measured
confounders and IV estimation and contrasted the findings in terms of the
assumptions underlying each approach.

METHODS

Data

Most of the data for this study came from four databases maintained by the
USRDS in concert with the Centers for Medicare and Medicaid Services
(CMS). The CMS Medical Evidence Form Database contains information
from the form (Form 2728) that must be filled out for each new ESRD patient
to qualify for Medicare benefits. The database contains laboratory values,
comorbid conditions at dialysis initiation, date of birth, gender, race, and
residence zip code at ESRD diagnosis for each new ESRD patient. The
USRDS Modality Sequence File contains information on the initial patient
treatment modality and survival. The USRDS 671 Medicare Inpatient Claims
file contains claims for all patients in the USRDS database that were 67 years
and older at dialysis initiation including claims for the 2 years prior to each
patient’s dialysis initiation. The USRDS Facility Database contains the uni-
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verse of dialysis centers by year and includes their profit status and zip code.
To estimate distances from patients to centers we obtained zip code centroid
longitudes and latitudes from the ZIPList5 Geocode file from CD Light, LLC.
In addition to USRDS data, we used zip code level socioeconomic data from
the Bureau of Census’s 1990 Census’s of Population and Housing Zip Code
Summary File.

Sample

For the years 1996–1999, the USRDS databases contained 104,158 incident
dialysis patients that were 67–100 years old at initiation of dialysis, had an
initial hemodialysis treatment modality, were treated at a nongovernment
dialysis center, and had complete and consistent clinical and demographic
information in the USRDS databases for all study variables. From this group,
2,489 patients had zip codes that could not be linked to both the 1990 Census
zip code file and the ZIPList5 Geocode file. This left 101,669 incident dialysis
patients for analysis. A higher percentage of the excluded patients were male,
less than 74, white, and had more comorbid conditions, but survival rates were
not significantly different between groups.

Measures

One-year survival was used as our dependent variable to be consistent with
Devereaux et al. (2002). The USRDS Modality Sequence File provided at least
1 year of survival follow-up after dialysis initiation for each patient in the
sample. An indicator variable was set equal to 1 if the patient survived to 1 year
after dialysis initiation, 0 otherwise. Independent variables consistent with the
Devereaux et al. meta analysis were specified including patient age (1 if age
greater than 75, 0 otherwise), gender (1 if male, 0 female), 17 comorbid con-
dition indicator variables (1 if relevant condition is checked on a patient’s
CMS Medical Evidence Form, 0 otherwise), and eight race indicator variables
(1 if patient’s race on the CMS Medical Evidence Form matches the definition
of the variable, 0 otherwise). Additional risk-adjusting variables were spec-
ified. Forty-nine state residence indicator variables were created using data
from the CMS Medical Evidence Form (1 if patient resided in respective state
at dialysis initiation, 0 otherwise). The USRDS 671 Medicare inpatient claims
files were used to calculate the number of inpatient admissions and the
number of inpatient days for each patient in the year before dialysis. The
median number of hospital admissions for our sample in the previous year was
1 and the 75th percentile was 2. Thus, we created two indicator variables for
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inpatient admissions in the year before dialysis initiation (1–2 and 31 admis-
sions), with patients with 0 admissions as the comparison group. The median
number of inpatient days in the previous year for our sample was two and the
75th percentile was 12. We created two indicator variables for inpatient days
in the year before dialysis initiation (2–12 and 131 days) with patients with 1
or fewer inpatient days as the comparison group. We obtained zip code-level
measures of the percentage population below the poverty level, per capita
income, and the percentage rural population from the 1990 Census of Pop-
ulation and Housing Zip Code Summary File for the residence zip code of
each patient in our sample at dialysis initiation. We specified poverty and per
capita income variables for each patient using indicator variables based on the
respective quartiles of these variables. For the population percentage below
poverty, three indicator variables were created (5.8–11.6, 11.6–19.6, 19.61

percent). Patients living in zip codes with poverty percentages below 5.8 per-
cent were the comparison group. Three indicator variables were created for
the per capita income in each patient zip code ($9,322–$11,252, $11,252–
$14,250, $14,2501). Patients living in zip codes with per capita income below
9,322 were the comparison group. Because of the large percentage of zip codes
that were either fully rural or fully urban we created three indicator variables
to represent rural population percentage (40–50, 450–o100, 100). Patients
living in fully urban zip codes (rural percentage 5 0) were the comparison
group.

We used patient residence zip codes at dialysis initiation and dialysis
center zip codes and profit status to calculate the distance from each patient to
the nearest dialysis center, the distance from each patient to the nearest for-
profit center, and the distance from each patient to the nearest nonprofit
center. Distance was measured using the straight-line distance from the cent-
roid of the patient’s zip code to the centroid of the zip code of dialysis center
using the longitudes and latitudes of the zip code centroids. We calculated a
measure of general dialysis access as the distance from the patient to the
nearest dialysis center regardless of profit status and created four indicator
variables based on the quintiles of this measure (40–1.53, 1.53–3.48, 3.48–
8.38, 8.381 miles). Patients with dialysis centers located in their residence zip
code (0 miles) were the comparison group. We then calculated differential
distance for each patient as the distance to the nearest for-profit center from
the patient’s residence minus the distance to the nearest nonprofit center from
the patient’s residence. In our empirical specification, we created a series of
indicator variables that grouped patients by their estimated differential dis-
tance.
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Analytical Approach

We used the same nonparametric two-stage least squares (2SLS) variant of IV
estimation that has been used in previous IV research in health care
(McClellan et al. 1994; McClellan and Newhouse 1997; Brooks et al. 2000,
2003; Beck et al. 2003) and in questions of labor supply (Angrist and Evans
1998; Angrist 2001). Despite the specification of a binary dependent variable
(1 5 survive 1 year, 0 5 otherwise) nonparametric 2SLS yields consistent es-
timates regardless of the underlying error distributions, whereas alternative
two-stage estimators that rely on distributional assumptions (e.g., bivariate
probit) are inconsistent if the assumptions are incorrect (Angrist 2001). In the
first stage of the 2SLS approach we used ordinary least squares to estimate the
following model of for-profit dialysis center choice:

Pi ¼ a0 þ a1Xi þ a2Ai þ ci þ eið Þ ð1Þ

where Pi is the choice for patient ‘‘i’’ (1 5 for-profit, 0 5 nonprofit), Xi is a
vector of binary variables containing measured confounding variables, ci is the
effect of unmeasured confounders that affect both dialysis center choice and
survival, and ei is the net impact of the unmeasured factors that affect center
choice only. Ai is a vector of indicator variables that group patients based on
the differential distance value of patient i. A Chow F-test (Chow 1960) can be
used to assess whether Ai describes a significant portion of the variation in Pi

(i.e., whether the estimates in the vector a2 are simultaneously equal to 0) and
provides a natural test of whether the binary variables representing differential
distance affect dialysis center choice.

In the second stage of 2SLS, we estimated a 1-year survival model spec-
ified as follows:

Si ¼ b0 þ b1Xi þ b2Pi þ ci þ uið Þ ð2Þ

where Si is binary variable equal to 1 if patient i survives 1-year past dialysis
initiation, 0 otherwise, Xi, Pi, and ci are defined as in equation (1), and ui is the
set of unmeasured factors that affect patient survival and not dialysis center
choice. b2 represents the average 1-year survival effect of initiating dialysis at a
for-profit center relative to a nonprofit center. Standard methods to estimate
equation (2)——logistic regression (LR) or linear probability model (LPM) re-
gression——will yield biased estimates of b2 if ci is not equal to 0. 2SLS avoids
this bias when estimating equation (2) by replacing the actual for-profit center
choice variable in equation (2), Pi, with the predicted for-profit center choice
probability from equation (1) for each patient, P̂i. Because Xi is also in equation
(2), the only variation in P̂i that is used to estimate b2 in equation (2) comes
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from Ai. As Ai is assumed to be unrelated to ci, the 2SLS estimate of b2 provides
a consistent estimate of the change in the 1-year postdialysis initiation survival
rate from a 1 unit change in the for-profit center use rate. Little theory exists to
select the number of patient groups to specify an instrument empirically
through Ai. Dividing patients into more groups based on the instrument ex-
ploits more variation in treatment choice (here the choice of a for-profit cen-
ter), but decreases the number of patients in each group, which increases the
risk of unmeasured confounders being associated with group membership.
Here we followed the norms of past IV research (McClellan et al. 1994;
McClellan and Newhouse 1997; Angrist and Evans 1998; Brooks et al. 2000;
Angrist 2001; Beck et al. 2003; Brooks et al. 2003) and varied the number of
patient groups defined by our instrument (2, 5, 10, 20, 40 groups) and assessed
whether our results were robust to this variation.

In the strictest interpretation, the 2SLS estimate of b2 is the local average
treatment effect (LATE) described by Imbens and Angrist (1994) and can only
be generalized to the patients whose initial dialysis center profit status choices
were affected by differential distance (i.e., if their differential distance values
were reversed they would have gone to a dialysis center with a different profit
status). However, there is little reason to believe that this characteristic would
not be broadly shared across most new ESRD patients. In addition, we con-
trasted the 2SLS estimates to LPM estimates using ordinary least squares. LPM
estimation is used because it affords a more direct comparison with 2SLS
estimates (McClellan et al. 1994). We also estimated the models using LR to
compare with the results in Devereaux et al. (2002). We specified the LPM and
LR models without covariates, with the set of risk-adjusters similar to those
used by the studies within Devereaux et al. (2002), and with an expanded list of
risk-adjusters using data available from the various USRDS databases de-
scribed above. The IVREG and REGRESS procedures in STATA/SE 9.0 were
used for the 2SLS and LPM models, respectively and were estimated using the
ROBUST option to account for potential heterogeneity of the error term. The
LOGISTIC procedure in SAS System for Windows 9.0 was used for LR es-
timation.

For differential distance to be useful as an instrument it must (1) be
related to choice of dialysis center profit status and (2) not be related to patient
outcomes directly or to unmeasured confounding variables. As discussed
above, the first property can be observed and tested with observational data.
The second property is an assumption, and like the assumptions innate in risk-
adjustment approaches inferences made from IV estimates are conditional on
its acceptance. A theoretical justification is required to support the acceptance
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of the second property. McClellan et al. (1994) suggested that the lack of a
theoretical link between differential distance and the usual confounders such
as unmeasured patient severity provides a degree of face validity. They argued
that for this assumption to be violated patients with different distributions of
unmeasured confounders with new diagnoses would have had to have made
different residence decisions before their diagnoses. In this study for the sec-
ond property to hold it also has to be assumed that the newly opened for-profit
dialysis centers were not placed into areas with distinct distributions of un-
measured confounders. While these assumptions cannot be fully validated
with existing data, they can be scrutinized to some extent. Two-stage least
squares models in which differential distance is specified with more than two
groups are said to be overidentified and a Hausman test statistic (Hausman 1983)
can be estimated to test the null hypothesis that the exclusion of the differential
distance indicator variables, Ai, from the survival equation was appropriate (a
test of whether all the patient groups specified using differential distance si-
multaneously had no direct on survival or no indirect effect on survival
through an unmeasured confounding variable). A large value of the Hausman
statistic rejects the null hypothesis. As is done in randomized controlled trials,
we also assessed whether measured confounders were balanced across pa-
tients grouped by differential distance. Unbalanced measured confounders
makes the inferences based on our 2SLS estimates conditional on the as-
sumption that differences in measured confounders are not symptomatic of
differences in unmeasured confounders across differential distance groups and
it reinforces the need to control directly for these variables in 2SLS analysis
(the Xi variables in the equations 1 and 2). In addition, we compared the
measured confounders of patients that initiated dialysis in 1999 that lived in
zip codes that switched from being closer to a nonprofit dialysis center in 1996
to being closer to a for-profit dialysis center in 1999 with patients that initiated
dialysis in 1999 whose relative access to for-profit dialysis centers remained
constant over this period. This comparison provides insight as to whether for-
profit dialysis centers were placed in a manner suggestive of potential con-
founding problems (e.g., areas containing younger or less sick patients).

RESULTS

The scatter plot in Figure 1 illustrates the ability of differential distance both to
identify variation in the use of for-profit centers and to balance confounders.
Each point on the scatter plot contains the percentage initial for-profit and the

Effect of Dialysis Center Profit-Status on Patient Survival 2275



average number of comorbid conditions listed on the CMS Medical Evidence
Form for the set of patients with the same integer-rounded differential distance
value. Differential distance is on the x-axis with patients relatively closer to for-
profit centers on the left and patients relatively closer to nonprofit centers on
the right. The left y-axis is the percentage of patients in each differential dis-
tance group that used a for-profit center and this value is depicted by dia-
monds on the figure. The right y-axis is the average number of comorbid
conditions listed on the CMS Medical Evidence Form for the patients at each
differential distance and this value is depicted by triangles. The lines through
the observations represent nonlinear regression smoothing of the observa-
tions. It is clear from Figure 1 that the relative access to for-profit and nonprofit
dialysis centers as measured by differential distance had a substantial effect on
the choice of a for-profit center. In contrast, no clear relationship existed
between differential distance and the average number of measured comorbid
conditions. Comorbid condition averages are more dispersed at higher dif-
ferential distance values, but this reflects the smaller number of patients that
lived relatively closer to a nonprofit dialysis center.
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Table 1 provides additional information to assess the validity of as-
sumptions underlying the risk adjustment and instrumental variable estima-
tion approaches. The table compares mean values of measured characteristics
across patients using two distinct patient grouping methods. The first method
groups patients by the profit status of their initial dialysis center (columns 3
amd 4). The second method groups patients by their differential distance to the
nearest for-profit dialysis center relative to the nearest nonprofit dialysis center
(columns 6 and 7). The p-values for tests of the differences in means across
patient groups are also reported (columns 5 and 8, respectively). Because of
our large sample size many small differences in the measured characteristics
across groups are statistically significant. As a result, we focused on overall
differences between patient groups and whether these differences changed
with the patient grouping method. When comparing the patients initially di-
alyzed in for-profit and nonprofit dialysis centers (columns 3 and 4) using the
measures available for risk adjustment in earlier studies, we found larger per-
centages of female and African-American patients and fewer white patients
treated at for-profit dialysis centers. Patients initially dialyzed at for-profit
centers appeared somewhat healthier with lower comorbidity rates in 13 of the
17 measured conditions listed on the CMS Medical Evidence Form. We also
found differences in characteristics across the groups that were unmeasured in
previous research. Patients initially dialyzed at for-profit centers had lower
previous inpatient utilization and tended to live in states with more extreme
average health levels (high health and low health) using the state definitions in
Subramanian et al. (2001).

Grouping patients based on the median value of the differential distance
variable (� 3.51) as in columns 6 and 7 produced a large difference in the rate
of initial for-profit dialysis center use across groups. Nearly 93 percent of the
patients living relatively closer to a for-profit dialysis center were initially
dialyzed at a for-profit center, while around 48 percent of the patients living
relatively closer to a nonprofit center were initially dialyzed at a for-profit
center. In contrast to grouping patients by the profit status of their initial
dialysis center, grouping patients by differential distance produced a more
balanced distribution of measured comorbidities and previous inpatient uti-
lization. However, grouping patients by differential distance slightly exacer-
bated differences by race and did little to balance differences across states. This
suggests that decisions to locate new for-profit facilities were not independent
of the racial composition in local areas which may reflect areas of dialysis
need. A larger percentage of African Americans lived relatively closer
to nonprofit centers (columns 6 and 7), yet for-profit centers treated a
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larger percentage of African Americans (columns 3 and 4). To control for
these differences in measured characteristics across groups defined by
differential distance, we specified the full set of measured covariates within
our 2SLS analysis. It should by noted that our 2SLS results are conditional
on the assumption that differences in measured covariates across instru-
ment groups are not symptomatic of differences in other unmeasured
confounders.

Table 2 compares patients initiating dialysis in 1999 that lived in zip
codes that became relatively closer to for-profit dialysis center from 1996 to
1999 with patients initiating dialysis in 1999 who lived in zip codes without
changes in the profit status of the closest dialysis center from 1996 to 1999. The
only real difference in these groups is the average health levels of the states in
which they reside. Patients in zip codes in which for-profit dialysis centers
became closest during 1996–1999 lived in states with less extreme average
health levels. Given that patients initially dialyzed at for-profit dialysis centers
in our sample were mainly from states with extreme health levels, this change
probably simply reflects the expansion of for-profits into areas where they
were less available and not an effort to select patient populations in a manner
that will confound our results.

Table 3 contains the partial F-statistics for the first-stage model of the
initial use of for-profit dialysis centers (equation 1). The estimates in Table 3
reflect a model in which we specified differential distance using 19 binary
variables to represent 20 different patient groups. Patients were placed in the
20 groups based on every fifth percentile of differential distance across the
sample. All noninstrument covariate groups described a statistically significant
portion of the variation in the initial use of for-profit dialysis centers. Male
patients were less likely to go to a for-profit center ( p 5 .0159) and patients
over 75 at dialysis initiation were more likely ( p 5 .0069). There were statis-
tically significant differences across races ( po.0001) as Asian Americans had
the lowest initial use of for-profit centers and Indian Continent-Americans had
the highest use. Patients initially using for-profit centers had higher rates of
congestive heart failure ( p 5 .0036), diabetes ( po.0001) and hypertension
( po.0001), but they had lower rates of cardiac dysrhythmia ( p 5 .0225), can-
cer ( po.0001), ischemic heart disease ( po.0001), myocardial infarction
( p 5 .0058), pericarditis ( p 5 .0009), and tobacco use ( p 5 .0142). Patients liv-
ing a longer distance from the nearest dialysis center tended to go to for-profit
centers at a higher rate ( po.0001). However, after controlling for distance to
the nearest dialysis center, patients living in rural areas used for-profit centers
at a lower rate ( po.0001).
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Table 2: Patients Initializing Dialysis in 1999 That Lived in Zip Codes That
Became Relatively Closer to For-Profit Dialysis Center from 1996–1999 Com-
pared with Patients Initiating Dialysis in 1999 Who Lived in Zip Codes without
Changes in Profit Status of the Closest Dialysis Center from 1996 to 1999

Patients Initiating Dialysis in 1999

Zip Code Became Closer to
For-Profit between 1996–

1999

Yes No p-Value n

Observations 29,704 1,621 28,083 ——
For-profit (%) 74.28 71.31 74.46 .0049
Male (%) 51.26 49.29 51.37 .1035
75 or older (%) 54.38 54.78 54.36 .7409
Race (%)

Asian 2.60 1.60 2.67 .0090
African Americans 21.20 20.79 21.23 .6708
White 72.93 73.97 72.87 .3338

Comorbidity (%)
Cardiac arrest 0.96 1.11 0.95 .5214
Cardiac failure 42.06 42.69 42.02 .5964
Chronic pulmonary disease 10.33 9.87 10.36 .5331
Diabetes 45.24 43.62 45.33 .1774
Dysrhythmia 9.11 10.24 9.05 .1048
Hypertension 76.22 75.57 76.26 .5285
Alcohol dependence 0.59 0.49 0.59 .6167
Malignant neoplasm 7.92 7.96 7.92 .9594
Cerebrovascular disease 12.07 11.47 12.10 .4523
Drug dependence 0.05 0.06 0.05 .8366
Ischemic heart disease 33.86 36.15 33.73 .0451
Myocardial infarction 11.97 13.26 11.89 .0985
Pericarditis 0.73 0.49 0.74 .2548
Peripheral vascular disease 18.90 19.12 18.89 .8154
Current smoker 3.15 3.15 3.15 .9844
Inability to ambulate 5.31 4.87 5.33 .4247
Inability to transfer 1.90 1.67 1.91 .4593

Hospital admissions in previous year (%)
0 � xo2.0 71.66 69.95 71.76 .1183
2.0 � xo3.0 13.81 14.25 13.78 .1245
3.0 � x 14.54 15.79 14.46 .1401

Survival (%)
Survive 6 months 76.34 76.50 76.33 .8765
Survive 1 year 63.82 65.45 63.72 .1583

Health state (%)
High 56.97 53.92 57.14 .0108
Mid 22.67 29.92 22.25 o.0001
Low 20.37 16.16 20.61 o.0001

n Two independent samples t-test.
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Table 4 contains single-equation logistic regression model estimates of
the effect of for-profit status of the patient’s initial dialysis center on 1-year
survival to provide a more direct comparison with the estimates with Dev-
ereaux et al. (2002). Three model specifications are provided. Model 1 (first
row) is specified without covariates. Model 2 (second row) specifies covariates
similar to those specified in the studies summarized within the Devereaux et al.
meta analysis (patient age, gender, comorbidity, race). Model 3 (third row)
specifies the covariates used in the Devereaux et al. analysis plus state of

Table 3: F-Statistics Testing Whether Patient Groups Defined by Model
Variables Are Related to the Use of For-Profit Dialysis Centers, 1996–1999

Variable Group (Degrees of Freedom) Partial F-statistic n (p-Value)

Instrument
Differential distance (17, 101,554) 2,150.53 (o.0001)

Covariates
Gender (1, 101,554) 5.81 (.0159)
Age (1, 101,554) 7.29 (.0069)
Year (3, 101,554) 59.53 (o.0001)
Race (8, 101,554) 6.26 (o.0001)
Comorbidity (17, 101,554) 8.55 (o.0001)
Previous health care use (4, 101,554) 2.63 (.0326)
State (50, 101,554) 212.00 (o.0001)
Actual distance (4, 101,554) 75.41 (o.0001)
Patient zip code rural % (3, 101,554) 57.46 (o.0001)
Patient zip code poverty % (3, 101,554) 3.52 (.0144)
Patient zip code per capita income ($) (3, 101,554) 5.91 (.0005)

nAgainst the null hypothesis that the groups defined by the instrumental variables do not describe
a significant portion of treatment variation.

Table 4: Logistic Regression Model Estimates of the Effect of ‘‘For-Profit’’
Status of Initial Dialysis Center on 1-Year Survival by Covariates Used,
1996–1999

Covariates
Estimated Effect
(Standard Error) p-Value

Odds
Ratio

Odds Ratio 95%
Confidence Interval

None � 0.0136 (0.0144) .3454 0.986 0.959, 1.015
Devereauxn � 0.0559 (0.0149) .0002 0.946 0.918, 0.974
Devereaux plusw � 0.0330 (0.0173) .0560 0.967 0.935, 1.001

nPatient age, gender, comorbidity, and race.
wPatient age, gender, comorbidity, race, state of residence, number of inpatient admissions and
inpatient days in the year before dialysis, zip code-level measures of poverty, per capita income,
and percent rural.
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residence, number of inpatient admissions and inpatient days in the year
before dialysis, zip code-level measures of poverty, per capita income, and
percent rural. The for-profit status of a patient’s initial dialysis center was
negatively related to patient survival in all three models but was only statis-
tically significant in Model 2. The effect estimate in Model 2 is similar in
magnitude to the estimate found in Devereaux et al. As additional risk ad-
justment is performed in Model 3, the estimate falls by nearly half and be-
comes statistically insignificant.

Table 5 contains LPM estimates and 2SLS estimates. The LPM estimates
are similar to the logistic regression estimates listed in Table 4. The effect of
initial dialysis at a for-profit center is negative and statistically significant when
covariates similar to those in Devereaux et al. (2002) were specified, but the
estimate falls by nearly half and becomes statistically insignificant as more risk-
adjusting covariates are added to the model. To assess which of the new risk-
adjusters was the main cause for the estimate drop, we ran four additional LPM
models that each excluded a single new risk-adjuster. It is clear from comparing
the estimates across these specifications that the state-dummy variables had the
largest effect on reducing the estimate. Given the differences in the measured
covariates across instrument groups (see Table 2), the 2SLS specifications were
estimated using the full set of measured confounders. 2SLS models varied with
the number of patient groups used to specify differential distance in the model.
The 2SLS estimates were obtained using only the variation in the initial use of
for-profit dialysis centers related to differential distance and no relationship
between the initial use of a for-profit dialysis center and 1-year patient survival is
seen across 2SLS model specifications. As is often the case, the 2SLS estimates
have larger standard errors than the estimates from the LPM models. However,
the 2SLS estimates are close enough to 0 that even using standard errors in the
range of the LPM models it would not be possible to reject the null hypothesis.
In addition, none of the Hausman test statistics for the overidentified models
(models in which differential distance is specified with more than two groups)
are statistically significant so we cannot reject the null hypothesis that the ex-
clusion of the differential distance indicator variables from the survival equation
was appropriate.

DISCUSSION

Studies have shown that nonprofit dialysis centers use more resources in the
delivery of dialysis than for-profit centers. The effects of these differences are
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unclear. Some suggest that the lower resource use by for-profit dialysis centers
compromises the health outcomes of dialysis patients (Levinsky 1999; Dev-
ereaux et al. 2002; Meyer and Kassirer 2002). Others interpreted the higher
levels of resource use at nonprofit dialysis centers as inefficiency (Ozgen and
Ozcan 2002) with the implication that nonprofit centers employ a level of
resources beyond what is necessary for proper patient care. The correct im-
plication of this resource difference hinges on whether patients in dialyzed
nonprofit dialysis centers have superior health outcomes to patients treated in
for-profit dialysis centers. Unfortunately, it is not feasible to randomize the
profit status of the dialysis center that ESRD patients use when they initiate
dialysis to assess survival differences across dialysis center profit status. Con-
sequently, many researchers estimated the difference in survival probabilities
between for-profit and nonprofit dialysis centers using observational databas-
es (McClellan et al. 1998; Garg et al. 1999; Irvin 2000; Port et al. 2000) and
risk-adjusted for measured confounders. A meta-analysis of these risk-adjust-
ment models (Devereaux et al. 2002) showed greater mortality risk for ESRD
patients on hemodialysis treated at for-profit centers relative to nonprofit
centers. As seen in Tables 4 and 5, we were able to obtain similar estimates
using a set of risk-adjusters similar to those used in the models included in
Devereaux et al. (2002). However, Table 2 shows that risk factors unmeasured
in the previous research——previous inpatient utilization and the health char-
acteristics of the patient’s residence state——differed significantly between pa-
tients initially dialyzed at for-profit and nonprofit centers, and that controlling
for these risk factors lowered the estimated survival differences between for-
profit and nonprofit centers by nearly half regardless of estimation model used
(Tables 4 and 5).

To further investigate this relationship, we employed the 2SLS variant of
instrumental variable analysis. We used the differential distance from a pa-
tient’s residence to the nearest for-profit and nonprofit dialysis centers to pro-
vide an ex-post facto randomization of dialysis center choice. Differential
distance described a substantial portion of the variation in the profit status of
the dialysis center initially chosen, and grouping patients by differential dis-
tance instead of the profit status of their initial dialysis center led to a more
balanced distribution of comorbidities and previous health care utilization.
We also found no evidence suggesting that new for-profit dialysis centers were
sited during our analysis period in a manner that would have led to relation-
ships between differential distance and unmeasured confounders. Differences
in race, state of residence, and several comorbidities remained across patients
grouped with differential distance. We controlled for these measured
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confounders directly in our 2SLS models so that our estimates used only the
variation in differential distance that was independent of these factors. Infer-
ences from our 2SLS estimates, although, are conditional on the assumption
that the differences in measured confounders across instrument groups were
not symptomatic of differences in unmeasured confounders across the same
groups.

In contrast to the estimates in Devereaux et al. (2002) and our from risk-
adjustment model estimates, our 2SLS estimates showed no relationship be-
tween initial dialysis at for-profit dialysis centers and 1-year patient survival.
These estimates were robust to the grouping method used to specify differ-
ential distance. Hausman test statistics indicated little risk that differential
distance is directly related to patient survival or unmeasured confounders.
Our 2SLS estimates can only be generalized strictly to the set of patients whose
initial dialysis center profit status would have been affected by changes in
differential distance (Angrist et al. 1996), but the substantial independent effect
that differential distance had on initial dialysis center profit status suggests that
this characteristic would probably be shared by most elderly ESRD patients.
Our results suggest that lower resource use at for-profit dialysis centers did not
jeopardize the survival of new elderly ESRD patients and policies designed to
reduce the number for-profit dialysis centers may increase costs without in-
creasing patient survival. As the number of dialysis centers increased from
2,154 in 1991 to 4,586 in 2003 (U.S. Renal Data System 2005) it appears that
the competitive market for dialysis services forced all dialysis providers to
maintain sufficient quality levels regardless of the overriding goals of each
organization.
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