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Abstract

Background—In 2004 the Centers for Medicare & Medicaid Services (CMS) changed 

reimbursement for physicians and advanced practitioners caring for patients receiving 
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hemodialysis from a capitated to a tiered fee-for-service system, encouraging increased face-to-

face visits. This early version of a pay-for-performance initiative targeted a care process: more 

frequent provider visits in hemodialysis. While more frequent provider visits in hemodialysis are 

associated with fewer hospitalizations and re-hospitalizations, it is unknown whether encouraging 

more frequent visits through reimbursement policy also yielded these benefits.

Study Design—We used a retrospective cohort, interrupted time-series study design to examine 

whether the 2004 nephrologist reimbursement reform led to reduced hospitalizations and re-

hospitalizations. We also used published data to estimate a range of annual economic costs 

associated with more frequent visits.

Setting & Participants—Medicare beneficiaries in the United States receiving hemodialysis in 

the two years prior to and following reimbursement reform.

Predictor—The two years following nephrologist reimbursement reform.

Outcomes—Odds of hospitalization and 30-day hospital readmission for all causes and fluid 

overload; US dollars.

Results—We found no significant change in all-cause hospitalization or re-hospitalization, and 

slight reductions in hospitalization and re-hospitalization for fluid overload following 

reimbursement reform; the estimated economic cost associated with additional visits ranged from 

$13 to $87 million per year, depending on who (physicians or advanced practitioners) spent 

additional time visiting patients and how much additional effort was involved.

Limitations—Due to limited information about how much additional time providers spent seeing 

patients after reimbursement reform, we could only examine a range of potential economic costs 

associated with the reform.

Conclusions—A Medicare reimbursement policy designed to encourage more frequent visits 

during outpatient hemodialysis may have been costly. The policy was associated with fewer 

hospitalizations and re-hospitalizations for fluid overload, but had no effect on all-cause 

hospitalizations or re-hospitalizations.
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Pay-for-performance (P4P) initiatives are central to many healthcare reform efforts. In P4P 

care models, provider reimbursement depends upon the quality of care provided. Quality of 

care can be determined either by delivery of care processes that are deemed important, or by 

achievement of specific health outcomes.1 Recently enacted Medicare programs paying for 

transitional care management and chronic care coordination are examples of national P4P 

initiatives targeting care processes. The end-stage renal disease (ESRD) quality incentive 

program is an example of a P4P initiative focused on patients with kidney disease that 

targets both care processes and health outcomes. Although quality measures focusing on 

care processes can be more sensitive to the quality of care provided, they are only useful if 

the targeted care process can be modified in a way that yields improved health outcomes.2 
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Efforts to change provider behavior through payment reform have not always had the 

intended effect on health outcomes. 3-10

In 2004, the Centers for Medicare & Medicaid Services (CMS) transformed physician 

reimbursement for the roughly 400,000 patients receiving hemodialysis in the United 

States.11 The reimbursement reform targeted a specific care process: the frequency of face-

to-face provider visits. Prior to 2004, nephrologist reimbursement was capitated—

nephrologists received the same monthly payment regardless of how frequently they saw 

their patients. In 2004 reimbursement changed to a tiered fee-for-service system, where 

nephrologists and/or their proxy care providers are paid more for each additional face-to-

face visit up to four visits per month, creating an economic incentive to see patients more 

often.12 Unlike traditional fee-for-service payment, additional visits under the new policy 

were reimbursed regardless of a documented medical need for the visit. Following the 

reform, physician reimbursement for outpatient hemodialysis visits increased by 18% if they 

saw patients at least four times in a month and decreased by 12% and 22% for two-to-three 

and one visit per month, respectively.12 As expected, many physicians increased visit 

frequency or hired advanced practitioners to do so.13-15 Due to increased visit frequency, 

dialysis payments to nephrologists increased by $65 million in the year following 

reimbursement reform.15

Costs associated with hemodialysis care are high, and health outcomes are poor.11, 16 Policy-

makers had hoped that encouraging more frequent visits to patients receiving incenter 

maintenance hemodialysis would improve health outcomes by aligning economic 

incentives.12 Analyses of national cohorts in the period following reimbursement reform 

have suggested that patients seen more frequently by their physician (or advanced 

practitioner) benefit from slight reductions in hospitalization rates and more substantial 

reductions in 30-day hospital readmissions.17, 18 However, it is unknown whether changes in 

practice that occurred in response to the 2004 reimbursement reform led to similar 

improvements. One leading healthcare provider’s description of the effort to see patients 

four or more times per month as “checking off boxes,” highlights the potential 

ineffectiveness of these additional visits.14

In this study, we examine whether reimbursement reform from a capitated to a tiered fee-for-

service system led to reductions in hospitalization and 30-day hospital readmissions among 

patients receiving hemodialysis. We focus on these particular health outcomes because they 

are associated with increased visit frequency in cross-sectional studies where visit frequency 

variation reflects differences in how individual providers choose to care for their patients. 

Additionally, we estimate the economic costs associated with the reimbursement reform 

under several scenarios.

METHODS

Data and Patient Selection

Medicare’s physician reimbursement reform for dialysis care occurred on January 1st, 2004. 

We identified prevalent patients receiving in-center hemodialysis in the United States in the 

two years prior to and following physician reimbursement reform (January 1, 2002 through 
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December 31, 2005) from the US Renal Data System (USRDS), a registry of virtually all 

patients with treated ESRD in the United States. The USRDS contains data on patients, 

dialysis facilities, hospitalizations, and Medicare claims. We obtained data on population 

density from census-based rural-urban commuting area (RUCA) codes.19

In the analysis of hospitalizations, we divided the four-year study period into 24 two-month 

intervals. On the first day of each two-month interval, we selected a cohort of point prevalent 

patients receiving hemodialysis (generating 24 cohorts in total). We tracked patients from 

each cohort for two months to determine if they were hospitalized during that period. The 

same patient appeared in multiple two-month cohorts if he or she continued to receive in-

center hemodialysis. We updated patient co-morbidities and Medicaid eligibility at the start 

of each new cohort period. We only included patients with six months of prior Medicare 

Parts A&B coverage at the start of each cohort in order to have a sufficient look-back period 

to ascertain patient comorbidities (Figure S1, available as online supplementary material).

In the analysis of re-hospitalization, we identified all patients discharged from the hospital 

during the study period, only including hospitalizations two days or longer. We determined 

whether patients were re-hospitalized within 30 days of hospital discharge. We separated 

index hospitalizations into 24 cohorts according to the two-month interval when patients 

were discharged from the hospital. We updated co-morbidities and Medicaid eligibility at 

the beginning of each cohort, and only included patients with six months of prior Medicare 

Parts A&B coverage at the start of each two-month interval. An individual patient could 

have multiple index hospitalizations.

Study Outcomes, Covariates, and Statistical Analysis

The primary study outcomes were the odds of hospitalization during each 2-month interval 

and the odds of re-hospitalization within 30 days of hospital discharge. We also examined 

hospitalizations and re-hospitalizations for fluid overload (part a of Item S1).20 Baseline 

characteristics of the hospitalization and re-hospitalization cohorts are shown in Table 1. 

Due to large population size, we used a 10% standardized difference as a marker of 

heterogeneity when comparing differences in characteristics between groups.21

We used multivariable interrupted time-series logistic regression analysis to determine 

whether there was a change in either the odds of hospitalization and 30-day hospital 

readmission, or the trend in these outcomes over time following reimbursement reform. A 

similar approach has been commonly used to analyze the effect of policies on health 

outcomes, including analyses conducted at both the aggregate and individual patient 

levels.22-24 We conducted our analyses at the level of individual patients and adjusted for 

patient, dialysis facility, and geographic characteristics listed in Table 1, along with seasonal 

variation in hospitalizations. Dialysis facility size was included in the models as a 

continuous covariate, while duration of dialysis (vintage) prior to each cohort inception and 

age were included as categorical variables. We excluded the first two months following the 

reimbursement reform in order to allow time for providers to respond to the new policy. 

Because the same patient could appear in multiple cohorts, in all analyses we used cluster-

robust standard errors to account for correlation among repeated measures.25, 26
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In the interrupted time-series regression models we used the following three variables to 

characterize the effect of reimbursement reform on hospitalization and re-hospitalization: 1) 

a “numeric date” variable representing the date of a specific cohort’s inception or index 

hospitalization; 2) a “policy reform” variable indicating the periods prior to and following 

the 2004 nephrologist reimbursement reform; and 3) a numeric date times policy reform 

interaction term. The coefficient for the numeric date times policy reform interaction 

describes how the trend in hospitalizations (or re-hospitalizations) changed following 

reimbursement reform (part b of Item S1).

Estimating Economic Cost of Additional Visits After Reimbursement Reform

Because reimbursement increases did not match the rate of inflation, by 2006, the inflation-

adjusted amount paid by CMS per patient receiving hemodialysis had returned to its level 

prior to the 2004 reimbursement reform.15 Consequently, any lasting economic cost of extra 

visits resulting from the reimbursement reform must be understood in terms of the 

opportunity cost. The opportunity cost is an economic concept that quantifies the cost of an 

activity by the value to society associated with the next best use of the resources devoted to 

that activity. In the case of more frequent provider visits resulting from reimbursement 

reform, the opportunity cost of more frequent visits refers to the value of physician or 

advanced practitioner time if it were spent doing other productive activities, such as seeing 

patients in an ambulatory practice or in the hospital.

We used published physician and advanced practitioner salaries to estimate the opportunity 

cost of increased face-to-face visits. 27, 28 We estimated the opportunity cost as the product 

of the average full-time physician’s (or advanced practitioner’s) salary and the proportion of 

his or her total time spent seeing additional patients in response to reimbursement reform. 

We used responses from surveys of physicians and advanced practitioners to estimate the 

amount of time spent seeing patients receiving outpatient dialysis prior to the reimbursement 

reform and the average number of patients cared for by each full-time practitioner.13, 29-31 

We used a published report of visit frequency before and after the reform13 and a compared 

published relative value units (RVUs) associated with outpatient dialysis care before and 

after reimbursement reform12 to identify a range of potential incremental time physicians 

and advanced practitioners may have spent seeing patients in response to reform. We used 

data on hemodialysis prevalence to convert costs per practitioner into aggregate economic 

cost of increased visits (part c of Item S1).32 Because of reports that advanced practitioners, 

on average, spend more time with their hemodialysis patients compared to physicians, we 

tested a higher range of additional advanced practitioner time spent in the outpatient 

hemodialysis setting as a result of reimbursement reform. 33

This project was approved by Institutional Review Boards at Baylor College of Medicine 

and Stanford University (ID numbers: Baylor, H-36408; Stanford, 17904). Informed consent 

was waived due to a less-than-minimum risk to patients and the de-identified nature of the 

data.
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RESULTS

Baseline Characteristics

There were 343,844 patients included in the analysis of all-cause hospitalizations. The pre-

reform period included 229,728 patients, while the post-reform period included 248,278 

patients. Many patients were followed up in both periods. Groups were similar in all 

characteristics measured in the pre-reform and post-reform periods, except that patients in 

the post-reform period had been on dialysis for more days on average (Table 1). This likely 

reflected longer survival among the prevalent dialysis population combined with longer wait 

times for kidney transplantation. Patients were hospitalized during 27.1% of the 24 two-

month follow-up intervals before and after reimbursement reform.

There were 259,818 patients included in the analysis of all-cause re-hospitalizations. The 

pre-reform period included 157,262 patients, while the post-reform period included 168,654 

patients. Many patients contributed index hospitalizations in both periods. Groups were 

similar in all characteristics in the pre-reform and post-reform periods except that patients in 

the post-reform period had been on dialysis for more days on average (Table 1). Patients 

were re-hospitalized in 33.6% and 34.4% of months following hospital discharge prior to 

and following reimbursement reform, respectively.

Regression Results

The odds of all-cause hospitalization during any two-month interval declined by 

approximately 0.4% every two months (95% confidence interval [CI], 0.3%-0.5%). 

However, there was no significant change in the odds of hospitalization immediately 

following reimbursement reform, and there was no significant change in the downward trend 

of reduced hospitalizations over time observed following reimbursement reform (p-value for 

policy reform times date interaction=0.2). (Figure 1a; Table 2; Table S1)

There was a small, non-significant, increase in the likelihood of all-cause 30-day hospital 

readmission over time prior to the policy (odds ratio [OR], 1.002; 95% CI, 1.000-1.004). 

The likelihood of being readmitted did not change immediately following reimbursement 

reform. There was a very slight, non-significant, relative decline in the odds of readmission 

over time in the post-reform period (OR, 0.997; 95% CI, 0.994-1.000). (Figure 1b; Table 2; 
Table S2)

On average during the study period, patients had a 2.4% probability of hospitalization for 

fluid overload in a two month period and a 3.4% probability of being readmitted to the 

hospital for fluid overload within 30 days of a hospital discharge. The likelihoods of both 

hospitalization and re-hospitalization for fluid overload increased slightly over time in the 

period prior to reimbursement reform and did not change significantly immediately after the 

policy reform. The trends toward increasing hospitalizations and re-hospitalizations over 

time stopped−or reversed—in the two-years following reimbursement reform, indicating 

relative declines over time after the policy. (Figures 2a-2b; Table 2) Using average marginal 

effects, the fluid overload models predicted that, by the end of the study period (two years 

after the reform), the absolute probability of hospitalization for fluid overload in a two-
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month period was 0.3% lower as a result of the policy, while the probability of re-

hospitalization for fluid overload was 1.1% lower as a result of the policy.

Economic Cost of Reimbursement Reform

The opportunity cost of more frequent visits depends upon how much incremental time 

physicians or advanced practitioners spend seeing patients on in-center hemodialysis as a 

result of reimbursement reform. If all additional visits were performed by physicians, the 

opportunity cost (based on 2012 physician and advanced practitioner salaries) would range 

from $22 to $87 million per year if they spent between 2% and 8% of their time doing so. If 

all additional visits were performed by advanced practitioners, the corresponding 

opportunity cost would range from $13 to $53 million per year, assuming 4% to 16% of 

advanced practitioners’ time were spent seeing these patients more frequently (Figure 3).

Sensitivity Analyses

In a sensitivity analyses, we examined whether the effect of the policy varied according to 

the frequency of visits at a dialysis facility. None of our findings were sensitive to the 

frequency of visits to a patient’s facility in the period following the reimbursement reform 

(part d of Item S1).

Discussion

A policy enacted by CMS in 2004 transformed nephrologist reimbursement for outpatient 

hemodialysis care to a tiered fee-for-service system and created an economic incentive for 

physicians and advanced practitioners to see patients more frequently. Despite evidence that 

this policy had its intended effect (i.e., physician and advanced practitioner visits increased 

in 2004), we did not find associated reductions in the likelihood of all-cause hospitalization 

or 30 day hospital readmissions. These findings are consistent with prior analyses of this 

policy which failed to demonstrate a significant change in patient outcomes including 

survival, listing for kidney transplantation, patient satisfaction or other hemodialysis quality 

metrics,13, 15

In contrast to all-cause hospitalizations and re-hospitalizations, the nephrologist 

reimbursement reform policy was associated with a slight reduction in the likelihood of 

hospitalization for fluid overload and a larger reduction in the likelihood of re-

hospitalization for fluid overload over time. This suggests that some patients—those who 

were recently discharged from the hospital and who were at risk for complications from 

fluid overload—eventually benefited from the policy. This is consistent with studies of 

physician visit frequency in the period following the 2004 nephrologist reimbursement 

reform demonstrating that that additional visits are of greater value for specific high-risk 

patient populations than they are for all patients receiving hemodialysis. For instance, we 

previously found that one additional physician (or advanced practitioner) visit in the period 

following hospital discharge predicted a 3.5% decrease in the absolute probability of a 

patient being re-hospitalized within 30 days,18 while more frequent visits of patients who 

recently initiated dialysis were associated with an increased likelihood of receiving an 

arteriovenous fistula or graft.34
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When considering the magnitude of increase in visit frequency following reimbursement 

reform—a survey of 12 dialysis facilities found visit frequency increased from 1.52 to 3.14 

visits per month following reimbursement reform, while an analysis of all Medicare patients 

found a 9.8% increase in the proportion of patients seen four or more times per month from 

January 2004 to March 2004—it is surprising that we did not observe significant reductions 

in the likelihood of all-cause hospitalization or 30-day hospital readmission following 

reimbursement reform. One possible explanation for this discrepancy is that the additional 

physician (and advanced practitioner) visits resulting from reimbursement reform were, in 

many instances, qualitatively different from the average visit observed in cross-sectional 

analyses of physician visit frequency. The amount of time nephrologists spend with their 

patients during face-to-face encounters has been associated with health outcomes.35 It is 

possible that the added visits, and associated time spent seeing patients, were often too short 

in duration to lead to activities that improve health outcomes. This could explain why patient 

satisfaction, which has been associated with more frequent visits in a cross-sectional study 

of visit frequency, did not improve when examined before and after the reimbursement 

reform.13 This also raises the possibility that the reimbursement reform did not yield other 

benefits that have been associated with more physician visits in cross-sectional studies such 

as improved achievement of clinical performance targets.34, 36, 37

Another explanation for the discrepancy between the added time spent seeing patients and 

the absence of broad improvements in hospitalizations and re-hospitalizations is that many 

of the patients who were seen more frequently as a result of the policy may not have 

required additional visits. For many of the healthier patients receiving hemodialysis, 

increased healthcare in the form of more frequent physician visits may be of little or no 

value. In an analysis of the sources of variation in visit frequency following reimbursement 

reform, we demonstrated that patient characteristics explained less than 1% of the variation 

in visit frequency and that the majority of visit frequency variation was explained by facility-

specific and other geographic factors. Patients most likely to benefit from more frequent 

contact, including patients who were recently hospitalized and who were new to 

hemodialysis, were less likely to be seen more frequently.38

According to published estimates, payments to physicians for outpatient hemodialysis 

increased by $65.3 million in 2004 after reimbursement reform. After adjusting for inflation 

and an increase in the number of patients receiving hemodialysis, this represented a 6.0% 

increase in payments per patient year. Payment per patient year had returned to its pre-

reform level by 2006.15 Despite the eventual return to pre-reform values, we found that the 

economic cost associated with additional visits in the period following reimbursement 

reform may have been high. Within a range of potential conservative increases in physician 

effort in response to the reimbursement reform, the economic cost of increased visits 

resulting from the policy ranged from $22 million to $87 million per year. Due to their lower 

salary on average, the economic cost is lower if patients are seen by advanced practitioners. 

When considering the absence of a benefit from the reimbursement reform on overall 

hospitalizations and re-hospitalizations, combined with our finding that the reform led to 

reduced hospitalizations and re-hospitalizations for fluid overload, the high economic cost of 

increased visits could be reduced if physicians were to direct their attention toward caring 

for patients most likely to benefit from additional care.
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Our findings are consistent with previously observed limitations of fee-for-service payment 

systems as well as limitations of P4P programs focused on encouraging processes of care. 

Because the 2004 physician reimbursement policy encouraged a higher volume of care, it 

can be viewed as a transition from capitated payment to fee-for-service, and is consistent 

with literature describing the absence of a clear connection between volume of care 

delivered and health outcomes.39 Alternatively, because the policy was designed, in part, to 

improve health outcomes, and because additional visits did not require additional medical 

justification, the reimbursement reform can be viewed as an early P4P program directed at 

encouraging more face-to-face physician visits during outpatient dialysis. From this 

perspective, our findings are consistent with literature suggesting that policy efforts designed 

to encourage care processes have limited efficacy.3-6

This study has several limitations. First, we focus on the policy as a whole; we do not 

attempt to disentangle the various mechanisms by which the policy may have changed 

practices. For instance, we do not attempt to measure the effect of increased visits on rates of 

hospitalizations. Second, because we do not know exactly how much additional time was 

spent with patients or what percentage of increased visits were performed by advanced 

practitioners, our estimates of the potential opportunity cost associated with the policy span 

a wide range. While we conservatively estimated that additional hemodialysis visits would 

require 2%-8% of physician effort, it is quite possible that an even higher fraction of effort 

might be required, depending on the fraction of nephrologists’ practices devoted to 

hemodialysis care, the number of facilities at which nephrologists care for patients, the 

numbers of patients per facility and traffic times, among other factors.

In summary, we find that a national Medicare reimbursement reform designed to encourage 

increased face-to-face visits by physicians (nephrologists) and advanced practitioners to 

patients receiving hemodialysis was not associated with significant improvements in overall 

hospitalizations or 30-day hospital readmission, but did lead to reductions in fluid overload 

hospitalizations. Combined with previous studies that have failed to identify a benefit from 

this policy, these analyses suggest that the 2004 CMS reimbursement reform resulted in 

unnecessary use of some healthcare resources without materially improving health outcomes 

for most patients. They also suggest that efforts to encourage the care of patients most likely 

to benefit from additional visits, such as those at risk for fluid overload complications, could 

be cost-effective. Finally, our analysis highlights the importance of evaluating downstream 

health consequences of national reimbursement reform.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Unadjusted and Predicted Probabilities of All-Cause Hospitalization and Re-hospitalization 

Following Physician Reimbursement Reform

Figure 1A: Two-Month Probability of Hospitalization.

Figure 1B: Probability of Re-hospitalization.

Note: Points are unadjusted probabilities. Dotted lines are predicted probabilities from 

model results.
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Figure 2. 
Unadjusted and Predicted Probabilities of Hospitalization and Re-hospitalization for Fluid 

Overload Following Physician Reimbursement Reform.Figure 2A: Two-Month Probability 

of Hospitalization for Fluid Overload.Figure 2B: Probability of Re-hospitalization for Fluid 

Overload.

Note: Points are unadjusted probabilities. Dotted lines are predicted probabilities from 

model results.
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Figure 3. 
Range of Estimated Economic Costs of Additional Provider Visits.Note: Economic cost 

estimates were derived from published data.

Erickson et al. Page 14

Am J Kidney Dis. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Erickson et al. Page 15

Table 1

Baseline Characteristics of Re-Hospitalization and Hospitalization Cohorts.

Re-hospitalization
1

Hospitalization
2

pre-reform
(n=467,993

)

post-reform
(n=498,416

)

Std
Diff

pre-reform
(n=1,658,675

)

post-reform
(n=1,735,235

)

Std
Diff

Demographic and
Socioeconomic Characteristics

  Mean age, y 63.7 63.7 0.2 63.7 63.8 0.8

  Male sex 52.0 51.1 1.9 48.0 47.5 0.9

  Race/ethnicity
3

   American Indian 1.6 1.6 0.2 1.6 1.6 0.1

   Black 39.2 39.8 1.1 38.6 38.6 0.1

   White 56.1 55.3 1.6 55.9 55.7 0.5

   Other race 3.1 3.3 1.2 3.9 4.2 1.3

   Hispanic ethnicity 11.8 12.3 1.3 12.0 12.6 1.9

  Medicaid coverage 48.8 50.1 2.5 43.8 44.5 1.6

Comorbidities

  Diabetes 62.5 64.8 4.6 51.8 54.3 4.8

  Coronary disease 26.5 26.9 0.9 15.4 15.8 1.0

  Cancer 7.3 7.6 1.3 5.3 5.5 1.1

  Heart failure 51.2 54.8 6.9 31.1 33.5 5.2

  Pulmonary disease 28.4 32.2 8.0 17.0 19.5 6.5

  Cerebrovascular disease 18.9 19.8 2.2 10.9 11.4 1.5

  PVD 31.5 32.1 1.2 19.5 20.0 1.1

  Smoking history 5.9 7.4 5.8 3.1 3.8 3.8

  Paralysis 3.4 3.3 0.4 1.8 1.8 0.3

  Drug or alcohol use 5.0 5.8 3.4 2.2 2.4 1.4

  Mean dialysis vintage, d* 1081 1214 17.5 1092 1222 17.1

Geographic and Facility
Characteristics

  Metropolitan 83.0 82.8 0.6 82.1 81.7 1.2

  For-profit facility 73.5 75.9 5.4 72.6 75.1 5.5

  Hospital-based facility 18.5 16.4 5.6 19.0 16.8 5.6

  Mean facility size, no. of

  patients 100.0 98.4 2.6 100.9 99.1 3.0

ESRD, end-stage renal disease; PVD, peripheral vascular disease; Std Diff, standardized difference

1
Unless otherwise indicated, values shown are percentage of hospitalizations. ‘n’ denotes the number of index hospitalizations, which can occur 

more than once for a given patient. The same patient can appear in the pre-reform and post-reform groups if he or she received dialysis in both 
periods. This cohort includes index hospitalizations in 157,262 patients prior to reimbursement reform and in 168,654 patients following reform.

2
Unless otherwise indicated, values shown are percentages of patient hemodialysis time. ‘n’ denotes patient hemodialysis time represented by the 

number of two-month intervals. A given patient can contribute to more than one two-month interval. The same patient can appear in the pre-reform 
and post-reform groups if he or she received dialysis in both periods. This cohort includes two-month intervals of hemodialysis time in 229,728 
patients prior to reimbursement reform and 248,278 patients following reform.
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3
1,926 patients were excluded from the analyses prior to forming cohorts due to missing ethnicity.
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Table 2

Results from Interrupted Time Series Regression Analyses.

Comparison OR (95% CI) P

All-Cause Hospitalization:

 Date 0.996 (0.995-0.997) <0.001

 Post policy reform 0.994 0.981 1.006 0.3

 Post policy reform * date since reform 1.001 0.999 1.003 0.2

All-Cause Re-hospitalization:

 Date 1.002 1.000 1.004 0.09

 Post policy reform 1.005 0.983 1.028 0.7

 Post policy reform * date since reform 0.997 0.994 1.000 0.06

Hospitalization for Fluid Overload:

 Date 1.004 1.001 1.008 0.01

 Post policy reform 1.021 0.987 1.057 0.2

 Post policy reform * date since reform 0.988 0.983 0.992 <0.001

Re-hospitalization for Fluid Overload:

 Date 1.011 1.004 1.017 0.002

 Post policy reform 1.052 0.984 1.124 0.1

 Post policy reform * date since reform 0.978 0.969 0.987 <0.001

Note: Both regression models control for patient, facility, and geographic characteristics included in Table 1 of the main text, along with seasonal 
variation using dummy variables for each 2-month period in the calendar year. See Tables S1 and S2 for detailed regression results. CI, confidence 
interval; OR, odds ratio.
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