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Abstract
Background and objectives In 2011, the Centers for Medicare & Medicaid Services implemented bundling of all
services for patients receiving dialysis, including erythropoietin-stimulating agents use, and the Food and Drug
Administration recommended conservative erythropoietin-stimulating agent dosing.

Design, setting, participants, & measurements This retrospective cohort study investigated anemia care and
clinical outcomes before and after the Centers for Medicare & Medicaid Services bundled payment and the
revised Food and Drug Administration–recommended erythropoietin-stimulating agent labeling for Medicare-
insured adults receiving hemodialysis using data from the United States Renal Data System from January 1, 2006
to December 31, 2016. Clinical outcomes included major adverse cardiovascular event (stroke, acute myocardial
infarction, and all-cause mortality), cardiovascular mortality, and heart failure. Measurements were compared
between prepolicy (2006–2010) and postpolicy (2012–2016) implementation using interrupted time series and Cox
proportional hazards regression models.

ResultsOf 481,564 patients, erythropoietin-stimulating agent use immediately decreased by 84.8 per 1000 persons
(P,0.001), with a significant decrease in the slope of the trend line (both P50.001). Blood transfusion use rapidly
increased by 8.34 per 1000 persons in April 2012 and then gradually decreased (both P50.001). The percentage of
patients with hemoglobin.11 g/dl decreased from 68% in January 2006 to 28% in December 2016, whereas those
with hemoglobin,9 g/dl increased from 5% to 9%. Overall major adverse cardiovascular event (adjusted hazard
ratio, 0.95; 95% confidence interval, 0.94 to 0.96), stroke (adjusted hazard ratio, 0.83; 95% confidence interval, 0.80
to 0.86), all-cause mortality (adjusted hazard ratio, 0.87; 95% confidence interval, 0.86 to 0.89), cardiovascular
mortality (adjusted hazard ratio, 0.81; 95% confidence interval, 0.79 to 0.83), and heart failure (adjusted hazard
ratio, 0.86; 95% confidence interval, 0.84 to 0.88) risks were lower. Acute myocardial infarction risk (adjusted
hazard ratio, 1.04; 95% confidence interval, 1.01 to 1.06) was higher after policies changed.

Conclusions The Medicare reimbursement policy and Food and Drug Administration–recommended
erythropoietin-stimulating agent dosing changes were associated with lower erythropoietin-stimulating agent use
and lower hemoglobin levels. These changes in anemia care were associated with lower risks of major adverse
cardiovascular event, stroke, mortality, and heart failure but higher risk of acute myocardial infarction among
adults receiving hemodialysis.

CJASN 17: 851–860, 2022. doi: https://doi.org/10.2215/CJN.14361121

Introduction
Medicare has been the primary payer for kidney fail-
ure care in the United States since 1972, when Medi-
care instituted coverage for all patients with kidney
failure. Medicare spending on dialysis care underwent
enormous growth during the last two decades under
a fee-for-service system, driven largely by the rapidly
increasing use of erythropoietin-stimulating agents
(ESAs). Until recently, ESAs were considered standard
therapy to increase hemoglobin levels in patients with
CKD and anemia (1–4).

In the mid-2000s, extensive use of ESAs was ques-
tioned owing to reports of higher cardiovascular risk

that appeared to be associated with ESA-induced
increased hemoglobin levels (5–9). In particular, the
Correction of Hemoglobin and Outcomes in Renal
Insufficiency trial (2006) (7), the Cardiovascular Risk
Reduction by Early Anemia Treatment with Epoetin
Beta trial (2006) (9), and the Trial to Reduced Cardio-
vascular Events with Aranesp Therapy (2009) (5) dem-
onstrated that patients with CKD randomized to
receive ESAs for a higher target hemoglobin concen-
tration experienced a higher risk of stroke, cardiovas-
cular events, and mortality than those randomized to
a lower hemoglobin target. As a result, in 2007, a
“black box warning” was issued by the US Food and
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January 1, 2012, we considered the period from January 1
to December 31, 2001 as a transition period; thus, the year
2011 was excluded for the incident cohort.

Study Outcomes and Design
Anemia Care. Anemia care outcomes included use of an

ESA (darbepoetin alfa, epoetin alfa, and epoetin beta) or
intravenous iron or receipt of a blood transfusion to main-
tain hemoglobin levels. ESA therapy was identified using
the Healthcare Common Procedure Coding System
(HCPCS) for inpatient and outpatient settings. Receipt of
intravenous iron was also identified using HCPCS codes.
Blood transfusion was identified using Clinical Procedural
Terminology codes, HCPCS codes, or International Statistical
Classification of Diseases, Ninth Revision/Tenth Revision
(ICD-9/10) procedure codes (Supplemental Table 1 shows
the complete list of codes). The number of patients with
one or more claims of ESA, intravenous iron, or blood
transfusion and person-months were determined for each
month and subsequently used to calculate the use of ane-
mia treatments per 1000 person-months. For each month,
we also determined monthly ESA dose and monthly hemo-
globin concentration. Only epoetin alfa was used when
describing trends of ESA use. To describe changes in ane-
mia management before and after January 2012, we used
an interrupted time series analysis to evaluate longitudinal
effects of the interventions while accounting for preinter-
vention trends (14,15).

Clinical Outcomes. We used ICD-9/10 diagnosis codes
to evaluate the risk of (1) MACE, including stroke, acute
myocardial infarction, and all-cause mortality; (2) cardio-
vascular mortality; and (3) hospitalized heart failure. Car-
diovascular mortality was defined as death associated with
arrhythmias, cardiac arrest, congestive heart failure, acute
myocardial infarction, or atherosclerotic heart disease (16).
Follow-up began on day 91 after hemodialysis initiation,
and patients were censored if they underwent a kidney
transplantation, had a change in dialysis modality (e.g.,
switched to peritoneal dialysis or home hemodialysis), dis-
continued Medicare coverage, reached the administrative
end of follow-up (December 31, 2010 for the prepolicy
cohort; December 31, 2016 for the postpolicy cohort), or
experienced an outcome, whichever occurred first.

Covariates
We ascertained pertinent patient characteristics (e.g.,

age, sex, race/ethnicity, and geographic region) from the
USRDS patient file and serum albumin level, body mass
index (kilograms per meter squared), baseline hemoglobin
concentration (grams per deciliter), tobacco use, primary
reason for kidney failure, and comorbidities from the Medi-
cal Evidence Report at the time of dialysis initiation. Comor-
bidities included atherosclerotic heart disease, hypertension,
heart failure, cerebrovascular disease, peripheral artery dis-
ease, cancer, chronic obstructive pulmonary disease, and
diabetes mellitus. The type of vascular access (arteriovenous
fistula or arteriovenous graft) was also included.

Statistical Analyses
We summarized the characteristics of the patients in the

incident hemodialysis cohort for the pre- and postpolicy

Drug Administration (FDA) to use the lowest possible ESA 
doses for anemia treatment associated with CKD (10). On 
June 24, 2011, the FDA warned against ESA use for increas-
ing hemoglobin levels .10 g/dl, suggesting instead the use 
of maintenance doses between 9 and 10 mg/dl, and it 
advised weighing the benefits of using ESAs against possi-
ble harms, including a need for blood transfusion (11).
In addition to these regulatory changes, on January 1, 

2011, the Centers for Medicare & Medicaid Services (CMS) 
implemented a new fully bundled prospective payment 
system (PPS) for services provided by dialysis facilities to 
patients with kidney failure (12). Under the PPS, payment 
bundling was expanded to encompass services previously 
reimbursed independently, notably injectable medications 
(e.g., ESA and intravenous iron) and laboratory tests, in 
addition to items previously included in the composite 
rate. On January 1, 2012, PPS expanded further to include a 
provision for improving the quality of anemia care through 
the Quality Incentive Program, in which CMS imposed a 
maximum payment reduction of 2% as a result of poor per-
formance. This reimbursement policy shift was one of the 
most significant in the history of the ESRD program (13). 
Given that the effect of the policy changes on clinical 
outcomes may not occur immediately after policy imple-
mentation, we investigated the long-term effects of these 
Medicare reimbursement policy and FDA regulation 
changes on anemia care and clinical outcomes among 
patients with kidney failure receiving hemodialysis.

Materials and Methods
Data Source
We conducted a retrospective cohort study using 

national kidney failure registry data from the United States 
Renal Data System (USRDS) from January 1, 2006 to 
December 31, 2016 for Medicare-eligible patients receiving 
dialysis. USRDS is a national registry of patients with kid-
ney failure on the basis of Medicare claims submitted to 
CMS. This database has near-universal inclusion of patients 
with kidney failure in the United States and includes Medi-
care enrollment history, Medicare Parts A and B claims, 
and death dates. Institutional review board approval for 
this study was obtained from the University of Florida.

Study Population
The incident hemodialysis cohort was defined as individ-

uals who were 18 years of age or older, had survived 
90 days after the initiation of dialysis, and had Medicare 
Parts A and B as the primary payer on that day during the 
study period from January 1, 2006 to December 31, 2016. In 
the United States, most patients with kidney failure are eli-
gible for Medicare benefits after a 90-day waiting period 
from the date of dialysis initiation. Patients were excluded 
if they had a kidney transplant before hemodialysis or 
major adverse cardiovascular event (MACE) outcomes 
before day 91. The study population was on the basis of 
the date of day 91 as the prepolicy period (January 1, 2006 
to December 31, 2010) and postpolicy period (January 1, 
2012 to December 31, 2016). Because both regulatory and 
reimbursement changes occurred in 2011 and CMS revised 
PPS with the introduction of Quality Incentive Program on
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with a significant decrease in the slope of the trend line
(21.09 per 1000 person-months; P,0.001) (Figure 1C). The
proportion of patients receiving at least one blood transfu-
sion increased immediately in January 2012 (8.3 per 1000
person-months; P,0.001), but thereafter, the receipt of
blood transfusion gradually decreased (20.26 per 1000
person-months; P,0.001) (Figure 1D).

Between 2006 and 2016, the median hemoglobin concen-
tration gradually decreased from 11.5 g/dl (January 2006)
to 10.6 g/dl (December 2016) (Figure 2A), corresponding
with the percentage of patients with hemoglobin concentra-
tions ,9 g/dl increasing from 5% in April 2006 to 9% in
December 2016. The proportion of patients with hemoglo-
bin concentrations .11 g/dl dropped by half from 68% in
April 2006 to 28% in December 2016, whereas the propor-
tion of patients with hemoglobin concentrations between 9
and 11 g/dl increased from 28% in April 2006 to 64% in
December 2016 (Figure 2B).

Clinical Outcomes
Kaplan–Meier curves comparing the cumulative inci-

dence of MACE before and after policy changes among
patients on incident hemodialysis are shown in Figure 3.
Of 479,777 patients on incident hemodialysis with hemo-
globin levels #18 g/dl, 177,115 experienced MACE over
the entire study period: 96,065 of 252,364 (38%) experi-
enced MACE in the prepolicy group versus 81,050 of
227,413 (36%) experienced MACE in the postpolicy
group (Table 2). All-cause mortality was the most com-
mon first event (70% of all MACE outcomes), followed
by nonfatal acute myocardial infarction (22%) and non-
fatal stroke (8%). Crude MACE incidence rates were
257.0 per 1000 person-years in the prepolicy period and
233.3 per 1000 person-years in the postpolicy period.
After adjustment for covariates, the risk of MACE in the
postpolicy period was 5% lower than in the prepolicy
period (adjusted hazard ratio [aHR], 0.95; 95% CI, 0.94 to
0.96). Similarly, the risks for all-cause mortality (aHR, 0.87;
95% CI, 0.86 to 0.89), stroke (aHR, 0.83; 95% CI, 0.80 to 0.86),
heart failure hospitalization (aHR, 0.86; 95% CI, 0.84 to 0.88),
and cardiovascular-related mortality (aHR, 0.81; 95% CI,
0.79 to 0.83) were all significantly lower in the postpolicy
period compared with the prepolicy period. By contrast, the
risk of nonfatal acute myocardial infarction was higher in
the postpolicy period (aHR, 1.04; 95% CI, 1.01 to 1.06). In a
sensitivity analysis using the initiation date of hemodialysis
as the index date, the study results remained consistent
(Supplemental Table 2).

Discussion
This study used data from a national registry of patients

receiving hemodialysis in the United States between 2006
and 2016 to provide changes in the patterns of anemia
treatments and clinical outcomes for patients receiving
hemodialysis. After changes to Medicare’s reimbursement
policy for dialysis services and after the FDA-revised rec-
ommendations for ESA use became effective, we observed
a significant decrease in ESA use and a corresponding
immediate increase in blood transfusion use, although the
use of blood transfusions trended downward thereafter.

periods. We then tabulated and plotted the receipt of each 
category of anemia treatment for patients in the incident 
hemodialysis cohort. We compared trends in anemia care 
for the periods between 2006–2011 and 2012–2016 using 
segmented linear regression, fitting generalized least 
squares linear models with an autoregressive-moving aver-
age correlation structure, which estimates two parame-
ters—changes in level (value of the series at the beginning 
of the postpolicy period) and slope (rate of change of a 
measure during the postpolicy period) (14). To compare 
changes from 2006 to 2016 in the proportion of patients 
stratified by hemoglobin level (,9, 9–11, or .11 g/dl), we 
used the Cochran–Mantel–Haenszel test.
The differences in baseline covariates between the prepo-

licy and postpolicy periods were measured using standard-
ized mean differences, with differences ,0.1 considered 
well balanced (17). The incidence rates for first MACE were 
estimated as the number of events per 1000 person-years. 
Kaplan–Meier curves using the log-rank test were generated 
for the pre- and postpolicy periods. Cox proportional haz-
ards regression models were used to estimate hazard ratios 
(HR) and 95% confidence intervals (95% CIs) to compare 
risk of MACE, all-cause mortality, heart failure, and blood 
transfusion between the pre- and postpolicy periods, con-
trolling for covariates. For the Cox regression models, we 
included patients with hemoglobin levels #18 g/dl. The 
incidence rates and HRs were calculated at 1 year, 3 years, 
and the end of the cohort. We conducted a sensitivity analy-
sis using the initiation date of hemodialysis as the index 
date instead of using day 91 as we did for the main analysis. 
All statistical analyses were two tailed, with an a priori sig-
nificance level of a 5 0.05. All analyses were conducted 
using SAS, version 9.4 (SAS Institute Inc., Cary, NC).

Results
Patient Characteristics
The cohort of patients on incident hemodialysis was 

composed of 481,564 patients (253,859 in the prepolicy 
cohort and 227,705 in the postpolicy cohort) (Supplemental 
Figure 1), the mean age was 65 years, 44% were women, 
and 66% were White persons. Standardized mean differ-
ence values indicated that baseline characteristics were sim-
ilar between the two cohorts (Table 1).

Trends in Anemia Care
For the incident hemodialysis cohort, following imple-

mentation of PPS in 2011 and the Quality Incentive Pro-
gram in January 2012, an immediate decrease was observed 
in the prevalence of ESA use (from 732 per 1000 persons in 
April 2006 to 672 per 1000 persons in December 2016; 
284.8 per 1000 persons; P,0.001), and a significant 
decrease was observed in the slope of the trend line (21.21 
per 1000 person-months; P50.001) (Figure 1A). An immedi-
ate decrease was also observed for the mean ESA dose, 
which continued to decrease from 81,743 international 
units in April 2006 to 38,124 international units in 
December 2016 (P,0.001) (Figure 1B). Use of intravenous 
iron supplementation was relatively stable, but after 
January 2012, there was an immediate increase in the prev-
alence of iron use (51.7 per 1000 person-months; P,0.001),
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Despite this trend in blood product use, declining ESA use
was associated with decreases in hemoglobin level, specifi-
cally a decrease in the proportion of patients with hemoglo-
bin levels .11 g/dl and an increase in the proportions of
patients with hemoglobin levels between 9 and 11 or ,9
g/dl during our study period. The overall changes in ane-
mia care were also associated with a downward trend in
MACEs. This significant finding was further confirmed in
our multivariable Cox regression model, with overall lower
risks of MACE and cardiovascular mortality but a higher
risk of nonfatal acute myocardial infarction in the era after
the policy changes.
Our findings build on previous studies that reported ini-

tial evidence of temporal changes in anemia care and clini-
cal outcomes up until 2012, but unlike prior studies, we
noted that these results became more obvious and signifi-
cant for a longer period of time than originally reported
(18–24). A recent study conducted by Chertow et al. (25)
reported no changes in overall MACE, nonfatal acute myo-
cardial infarction, or mortality in 2011–2012, although the
observed rate of stroke was lower than expected. Similarly,
Wang et al. (26) investigated MACE outcome among the
incident cohort and suggested that the decreased use of

ESAs in practice was not associated with either mortality
or MACE while lowering stroke risk, despite the increased
risk of blood transfusion events from July 2011 to June
2013. These differences in findings may be explained by
different study populations, study designs, and follow-up
times. Our study included patients on incident hemodialy-
sis who became eligible for Medicare regardless of their
age after a 90-day waiting period, enabling patients to sta-
bilize on modality and to gain Medicare (n5481,564). By
contrast, the previous study was limited to Medicare bene-
ficiaries $66 years at initiation of hemodialysis (n569,718)
(26). Because approximately 60% of patients initiating dial-
ysis are younger than 65 years and do not qualify for Medi-
care benefits within the first 90 days, our population is
more generalizable than the previous study to patients
receiving dialysis in the United States (27). We also incor-
porated a phase-in period in our analysis to account for
potential delays in implementation of changes resulting
from FDA guidance and CMS reimbursement policies. Sig-
nificant trends were detected over the 5 years of follow-up
in this study (versus up to 2 years of follow-up in the previ-
ous study). Most notably, changes in anemia treatment and
lower associated risks began to emerge almost immediately

Table 1. Baseline characteristics of 481,564 patients on incident hemodialysis before and after Medicare policy changes

Characteristic
Incident Hemodialysis Cohort

Prepolicy, 2006–2010 Postpolicy, 2012–2016 Standardized
Mean Differences

No. unique patients 253,859 227,705
Women, n (%) 112,439 (44) 98,062 (43) 20.02
Age, yr 65.3615.0 65.4614.4 20.01
Race and ethnicity, n (%) 0.06
White 165,892 (65) 151,353 (66)
Black 75,145 (30) 63,615 (28)
Other/unknown/missing 12,822 (5) 12,737 (6)

US region, n (%) 0.03
Northeast 43,427 (17) 37,645 (17)
Midwest 55,711 (22) 48,084 (21)
West 42,443 (17) 40,879 (18)
South 108,723 (43) 98,424 (43)
Other/unknown/missing 3555 (1) 2673 (1)

Primary disease causing kidney failure, n (%) 0.10
Diabetes 120,069 (47) 111,424 (49)
Hypertension 76,870 (30) 71,941 (32)
GN 18,055 (7) 13,989 (6)
Cystic kidney 3777 (1) 3370 (1)
Other 35,088 (14) 26,981 (12)

Arteriovenous fistula, n (%) 171,840 (68) 144,470 (64) 0.09
Arteriovenous graft, n (%) 199,173 (79) 173,911 (76) 0.05
BMI, kg/m2 29.067.9 29.768.1 20.08
Hemoglobin level,a g/dl 9.961.7 9.461.6 0.05
Albumin level, g/dl 3.264.3 3.263.7 0.01
Tobacco use, n (%) 16,917 (7) 14,859 (7) 0.01
Comorbidity, n (%)
Atherosclerotic heart disease 59,229 (23) 37,969 (17) 0.17
Heart failure 90,591 (36) 73,053 (32) 0.08
Cerebrovascular disease 26,567 (10) 21,595 (9) 0.03
Peripheral vascular disease 39,214 (15) 27,176 (12) 0.10
Chronic obstructive pulmonary disease 25,644 (10) 24,201 (11) 20.02
Diabetes mellitus 141,324 (56) 135,739 (60) 20.08
Hypertension 218,779 (86) 201,594 (89) 20.07
Cancer 19,066 (8) 16,550 (7) 20.07

Data represent mean6SD or n (percentage) unless otherwise specified. BMI, body mass index.
aIncluded patients with hemoglobin levels #18 g/dl (prepolicy, n5252,364; postpolicy, n5227,413).
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Figure 1. | Trends in treatment with erythropoiesis-stimulating agent (ESAs), intravenous iron, and blood transfusion on patients on inci-
dent hemodialysis (per 1000 person-months) by month (2006–2016). (A) Patients receiving ESAs. (B) Mean ESA dose. (C) Patients receiv-
ing intravenous iron. (D) Patients receiving blood transfusions.
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Figure 2. | Trends in hemoglobin concentration in patients on incident hemodialysis (per 1000 person-months) by year (2006–2016).
(A) Hemoglobin concentration. (B) Patients stratified by hemoglobin concentration.



after the changes in policies, and the risks continued to
become lower over time. Thus, longitudinal follow-up is
needed to determine the continuous effects of those
changes.
The higher risk of nonfatal acute myocardial infarction

may potentially be explained by the U-shaped relationship
between hemoglobin concentration and acute myocardial
infarction (28,29). Although the mechanisms underlying
how low hemoglobin concentration is associated with a
higher risk of acute myocardial infarction are not
completely understood, several plausible mechanisms have
been suggested. Lower levels of hemoglobin may induce
myocardial ischemia from an imbalance between oxygen
demand and supply (30). In addition, chronic anemia may
result in increased cardiac output, which, over time, may
lead to left ventricular hypertrophy and left ventricular
dilation (29–32). However, we must acknowledge that the
increase noted in acute myocardial infarctions in our study
may be partially due to several other reasons. In January
2011, the number of secondary diagnoses that could be
listed on the discharge record increased from nine to 24,
resulting in an increase in the capture of acute myocardial
infarctions rather than a true increase in the number of

cases (33). In addition, patients with CKD may have chroni-
cally elevated troponin levels, which may result in an
increased capture of acute myocardial infarction, particu-
larly with the adoption of high-sensitivity troponins (34).
However, we suspect these factors to be minimal or not
present because a recent study found that the rate of acute
myocardial infarction hospitalizations among Medicare
recipients has decreased since 2011, and further inspection
in our study demonstrated that acute myocardial infarction
diagnosis occurrence on the basis of the presence of sec-
ondary diagnoses remained consistent (48% in the prepo-
licy period versus 50% in the postpolicy period; data not
shown) (35).

We also noted that as the use of ESA decreased, the rate
of blood transfusions increased. Such a finding suggests
that blood transfusion was used to manage anemia in
patients receiving hemodialysis, especially as the use of
blood transfusion was outside the dialysis bundling pay-
ment system. However, on further trend analysis, we
found that the use of blood transfusions only increased
substantially immediately following the policy changes,
but after 2013, the use of blood transfusions decreased to
levels lower than those in 2006. We hypothesize that

Table 2. Risk for major adverse cardiovascular event, mortality, and heart failure before and after bundle policy changes in
479,777 incident hemodialysis patientsa

Outcome

Prepolicy
(n5252,364)

Postpolicy
(n5227,413)

Adjusted Hazard Ratio
(95% Confidence Interval)

Postpolicy versus
Prepolicy (reference)b

January 1, 2006 to December 31, 2010 January 1, 2012 to December 31, 2016

Number of
Events

Person-
Time, yr

Incidence
Rate per

1000 Person-yr

Number of
Events

Person-
Time, yr

Incidence
Rate per

1000 Person-yr

Major adverse cardiovascular event
1-yr follow-up 53,985 185,486 291.0 44,111 168,547 261.7 0.95 (0.93 to 0.96)
3-yr follow-up 89,037 342,390 260.0 74,527 316,359 235.6 0.95 (0.94 to 0.96)
End of follow-up 96,065 373,784 257.0 81,050 347,421 233.3 0.95 (0.94 to 0.96)

Stroke
1-yr follow-up 4,923 188,732 26.1 3,679 171,931 21.4 0.84 (0.80 to 0.89)
3-yr follow-up 8,416 354,741 23.7 6,415 329,194 19.5 0.85 (0.81 to 0.88)
End of follow-up 9,102 389,262 23.4 6,954 363,670 19.1 0.83 (0.80 to 0.86)

Acute myocardial infarction
1-yr follow-up 10,676 186,992 57.1 10,149 169,757 59.8 1.07 (1.03 to 1.10)
3-yr follow-up 19,191 347,726 55.2 17,974 320,842 56.0 1.05 (1.02 to 1.07)
End of follow-up 20,928 380,394 55.0 19,712 353,042 55.8 1.04 (1.01 to 1.06)

All-cause mortality
1-yr follow-up 49,201 190,442 258.4 36,980 173,261 213.4 0.88 (0.87 to 0.89)
3-yr follow-up 82,569 361,049 231.5 65,130 334,309 194.8 0.89 (0.88 to 0.90)
End of follow-up 91,147 397,132 229.5 71,853 370,188 194.1 0.87 (0.86 to 0.89)

Cardiovascular mortality
1-yr follow-up 18,602 190,442 97.7 12,691 173,261 73.2 0.82 (0.79 to 0.84)
3-yr follow-up 32,482 361,049 90.0 23,048 334,309 68.9 0.82 (0.81 to 0.84)
End of follow-up 35,604 397,132 89.7 25,647 370,188 69.3 0.81 (0.79 to 0.83)

Hospitalized heart failure
1-yr follow-up 12,951 181,811 71.2 10,423 165,508 63.0 0.93 (0.90 to 0.96)
3-yr follow-up 22,669 334,499 67.8 18,045 311,453 57.9 0.89 (0.87 to 0.91)
End of follow-up 24,534 364,400 67.3 19,293 342,246 56.4 0.86 (0.84 to 0.88)

aIncident hemodialysis patients with baseline hemoglobin #18 g/dl.
bMultivariable Cox proportional hazards regression models were used to estimate adjusted hazard ratio after controlling for age,
sex, race/ethnicity, geographic region, serum albumin level, body mass index (kg/m2), baseline hemoglobin level (g/dl), tobacco
use, primary reason for kidney failure, arteriovenous fistula, arteriovenous graft and comorbidities, including atherosclerotic
heart disease, hypertension, heart failure, cerebrovascular disease, peripheral artery disease, cancer, chronic obstructive
pulmonary disease, and diabetes mellitus.
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Figure 3. | Unadjusted cumulative incidence rates before and after policy change among patients on incident hemodialysis. (A) Incidence
of major adverse cardiovascular events. (B) Incidence of nonfatal acute myocardial infarction (AMI). (C) Incidence of stroke. (D) Incidence
of all-cause mortality. (E) Incidence of cardiovascular mortality. (F) Incidence of congestive heart failure.



causal effects of the policy changes on MACE outcomes.
The decreasing trends started in the mean ESA dose and
hemoglobin levels, although the number of patients who
received ESA increased during the prepolicy period. Consid-
ering the changes that occurred in clinical practice before the
policy was implemented (Supplemental Figure 2), we could
not single out the extent of policy and regulatory effects
on MACE outcomes. Although we adjusted for as many
confounders as available, it is possible that unmeasured con-
founders might affect our findings. Finally, we relied on
ICD-9/10 codes to identify MACE outcomes. Although we
used codes previously validated for such purposes, it is pos-
sible that incomplete, missing, or miscoded claims may have
affected the study findings. Nevertheless, coding errors
were likely to have been similarly distributed between the
pre- and postpolicy periods, which would tend to bias esti-
mates conservatively.

Following changes in Medicare’s reimbursement policy and
the FDA’s recommendation for conservative ESA dosing, we
observed a significant decrease in ESA use and in hemoglobin
levels but a transient increase in blood transfusions that
decreased over time. These changes were associated with a
significantly lower risk of overall MACE, stroke, and cardio-
vascular mortality, as well as of all-cause mortality, but a
higher risk of acute myocardial infarction in the 5-year follow-
up period. These findings suggest that longitudinal follow-up
is necessary to continually assess the outcomes of policy
changes to determine if further refinement may be necessary.
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clinicians became more comfortable in managing lower 
hemoglobin levels and anemia symptoms after the first 
year of the policy change such that the use of blood trans-
fusions as a first-line therapy to manage a low hemoglobin 
level began to wane. Instead, clinicians may have used iron 
supplementation to manage anemia because the use of iron 
supplementation decreased after the policy change but 
then began to slowly increase around mid-2012. It is note-
worthy that the standardized transfusion ratio was added 
to the Quality Incentive Program in 2016 (payment year of 
2018 and beyond), which may also have contributed to the 
decline in blood transfusions in clinical practice before 2016 
(36,37). The decrease in the use of blood transfusion is 
important because blood transfusions may place many 
patients at risk for secondary complications, including vol-
ume and iron overload, blood-borne infections, and allo-
sensitization, which in turn, increases waiting list time for a 
kidney transplantation, increases risk of graft rejection, and 
worsens graft survival rate (38,39).
Similar to prior studies, we observed a lower risk of 

stroke in the postpolicy period. Our findings are consistent 
with those of a randomized clinical trial in which a higher 
hemoglobin concentration target (13.5–14.5 g/dl) rather 
than a lower target (9.5–10.5 g/dl) was associated with 
higher risk of cerebrovascular events among patients on 
incident hemodialysis (9). A similar reduced stroke risk 
was also indicated by an observational study of patients on 
hemodialysis immediately after the policy change (26). 
Although the mechanisms linking hemoglobin levels (or 
lower ESA use) and the risk of stroke are not yet fully 
understood, our study results suggested that reduction in 
ESA use (and lower hemoglobin levels) in the postpolicy 
period was associated with a lower risk of stroke among 
patients receiving hemodialysis.
Our study has several limitations. First, our incident 

cohort was restricted to patients who survived 90 days 
after the initiation of dialysis and had Medicare as their pri-
mary payer at day 91. Because mortality in the initial 90 
days of dialysis is known to be high (40), our findings of 
cardiovascular outcomes and mortality are only generaliz-
able to those who survive the first 90 days. To address this 
limitation, we also conducted a sensitivity analysis that 
was not restricted to patients who survived the first 90 
days and found that the results remain consistent with our 
main analysis. Second, USRDS records data for patients 
only after their first outpatient dialysis treatment. Thus, we 
did not capture the use of ESAs, intravenous iron supple-
mentation, or blood transfusion prior to dialysis, which 
may have influenced outcomes. We did not include the 
ESA dose during hospitalizations, which might underesti-
mate the mean ESA dose. It is possible that we underesti-
mated comorbidities as the Medical Evidence Report 
undercodes comorbidities at the time of dialysis. Third, 
dialysis centers submit a single hemoglobin value to CMS 
each month for each patient receiving hemodialysis, which 
may not accurately represent the patient’s hemoglobin con-
centration over the entire month. Fourth, this study 
included Medicare beneficiaries undergoing hemodialysis. 
Thus, these results may not be generalizable to patients 
undergoing home or peritoneal dialysis covered by Medic-
aid or commercial insurance. Fifth, because this was an 
observational cohort analysis, we were unable to imply
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