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Abstract. Background: Given regula-
tory and reimbursement changes in ane-
mia management, we examined hemoglo-
bin variability in a contemporary cohort of 
maintenance hemodialysis patients. Materi-
als and methods: The study population in-
cluded > 200,000 hemodialysis patients with 
Medicare parts A and B as primary payer on 
October 1, 2012. Based on 25th and 75th per-
centiles, monthly hemoglobin values were 
categorized as low, intermediate, or high. Six 
variability categories were created by pat-
terns during the 6-month observation period. 
Stable categories were: always-low, always-
intermediate, always-high; variable patterns 
were: varying between low and intermediate, 
intermediate and high, low and high (most-
variable). Cox proportional hazard models 
were used to assess the association between 
hemoglobin variability and all-cause mortal-
ity or major adverse cardiac events (MACE). 
Results: The 25th and 75th hemoglobin per-
centiles were 10.2 and 11.5  g/dL, respec-
tively, in 2012, vs. 11 and 12.5 g/dL in 2004. 
ESA doses were lower in all categories in 
2012 and transfusion rates higher, particular-
ly for always-low patients. Hemoglobin vari-
ability decreased modestly: in 2004, 6.0% 
were always-intermediate, vs. 9.5% in 2012. 
In 2012, more patients were always-high and 
fewer were most-variable. Mortality hazard 
ratios (HRs) were higher for patients with 
any low hemoglobin: always-low (HR, 95% 
CI: 2.07, 1.84 – 2.31), varying between low 
and intermediate (1.37, 1.29  –  1.45), and 
most-variable (1.23, 1.16  –  1.31); the pat-
tern was similar for MACE. Conclusions: In 
2012 vs. 2004, hemoglobin levels decreased, 
the range of levels narrowed, and variability 
decreased modestly; transfusions increased. 
The highest risk of mortality and MACE ap-
peared to occur in patients with persistently 
low, rather than highly variable, hemoglobin 
levels.

Introduction

The hypothesis that hemoglobin variabil-
ity, or within-patient changes in hemoglobin 
levels over time, is associated with adverse 
outcomes in patients receiving maintenance 
dialysis was posited over a decade ago. An 
early seminal study conducted by Berns et al. 
[1] first characterized the phenomenon of he-
moglobin variability. Many studies followed 
[2, 3, 4, 5, 6, 7, 8, 9] characterizing hemo-
globin variability in different ways while re-
lating it to patient characteristics and to out-
comes in maintenance hemodialysis patients, 
nondialysis chronic kidney disease patients, 
and kidney transplant recipients. These stud-
ies showed that variability was ubiquitous 
and generally associated with a higher co-
morbidity burden and more frequent hospi-
talizations. Subsequent studies [10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20] showed an 
association of hemoglobin variability with 
mortality, although some suggested that re-
sidual confounding, not variability per se, 
partially explained the association, since pa-
tients with unstable health status are at risk 
for hemoglobin fluctuations. Further work 
[17] suggested that lower hemoglobin levels 
(most likely due to intercurrent illnesses and 
hospitalizations), rather than hemoglobin 
variability per se, were associated with ad-
verse outcomes.

Most of these analyses were conducted 
during an era of increasing hemoglobin 
levels, so findings must be contextualized 
within that clinical and regulatory environ-
ment. Hemoglobin levels peaked in 2007, 
then began to fall after publication of sev-
eral studies that implicated high hemoglo-
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bin levels in cardiovascular events [21, 22, 
23]. Hemoglobin levels decreased steadily, a 
trend accelerated by the introduction of the 
revised Prospective Payment System (PPS) 
by the Centers for Medicare & Medicaid Ser-
vices (CMS) in January 2011. Designed in 
part to control costs associated with erythro-
poiesis-stimulating agents (ESAs) [24], the 
implementation of the PPS, along with other 
broadly contemporaneous events such as the 
Quality Improvement Program implemented 
by CMS [25], the ESA label change by the 
US Food and Drug Administration [26], and 
revised anemia management clinical practice 
guidelines [27, 28, 29], was associated with 
a decrease in mean hemoglobin levels from 
11.3 g/dL in 2011 to 10.5 g/dL by late 2013.

Given this substantial change in aver-
age hemoglobin levels due to newer anemia 
management guidelines [25, 26, 27] and 
changes in the reimbursement environment, 
we sought to examine hemoglobin variability 
in a contemporary cohort of patients receiv-
ing maintenance hemodialysis to ascertain 
patient characteristics associated with vari-
ability and to determine whether variability 
was associated with adverse outcomes. We 
hypothesized that, while changing anemia 
management practices have led to a decline 
in average hemoglobin levels, variability re-
mains and is associated with all-cause mor-
tality and the composite of all-cause mortal-
ity, nonfatal stroke, and nonfatal myocardial 
infarction (i.e., major adverse cardiac events 
(MACE)).

Materials and methods

Development and 
characterization of the cohort

We used previously employed meth-
odology to permit comparison between the 
results of the current study and previous 
work [4, 6]. The study population consisted 
of maintenance hemodialysis patients with 
Medicare Parts A and B as primary payer 
as of October 1, 2012. A Medicare-covered 
6-month baseline period before October 1 
was used to ascertain hemoglobin variabil-
ity and comorbid conditions. Medicare Part 
A (inpatient, long-term care hospital, outpa-
tient, home health, hospice, and skilled nurs-

ing facility) and Part B (physician/supplier) 
claims, and the Medical Evidence Report 
(form CMS-2728) were used to ascertain 
comorbidity. Presence of comorbidity was 
established, as has been done previously [21, 
22], by the presence of at least 1 inpatient 
hospitalization, skilled nursing facility, or 
home health agency code or at least 2 outpa-
tient or physician/supplier codes, or at least 
1 outpatient code and at least 1 physician/
supplier code, on different dates less than 
1 year apart. Comorbid conditions examined 
were diabetes, atherosclerotic heart disease, 
congestive heart failure, dysrhythmia, other 
cardiac disease, cerebrovascular event or 
transient ischemic attack, peripheral arterial 
disease, chronic obstructive pulmonary dis-
ease (COPD), gastrointestinal bleeding, liver 
disease, and cancer. Relevant International 
Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes ap-
pear in Supplemental Table S1. Information 
on recombinant erythropoietin (epoetin-α) 
and intravenous (IV) iron use was obtained 
from dialysis facility claims, and on red 
blood cell transfusions from inpatient, out-
patient, skilled nursing facility, and physi-
cian/supplier claims. 6-month (primary) and 
1-year (sensitivity) follow-up periods begin-
ning October 1, 2012, were used to assess 
outcomes. Supplemental Figure S1 presents 
a timeline showing the baseline and follow-
up periods.

Categorization of hemoglobin 
levels

Consistent with previous work by our 
group [7], monthly hemoglobin values 
were categorized as low (L), intermediate 
(I), or high (H), where L and H were based 
on monthly values below or above the 25th 
and 75th percentiles, respectively. Hemo-
globin variability was then classified into 
six groups based on the lowest and highest 
categories during the 6-month baseline ob-
servation period (LL, consistently low; II, 
consistently intermediate; HH, consistently 
high; LI, low-intermediate; IH, intermedi-
ate-high; LH, low-high). Epoetin-α use was 
determined by the number of months dur-
ing the 6-month baseline period in which at 
least 1 dose of epoetin-α was received, and 
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by average monthly dose for patients receiv-
ing epoetin-α. IV iron use was characterized 
by the number of months in which at least 
1 dose of any IV iron product was received, 
and for patients who received IV iron, by 
the average monthly dose of iron sucrose or 
sodium ferric gluconate. Transfusions were 
evaluated based on the percentage of patients 
who received at least 1 transfusion during the 
baseline period, and by the monthly percent-
age of patients who received at least 1 trans-
fusion. Hospitalizations were determined by 
the percentage of patients who were hospi-
talized at least once during the 6-month base-
line period, and by total hospitalization days.

Outcomes

Two endpoints were analyzed during the 
6-month and 1-year follow-up periods: all-
cause mortality, and a composite of MACE 
comprising all-cause mortality, nonfatal 
stroke, or nonfatal myocardial infarction (MI). 
Mortality information was obtained from the 
Death Notification (form CMS-2746). The 
combined endpoint was ascertained from in-
patient MI or stroke claims with qualifying 
ICD-9-CM diagnosis codes in any position. 
MI was identified using diagnosis codes 410.
x0 or 410.x1 and stroke using codes 430.x, 
431.x, 434.x or 436.x. All-cause mortality for 
the 2012 cohort was contrasted with previous-
ly reported results from 2004; comparison of 
MACE events between the two time periods 
could not be conducted, since this outcome 
was not measured in the earlier study [7].

Statistical analysis

Means and standard deviations were re-
ported for continuous variables and percent-
ages for categorical variables. Cox propor-
tional hazard models were used to assess the 
association between hemoglobin variability 
group and the outcomes all-cause mortality 
or MACE within 6 or 12  months, first un-
adjusted and then adjusting for patient de-
mographics, cause of renal failure, time on 
dialysis, and comorbidity. The proportional 
hazards assumption was checked for each 
model by creating time-varying interaction 
terms of each variable and follow-up time. 
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All analyses were conducted in SAS, ver-
sion 9.3 (Cary, NC, USA). The study was 
approved by the Institutional Review Board 
of Hennepin County Medical Center, Minne-
apolis, MN, USA.

Results

Table 1 shows patient characteristics 
overall and by variability group for the 2004 
and 2012 data. Compared with the 2004 
cohort, the 2012 cohort was slightly older, 
more likely to be male, and generally simi-
lar with respect to race and cause of renal 
failure. Total hospital days were fewer in 
2012, consistent with declining hospitaliza-
tion rates over the past decade in both the 
general and dialysis populations. Comorbid 
conditions were generally similar, but diabe-
tes, dysrhythmias, and COPD were slightly 
more common in 2012. Patient characteris-
tics across variability groups showed similar 
patterns in the 2004 and 2012 cohorts; for 
example, patients in the LL groups in both 
cohorts were younger and more likely to be 
black, to have renal failure due to causes 
other than diabetes or hypertension, and to 

have more hospital days and comorbid con-
ditions. Patients in the II, HH, and IH groups 
had fewer hospital days and less comorbidity 
than those with lower hemoglobin levels.

In 2012, the 25th and 75th hemoglobin 
percentiles were 10.2 and 11.5 g/dL, respec-
tively. Analogous values for the 2004 cohort 
were 11 and 12.5  g/dL. The distribution of 
the hemoglobin variability groups for both 
cohorts is shown in Figure 1, which gener-
ally demonstrates less hemoglobin variabil-
ity in 2012 than in 2004. For example, 9.5% 
of the 2012 cohort were in the most stable 
(II) group, compared with only 6.0% of the 
2004 cohort, while the percentage with the 
most pronounced variability (the LH group) 
decreased from 40.2% in 2004 to 30.1%.

Epoetin-α doses for each hemoglobin 
variability group are shown for the 2012 
(black solid lines) cohort for purposes of 
comparison with the 2004 group (black dot-
ted lines) in Figure 2. Consistent with gen-
erally lower overall epoetin-α doses since 
2011, epoetin-α use was lower in 2012 than 
in 2004 for each hemoglobin variability 
group. Most strikingly, the 2012 LL group 
showed smaller increases over time than the 
2004 LL group, which showed consistently 
increasing monthly epoetin-α doses over the 
baseline period. The pattern for the LI group 
was similar but less marked. While the 2004 
HH group showed consistently decreasing 
monthly epoetin-α doses, doses in the 2012 
HH group were relatively unchanged over 
the baseline period.

Monthly IV iron doses are also shown in 
Figure 2 (gray lines). Doses in the HH group 
were much lower in 2012 than in 2004, al-
though doses tended to decrease in both co-
horts over 6 months. Dose decreases in the 
LH and IH groups were more marked in the 
2012 cohort than in the 2004 cohort. While 
the II group showed relatively consistent or 
slightly increasing doses in 2004, doses de-
creased for this group in 2012.

Transfusion use in the LL group was 
higher in 2012 (mean percentage transfused, 
19.9%) than in 2004 (mean percentage trans-
fused, 16.5%), but, unlike in 2004, did not 
show a pattern of month-to-month increases 
(not shown). Transfusions were also slightly 
more common in 2012 than in 2004 in other 
variability categories with at least 1 low he-
moglobin month (i.e., the LI and LH groups).

Figure 1.  Proportions of patients in each hemo-
globin variability group, 2004 and 2012 cohorts. 
LL = consistently low; LI = low-intermediate; LH = 
low-high; HH = consistently high; IH = intermedi-
ate-high; II = consistently intermediate.
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The association between hemoglobin 
variability and outcomes (i.e., mortality and 
MACE in 2012, mortality in 2004) during the 
6-month follow-up period is shown in Figure 
3; analogous results during the 12-month 
follow-up period are shown in Supplemen-
tal Figure S2. Supplemental Figures S3 and 
S4 show unadjusted and adjusted results 
for 6-month mortality and 6-month MACE, 
thereby demonstrating the effect of comor-
bidity and demographic adjustment. Full 
model results for the 6-month follow-up pe-
riod for the 2012 cohort are shown in Supple-
mental Table S2. Hazard ratios (HRs) for all 
outcomes for patients with low hemoglobin 
levels at any point were higher than for those 
whose levels were never low, and HRs for 
patients with consistently low levels (the LL 

Figure 3.  Adjusted association between hemo-
globin variability and 6-month outcomes, 2004 and 
2012 cohorts. LL = consistently low; LI = low-inter-
mediate; LH = low-high; HH = consistently high; 
IH = intermediate-high; II = consistently intermedi-
ate; MACE = major adverse cardiac events.

Figure 2.  Monthly epoetin-α dose (black lines) and IV iron dose (gray lines) by hemoglobin variability 
group. Dotted lines are 2004, solid lines are 2012. Legend in top left panel applies to all panels in the 
figure. LL = consistently low; LI = low-intermediate; LH = low-high; HH = consistently high; IH = interme-
diate-high; II = consistently intermediate.
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groups) were substantially higher than for all 
other groups. For example, for the LL group, 
the HR (95% CIs) for 6-month mortality was 
2.07 (1.84 – 2.31) and for 6-month MACE 
1.95 (1.75 – 2.17), compared with the refer-
ent (II) group. For the LI group, correspond-
ing HRs decreased to 1.37 (1.29 – 1.45) for 
mortality and 1.33 (1.26 – 1.40) for MACE. 
For the LH group, HRs decreased further 
still, to 1.23 (1.16 – 1.31) for mortality and 
1.22 (1.16  –  1.29) for MACE. Generally, 
HRs for mortality in each variability group 
were similar in the 2012 and 2004 cohorts. 
Comparing unadjusted with adjusted results 
(Supplemental Figures S3 and S4), adjust-
ment generally attenuated HRs toward 1, 
as might be expected, albeit modestly. The 
tests of the proportional hazards assumption 
showed no violations of the assumption.

Discussion

In this study, we sought to ascertain the 
degree of hemoglobin variability in contem-
porary hemodialysis patients, and whether 
hemoglobin variability has changed since the 
introduction of the revised PPS, implemen-
tation of the Quality Improvement Program 
by CMS [25], and the ESA label change by 
the US Food and Drug Administration. Ad-
ditionally, we examined how anemia man-
agement differs by degree of hemoglobin 
variability and how hemoglobin variability 
is associated with adverse outcomes. Consis-
tent with other reports [30, 31], we found that 
mean hemoglobin levels have decreased by 
~ 1 g/dL since 2004. We also found that, de-
spite somewhat less variability in 2012 than 
in 2004, hemoglobin management remained 
a substantial challenge in the care of hemodi-
alysis patients, with almost all patients mov-
ing between categories over fairly short time 
periods. Despite less variability, transfusions 
were administered more frequently in 2012 
than in 2004, not only in patients with con-
sistently low hemoglobin levels (LL), but 
also in those whose levels were ever low (LI 
and LH). We also found that low hemoglobin 
levels, rather than hemoglobin variability it-
self, appeared to be most strongly associated 
with the highest risk of mortality and MACE.

Hemoglobin variability in hemodialysis 
patients in the current era of anemia manage-

ment has not, to our knowledge, been pre-
viously explored. In addition to reaffirming 
previous reports showing a mean hemoglo-
bin decrease of ~  1  g/dL, we demonstrate 
that the changes in hemoglobin levels ap-
pear to represent a population-wide “frame 
shift,” since hemoglobin levels in patients at 
the 25th and 75th percentiles also dropped by 
similar amounts. Hemoglobin variability ap-
peared to be somewhat less in 2012 than in 
2004. For example, a slightly higher percent-
age of patients had consistently intermediate 
(II) values, while a lower percentage was 
in the most variable group (LH). Reasons 
for this are uncertain, but it could be due to 
widespread implementation and refinement 
of anemia management protocols by dialy-
sis providers, who in more recent years have 
scrutinized this clinical issue more than in 
the past.

Despite a decrease in the magnitude of 
hemoglobin level variability overall, how-
ever, variability remained ubiquitous. Only 
15.9% of all patients were in groups that 
could be termed “consistent” (II, LL, HH), 
representing only a modest improvement 
from 9.8% in 2004. Given that the interme-
diate category was defined as a hemoglobin 
level of 10.0 – 11.5 g/dL, it could be argued 
that levels consistently below 10.0 or above 
11.5 g/dL (the LL and HH groups, respective-
ly), do not represent optimal management. As 
such, substantial hemoglobin variability con-
tinues to characterize anemia management in 
patients receiving maintenance dialysis, and 
improvements between 2004 and 2012 were 
modest at best.

The present study also complements and 
extends previous work on anemia treatment 
by considering the relationship between he-
moglobin variability and management. As 
with other studies [32, 33], we demonstrate 
substantially lower use of epoetin-α after 
the introduction of the PPS. However, some 
additional findings are worth noting. Mean 
epoetin-α dose was most strikingly lower in 
the LL group in 2012 compared with 2004, 
suggesting that epoetin-α is not being used 
as aggressively to manage patients with per-
sistently low hemoglobin levels. This pattern 
was also evident, to a lesser degree, in the LI 
and LH groups. In contrast, iron use, which 
decreased overall in the period studied (most 
dramatically in the HH group), increased 
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in the LL group, suggesting that iron may 
have been employed as a partial alternative 
to epoetin-α in patients with persistently low 
hemoglobin levels.

One key finding concerned the relation-
ship between hemoglobin variability and use 
of red blood cell transfusions. While other 
studies have demonstrated increasing use 
of transfusions in recent years [34, 35, 36], 
the present report provides additional detail. 
Transfusions increased most strikingly in the 
LL group, suggesting that transfusions have 
become a more important treatment option 
in patients with persistently low hemoglobin 
levels. It is possible that transfusions are now 
prescribed more readily in LL patients in an 
environment of declining ESA use – even in 
patients with low hemoglobin levels – and 
thus might be increasingly used as “acute” or 
“rescue” therapy for such patients; whether 
this represents an optimal treatment strategy 
warrants further study. Also, more transfu-
sions were administered in the LH group in 
2012 than in 2004; the LH group constitutes 
a much larger number of patients than the 
LL group, and therefore contributes a greater 
share to the total transfusions administered. 
The LH patients likely represent two distinct 
subgroups, those who receive a transfusion 
due to an acute decrease in hemoglobin level 
(that is, move from high to low), and those 
who receive a transfusion due to a low he-
moglobin level and attain a high level. While 
the former scenario is relatively common 
given the clinical instability of maintenance 
hemodialysis patients, the latter represents a 
group whose management could be further 
scrutinized, since attainment of high hemo-
globin levels might not represent optimal 
management. Further work should inves-
tigate the clinical scenarios represented by 
these apparently volatile LH patients, and 
the treatment strategies that might best be 
applied to them. Whether transfusions could 
be managed more judiciously – such as be-
ing coupled with other therapies, to prevent 
undesirable rises in hemoglobin levels – jus-
tifies further study.

The present study supports earlier work 
[17], which found that persistently low he-
moglobin levels, rather than hemoglobin 
variability per se, is associated with adverse 
outcomes. Patients in the 2012 LL group 
had a roughly 2-fold greater likelihood of 

experiencing either death or MACE com-
pared with stable patients with intermediate 
hemoglobin levels. Risk estimates for the LI 
and LH groups demonstrated an expected 
ordinal response. Absolute estimates were 
comparable to those in 2004, suggesting the 
continued importance of persistently low he-
moglobin levels. Because causality cannot 
be determined by the present study design, 
it is uncertain whether low hemoglobin lev-
els contribute to poor outcomes or whether 
patients who are ill or inflamed are at risk 
of both low hemoglobin levels and poor out-
comes. Given recent work suggesting that 
rates of mortality, stroke, MI, heart failure, 
and venous thromboembolic disease have 
not increased after the introduction of the 
revised PPS [37], we suspect the latter, but 
more work is needed in this regard.

The present study has a number of im-
portant limitations. The classification of 
variability as low, intermediate, and high is 
arbitrary. However, the cutpoints, designated 
at the 25th and 75th percentiles, reflect con-
vention, and were selected to permit direct 
comparison to our previous work [4, 11]. The 
baseline and follow-up periods selected for 
assessment of variability and of subsequent 
outcomes were also arbitrary but consistent 
within our previous work [4, 11]. The con-
cept of “variability” identified only changes 
in hemoglobin levels, not directionality; 
thus, patients whose hemoglobin levels rose 
were modeled identically to those whose lev-
els fell. Relatedly, whether treatments under-
taken to address perturbations in hemoglobin 
levels were appropriate was unknown; we 
thus assumed that practitioners were re-
sponding to the best of best of their ability 
to out-of-range hemoglobin values based on 
anemia management protocols and medical 
convention.

In summary, we sought to determine 
whether and how hemoglobin variability has 
changed since the introduction of the revised 
PPS, and how hemoglobin variability is as-
sociated with outcomes. Not only did he-
moglobin levels and ESA doses decrease, as 
expected, but even patients with persistently 
low hemoglobin levels received substantial-
ly less ESA in 2012 than in 2004. Transfu-
sions appeared to be used more often than in 
2004, especially in patients with persistently 
low hemoglobin levels, perhaps as a form of 
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acute therapy. Low hemoglobin levels, rather 
than hemoglobin variability itself, appeared 
to be associated with the highest risk of mor-
tality and MACE, suggesting that such pa-
tients may require the greatest scrutiny at the 
bedside.
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