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Abstract

Introduction: Hemoglobin (Hb) variability occurs frequently in hemodialysis (HD) patients 
during erythropoietin (EPO) therapy. Guidelines defi ne a narrow target range for anemia treatment 
in these patients that is diffi  cult to adhere to in practice. Our aim was to evaluate whether the Hb 
variability in HD patients is higher compared to healthy subjects and patients with chronic kidney 
disease (CKD) stage I or II.

Methods: Monthly blood samples were assessed prospectively in 100 healthy subjects and 
57 patients with CKD stage I or II and retrospectively in 74 HD patients without changes in EPO 
or iron dose for six months. Variability was calculated and compared between the diff erent groups.

Results: Hb variability was signifi cantly higher in HD patients compared to the other groups, 
corresponding to the results of previous studies. There were no signifi cant diff erences between 
healthy subjects and patients with CKD stage I or II in terms of standard de¬viation (SD), residual 
SD, Fluctuations across the threshold, Hb cycling, and mean absolute change of Hb every 30 
days (p > 0,05), but a signifi cant diff erence compared to HD patients (p < 0,05). There were 
no signifi cant diff erences between the groups in time in target and area under the curve (AUC) 
(p > 0,05).

Conclusion: Hb variability is a common phenomenon in all groups independently of the 
method used for assessment and even without EPO therapy. The target range is hardly attainable 
for HD patients and should be reconsidered in the future to avoid unsettling both the patients and 
the staff .

Introduction
Anemia is a common complication of chronic kidney 

disease (CKD) and leads to severe impairment in quality of 
life [1]. The introduction of erythropoietin (EPO) therapy in 
1989 has led to an improvement in symptoms in hemodialysis 
(HD) patients and has reduced the need for blood 
transfusions and the related risk for infections signi icantly 
[2,3]. Additionally, the “Kidney Disease Outcomes Quality 
Initiative” (KDOQI) [4] and the “Disease Improving Global 
Outcomes” (KDIGO) guidelines [5] established a target range 
from 11 to 12 g/dl for the anemia treatment in HD patients 

due to analyses of observational studies that demonstrated 
an increased risk for morbidity and mortality with Hb 
values outside this target range [6-9]. The “Correction of 
Hemoglobin and Outcomes in Renal Insuf iciency” (CHOIR) 
study [10] and the “Cardiovascular Reduction Early Anemia 
Treatment Epoetin Beta” (CREATE) study [11] demonstrated 
an increased risk for strokes and myocardial infarctions with 
Hb value adjustment to normal values. Ebben, et al. described 
an increase in mortality with Hb values below the target 
range [6].

The maintaining of Hb values within this narrow target 
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range is still dif icult to reach in practice [6,12,13]. The 
achievement and permanent adherence to this target 
range require frequent adaptations of the EPO therapy, 
nevertheless, considerable variability of the Hb values has 
been shown [14].

The retrospective analysis by Ebben et al. described 
variability patterns for a large US HD population. The 
luctuations were classi ied below (< 11 g/dl), within (11 g/dl

to 12 g/dl) and above (> 12 g/dl) the target range. Only 10.3% 
of the HD patients remained stable (1.8% < 11 g/dl; 6.5% 
within 11 g/dl to 12 g/dl; 2% > 12 g/dl) and almost 90% 
of the HD patients had luctuations outside the target range 
during the entire study period [6]. Gilbertson demonstrated 
in a retrospective analysis of US HD patients wide luctuations 
outside the target range in almost half of the patients [12]. 
Fishbane et al. used Hb cycling as a method to evaluate the 
frequency and magnitude of luctuations [13]. More than 
90% of HD patients have had cycling of the Hb values in this 
study. Eckardt, et al. examined the time in the target range 
and AUC as novel Hb variability assessment methods over 
time and showed that only 42% of the HD patients spent time 
in target consistently [15].

Further research demonstrated a certain biological 
variation of hematological parameters in healthy subjects 
[16,17].

EPO therapy seems to be a major driver for Hb variability 
in HD patients [14,18]. The aim of this study was to investigate, 
whether a natural Hb variability exists in healthy subjects 
and patients with CKD stage I or II without EPO therapy and 
to compare it to HD patients when indicated.

Methods
Study methods

In this prospective and controlled study, 314 participants 
were enrolled after ethical ap proved informed consent 
(No.: 94/17) at Klinikum Fulda Medical Centre and a dialysis 
practice and studied for six months.

Data were prospectively collected from healthy subjects 
(n = 165) and patients with CKD stage I or II (n = 75) 
from September 2017 to October 2018. Anamnesis of all 
participants was conducted and those with renal-speci ic 
pre-existing diseases were excluded from the group of 
healthy subjects. We included volunteers in the group of 
healthy subjects while patients from the outpatient clinics 
were recruited in the CKD stage I or II patient group. Inclusion 
criteria were age between 20 and 85 years, absence of 
underlying diseases for healthy subjects, and CKD stage I or II 
(CKD-EPI > 60 ml/min) for patients with renal insuf iciency. 
After the examination of both groups, we performed a 
retrospective analysis of HD patients (n = 74) who have had 
renal replacement therapy for more than six months. The 
reason to analyze the HD patients retrospectively was to 

make sure that the known EPO effect during the observation 
period was excluded. We investigated patients on dialysis 
with stable EPO and iron therapy without dose adjustment of 
more than 25% the previous three months before inclusion.

To exactly evaluate Hb level changes over time, we 
excluded patients with incomplete data and non-adherence 
(one missing blood sample during the study period). Patients 
with CKD stage I or II receiving EPO treatment, pregnancy, 
gastrointestinal bleeding, inability to sign in the informed 
consent, and infection one week before blood sample testing 
were also excluded.

 Defi ning hemoglobin variability

Arneson described four main methods for the examination 
of Hb variability (Standard deviation (SD), residual SD, 
luctuations across threshold, and Hb cycling) [19]. We used 

all of them and three more (time in target, Area under the 
Curve (AUC) and mean an absolute change to the Hb every 30 
days) to ensure the robustness and reliability of our results. 
Variability may be examined within a patient (intra-patient) 
and within patients between groups (inter-group) [14].

Hb variability was assessed within a study participant 
using the following methods:

• The SD from the Hb measurements during the study 
period [19].

• Residual SD represents a regression-based parameter 
of Hb variability [19].

Hb variability was assessed between study participants in 
a group using the following methods:

• Fluctuations across the threshold (11 g/dl to 12 g/dl)
due to the classi ication of all par ticipants into six 
groups: Group I (consistently low): All Hb measure-
ments < 11 g/dl; Group II (consistently high): All 
Hb measurements > 12 g/dl; Group III (con sistently 
target): All Hb measurements between 11 and 12 g/dl;
Group IV (low amplitude with low Hb levels): At least 
one Hb measurement < 11 g/dl and at least one Hb 
measurement between 11 and 12 g/dl with no Hb 
measurement > 12 g/dl; Group V (low amplitude with 
high Hb levels): At least one Hb measurement > 12 g/dl
and at least one Hb measurement between 11 and 12 
g/dl with no Hb Measurement < 11 g/dl; Group VI (high 
amplitude): At least one Hb measurement > 12 g/dl,
one between 11 and 12 g/dl and one <11 g/dl [6]

• Analysis like luctuations across the threshold, but the 
mean ± SD (of the entire group) as a limitation

• The Hb amplitude is de ined as the difference of more 
than 1.5 g/dl between two Hb measurements for at 
least eight weeks duration [13]

• Time in the target [15]
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• AUC [15]

• Mean absolute change to the Hb every 30 days [20]

D ata collection and statistical analyses

Monthly blood samples containing a complete blood 
count were taken from the healthy subjects and patients with 
CKD stage I or II for six months. We examined creatinine and 
iron values (iron, transferrin, and transferrin saturation) in 
healthy subjects to exclude a CKD or iron de iciency in the 
irst month. Creatinine and iron studies of the patients with 

CKD stage I or II were once examined at the beginning of 
the study. Afterward, we collected retrospective data about 
monthly blood samples and iron studies for HD patients. 
All measurements were performed using the same device 
(Beckmann Coulter Cellular Analysis System) to prevent 
additional measurement variability.

Data were analyzed using the free statistical software R 
4.0.0. All parameters were evaluated for a normal distribution 
using the Kolmogorov-Smirnov test. Descriptive data were 
presented as median ± SD or median with interquartile range 
and number (%).

Differences between the two groups were compared 
using the Student t-test for normally distributed continuous 
variables and the Mann-Whitney U test for non-normally 
distributed variables. The comparison between more than 
two groups was performed using the ANOVA test and Post-
Hoc-test for normally distributed continuous variables 
and the Kruskal-Wallis test for non-normally distributed 
variables. All categorical data were tested for statistical 
signi icance using the Chi-squared test.

The Hb variability within a patient was estimated using 
the SD and residual SD. The Hb variability in patients 
between groups regarding luctuations across the threshold 
and hemoglobin cycling was estimated for statistical 
signi icance using the Chi-squared test. Time in target, 
AUC, mean absolute change of the Hb every 30 days and 
luctuations across threshold due to own de ined Hb-values 

were compared between groups using a two-group unpaired 
t - test for independent variables.

Results
Baseline characteristics

We enrolled 314 participants and data from 231 
participants were included in the inal analysis (Figure 1). 
Every individual study participant was followed for six 
months. The baseline characteristics are shown in Table 1. 
Healthy subjects (38 ± 16 years) were signi icantly younger 
compared to the patients with CKD stage I or II (53 ± 14 years) 
and HD patients (69 ± 13 years). The mean Hb values of the 
healthy subjects (14.5 ± 1.3 g/dl) and patients with CKD stage 
I or II (14.4 ± 1.2 g/dl) were signi icantly higher compared 

to the HD patients (11.2 ± 1.4 g/dl). The proportion of male 
participants predominated in all groups. The mean eGFR of 
the healthy subjects was 101 ± 16 ml/min and of the patients 
with CKD stage I or II was 79 ± 17 ml/min.

U nderlying diseases

Diabetes (30% vs. 31%) and hypertension (28% vs. 22%) 
were the main underlying causes for the development of 
CKD stage I or II or ESRD, followed by glomerulonephritis 
(21%) in the CKD stage I or II group and vasculitis, SLE, renal 
shrinkage, obstructive uropathy, and ESRD due to unknown 
reasons in the HD group (Figure 2).

E PO treatment in the HD patients

The average EPO dose was calculated in the range of all 
EPO supplements over six months per patient. HD patients 
received on average 4671 ± 1361 IU/kg EPO over six months. 
The main EPO type used was epoetin alfa (53%), followed by 
biopin (27%) and epoetin zeta (20%).

The EPO dose one week prior to blood sample collection 
was assessed per patient over six months. The patients 
received on average an EPO dose of 7066 ± 518 IU/kg one 
week prior to blood sample collection (Figure 3).

83 Participants excluded 

314 Participants enrolled 
Termination (n=20) 

Move (n=7) 
Incomplete data (n=53) 

Pregnancy (n=2) 
Death (n=1) 

231 completed the study 
Healthy subjects (n=100) 

Patients with CKD stage I or II (n=57) 
HD patients (n=74) 

Figure 1: Enrollment, exclusion and study completion. Healthy subjects; Patients 
with CKD stage I or II; HD patients.

Table 1: Baseline characteristics presented as median (interquartile range) or n (%).

Parameters Reference  Healthy
Patients with
 CKD stage 

I or II
HD patients

Number 100 57 74
Gender 

(male: female), % 55:45 61:39 72:28

Age, years  38 (24-51) 53 (45-65) 69 (58-79)

Hb
male (14-18 g/dl) 

female 
(12-16 g/dl)

 14.5 (14-15) 14.4 (13-15) 11.2 (11-12)

Iron 10-30 uumol/l  19 (14-22) 17 (13-22) 32 (11-52)

TSAT

male 
(20% - 50%) 

female 
(15% - 50%)

 27 (20-33) 27 (22-32) 26 (20-32)

Creatinine

male 
(0.7-1.3 mg/dl) 

 female 
(0.6-1.1 mg/dl)

 0.9 (0.9-1.0)  1.1 (0.9-1.2)

eGFR  > 90 ml/min  101 (86-107) 79 (65-92)

rHuEPO, IU/kg 4671 
(3764-5588)
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Measures of Hb variability

The HD patients had a signi icantly higher SD and residual 
SD (0,82 g/dl and 0,68 g/dl) compared to the healthy subjects 
(0,48 g/dl and 0,45 g/dl) and patients with CKD stage I or II 
(0,49 g/dl and 0,44 g/dl). There was no signi icant difference 
between the healthy subjects and patients with CKD stage 
I or II (Figure 4).

We investigated the Hb luctuations across the threshold 
in the consistently low (CL), consis tently high (CH), 
consistently target (CT), low amplitude with low Hb levels 
(LAL), low amplitude with high Hb levels (LAH) and high 
amplitude (HA) Hb level groups (Table 2). Participants who 
were classi ied in the CL (< 11 g/dl), CT (11 g/dl to 12 g/dl),
or CH (>12 g/dl) Hb level groups remained stable within 
their original Hb level ranges during the study.

The participants in the CL, CT, and CH Hb level groups 
counted for 46% of the healthy subjects, 53% of the patients 
with CKD stage I or II, and 42% of the HD patients. There 
was no signi icant difference between the groups (p > 0,05). 
Patterns of Hb luctuations were seen in 54% of the healthy 
subjects, 48% of the patients with CKD stage I or II, and 
58% of the HD patients. The luctuations in the LAL group 
(23% vs. 30% vs. 26%) and the LAH group (31% vs. 18% vs. 
20%) were most common in our groups (Figure 5). There 
was no signi icant difference between the groups (p < 0,05). 

(a) ents with CKD stage I or II (b) HD ents 

Figure 2: Underlying diseases in the patient groups with (a) CKD stage I or II and 
(b) HD patients.

 
Figure 3: Weekly EPO doses before blood sample collection in HD patients.

Figure 4: Standard deviation of the hemoglobin values in the diff erent groups.

Table 2: Hb variability assessment methods. SD, standard deviation; AUC, the 
area under the curve.

Parameters Healthy Patients CKD 
stage I or II HD patients

SD g/dl, mean 0.48 0.49 0.82
 Residual SD g/dl, mean 0.45 0.44 0.68

 Fluctuations across threshold, %
 consistently low (CL) 7 4 3

 consistently high (CH) 3 7 5
 consistently target (CT) 36 42 34

 low amplitude with low Hb levels 
(LAL) 23 30 26

 low amplitude with high Hb levels 
(LAH)  31 18 20

 high amplitude (HA) 0 0 12
Hb cycling, % 5 7 41

Time in target (days) 119 122 120
Mean absolute change of
 Hb every 30 days, g/dl 0,52 0,56 0,74

 AUC (g/dl x days) 147 111 142

Figure 5: Distribution of the hemoglobin level groups in the study collectives. 
HA: High Amplitude; LAH: Low Amplitude with High Hb levels; LAL: Low 
Amplitude with Low Hb levels; CT: Consistently Target; CL: Consistently Low; CH: 
Consistently High.
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Participants in these groups crossed one of the boundaries 
below or above the Hb target range during the study period 
(<11 g/dl or > 12 g/dl). The proportion of participants in the 
HA group was signi icantly higher in the HD patients (12%) 
compared to the healthy subjects and patients with CKD 
stage I or II (both without anyone in the HA group) (p < 0,05). 
Participants in this group crossed the boundaries below and 
above the target range (< 11 g/dl and > 12 g/dl).

Furthermore, we assessed luctuations across the 
threshold using our own target ranges for the groups based 
on the mean ± SD of the entire group (healthy subjects: 
13,2 g/dl to 15,8 g/dl; patients with CKD stage I or II: 13,2 g/dl
to 15,6 g/dl; HD patients: 9,8 g/dl to 12,6 g/dl). The idea 
resulted from the consistently higher Hb values of the healthy 
subjects and patients with CKD stage I or II compared to HD 
patients and Hb values mostly exceeded the target range 
(11 g/dl to 12,5 g/dl) used as cut points in HD patients. There 
was no signi icant difference in the luctuations across the 
threshold between the groups using their own target ranges 
(34% vs. 32% vs. 33%) (p > 0,05).

Hb cycling was signi icantly higher in the HD patients 
(41%) compared to the healthy sub jects (5%) and patients 
with CKD stage I or II (7%) (< 0,05) (Table 3). The amplitude 
of a Hb cycle was on average 1.7 g/dl in the healthy subjects 
and patients with CKD stage I or II and 1.9 g/dl in the HD 
patients. The Hb cycle duration was on average 6 weeks in 
the healthy subjects and HD patients and 5 weeks in the 
patients with CKD stage I or II. There was no signi icant 
difference between the groups (p > 0,05).

Time in target range is an easy method to assess Hb 
variability and differed not signi i cantly between the healthy 
subjects (119 days, 66%), patients with CKD stage I or II 
(122 days, 68%) and HD patients (120 days, 68%) (p > 0,05) 
(Figure 6).

The mean absolute change of Hb every 30 days increased 
signi icantly from the healthy subjects (0,52 g/dl) and 
patients with CKD stage I or II (0,56 g/dl) to the HD patients 
(0,74 g/dl) (p < 0,05).

C ross-validation of Hb measures

AUC was used to assess the magnitude and frequency of 
the Hb variability by integrating the area between measured 
Hb values and the mean Hb concentration (Figure 7a). There 
was no signi icant difference in the AUC between the groups 
(p > 0,05). The AUC correlated positively with SD (r = 0.36, 
p < 0.01; Figure 7b) and residual SD (r = 0.34, p < 0,01; 
Figure 7c). Furthermore, AUC correlated negatively with 
time in target, but the correlation was weak (r = -0.079, 
p > 0,05; Figure 7d).

Discussion
Hemoglobin (Hb) variability is common in hemodialysis 

patients during EPO therapy [13]. This study evaluates 
whether Hb variability is higher in hemodialysis patients 
compared to healthy subjects and patients that were at an 
early stage of renal insuf iciency (CKD- EPI > 60 ml/min) 
without EPO therapy using a wide range of methods [6,12,20].

The National Kidney Foundation’s Kidney Disease 
Outcomes Quality Initiative (KDOQI) and Kidney Disease 
Improving Global Outcomes (KDIGO) guidelines recommend 
a nar row target range of 11 to 12 g/dl that allows an SD-
range of 1 g/dl (mean 11.5 g/dl ± 0.5 g/dl) [4,5]. The German 
quality and safety guidelines extended the target range (11 
g/dl to 12.5 g/dl) to an SD range of 1,5 g/dl (mean 11.75 g/dl 
± 0.75 g/dl). The absolute SD of hemoglobin in several dialysis 
populations in the United States is already more than 1 g/dl 
[14]. In our study, all groups exceeded the allowed range of 
absolute SD of 1g/dl (healthy subjects: 1.3 g/dl; patients with 
CKD stage I or II: 1.2 g/dl; hemodialysis patients: 1.4 g/dl).

 Table 3: Characteristics for hemoglobin cycling.
Parameters Healthy Patients with CKD stage I or II HD patients

Hb cycling, % 5 7 41
Amplitude g/dl, mean 1.7 1.7 1.9
Duration weeks, mean 6 5 6

Figure 6: Time spent in target range over a duration of six months.

(a) (b) 

(c) (d) 

Figure 7: AUC as an example of a healthy participant (a). The letters A to F 
represent the Hb measurements and the dashed line the mean hemoglobin value. 
AUC correlated signifi cant with SD (b) and residual SD (c), but negative with time 
in target (d).
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A mean SD of 0.5 g/dl is necessary to keep 68,7% of all 
Hb values constantly within the target range. Even with one 
SD, only two-thirds of all Hb values are in the target range. 
This was just possible for healthy subjects (0.48 g/dl) and 
patients with CKD stage I or II (0.49 g/dl) and impossible for 
hemodialysis patients (0.82 g/dl). Less than 50% of them
remained within the target range, even for the German 
quality and safety guidelines. A target range extension to 2.8 
g/dl enabled 68.7% of the Hb values from the hemodial ysis 
patients to remain stable within the target range. Our indings 
were similar to those described by Berns and Lacson [7,21].

A previous analysis that used 11 g/dl to 12.5 g/dl as 
a target range to assess luctuations across the threshold 
showed that only 6.5% of hemodialysis patients remained 
consistently within the target range [6]. Almost 90% of the 
patients had some luctuations and 39.5% of the patient’s 
high amplitude (HA) Hb level luctuations [6]. In our study, 
more hemodialysis patients remained constantly within the 
target range and only 58% of them had some luctuations 
and 12% HA Hb level luctuations. The results were 
comparable in our groups except for HA Hb level luctuations. 
An interesting inding was the reduction of Hb vari ability 
after we extended the target range based on own de ined 
target ranges of the groups (median ± SD of the entire group).

Fishbane described high amplitude Hb level luctuations 
as cycling. This method provides more precise insights into 
the magnitude and duration of the variability over time [13]. 
The number of hemodialysis patients with cycling and its 
magnitude and duration was in our study lower compared 
to the study by Fishbane. Frequent Hb measurements favor 
an increased Hb variability [21]. Fishbane measured the Hb 
values more often compared to Arneson and our study (twice 
per month vs. once per month). Interestingly, the cycling 
of our hemodialysis patients was consistent with those of 
Arneson [13,19].

Time in target is a novel approach to assessing Hb 
variability [15]. Using the 11 g/dl to 12.5 g/dl target range, 
the time spent in the target range by our hemodialysis 
patients was similar to those by Eckardt and somewhat lower 
compared to those by Ebben [6,15]. Time in the target range 
was comparable between our groups using the extended 
target ranges.

Hb variability can be measured within a patient (intra-
patient) or within patients between groups (inter-group) 
[14]. We used the SD and residual SD to investigate the inta-
patient variability like in previous studies [14,19,20,22]. Both 
measures give fast insights into variability at any given time 
and no advanced statistical knowledge is needed to calculate 
it. Unfortunately, it has not been possible to assess variability 
between patients over a certain period of time using these 
methods [19]. Fluctuations across the threshold were really 
convenient due to the classi ication of patients according to 

the size of luctuations in different variability pattern groups 
[6]. In our study, this analysis was highly time-consuming 
and required advanced statistical skills using a programmed 
test case to demonstrate the distribution of patients in 
different variability pattern groups. The area under the curve 
(AUC) was the most accurate method in the assessment of 
Hb variability because Hb measurements could be easily 
strengthened by control measurements [15]. Advanced 
statistical skills were required to conduct AUC analysis like the 
luctuations across threshold method. Time in the target was 

the best method to measure Hb variability. It is very simple 
and fast to calculate and provides an insight into variability 
over time similar to luctuations across the threshold and 
AUC [15]. Furthermore, it is easier to understand in practice 
than AUC and no statistical understanding is required to 
become familiar with this method.

In clinical practice, Hb variability should be more tolerated 
in hemodialysis patients and the target range reconsidered 
because healthy subjects and patients with CKD stage I or 
II almost failed to reach the target range. We should accept 
wider Hb limits than 11 g/dl to 12 g/dl because the older 
ones from the guidelines are not feasible. This study already 
showed that a target range extension reduces the level of 
Hb variability by avoiding frequent Hb measurements and 
Hb value adjustments. Hb variability examination methods 
should be standardized for intra-patient and inter-patient 
variability assessment to enable a common calculation form 
of Hb variability in the hemodialysis patients in concern, and 
to monitor the individual risk of those patients.

Our study has important limitations that should be 
considered. The number of hemodial ysis patients was 
signi icantly lower compared to other studies which limit 
the power of the study. Healthy subjects were signi icantly 
younger compared to the patients with CKD stage I or II and 
hemodialysis patients. Furthermore, the patients with CKD 
stage I or II had mostly stable Hb values and therefore the 
glomerular iltration rate differed not signi icantly from the 
healthy subjects.

Our study demonstrated that Hb variability is a common 
and naturally existing phenomenon independently of the 
method used for assessment and without EPO therapy.
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