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Objectives: Anemia is highly prevalent in hemodialysed end-stage renal
disease (ESRD) patients. However, various recombinant human erythro-
poietin (rHuEPO) doses are necessary to reach the same Hb. We eva-
luated the contribution of malnutrition and systemic inflammation to
rHuEPO response in HD patients.

Methods: Forty-four ESRD patients (23 M, 21 F, mean age 52.6 ±
± 13.9 years) were grouped according to the required rHuEPO dose:
Group A, n = 27, required rHuEPO dose <100 U/kg/day; Group B,
n = 17, required rHuEPO dose ³100 U/kg/week. Presence of malnutri-
tion was evaluated using dietary logs, anthropometric measurements and
Subjective Global Assessment (SGA) scores. Presence of inflammation
was detected by measuring C-reactive protein (CRP) and serum amyloid
A (SAA) levels.

Results: Mean Hb concentration for all 44 patients was 10.4 ±
± 1.7 g/dl and did not differ between the groups. Lower weight (p <
< 0.05), body mass index (p < 0.02) and mid-arm circumference (p <
< 0.05) were found in patients taking the higher rHuEPO dose. Mean
protein and energy intake for all patients was 1.01 ± 0.23 g/kg/day and
25.4 ± 6.5 kcal/kg/day, respectively, with no difference between the
groups. However, protein equivalent of total nitrogen appearance (PNA)
was lower in group B (p < 0.02). Serum CRP and SAA levels were also
higher in group B (p < 0.02 and p < 0.05, respectively). Multivariate
linear regression indicated that the required rHuEPO dose was more
likely to be higher in subjects with a worse SGA score (b = 0.35; p <
< 0.01) and with a lower daily energy intake (b = –0.37; p < 0.01) i.e.
in subjects with malnutrition and in subjects with a higher SAA (b =
= 0.32; p < 0.02), i.e. patients with inflammation.

Conclusions: The so-called malnutrition–inflammation complex syn-
drome is supposed to be the main cause of rHuEPO hyporesponsiveness
in our study.
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INTRODUCTION

Management of renal anemia seems to be of great
importance in ensuring a better quality of life for
end-stage renal disease (ESRD) patients undergoing
hemodialysis treatment (HD).

Several multicenter studies have shown that ane-
mia is highly prevalent in ESRD patients. Thirty-
four to sixty-seven percent of patients starting renal
replacement therapy (RRT) exhibited signs of ane-
mia (1, 2). Lower hematocrit values are commonly
associated with a higher hospitalization rate. Lower
hematocrit values are also a risk factor for comor-
bidity and mortality (3).

Since recombinant human erythropoietin
(rHuEPO) was introduced into clinical practice
more than 15 years ago, there has been a marked
improvement in anemia care for ESRD patients.
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Nevertheless, data from the Health Care Finan-
cing Administration’s End-Stage Renal Disease
(ESRD) Core Indicators Project showed that des-
pite an improvement in the proportion of dialysis
patients reaching adequate hematocrit levels in re-
cent years, the percentage of patients meeting Na-
tional Kidney Foundation Dialysis Outcomes Qu-
ality Initiative (NKF-DOQI) guidelines for anemia
was only 42%. Ten percent of patients remained
severely anemic (4).

Several factors influence the response to rHuEPO
treatment in ESRD patients (5). Some factors have
already been determined to influence the rHuEPO
response, while there is less confidence in other fac-
tors’ influence. Chronic inflammation has recently
been suggested to be the main cause of morbidity
and mortality in ESRD patients (6). Almost two-
thirds of ESRD patients on maintenance HD show
various signs of chronic inflammation. There is a
proof to suggest that chronic inflammation may lead
to a poor rHuEPO response (7). Chronic inflam-
mation may also promote malnutrition in ESRD pa-
tients. However, it has been proposed by many re-
searchers that an epidemiologic association between
indicators of protein-energy malnutrition (PEM) and
indicators of inflammation in ESRD does not indi-
cate the direction of causality. The link between
elevated levels of acute phase proteins or pro-in-
flammatory cytokines, anemia, rHuEPO dose and
signs of malnutrition is not clearly defined, either.
Up to now, the distribution of anemia and PEM
among patients as well as individual characteristic
rHuEPO responses among ESRD patients on main-
tenance HD have not been studied in Latvia.

Our aim in this cross-sectional study was to inves-
tigate the relationship between some demographic
characteristics, laboratory characteristics, nutritional
features and malnutrition and systemic inflamma-
tion in order to evaluate the effects of malnutrition
and systemic inflammatory response on rHuEPO do-
se requirement in these patients.

MATERIALS AND METHODS

Patients

This study was performed at the largest in-hospital
hemodialysis center in Latvia (P. Stradin’s University
Hospital, Riga, Latvia). Our university hospital-affi-
liated dialysis program served 51 adult hemodialysis
patients at the time of study. We selected patients
who had been on dialysis for at least 3 months. The
study was approved by the Institutional Review Board
and written informed consent was obtained form all
participants before their enrollment in the study. We
studied 44 patients (23 men, 21 women, mean age

52.6 ± 13.9 years) undergoing maintenance hemodia-
lysis. The causes of chronic renal failure were as fol-
lows: chronic glomerulonephritis in 15 patients
(34.1%), chronic interstitial nephritis in 8 patients
(18.2%), diabetes mellitus in 5 patients (11.4%), po-
lycystic kidney disease in 6 patients (13.6%), seconda-
ry amyloidosis in 3 patients (6.8%), Wegener’s granu-
lomathosis in 1 patient (2.3%), nodous polyarteriitis
in 1 patient (2.3%), prostatic tumor with secondary
hydronephrosis in 1 patient (2.3%), rheumathoid po-
lyarthritis in 1 patient (2.3%), hypertensive nephro-
pathy in 1 patient (2.3%) and hereditary aplastic kid-
neys in 1 patient (2.3%). No concominant illnesses
that might be of importance were registered. All pa-
tients underwent dialysis 3 times a week for 3.5–4
hours (10.5–12 hours a week) using bicarbonate dia-
lysate with the following ion concentrations: Na+ –
137.5 mmol/l, K+ – 2.0 mmol/l, Ca++ – 1.75 mmol/l,
Mg++ – 0.75 mmol/l, Cl– – 109.5 mmol/l, CH3COO– –
2.15 mmol/l, HCO3

– – 31.6 mmol/l. Hemodialysis was
performed using steam sterilized polysulphone memb-
rane dialyzers (manufactured by Fresenius Medical
Care AG, Bad Homburg, Germany) with a surface
area of 1.3 to 2.4 m2 and synthetic polyamide S memb-
rane dialyzers (manufactured by Gambro Dialysato-
ren GmbH, Hechingen, Germany) with a surface area
of 1.4 to 2.1 m2. The purity of the dialysate was chec-
ked regularly; neither bacterial nor endotoxic or che-
mical contamination exceeded European standards.

Twenty-six patients (59.1%) received calcium
carbonate as a phosphate-binder (mean daily dose
7.2 ± 2.5 g), and 14 patients (31.8%) were addi-
tionally treated with 1.0 to 2.0 µg 1 α-hydroxyvi-
tamin-D3 on a daily basis. Thirty-three patients
(75%) participating in the study received calcium
channel blockers and β-blockers as hypotensive me-
dication in accordance with their routine prescrip-
tion. None of the patients received aspirin or sta-
tins (both have anti-inflammatory properties)
throughout the study. All patients received addi-
tional iron supplementation on a weekly basis, via
intravenous injections. Thereafter, some demograp-
hic features as well as all anthropometric, bio-
chemical and nutrient data were grouped according
to required rHuEPO dose – group A (n = 27)
with a rHuEPO dose less than 100 U/kg/week
(mean rHuEPO dose 70.5 ± 17.9 U/kg/week; range
32 to 99 U/kg/week); group B (n = 17) with a
rHuEPO dose equal to or higher than 100 U/kg/
week (mean rHuEPO dose 147.8 ± 49.6 U/kg/
week; range, 104 to 303 U/kg/week).

Dietary records

Three-day dietary logs were collected from patients
during this study. Patients recorded their food and
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beverage intake during an assigned 3-day period,
including one dialysis day and two non-dialysis da-
ys. Protein and fat intake as well as total dietary
energy intake were calculated as a function of the
patient’s actual body weight per day (g/kg/day and
kcal/kg/day, respectively).

Urea kinetic modeling and PCR data

The adequacy of dialysis was calculated according
to the method of Daugirdas using a single-pool, two-
BUN, variable-volume model and the following for-
mula:

Kt/V = –ln [(R – (0.008 × t)) + (4 – (3.5 ×
× R))] × UF/W,

where R is the post-dialysis/pre-dialysis BUN ratio,
t is time of dialysis, UF is the ultrafiltration volu-
me, and W is the “dry” post-dialysis weight (8).

The midweek “protein equivalent of total nitro-
gen appearance” (PNA) / protein catabolic rate
(PCR) was calculated as follows:

PNA(PCR) = C0 / [25.8 + ((1.15) / (spKt/V)) +
+ (56.4) / (spKt/V)] + 0.168,

where C0 is the pre-dialysis BUN.
Normalization of PNA(PCR) adjusting to a spe-

cific body size of patients was performed using the
following formula:

nPNA(nPCR) (g/kg/day) = (PNA) / (V/0.58)),

where V is the urea distribution volume or total body
water (TBW). TBW was determined according to a po-
pulation-specific equation for calculating total body
water based on TBW measurements using bioelectri-
cal impedance (BEI) offered by Chertow et al (9).

Anthropometric measurements

Anthropometric measurements were conducted
immediately after a dialysis session using standard
techniques. Pre-dialysis and post-dialysis weight was
measured during three consecutive dialysis sessions
using an electronic scale. The patients’ height was
measured without shoes using a wall-mounted sta-
diometer. Biceps, triceps, subscapular and suprailiac
skinfold thickness was measured using the Slim Gui-
de skinfold caliper (Creative Health Products, Ply-
mouth, MI). Skinfold measurements were repeated
3 times on the non-access arm and the average of
the three measurements was recorded as the final
value. The body mass index (BMI) was calculated
as the ratio between the end-of-dialysis body weight

(kg) and the height-squared (kg/m2). The estimates
of body fat mass (FM) and fat-free mass (FFM)
were made according to the method of Durnin and
Wormersley, using the following formula:

FM (kg) = body weight × [(4.95/D) – 4.5],

where D is body density (g/ml) obtained via special
equations of age- and sex-adjusted sum of four skin-
fold measurements.

Fat free mass (FFM) was calculated as follows:

FFM (kg) = body weight – fat mass.

To estimate skeletal muscle mass, mid upper arm
circumference (MAC) was measured using a flexib-
le nonstretchable metal tape.

Subjective Global Assessment

The SGA was used to assess the overall nutritional
status of patients participating in the study. It was
conducted by collecting information on the patients’
medical history and performing a physical examina-
tion as described by Detsky et al. (10). A lower
SGA score indicated a better nutritional intake.

Biochemical and clinical evaluation

All patients involved in the study were subjected to
the following hematological, biochemical and clini-
cal tests: evaluation of pre-dialysis blood hemoglo-
bin concentration, serum creatinine levels, pre-dia-
lysis and post-dialysis urea levels, serum intact PTH
concentration, serum albumin, cholesterol, iron, to-
tal iron binding capacity, folic acid, vitamin B12 and
ferritin concentrations. The concentrations were de-
termined from samples collected at the single mid-
week dialysis session. The serum acute-phase reac-
tant proteins or pro-inflammatory markers – C re-
active protein (CRP) and serum amyloid A (SAA) –
were also measured.

Hemoglobin values were determined using a Cell-
Dyn 1700 hematologic analyser (Abbot Laborato-
ries, Abbot Park, IL) at a laboratory in P. Stradin’s
University Hospital, Riga, Latvia. For routine bio-
chemical tests, an Abbot Spectrum Series II bioche-
mical analyzer (Abbot Laboratories, Abbot Park, IL)
was used at the same laboratory. Transferrin satura-
tion (%) was calculated from serum iron concentra-
tion and total iron binding capacity (TIBC) as fol-
lows: TS (%) = (Serum Iron/TIBC) × 100.

The serum concentration of folic acid was mea-
sured by ion capture assay for quantitative deter-
mination of folate using an Abbot Axsym System
analyzer (Abbot Laboratories, Abbot Park, IL). Vi-
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tamin B12 concentration was measured by micropar-
ticle enzyme intrinsic factor assay for quantitative
determination of vitamin B12. Serum ferritin levels
were measured using microparticle enzyme immu-
noassay and the same analyzer. The level of serum
intact parathormone (iPTH) was determined using
a DPC IMMULITE immunologic analyser (Diag-
nostic Products Corporation Los Angeles, CA) by
chemiluminescent immunometric iPTH assay (DPC-
Immulite kit, Diagnostic Products Corporation Los
Angeles, CA). C-reactive protein was measured us-
ing latex enhanced immunoturbidimetric immunoas-
say (Ultra CRP Kit, Polymedco, Inc. Cortlandt Ma-
nor, NY for Dimension® Systems, Dade Behring,
Inc., Deerfield, IL). Serum amyloid A was measured
using the nephelometry method (N Latex SAA Test,
Dade Behring Marburg GmbH, Germany) on the
Behring Nephelometer Pro Spec (Dade Behring Inc.,
Deerfield, IL).

Systolic and diastolic arterial blood pressure be-
fore and after hemodialysis sessions, treatment time,
membrane type, and dry weight were obtained from
dialysis records. Information on renal diagnosis, dia-
betic status, length of time on HD and use of any
medications was obtained from patient interviews
and medical chart review.

Statistical analysis

All results were expressed as a mean ± SD or me-
dian values with their range (for skewed and not
normally distributed data). All skewed variables were
converted accordingly into log scale. Statistical ana-
lysis was performed using the Student’s unpaired t
test for continuous normally distributed variables.

As some of the data were skewed and not normally
distributed, differences in those demographic and
biochemical parameters between the groups were de-
termined using the Mann–Whitney U test. For cate-
gorical response variables, differences between sub-
groups were assessed by applying the chi-square or
Fisher exact test. Unadjusted correlations between
two independent variables were assessed using the
Pearson correlation model. Multivariate linear for-
ward stepwise regression analysis was performed to
determine the independent variables predicting
rHuEPO dose. Age, sex, duration of dialysis, BMI,
skinfold thickness, SGA score, nPNA, protein and
energy intake, iPTH, iron, vitamin B12, folic acid
concentrations, CRP and SAA were tested as po-
tential factors to predict the EPO response. P va-
lues less than 0.05 were considered significant. All
statistical calculations were performed using the Sta-
tistica v. 4.5 package (StatSoft Inc., Tulsa, USA).

RESULTS

Demographic and clinical characteristics

Twenty-three men and twenty-one women were ob-
served throughout this study. Their age ranged from
22 to 75 years, mean 52.6 ± 13.9. The mean time
on hemodialysis prior to participation was 24.7 ±
± 13.1 months (range, 3 to 148 months). Each he-
modialysis session was performed within a mean ti-
me of 207 ± 24 minutes. The mean systolic and
diastolic arterial blood pressure was 135.0 ± 26.3
and 80.9 ± 13.4 mmHg, respectively. Thirteen pa-
tients (29.5%) received angiotensin converting enzy-
me (ACE) inhibitors as hypotensive medication.

Group A Group B
                   Feature rHuEPO dose rHuEPO dose P value

< 100 U/kg/week ≥ 100 U/kg/week
(n = 27) (n = 17)

Number of patients (%) 27 (61.4%) 17 (38.6%)
Gender (M/F) 13/14 8/9 NS
Age (mean ± SD), years 52.4 ± 12.9 53.1 ± 15.5 NS
Duration of HD (mean ± SD), months 19.2 ± 27.3 33.4 ± 37.8 <0.05
Duration of each HD session (mean ± SD), min 208 ± 20 204 ± 27 NS
Systolic blood pressure (mean ± SD), mmHg 141.9 ± 25.7 124.1 ± 23.2 <0.01
Diastolic blood pressure (mean ± SD), mmHg 78.8 ± 8.5 82.9 ± 7.5 NS
Use of ACEI 8 (29.6%) 5 (29.4%) NS
rHuEPO dose (mean ± SD), U/kg/week 70.5 ± 17.9 147.8 ± 49.6 <0.001
rHuEPO dose (mean ± SD), U/week 5074 ± 1206 9882 ± 4553 <0.001
Iron dose (mean ± SD), mg/week 49.3 ± 12.7 55.2 ± 15.5 NS

Note. All results were expressed as mean ± SD.

Table 1. Comparison of selected demographic parameters grouped according to the rHuEPO dose requirement in
44 hemodialysed ESRD patients
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Demographic features grouped according to the
required rHuEPO dose (group A (n = 27) with an
rHuEPO dose less than 100 U/kg/week and group
B (n = 17) with an rHuEPO dose equal to or grea-
ter than 100 U/kg/week) are listed in Table 1. More
than a third (38.6%) of all the HD patients studied
had a rHuEPO requirement that was greater than
100 U/kg/week. Patients who spent a shorter time
on maintenance HD revealed lower rHuEPO dose
values (p < 0.05). The systolic arterial blood pressu-
re was found to be lower in patients with an
rHuRPO dose greater than 100 U/kg/week (p <
< 0.01).

Anthropometric
measurements and nutrient intake

Anthropometric measurements of 44 maintenance
HD patients (who were grouped according to the
required rHuEPO dose) and the distribution of nu-
trient intake obtained from the 3-day dietary logs
(expressed as g/kg/day and kcal/kg/day, respectively)
are shown in Table 2. The rHuEPO dose-depen-
dent distribution showed significant differences in
weight (p < 0.02), BMI (p < 0.05) and mid-arm
circumference (p < < 0.05) in patients with an
erythropoietin dose less than 100 U/kg/week and pa-
tients with a rHuEPO dose greater than that. All
variables were of lesser value in cases of a higher
required rHuEPO dose. Almost two thirds of all
patients (27 patients, 61.4%) showed signs of mal-
nutrition if SGA was applied as a PEM evaluation
tool (SGA 2+3 score or moderate + severe mal-

nutrition). We also found the SGA score values as
suggesting a more pronounced malnutrition in the
group with the higher rHuEPO dose (p < 0.01).

Mean protein intake was similar in both groups.
Fifteen patients (55.6%) in group A and thirteen
patients (52.9%) in group B were found to have a
protein intake lower than 1.0 g/kg/day.

Mean energy intake was also similar in both
groups. The percentage of patients taking less than
30 kcal/kg/day was significantly higher (p < 0.01) in
group A (22 patients or 81.5%) when compared to
group B (10 patients or 58.2%).

There were no statistically significant differences
in fat intake among the patients taking the lower
versus the higher rHuEPO dose.

Biochemical values

Hematological and biochemical values of the 44
maintenance HD patients grouped by rHuEPO do-
se are highlighted in Table 3. When comparing the
groups, the mean hemoglobin concentration divided
by the rHuEPO dose did not differ significantly.
Eight patients (29.6%) of group A had a hemoglo-
bin concentration below 10.0 g/dl and 8 patients
(47.1%) of group B had the same or a lower he-
moglobin concentration. A hemoglobin concentra-
tion greater than 12 g/dl was observed in 4 patients
(14.8%) of group A and 3 patients (17.6%) of group
B. Serum creatinine and urea concentrations were
found to be similar in both groups. The iPTH con-
centration was significantly higher in patients who
required greater amounts of erythropoietin (p <

< 0.05). Serum iron con-
centration, serum levels of
B12 vitamin, folic acid and
ferritin did not differ sig-
nificantly among the
groups. Transferrin satura-
tion, reflecting functional
iron deficiency, was also
the same in both groups.
Serum cholesterol was no-
ted to be lower in the
group with a rHuEPO do-
se greater than 100 U/kg/
week (p < 0.02). Kt/V cal-
culation reflecting the de-
livered dose of dialysis did
not show any differences
betwen the groups. The
nPNA (measure of net
protein degradation and
protein intake in mainte-
nance HD patients) values
were significantly lower in

Group A Group B
            Feature rHuEPO dose rHuEPO dose P value

< 100 U/kg/week ≥ 100 U/kg/week
(n = 27) (n = 17)

Weight (kg) 72.8 ± 10.2 65.4 ± 12.6 <0.02
Height (m) 1.70 ± 0.10 1.71 ± 0.10 NS
BMI (kg/m2) 26.0 ± 4.6 23.3 ± 3.9 <0.05
FM (kg) 25.5 ± 8.0 21.5 ± 8.1 NS
FFM (kg) 47.3 ± 5.8 43.9 ± 7.9 NS
MAC (cm) 28.3 ± 3.7 25.7 ± 4.6 <0.05
Total 4 skinfold thickness (mm) 62.7 ± 38.2 54.1 ± 33.6 NS
SGA score 1.7 ± 0.8 2.3 ± 0.8 <0.01
Protein intake (g/kg/day) 1.02 ± 0.23 0.99 ± 0.24 NS
Energy intake (kcal/kg/day) 25.3 ± 5.9 25.6 ± 7.6 NS
Fat intake (g/kg/day) 1.03 ± 0.27 1.03 ± 0.41 NS

BMI, body mass index; FM, fat mass; FFM, fat free mass; MAC, mid upper arm
circumference; SGA, subjective global assessment.
Note. All results were expressed as mean ± SD.

Table 2. Anthropometric variables, SGA score and nutritient intake in 44 hemodia-
lysed ESRD patients grouped by the required rHuEPO dose (U/kg/week)
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patients requiring a higher rHuEPO dose (p < 0.05).
The nPNA values below 1.0 g/kg/day (recommen-
ded lower limit for dialysis patients) were found in
21 patients (77.7%) of group A and in 15 patients
(88.2%) of group B. Serum concentrations of albu-
min were lower, but acute phase proteins CRP and
SAA were found to be significantly higher in those
patients with a dose of rHuEPO exceeding 100 U/
kg/week (p < 0.05; p < < 0.02 and p < 0.05, res-
pectively).

Correlations and multivariate linear regression
analysis

The Pearson correlation matrix was utilized to iden-
tify a potential relationship between rHuEPO dose
(U/kg/week) and clinical, anthropometric, nutrient
and biochemical variables. Table 4 depicts those va-
riables showing a significant correlation with erythro-
poietin dose requirement. The most significant cor-
relation with rHuEPO dose was found to be with
daily fat intake (R = –0.36; p < 0.02) followed by
daily energy intake (R = –0.35; p < 0.02), SGA
score (R = 0.34; p < 0.03), daily protein intake
(R = –0.34; p < 0.03), serum amyloid A (R =
= 0.33; p < 0.03), BMI (R = –0.33; p < 0.03),

serum iPTH level (R =
0.32; p < 0.05) and serum
albumin concentration (R
= –0.32; p < 0.05). Cor-
relations were also found
between serum albumin
concentrations and CRP
(R = –0.42; p < 0.01) and
SAA (R = –0.44; p <
< 0.001). Besides, we not-
ed that the SGA score di-
rectly correlated with CRP
(R = 0.38; p < 0.02) and
SAA (R = 0.39; p < 0.02).

Final multivariate line-
ar regression analysis using
a forward stepwise elimina-
tion technique was perfor-
med separately using the
rHuEPO dose as a depen-
dent value (expressed both
as U/kg/week and U/week).
Age, sex, duration of dia-
lysis, BMI, skinfold thic-
kness, SGA score, serum
albumin, iron, folic acid, vi-
tamin B12, nPNA, iPTH,
protein and energy intake,
CRP and SAA were tested
as independent variables or

potential predicting factors. This model indicates that
rHuEPO dose in units per kilogram per week (Tab-
le 5) was more likely to be higher in subjects with
a higher SGA score, i.e. showing a stronger indica-
tion of malnutrition (β = = 0.35; p < 0.01), with a
lower daily energy intake (β = –0.37; p < 0.01)
and with a greater SAA concentration (β =  0.32;

        
Feature

Pearson P value
correlation (R)

Serum albumin –0.32 <0.05
Log serum iPTH 0.32 <0.05
Log serum SAA 0.33 <0.03
Daily protein intake –0.34 <0.03
Daily energy intake –0.35 <0.02
Daily fat intake –0.36 <0.02
BMI –0.33 <0.03
SGA 0.34 <0.03

BMI, body mass index; SGA, subjective global asses-
sment; CRP, C-reactive protein; SAA, serum amyloid A.

Table 4. Correlation (unadjusted data) between the cli-
nical, anthropometric, nutrient and biochemical variab-
les and rHuEPO dose (U/kg/week) of 44 ESRD patients
on maintenance hemodialysis

Group A Group B
            Feature rHuEPO dose rHuEPO dose P value

< 100 U/kg/week ≥ 100 U/kg/week
(n = 27) (n = 17)

Hemoglobin (g/dl) 10.5 ± 1.7 10.3 ± 1.8 NS
Serum creatinine (mmol/l) 0.88 ± 0.32 0.87 ± 0.27 NS
Serum urea (mmol/l) 22.7 ± 5.7 20.2 ± 7.6 NS
Serum iPTH (pmol/l) § 19.5 (1.3–89.2) 36.1 (6.9–96.4) <0.05
Serum iron (µg/dl) 35.3 ± 16.0 39.3 ± 16.8 NS
Transferin saturation (%) 28.7 ± 14.3 24.8 ± 17.6 NS
Serum ferritin (ng/ml) § 83 (13–663) 122 (27–588) NS
Serum folic acid (ng/ml) 5.3 ± 1.8 4.7 ± 1.4 NS
Serum B12 vitamin (pg/ml) 412.7 ± 191.6 453.8 ± 219.8 NS
Serum cholesterol (mmol/l) 4.88 ± 1.17 4.11 ± 1.13 <0.02
Kt/V 1.24 ± 0.26 1.35 ± 0.21 NS
nPNA (g/kg/day) 0.91 ± 0.20 0.81 ± 0.18 <0.05
Serum albumin (g/dl) 3.74 ± 0.41 3.45 ± 0.69 <0.05
Serum CRP ( mg/l) § 6.2 (3.7–54.1) 16.5 (3.8–68.9) <0.02
Serum SAA (mg/l) § 6.5 (1.0–63.5) 12.3 (1.8–255.9) <0.05

nPNA , protein equivalent of total nitrogen appearance, normalized adjusting to a
specific body size; CRP, C-reactive protein; SAA, serum amyloid A.
Note. All results were expressed as mean ± SD, except when indicated otherwise
(§), as these data were not normally distributed, median and range were used
instead.

Table 3. Biochemical variables of 44 hemodialysed ESRD patients, subdivided by
rHuEPO dose (U/kg/week)
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p < < 0.02). When a similar analysis was applied
to the rHuEPO dose expressed as units per week
(Table 6), the strongest predictive value was daily
energy intake (β = –0.37; p < 0.01) followed by
the SGA score (β = 0.36; p < 0.01), daily protein
intake (β = = –0.35; p < < 0.02) and SAA concen-
tration (β = = 0.32; p < < 0.02).

DISCUSSION

Anemia in ESRD patients is due predominantly to
inadequate red blood cell (RBC) production caused
by a low rate of erythropoietin (EPO) synthesis.
However, the fact that highly various rHuEPO do-
ses are necessary to reach the target Hb level proves
that other factors alongside EPO deficiency deter-
mine the rHuEPO response (5). Nowadays, adequ-
ate iron stores and its availability to ensure optimum
erythropoiesis are considered to be the strongest fac-
tor influencing the efficiency of anemia correction
in CRF patients. As expected, our study did not
find any differences between the groups with regard
to such obvious causes of anemia as absolute or
functional iron deficiency, blood loss, delivered do-
se dialysis, or medications which might influence the
Hb level.

Another well-studied cause of renal anemia, which
at the same time is a factor contributing to impaired

rHuEPO response, is chronic inflammation. Other
conditions that worsen anemia in CRF patients and
influence the rHuEPO amount required to reach the
target Hb are secondary hyperparathyroidism and os-
teitis fibrosa. In the same way, a significant role in the
progression of anemia is attributed to the malnutri-
tion and the amount of micronutrients (folic acid, vi-
tamin B12, vitamin C) in food (5).

The number and types of factors vary signifi-
cantly among the studies, which in turn means that
the required rHuEPO dose will differ in order to
adjust for anemia correction.

During the last several years, research has con-
firmed the belief that hemodialysis patients suffer
from mild to moderate inflammation associated with
elevated levels of so-called positive acute-phase pro-
teins, such as C-reactive protein (CRP) (11), serum
amyloid A (SAA) (12), as well as some circulating
cytokines, such as interleukin-1, interleukin-6, tumor
necrosis factor-α. Some evidence suggests that in-
flammation could be one of the major risk factors
for cardiovascular morbidity and mortality in hemo-
dialysis patients (13). It was found that ESRD pa-
tients suffering from coronary heart disease have
elevated concentrations of such acute-phase reac-
tants as CRP and SAA. They also frequently show
signs of PEM, sometimes even refractory anemia
(7). Infection or inflammation may predispose pa-
tients to atherosclerosis, catabolic state and hypoal-
buminemia (13). Of the various factors that interfe-
re with rHuEPO response, chronic inflammation
seems to be of great significance in ESRD patients
on maintenance hemodialysis. Proinflammatory cy-
tokines such as TNF-α and IL-1 have been shown
to inhibit RBC production by preventing the growth
of some erythroid progenitor cells in vitro or by
stimulating interferon production (14, 15). Inflam-
mation is also a cause of functional iron deficiency.
The delivery of iron from reticuloendothelial to he-
mopoietic cells is blocked when inflammation is pre-
sent (16). It has been suggested that inflammation
reduces absorption of iron in the gut by blocking
mucosal uptake and transfer of iron (17).

For quite a while, reduced serum albumin con-
centration was considered to be the negative mar-
ker of inflammation in ESRD patients (11). Serum
albumin concentrations under 4 g/dl were found in
more than 60% of HD patients participating in our
study. Like other authors, we confirmed an inverse
correlation between serum albumin concentration
and CRP and SAA. With regards to rHuEPO dose
requirements, only univariate analysis showed a sta-
tistically significant correlation between serum albu-
min and erythropoietin dose. Thus, another marker
– serum amyloid A (SAA) – was applied as a pa-
rameter. It served as the best indicator of inflam-

        Feature Beta (β) P value

SGA 0.36 <0.01
Daily energy intake –0.37 <0.01
Daily protein intake –0.35 <0.02
Log serum SAA 0.32 <0.02

SGA, subjective global assessment; SAA, serum amyloid
A.

Table 6. Multivariate linear regression (forward stepwi-
se model) summary for dependent variable rHuEPO do-
se expressed as U/week in 44 ESRD patients on main-
tenance hemodialysis

        Feature Beta (β) P value

SGA 0.35 <0.01
Daily energy intake –0.37 <0.01
Log serum SAA 0.32 <0.02

SGA, subjective global assessment; SAA, serum amyloid
A.

Table 5. Multivariate linear regression (forward stepwi-
se model) summary for dependent variable rHuEPO do-
se expressed as U/kg/week in 44 ESRD patients on main-
tenance hemodialysis
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mation processes in our patients. It has been pro-
ven that measurement of serum concentration is as
effective as measurement of the classical inflamma-
tion marker CRP (18). We found that SAA levels
were higher in the group of patients who required
a greater rHuEPO dose and the univariate correla-
tion and multivariate regression model confirmed
SAA (i.e. inflammation) as an important feature con-
tributing to the greater rHuEPO dose.

However, reduced serum albumin concentrations
are also observed in cases of protein-energy mal-
nutrition (PEM). PEM is rather common among
ESRD patients. Its prevalence ranges from 16% to
70% in different studies (19–21). In maintenance
hemodialysis such signs of PEM as decreased musc-
le protein mass (indicated by low pre-dialysis serum
creatinine concentration), reduced protein and other
nutrient intake (it appears as low protein equivalent
of total nitrogen appearance (PNA) /protein cata-
bolic rate (PCR)), low serum concentrations of po-
tassium, phosphorus and cholesterol have been found
to be correlated to the mortality rate (22, 23). It
has also been noted that adequate nutritional inta-
ke of proteins is very important for normal erythro-
poiesis (24).

The patients participating in our study were exa-
mined for malnutrition by several different methods.
Serum albumin concentration was determined by cal-
culating protein and energy intake from the three-
day-dietary logs and by obtaining some anthropo-
metric measurements and SGA scores. Dietary pro-
tein intake (DPI) and dietary energy intake (DEI)
in ESRD patients has been measured by resear-
chers before and ranges from 0.94 to 1.02 g/kg/day
and from 22.8 to 29.0 kcal/kg/day, respectively (25,
26). Patients enrolled in this study had a mean DPI
of 1.01 ± 0.23 g/kg/day and a mean DEI of 25.2 ±
± 6.5 kcal/kg/day. This is consistent with other avai-
lable data. But does a different amount of ingested
nutrients affect erythropoietin requirement? It has
been reported that there is a correlation between
Ht, rHuEPO dose and serum albumin concentra-
tion (24), however, that a correlation exists between
other markers specific to malnutrition and rHuEPO
dose is not very convincing. Recent studies also re-
port a relationship between BMI and rHuEPO. The
BMI closely correlates with body fat content and
hyperleptinemia (27), but higher leptin levels in dia-
lysis patients have been described to stimulate ery-
thropoiesis, particularly in an anemic state (28).
Stenvinkel et al. reported that serum leptin levels
are associated positively with BMI and negatively
with rHuEPO requirement (29). It is interesting that
(using univariate analysis) the rHuEPO dose in our

study was found to be higher in those patients with
lower daily protein, energy and fat intake. The mul-
tivariate regression also revealed a negative correla-
tion between DEI and weekly erythropoietin dose.
This suggests that malnutrition may promote non-
homogeneity of rHuEPO response in ESRD patients
who are on maintenance hemodialysis.

The SGA score has also been validated as an
accurate tool, which could provide reliable informa-
tion regarding various aspects of PEM. SGA is cor-
related with the biochemical and other measures of
nutritional status and outcomes, such as hospitaliza-
tion length, comorbidity and mortality rate (30) in
the dialysis population. In our survey, moderate and
severe malnutrition was found in 64.1% of patients
applying the SGA score as a PEM assessment tool.
Severe malnutrition (SGA score C) was observed in
29.5% of patients. This is consistent with many mul-
ticenter studies reporting prevalence of PEM in dia-
lysis patients. Stenvinkel et al. reported malnutri-
tion in 39% of patients based on the SGA asses-
sment (30). Qureshi et al. found signs of malnutri-
tion in 64% of patients and severe malnutrition was
noted in 13% of patients (31). We were able to
denote a relationship between the SGA score and
rHuEPO dose as well. In a multivariate linear re-
gression analysis the SGA score was able to predict
the rHuEPO dose requirement. Although, SGA sco-
res like serum albumin concentration may also be
affected by a chronic inflammatory state, as men-
tioned before. This was confirmed in our study by
finding a correlation between SGA score and the
SAA level.

Finally, like many other cross-sectional studies,
we have to admit the failure to distinguish between
malnutrition and inflammation as the two indepen-
dent causes of rHuEPO hyporesponsiveness. We, li-
ke others, observed the rHuEPO dose correlation
with the positive and negative markers of systemic
inflammatory response such as SAA and serum al-
bumin and with classical signs of PEM such as dai-
ly protein, energy and fat intake, BMI and SGA as
well. The correlation between markers of inflamma-
tion and PEM in our study also reflects a close
relationship between those two conditions. This pro-
blem – the relative contribution of nutrition and
inflammation to various clinical outcome in dialysis
patients – has been studied recently. Such studies
adress mostly the cardiovascular morbidity and mor-
tality issues. It has been reported that an increased
serum levels of CRP and pro-inflammatory cytoki-
nes predict mortality in dialysis population. At the
same time it was also noted that PEM is not neces-
sarily just the consequence of chronic inflammation.
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Thus, it has been recently proposed that malnutri-
tion inflammation complex syndrome exists, which
can explain a relationship between PEM, inflamma-
tion and cardiovascular disease. Furthermore, Sten-
vinkel et al. has found a strong relationship bet-
ween malnutrition, high CRP levels and atheroscle-
rosis in CRF patients (33). It has been referred to
as the MIA syndrome. To define the relative contri-
bution of PEM and inflammation to cardiovascular
outcome as well as the rHuEPO dose requirement,
large interventional trials are necessary. They will
help to distinguish between underlying mechanisms,
which may contribute to increased cardiovascular
morbidity and to poor rHuEPO response.

Hyperparathyroidism (primary as well as secon-
dary) has widely been described as a possible cause
of anemia. Several pathways might explain the mo-
de of parathyroid hormone (PTH) action. Firstly,
there is enough proof that erythroid progenitor cell
proliferation and maturation depend directely on the
impact of PTH. It is known that bone marrow eryt-
hropoietic cells express calcitriol receptors (32), thus
low calcitriol levels observed in secondary hyperpa-
rathyroidism might cause anemia. This is supported
both by in vitro and in vivo studies where severe
secondary hyperparathyroidism was induced in rats
by a low-calcium diet after which parathyreoidecto-
my was performed (34). Osteitis fibrosa, the most
severe manifestation of hyperparathyroidism (35), is
assumed to be another cause of erythropoiesis
depression in ESRD patients. There are studies to
indicate that high doses of alphacalcidol can dimi-
nish anemia independently of serum PTH and cal-
cium concentrations (36). However, the mechanism
remains unclear. The lifetime of red blood cells is
also shortened in the case of secondary hyperpa-
rathyroidism, possibly because of increased RBC os-
motic fragility (37). It is possible that an increased
tendency to suffer from gastrointestinal bleeding,
which has been observed in primary hyperparathy-
roidism, is due to the negative impact of PTH on
platelet function (38).

The iPTH concentrations in HD patients partici-
pating in our study were significantly higher in the
group of patients who required a higher rHuEPO
dose. The multivariate regression model also reveal-
ed elevated iPTH levels as the feature that might
predict a higher rHuEPO dose requirement in
ESRD patients during maintenance hemodialysis. In
conclusion, this study confirms that erythropoietin
requirement differs widely among the ESRD patients
on maintenance hemodialysis. A relationship exists
between protein-energy malnutrition (assessed by se-
veral independent methods) and rHuEPO dose re-

quirement. Malnutrition may worsen renal anemia
in dialysis patients and may lead to an attenuated
rHuEPO response, thus contributing to higher
rHuEPO dose requirements in these patients. How-
ever, inadequate protein and energy intake are not
the only factors contributing to a higher rHuEPO
dose requirement. We noticed that markers of chro-
nic inflammation, such as serum amyloid A, were
elevated in patients observed throughout this study
and that a correlation with required rHuEPO dose
existed. It was impossible to indicate the direction
of causality between the PEM and inflammation and
to what extent they both influenced the rHuEPO
response. Thus, it seems that complex malnutrition–
inflammation syndrome (as this condition was re-
cently described by Kalantar Zadeh et al. (39) leeds
to hyporesponsiveness to rHuEPO.

Among other variables affecting rHuEPO dose
is secondary hyperparathyroidism with an elevated
iPTH concentration that may worsen renal anemia
in dialysis patients and may lead to an attenuated
rHuEPO response, thus contributing to a required
higher rHuEPO dose in these patients.
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