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A b s t r a c t: Although anaemia management has improved in haemodialysis 
(HD) patients in recent years, many of them still have haemoglobin (Hb) levels below 
the current recommendations. The consequent anaemia could be one of the links bet-
ween malnutrition and inflammation, and higher mortality in HD patients. The study 
objective was to determine the relationship between Hb levels and outcome in patients 
undergoing HD, accounting for inflammation and malnutrition. 

We retrospectively analysed a total of 236 patients on HD between January 
2003 and December 2005, classified by absence or presence of inflammation and mal-
nutrition (defined as serum albumin levels < 40 g/L and CRP > 8mg/l). Serum levels of 
Hb, ferritin, creatinine, cholesterol, triglycerides, HDL (high-density lipoprotein chole-
sterol), LDL (low-density lipoprotein cholesterol), albumin and CRP were measured 
monthly, fibrinogen was measured every third month. Over the period of three years, 73 
out of 236 patients (30%) had died, most from cardiovascular diseases (62%). Presence 
of inflammation and malnutrition (in 44% of patients) was associated with older age 
(60.69 ± 12.46 vs. 54.52 ± 12.37, p = 0.0002), lower levels of Hb (99.53 ± 14.97 vs. 
111.86 ± 10.38 g/l, p = 0.0000), creatinine (835.88 ± 179.84 vs. 1069.98 ± 821.23 
µmol/l, p = 0.0047), albumin (36.58 ± 3.41 vs. 40.32 ± 2.82 g/l, p = 0.0000), cholesterol 
(4.32 ± 1.04 vs. 4.75 ± 1.09 mmol/l, p = 0.0025) and higher levels of fibrinogen (4.94 ± 
1.18 vs. 4.29 ± 0.91g/l, p = 0.0000) and CRP (30.42 ± 29.47 vs. 5.24 ± 4.89 mg/l, p = 
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0.0000). The Kaplan-Meier analysis showed that, irrespective of the absence or pre-
sence of inflammation and malnutrition, the all-cause mortality was higher in patients with 
Hb < 110 g/l (Log-Rank, p = 0.00147; p = 0.00222). On the other hand, Kaplan-Meier sho-
wed that, irrespective of the absence or presence of anaemia (Hb > 110 g/l and Hb < 110 
g/l), the all-cause mortality was higher in patients with the presence of inflammation and 
malnutrition (Log-Rank, p = 0.00222; p = 0.00263). The Cox proportional hazard analy-
sis, adjusting for age, showed that only lower serum levels of Hb and higher CRP were 
associated with all-cause mortality (chi-square = 110,306, p = 0.0000).  

Our findings confirm the association of Hb levels < 110 g/L with higher morta-
lity among maintenance HD patients, especially in patients with the presence of inflam-
mation and malnutrition. Further investigation of the relationships among anaemia, 
inflammation and malnutrition and survival is warranted. 
 
Key words: hemodialysis, anaemia, malnutrition and inflammation, all-cause mortality, 
CRP.  
 

 
Introduction 

 
Anaemia is a common complication of uraemia and associations bet-

ween Hb levels and mortality and morbidity have been studied with conflicting 
results in ESRD patients [1, 2, 3, 4, 5]. Although anaemia management using 
the recombinant human erythropoietin (EPO) has improved in HD patients.over 
recent years, many of them still have haemoglobin Hb levels below the current 
recommendations [6, 7, 8].                                      

Refractory anaemia appears to be more common in dialysis patients 
who also have inflammation and/or malnutrition [9]. It is not completely clear 
how inflamemation and malnutrition are related to dialysis–associated refract-
tory anaemia pathophysiologically [18]. Several previous studies have reported 
an association between anaemia and inflammation in dialysis patients, reflected 
in a high serum concentration of CRP [9, 10]. An inverse association between 
albumin and other more specific nutriational markers and the required EPO 
dose has also been reported. [11] The consequent anaemia could be one of the 
links between the malnutrition-inflammation-arteriosclerosis (MIA) syndrome 
and the higher rates of hospitalisation and mortality in HD patients [1]. Howe-
ver, the possible interactions between inflammatory and nutritional markers and 
their impact on refractory anaemia, as potentially modifiable risk factors for 
dialysis-associated morbidity and mortality, are still unclear [6].  

The study objective was  to determine the relationship between Hb le-
vels and outcome in patients undergoing HD, accounting for inflammation and 
malnutrition. 
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Materials  and  Methods 
 

Study population 

We retrospectively followed up a total of 236 patients (143 men and 93 
women) on HD between January 2003 and December 2005. An inclusion crite-
rion was maintenance HD for at least 6 months. Dialysis was performed three 
times a week for 11.93 ± 0.75 hr/week (range from 9 to 13.35 hr/week). Causes 
of end-stage renal disease (ESRD) were chronic glomerulonephritis in 52 pa-
tients (22%), diabetes mellitus in 39 patients (16.5%), polycystic kidney disease 
in 17 patients (7%), nephroangiosclerosis in 40 patients (17%), interstitial neph-
ritis in 40 patients (17%), plasmocytoma in 3 patients (1.3%), Balkan nephro-
pathy in 2 patients (0.85%) and other or unknown cause in 43 patients (18%).  

Haemodialysis treatment was performed using conventional bicarbonate 
– buffered dialysate in all patients The average spKt/V in these patients was 
1.21 ± 0.20 (0.66–1.75) and PCR (g/kg/d) was 1.04 ± 0.15 (0.58–1.46). The pa-
tients were on treatment with recombinant human erythropoietin (EPO), accor-
ding to the the recommendations of the European Best Practice Guidelines (EBPG) 
on anaemia management in patients with chronic renal failure. The main demo-
graphic and clinical characteristics of the patients included in the study are de-
tailed in Table 1. 
 
Table 1 –  Tabela 1  

Clinical and biochemical parameters of the study  population 
Klini~ki i laboratoriski parametri na ispituvanata populacija 

 
Age (year) 57.18   ±  12.89 
Duration of  HD  treatment (months ) 93.80   ±   70.45 
Smokers  

Former 109 (47%) 
Current   (n; %) 83 (35%) 

Systolic BP (mmHg) 136.29   ±  22.65 
BMI (kg/m2 ) 23.94   ±   4.27 
Haemoglobin (g/L) 106.38  ±  13.98 
Ferritin (µg/l) 626.76  ±  331.51 
Creatinine (µmol/l) 932.09  ± 215.11 
Albumin (g/L) 38.66  ±  3.60 
Fibrinogen (g/L) 4.55  ± 1.07 
Cholesterol (mmol/l) 4.56  ±  1.08 
HDL  cholesterol (mmol/l) 0.99  ±  0.27 
LDL cholesterol (mmol/l) 2.64  ±  0.88 
C-reactive protein (mg/l) 16.31 ± 23.40 
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Laboratory Measurements 

Serum levels of Hb,  ferritin,  creatinine, cholesterol,  triglyceride, HDL 
(high-density lipoprotein cholesterol), LDL (low-density lipoprotein choleste-
rol) and albumin were measured monthly, using standard methods, at the Insti-
tute of biochemistry, Ss. Cyril and Methodius University, Skopje. Serum con-
centration of CRP was measured monthly, by a nephelometric immunoassay, and 
fibrinogen was measured every third month, by the thrombin time method in a 
blood sample anticoagulated with sodium citrate. Single-pool spKt/V was calcu-
lated monthly, using a second-generation formula Daugirdas 2 and PCR (pro-
tein catabolic rate) was calculated using the formula with interdialytic rise in 
blood urea. 

To better distinguish individuals with any evidence of inflammation and 
malnutrition, a composite variable combining serum albumin and CRP levels 
was used to categorise the study population into 2 subgroups: presence or ab-
sence of inflammation and malnutrition. The presence of inflammation and 
malnutrition was defined as achievement of a priori cutoffs for 2 variables from 
the study population. The cutoff level for serum albumin was less than 40 g/L 
and for CRP, 8 mg/l or higher.  
 

Statistical analysis  

Data are presented as mean ± SD or median and range, as appropriate, 
with P less than 0.05 indicating statistical significance. Comparison between 2 
groups for normally distributed variables was performed by using Student t-test. 
Correlations were performed by using Spearman rank test. The Kaplan-Meier 
test was used for analysis of survival. The data were censored at the time of death. 
Differences in survival were assessed with the log rank test. Multivariate Cox 
proportional hazards analysis to adjust for patient characteristics, was performed 
to determine the factors that were most closely associated with the all-cause 
mortality. All data analyses were performed with Statistica 6 for Windows. 
 
 

Results 
 
Patient Characteristics 

The mean age of the patients was 57.18 ± 12.89 years (men 56.44 ± 12.58, 
women 58.31 ± 13.39) and duration of haemodialysis treatment in months was 
93.80 ± 70.45, ranging from 6 to 311 months (men 89.96 ± 69.66, women 
101.39 ± 72.59). During the follow-up period of three years, 73 out of 236  
patients (30.1%) died (58.9% men  n = 43; 41.1% women n = 30) mostly from 
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cardiovascular diseases (CVD) (45 out of 73; 61.6%) and according to the 
HEMO Study Death Classification (12), the causes of death from CVD were 
ischaemic heart disease (n = 11), congestive heart failure (n = 15), arrhythmias 
and conduction problems (n = 5), cerebrovascular disease (n = 11) and periphe-
ral vascular disease (n = 3). Noncardiac causes of death were infection/sepsis (n 
= 17), neoplasms (n = 4) or other unknown causes (n = 7).   

The patients who died were significantly older than those alive at 36 
months, 61.15 ± 11.59 vs. 54.95 ± 12.89, p = 0.0000, had significantly lower 
serum levels of Hb, 95.99 ± 15.39 vs. 110.90 ± 10.59, p = 0.0000, lower serum 
levels of albumin 36.49 ± 3.89 vs. 39.60 ± 3.04, p = 0.0000, and they had 
significantly higher serum levels of CRP, 35.56 ± 34.15 vs. 8.16 ± 8.39, p = 
0.0000. spKt/V and serum levels of creatinine were significantly lower (1.15 ± 
0.22 vs.1.23 ± 0.19, p = 0.004; 794.82 ± 184.82 vs. 991.88 ± 200.55, p = 0.000), 
but the serum level of fibrinogen was significantly higher (5.10 ± 1.19 vs. 4.39 
± 0.98, p = 0.000) in the patients who died. There was no difference in mean 
levels of cholesterol, triglycerides, HDL and LDL  between the patients who 
died and those alive at 36 months.   
 

Relationships between haemoglobin, albumin and CRP 

As shown in Table 2, both Hb and albumin levels were negatively cor-
related with CRP (r = -0.48, p = 0.000 and r = -0.39, p = 0.000, respectively). In 
this subset of 236 patients, there remains a positive linear correlation between 
Hb and serum albumin levels (r = 0.35, p = 0.0000). 
 
Table 2 –  Tabela 2 

Correlation matrix of CRP, Albumin and Haemoglobina 

Korelacioni  matriks  me|u  CRP,  albumin i  hemoglobin 
 
 Age Kt/V Cr Alb Hb Hol Fib CRP 

Hb   -0.17 
(0.00) 

0.24 
(0.00) 

0.35 
(0.00)

0.35 
(0.00)

– 0.14 
(0.03)

-0.24 
(0.00) 

-0.48 
(0.00) 

Alb -0.31    
(0.00) 

n.s. 0.52 
(0.00

– 0.35 
(0.00)

0.29 
(0.00)

-0.20 
(0.00) 

-0.39 
(0.00) 

CRP 0.23 
( 0.00) 

-0.20 
(0.00) 

-0.31 
(0.00)

-0.39 
(0.00)

-0.48 
(0.00)

n.s. 0.41 
0.00) 

– 

 
a Data are Spearman rank correlation coefficients and p values. 
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Comparison  between  haemoglobin levels 
and  inflammatory/nutrition status 

In this study population, Hb levels > 110 g/l were achieved in 45% of 
patients (no = 106). As shown in Table 3, patients with Hb levels > 110 g/l were 
significantly younger with a longer duration of HD in months. They had higher 
levels of albumen and creatinin, but lower levels of fibrinogen and CRP. 
 
Table 3 – Tabela 3 

Variables significantly different between the groups according to haemoglobin level  
(below or above 110 g/l) 

Signifikantno zna~ajni razliki vo odnos  na hemoglobinski  vrednosti 
nad i pod 110 g/l 

Characteristics 
Haemoglobin < 110 

g/L (n = 128) 
Haemoglobin > 110 

g/L (n = 106) 
P 

Age 59.04  ±  11.94 55.12  ± 13.43 0.0191 

Duration of HD (mo) 80.48  ±  66.19 112.54  ±  72.78 0.0005 

Systolic BP (mmHg ) 141.37 ±  22.92 138.16 ± 20.94 0.0000 

spKt/V 1.18  ±  0.20 1.24   ±  0.19 0.0200 

Haemoglobin (g/L) 97.03  ± 11.47 117.67  ± 6.44 0.0000 

Creatinine 879.68 ± 191.48 995.37 ± 226.67 0.0000 

Albumin (g/L) 37.89 ± 4.05 39.58 ± 2.73 0.0003 

Fibrinogen (g/L) 4.76 ± 1.15 4.34 ± 0.94 0.0040 

C-reactive protein (mg/l) 22.18 ± 23.45 9.34 ± 21.57 0.0000 

 
Overall, 44 % (n = 104) of the dialysis patients had evidence of inflam-

mation and malnutrition. The presence of inflammation and malnutrition was 
associated with older age, lower levels of  Hb, creatinine, albumen, triglyceri-
des, cholesterol, HDL cholesterol, and LDL cholesterol and higher levels of fib-
rinogen and CRP (Table 4).   
 

Survival analysis 

In this study population the cumulative survival was markedly dependent 
on Hb levels and presence or absence of inflammation and malnutrition. Patients 
with Hb < 110 g/l and presence of inflammation and malnutrition had a higher 
mortality rate than those with Hb > 110 g/l (Log-Rank, p = 0.00000) and   absence 
of inflammation and malnutrition, (log-rank, p = 0.00000) (curves not shown).                   
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Table 4 –  Tabela 4 
Comparison between the two subgroups of study population based 

on inflammatory and nutrition status 
Sporedba na dvete grupi vo zavisnost od prisustvo 

 ili otsustvo na inflamacija i malnutricija 
 

 

Characteristics 
Presence of 

Inflammation/Malnutrition
(n = 104) 

Absence of 
Inflammation/Malnutrition 

(n = 130) 

 

p 

Age 60.69  ±  12.46 54.52  ± 12.37 0.0002 

Duration of HD (mo) 90.08  ±  74.79 98.06  ±  67.39 0.3932 

BMI   (kg/m2) 24.21  ±  4.69 23.72  ±  3.93 0.3867 

spKt/V 1.18  ±  0.22 1.23 ±  0.18 0.0712 

PCR (g/kg/d) 1.03  ± 0.17 1.06 ±  0.13 0.1591 

Haemoglobin (g/L) 99.53  ± 14.97 111.86 ± 10.38 0.0000 

Ferritin (µg/l) 627.05 ±  393.64 626.54 ± 277.72 0.9908 

Creatinine 835.88 ± 179.84 1069.98 ± 821.23 0.0047 

Lipid  levels (mmol/l) 7.51 ± 1.62 8.24 ± 1.89 0.0021 

Triglicerid (mmol/l) 1.88 ± 0.90 2.23 ± 1.26 0.0191 

Cholesterol (mmol/l) 4.32  ± 1.04 4.75 ± 1.09 0.0025 

HDL  cholesterol (mmol/l) 0.94 ± 0.26 1.03 ± 0.27 0.0079 

LDL cholesterol (mmol/l) 2.50 ± 0.79 2.74 ± 0.94 0.0079 

Albumin (g/L) 36.58 ± 3.41 40.32 ± 2.82 0.0000 

Fibrinogen (g/L) 4.94 ± 1.18 4.29 ± 0.91 0.0000 

C-reactive protein (mg/l) 30.42 ± 29.47 5.24 ± 4.89 0.0000 

Survival of patients using Kaplan-Meier analysis was estimated in two 
groups, separately, of the study population, according to the presence or absence 
of inflammation-malnutrition. The results showed  that irrespective. of the pre-
sence or absence of inflammation-malnutrition, all-cause mortality was higher 
in patients with Hb < 110 g/l (log-rank, p = 0.00147; p = 0.00222) (Figure 1 and 2).  

Then the study population was divided into two groups according to 
their Hb level. Kaplan-Meier analysis showed that irrespective of the level of 
Hb, all-cause mortality was higher in patients where inflammation-malnutrition 
was present. (log-rank, p = 0.00222; p = 0.00263) (Figure 3 and 4) (Table 5). 
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Figure 1 – Comparison of survival (Kaplan-Meier) according to 

Hb level in the group with inflammation-malnutrition 
Slika 1 – Kaplan-Meier krivi na pre`ivuvawe pri prisustvo 

na inflamacija-malnutricija  vo odnos na Hb vrednosti 
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Figure 2 – Comparison of survival (Kaplan-Meier) according 
to Hb level in the group without inflammation-malnutrition 

Slika 2 – Kaplan-Meier krivi na pre`ivuvawe pri otsustvo 
na inflamacija-malnutricija  vo odnos na Hb vrednosti 
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Figure 3 – Comparison of survival (Kaplan-Meier) according to presence 

or absence of inflammation-malnutrition in the non-anaemic group 
Slika 3 – Kaplan-Meier krivi na pre`ivuvawe vo grupa so Hb  > 110 g/l, 

vo odnos na inflamacija i malnutricija 
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Figure 4 – Comparison of survival (Kaplan-Meier) according 

to presence or absence of inflammation-malnutrition 
in the anaemic group 

Slika  4 – Kaplan-Meier krivi na pre`ivuvawe vo grupa 
so Hb < 110 g/l, vo odnos na inflamacija i malnutricija 
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Table 5 –  Табела 5 
Parameters that predict all- cause  mortality in  the Cox Proportional Hazards    Model  

after a follow-up period of 36 mоnths 
Парамеtри кои pредвидувааt вкуpен морtалиtеt врз база на Cox Proportional 

Hazards  Model pо pериод на следење од 36 месеци 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
 

Anaemia is a common complication of uremia and a major contributor 
to morbidity and mortality in HD patients. Over the last 15 years, the availabity 
of recombinant human EPO has led to the almost complete disappearance of 
severe anaemia in HD patients; however, despite an increase in its use and ave-
rage dose, a substantial percentage of patients still fail to achieve the Hb targets 
recommended by the international guidelines. [6, 7, 8] The European Survey on 
Anaemia Management 2003 (ESAM), for example, showed that 33.9% of the 
patients on dialysis did not reach the recommended target Hb level > 11 g/dl 
and 13.2 % even had a Hb level < 10 g/dl. (13). Dialysis Outcomes and Practice 
Patterns Study (DOPPS) also demonstrated that 55 % of HD patients in 1998-
1999 and 49 % in the year 2000 had a Hb concentration below the EBPG re-
commendation [1]. The European guidelines recommend that at least 85% of 
haemodialysis patients should attain a Hb concentration of ≥ 11 g/dl. In the 
present investigation, Hb levels > 110 g/l were achieved in 45% of patients and 

Table 5.  Parameters that predict all- 
cause  mortality in  the Cox 

Proportional  Hazards  Model  after 
a follow-up period of 36 months  

 Paramt      Beta        t            p 

 Age           0.028      2.723    0.006 
 Hb            -0.053     -5.635   0.000 
 Alumin     -0.0189   -0.462   0.644 
 CRP           0.0229    6.688   0.000  
 
     Chi-Square = 110.306, p = 0.0000   
 
 The Cox proportional hazards model 
demonstrated that only Hb and CRP 
levels were predictive of all-cause 
mortality in HD patients (Table 4)  



 Association between  haemoglobin level and all-cause mortality ... 91 

Prilozi, Odd. biol. med. nauki, XXVIII/1 (2007) 81–95 

55% of our HD patients had a Hb concentration below the minimum recommen-
ded level of 11 g/dl. 

A correlation between survival and Hb concentration has been establi-
shed in large retrospective studies and in a prospective cohort study [2, 3, 4]. 
The concerning results about target haemoglobin levels in HD patients on mor-
tality developed from clinical trials and observational studies have given confli-
cting results [5]. The normal haematocrit trial of Besarab et al., showed no be-
nefit, and a possible risk, of correcting the haematocrit from 30% to 42% in hae-
modialysis patients with NYHA class I to III cardiac disease [4]. In a large pro-
spective, observational study of HD patients in five European countries, the risk 
of mortality in these patients was 5% lower for each 1g/dl higher Hb concentration 
[1]. A recent meta-analysis of randomized controlled trials emphasizes that Hb 
values < 12 g/dl are associated with a lower all-cause mortality than values >13 
g/dl, whereas values < 10 g/dl are associated with increased risk of seizures. 
Therefore, in CKD patients with CVD, the benefits associated with higher Hb 
targets (reduced seizures) are outweighed by potential harmful effects (increa-
sed risk of hypertension and death). It was concluded that the preferred target 
Hb should be < 12 g/dl. [3]. In this study we found that patients who died had signi-
ficantly lower serum levels of Hb (~96 g/l) than those alive at 36 months (~111 g/l). 
We also found that the group of patients with Hb > 110 g/l had a longer duration of 
HD in months than those with Hb levels < 110 g/l (112 months vs. 80 months). 
The Kaplan-Meier curve showed that patients with Hb levels < 110 g/l had a 
higher mortality rate than those with Hb levels > 110 g/l (Log-Rank, p = 0.00000).  

Several previous studies have reported an association between anaemia 
and inflammation in dialysis patients, reflected by a high serum concentration of 
CRP [9, 10] or such proinflammatory cytokines as IL-6 and TNF-α. [14, 15]. A 
large proportion of HD patients also have protein energy malnutrition, low 
serum levels of albumin and other specific nutritional markers which are pre-
dictors of the response of EPO [11]. In our study the presence of inflammation 
and malnutrition was defined as achievement of a priori cutoffs for 2 variables 
from the study population (for serum albumin levels, the cutoff value was less 
than 40 g/L and for CRP, 8 mg/l or higher). Wanner et al. [16] demonstrated 
that a value of CRP > 8 mg/l is a good indicator of cardiovascular and global 
mortality in a group of HD patients who were followed-up over 4 years. In our 
study, too, the patients alive at 36 months had CRP levels of 8 mg/l. We believe 
that the cut-off point for the serum level of CRP > 8 mg/l recommended by the 
EDTA guidelines [17] is a reliable marker of inflammation in HD patients and 
this is also confirmed in the study of Waner who showed that the relationship 
between CRP and mortality in  HD patients appeared in cases of elevated in-
flammation. About 35% to 65% of HD patients show signs of inflammation that 
could be a cause of anaemia through the suppression of bone marrow erythro-
poiesis by a number of cytokines [19]. Overall, 44% of the HD patients in our 
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study had evidence of inflammation and malnutrition. Presence of inflammation 
and malnutrition was associated with older age, lower Hb, creatinine, albumen, 
triglycerides, cholesterol, HDL cholesterol, LDL cholesterol and higher levels 
of fibrinogen and CRP. Serum ferritin levels were not different between the 
groups. Based on our study results, it appears that interactions between anaemia 
and inflammation-malnutrition are very complex and difficult to elucidate, be-
cause the results of the survival analysis show a high correlation of all-cause 
mortality and presence of inflammation-malnutrition, irrespective of anaemia, 
as well as a high correlation of all-cause mortality and anaemia, irrespective of 
inflammation- malnutrition. We must emphasize, however, that the role of  in-
flammation in our study group is more important than malnutrition (probably a 
result of the chronic inflammatory state), because the Cox proportional hazards 
model showed that only low Hb and high CRP and not albumen were predictive 
for all-cause mortality. The results of this study suggest that the link between 
elevated levels of CRP as a marker of inflammation and mortality in HD pa-
tients may be the presence of anaemia. The survival of HD patients may be 
improved by applying the recommendations for the management of inflamema-
tion-induced anemia. 

 
 

Conclusion 
 

Our findings confirm the association of Hb levels < 110 g/L with higher 
mortality among maintenance HD patients, especially in patients with a pre-
sence of inflammation and malnutrition. Further investigation of the relation-
ships among anaemia, inflammation and malnutrition and survival is warranted. 
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R e z i m e 
 

ASOCIRANOST  NA HEMOGLOBIN  SO  VKUPNIOT 
MORTALITET KAJ PACIENTITE NA HEMODIJALIZA: 

POVRZANOSTA SO INFLAMACIJA I  MALNUTRICIJA 
 

Selim \.,1 Stoj~eva-Taneva O.,1 [ikole A.,1 Amitov  V.,1  
Traj~evska L.,1 Asani A.,1 Troja~anec-Piponska S.,2 Polenakovi} M.,3 

 
1Klinika  za  nefrologija, Klini~ki centar, Skopje, R. Makedonija  
 2Institut  za biohemija,  Univerzitet „Sv  Kiril i Metodij“, 

Skopje, R. Makedonija,  
3Makedonska akademija na naukite i umetnostite, Skopje, R. Makedonija 

 
 

Poslednite godini, pokraj podobreniot tretman na renalnata ane-
mija, del od pacientite na hemodijaliza (HD), ostanuvaat so hemoglobinski 
(Hb) vrednosti koi se pod nivoto na prepora~anite targeti. Posledovatel-
nata anemija, preku povrzanosta so inflamacijata i malnutricijata, e edna 
od pri~inite za pogolem mortalitet kaj pacientite na HD. Celta na studi-
jata e procena na relacijata na vrednostite na Hb so ishodot na pacientite 
na HD, pred s# vo uslovi na inflamacija i malnutricija. 

Retrospektivno bea sledeni vkupno 236 pacienti na HD (vo period 
od januari 2003-ta do dekemvri 2005-ta godina), podeleni vo dve grupi, vo 
zavisnost od prisustvo ili otsustvo na inflamacija i malnutricija (defi-
nirano preku CRP > 8 mg/l i albumen < 40 g/l). Serumskite vrednosti za Hb, 
feritin, kreatinin, holesterol, trigliceridi, HDL (high-density lipoprotein 
cholesterol), LDL (low-density lipoprotein cholesterol), albumen i CRP bea anali-
zirani mese~no, dodeka fibrinogen be{e zemen na tri meseci.  Vo tekot na 
trigodi{noto sledewe, po~inaa 73 pacienti od vkupno 236 (30%), pri {to 
naj~esta pri~ina za smrt bea kardiovaskularnite bolesti so 62%. Pri-
sustvoto na inflamacija i malnutricija (kaj 44% od pacientite) be{e aso-
cirano so postara vozrast (60,69 ± 12,46 n.s. 54,52 ± 12,37, p = 0,0002), poniski 
vrednosti za Hb (99,53 ± 14,97 n.s. 111,86 ± 10,38 g/l, p = 0,0000), kreatinin 
(835,88 ± 179,84 n.s. 1069,98 ± 821,23 µmol/l, p = 0,0047), albumin (36,58 ± 3,41 
n.s. 40,32 ± 2,82 g/l, p = 0,0000), holesterol (4,32 ± 1,04 n.s. 4,75 ± 1,09 mmol/l, p 
= 0,0025) i povisoki vrednosti za fibrinogen (4,94 ± 1,18 n.s. 4,29 ± 0,91 g/l,  p 
= 0,0000) i CRP (30,42 ± 29,47 n.s. 5,24 ± 4,89 mg/l, p = 0,0000). Kaplan-Meier’ova 
analiza poka`a deka i vo prisustvo, no i vo otsustvo na inflamacija i mal-
nutricija, vkupniot mortalitet e povisok kaj pacientite so Hb < 110 g/l 
(Log-Rank, p = 0,00147; p = 0,00222). No, isto taka, Kaplan-Meier’ovata analiza 
poka`a, deka i pri Hb > 110 g/l, no i pri Hb < 110 g/l, vkupniot mortalitet e 
povisok kaj pacienti so prisustvo na inflamacija i malnutricija (Log-
Rank, p = 0,00222; p = 0,00263). Vo Cox’oviot model, korigirana za vozrast, 
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samo niskite vrednosti na Hb i visokite vrednosti na CRP, a ne albume-
not, bea asocirani so vkupniot mortalitet (chi-square = 110,306, p = 0,0000). 

Na{ite rezultati ja potvrduvaat asocijacijata na anemijata so po-
visokiot mortalitet kaj pacientite na HD, pred s# vo uslovi na prisutna 
inflamacija i malnutricija. Idnite istra`uvawa treba da ja razjasnat re-
lacijata na anemijata, inflamacijata i malnutricijata, so pre`ivuvaweto 
kaj pacientite na HD.             
 
Klu~ni zborovi: hemodijaliza, anemija, malnutricija i inflamacija, vku-
pen-mortalitet, CRP. 
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Table 1. Clinical and biochemical parameters of the study  population 
Tabela 1. Klini~ki i labaratoriski parametri na ispituvanata populacija 
 
                                                        
                                                 
                                                         
                                                        
                                                 
                                       
                                         
                                                                                                 
              
         
Age (year) 57.18   ±  12.89 
Duration of  HD  treatment (months ) 93.80   ±   70.45 
Smokers  
Former 109 (47%) 
Current   (n; %) 83 (35%) 
Systolic BP (mmHg) 136.29   ±  22.65 
BMI (kg/m2 ) 23.94   ±   4.27 
Haemoglobin (g/L) 106.38  ±  13.98 
Ferritin (µg/l) 626.76  ±  331.51 
Creatinine (µmol/l) 932.09  ± 215.11 
Albumin (g/L) 38.66  ±  3.60 
Fibrinogen (g/L) 4.55  ± 1.07 
Cholesterol (mmol/l) 4.56  ±  1.08 
HDL  cholesterol (mmol/l) 0.99  ±  0.27 
LDL cholesterol (mmol/l) 2.64  ±  0.88 
C-reactive protein (mg/l) 16.31 ± 23.40 
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Table 2. Correlation matrix of CRP, Albumin and Haemoglobin a 

Tabela 2. Korelacioni  matriks  me|u  CRP,  albumin i  hemoglobin 
                                                                                       
 Age Kt/V Cr Alb Hb Hol Fib CRP 
Hb   -0.17 

(0.00) 
0.24 

(0.00) 
0.35 

(0.00)
0.35 

(0.00)
- 0.14 

(0.03)
-0.24 
(0.00) 

-0.48 
(0.00) 

Alb -0.31    
(0.00) 

n.s. 0.52 
(0.00

- 0.35 
(0.00)

0.29 
(0.00)

-0.20 
(0.00) 

-0.39 
(0.00) 

CRP 0.23 
( 0.00) 

 

-0.20 
(0.00) 

-0.31 
(0.00)

-0.39 
(0.00)

-0.48 
(0.00)

n.s 0.41 
0.00) 

- 

 

a Data are Spearman rank correlation coefficients and p values 
 
 
 
 
Table 3. Variables significantly different between the groups according to haemoglobin 
level  (below or above 110 g/l)   
Tabela 3. Signifikantno zna~ajni razliki vo odnos  na hemoglobinski  
vrednosti nad i pod 110 g/l   
 

Characteristics Haemoglobin < 110 
g/L (n = 128) 

Haemoglobin > 110 g/L 
(n = 106) 

 

Age 59.04  ±  11.94 55.12  ± 13.43 0.0191 
Duration of HD (mo) 80.48  ±  66.19 112.54  ±  72.78 0.0005 
Systolic BP (mmHg ) 141.37 ±  22.92 138.16 ± 20.94 0.0000 
spKt/V 1.18  ±  0.20 1.24   ±  0.19 0.0200 
Haemoglobin (g/L) 97.03  ± 11.47 117.67  ± 6.44 0.0000 
Creatinine 879.68 ± 191.48 995.37 ± 226.67 0.0000 
Albumin (g/L) 37.89 ± 4.05 39.58 ± 2.73 0.0003 
Fibrinogen (g/L) 4.76 ± 1.15 4.34 ± 0.94 0.0040 
C-reactive protein (mg/l) 22.18 ± 23.45 9.34 ± 21.57 0.0000 

 
 

Table 4. Comparison between the two subgroups of study population based on 
inflammatory and nutrition status 
Tabela 4. Sporedba na dvete grupi vo zavisnost od prisustvo ili 
otsustvo na inflamacija i malnutricija 
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Characteristics 
Presence of 

Inflammation/Malnutrition
(n = 104) 

Absence of 
Inflammation/Malnutrition 

(n = 130) 

 

p 

Age 60.69  ±  12.46 54.52  ± 12.37 0.0002 

Duration of HD (mo) 90.08  ±  74.79 98.06  ±  67.39 0.3932 

BMI   (kg/m2) 24.21  ±  4.69 23.72  ±  3.93 0.3867 

spKt/V 1.18  ±  0.22 1.23 ±  0.18 0.0712 

PCR (g/kg/d) 1.03  ± 0.17 1.06 ±  0.13 0.1591 

Haemoglobin (g/L) 99.53  ± 14.97 111.86 ± 10.38 0.0000 

Ferritin (µg/l) 627.05 ±  393.64 626.54 ± 277.72 0.9908 

Creatinine 835.88 ± 179.84 1069.98 ± 821.23 0.0047 

Lipid  levels (mmol/l) 7.51 ± 1.62 8.24 ± 1.89 0.0021 

Triglicerid (mmol/l) 1.88 ± 0.90 2.23 ± 1.26 0.0191 

Cholesterol (mmol/l) 4.32  ± 1.04 4.75 ± 1.09 0.0025 

HDL  cholesterol (mmol/l) 0.94 ± 0.26 1.03 ± 0.27 0.0079 

LDL cholesterol (mmol/l) 2.50 ± 0.79 2.74 ± 0.94 0.0079 

Albumin (g/L) 36.58 ± 3.41 40.32 ± 2.82 0.0000 

Fibrinogen (g/L) 4.94 ± 1.18 4.29 ± 0.91 0.0000 

C-reactive protein (mg/l) 30.42 ± 29.47 5.24 ± 4.89 0.0000 
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Table 5.  Parameters that predict all- cause  mortality in  the Cox Proportional 
Hazards    Model  after a follow-up period of 36 mоnths  
Табела 5. Параметри кои предвидуваат вкупен морталитет врз база на Cox 
Proportional Hazards  Model после период на следење од 36 месеци. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.  Parameters that predict all- 
cause  mortality in  the Cox 

Proportional    Hazards    Model  after 
a follow-up period of 36 months  

 
 Paramt      Beta        t            p 

 
 Age           0.028      2.723    0.006 
 Hb            -0.053     -5.635   0.000 
 Alumin     -0.0189   -0.462   0.644 
 CRP           0.0229    6.688   0.000  
 
     Chi-Square = 110.306, p=0.0000    
 
            The Cox proportional hazards 
model demonstrated that only Hb 
and CRP levels  were predictive of 
all-cause mortality in HD patients 
(Table 4)  
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Figure 1. Comparison of survival (Kaplan-Meier) according to    
Hb level in the group with inflammation-malnutrition    
Slika 1. Kaplan-Meier krivi na pre`ivuvawe pri prisustvo 
na inflamacija-malnutricija  vo odnos na Hb vrednosti 
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Figure 2. Comparison of survival (Kaplan-Meier) according to    
 Hb level in the group without inflammation-malnutrition    
Slika 2. Kaplan-Meier krivi na pre`ivuvawe pri otsustvo 
 na inflamacija-malnutricija  vo odnos na Hb vrednosti 
 

Complete  Censored

Hb <110g/l 
Hb >110g/l0 50 100 150 200 250 300 350

Follow-up, months

0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0

C
um

ul
at

iv
e 

Su
rv

iv
al

Log-Rank Test, p=0,0002

 
 



 Association between  haemoglobin level and all-cause mortality ... 101 

Prilozi, Odd. biol. med. nauki, XXVIII/1 (2007) 81–95 

 
 
 
 
 
 
 
 
 
 
 
 

Figure3. Comparison of survival (Kaplan-Meier) according to presence or 
absence of inflammation-malnutrition in the non-anaemic group  
Slika 3. Kaplan-Meier krivi na pre`ivuvawe vo grupa so Hb>110g/l, 
vo odnos na inflamacija i malnutricija   
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Figure 4. Comparison of survival (Kaplan-Meier) according to    
presence or absence of inflammation-malnutrition  
in the anaemic group   
Slika  4. Kaplan-Meier krivi na pre`ivuvawe vo grupa so  
Hb<110g/l, vo odnos na inflamacija i malnutricija   
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