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Abstract: 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
pmol/l, p = 0.0047), albumin (36.58 + 3.41 vs. 40.32 + 2.82 g/1, 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 £ 0.91¢g/1, 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.

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 81-95



Association between haemoglobin level and all-cause mortality ... 83

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 — TaGemna 1
Clinical and biochemical parameters of the study population
Kaunuuxu u nabopaiiopucku napameitipu Ha uciiuinlysanaitia ioiyaayuja

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/m?) 23.94 + 427
Haemoglobin (g/L) 106.38 + 13.98
Ferritin (ug/1) 626.76 = 331.51
Creatinine (umol/l) 932.09 £215.11
Albumin (g/L) 38.66 =+ 3.60
Fibrinogen (g/L) 4.55 +1.07
Cholesterol (mmol/1) 4.56 + 1.08
HDL cholesterol (mmol/1) 0.99 + 0.27
LDL cholesterol (mmol/l) 2.64 + 0.88
C-reactive protein (mg/1) 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/1 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 — Tabema 2
Correlation matrix of CRP, Albumin and Haemoglobin®
Kopeaauuonu maitipuxc medy CRP, arOyMumn u xemozaoOum

Age Kvv Cr Alb Hb Hol Fib CRP

Hb 0.17 024 035 035 - 0.14  -024  -0.48
0.00)  (0.00) " (0.00) (0.00) (0.03)  (0.00) (0.00)

Alb | 031  ns. 0.52 - 035 029  -020 -0.39
(0.00) (0.00 0.00)  (0.00) (0.00) (0.00)

CRP | 023 -020 -031 -039 -048  ns. 0.41 -
(0.00) (0.00)  (0.00) (0.00)  (0.00) 0.00)

 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 — Tabema 3
Variables significantly different between the groups according to haemoglobin level

(below or above 110 g/l)
CUZHUDUKAHITIHO 3HAYAJHU PA3AUKU 80 OOHOC HA XeMOZAOOUHCKU 8PeOHOCTU
Hao u o0 110 z/a
Characteristics Haemoglobin <110 Haemoglobin > 110 P
g/L (n=128) 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) 476 +1.15 4341094 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 — TabGena 4
Comparison between the two subgroups of study population based
on inflammatory and nutrition status
Citopeoba Ha Oseille Zpyiiu 60 3aBUCHOCI 00 UPUCYCIIBO
UAU OTUCYCIBO HA UHpAAMAUU]A U MAAHYTUPULUJA

Presence of Absence of
Characteristics Inflammation/Malnutrition | Inflammation/Malnutrition p
(n=104) (n =130)
ge 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/m?) 2421 £ 4.69 23.72 £ 3.93 0.3867
pKt/V 1.18 £ 0.22 123+ 0.18 0.0712
IPCR (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 (ug/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 £0.90 223+1.26 0.0191
Cholesterol (mmol/l) 432 +1.04 4.75+1.09 0.0025
IHDL cholesterol (mmol/l) | 0.94 £0.26 1.03+0.27 0.0079
ILDL cholesterol (mmol/l) | 2.50 £0.79 2.74 £ 0.94 0.0079
\Ibumin (g/L) 36.58 £3.41 40.32+2.82 0.0000
Fibrinogen (g/L) 494+1.18 429£091 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/ (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
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Figure 2 — Comparison of survival (Kaplan-Meier) according
to Hb level in the group without inflammation-malnutrition
Cauxa 2 — Kaplan-Meier kpusu Ha iipexicusysarse ipu oiicyciti6o
Ha uHpaamayuja-masnyiipuyuja 80 0OHoc Ha X6 epeOHociU
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Figure 3 — Comparison of survival (Kaplan-Meier) according to presence
or absence of inflammation-malnutrition in the non-anaemic group
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Figure 4 — Comparison of survival (Kaplan-Meier) according
to presence or absence of inflammation-malnutrition
in the anaemic group
Cauxa 4 — Kaplan-Meier kpueu Ha iipexcusysarbe 80 2pyiia
co X6 < 110 2/a, 860 00HOC Ha UHGAAMAYUJA U MAAHYTUPULL]Q
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Table 5 — Tabena 5
Parameters that predict all- cause mortality in the Cox Proportional Hazards Model
after a follow-up period of 36 months
Hapame tpu xou ppedsudysaat exypen moptanutet eps 6asa na Cox Proportional
Hazards Model po pepuoo na crederve 00 36 meceyu

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)

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
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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/1).
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/ (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 I[L-6 and TNF-a. [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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Pe3ume

ACOIUMPAHOCT HA XEMOIJIOBAH CO BKYIIHUOT
MOPTAJUTET KAJ ITAIIMEHTUTE HA XEMO/IUJAJIN3A:
INIOBP3AHOCTA CO UHOJAMAIIMIJA 1 MATTHYTPUIIMJA

Cemmm I.,' Crojuesa-Tanesa O.,' lllukone A.,'! Avmuros B.,'
Tpajuescka JL.,' Acanu A.,' Tpojauanen-Ilunoncka C.,’ Ilonenakouk M.,

"Kaunuxa 3a neppponozuja, Kaunuuxu yeniuap, Croiije, P. Maxedonuja
’Unciuuityiu 3a 6uoxemuja, Ynusepsuiteiu ,,Ce Kupua u Meitioouj“,
Crkoiije, P. MakeOoHuja,

‘Maxeooncka axademuja na naykuitie u ymeiurociuuitie, Croiije, P. Maxedonuja

ITocnepnure roguHu, NOKpaj NOJOOPEHUOT TPETMaH Ha pEeHajlHaTa aHe-
MHUja, e off manueHTuTe Ha Xemonaujanu3a (X]1I), ocranyBaaT co XeMOTJIOOHHCKH
(X0) BpepHOCTH KOM Ce MOJi HUBOTO Ha MpenopadaHuTe tapretu. [lociaegoBares-
HaTa aHeMUja, IpPeKy MOBP3aHOCTa co MH(IIaManujaTa 1 MaJHyTPUIjaTa, € eIHa
OJl MPUYUHAUTE 32 MOroJIeM MOpTanuTeT Kaj manuentute Ha X]I. Llenara Ha cTymm-
jaTa e mpoIieHa Ha pelalyjaTa Ha BPEIHOCTUTE Ha X0 CO NCXONOT Ha MAIMEHTHUTE
Ha X]I, npeq c# BO yCI0BM Ha MH(IIaMalyja 1 MaJTHyTPULH]ja.

PetpocnekTuBHO Gea cienenn BKynHO 236 maruentu Ha X1 (Bo mepuop
on jamyapm 2003-ta mo mekemBpu 2005-Ta rogmHa), MOENIEHN BO BE TPYIH, BO
3aBUCHOCT Of] IPUCYCTBO WIIM OTCYCTBO Ha WH(pIamanyuja u MamHyTpungja (nedu-
Hupano npeky LIPTI > 8 mg/l m anbymen < 40 g/1). CepyMckuTe BpegHOCTH 3a X0,
(pepuTuH, KpeaTuHuH, xonecrepoi, Tpuraunepunau, HDL (high-density lipoprotein
cholesterol), LDL (low-density lipoprotein cholesterol), an6ymen n LIPI1 6ea ananu-
3UpaHl MECcevyHo, flofieka puOpuHOreH Oellle 3eMEeH Ha Tpu Meceld. Bo TeKoT Ha
TPUTOUIIIHOTO CIefiehe, mounHaa 73 manueHTH off BKynHo 236 (30% ), mpu mto
HajyecTa MpUYMHA 3a CMpT Oea KapauoBacKyjJapHuTe Oonectu co 62%. Ilpu-
CYCTBOTO Ha WH(IIaManyja u ManHyTpuimja (kaj 44% op manmeHTHTE) OEle aco-
LApaHO cOo mocTtapa Bo3pact (60,69 + 12,46 H.c. 54,52 + 12,37, p = 0,0002), noHUCKHN
BpegHocTH 3a X6 (99,53 + 14,97 n.c. 111,86 + 10,38 g/l, p = 0,0000), KpeaTHHUH
(835,88 + 179,84 H.c. 1069,98 £ 821,23 umol/l, p = 0,0047), an6ymun (36,58 + 3,41
H.Cc. 40,32 + 2,82 g/, p = 0,0000), xonecrepou (4,32 £ 1,04 H.c. 4,75 £ 1,09 mmol/l, p
= 0,0025) 1 TOBUCOKM BpEAHOCTH 3a (pubpuHoreH (4,94 = 1,18 H.c. 4,29 £ 0,91 g/l, p
=0,0000) u LIPIT (30,42 £ 29.47 H.c. 5,24 £ 4,89 mg/l, p = 0,0000). Kaplan-Meier’oBa
aHaju3a MoKaxa Jieka U BO IPUCYCTBO, HO ¥ BO OTCYCTBO Ha MH(IaManuja u Maj-
HYTpUlMja, BKYTHUOT MOPTAJIUTET € MOBHUCOK Kaj mapueHTuTe co X6 < 110 g/l
(Log-Rank, p = 0,00147; p = 0,00222). Ho, ucrto taka, Kaplan-Meier’oBaTa aHanan3a
nokaxa, geka 1 npu X6 > 110 g/l, Ho u npu X6 < 110 g/l, BKyMHHOT MOPTAJUTET €
MOBUCOK Kaj MalMeHTH CcO NPHUCYCTBO Ha MH(Iamanuja u Mannytpuudja (Log-
Rank, p = 0,00222; p = 0,00263). Bo Cox’0BHOT MOfiesI, KOPATHpaHa 3a BO3pacT,
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caMO HUCKWTE BpegHocTn Ha X0 u Bucokute BpegHoctu Ha LIPII, a He anbGyme-
HOT, 6ea aconupaHu co BKYMHUOT MopTanuTeT (chi-square = 110,306, p = 0,0000).

Hammre pe3yaTaTu ja MOTBpAyBaaT acoldjalyjaTa Ha aHEMHjaTa CO IO-
BUCOKHOT MOPTAJUTET Kaj manueHTuTe Ha X, Oped c# BO YCIOBH Ha MPHUCYTHA
uH(pramanyja u ManHyTpulmja. Minuurte ncrpaxysarma Tpeba fa ja pasjacHaT pe-
JlaugjaTa Ha aHeMmHujaTa, MH(IJIaMalnyjaTa 1 MajJHYTPUIHjaTa, CO NPEXKNBYBAbHETO
Kaj mauuenTute Ha X/I.

Knyunu 360poBu: xeMofujanu3sa, aneMyuja, MaJHyTpuuyja U uHgpIaManyja, BKy-
neH-mopranuret, LIPII.
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Table 1. Clinical and biochemical parameters of the study population
Ta6ena 1. Knuanmuky n 1abapaTOpUCKy MapaMeTpy HAa UCIIMTYBaHATA MOIyJIalija

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/m”) 23.94 + 427
Haemoglobin (g/L) 106.38 £ 13.98
Ferritin (ug/) 626.76 + 331.51
Creatinine (umol/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/I) 0.99 + 0.27
LDL cholesterol (mmol/l) 2.64 + 0.88
C-reactive protein (mg/1) 16.31 £23.40
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Table 2. Correlation matrix of CRP, Albumin and Haemoglobin *
Ta6ena 2. Kopenanmonn matpukc mery CRP, anbymuH m xeMOoraoO6uH

Age | KoV Cr Alb Hb Hol | Fib | CRP
Hb 0.17 | 024 | 035 | 035 - 014 | -024 | -048
(0.00) | (0.00) | (0.00) | (0.00) (0.03) | (0.00) | (0.00)
Alb | -031 | ns. 0.52 - 035 | 029 | -020 | -0.39
(0.00) (0.00 (0.00) | (0.00) | (0.00) | (0.00)
CRP | 023 | -020 | -031 | -039 | 048 | ns 0.41 -
(0.00) | (0.00) | (0.00) | (0.00) | (0.00) 0.00)

* 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/1)

Ta6ena 3. CurHuprKaHTHO 3HAYajHU Pa3/IMKHU BO OJHOC Ha XeMOITIOOMHCKU
BpenHocTd Hap u iof 110 r/n

Characteristics Haemoglobin < 110 Haemoglobin > 110 g/L
g/L (n=128) (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) 476 £1.15 434+£094 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

TaGena 4. Cnopen0a Ha ABeTe IpyNu BO 3aBUCHOCT Of IIPUCYCTBO WU
OTCYCTBO Ha UH(pIamMalrja 1 MaTHYTPULIA]ja
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Presence of Absence of
Characteristics Inflammation/Malnutrition | [nflammation/Malnutrition p
(n =104) (n =130
Uge 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/m?) 2421 + 4.69 23.72 £ 3.93 0.3867
spKt/V 1.18 £ 0.22 1.23 £ 0.18 0.0712
IPCR (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 (ug/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) 432 +1.04 4.75+1.09 0.0025
IHDL cholesterol (mmol/l) | 0.94 +0.26 1.03£0.27 0.0079
ILDL cholesterol (mmol/l) | 2.50 £ 0.79 2.74 £0.94 0.0079
4 Ibumin (g/L) 36.58 £3.41 40.32£2.82 0.0000
Fibrinogen (g/L) 494 +1.18 429+£091 0.0000
C-reactive protein (mg/l) | 30.42 +29.47 524 £4.89 0.0000
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Table 5. Parameters that predict all- cause mortality in the Cox Proportional
Model after a follow-up period of 36 months

Hazards

TaGena 5. [lapameTpu KOU MpeaBUAYBaaT BKyIeH MOpTaIuTeT Bp3 0a3a Ha Cox

Proportional Hazards Model nocie nepuoz Ha ciieneme on 36 Mecely.

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

Cnuka 1. Kaplan-Meier KpuBH Ha IPEKUBYBakE NPU IPHUCYCTBO
Ha uH(pIaManuja-MaaHyTPULIAja BO OJHOC Ha X0 BPEJHOCTH
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Figure 2. Comparison of survival (Kaplan-Meier) according to

Hb level in the group without inflammation-malnutrition

Cnuka 2. Kaplan-Meier KpuBH Ha IPEKUBYBamb€ IIPU OTCYCTBO
Ha MH(IaMalnyja-MajJHyTPUILIAja BO OJHOC Ha XO BPEJHOCTH

o Complete -~ Censored

10
09
0,8 |
0,7 |
0,6
0,5}
04|
0,3 | Log-Rank Test, p=0,0002
0,2

Cumulative Survival

—Hb <110g/l

0 50 100 150 200 250 300 350 __ oo

Follow-up, months

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 81-95



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

Figure3. Comparison of survival (Kaplan-Meier) according to presence or
absence of inflammation-malnutrition in the non-anaemic group

Cnuka 3. Kaplan-Meier KpuBH Ha IpeXuBYBamwe BO rpyma co X6>110r/m,
BO OIHOC Ha MHQIaMaIyja 1 MaJTHyTPHUIHAja
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Figure 4. Comparison of survival (Kaplan-Meier) according to
presence or absence of inflammation-malnutrition

in the anaemic group
Cnuka 4. Kaplan-Meier KpuBY Ha NPEXXKUBYBabE BO Tpymna co
X6<110r/1, BO ogHOC Ha MH(IaManyja 1 MAJIHYTPULM]jA
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