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Abstract: Among non-traditional cardiovascular risk factors both malnutrition
and inflammation appear to be strong predictors of mortality and morbidity in haemo-
dialysis (HD) patients. Our study objective was to determine predictors of all-cause and
cardiovascular mortality, considering the nutritional and immunologic parameters, in a
cohort of HD patients treated in a single haemodialysis centre.

216 patients on HD were analyzed for clinical, nutritional-serum albumen and
BMI, immunologic-serum CRP (C-reactive protein) and fibrinogen and dialysis para-
meters — ultrafiltration, length of dialysis in hours, HD dose (using spKt/V and eKt/V).
Mortality was monitored prospectively over a two-year period.

Fifty-five of the 216 HD patients died during the follow-up period and the
main cause of death was cardiovascular disease (CVD) — 33 patients out of 55 (60%),
followed by infection/sepsis (13 pts, 24%). The patients who died were significantly
older, had a significantly shorter duration of HD in hours, ultrafiltration was signifi-
cantly less, HD doses were significantly lower, as were serum levels of albumin (36.06
+ 4.17 vs. 39.74 + 3.31; p = 0.000) and Hg (93.14 + 15.43 vs. 109,16 + 12,08; p =
0.000), but they had significantly higher serum levels of CRP (40.26 + 34.75 vs. 8.71
7.68, p = 0.000) and fibrinogen (5.28 + 1.28 vs. 4.42 + 0.97, p = 0.000). Kaplan-Meier
survival estimates showed that the group with the lowest levels of albumin (< 3.5 g/L),
and with the greatest levels of CRP (> 20 mg/l) and fibrinogen (> 5 g/L) had the lowest
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survival (log-rank test p = 0.0008, p = 0.00000, p = 0.0000). However, in the Cox pro-
portional hazards model, a high CRP and low Hg level (chi-square = 96.467, p = 0.0000)
were predictors of all-cause mortality, whereas serum level of albumin did not show to
be predictive. When only cardiovascular mortality is entered into the Cox model, CRP
and Hg levels are still more important in predicting mortality (chi-square = 70.055, p = 0.0000)
and only if CRP is not taken into account in the multivariate analysis, serum albumin
level remains, after Hg, the strongest predictor for both overall and cardiovascular
mortality (chi-square = 76,564, p = 0.0000; chi-square 50.619 p = 0.0000).

It can be concluded that inflammation predicted all-cause and cardiovascular
mortality in our study group, because high CRP, as a marker of inflammation and low
haemoglobin, as a result of inflammation, remained powerful predictors of both overall
and cardiovascular death.

Key words: cardiovascular mortality, haemodialysis, inflammation, acute phase reac-
tants, CRP

Introduction

Although maintenance dialysis therapy for end-stage chronic renal fai-
lure has been used for almost 40 years, the mortality rate of dialysis patients
remains unacceptably high. Cardiovascular disease is the major cause of morbi-
dity and mortality in HD patients, but traditional risk factors alone cannot exp-
lain the unacceptably high prevalence and incidence of CVD in this population.
Haemodialysis patients have disease-related non-traditional cardiovascular risk
factors, and among these factors, both malnutrition and inflammation appear to
be a strong predictor of mortality and morbidity in HD patients".

Many investigators have observed that both malnutrition and inflam-
mation tend to occur concurrently and coexist in HD patients and many factors
that engender one of these conditions also lead to the other. [2, 3] Inflammatory
cytokines, such as interleukin-1 (IL1), 11-6 and tumor necrosis factor-a., increase
the synthesis and release of positive acute-phase proteins such as CRP, serum
amyloid A and fibrinogen, and decrease the synthesis and release of negative
acute-phase proteins such as albumin and transferrin. But serum albumin, a
negative acute-phase reactant, also is traditionally known as a nutritional marker
because serum levels of albumin decrease with a decline in nutritional status
[4]. The causes of inflammation in HD patients are multifactorial and, while it
may reflect underlying CVD, an acute-phase reaction may also be a direct cause
of vascular injury by several pathogenetic mechanisms. [5]

Our study objective was to determine predictors of all-cause and cardio-
vascular mortality, considering the nutritional and immunologic parameters, in a
cohort of haemodialysis patients treated in a single haemodialysis centre.
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Material and methods

A total of 216 incidental and prevalental patients on HD (129 men and
87 women) were followed up for a period of 24 months (between January 2003
and December 2004). An inclusion criterion was patients undergoing HD for at
least 3 months. In 211 patients, dialysis was performed three times per week, in
5 patients twice per week. End-stage renal failure was due to pyelonephritis and
interstitial nephritis in 40 patients, diabetes mellitus in 38, nephroangiosclerosis
in 37, glomerulonephritis in 34, polycystic kidney disease in 16 and other or
unknown causes in 51 patients. Polysulfone dialyser and bicarbonate-buffered
dialysate were used in all patients.

We analyzed four groups of parameters: clinical parameters (gender,
age, months on haemodialysis, smoking, blood pressure, haemoglobin and
blood urea nitrogen), nutritional parameters: serum albumen and BMI (body
mass index, kg/m?), immunologic parameters: serum CRP (C-reactive protein)
and fibrinogen, and dialysis parameters: ultrafiltration, length of dialysis in
hours, HD dose using single-pool spKt/V and equilibrated eKt/V.

Serum albumin, CRP and haemoglobin (Hg) were measured monthly,
and serum fibrinogen every third month. The serum concentration of CRP was
measured by a nephelometry and the normal range for CRP was less than 6
mg/L. Single-pool spKt/V was calculated monthly, using a second-generation
Daugirdas 2 formula and eKt/V was also calculated monthly, using the Daugir-
das-Schneditz formula:

spKY/V = -Ln (R-0.008 * t) + (4-3.5 R) * UF/W

where R = postdialysis/predialysis blood urea nitrogen, t = dialysis hours, UF =
predialysis-postdialysis weight change, and W = postdialysis weight.

Statistical analysis: Data from haemodialysis patients who died and
from those alive after 24 months of follow-up were compared using a t-test
when normally distributed and a non-parametric Mann-Whitney rank-sum test
when non-normally distributed. The risk of death among patients with varying
subgroups of serum albumin, fibrinogen and CRP levels were compared using
the Kaplan-Meier survival function analysis. Multivariate analysis was per-
formed using the Cox proportional hazards model to determine which factors
were most closely associated with the risk of death.

Results

The mean age of the patients was 56.56 + 12.93 years, ranging from 21
to 86 years (men 56.08 + 12.54 years, women 57.27 + 13.46 years) and the
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duration of haemodialysis treatment was 88.91+71.89 months, ranging from 4
to 308 months (men 84.73 + 71.18 months, women 95.11 + 72.48 months).
Fifty-five of the 216 HD patients died (31 men — 56.4%, 24 women — 43.6%)
during the follow-up period. The main causes of death were CVD-myocardial
infarction, congestive heart failure, sudden death and stroke — 33 patients out of
55 (60%), followed by sepsis (13 patients, 24%), neoplasma (4 patients, 7%) or
other unknown causes (5 patients, 9%). CVD was the cause of death in twenty
(64.5%) of the 31 men and 13 (54.1%) of the women who died.

Among clinical and dialytic data, the patients who died were signifi-
cantly older, had a significantly shorter duration of HD treatment in hours,
ultrafiltration was significantly less and the HD dose (spKt/V and eKt/V) was
significantly lower than in those alive at 24 months. However, duration on HD
in years, predialysis blood pressure and BMI did not differ between the two
groups. During the follow-up period patients who died had lower serum levels
of albumin and Hg, but they had significantly higher serum levels of CRP and
fibrinogen. (Tables 1 and 2)

Table 1 — Tabena 1
Parameters with significant differences between the patients who died
vs. those alive during follow-up period

CuzHugukanitino 3Ha4ajHU pasiuku 6o uapameiipuitie
Ha wovuHatuuine VS. Husuitie uayueruu
80 lepuoo 00 24 meceuHo caeoderbe

Parameters Died Survived p
(No=55) (No=161)
HD treatment (hours) 3.81+0.33 4.04 £0.20 0.000
UF (1) 2.75+£0.73 3.31+£0.88 0.000
spKt/V 1.12+0.28 1.21+0.19 0.011
eKt/V 0.98+0.25 1.06 +0.17 0.004

In this subset of 216 patients, there remains a negative linear correlation
between CRP and serum albumin levels (R = -0.365, p = 0.0000), Hg (R =
-0.444, p = 0.0000), spKt/V (R = -0.211, p = 0.0021), eKt/V (R =
-0.210, p = 0.0022), and a positive linear correlation with age (R = 0.221, p =
0.0013) and fibrinogen (R = 0.378, p = 0.0000).

As shown in Fig 1., Kaplan-Meier survival estimates of patients from
varying CRP subgroups (< 6; 6-10; 10-20; > 20 mg/l) differed among the four
groups (log-rank test, p = 0.00000). The group with the greatest CRP (> 20 mg/l)
had the lowest survival curve (n = 46, 35 died, 76.1 %), compared with the
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survival in the other three subgroups: CRP < 6 (n = 76, 1 died, 1.3 %), CRP bet-
ween 6-10 (n = 46, 7 died, 15.2 %), CRP between 10-20 (n = 44, 8 died, 18.2 %).

Table 2 — TaGemna 2

Parameters with significant differences between the patients who died vs. those
alive during follow-up period

CuzHuguKaHitiHO 3HAYAJHU PA3AUKU 80 Hapameiipuilie HA HOYUHATiUile
VS. Jcusuitie HayueHitiu 80 iepuoo 00 24 meceuHo caederbe

Parameters Died Survived p
(No=55) (No=161)
Age 60.78 + 11.10 55.12 + 13.26 0.005
Hg (g/1) 93.14 + 15.43 109.16 + 12.08 0.000
Albumin (g/l) 36.06 +4.17 39.74 +3.31 0.000
Fibrinogen (g/l) 5.28+1.28 4.42 +0.97 0.000
CRP (mg/l) 40.26 + 34.75 8.71+£7.68 0.000
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Figure 1 — Kaplan-Meier survival curves for patients with subgroups of CRP levels

Cauxa I — Kaplan-Meier kpusu Ha tipexcusysarse kaj iayueHinu
co iioozpyiiu Ha L[PI1
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As shown in Fig 2, the Kaplan-Meier survival curves among HD pati-
ents with varying serum albumin levels (< 35, 35 to 40, and > 40 g/L) were sta-
tistically significantly different (p = 0.0008). Those with serum albumin levels
in the lowest subgroup (< 35 g/L) had the lowest survival (n = 32, 21 died,
65.6%), compared with the survival of those with serum albumin which was
between 35 to 40 g/L, (n = 118, 26 died, 22 %) and serum albumin > 40 g/L (n
=64, 7 died, 10.9 %).
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the three subgroups by albumin
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Figure 2 — Kaplan-Meier survival curves for patients with three subgroups
of albumin levels

Cauxa 2 — Kaplan-Meier kpusu Ha tipexcusysarse kaj iayueHinu
co Wpu 00ZpYilu HA CePYMCKU ANOYMUH

Kaplan—Meier survival curves among the subgroups with varying
fibrinogen levels (fibrinogen < 4, between 4 to 5, and > 5 g/L) also showed a
statistically significant difference ( p = 0.0000) respectively. (Fig. 3)

A high CRP level and low Hg level (chi-square = 96.467, p = 0.0000)
were predictors of all-cause mortality in the Cox proportional hazards model,
whereas serum level of albumin did not show to be predictive. But when CRP
was excluded from the Cox model, a low serum albumin level did show to be a
predictor of death, followed by a low Hg level (chi-square = 76,564, p =
0.0000). (Table 3)
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Figure 3 — Kaplan-Meier survival curves for patients with three subgroups
of fibrinogen levels

Cauxa 3 — Kaplan-Meier kpusu na iipexcusysarve kaj iavueHiiu
co pu o02Zpyiu Ha cepyMCKU pubpuHozen

Table 3—Tabena 3

Parameters that predict all-cause mortality in the Cox Proportional

Hazards Model
Ilpeouxitiopu Ha sxyirHuoii mopiuasuitieini iipu Cox Proportional Hazards Model

Including CRP Excluding CRP
Parameter | Beta | t-value p Parameter | Beta | t-value P
Hg -0.048 | -4.433 | 0.000 Hg -0.049 | -4.573 | 0.000
CRP 0.022 | 5.656 0.000 Alb -0.084 | -1.980 | 0.047
Alb -0.053 | -1.185 | 0.235
Fibrinogen | -0.003 | -0.022 | 0.982 | Fibrinogen | 0.192 | 1.417 0.156

Chi-Square = 96.467, p = 0.0000
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When only cardiovascular mortality is entered into the Cox model, a
high CRP level is still more important in predicting mortality, and only if CRP
is excluded from the Cox model does a low serum albumin level become predi-
ctive of mortality, followed by a low Hg level. (Table 4)

Table 4 — TaGemna 4

Parameters that predict Cardiovascular mortality
in the Cox Proportional Hazards Model

Ilpedukitiopu Ha KapOUOBACKYAAPHUOT MOPILAAUITTLEIL
iipu Cox Proportional Hazards Model

Including CRP Excluding CRP

Parameter Beta | t-value p Parameter Beta | t-value p
Hg -0.036 | -2.723 | 0.006 Hg -0.036 | -2.928 | 0.003
CRP 0.025 | 5.533 | 0.000 Alb -0.132 | -2.304 | 0.021
Alb -0.084 | -1.334 | 0.181

Fibrinogen | 0.144 | 0.855 | 0.393 | Fibrinogen | 0.252 | 1.518 | 0.128
Chi-Square = 70.055, p = 0.0000 Chi-Square = 50.619, p = 0.0000

Discussion

Although maintenance dialysis therapy for end-stage chronic renal
failure has been used for almost 40 years, the mortality rate of dialysis patients
remains unacceptably high. There is good evidence that cardiovascular disease
is the leading cause of death in HD patients. The United States Renal Data
System annual data (from prevalent patients in the years 1998-2000) shows that
75.47 (42.2%) of the 178.92 deaths per 1,000 patient years at risk have cardio-
vascular causes.[6] In accordance with other studies, CVD were the most com-
mon causes of death in this study. Our data show that among clinical and dialy-
tic parameters, patients who died during the follow-up period were significantly
older, had a shorter duration of HD treatment in hours, ultrafiltration was less
and HD dose lower than in those alive, but in a multivariate analysis they were
not predictive. CRP, albumin and fibrinogen, as acute-phase reactants, showed
in the Kaplan-Meier curves that each of these factors was a significant pre-
dictors of mortality.

Hypoalbuminemia, a strong and reliable predictor of CVD and morta-
lity in HD patients, is caused by both inflammation and malnutrition, and it is
not clear which one of these two conditions has a greater influence on serum
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albumin concentration. [7] Several studies have demonstrated that a low serum
albumin concentration is strongly associated with both mortality [8, 9] and
cardiac disease in HD patients. Moreover, in the HEMO study (1,411 HD
patients), patients in the low albumin group had a significantly greater preva-
lence of CVD [10]. In our study, patients with serum albumin levels lower than
3.5 g/L had the lowest survival (21 died, 65.6%) compared with the survival of
those with serum albumin levels above 40g/L (7 died,10.9%), but in the multi-
variate Cox proportional hazards model albumin lost its significance as a risk
factor for all-cause mortality.

Unlike other studies [3], where fibrinogen is one of the positive acute-
phase proteins, in our study, in the multivariate Cox analysis it failed to be a
predictor of mortality in dialysis patients.

Aanemia is considered a "uraemia-specific" CVD risk factor, because
the impact of anaemia on CVD and its association with poor outcomes is well
described in dialysis patients. Numerous studies have reported an association
between anaemia and inflammation in dialysis patients, reflected by a high
serum concentration of CRP or such proinflammatory cytokines as IL-6 and
TNF-a [4, 11]. In our study, in multivariate analysis using the Cox proportional
hazards model, only haemoglobin, together with CRP, remained a predictor of
both overall and cardiovascular death in dialysis patients, and also when CRP
was excluded from the Cox model. This finding may explain why refractory
anaemia is more common in HD patients who have malnutrition and inflam-
mation.

Several studies have confirmed that inflammation, as reflected by
elevated levels of CRP, is a significant independent predictor of mortality in
dialysis patients [12, 13, 14]. Most studies with high applicability have shown
that elevated CRP predicted all-cause and cardiovascular mortality in dialysis
patients. [3, 12] In our study, only CRP, as representative of the acute-phase
reactants, was a predictor of all-cause and cardiovascular mortality in the Cox
proportional hazards model, whereas serum level of albumin and fibrinogen
were not shown to be predictive. However, if CRP is not taken into account in
the multivariate analysis, serum albumin remains, after low Hg, the strongest
predictor for all-cause and cardiovascular mortality in dialysis patients. These
results suggest that a high CRP and low Hg level, as two non-traditional cardio-
vascular risk factors, were predictors of all-cause and cardiovascular mortality
in our study group.

Conclusion

It can be concluded that inflammation, but not malnutrition, predicted
all-cause and cardiovascular mortality in our study group, because a high CRP,
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as a marker of inflammation and low haemoglobin, as result of inflammation,
remained a more powerful predictor of both overall and cardiovascular death,
than a low serum albumin level.
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Peszume

NHOJIAMAIINJIATA KAKO IMPEJUKTOP HA BKYIIHUOT
N KAPIUOBACKYJITAPHUOT MOPTAIUTET KAJ ITAIIMEHTHU
HA XEMOJIUJAIN3A

I'. Cemum', O. CrojueBa-Tanesa', K. 3adgmposcka’, A. lllukone', C. Tenes',
IL IlekoBa', K. Credanosckn?’, B. Konocka?, M. Iosienakosuk’

" Kaunuka sa negpponozuja, Kaunuuxu yernitiap, Ynueepsuiteit ,,Cé Kupua u
Meitioouj*, Croiije, P. MakeOoHuja

? Uncitiuitlyiti 3a kaunuqka 6uoxemuja, Ynueepsuiteit ,,Cé Kupua u Meitioouj*,
Crkoiije, P. MaxeooHnuja

’ Makeooncka akademuja na naykuitie u ymeitinocitiuite, Ckoiije, P. Makeoonuja

Bo rpymara Ha He-TpajUIMOHAJIHUTE KapfMOBaCKyJapHW PU3NK (pak-
TOpH, MaJHyTpHUIIMjaTa U UH(QIaManyujaTa ce MmojaByBaaT KakKo 3HaYajHU MpelnK-
TOPY HAa MOPTAJIUTETOT M MOPOMIUTETOT Kaj MalieHTUTe Ha XxeMoaujanuza (X).
Llenra Ha crypujaTa Gelle fa ce AETEPMUHHMPAAT HYTPUTHBHO/MMYHOIIOIIKUTE
napaMeTpy KaKo HPefluKTOPH Ha BKYITHUOT M KapAHOBACKYJIapHAOT MOPTAJIUTET
Kaj mamuenTn Ha X]I.

Kaj 216 manmenTn Ha X]I 6ea aHaNW3WpaHU KAUHUYKU, HYIIPUTUUSHU —
cepymcku anoymen u BMU, umynoaowxu — cepymcku HPII (I — peakTuBeH
nporerH) u (PUOPUHOTEH U OUjaru3HU dapameitipu — yaTpaduiITpanuja, Bpeme-
Tpaewe Ha X]I Bo yacosu, X]I mo3a (kankynupasa npeky SpKt/V u eKt/V). Mop-
TamUTETOT Oellle MOHUTOPMPAH MPOCHEKTHBHO BO TEKOT HA JIBE TONMHH.

Ogp nepieceT U NeT NAalUEHTH HOUYNHATH BO TEKOT Ha CIEJEHETO, KAPAUO-
BacKyJnapHuTe Ooyiectu Oea TIaBHA MpWYMHA 3a cMpTTa Ha 33 manuentn (60%),
mo mro ciepea cencute Kaj 13 maumenTtn (24%). [lounmnature manueHTH Gea
CUTHU(PUKAHTHO MOCTapH, cO NMOKPAaTKO YacOBHO Tpaewe Ha X/, co momana
yaTpacpuntpanuja u nonucka X/ gosza. Bo TeKOT Ha cleielheTo MOYnHATUTE Ta-
[UCHTH MMaa CUTHU(IUKAHTHO MOHKUCKY BPETHOCTH Ha cepyMcKu andymuH (36.06
+4.17 vs. 39.74 £ 3.31; p = 0.000) u xemorno6un (X6) (93.14 + 15.43 vs. 109,16 *
12,08; p = 0.000), HO curHU(PUKAHTHO MOBUCOKU BpeTHOCTH Ha cepymcku LIPTI
(40.26 £ 34.75 vs. 8.71 £ 7.68, p = 0.000) u pubpunores (5.28 + 1.28 vs. 4.42 + 0.97,
p = 0.000). Kaplan-Meier-oBaTa KprBa Ha IpeXKMBYBame IMOKaxa jieka rpymnara co
HajHUCKA BpegHOCT 3a anbymeH (< 35 g/L), HajBucoka Bpemnoct 3a LIPIT (> 20
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mg/l) u ¢ubpunoren (> 5g/L) mmaa HajHuckKO mpexuByBame (log-rank test p =
0.0008, p = 0.00000, p = 0.0000). Ho, mpu COX-OBHOT MOJIENl CaMO BUCOKHUTE BpEI-
Hoctu Ha LIPIT n Huckure BpegHoctn Ha X6 (chi-square = 96.467, p = 0.0000) Gea
MPEUKTOPH Ha BKYITHAOT MOPTAJIUTET, IOfleKa CEPYMCKHUOT ajibyMeH He TTOKasKa
CTATUCTUYKA 3HavajHOCT. [Ipm BKIydyBame caMO Ha KapaMOBACKYJIapHUOT MOP-
tanuTeT BO COX-OBHOT MOfiell, MOBTOPHO caMo BHcokuTe BpegHoctn Ha LIPII n
HucKuTe BpemHocT Ha X6 (chi-square = 70.055, p = 0.0000) 6ea mpegukTOpH Ha
BKynHHOT MopTtanuTeT. [Ipu nzzemame Ha LIPIT og moaenor, cepymckuoT andy-
MEH ce TI0jaB! KaKO MPEIUKTOP W Ha BKYIHUOT W HAa KapUOBACKYJIAPHUOT MOP-
TaJIMTET, cJefiejku To moBTopHO X6 (chi-square = 76,564, p = 0.0000; 50.619 p =
0.0000).

Bu Moxene fa 3akiaydnMe fieka nH(pIIaMalyjaTa e rjaBHaTa IpUYNHA Ha
BKYITHMOT ¥ KapAUOBACKYJIapHUOT MOPTANUTET Kaj NauueHTuTe Ha X]I, 6upejku
elUHCTBEeHO BHcoKuTe BpefHocTu Ha LIPTI, kako Mapkep Ha uH(pIamanujata, u
HICKHUTE BPEHOCTU HAa XEMOIJIOOUHOT, KOja € KOHCEKBEHI|a Ha UH(IaMalujaTa,
ce IPEeAUKTOPH Ha BKYIHUOT U KapUOBACKYIapPHUOT MOPTAJIUTET.
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1uyja, akyTHy pa3Hu peaktantu, LIPTI
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