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Abstract: Malnutrition inflammation complex syndrome (MICS) occurs in
maintenance haemodialysis (MHD) patients and is a strong predictor of morbidity and
mortality in these patients. The aim of our study was to evaluate the influence of
inflammation on the biochemical and anthropometrical parameters of the nutritional
status in MHD patients.

Our study was made on 154 patients (93 men and 61 women, mean age = 54.7
yrs. and mean time on dialysis 84 months) over a period of 6 months. The indicator of
inflammation, C-reactive protein (CRP), was measured monthly at the central laboratory
by nephelometry. The assessment tools used to evaluate the influence of inflammation
on the nutritional status in MHD patients were: serum albumin and cholesterol level,
midarm circumference (MAC), midarm muscle circumference (MAMC), triceps skin
fold thickness (TSF) and body mass index (BMI). Student’s t-test was used for group
mean comparison between men and women. Person’s correlation r was used to
determine the significance and the strength of associations.

The CRP level was significantly greater in men than in women (12.9 vs. 7.97,
p <0.04). The CRP level showed a strong correlation only with the serum concentration
of cholesterol (r = 0.49, p < 0.000), and did not correlate with the serum albumin of the
MHD patients. There was no correlation between the CRP level and the anthropo-
metrical parameters of the MHD patients in our study.

Two separate processes, inflammation and reduced protein intake, each sepa-
rately contributed to causing a decrease in serum albumin concentration and anthro-
pometrical measurements. The levels of acute phase proteins vary widely as opposed to
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the serum albumin level; for that reason, changes in the albumin catabolic rate or
synthesis require a considerable time to become visible. The average value of the protein
catabolic rate of the patients in our study was 1.01 g/kg/d, a value that showed adequate
protein intake. These findings would suggest that clinical attention to the maintenance
of adequate nutrition could blunt the effects of inflammation on both somatic and
visceral protein stores.

Key words: malnutrition, inflammation, nutritional status, maintenance haemodialysis
patients.

Introduction

Malnutrition and inflammation are common occurrences in mainte-
nance haemodialysis (MHD) patients and they are strong predictors of mor-
bidity and mortality in these patients. These observations, made by different
researchers, have led to the coinage of the term malnutrition inflammation
complex syndrome (MICS) [1, 2]. The apparent causes of MICS are anorexia,
muscle wasting, hypoalbuminemia, refractory anaemia and, possibly, accelera-
ted atherosclerosis [3, 4]. Malnutrition is caused by inadequate dietary intake,
gastrointestinal disturbances, psychosocial and socioeconomic factors or increa-
sed nutritional requirements due to concomitant diseases, namely cardiovascular
disease and sepsis [5]. Indicators of malnutrition in MHD patients include
decreased dietary protein and energy intake, reduced serum albumin and cho-
lesterol, decreased body mass index, reduced midarm muscle mass and skin fold
thickness [6]. There is evidence that inflammation is much more common in
dialysis patients than in the general population. A common underlying mecha-
nism can be an elevated level of inflammatory markers (positive acute phase
proteins, including C-reactive protein) that is associated with reduced renal fun-
ction, oxidative stress, or other proinflammatory conditions in dialysis patients
such as frequent contact with dialysis membranes, vascular accesses or dialysis
fluid [7, 8]. Inflammation causes decreased albumin gene expression, resulting
in a decreased albumin synthetic rate with a consequence of reduced albumin
concentration [9]. Hypoalbuminemia is a potent risk factor for mortality and
morbidity in MHD patients and in other populations [10]. Inflammation also has
an important role in mediating loss of muscle mass through ubiquitin-mediated
proteolysis of muscle mass. Although inadequate nutritional intake can result in
a decrease of the serum albumin level and muscle protein wasting, malnutrition
alone has very little effect on the nutritional status of MHD patients. It is the
combination of both malnutrition and inflammation that effect the greatest
change [9].
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The aim of our study was to evaluate the influence of inflammation on
the biochemical and anthropometrical parameters of the nutritional status in

maintenance haemodialysis patients.

The study was made on 154 patients on the maintenance haemodialysis
programme at the Department of Nephrology, Clinical Centre, Skopje, over a
period of 6 months. Data on sex, age, vintage (duration of dialysis therapy),
dialysis membrane, protein catabolic rate (PCR), vascular access and primary

Patients and methods

renal disease were recorded and presented in Table 1.

Table 1 — Tabemna 1

Patients' characteristics for sex, age, vintage, dialysis membrane, protein catabolic rate

(PCR), vascular access, and primary renal disease

[TlogaTonm 3a moJ1, BO3pacr, JHJaJTH3CH CTa3, MeMOpaHa 34 JUjaIH34, HHTCH3HTET

Ha karaboauzaMor Ha nporedrd (PCR ), BACKyIapeH OPACTAI H OCHOBHA
OybpesxHa 00JIECT Kaj HCITATYBAHATE MAIHEHTH

Number of patients

(pts) 154 Primary renal disease pts
female vs. male 61 vs. 93

age (years) 54.7+12.8 glomerulopaties 27
vintage (months) 84 (7 do 288) renal ischemic disease 23
hours on HD (weekly) 12 diabetic nephropathy 21
membrane polysulfone polycystic kidney disease 14

PCR (g/kg/d) 1.01 £0.17 pyelonephritis 16

obstructive nephropathy

vascular access pts nephropathy in systemic diseases 7

A-V fistula 146 nephrolithiasis 5

A-V graft 1 hypoplasio renis 2
central venous cathetre 7 unknown 32

The assessment tools used to evaluate the influence of inflammation on
nutritional status in MHD patients were: serum albumin and cholesterol level,
midarm circumference (MAC), midarm muscle circumference (MAMC), triceps

skin fold thickness (TSF) and body mass index (BMI).
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The indicator of inflammation, C-reactive protein (CRP), was measured
monthly by nephelometry, at the Institute of Clinical Biochemistry, Clinical
Centre, Skopje. The lower limit of detection by the assay was 6 mg/l [13].
Predialysis serum albumin (ref. value 35-50 g/1) and cholesterol (ref. value till
5.5 mmol/l) concentrations were determined monthly by nephelometry, at the
same Institute [14]. Anthropometrical measurements were performed immedia-
tely after the termination of a haemodialysis treatment, twice during the study.
Body mass index (kilograms per square metre) was calculated from the patients'
height obtained at study entry and post dialysis weight. Triceps skin fold thick-
ness was measured using a conventional skin fold caliper, described elsewhere
[12]. Midarm circumference was measured with a plastic tape. All anthropomet-
rical measurements were performed three times on the non-access-containing
arm of each patient, and the three measurements were averaged to give the final
result. Midarm muscle circumference was calculated from the formula:

MAMC = MAC — (3.14 x TSF) (12)

Student’s t-test was used for a group mean comparison between men and
women. Person’s correlation r was used to determine the significance and the
strength of associations.

Results

Table 2 shows clinical data, CRP, laboratory values of serum albumin
and cholesterol, and anthropometrical measurements of all 154 MHD patients
and a comparison between men and women. Sixty-one patients were women.
The mean age of all patients was 54.7 + 12.8 years and vintage (duration of dialysis
therapy) from 7 to 288 months. Dry body weight (63.4 + 12.9 kg) was the average
oedema-free weight immediately at the end of a haemodialysis session.

Table 2— Tabena 2
Clinical, laboratory and anthropometrical data of all 154 MHD patients

and a comparison between men and women

[Tlprka3 Ha pe3yaTaTure of KAHHHIKHATE, J1a00paTOPHCKATE
H aHTPOMOMETPHCKHTE HCEHYBaha Kaj cure 154 ncnuranuliy,
KaKo H ciopefda moMery MaskarTe H KCHUATE

all pts men women p<
No. of pts 154 93 61
age (yr) 547+12.8 |545+123| 554+13.2 NS
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vintage (months) 83.8+682| 794663 | 89.6+70.7 NS

dry weight (kg) 63.4+129]66.7+10.8| 587+12.5 0.00004
CRP (mg/l) 10.8+14.8129+169| 797+10.9 0.04
albumin (g/1) 39.6+3.9 | 40.2+4.0 38.8+3.7 0.02
cholesterol (mmol/L)| 3.5+1.5 37£14 32+£1.5 NS

TSF (cm) 1.1+£0.5 | 0.96+0.3 1.37+0.6 0.000001
MAC (cm) 26.7+£3.6 | 26.3+£2.7 27.3+4.4 NS
MAMC (cm) 2324+2.8 |2327+3.1| 23.03+3.5 NS

BMI (kg/m2) 234+39 123.03+£32| 23.7+4.7 NS

The CRP level was significantly greater in men than in women (12.9 vs.
7.97, p < 0.04). The serum concentration of albumin was significantly greater in
men than in women (40.2 vs. 38.8, p < 0.02). The serum cholesterol level was
greater in men than in women, but not significantly so. Triceps skin fold
measurements were statistically greater in women than in men (1.37 vs. 0.96, p <
0.000001). Midarm circumference and body mass index were greater in women,

whereas midarm muscle circumference was greater in men, but not statistically.

Figura 1 — I'pacpukon 1

CRP vs. CHOLES (Casewise MD deletion)
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Kopenanuja nomery spegaocrare Ha L{PII n cepyMckata KOHI[EHTPALH]a
HAa XOJIeCcTepoJIOT (MPHKAKAaHA BO BHJ] HA JHJATPaM)
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The CRP level showed a strong correlation with the serum concentration
of cholesterol (r = 0.49, p < 0.000), and did not correlate with the serum albumin of
the MHD patients. There was no correlation between the CRP level and anthropo-
metrical parameters (TSF, MAC, MAMC, BMI) of the MHD patients in our study.

Discussion

Malnutrition and inflammation complex syndrome are associated with
poorer clinical conditions and worse outcomes in the MHD patients, but never-
theless, there is no uniform method of assessing the nutritional and inflam-
matory status of dialysis patients. We used serum albumin level as a laboratory
predictor of visceral protein mass, serum cholesterol level, TSF and BMI as
parameters of body fat, and MAMC as a parameter of somatic protein mass.

Kaysen G.A. et al (2003) showed an association between the CRP
levels and reduced albumin levels in MHD patients in the HEMO study,
multicentre randomized clinical trial [9]. In the study of Kalantar Zadeh K. ef al
(2001), CRP levels correlated strongly with the serum albumin levels and the
anthropometrical measurements (11). Despite the results from these studies, in
our study, there was only a strong correlation between the CRP levels and the
predialysis serum cholesterol levels and no strong correlation between CRP
levels on the one hand and serum albumin and anthropometrical parameters on
the other hand. The same authors (Kaysen G. A. et al) recently established that
inflammation in haemodialysis patients is a dynamic process. The levels of
acute phase proteins vary widely, while serum albumin concentration varies on
a far smaller scale. For that reason, changes in the albumin fractional catabolic
rate or in the rate of albumin synthesis require a considerable time to become
visible [9, 10, 15]. The greater range of CRP values may make it a more
sensitive clinical indicator of morbidity than is albumin [10]. Two separate
processes, inflammation and reduced protein intake, each separately contribute
to causing a decrease in the serum albumin concentration. The average value of
the protein catabolic rate (PCR) of the patients in our study was 1.01 g/kg/d, a
value that showed an adequate protein intake. These findings would suggest that
clinical attention to maintenance of adequate nutrition could blunt the effects of
inflammation on both somatic and visceral protein stores.

Conclusion

The purpose of assessing malnutrition and inflammation, the two major
indicators of poor outcome in dialysis patients, was to identify patients at risk of
complications and a poor outcome. Dialysis Outcome Quality Initiative guide-
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lines recommended regular and uniform assessments of nutrition for all dialysis
patients. We have to use biochemical and anthropometrical parameters for asse-
ssment of the nutritional status of all dialysis patients. Also we have to measure
the CRP value regularly in all dialysis patients, because it is an indicator of in-
flammation and, by increasing protein and calorie intake, it might be possible to
modulate the effects of inflammation. It is likely that increased attention to a
global measure of nutritional and inflammatory could improve patient outcome.
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Pesume

MAIJIHYTPUIINIA NTH®JITAMALIIMIJA KOMITIEKC CMHIPOM
KAJITAIMEHTHN HA XPOHUYHA XEMOIUJAJIU3HA ITIPOTPAMA

I1. IlexoBa', U.T. Hukonos!, A. llluxone!, P. I'posganoBcku’,
M. X. ITonenakoBrk'?
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Mannytpunuja uHpnamanuja koMmimieke cuapgpomor (MICS) koj e npu-
CYyTeH Kaj MalMeHTUTe Ha XpOoHWYHa xeMopujanu3Ha (XX]I) mporpama e acoun-
paH co MOPOMAMTETOT U MOPTAJIUTETOT Kaj oBue HanueHTH. llenTa Ha HameTo
UCTpaxKyBame Oellle ja ce UCINUTA BIMjaHHEeTO Ha MH(pIaMalujaTa Bp3 Ouoxemu-
CKUTE U aHTPOIOMETPHUCKHUTE MapaMeTpH Ha HYTPUTUBHHUOT CTATyC Kaj HaIUeH-
tute Ha XX]I nporpama.

Bo crynujata Gea Bkaydenum 154 mammentu (93 maxu u 61 XeHa, co
cpenmHa Bo3pact 54.7 rof. u cpeaHo BpeMe Ha nujaiu3a of 84 mecerm). I peakTus-
aunotr mpotemn (IIPIT), kako wmHmumKaTOop 3a WH(IaManuja, Oelle OgpeayBaH
eHaIl MECeYHO BO TEeKOT Ha 6 Mecenu. Bimjannero Ha mHpIamanmjaTa ce ucnm-
TyBallle Ha CIIEJHUTE MapaMeTpd Ha HYTPUTHMBHMOT CTaTyC Ha NALlUEHTUTE Ha
XX]I mporpama: mpeinjaan3Ha cepyMcKa KOHIIEHTpalrja Ha aJOYMUH U XOJecTe-
pon, obem Ha HammakoTHUIA (MAC), MyckyJien odeM Ha HajtakoTHuma (MAMC),
nmebenuHa Ha TpulencHa kKoxHa aumuia (TSF) u mHAekc Ha TenecHa maca (BMI).
CepyMckara KOHIIEHTpalyja Ha ajJOyYMUHUTE W XOJIECTEPOJIOT C€ OfpemyBalie
€IHalll MECEYHO, a aHTPOIIOMETPUCKUTE MapaMeTpu Oea M3MEPEHHU MO [ujaju-
HUOT TPEeTMaH, IBa IaTu BO TEKOT Ha 6 Mecelu.

PesynraTuTre nokaxaa neka cpegHata BpegHocT Ha LIPIT e curaudukan-
THO CTaTHCTHYKY TIOTOJIeMa Kaj MaXkuTe Bo crnopepnda co xernte (12.9 vs. 7.97,
p < 0.04). PII mokaxka cmiHa KopeJjalldja cO CepyMCKaTa KOHICHTpanuja Ha
xonecteponot (p = 0.49, p <0.000), Ho He u co aNOYMUHNUTE Kaj NCIUTYBAaHWUTE T1a-
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nuentrn. 1HPIT He Kopenmpamie cO M3MEPEHUTE BPEAHOCTH HA AHTPOIOMETPH-
CKUTE ITapaMeTpHU Ha NMALlMEHTUTE BO CTyAMjaTa.

JIBa pa3nuyuHu npolecH, nH(pIamManjaTa U HeajgeKBaTHATa MPOTEUHCKA
ucxpaHa, 3ace0HO NpUIOHECYBAaaT O HaMmajyBame Ha CEpPyMCKUOT ajJOyMUH U
aHTpornoMeTpuckuTe napamerpu. Co3faBambeTO Ha NMPOTEUHUTE Ha aKyTHaTa
¢aza (IIPIT) e nuHaMUYEH MPOIIEC, 3a pa3ivKa Off KaTaGOJN3MOT U aHAOOIU3MOT
Ha anOyMUHWUTE, 3apajid IMITO € MOTPeOHO BpeMe /1a ce MaHu(ecTupa Xumnoanoy-
MuHemyjaTa. CpeiHaTa BpeJHOCT Ha MHTEH3UTETOT Ha KaTabOIM3MOT Ha MPOTEH-
HUTEe Kaj ucnuTyBanuTe manueHTn Oemre 1.01 T/Kr/m, TO MOKaXXyBa afeKBaTCH
IIPOTEUHCKHU BHEC Off HUBHa cTpaHa. OBue corjefyBama cyrepupaar fieka co aje-
KBaTHa NPOTEMHCKA UCXpaHa MOXKe Jia ce HeyTpalau3upa fIejcTBOTO Ha uH(Iama-
[yjaTa Bp3 BUCIEPATHATE U COMAaTCKUTE MPOTECHHU.

Kiyunw 360poBH: MajHyTpuiyja, nH(IaMalyja, HyTPUTUBEH CTaTyC, XPOHUYHA
XeMOJIMjalin3Ha Mporpama.
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