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A b s t r a c t : 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.  

 
 

Patients and methods 
 
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 
renal disease were recorded and presented in Table 1. 
 
Table 1 – Tabela 1 
 
Patients' characteristics for sex, age, vintage, dialysis membrane, protein catabolic rate 

(PCR), vascular access, and primary renal disease 
 

Podatoci za pol, vozrast, dijalizen staz, membrana za dijaliza, intenzitet 
na katabolizamot na proteini (PCR), vaskularen pristap i osnovna 

bubre`na bolest kaj ispituvanite pacienti 
  

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 7 
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/l) 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– Tabela 2 
 

Clinical, laboratory and anthropometrical data of all 154 MHD patients 
 and a comparison between men and women 

Prikaz na rezultatite od klini~kite, laboratoriskite 
 i antropometriskite isleduvawa kaj site 154 ispitanici, 

 kako i sporedba pome|u ma`ite i `enite 
 

 all pts men women           p< 
No. of pts 154 93 61  

age  (yr) 54.7 ± 12.8 54.5 ± 12.3 55.4 ± 13.2 NS 
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vintage (months) 83.8 ± 68.2    79 ± 66.3 89.6 ± 70.7 NS 
dry weight (kg) 63.4 ± 12.9 66.7 ± 10.8 58.7 ± 12.5 0.00004 
CRP (mg/l) 10.8 ± 14.8 12.9 ± 16.9 7.97 ± 10.9 0.04 
albumin (g/l) 39.6 ± 3.9 40.2 ± 4.0 38.8 ± 3.7 0.02 
cholesterol (mmol/L) 3.5 ± 1.5 3.7 ± 1.4 3.2 ± 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) 23.2 ± 2.8 23.27 ± 3.1 23.03 ± 3.5 NS 
BMI (kg/m2) 23.4 ± 3.9 23.03 ± 3.2 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 – Grafikon 1  

Regression
95% confid.

 CRP vs. CHOLES (Casewise MD deletion)

CHOLES = 1.2610 + .26011 * CRP

Correlation: r = .49278
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Correlations between CRP levels and serum concentration of cholesterol 
(scatter diagram) 

Korelacija pome|u vrednostite na CRP i serumskata koncentracija  
na holesterolot (prika`ana vo vid na dijagram) 
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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. et 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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Malnutricija inflamacija kompleks sindromot (MICS) koj e pri-

suten kaj pacientite na hroni~na hemodijalizna (HHD) programa e asoci-
ran so morbiditetot i mortalitetot kaj ovie pacienti. Celta na na{eto 
istra`uvawe be{e da se ispita vlijanieto na inflamacijata vrz biohemi-
skite i antropometriskite parametri na nutritivniot status kaj pacien-
tite na HHD programa. 

Vo studijata bea vklu~eni 154 pacienti (93 ma`i i 61 `ena, so 
sredna vozrast 54.7 god. i sredno vreme na dijaliza od 84 meseci). C reaktiv-
niot protein (CRP), kako indikator za inflamacija, be{e odreduvan 
edna{ mese~no vo tekot na 6 meseci. Vlijanieto na inflamacijata se ispi-
tuva{e na slednite parametri na nutritivniot status na pacientite na 
HHD programa: predijalizna serumska koncentracija na albumin i holeste-
rol, obem na nadlakotnica (MAC), muskulen obem na nadlakotnica (MAMC), 
debelina na tricepsna ko`na dipla (TSF) i indeks na telesna masa (BMI). 
Serumskata koncentracija na albuminite i holesterolot se odreduva{e 
edna{ mese~no, a antropometriskite parametri bea izmereni po dijali-
niot tretman, dva  pati vo tekot na 6 meseci.  

Rezultatite poka`aa deka srednata vrednost na CRP e signifikan-
tno statisti~ki pogolema  kaj  ma`ite vo sporedba so `enite (12.9  vs. 7.97, 
p < 0.04). CRP poka`a silna korelacija so serumskata koncentracija na 
holesterolot (r = 0.49, p < 0.000), no ne i so albuminite kaj ispituvanite pa-
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cienti. CRP ne korelira{e so izmerenite vrednosti na antropometri-
skite parametri na pacientite  vo studijata.  

Dva razli~ni procesi, inflamacijata  i  neadekvatnata proteinska 
ishrana, zasebno pridonesuvaat do namaluvawe na serumskiot albumin i 
antropometriskite parametri. Sozdavaweto na proteinite na akutnata 
faza (CRP) e dinami~en proces, za razlika od katabolizmot i anabolizmot 
na albuminite, zaradi {to e potrebno vreme da se manifestira hipoalbu-
minemijata. Srednata vrednost na intenzitetot na katabolizmot na protei-
nite kaj ispituvanite pacienti be{e 1.01 g/kg/d, {to poka`uva adekvaten 
proteinski vnes od nivna strana. Ovie sogleduvawa sugeriraat deka so ade-
kvatna proteinska ishrana mo`e da se neutralizira dejstvoto na inflama-
cijata vrz visceralnite i somatskite proteini.  

 
Klu~ni zborovi:  malnutricija, inflamacija, nutritiven status, hroni~na 
hemodijalizna programa. 
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