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Malnutrition remains one of the major predictors of mor-
tality in peritoneal dialysis (PD) patients. The aim of the 
study was to evaluate the nutritional status of prevalent 
PD patients, and to determine the best predictors of out-
come among anthropometric and laboratory indices of 
nutrition. The study included 106 prevalent PD patients 
from a single university-based unit. Anthropometric as-
sessment at baseline included: body mass, body mass 
index (BMI), skinfold thickness, lean body mass (LBM), 
content of body fat (%F), mid-arm muscle circumference 
(MAMC). Laboratory analysis comprised of albumin and 
total cholesterol. Additionally, each patient underwent 
a subjective global assessment (SGA). The patients were 
followed for 36 months. Survival analyses were made 
with the Kaplan‐Meier survival curve and the Cox pro-
portional hazard model. Following SGA, malnutrition 
was diagnosed in 30 (28%) patients. Importantly, eight 
of the malnourished patients (27%) were nevertheless 
overweight or obese. Body weight and BMI showed com-
plete lack of association with the outcome. In Kaplan‐
Meier analysis low: LBM, MAMC, albumin and cholesterol 
were significantly related to mortality. Cox analysis re-
vealed that, following adjustment, LBM below median 
was independently associated with poor outcome (haz-
ard ratio [HR] 3.15, 95% confidence interval [CI] 1.17–
8.49, p=0.02). Moreover, the lowest quartile of total cho-
lesterol showed independent association with mortality 
(HR 8.68, CI 2.14–35.21, p<0.01). Malnutrition is preva-
lent in patients undergoing PD, and overweight/obesity 
does not preclude its appearance. The most valuable 
nutritional indices in predicting outcome in this cohort 
were LBM and total cholesterol concentration.
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INTRODUCTION

Malnutrition or, according to the current nomencla-
ture, protein-energy wasting (PEW) is highly prevalent 
among dialysis subjects (Fouque et al., 2008). Uremic 
toxaemia, bioincompatibility of dialysis membranes in 
haemodialysis (HD) and of dialysis fluids in peritoneal 
dialysis (PD), low-grade inflammation, oxidative stress, 
co-morbidities are among the major culprits responsible 
for PEW in dialysis-dependant patients. On the other 
hand, the prevalence of overweight and obesity is grow-
ing worldwide, both in the general population and in di-

alysis patients. The risk of obesity in PD subjects is ad-
ditionally increased by glucose-based dialysis fluids.

Although both HD and PD have been established and 
successful therapies for the treatment of patients with 
end-stage renal disease (ESRD) have been developed, 
the mortality rate of dialysis subjects remains unaccept-
ably high. Apart from the traditional risk factors, there 
are the specific non-traditional ones, such as inflamma-
tion, oxidative stress, and endothelial dysfunction that 
seem to be the major culprits (Malgorzewicz et al., 2010). 
As stated above, they are also strongly associated with 
PEW.

To reduce this enormous risk of death, the risk fac-
tors contributing to mortality should be identified and 
controlled. Previous studies have documented strong as-
sociation between indices of PEW and morbidity/mor-
tality of  HD subjects (Bergstrom et al., 1995; Burowes 
et al., 2005; Carrero et al., 2008). Similar relationships 
have also been found in PD patients (Churchill et al., 
1996). However, the issue which of the commonly used 
markers of nutrition is the strongest risk factor for poor 
outcome in dialysis patients remains opened  Moreover, 
although in HD population obesity seems to associate 
with survival benefit, the data on this relationship in PD 
patients is inconclusive (McDonald et al., 2003; Snyder et 
al., 2003; Park et al., 2014).

Therefore, the aim of the study was to evaluate the 
nutritional status of prevalent PD patients, and to deter-
mine the best predictors of outcome among anthropo-
metric and laboratory indices of nutrition.

METHODS

Patients and anthropometric evaluation. The study 
population consisted of 106 prevalent PD patients from 
a single nephrology centre, treated with PD for at least 
three months. The recruitment took place in 2006–2008. 
The study exclusion criteria were: age below 18 years, or 
unwillingness to participate. Informed consent was ob-
tained from each patient. The local ethics committee ap-
proved the study protocol. 

The 7-points subjective global assessment (SGA) was 
used to evaluate the overall protein-energy nutritional 
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status, and patients presenting SGA score of 1–2 points 
were classified as malnourished (NCEP, 2002). The as-
sessment was performed by a single experienced dieti-
cian. Body mass index (BMI) was calculated as weight in 
kg per (height in m)2. Body fat (%F) and lean body mass 
(LBM) were determined with the near-infrared tech-
nology (Futrex 2000A; Futrex Inc., USA).  The triceps 
skinfold  thickness was assessed using a Holtain calliper 
(Holtain LTD, Crymych U.K);  mid-arm muscle circum-
ference (MAMC) was measured with a tape measure.

Serum albumin, total cholesterol concentration, and 
other biochemical measures were assessed with routine 
laboratory methods. Dialysis adequacy was estimated 
with a weekly Kt/V. Co-morbidities were defined as the 
presence of diabetes mellitus and/or cardiovascular dis-
ease.

Statistical analysis. Results are expressed as mean 
and standard deviation or median and interquartile range, 
as appropriate. A p-value < 0.05 was considered to be 
statistically significant. Comparisons between two groups 
were assessed for continuous variables with Student’s 
unpaired t-test, or Mann–Whitney test, as appropriate. 
As many values were not normally distributed, Spear-
man’s rank correlation was used to determine correla-
tions between nutrition indices. 

Survival analyses were made with the Kaplan–Meier 
survival curve or the Cox proportional hazard model. 
Survival was determined from the day of examination, 
with a median follow-up period of 18 (range 1–36) 
months. Patients were censored at transplantation, trans-
fer to HD or upon completing the follow-up period, 
without loss of follow-up of any patient. The relative 
risk of mortality was determined by multivariate Cox 
regression analysis and presented as hazard ratio (HR); 
95% confidence intervals (CI)]. The statistical analysis 
was performed using statistical software Statistica version 
7.1 (StatSoft Inc.).

RESULTS

The study population consisted of 106 patients (56 
males; 53%), with a median age of 56 years (range 28–79 
years). The patients had undergone dialysis for a median 
of 11 months (range 3–87 months). The primary kidney 
diseases were: diabetic nephropathy (24.5%), primary 

glomerulonephritis  (21.2%), hypertensive nephropathy 
(18.8%), reflux nephropathy (10.2%), chronic pyelone-
phritis (8.6%), and other or unknown (16.7%).  The type 
of the PD therapy engaged was: continuous ambulatory 
(CAPD) in 75.0%, and automated (APD) in 25.0%. Out 
of the total cohort, 30 patients (28%) were treated with 
lipid-lowering medications.

When assessed on the basis of SGA, PEW was pre-
sent in 30 (28%) patients. The clinical characteristics of 
malnourished subjects, as compared to the well-nour-
ished group, are presented in Table 1. As displayed in 
the Table, the subjects with malnutrition were charac-
terized by significantly lower BMI in comparison to the 
rest of the studied group. However, it has to be stated 
that increased BMI did not preclude PEW, as eight of 
the 30 malnourished patients (27%) were, nevertheless, 
overweight or obese. 

During the three years of follow-up, 29 (27%) pa-
tients died, 34 (32%) underwent kidney transplantation, 
and nine (8%) were transferred to HD. Those who died 
during the follow-up were older, with a median age of 
71.0 (60.8–74.0) vs. 53.0 (43.5–63.0) years (p < 0.001). 
This group had also a higher proportion of patients 
with malnutrition (38% vs. 24%, p = 0.26), although this 
difference did not reach statistical significance. Finally, 
these patients were characterized by a significantly lower 
albumin concentration (35.5 ± 4.6 vs. 39.1 ± 4.5 mg/L, 

Figure 1. Mortality risk in patients undergoing PD according to 
their body mass index (BMI); low BMI was defined as the value 
lower than the median (24.6 kg/m2).

Table 1. The general characteristics of malnourished vs. well-nourished PD patients; BMI, body mass index; TC, total cholesterol; LBM,  
lean body mass; %F, content of body fat.

Malnourished (N=30) Well-nourished (N=76) p-value

Age (years) 57.5 ± 16.5 55.6 ± 12.8 0.2

Albumin (mg/l) 37.5 ± 5.4 38.3 ± 4.6 0.2

Gender (% males) 60 50 0.07

BMI 23.7 ± 4.4 26.1 ± 3.7 < 0.005

TC (mg/dl) 232 ± 47 231 ± 71 0.9

Dialysis vintage (months) 7.0 (3.0–23.3) 12.0 (3.3–31.5) 0.6

LBM (kg) 50.3 ± 8.6 52.5 ± 6.6 0.09

%F 26.8 ± 6.0 26.6 ± 4.5 0.9

Chronic co-morbidities (%) 58 51 0.4

Kt/V 2.09 ± 0.18 2.26 ± 0.36 0.02
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p < 0.001), and worse Kt/V (2.12 ± 0.22 vs. 2.25 ± 0.35, 
p = 0.03), as compared to survivors. The differences in 
total cholesterol (212 ± 82 vs. 239 ± 57 mg/dl, p = 0.07), 
and LBM (50.3 ± 5.4 vs. 52.6 ± 7.9 kg, p = 0.08) were of 
marginal significance. There were no differences in BMI, 
%F or MAMC between the patients who died and the 
survivors. 

Malnutrition, as assessed by SGA, showed a mar-
ginal association with poor outcome, when assessed 
with the Kaplan-Meier analysis (rho 3.1, p = 0.07). It 
further lost its significance in predicting mortality fol-
lowing adjustment for: age, gender, inflammation and 
co-morbidities. Although BMI was related to malnu-
trition, it showed absolutely no association with the 
risk of death, both in univariate and multivariate sur-
vival analyses (Fig. 1).

Decreased albumin, total cholesterol and low 
MAMC were significantly associated with poor out-
come. However, these relationships were lost after 
adjustment for potential confounders, except for the 
cholesterol concentration. Patients belonging to the 
lowest quartile of the total cholesterol level (< 199 
mg/dl) had a significantly worse survival (rho 6.5, 
p = 0.01), when compared to the rest of the studied 
group. This association persisted despite adjustment 
for potential confounders: age, gender, dialysis vintage 
and adequacy, residual diuresis, co-morbidities, albu-
min, CRP and the use of lipid-lowering medication 
(HR 7.29, CI 1.85-28.80, p < 0.01). 

Among anthropometric measures, low LBM turned 
out to be the strongest predictor of mortality, both as a 
crude LBM and as normalized to body weight (Fig. 2). 
Cox proportional hazards analysis revealed that subjects 
having LBM below the median (< 51.4 kg) were exposed 
to significantly increased risk of death (Table 2), as com-
pared to the rest of the patients. It is noteworthy that 
LBM and BMI were closely related (r = 0.32, p < 0.005). 
Nevertheless, their usefulness in predicting the outcome 
was entirely different in the studied population.

DISCUSSION

In the present study, we demonstrated a high preva-
lence of PEW among PD patients, common also in 
overweight/obese subjects. Moreover, although various 
indices of PEW showed association with survival, only 
low cholesterol and LBM proved to be strong, independ-
ent risk factors for mortality in this patient population. 

The high prevalence of malnutrition is a constant fea-
ture of end-stage renal disease (ESRD). Data from sur-
veys conducted in dialysis subjects indicate that 1875% 
of this patient population show signs of PEW, the dif-
ferences depending mainly on the assessment methods 
used (Fouque et al., 2008). The chronic uremic intoxica-
tion is among the major culprits, leading, on one hand, 
to decreased energy intake, and, on the other, to en-
hanced protein catabolism (Stenvinkel et al., 2000). Other 
potentially responsible factors include: co-morbidities, 
bioincopatibility of dialysis fluids, oxidative stress, de-
pression, decreased physical activity etc. The PD popu-
lation is a specific group of patients who are at risk 
of increasing weight, due to the constant glucose load 
from the dialysis fluids, but, on the other hand, at risk 
of wasting, due to continuous protein loss to the peri-
toneal cavity in addition to the abovementioned factors 
associated with uraemia. Our results clearly underlined 
this paradox, as almost one-third of the malnourished 
patients was, nevertheless, overweight or obese. This is 
in accordance with our previous studies that showed a 
similar incidence of malnutrition in both lean and over-
weight PD patients (Malgorzewicz et al., 2004).

In the present study, PEW, as assessed by SGA, 
turned out to be a weak predictor of mortality. It lost 
its significance when adjusted for potential confounders, 
especially the presence of inflammation and co-morbid-
ities. This stays in accordance with previous findings in 
PD subjects (Chung et al., 2003). It might also be that 
SGA is not perfectly suited for diagnosing PEW. In the 
present study, the 7-point SGA was implemented to di-

Figure 2. Mortality risk in patients undergoing PD according to 
their lean body mass (LBM); low LBM was defined as the value 
lower than the median (51.4 kg).

Figure 3. Spearman rank correlation between lean body mass 
(LBM) and body mass index (BMI) in patients undergoing PD; 
r = 0.32, p < 0.005 

Table 2. Crude and adjusted overall hazard ratios (and 95% confidence intervals) of the low LBM on all-cause mortality (n = 106)

Hazard ratio
95% CI

p-value
lower upper

Crude 3.29 1.46 7.41 0.002

Adjusted for age and gender 3.44 1.50 7.88 0.004

Adjusted for the above + dialysis vintage, adequacy, and residual diuresis 3.55 1.30 9.69 0.01

Adjusted for the above + co-morbidities and inflammation 3.24 1.18 9.89 0.02
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agnose PEW. This is an acknowledged, cheap, and easy-
to-perform tool to distinguish the wasted patients from 
the well-nourished ones. However, it has some limitation 
due to its poor inter-rater reliability (Tennankore et al., 
2002). Therefore, in our study, all assessments were per-
formed by a single experienced dietician. 

In the studied population, there was no association 
between BMI and mortality. In the general population, 
obesity is an acknowledged risk factor for poor outcome 
(Haffner et al., 2007). In contrast, numerous studies per-
formed in HD subjects showed the opposite association, 
with low BMI being the risk predictor (Park et al., 2014). 
The most common explanations for this risk factor para-
dox include: confounding by PEW, reverse causation 
and survival bias (Park et al., 2014). The relationship be-
tween BMI and outcome in PD seems even more con-
fusing, as studies on this topic bring conflicting results. 
While some demonstrated a reverse association, similar 
to the one observed in HD patients (Visser et al., 1999), 
other showed that obesity is an independent risk factor 
for mortality, just as in the general population (McDol-
nad et al., 2003). Because body mass is composed of the 
fat mass and the fat-free, i.e. lean mass, BMI is affected 
by both of them. In the PD patients, BMI is also influ-
enced by the hydration status. This probably explains, at 
least to some extent, the discrepant results of the above-
mentioned studies, and proves that BMI should not be 
regarded as a reliable marker of nutrition in this patient 
population. 

In contrast, LBM turned out as a strong and inde-
pendent predictor of outcome. This is in accordance 
with previous studies in which low LBM, estimated us-
ing creatinine index corrected with body weight, was an 
independent predictor of mortality in incident (Chung et 
al., 2000; Trivedi et al., 2005) and prevalent PD patients 
(Huang et al., 2013). The predictive value of LBM in HD 
patients seems much weaker (Noori et al., 2010). In this 
patient population, it is low fat mass (FM) that appears 
to be a risk factor (Noori et al., 2010). Currently, these 
discrepancies in the predictive utilities of FM and LBM 
between the two dialysis methods are difficult to explain. 
Both LBM and FM are measures of nutritional status. 
However, while LBM indicates muscle mass, FM is more 
a reflection of energy storage. In the present study, as in 
previous evaluations, it is LBM that showed association 
with survival, FM displaying no relationships at all. 

The analysis of body composition was carried out 
with the near-infrared technology. Bioelectric imped-
ance analysis is relatively accessible method of the body 
composition assessment. Obviously, it has to be remem-
bered that it is potentially influenced by total hydration 
status, limiting its accuracy in states of volume overload 
(Tennankore et al., 2013). In the present study, albumin 
turned out to predict mortality only in an unadjusted 
analysis. It has to be stated that the role of albumin as 
a nutrition marker has been questioned. As it is a nega-
tive acute-phase reactant, its levels tend to decrease in 
the course of inflammation, which is a common compli-
cation of ESRD. Moreover, peritoneal albumin loss and 
hypervolemia can decrease its concentration. Indeed, in 
multivariate analysis, when inflammation and co-morbid-
ities were included, albumin lost its predictive potential. 

In contrast, in the present evaluation low cholesterol 
turned out to be a strong and independent risk factor 
for mortality. This is in accordance with previous stud-
ies in HD patients (Lowrie et al., 1990; Kilpatrick et al., 
2007; Chmielewski et al., 2011). Moreover, similarly to 
these studies, hypercholesterolemia appeared protec-
tive. In the present evaluation cholesterol concentration 

above 200 mg/dl proved beneficial in the Cox analysis. 
The apparent association between low cholesterol and 
mortality is most commonly explained by the presence 
of malnutrition and/or inflammation. Indeed, some stud-
ies in HD and PD subjects seem to confirm this hypoth-
esis (Liu et al., 2004; Habib et al., 2006). However, most 
evaluations that took malnutrition and inflammation into 
account in multivariate analyses demonstrated that low 
cholesterol concentration remains as an independent risk 
factor for poor outcome, while hyperlipidaemia seems 
beneficial (Chmielewski et al., 2009; Chmielewski et al., 
2011;  Kilpatrick et al., 2013). Moreover, Mendelian ran-
domization studies in HD patients demonstrated that the 
relationship between hypocholesterolemia and mortal-
ity might be causal (Chmielewski et al., 2011). Similarly, 
experimental studies showing that lipoproteins are capa-
ble of binding bacterial endotoxins pointed to the pos-
sibility that in certain chronic disease states, as ESRD, 
low cholesterol might actually be harmful (Rauchhaus 
et al., 2000). However, it has to be stated that most of 
the studied patients did not have a severe hypocholes-
terolemia. The lowest quartile included patients with to-
tal cholesterol concentration lower than 199 mg/dl. This 
is the target cholesterol level in the general population, 
defined as ‘desirable’ by the National Cholesterol Edu-
cation Program Adult Treatment Panel III (NCEP ATP 
III) (NCEP, 2002). Still, such cholesterol concentration 
was associated with death in the studied group of PD 
patients. 

In the dialysis population the worse prognosis is as-
sociated, among others, with longer duration of the di-
alysis treatment. In the studied group dialysis vintage was 
relatively short (median was 11 months), but already dur-
ing the first three years of PD therapy,  patients showed 
signs of  malnutrition and statistical analysis demon-
strated that low cholesterol and LBM are risk factors for 
mortality in this period.

CONCLUSIONS

Malnutrition is highly prevalent in patients undergoing 
PD, and the presence of overweight/obesity does not 
preclude its appearance. It ought to be diagnosed and 
treated as it is associated with increased risk of death. 
Among the various indices of malnutrition, it is de-
creased cholesterol and LBM that proved to be strong 
and independent risk factors for mortality in this patient 
population. 
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