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Association of metabolic changes with mortality of patients treated 
by peritoneal dialysis or hemodialysis
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ABSTRACT

Aim: The aim of this study was to determine the survival of patients treated by peritoneal dialysis (PD) and
hemodialysis (HD) and to detect any association with the type of metabolic changes. Methods: The outcome
of clinical treatment of 407 dialysis patients was analyzed over a 4-year period. This included the demographic
characteristics, the duration of dialysis, smoking, residual renal function, existence of metabolic syndrome
and malnutrition, waist girth, body mass index (BMI), comorbidity, and routine biochemical parameters.
Results: The overall mortality of the treated patients during the 4-year period was 53%, 37% for HD patients
and 65% for PD patients. Metabolic syndrome was the dominant metabolic disorder affecting more than half
of the HD patients, as well as being a predictive mortality parameter (b = 0.560; p = 0.045). The PD-treated
patients had an equal prevalence of metabolic syndrome and malnutrition, whereas statistically significant
predictors of mortality outcome were BMI (b = 0.088; p = 0.002) and waist girth (b = 0.023; p = 0.031). The
median survival value was significantly higher for HD patients [108 months; 95% confidence interval (CI) 65–151].
Residual renal function in PD patients was significantly related to mortality (p = 0.045). Conclusion: Metabolic
syndrome is a predictive parameter of mortality for HD patients, whereas for PD patients it is the waist girth
and BMI. Preserved residual renal function in patients on PD is an important factor in reducing mortality.
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INTRODUCTION

In general terms, the mortality of patients, whose level
of kidney insufficiency requires treatment by one of
the models of dialysis procedures, is extremely high.1

Around two-thirds of all dialysis patients in the
United States die during the first 5 years from the
commencement of treatment, which is a higher mor-
tality rate than for many malignant diseases.2 During
the first 2 years of dialysis treatment, the survival of
peritoneal dialysis (PD) patients is significantly longer
compared to that of hemodialysis (HD)-treated
patients. After that, the outcome for both treatments is
similar and so the benefit of PD treatment is annulled
after 2.5 years.3

Having in mind the significant incidence of cardio-
vascular diseases (CVD) among dialysis patients and
the assumption that more than 80% of dialysis patients

could die because of many other mortality risk factors,4 a
serious dilemma exists as to which form of dialysis
depuration should be recommended for such patients.
Unfortunately, there are very few adequate stratification
studies which could give an answer to this problem.

One of the main aims of strategical development in
nephrology in the twenty-first century is the preven-
tion of the terminal stadium of kidney insufficiency.
An important front is transplantation, which will be the
main form of treatment of such patients. Xenotrans-
plantation and cloning using the patient’s own somatic
cells could represent a significant area of alternative
therapy. All these activities would decrease the need
for dialysis procedures. It is forecast that in a few
decades the number of patients who would need these
forms of exchange of kidney function will increase but
later decrease. The common conclusion of several stud-
ies that attempted to determine the mortality rate of
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PD and HD patients is that the survival of identical
subgroups of treated patients in the first 3–4 years of
treatment is almost the same.5

AIM

The aim of this study was to determine the survival
rate of patients treated by PD or HD and its relation
with the types of metabolic change and to detect pre-
dictive mortality parameters.

METHODOLOGY

Patients and study design
This was organized as a follow-up study. The study
involved 407 dialysis patients, including 242 (59.5%)
males and 165 (40.5%) females. Their average age was
65 ± 12.5 years and the average duration of dialysis was
24 ± 47.3 months. The target group was all PD and
HD patients who were treated during the period 2005
to 2008 in the Clinical Center “Kragujevac,” Serbia.

Most patients received HD thrice weekly for 3.5–4
hours, using commercially available dialyzers (F6HPS,
F7HPS, Fx80-Fresenius®, Bad Homberg, Germany;
14L, 17L-Gambro®, Lund, Sweden). The range of the
blood pump during dialysis was 250–320 mL/min,
whereas the flow of dialysis fluid was 500 mL/min.

The PD treatment program encompassed mainly
patients who received continuous ambulatory PD,
with four to five daily changes, whereas a nonsignifi-
cant number of patients were dialyzed using intermit-
tent PD. The achieved daily ultrafiltration for these
patients was 1000–1200 mL with commercial PD
solutions with glucose monohydrate concentration
between 1.36 and 3.86 g/dL.

Clinical and biochemical assessments
Blood for laboratory testing was taken from all patients
midweek, before HD or early in the morning from PD
patients, before the initial exchange. Hematological
analyses were made using the COULTER instrument,
by flow cytometry, and other biochemical examina-
tions were performed spectrophotometrically on an
Ilab-600 device.

Regarding the demographic–clinical parameters,
gender, age, duration of dialysis in months, active
smokers, and residual renal function (diuresis above
250 mL) were verified and registered. Any significant
comorbid stages, that is, CVD, diabetes mellitus, and
peripheral vascular diseases, were noted for all the
patients.

Anthropometric measurements included waist girth
(cm) and body mass index (BMI) using the quotient of

body weight (kg) and the square of body height (m2).
Values of BMI below 18 kg/m2 and low concentrations
of total protein, albumin, and cholesterol defined
undernourished patients (malnutrition), whereas patients
with BMI above 25 kg/m2 were considered obese.
Metabolic syndrome was determined based on at least
three criteria proposed by the National Cholesterol
Education Program.6 Lethal outcomes were registered,
with the determined duration of survival as a parame-
ter of mortality rate assessment.

Statistical analysis
The Instat program (GraphPad Software Inc., San
Diego, CA, USA) was used for statistical analysis.
Hypotheses were tested by analysis of variance
(ANOVA) and the c2 test. Analyses of survival and the
Cox regression model were used to correlate survival
with metabolic syndrome and malnutrition. Statistical
hypotheses were tested at the probability of signifi-
cance, p < 0.05.

RESULTS

The BMI of the 407 patients was 20.6 ± 3.4 kg/m2 and
the waist girth was 95 ± 13.2 cm. There were 81 (19.9%)
patients who smoked cigarettes, and 144 (35.4%) had
preserved diuresis. CVD was verified in 185 (45.5%)
patients; 91 (22.3%) patients had diabetes mellitus
and 72 (17.7%) had peripheral vascular disease. The
group of patients treated in the HD program num-
bered 232 aged 59 ± 12.1 years, among whom were
150 (64.6%) males and 82 (35.4%) females. They had
been on dialysis for 46 ± 54.4 months. Their BMI was
20.1 kg/m2 and waist girth 90 ± 12.2 cm. In this group
of subjects, there were 55 (23.7%) who smoked ciga-
rettes, 74 (32%) with diuresis, 94 (40.5%) patients
had some manifestations of CVD, 21 (9%) had diabetes
mellitus, and 28 (12.06%) had peripheral vascular
disease. In the group treated by PD, there were 175
patients, 92 (52.6%) males and 83 (47.4%) females, of
average age 71 ± 12.0 years; dialysis duration was 11 ±
17.5 months, BMI 21.2 ± 3.3 kg/m2, and waist girth
102 ± 9.8 cm. There were 26 (14.8%) smokers,
whereas 70 (40%) individuals had preserved residual
diuresis, CVD was verified in 91 (52%) patients; 70 (40%)
had diabetes mellitus, and 44 (25%) had peripheral
vascular disease. During our study, 53% of patients
died. Among the HD-treated group, 37% died during
the 4-year period, but among the PD group 65% died
in the same period (Table 1).

The frequency of a lethal outcome was significantly
higher in the group of PD-treated patients. Statistically
significant differences in relation to metabolic changes
were noted between the group of HD patients and the
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group of patients who chose PD treatment for kidney
insufficiency, p < 0.001 (Table 2). Thus, patients with
metabolic syndrome were dominant among the HD
patients (51%), whereas 16% were undernourished. In
the PD group, there were an almost equal number of
patients with metabolic syndrome (38%) and malnu-
trition (37%).

The median survival of HD patients was 108
months, 95% confidence interval (CI) 65–151, whereas
that for PD patients was 12 months, 95% CI 8.7–15.3.
Survival was significantly longer among the HD patients,
p < 0.001 (Figure 1).

Using the Cox regression model, it was determined
that metabolic syndrome was a significant predictor of
lethal outcome, that is, it was linked to shorter survival
among chronic HD-treated patients (b = 0.560; p =
0.045). The presence of CVD approached statistical
significance (b = 0.425; p = 0.072) in the sense of
shorter survival. BMI (b = 0.088; p = 0.002) and waist
girth (b = 0.023; p = 0.031) were significant predictors
of lethal outcome among PD-treated patients, higher
values being linked to shorter survival. Malnutrition
(b = 0.454; p = 0.066) and inorganic phosphorus (b =
−0.318; p = 0.095) were close to statistical significance
in relation to shorter survival of PD patients (Table 3).

Among the PD patients, 40% of those who had pre-
served diuresis died, whereas 56% of those without

TABLE 1. Demographic, anthropometric and clinical characteristics of the examined patients.

Parameters
Total number of examined 

patients (n = 407)
Patients treated by HD

(n = 232)
Patients treated by PD 

(n = 175)

Age (years) (mean ± SD) 65 ± 12.5 59 ± 12.08 71 ± 11.98

Gender (m/f) 242/165 150/82 92/82

BMI (kg/m2) (mean ± SD) 20.6 ± 3.4 20.1 ± 3.45 21.2 ± 3.3

Waist girth (cm) (mean ± SD) 95 ± 13.2 90 ± 12.2 102 ± 9.8

Duration of dialysis (months) (mean ± SD) 24 ± 47.3 46 ± 54.4 11 ± 17.5

Smoking (yes/no) 81/326 55/177 26/149

Residual renal function (yes/no) 144/263 74/158 70/105

Co-morbid factors (yes/no)

CVD (yes/no) 185/222 94/138 91/84

Diabetes mellitus (yes/no) 91/316 21/211 70/105

Peripheral vascular diseases (yes/no) 72/335 28/204 44/131

Lethal outcome (%) 53 37 65

TABLE 2. Mortality of examined patients in relation to metabolic changes.

Patient group
Patients without 

metabolic abnormalities
Patients with parameters of 

metabolic syndrome
Patients with parameters 

of malnutrition
Completed 

study
Lethal 

outcome
p-Value

HD (n) 76 118 37 122 86 <0.001*

PD (n) 44 65 66 51 124 <0.001*

Note: *Statistically significant difference.

FIGURE 1. Kaplan–Meier curve of survival in patients treated
by HD and PD. Median of survival of HD patients was 108
months, confidence interval (95% CI 65–151). Median of sur-
vival of PD patients was 12 months, confidence interval (95%
CI 8.7–15.3); p < 0.001.
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residual function died. The difference was statistically
significant (p = 0.045; Figure 2). On the contrary,
there was no difference in mortality between HD
patients with preserved diuresis and anuric HD
patients (p = 0.79; Figure 3).

DISCUSSION

In the last three decades, the number of patients suf-
fering from terminal kidney insufficiency has increased
worldwide, and dialysis therapy remains the dominant
form of treatment. Up to now there has been no con-
sensus about the form of dialysis treatment that would
offer patients the best chance of long-term survival.2

The number of old persons, diabetics, and women is
increasing as a subpopulation with the problem of cre-
ating a vascular approach. This imposes PD because of

lack of transplantation as a priority model of depura-
tion.7 In France, 4 out of 10 patients who commence
dialysis are older than 75 years, and every fifth dialysis
starts as PD.8 Such findings are diametrically opposite
to data from the Canada–USA (CANUSA) study,
which found that the average age of PD patients in the
United States and Canada is 44.4 ± 13.1 years.9 The
average age of our PD patients was 71 ± 12.0 years,
whereas that of the HD patients was 59 ± 12.1 years.
Diabetes mellitus, as an etiological category of termi-
nal kidney insufficiency, was present in 40% of the PD
patients and 32% of the HD patients. In addition, the
percentage of female PD patients was higher (46%)
than for HD patients (35% female). In our study,
these parameters were of less importance for the deci-
sion about which dialysis procedure to be used than
the parameters concerning mortality risks factors, par-
ticularly regarding PD patients.

The mortality of dialysis patients can be extremely
high.10 In the United States, about one-third of such
patients die during the first 5 years of treatment, which
is a higher mortality rate than that for many malignant
diseases.2 In our 4-year study, slightly more than half
of the patients died, but the mortality rate of HD
patients was 37%, whereas among the PD patients
two-thirds had a lethal outcome. Among our PD
patients, the frequency of diabetes mellitus (40%) was
greater than the incidence of diabetics in the European
dialysis population older than 60 years,8,11 which ranged
from 18 to 36%. Moreover, the frequency of CVD in
this group (52%) was also markedly higher than the
incidence of CVD in the European dialysis population
(25–37%), which is another contributing factor to the
high mortality of PD patients in our study.

Duration of dialysis is one mortality risk factor for
dialysis patients.11,12 In relation to the duration of
dialysis, the cumulative survival was significantly
higher among HD patients than the PD patients in our
study. Thus, average dialysis duration for our HD
patients was 46 ± 54.4 months, whereas among PD

TABLE 3. Cox regression analysis of the expected parameters
of survival in the examined patients.

Variable

Patients treated 
by HD

Patients treated 
by PD

Beta p-Value Beta p-Value

Metabolic syndrome 0.560 0.045* −0.055 0.83

Malnutrition 0.173 0.63 0.454 0.066

BMI (kg/m2) 0.022 0.49 0.088 0.002*

Waist girth (cm) 0.010 0.26 0.023 0.031*

Hemoglobin g/L −0.008 0.30 0.000 0.92

Phosphate (mmol/L) −0.191 0.41 −0.318 0.095

Albumins (g/L) 0.037 0.31 −0.005 0.82

Cholesterol (mmol/L) 0.023 0.84 0.010 0.92

CVD 0.425 0.072 −0.138 0.46

Diabetes mellitus −0.352 0.45 0.050 0.79

Smoking 0.330 0.21 0.338 0.17

Note: *Statistically significant difference.

FIGURE 2. Residual renal function as factor of survival in
patients on the PD program.
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FIGURE 3. Residual renal function as factor of survival in
patients on the HD program.
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patients it was 11 ± 17.5 months. These findings are
not in accordance with those of other authors, which
can be explained by the larger number of mortality risk
factors among the group of PD-treated patients. Many
studies have concluded that, compared to that for PD
patients, the relative mortality risk for HD patients
decreases with time in favor of the HD patients, which
conditions the survival analysis of such patients with
the duration of the observation study. Therefore, the
results for chronic dialysis patients differ from those
for new patients. Also, various studies have shown sig-
nificant differences of survival between PD and HD
patients, when diverse subpopulations, defined according
to age or existence of diabetes mellitus, are compared,
and patients may also change their way of dialysis
treatment from one to another method.13–15 Another
source of confusion could be the issue of methodologi-
cal processing of data.16 Thus, differently formulated
assumption strategies of survival of these patients may
have contributed significantly to differences in the
conclusions in those studies. We are aware of certain
limitations of our investigation. First of all, it did not
take into consideration all known risk factors that
might have had an impact on mortality of our patients,
such as differences in the type of HD and PD treat-
ment, adequacy of dialysis, the unit dose of dialysis,
the way of regulating of anemic status and metabolism
of calcium and phosphorus, and expected complica-
tions that are common for such treatment. In addition,
data about variability of body weight and changes in
laboratory parameters during the period of study are
missing. An important issue is also the question of
whether HD was commenced through a catheter or
not, because that increases the risk of septicemia expo-
nentially and significantly influences the mortality of
dialysis patients. All these factors of limitation made it
harder to homogenize our group of patients into inves-
tigative subcategories.

Although the relation of modalities of dialysis pro-
cedure and the outcome of the treatment with the level
of nutrition was not of interest in cohort studies, a pos-
itive association of mortality rate and BMI of 26 kg/m2

or more was observed in some investigations.17–19

Williams et al.20 found no proof that PD patients are
more obese than those on HD, and – what is more
important – that obesity of dialysis patients is not cor-
related with increased risk of getting CVD for the gen-
eral population. On the contrary, low BMI and other
parameters of underfeeding were strong independent
indicators of mortality for dialysis patients. However,
other studies21 indicate that obese PD patients have
significantly poorer survival. It is interesting that obe-
sity is associated with increased mortality rate – when
we take obesity as a variable in multivariate analysis –
in relation to normally fed or underfed patients. This

indicates that the diverse findings could be explained
by differences in the applied statistical models, which
implies that the relation between BMI and mortality
rate in the general and dialysis populations could be
linear. The contradiction indicating that increased
BMI in PD patients is a significant mortality factor in
contrast to HD patients, for whom it is claimed to be a
predictive parameter of survival, could be due to less
efficient diffusion and osmosis in obese PD patients.
Our results showed a significant difference between
the group of patients treated by PD and those on the
chronic HD program, in relation to the presence of
metabolic syndrome or undernourishment. Metabolic
syndrome was a significantly more frequent metabolic
disorder among persons on HD treatment than mal-
nutrition. When we analyzed the survival of patients
on the PD and HD programs by Cox regression model
in relation to the known risk factors, we found that
metabolic syndrome of HD patients was a significant
mortality risk factor, whereas among PD patients waist
girth and BMI were predictive parameters of mortal-
ity. Undernourishment approached statistical signifi-
cance among these patients which suggests a possible
influence on mortality of patients treated by PD,
which is identical with findings of the mentioned study.

Several recent reports9,22–24 verified that residual
renal function is a strong predictor of survival of PD
patients, that is, that residual diuresis of 0.5–1 mL/min
decreases mortality of these patients by 12%, or that
every 250 mL of urine from PD patients increases sur-
vival by an additional 36%. It is important to point out
that all those studies concluded that residual diuresis is
an important benefit for dialysis patients, particularly
for patients treated by PD, because the relative mortality
risk – as a result of preserved diuresis – decreases on
commencement of dialysis. There are many hypothe-
ses about the connection between dialysis modalities
and mortality incidence of obese patients with end-
stage renal disease. The reason for increased mortality
of patients treated by PD most probably could be
found in nonadequate dialysis, particularly because of
phased loss of residual renal function.17 Residual renal
function was a significant factor of survival of our PD
patients, which confirms most studies that verified a
positive correlation between residual diuresis and sur-
vival of PD patients.

There are also a few studies about the impact of
residual diuresis on the survival of HD patients that
reported a lower mortality risk among patients with
preserved residual diuresis.11,25 Our results, however,
did not indicate any significant impact of residual renal
function on the survival of patients treated by HD.

In conclusion, more than half of our tested patients
died during the 4-year period of the study. The
cumulative survival rate was longer for HD patients.
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Metabolic syndrome was a predictive parameter of
mortality, and malnutrition was a significant metabolic
disorder among the HD patients. The predictors of
mortality outcome among the PD patients were waist
girth and BMI. Residual renal function was an impor-
tant factor in reducing mortality in patients on PD.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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