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Abstract
Background: Body weight has been increasing in the general population and is an established risk factor for hypertension,
diabetes, and all-cause and cardiovascular mortality. Patients undergoing peritoneal dialysis (PD) gain weight, mainly during
the first months of treatment. The aim of this study was to assess the relationship between body composition and metabolic
and inflammatory status in patients undergoing PD.

Methods: This was a prospective, non-interventional study of prevalent patients receiving PD. Body composition was
studied every 3 months using bioelectrical impedance (BCM®). We performed linear regression for each patient, including all
BCM® measurements, to calculate annual changes in body composition. Thirty-one patients in our PD unit met the inclusion
criteria.

Results: Median follow-upwas 26 (range 17–27)months.Mean increase inweightwas 1.8 ± 2.8 kg/year. However, BCM® analysis
revealed a mean increase in fat mass of 3.0 ± 3.2 kg/year with a loss of lean mass of 2.3 ± 4.1 kg/year during follow-up. The
increase in fat mass was associated with the conicity index, suggesting that increases in fat mass are based mainly on
abdominal adipose tissue. Changes in fat mass were directly associated with inflammation parameters such as C-reactive
protein (r = 0.382, P = 0.045) and inversely associated with high-density lipoprotein cholesterol (r=−0.50, P = 0.008).

Conclusions: Follow-up of weight and bodymass index can underestimate the fat mass increase andmiss leanmass loss. The
increase in fat mass is associated with proinflammatory state and alteration in lipid profile.
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Introduction
Body weight has been increasing in the general population, and
obesity is now a major health problem. A recent multicentre
study of the general population in Spain revealed a prevalence

of obesity [body mass index (BMI) >30 kg/m2] of over 20% [1].
Moreover, obesity is an established risk factor for hypertension,
metabolic syndrome, diabetes mellitus, cardiovascular disease,
and all-cause and cardiovascular mortality [2, 3].
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Patients undergoing peritoneal dialysis (PD) gain weight dur-
ing at least the first months of treatment, mainly due to an in-
crease in intra-abdominal fat [4]. However, survival studies in
PD patients are controversial [5]. Some authors have tried to esti-
mate lean mass based on creatinine kinetics [6], although the re-
sults are subject to limitations. Bioelectrical impedance analysis
is a convenient and inexpensive technique that can estimate
body composition and overhydration. It has been validated
using the gold standard approach for each parameter in healthy
patients and in those undergoing PD [7–10].

The availability of bioelectrical impedance spectroscopy (BIS)
enables us to monitor fat and lean mass [8–10]. Most published
studies on BIS in patients receiving PD analyse volume status
[11, 12]. Little is known about changes in body composition in pa-
tients undergoing PD or the variables determining outcome.

The aim of this study was to assess the relationship between
body composition, metabolic and inflammatory status, and pro-
gress over time in PD patients.

Materials and methods
We performed a prospective, non-interventional study of preva-
lent PD patients. We prospectively studied changes in body
composition and the variables involved.

Patients with major amputations or pacemakers were ex-
cluded. Patients were required to complete three BIS measure-
ments and 9 months of follow-up for inclusion. Informed
consent was required prior to inclusion in the study. From June
2009 to February 2012, 31 of the patients treated with PD at our
dialysis unit met the inclusion criteria. Mean age was 57.4 ± 18
years, and 54.8% were female. Mean time on PD was 11.4 ± 7
months. Median follow-up was 26 (range 17–27) months. A total
of 29% of patients were on automated PD and 19.5% were using
icodextrin-based solutions.

Body composition and laboratory parameters

We measured anthropometric parameters (height, weight and
waist circumference) and calculated BMI. The conicity index
was calculated using the equation defined by Valdez et al. [13]:

Conicity index ¼ Waist circumference ðmÞ

0:109 ×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Weight ðkgÞ
Height ðmÞ

s

We used the Body CompositionMonitor (BCM®; Fresenius Medic-
al Care, Bad Homburg, Germany) to calculate the body compos-
ition. Several bioimpedance-based methods are available.
Single-frequency bioimpedance is based on empirical equations
of the resistance or impedance at 50 Hz. Bioimpedance spectros-
copy by contrast offers the possibility to determine intra- and
extracellular water (ECW) independently [14]. This is important
to calculate the body composition irrespectively of the fluid
overload. Moreover, there are different formulas to calculate
ECW, intracellular water and body composition, which are non-
equivalent [14–18]. Fat mass in the BCM® model has been
validated against dual energy X-ray absorptiometry (DEXA) and
air displacement plethysmography [8, 19, 20]. Validation models
against DEXA show a mean difference of −1.1 kg [19, 20]. How-
ever, since our study analyses annual changes, this difference
should not constitute a major bias.

The BCM® calculates fat and lean mass, including total
amount (kg), percentage of fat and lean tissue with respect to

body weight, and the fat (FTI) and lean tissue indices (adjusted
for body surface, kg/m2). BCM® and other anthropometric mea-
surements were performed after 10 min in decubitus with the
peritoneal cavity empty.

Body composition was measured every 3 months, or more
often if clinically necessary. A mean of 10.4 ± 3.3 BCM® measure-
ments per patient were taken (interquartile range 9.5–12). We did
a simple linear regression for each patient with every BCM® par-
ameter to calculate its evolution over time. The b-value in a linear
regression is the slope of the line that best summarizes the pat-
tern of the data. Using the b-value we analysed the evolution
over time of the previously described body composition para-
meters (fatmass, fat percentage, fat tissue index, hydration, etc.).

Hydration status (OH)was normalized to ECW (OH/ECW× 100)
using a range of −7%, 7% to define normohydration. OH/ECW
>15% is related to mortality, so we used this cut-off to define
severe fluid overload as described elsewhere [11, 21, 22].

We studied glucose and lipid metabolism and inflammation
parameters. All blood samples were taken at the same visit as
the anthropometric and body composition measurements. The
homeostatic model assessment (HOMA index) was also calcu-
lated [23]. Baseline and final values were recorded. Changes in la-
boratory parameters were expressed as the difference between
final and initial values and adjusted according to the time of
the study in years.

The Charlson comorbidity index and all details of the pre-
scription of PD were also analysed. Peritoneal glucose absorption
was calculated based on the D/Do formula. The D/Do formula
we used was peritoneal absorbed glucose = (1−D/Do)·x, where ‘x’
is the total amount of glucose infused throughout the day. The
D/Do is defined by membrane transport characteristics on a stan-
dardized peritoneal equilibration test [24]; we used the mean
value based on peritoneal transport characteristics (0.19, 0.32,
0.44 and 0.55 for high, high-average, low-average and low transpor-
ters, respectively) [25].

Statistical analysis

Variableswere expressed asmean± SDorpercentage, as appropri-
ate. The Kolmogorov–Smirnov test showed all variables to be nor-
mally distributed, except C-reactive protein (CRP) and the HOMA
index, which were normalized using logarithms. A P-value >0.2
was required to assume a normal distribution.

Datawere analysed using the chi-square test, t-test (including
one-sample t-test and paired-samples t-test), Pearson correlation
and linear regression. Non-parametric analyses were used to
compare subgroups with fewer than 30 patients. P-values <0.05
were considered statistically significant. The statistical analysis
was performed using SPSS V.17 for Windows (SPSS®, Chicago,
IL, USA).

Results
Baseline data

Baseline patient characteristics are shown in Table 1.
The percentage of fat was significantly higher in women than

in men (27.8 ± 8.5% versus 18.7 ± 9.6%, P = 0.011). A direct correl-
ationwas foundbetween theFTI, age (r = 0.541, P = 0.002, Figure 1A),
vintage (r = 0.496, P = 0.005), waist circumference (r = 0.654,
P < 0.001) and conicity index (r = 0.653, P < 0.001, Figure 1B).

Intraperitoneal absorbed glucose was inversely associated
with renal creatinine clearance (r = −0.477, P = 0.007) and renal
weekly Kt/V (r = −0.489, P = 0.007) (Figure 2). Intraperitoneal
glucose absorption was higher in patients using high glucose
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solutions (65.7 ± 43.7 mg/day versus 126.5 ± 66.5 mg/day, P =
0.008). We found no differences in glucose absorption in diabetic
patients or patients using icodextrin-based solutions and no dif-
ferences based on dialysate/plasma creatinine groups or vintage.

Prospective analysis

Based on the annual change rates of the different body compos-
ition parameters, body weight increased during PD (mean 1.8 ±
2.8 kg/year), although the mean increase in total fat mass was
3.0 ± 3.2 kg/year and lean mass decreased significantly during
this time (−2.3 ± 4.1 kg/year). The mean increase in FTI was 1.5 ±
1.6 kg/m2/year (Table 2). Moreover, significant differences were
detected in most body composition parameters when only the
initial and final values were compared, except in hydration
status.

Table 3 shows the changes in inflammatory parameters and
lipid and glucose metabolism.

Outcomes for fat mass differed depending on the time on PD
before starting the study; during the first 18 months, FTI in-
creased by 2.4 ± 0.6 kg/m2/year, compared with 0.6 ± 1.0 kg/m2/
year during the following years. An inverse correlation was
found between fat mass at the first BIS measurement and the
rate of fat tissue changes (r = −0.398, P = 0.032, Figure 3A).
Changes in FTI were associated with changes in CRP (r = 0.382,
P = 0.045, Figure 3B) and in high-density lipoprotein (HDL) choles-
terol (r =−0.50, P = 0.008, Figure 3C). In multiple linear regression,
changes in CRP (P = 0.038) and HDL cholesterol (P = 0.033) were in-
dependently associated with changes in FTI in a model adjusted
for sex and baseline fat percentage (Table 4).

No association was detected between the rate of fat mass
changes and sex, age, comorbidity (including diabetes) or absorp-
tion of intraperitoneal glucose.

Discussion
Our study shows that patients undergoing PD have increased fat
mass and that this change is associated with a proinflamatory
state and modifications in insulin resistance and lipid profile.
Some studies have shown that patients undergoing PD gain fat
mass after initiation of PD [4, 26–29]. Our study shows the pro-
gress of body composition based on BCM® measurements in
prevalent patients over 2.5 years of follow-up and reveals in-
creased fatmass with time on PD; however, this increase is faster
during the first 18 months. We recorded a mean increase in
weight less than 2 kg/year and an increase in fat mass of 3 kg/
year. These findings emphasize the importance of body compos-
ition analysis. Although weight and BMI are easy to determine,
they can be difficult to interpret. Follow-up of weight and BMI
can underestimate the increase in fat mass and miss detection
of lean mass loss, which in our patients was higher than 2 kg/
year. These findingswere also supported by the decrease in intra-
cellular water, as a consequence of a lesser content of water in fat
tissue and a decrease in lean mass.

The causes of increased fat mass in patients undergoing PD
have not been completely clarified, although intraperitoneal glu-
cose absorption does seem to play a role [30–32]. PD solutions in-
volve glucose overload and can provide up to 500 kcal/day.
Moreover, the use of glucose-free solutions, such as icodextrin
or amino acid-based dialysis solutions, can result in different

Table 1. Baseline characteristics

BMI (kg/m2) 25.1 ± 3.9
Age (years) 57.4 ± 18
Male (%) 45.2%
Automated PD 29%
Icodextrin solutions 19.5%
Peritoneal absorbed glucose (g/day) 57 (44–101)
Waist circumference (cm) 97.07 ± 11.8
Conicity index 1.33 ± 0.1
Charlson comorbidity index [median (IQR)] 2 (2–4)
Cholesterol [mmol/L (mg/dL)] 5.06 ± 1.01 (195.7 ± 39.0)
Triglycerides [mmol/L (mg/dL)] 1.44 ± 0.66 (127.2 ± 58.9)
C-reactive protein (mg/dL) [median (IQR)] 0.32 (0.19–0.87)
Albumin (g/L) 38.7 ± 3.4
HOMA index [median (IQR)] 2.4 (1.2–4.09)
Urine output (mL/day) [median (IQR)] 1200 (700–2000)
Renal weekly Kt/V 1.07 ± 0.77
Total weekly Kt/V 2.47 ± 0.51
Fat tissue index (kg/m2) 8.4 ± 4.0
Lean tissue index (kg/m2) 16.3 ± 3.5
Overhydration (L) 1.01 ± 2.1
Extracellular water (L) 17.01 ± 4.2
Intracellular water (L) 20.7 ± 5.8
Total body water (L) 37.7 ± 9.8
Overhydration/extracellular water (%) 4.9 ± 10.7
Underhydration/normohydration/
overhydration/severe overhydration (%)

9.7/41.9/
38.7/9.7

Fig. 1. Baseline FTI correlations. FTI and age (A) and conicity index (B).
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metabolic profiles from those observed when glucose-based so-
lutions are used [33] and have been shown to reduce the increase
in fat mass when compared with hypertonic glucose solutions
[26]. However, some studies found an association between in-
creased fat mass and total energy (intake plus absorbed glucose),
but not with absorbed glucose [27, 34]. Mechanisms other than
energy overload generated by glucose may be involved [32, 35].

We found no correlation between intraperitoneal glucose ab-
sorption and increase in fat mass. Unlike other authors [26], we

found no association between the use of icodextrin dialysis solu-
tions and the outcome of fat mass in our PD patients. We believe
this can be explained by the fact thatwe areparticularly careful to
avoid glucose overload and try tominimize the use of hypertonic
solutions. In cases of ultrafiltration failure, especially in anuric
patients, we usually switch patients to haemodialysis quickly.
Fewer than 20% of the patients studiedwere using hypertonic so-
lutions, andmost were also receiving icodextrin. This is probably
the reason why we did not record a difference in outcome
between patients receiving glucose-based solutions and those
receiving glucose-free solutions.

Patients with a lower baseline FTI showed faster increases in
fat mass. Similar findings were described in two recent studies
[27, 34]. The increase in fat mass is also faster during the first
18 months on PD. We have no explanation for this difference,
although these findings could suggest a metabolic adaptation
to increased energy overload. Patients with previously higher
energy inputs due to peritoneal glucose absorption in PD or a
higher energy intake could be less susceptible to an increase in
fat mass. However, new studies are needed to confirm this
hypothesis.

Despite contradictory results in survival studies, the influ-
ence of fat tissue in inflammation and cardiovascular events is
well known, as is the effect of fat mass distribution on outcomes.
Visceral adipose tissue has an important metabolic activity (un-
like systemic fat) and is considered an independent cardiovascu-
lar risk factor [36–38]. The metabolic activity of visceral fat tissue
and its production of proinflammatory factors have been investi-
gated. Some studies show increases in CRP values associated
with fat tissue in patients with chronic kidney disease (CKD)

Table 2. Evolution of body composition parameters

Parameter Baseline BIS Final BIS P Annual rate of change P

Weight (kg) 67.6 ± 14.6 70.6 ± 14.1 0.002 1.8 ± 2.8 0.002
BMI (kg/m2) 25.1 ± 3.9 26.4 ± 3.8 0.001 0.7 ± 1.1 0.001
Fat mass (kg) 16.0 ± 7.4 20.8 ± 7.7 <0.001 3.0 ± 3.2 <0.001
Fat tissue index (kg/m2) 8.4 ± 4.0 10.8 ± 4.1 <0.001 1.5 ± 1.6 <0.001
Fat percentage (%) 23.9 ± 9.9 29.7 ± 10.3 <0.001 3.6 ± 4.1 <0.001
Lean tissue mass (kg) 44.4 ± 14.1 40.4 ± 13.9 0.004 −2.3 ± 4.1 0.005
Lean tissue index (kg/m2) 16.3 ± 3.5 14.9 ± 3.7 0.005 −0.8 ± 1.5 0.006
Lean tissue percentage (%) 65.1 ± 12.8 56.6 ± 14.0 <0.001 −4.9 ± 5.5 <0.001
Overhydration (kg) 1.01 ± 2.1 1.47 ± 1.6 N.S. 0.06 ± 1.4 N.S.
Extracellular water (L) 17.01 ± 4.2 17.2 ± 4.3 N.S. −0.02 ± 1.1 N.S.
Intracellular water (L) 20.7 ± 5.8 19.7 ± 5.8 0.032 −0.6 ± 1.5 0.044
Total body water (L) 37.7 ± 9.8 37.02 ± 9.7 N.S. −0.6 ± 1.9 N.S.
Overhydration/extracellular water (%) 4.9 ± 10.7 7.7 ± 7.5 N.S. 1.4 ± 8.6 N.S.

‘Annual rate of change’ describes the mean ± SD of all the patients’ linear regression slopes corresponding to the different parameters. N.S., not significant.

Fig. 2. Inverse correlation between residual Kt/V and intraperitoneal glucose

absorption.

Table 3. Changes in inflammation and metabolic parameters

Delta per year

CRP (mg/dL) 0.05 (−0.21, 0.28)
ESR (mm/h) 5.9 (−10.78, 18.26)
Glucose (mmol/L/year); (mg/dL/year) 0.36 (−0.52, 2.51); 6.5 (−9.38, 45.16)
Hb1AC (%) 0.0 (−0.28, 0.26)
Triglycerides (mmol/L/year); (mg/dL/year) 0.04 (−0.31, 0.38); 3.6 (−27.27, 33.3)
Total cholesterol (mmol/L/year); (mg/dL/year) −0.68 (−1.44, 0.27); −26.4 (−55.5, 10.5)
HDL cholesterol (mmol/L/year); (mg/dL/year) −0.11 (−0.31, −0.03); −4.36 (−12.0, −1.09)
LDL cholesterol (mmol/L/year); (mg/dL/year) −0.62 (−1.27, 0.10); −24.0 (−49.2, 4.0)

Difference between baseline and final value adjusted per year. Values are expressed as median (IQR). LDL, low-density lipoprotein.
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[39] and in those undergoing haemodialysis [40, 41]. In patients
with CKD, production of proinflammatory molecules in abdom-
inal subcutaneous fat adjusted for BMI is even higher than in pa-
tients who do not have CKD [42].

The conicity index estimates fat accumulation in the abdo-
men as the deviation of body shape from a cylindrical towards
a double-cone shape [13]. The linear relationship between in-
creased fat mass and changes in conicity index in our patients
suggests that gains in fat mass are based mainly on abdominal
adipose tissue. Moreover, a direct correlation was found between

changes in FTI and in CRP. These results suggest that the in-
creased fat mass observed in PD patients is associated with a
chronic proinflammatory state. Both CRP and conicity index are
risk factors for mortality in dialysis patients [43, 44].

We found a decrease in intracellular water, which is probably
due to the decrease in lean mass (r = 0.884, P < 0.001). A total of
38.7 and 9.7% of patients, respectively, were fluid overloaded
and severely fluid overloaded, with no statistically significant dif-
ferences during follow-up.

One of themost important limitations of our study is its small
sample size. Most of the patients were on the kidney transplant
waiting list.We tried to avoid hypertonic solutions and to encour-
age anuric patients with ultrafiltration failure to accept starting
haemodialysis. Therefore, our transfer rates to kidney transplant
or to haemodialysis are high, resulting in a short mean time on
PD and reduced use of hypertonic solutions. Further studies
with larger samples and a longer time under PD are necessary
to confirm our results.

New PD solutions are available, although glucose is still the
most widely used osmotic agent, and most PD solutions are glu-
cose-based solutions [45]. Icodextrin dialysis solutions have been
shown to reduce increases in fatmass [26], although only one ex-
change a day can be used. Amino acid-based peritoneal solutions
could improve the amino acid profile and protein malnutrition
in continuous ambulatory PD patients with low protein intakes
[46, 47]. As these solutions induce metabolic acidosis and the
metabolic advantages in standard PD patients are not well estab-
lished when compared with standard solutions, amino acid-
based solutions are not widely used [47–50].

In conclusion, changes in body composition in patients
undergoing PD can stimulate a proinflammatory state, alteration
in lipid profile and increase in insulin resistance, all of which are
important cardiovascular risk factors. Reduced glucose exposure
is probably one of themost important targetswhen attempting to
prevent increased fat mass and its consequences.

Conflict of interest statement
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