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 ABSTRACT 

Background: Studies into peritoneal transport and 
ultrafiltration in incident diabetic patients are scarce 
and contradictory. While some authors have found 
higher small solute transport and lower drained volume 
in diabetics, others have reported no differences. 

Our aim was to investigate differences in perito-
neal membrane transport function, inflammation and 
mesothelial cell mass in diabetics and non-diabetics 
starting peritoneal dialysis. 

Methods: Eighty one consecutive incident patients 
were studied using a 3.86% peritoneal equilibration 
test within the second and the fifth months of peri-
toneal dialysis treatment. The following parameters 
were measured and compared between diabetic 
(n=22) and non-diabetic (n=59) patients: small sol-
ute transport (dialysate to plasma ratio creatinine, 
mass transfer area coefficient creatinine), glucose 
absorption (ratio of dialysate glucose at 4 hours’ 
dwell time to dialysis glucose at 0 dwell time), peri-
toneal ultrafiltration (drained volume), selective 
water transport (corrected sodium sieving), mesothe-
lial cell mass (effluent cancer antigen 125), systemic 
(C-reactive protein, albumin and interleukin-6) and 
intraperitoneal (interleukin-6) surrogates of inflam-
mation and vascular endothelial growth factor.

Results: Mean D/Pcr was 0.77±0.10; 54% of patients 
were fast/fast-average transporters; mean peritoneal 
ultrafiltration was 2767±228 ml/day. Diabetics had a 

mean HbA1c of 8%. Excluding the Davies comorbidity 
score, which was higher for diabetics, no other sig-
nificant difference in demographic features was found. 
Inflammation markers were similar between groups 
(C reactive protein: 1.34±1.91 in diabetics versus 
1.10±1.80 mg/dl; p=0.63; median serum IL6: 12 in 
diabetics versus 10 pg/ml; p=0.93). Small solute and 
free water transport, drained volume and mesothelial 
mass were similar in both groups. 

Conclusion: In our study, diabetic incident patients 
did not differ significantly from non-diabetics in the 
function and structure of the peritoneal membrane.

Key-Words: 
CA 125; diabetes mellitus; inflammation; peritoneal 
transport; vascular endothelial growth factor (VEGF). 

 INTRODUCTION 

Nephrologists are well aware of the devastating 
consequences of chronic hyperglycaemia. Diabetes 
mellitus (DM), a major cause of end stage renal disease 
(ESRD), is characterised by microvascular changes 
including endothelial dysfunction1, increased vascular 
permeability and vascular proliferation2. Several animal 
and human studies have shown that peritoneal mem-
brane changes with time on peritoneal dialysis (PD) 
treatment3, with progressive loss of ultrafiltration and 
rise in small solutes transport4. These modifications 
seem to have similar pathophysiological features to 
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DM5, namely, thickening of the sub-mesothelial space, 
neoangiogenesis and thickening of the vascular wall 
by type IV collagen6. As a consequence, it is tempting 
to hypothesise that the prior vascular alteration seen 
in diabetic patients will have an impact on peritoneal 
membrane structure and function. In addition, while 
DM is seen as a determinant of peritoneal fast trans-
port status in PD patients7, investigation into perito-
neal transport characteristics in diabetics has yielded 
no uniform results. While some authors describe 
higher solute transport in diabetic8-10 than non-diabet-
ic patients, others have found no difference11,12. Also, 
while ultrafiltration was similar in diabetics in some 
reports13, it was lower in others14. Free water transport 
has also been investigated in incident patients on PD 
by Krediet et al.15, with no differences observed in 
small solute transport rate and sodium sieving 
between diabetic and control groups. These conflicting 
results could be explained, at least in part, by different 
durations of time on PD, and therefore, different expo-
sure to intraperitoneal glucose. To avoid this possibility, 
we performed a study at the onset of dialysis, between 
the second and the fifth month following peritoneal 
dialysis initiation. 

In addition to serum albumin and C reactive protein 
(CRP), widely known systemic surrogates of inflam-
mation, we also studied the role of intraperitoneal 
pro-inflammatory cytokines (interleukin 6 – IL-6) and 
vascular endothelial growth factor (VEGF). It has been 
speculated that their increase may contribute to high 
peritoneal small solute transport rate in continuous 
ambulatory peritoneal dialysis patients16.

Several lines of evidence implicate VEGF as a 
mediator of microvascular hyperpermeability and 
glucose-induced tissue damage17-19. In this study we 
evaluated possible differences in plasma and 
dialysate IL-6 and VEGF levels in diabetic and non-
diabetic patients. Mesothelial cell mass, as measured 
by effluent cancer antigen 125 (CA 125), was also 
assessed.

 SUBJECTS AND METHODS 

We analysed data on 81 consecutive incident 
patients on PD. All were treated with commercially 
available glucose and lactate based solutions. None 
of them had ever had peritonitis.

Thirty (37%) patients were male, with mean age 
51.7±15.6 years. Twenty two (27%) had diabetes 
mellitus. Other end stage renal disease aetiologies 
are described in Table I.

 Procedures and calculations

The peritoneal equilibration test (PET) was per-
formed with 3.86% glucose solution between the 
second and the fifth month after start of treatment, 
in all patients. Creatinine and glucose were measured 
with standard automatic analyser techniques. Serum 
albumin was determined by nephelometry. Sodium 
(effluent and plasma) was measured with indirect ion 
selective electrodes. We measured the dialysate 
appearance rate (AR) of IL-6, CA 125 and VEGF (IL-6 
AR, CA125 AR and VEGF AR, respectively) at 4 hours. 
VEGF was measured in serum and effluent, with an 
enzyme-linked immunosorbent assay (Quantikine 
-human VEGF-: R&D System, Minneapolis, MN, U.S.A.). 
Serum and effluent IL-6 measurement was performed 
with an immunoenzymometric assay (IL-6 Easia: Bio-
source Europe SA, Nivelles, Belgium). Effluent CA 125 
was measured with an electrochemiluminescence 
method with an automated analyser (Elyesys 2010: 
Boehringer Mannheim, Indianapolis, IN, U.S.A.). 
Dialysate appearance rate was calculated as the 
amount in the effluent divided by the dwell time.

Peritoneal transport status was determined using 
mean values and the standard deviation of dialysate 
to plasma ratio creatinine (D/P Cr). The mass trans-
fer area coefficient (MTAC) of creatinine was achieved 
by the simplified Garred model20. As proposed by 
Krediet et al.21, we used a model for correction for 
diffusion of sodium sieving: the MTAC of creatinine 
was employed to predict the dialysate sodium con-
centration resulting from diffusion alone. This value 
was then subtracted from the measured sodium 
concentration in the dialysate. The latter was used 
to calculate the D/P sodium. The dip D/P sodium is 
the difference between the initial D/P sodium and 
the D/P sodium at 60 minutes.

Residual glomerular filtration rate (GFR) was cal-
culated by averaging the urea and the creatinine 
clearance by a 24-h urine collection.

Comorbid conditions were recorded at baseline and 
characterised by the Davies comorbidity score22. 
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Patients were stratified into two groups according 
to the mean D/P Cr in the studied population: fast 
and fast-average transporters (F/FA when the D/P Cr 
was equal or higher than the mean D/P Cr for the 
entire population) and slow and slow-average trans-
porters (S/SA when the D/P Cr was lower than the 
mean D/P Cr value).

 Statistical analysis

Statistical analysis was performed using the SPSS 
software. Categorical variables were expressed as 
percentage and continuous variables as means ± 
standard deviation (parametric variables) or median 
and percentiles (non-parametric variables). Differ-
ences between groups were analysed using Student 
t and Mann-Whitney tests as appropriate. Pearson 
(parametric variables) and Spearman (non-parametric 
variables) correlation coefficients were also performed. 
Significant difference was accepted at p<0.05.

RESULTS 

Demographic and clinical characteristics of dia-
betic and non-diabetic patients are shown in Table II. 
No significant difference was observed within groups, 
except for the Davies comorbidity score (Fig. 1). As 
expected, more diabetic patients had a higher score. 

Thirty eight patients (47%) were on PD due to 
vascular access problems, with no significant differ-
ence between the two groups (59% in diabetic 
versus 42%; p= 0.21) (Table II). The mean±SD values 
for the overall population were D/P Cr 0.77±0.10; 
MTAC for creatinine 11.1±5.8 ml/min per 1.73 m2; 
D/D0 for glucose (ratio of dialysate glucose at 4 
hours’ dwell time to dialysis glucose at 0 dwell time) 
0.28±0.02; peritoneal ultrafiltration 2767±228 ml; 
GFR 3.6±2.6 ml/min; serum albumin 3.8±0.48 g/dl 
and CRP 1.16±1.8 mg/dl. 

The diabetic group had a mean percentage of 
haemoglobin A1c of 8±1.6 % at the time of performing 
PET.

Comparing diabetic with non-diabetic patients, no 
difference was found in mean CRP, serum albumin 
and plasma interleukin-6 (p=NS for all), although CRP 
tended to be higher and albumin lower in diabetic 
patients (Table III). D/P Cr was similar in both groups 
(0.77±0.11 for diabetics versus 0.77±0.09; p=0.98) 
and the percentage of F/FA transporters was equiva-
lent between groups (55% in diabetics versus 54% 
in non-diabetics; p=1.0). Glucose absorption (1 - D/D0) 
was similar among groups (70% in diabetics versus 
73% in non-diabetics; p=0.12). Small solute trans-
port, peritoneal ultrafiltration (UF) and free water 

Table I

End stage renal disease aetiology in the study population

n %

DM 22 27

Unknown 13 16

Glomerulopathies 10 12

Chronic rejection 2 3

Chronic interstitial nephritis 4 5

ADPKD 2 3

Hereditary/Familiar NOS 5 6

Amyloidosis 1 1

MM 1 1

SLE 3 4

No data available 18 22

ADPKD – autosomal dominant polycystic kidney disease; NOS – no other specification; 
MM – multiple myeloma; SLE – systemic lupus erythematosus.

Figure 1

Davies comorbidity score

The majority of non-diabetic patients had classes 0 and 1 of Davies 

comorbidity score; conversely diabetics had higher score classes.
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transport were similar in diabetics and non-diabetics, 
as given in Table III. The maximum dip in D/P sodium 
tended to be deeper in non-diabetics, although not 
reaching statistical significance (Fig. 2).

Serum VEGF, dialysate IL-6 AP, VEGF AP and CA 
125 AP levels were not significantly different in dia-
betics and non-diabetics.

In the diabetic subgroup, no correlation was found 
between HbA1c value and D/P Cr (p=0.53), MTAC Cr 
(p=0.70), IL-6 AP (p=0.37), VEGF AP (p=0.22) and 
CA 125 AP (p=0.21).

Taking the overall population into consideration, 
no correlation was found between D/P Cr and CRP 

(p=0.54), serum albumin (p=0.6), serum IL-6 (p=0.99), 
IL-6 AP (p=0.86), VEGF AP (p=0.33) and Davies 
comorbidity score (p=0.68). A positive correlation 
was found between D/P Cr and CA 125 AP (p<0.01).

 DISCUSSION 

In this report we investigated potential disparities 
in peritoneal membrane transport function, inflam-
mation and mesothelial mass in diabetic and non-
diabetic patients starting peritoneal dialysis treat-
ment. Our study disclosed no differences in patients 
with or without DM in the first months of beginning 
PD. These results are in agreement with previous 

Table II

Characteristics of patients with and without diabetes

DM (22) Non DM (59) p

Male (n / %) 10 / 45% 20 / 34% 0.43

Age (yrs) 53 ± 16 51 ± 16 0.65

BMI (kg/m2) 25 ± 3 24 ± 4 0.84

Urine volume (ml/day) 1403 ± 978 1183 ± 863 0.35

Residual GFR (ml/min) 4.4 ± 3.1 3.3 ± 2.5 0.13

Previous time on renal replacement therapy (months; median, p5, p95) 6, 2, 39 5,2, 145 0.56

PD choice: vascular access problem (n / %) 13 / 59% 25 / 42% 0.21

Fast/fast-average transporters (n / %) 12 / 55% 32 / 54% 1.0

BMI – Body Mass Index

Table III

Inflammatory markers, fluid and solute transport and mesothelial mass

DM (22) Non DM (59) p

CRP (mg/dl) 1.34 ± 1.91 1.10 ± 1.80 0.63

Serum IL6 (pg/ml; median, p5, p95) 12, 2, 48 10, 2, 65 0.93

Serum albumin (g/dl) 3.69 ± 0.42 3.85 ± 0.50 0.17

D/P Cr 0.77 ± 0.11 0.77 ± 0.09 0.98

MTAC Cr (ml/min/1.73 m2) 12.3 ± 6.5 10.6 ± 5.5 0.25

D/D0 glucose 0.30 ± 0.05 0.27 ± 0.07 0.12

Peritoneal UF (ml) 2759 ± 228 2771 ± 231 0.83

Corrected D/P Na60 0.77 ± 0.04 0.77 ± 0.05 0.55

Corrected Dip Na 0.17 ± 0.05 0.16 ± 0.06 0.45

CA 125 AR (U/min) 132 ± 50 168 ± 116 0.16

VEGF AR (U/min; median, p5, p95) 213, 130, 1800 243, 77, 680 0.67

IL6 AR (U/min; median, p5, p95) 879, 132, 26962 617, 233, 1910 0.22
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findings by Krediet et al.15. However, in experimental 
DM models23, diabetic rats were characterised by 
vascular proliferation, with increased permeability 
for small molecules and decreased sodium sieving. 
In any case, diabetic rats chronically treated with 
insulin showed similar peritoneal permeability when 
compared with control rats: after a six week period 
of insulin treatment, the differences found were 
abolished. These observations point to a causative 
role for hyperglycaemia, when not corrected with 
therapy. Variability on peritoneal function may reflect 
the control of DM, and glycaemic control seems to 
exert a key influence on development of vascular 
peritoneal proliferation. Our group of patients had 
slightly elevated HbA1c levels, indicating that, 
although glucose control should have been opti-
mised, it did not exert a strong enough negative 
impact on peritoneal membrane function. 

In a paper from the Peritoneal Biopsy Study 
Group24, the authors examined the morphologic 
features of peritoneal membrane of 130 patients on 
peritoneal dialysis and compared them with features 
of normal individuals, uraemic predialysis patients 
and patients undergoing haemodialysis. Biopsies 
from diabetic patients did not show increased inci-
dence of vasculopathy. This finding was also sup-
ported by other reports25, which suggests that 

vasculopathy among diabetic patients is organ-
related25. Williams et al.24 noticed that predialysis 
uraemic patients demonstrated a significantly thick-
er submesothelial zone than that observed in healthy 
individuals. These findings indicate that uraemia 
itself may induce changes in the peritoneal mem-
branes of patients before they commence PD. 
Authors concluded that fibrotic and vascular chang-
es may be a unique development specifically driven 
by the process of PD and/or uraemia, and that ura-
emia can contribute more than hyperglycaemia26 to 
peritoneal membrane changes. Consequently, the 
uraemic environment present at the beginning of the 
PD treatment would preclude distinction between 
diabetic and non-diabetic patients. The absence of 
correlation between HbA1c value and solute trans-
port/mesothelial mass in our results can be, at least 
partially, explained by these observations. 

Another major factor that could contribute to dif-
ferent transport characteristics in incident PD 
patients is inflammation27. As widely reported, intra-
peritoneal IL-6 may be regarded as a marker of 
ongoing local inflammation28-29 and VEGF as a sur-
rogate of vascular proliferation. In our study, no 
differences were found in systemic or intraperito-
neal markers of inflammation or in VEGF appearance 
rate among the two groups. Also, we found no correlation 

Figure 2

Corrected sieving sodium

Dialysate-to-plasma (D/P) ratios during a 4-hr dwell for diabetics and non-diabetics. No significant difference was seen.
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between fast solute transport and inflammation. 
These results suggest that DM in uraemic patients 
is not inevitably associated with higher inflam-
mation or with higher peritoneal neoangiogenesis, 
in comparison with other uraemic non-diabetic 
patients. There are many other known stimuli for 
the inflammatory response in chronic kidney dis-
ease patients, such as fluid overload, decreased 
cytokine clearance, presence of uraemia-modified 
proteins, presence of chronic infections and meta-
bolic disturbances30. 

While some evidence supports that residual renal 
function deteriorates faster in diabetics than in 
patients with non-diabetic end stage renal dis-
ease14,31, at the beginning of renal replacement 
therapy our group of diabetics showed equivalent GFR 
and daily urine volume to non-diabetic patients.

We are well aware of the limitations of our study. 
First, our sample size, in particular the number of 
diabetics, was relatively small, which can be associ-
ated with low statistical power. Second, our study 
design (cross-sectional) might not be the ideal meth-
odology to allow for the analysis of glucose control; 
the latter would imply a longitudinal design. Even 
so, considering one measurement in a period of 4 
months for each patient, we found no correlation 
between glycaemic control and peritoneal function.

In summary, our data suggest that at the time 
point of initiation of PD, diabetic were not disad-
vantaged with respect to peritoneal transport char-
acteristics, as measured by the markers we used, 
though confirmation awaits a structural study (e.g., 
peritoneal biopsy). 

Conflict of interest statement. None declared.
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