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AbSTRACT

Peritoneal transport rates and net drained volume are reported to be different for 
peritoneal dialysis (PD) patients with diabetes mellitus (DM), compared to patients 
without DM. This was considered to be caused by exposure to high plasma glucose 
levels prior to the initiation of PD. However, results of previous studies are conflicting. 
Transport of small solutes was reported either higher or similar to non-diabetics, 
whereas the ultrafiltration was either similar or lower. No information on free water 
transport is available. The main problem of the earlier reports is the wide variation in 
duration of PD, which may have influenced the outcome.
 In this study the results of peritoneal function tests of 10 diabetics were 
compared to those of 10 non-diabetics. All patients were investigated within the 
first 4 months of PD treatment. No differences were observed in transcapillary 
ultrafiltration rate, net ultrafiltration or lymphatic absorption. Free water transport, 
estimated using the maximum dip in dialysate-to-plasma ratio of sodium, and 
quantified by calculating the transport through the ultra small pores, showed no 
differences. Also small solute transport was similar. 
 This implies that a chronic mild hyperglycemic state in the peritoneal vessels 
does not contribute to important peritoneal changes or changes in aquaporin-1 
function. The influence of continuous treatment with hyperosmolar glucose solutions 
on the latter is worthwhile investigating. 
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INTRODuCTION

The reported studies on peritoneal transport characteristics of patients with diabetes 
mellitus (DM) treated with peritoneal dialysis have shown inconsistent results. In 
some studies higher clearances for urea and creatinine were described in diabetics 
than in non-diabetics (1-3). Others, however, did not find any difference in peritoneal 
solute transport between diabetics and non-diabetics, matched for gender age 
and duration of PD (4). The drained volumes were either lower in diabetics (2), or 
showed no difference (5). These conflicting results in cross-sectional studies were 
likely to have been partly caused by the wide variation in the duration of exposure to 
glucose containing dialysis fluids. Previous studies of the influence of PD duration to 
transport parameters showed that solute transfer increases and ultrafiltration (UF) 
declines with time on peritoneal dialysis (6-8). This is probably caused by the long-
term exposure to dialysis fluids, which is known to alter peritoneal morphology. 
 To avoid a possible diabetogenic effect of exposure to PD-fluids itself, Serlie 
et al. investigated a group of patients within the first 6 months of PD treatment, using 
a permeability test with a 1.36% glucose solution. A lower transcapillary ultrafiltration 
rate (TCUFR) was present in diabetic patients compared to matched controls (9). 
In this study, no differences were observed for small solute transport or effective 
lymphatic absorption. This raises the question whether the lower TCUFR could have 
been the result of lower free water transport rates. Therefore, the aim of the present 
study was to compare free water transport and other transport characteristics of 
diabetics and non-diabetics at the onset of peritoneal dialysis, using a 3.86% glucose 
solution.

PATIENTS AND METhODS

Patients

10 patients with diabetes mellitus, in whom a standard peritoneal permeability 
analysis (SPA) was performed in the first 4 months of their peritoneal dialysis 
treatment were compared with 10 non-diabetic patients, matched for age, gender 
and body surface area. None of the patients had ever experienced peritonitis. All 
patients used commercially available, glucose-based dialysis solutions (Dianeal, 
Baxter BV, Utrecht, the Netherlands). 

Procedure

The SPA was performed during a four hour dwell period, as described previously (10). 
The test was done with 3.86% glucose, using the volume the patient was used to. 
Dialysate samples were taken before instillation and at multiple time points during 
the test (10, 20, 30, 60, 120, 180 and 240 minutes). A volume-marker, dextran 70, 1 
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g/L (Hyskon, Medisan Pharmaceuticals AB, Uppsala, Sweden), was used to calculate 
fluid kinetics. 

Calculations

All calculations were performed as previously described by Pannekeet et al. (10).

Fluid kinetics

Transcapillary ultrafiltration (TCUF) was calculated from the dilution of the volume 
marker, by subtracting the initial intraperitoneal volume (IPV) from the theoretical 
IPV (when both lymphatic absorption and sampling would not have been present) at 
any time point. Because transcapillary ultrafiltration has its maximum value during 
the initial phase of a dwell, transcapillary ultrafiltration rate in the first minute (TCUF0-

1) was calculated, using the Lineweaver-Burke plot. That is the linear regression 
between the reciprocal values of the transcapillary ultrafiltration obtained during 
the SPA and the reciprocal of time (11). The effective lymphatic absorption rate 
(ELAR) was calculated as the peritoneal dextran clearance (11). The net UF is the 
difference between the TCUF and the effective lymphatic absorption. D/P sodium 
was calculated as the dialysate sodium concentration divided by the plasma sodium 
concentration. Dip D/P sodium is the difference between the initial D/P sodium 
and the lowest D/P sodium. Correction for Na+ diffusion from the circulation to the 
dialysate, which can cause blunting of the decrease in D/P Na+, was done with the 
use of the mass transfer area coefficient of urate (12). This enabled us to calculate 
the sodium concentration in the dialysate, when only diffusion would have occurred. 
This could than be subtracted from the measured concentration at any time point, 
resulting in the actual Na+ sieving. Transport through the small pores was calculated by 
multiplying the sum of the initial intraperitoneal volume and the ultrafiltered volume 
(in liters) with the dialysate sodium concentration after correction for diffusion: 

Na present = (initial IPV + ultrafiltrate volume ) × dialysate Na

This can be calculated for time point zero (t0) and for any time point during the dwell 
(tt). Subtracting t0 from tt results in the amount of sodium transported at any time 
point of the dwell. Dividing the amount of transported sodium with the sodium 
concentration in the small pores (which is the average of that in the plasma and in 
the dialysate) results in the volume (in liters) of fluid transported through the small 
pores:

fluid transport through small pores= Na transported / Na concentration in the small 
pores
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With the calculation of the transcapillary ultrafiltration through the small pores for 
each time point during the SPA, a Lineweaver-Burke plot could be made to calculate 
small pore transport in the first minute (SP0-1). Subtracting this from TCUF0-1 resulted 
in free water transport in the first minute. The contribution of free water transport to 
total transcapillary ultrafiltration was examined during the first minute of the 3.86% 
glucose dwell and after 60 minutes (13).

Solute transport

The peritoneal handling of low molecular weight solutes was expressed as MTACs. 
Glucose absorption was calculated as the difference between the amount of 
glucose instilled and the amount recovered, relative to instilled. CRP was measured 
immunoturbidimetrically.

Statistical analysis

Results are expressed as median values and ranges because most data were 
distributed asymmetrically. For the comparison of the patients with diabetes and 
the non-diabetic patients the paired t-test was applied. A p-value of <0.05 was 
considered to be statistically significant.

RESuLTS

The patient characteristics of the 20 patients included in the study are given in 
Table 1. No significant differences were observed between the two groups. HbA1c 
percentage was 7.4% (range 5.7-10.2%) in patients with diabetes mellitus.

Table 1. Patient characteristics of the patients with and without diabetes. Values are 
given as medians and ranges.

Diabetics
N=10

Non-diabetics
N=10

Age (years) 61 (46 – 75) 62 (47 – 74)
Duration of PD (months) 2.8 (1.2 – 3.5) 3.2 (2.5 – 3.9)
Body Surface area (m2) 1.93 (1.59 – 2.22) 1.91 (1.64 – 2.26)
Residual GFR (mL/min/1.73 m2) 4.3 (0 – 7.8) 3.3 (0 – 7.0)
Serum CRP (U/L) 4 (3 – 49) 5 (3 – 11)

Parameters for fluid transport are given in Table 2. Values for transcapillary 
ultrafiltration, net UF and ELAR were similar in both groups, as shown in Figure 1. 
The maximum dip in D/P sodium tended to be deeper in the non-diabetics (Figure 
2), but this difference was not statistically significant (p=0.1). The TCUF0-1, as well as 
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the transport through the small pores (SP0-1) and the free water transport in the first 
minute (FWT0-1), did not differ for the two groups. Also the percentage of free water 
transport contributing to total fluid transport in the first hour of the dwell was similar 
for both groups.
 Small solute transport was similar for both groups. Mass transfer area 
coefficient for creatinine was 8.8 mL/min (range 5.6-16.0) in the diabetics versus 8.1 
mL/min (range 5.8-15.2) in the non-diabetic patients. MTAC of urate was 5.6 mL/min 
(range 2.1-9.4) versus 7.1 mL/min (range 4.1-13.4). In addition glucose absorption 
was not different for both groups: 62% (range 45-78) in diabetics vs. 65% (range 45-
82) in the non-diabetics.
 Also, the serum CRP level was similar in the patients with DM: 4 U/L (range 
3-49), compared to the patients without DM: 5 U/L (range 3-11).

Table 2. Peritoneal fluid transport characteristics for diabetics and non-diabetics, 
using a 3.86% glucose solution. Medians and ranges are given.

Diabetics
N=10

Non-diabetics
N=10

Net UF (mL) 685 (380 – 944) 665 (-282 – 1169)
TCUFR (mL/min) 3.7 (2.9 – 5.9) 4.6 (2.5 – 6.8)
ELAR (mL/min) 1.5 (0.7 – 2.8) 1.4 (0.6 – 4.3)
Max dip D/P Na+ 0.0928 (0.06 – 0.13) 0.112 (0.06 – 0.18)
TCUF0-1 (mL) 16.1 (7.8 – 45.4) 17.6 (6.3 – 56.8)
SP0-1 (mL) 9.0 (5.0 – 33.3) 9.5 (3.4 – 28.0)
FWT0-1 (mL) 7.3 (1.5 – 16.8) 7.2 (2.5 – 12.1)
%FWT0-1 43 (25 – 57) 41 (21 – 59)
%FWT60 min 33 (15 – 44) 34 (10 – 49)

TCUFR: transcapillary ultrafiltration rate; ELAR: effective lymphatic absorption rate; Max dip D/P Na+: 
maximum decrease in D/P sodium compared to the initial D/P sodium; TCUF0-1: TCUF in the first 
minute; SP0-1: transported volume through the small pores; FWT0-1: volume of free water transport in 
the first minute; %FWT0-1: the percentage of free water transport that contributes to total TCUF in the 
first minute; %FWT60 min: the percentage of free water transport that contributes to total TCUF in the 
first hour of the dwell.
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Figure 1. Fluid profiles for the patients with (left panel) and without (right panel) 
diabetes mellitus at the start of peritoneal dialysis. Transcapillary ultrafiltration 
(closed circles), net ultrafiltration (open circles) and fluid absorption (closed squares) 
are given as a function of time. No significant differences were found between the 
curves.

Figure 2. Dialysate-to-plasma ratios during the 4-hour dwell for patients with (open 
circles) and without diabetes mellitus (closed circles) at the start of peritoneal 
dialysis. No significant differences were observed.
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DISCuSSION

In the present study, no differences in net UF, fluid absorption rates, free water 
transport and peritoneal solute transport were observed in patients with or without 
diabetes mellitus, when they were examined in the first 4 months of PD treatment. 
This was in contrast to prior publications, that reported higher solute rates in 
patients with diabetes mellitus. These previous studies, however, were performed 
in a cross-section of patients who were treated with PD for different duration of 
time. Therefore, they were exposed to high intraperitoneal glucose concentrations 
for variable periods. In experiments with rats with streptozotocin-induced diabetes, 
chronic hyperglycemia was associated with structural and functional changes in 
the peritoneum (14). Structural changes that were observed included capillary 
proliferation and AGE immuno-reactivity. Functional changes consisted of an 
increased permeability for small solutes and decreased sodium sieving. In this study, 
however, the diabetic rats showed no differences compared to the non-diabetic 
controls, when glycemic control was obtained by the administration of insulin. 
The results of these animal studies imply that acute, chemically induced diabetes 
mellitus, can lead to increased permeability for various sized molecules, especially in 
the absence of glycemic control.
The difference between the permeability parameters of the rats with experimentally 
induced diabetes mellitus and the permeability parameters of the diabetic patients 
in the present study, can be explained by several factors. First, in the animal studies 
rats were either diabetic or uremic. In patients a combination of both can be 
present at the start of peritoneal dialysis. The contribution of uremia to transport 
and membrane alterations in diabetes will probably be more important than that of 
hyperglycemia alone (15). Secondly, the duration of diabetes and uremia in the animal 
studies was rather short. The patients in our study were diagnosed with diabetes for 
at least 5 years previously to the start of PD and were uremic for a longer period of 
time. Reasonably, alterations are more pronounced, the longer the duration of the 
etiological factor. Since both hyperglycemia and uremia can lead to the formation of 
AGEs, it seems likely that alterations owing to AGE formation were already present 
in both our patient groups. Finally, the blood sugar control in the diabetic rats in the 
animal studies was poor and the difference in transport parameters disappeared in 
the subgroup that was treated with insulin. This points to the importance of good 
glycemic control. Our patients all received insulin therapy and had reasonably low 
HbA1c levels, indicating an accurate treatment of diabetes. 
Other factors contributing to possible differences in transport parameters in the first 
months of peritoneal dialysis are chronic inflammation and acute CAPD peritonitis. 
Inflammation can cause both an increase in peritoneal transport rate and a decline 
in residual renal function. Inversely a decline in residual renal function or an increase 
in peritoneal transport rate may induce or aggravate inflammation (16). In the 
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patients investigated in the present study, no differences were identified in residual 
renal function or CRP as marker for inflammation status. Another possible factor 
that could have influenced transport parameters, is peritonitis, which is known to 
cause enhanced solute transport, although this increased transport is reversible 
after the recovery of peritonitis. In our patient group, none of the patients had ever 
experienced peritonitis. 
In conclusion, the present study in diabetic and non-diabetic patients did not reveal 
differences in peritoneal transport characteristics, including free water transport in 
the first months of PD. This implies that a chronic mild hyperglycemic state in the 
peritoneal vessels does not contribute to important peritoneal alterations or changes 
in aquaporin-1 function. The influence of continuous treatment with glucose-
containing dialysis solutions, which have concentrations up to more than a 10-fold 
of that observed in insulin dependent diabetes mellitus, is worthwhile investigating 
in long-term follow-up. 
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