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Abstract
Aims/hypothesis In patients with type 1 diabetes and end-
stage renal disease (ESRD) we aimed to determine whether
long-term normoglycaemia, as achieved by successful simul-
taneous pancreas and kidney (SPK) transplantation, would
preserve kidney graft structure and function better than live
donor kidney (LDK) transplantation alone.
Methods Estimated GFR (eGFR) was calculated in SPK
(n=25) and LDK (n=17) recipients in a stable phase 3 months
after transplantation and annually during follow-up. Kidney
graft biopsies were obtained at follow-up for measurement of
glomerular volume (light microscopy), glomerular basement
membrane (GBM) and podocyte foot process widths and
mesangial volume fraction (electron microscopy).

Results SPK and LDK recipients were similar in age and
diabetes duration at engraftment. Donor age was higher in
the LDK group. Median follow-up time was 10.1 years.
Mean HbA1c levels during follow-up were 5.5±0.4%
(37±5 mmol/mol) and 8.3±1.5% (68±16 mmol/mol) in the
SPK and LDK group, respectively (p<0.001). Compared with
SPK recipients, LDK recipients had wider GBM
(369±109 nm vs 281±57 nm; p=0.008) and increased
mesangial volume fraction (median 0.23 [range 0.13–0.59]
vs 0.16 [0.10–0.41]; p=0.007) at follow-up. Absolute eGFR
change from baseline was −11±21 and −23±15 ml min−1

1.73 m−2 ( p=0.060), whereas eGFR slope was −1.1 (95% CI
−1.7, −0.5) and −2.6 (95% CI −3.1, −2.1)ml min−1 1.73 m−2

per year in the SPK and LDK group, respectively ( p=0.001).
Conclusions/interpretation In patients with type 1 diabetes
and long-term normoglycaemia after successful SPK trans-
plantation, kidney graft ultrastructure and function were better
preserved compared with LDK transplantation alone.
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LDK Live donor kidney
MPA Maximal profile area
PAK Pancreas after kidney
SPK Simultaneous pancreas and kidney

Introduction

The clinical hallmarks for development of diabetic nephropa-
thy are microalbuminuria and subsequent overt proteinuria
and declining GFR [1]. As originally described in the Oslo
study and later confirmed in the Diabetes Control and
Complications Trial (DCCT) and the Epidemiology of
Diabetes Interventions and Complications (EDIC) study, in-
tensive insulin therapy delays the onset and slows the pro-
gression of diabetic nephropathy [2–4]. Further, it takes more
than 5 years for microalbuminuria to develop in patients with
type 1 diabetes and more than 10 years for overt proteinuria
and clinical nephropathy to develop [1]. However, diabetic
structural changes in the kidney can be detected at an earlier
stage by morphometric analyses [5–7].

Kidney transplantation is the treatment of choice for pa-
tients with end-stage renal disease (ESRD), offering both
improved survival and quality of life [8, 9]. In patients with
type 1 diabetes and ESRD simultaneous pancreas and kidney
(SPK) transplantation has become an established treatment
[10–12]. At our centre we promote and prefer, whenever
possible, the use of live kidney donors. During recent decades,
as an alternative to SPK transplantation, many patients with
diabetic ESRD have therefore undergone a kidney transplan-
tation alone (KTA) [13]. Several reports have indicated equal
or superior long-term kidney graft survival in patients with
type 1 diabetes receiving a KTA from a live donor compared
with those receiving an SPK transplant [14–16]. On the other
hand, patient survival seems to be slightly better in patients
receiving an SPK transplant than in those receiving single
kidney allografts from live donors [13]. In this context there
is little information on the structural and functional long-term
outcome of kidney grafts exposed to hyperglycaemia com-
pared with grafts exposed to normoglycaemia obtained by a
simultaneous successful pancreatic transplantation.

In the present study we address the question whether long-
term (10.1 year median follow-up) normoglycaemia, as
achieved by successful SPK transplantation, would prevent
changes in the structure and function of the kidney graft
compared with LDK transplantation alone.

Methods

Patients All patients with type 1 diabetes (n=268) who were
recipients of combined grafts (SPK, n=147) or kidney grafts

from live donors (LDK, n=121) due to end-stage diabetic
nephropathy in the period 21 June 1983 to 10 August 2003
were potential candidates to be included. Patients were includ-
ed and examined between 9 October 2007 and 26 March
2012. In the SPK group 106 patients were no longer candi-
dates either due to graft loss (pancreas, n=56; kidney, n=32)
or death (n=18) and 98 LDK recipients were no longer
eligible either due to kidney graft loss (n=37), pancreatic islets
after kidney transplantation (n=7), pancreas after kidney
transplantation (n=1) or death (n=53), whichever came first.
A total of 64 recipients (SPK, n=41; LDK, n=23) were
contacted and asked to participate. Of these a total of 22
patients (SPK, n=16; LDK, n=6) were not studied further
either due to refusal to participate or failure to be examined
because of logistical problems. This left 42 patients with type
1 diabetes and ESRD who were either SPK (n=25) or LDK
(n=17) recipients. Study participants gave their written in-
formed consent. The study was approved by the Regional
Committee for Medical and Health Research Ethics.

Glomerular structures in the kidney graft Ultrasound guided
percutaneous 18G kidney graft core needle biopsies were
performed at follow-up. For light microscopy the biopsies
were fixed in 4% (wt/vol.) formaldehyde (formalin) and em-
bedded in paraffin. Tissue sections cut at 2 μm were stained
with haematoxylin–eosin–saffron, periodic acid-Schiff and
trichrome, respectively. For electron microscopy the biopsies
were fixed in a 0.1 mol/l phosphate-buffered mixture of 2%
(wt/vol.) paraformaldehyde and 0.5% (wt/vol.) glutaraldehyde
and embedded in the non-polar methacrylate resin Lowicryl
HM23 at low temperature. Light microscopy with semiquan-
titative estimation of kidney graft pathology was performed
according to the Banff scheme and subsequent use of the
chronic allograft damage index (CADI) [17, 18].
Morphometric measurements (AnalySIS Pro; Digital Soft
Imaging System, Münster, Germany) of glomerular structures
were performed by a single investigator who was blinded to
the patient’s identity and clinical information. As a control the
blinded procedure was performed twice by the same investi-
gator in half of the patients. In addition a second investigator
performed a quality check-up to ensure reproducibility and
consistency of the estimates used in this study.

Glomerular area measurement was performed by tracing
the outline of the glomerular visceral epithelium layer
(Fig. 1a). Measurements were performed on central sections
through intact glomeruli (excluding globally sclerotic glomer-
uli) at a magnification of ×190 according to the maximal
profile area (MPA) method [19]. Glomerular volumes were
determined by identifying the largest profile from a glomeru-
lus and generating a radius from its area assuming the glo-
merular profile to be a circle. Glomerular volume was then
calculated assuming the glomerulus to be a sphere.
Measurements of glomerular basement membrane (GBM)
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width were performed on electron micrographs at a magnifi-
cation of ×13,000, using the same interactive image analysis
program as above, measuring the distance of a line orthogonal
from the edge of the endothelial side to the edge of the
epithelial side (Fig. 1b). The mean of five measurements
was used from each of ten glomerular capillaries in two
different glomeruli. The sample size (number of glomeruli,
capillaries and measurements per capillary) was determined
from a series of pilot experiments using cumulative mean
plots for evaluation [20]. Electron micrographs at a magnifi-
cation of ×890 were used to estimate the volume fraction of
glomerular mesangium (Fig. 1c) by point counting [21].
Using the image analysis programwith a superimposed square
grid, the number of intersections falling on the mesangium,
defined as the sum of the mesangial cells, mesangial matrix
andmesangial glomerular basement membranes (GBMs), was
counted and compared with the total number of intersections
falling on the glomerular tuft. Estimation of per cent podocyte
coverage of the capillary GBMwas performed by intersection
counting using the same micrographs as for measurement of
GBM width but with a sample of parallel test lines
superimposed in random directions (Fig. 1d) according to
stereological principles [21]. Thus the number of intersections
between the outer basement membrane surfaces covered by
foot processes and a test line relative to the total number of
intersections between a test line and the outer surface of the
GBM was registered using the interactive image analysis
program. The width of podocyte foot processes was measured
by the method described by Deegens et al and recently advo-
cated by Liu et al using the same sample of micrographs at
×13,000 magnification as above and the interactive image
analyser for measuring the length of the basement membranes
[22, 23].

Kidney graft function Serum creatinine concentrations were
measured in a stable phase 3 months post transplant and

annually during follow-up. Estimated GFR (eGFR) was cal-
culated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [24]. Creatinine values
obtained with the old non-isotope dilution mass spectro-
photometry (IDMS)-standardised assay (all measure-
ments performed before 26 June 2003) were converted
to the new IDMS-traceable creatinine value. Kidney
graft loss was defined as need for dialysis treatment or
kidney re-transplantation.

Glycaemic control HbA1c data were determined according to
the DCCT standard and had been reported annually to the
Norwegian Renal Registry since 1997 and were used for a
more precise assessment of glycaemic control in SPK recipi-
ents and surveillance of conventional diabetes therapy in LDK
recipients during follow-up. Pancreas graft loss was defined as
need for insulin treatment or HbA1c ≥6.5% (48 mmol/mol).
Diabetes in donor kidneys was ruled out by the pre-transplant
work-up including OGTT in live donors before acceptance for
donor nephrectomy. Absence of diabetes was a prerequisite
for an individual to be considered for pancreas donation.
Baseline (at the time of transplantation) biopsies of the kidney
grafts were not routinely performed.

Statistical analyses Demographic data were summarised and
grouped by mode of treatment. Continuous variables are
reported as the mean±SD or median (range) depending on
normality fit. Categorical data are described using frequen-
cies. Student’s t test for independent samples or the Mann–
Whitney U (Wilcoxon) test were used to compare continuous
variables as appropriate. The χ2 test was used to compare
categorical variables. Spearman’s correlations were calculated
between structural and functional variables. Simple linear
regression analyses were used to determine the rate of decline
in eGFR for each group, using all measured eGFR values
during follow-up. All reported p values were two-tailed, and

Fig. 1 (a) Glomerular area measurement was performed by tracing the
outline (blue) of the glomerular visceral epithelium layer (scale bar,
100 μm). (b) Measurement of GBM width was performed on electron
micrographs (scale bar, 2 μm), measuring the distance of a line (red)
orthogonal from the edge of its endothelial to its epithelial side. (c)
Electron micrographs (scale bar, 20 μm) were used to estimate the
mesangial volume fraction. Using a superimposed square grid, the num-
ber of intersections (blue circles) falling on the mesangium, defined as the
sum of the mesangial cells, mesangial matrix and mesangial GBMs, was

counted and compared with the total number of intersections (sum of
green and blue circles) falling on the glomerular tuft. (d) Estimation of per
cent podocyte coverage of the capillary GBM was performed by inter-
section counting. Using a sample of parallel test lines superimposed in
random directions, the number of intersections (green circles) between the
outer basement membrane surfaces covered by foot processes and a test
line relative to the total number of intersections (sum of green and blue
circles) between a test line and the outer surface of the GBM were
registered (scale bar, 2 μm)
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p values<0.05 were considered significant. Statistical analy-
ses were conducted using IBM SPSS Statistics for Windows,
version 21 (IBM, Armonk, NY, USA).

Results

Patient characteristics The demographics of the study popu-
lation are shown in Table 1. For all participants, the median
duration of follow-up after transplantation was 10.1 (7.2–
20.5)years. There were no significant differences between
SPK and LDK recipients in terms of sex, age at transplanta-
tion, diabetes duration prior to transplantation, age at follow-
up, length of follow-up, zero HLA mismatch, kidney graft
rejection episodes, basic immunosuppression or use of anti-
hypertensive agents or statins. All patients received a
calcineurin-based (CNI) regimen, either with ciclosporin or
tacrolimus. In the LDK recipients the donor age was signifi-
cantly higher ( p<0.001) and more patients tended to receive
angiotensin-converting enzyme (ACE) inhibitor or angioten-
sin receptor blocker (ARB) therapy at follow-up compared
with SPK recipients ( p=0.067).

Laboratory results Data are presented in Table 2. In LDK
recipients the HbA1c and triacylglycerol levels were

significantly higher than in SPK recipients ( p<0.001 and
p=0.003, respectively), whereas no significant differences
were seen between SPK and LDK recipients for ciclosporin
or tacrolimus trough levels during follow-up or for total cho-
lesterol, LDL-cholesterol, HDL-cholesterol, alanine transam-
inase or urinary protein/creatinine ratio at follow-up (at time of
kidney graft biopsy).

Kidney graft structure Data are given in Table 3, together with
measurements performed on normal kidneys by other groups
[22, 25, 26]. A light micrograph illustrating histological
changes and an electron micrograph illustrating ultrastructural
glomerular changes are shown in Fig. 2. Electron microscopy
data could not be analysed in one patient in the SPK group
because the biopsy was erroneously embedded in paraffin.
One patient in the LDK group refused to have a kidney biopsy
but undertook all the other examinations. Morphometric var-
iables could not be evaluated in all patients due to a lack of
representative glomeruli or arteries. Data on GBM and
podocyte foot process widths, mesangial volume fraction
and per cent podocyte coverage of the capillary GBM were
available in 24 SPK and 16 LDK recipients, arteriolar
hyalinosis score and the degree of fibrosis were available in
23 SPK and 15 LDK recipients and glomerular volume and
CADI score were available in 20 SPK and 14 and 12 LDK
recipients, respectively. In the LDK recipients the GBMwidth

Table 1 Patient characteristics

Data are presented as mean±SD,
median (range) or frequencies

Characteristic SPK (n=25) LDK (n=17) p value

Male recipient (n) 20 9 0.063

Recipient age at transplantation (years) 41.2±6.9 40.5±10.3 0.80

Duration of diabetes at transplantation (years) 29 (15–41) 25 (17–51) 0.31

Recipient age at follow-up (years) 52.3±6.8 51.1±9.6 0.65

Length of follow-up (years) 10.1 (8.2–20.5) 10.1 (7.2–16.2) 0.67

Donor age (years) 29.2±13.0 49.9±12.0 < 0.001

Zero HLA mismatch (n)

A 6 2 0.44

B 1 3 0.29

DR 7 3 0.49

Kidney graft rejections during follow-up (n)

Early (<3 months post transplant) 12 9 0.75

Late (≥3 months post transplant) 1 0 1.00

Immunosuppressive agents at follow-up (n)

Prednisolone 25 17 1.00

Ciclosporin 13 13 0.11

Tacrolimus 12 4 0.11

Mycophenolate 17 6 0.037

Azathioprine 7 6 0.62

Antihypertensive agents at follow-up (n) 2 (0–4) 2 (0–4) 0.62

ACE inhibitor or ARB at follow-up (n) 9 11 0.067

Statin at follow-up (n) 18 12 1.00
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was significantly wider ( p=0.008) and the mesangial volume
fraction was significantly higher ( p=0.007) than in SPK
recipients at follow-up. There were no statistical differences
in glomerular volume ( p=0.064), podocyte foot process
width ( p=0.12), per cent podocyte coverage of the capillary

GBM ( p=0.95), CADI score ( p=0.056), arteriolar hyalinosis
score ( p=0.14) or in the degree of fibrosis ( p=0.23) between
SPK and LDK recipients at follow-up.

We found a relationship between mesangial volume frac-
tion and proteinuria (r=0.48; p=0.018) in the SPK group but

Table 2 Laboratory results

Data are presented as mean±SD
or median (range)

Follow-up is at time of kidney
graft biopsy

ALT, alanine transaminase; PCR,
protein/creatinine ratio

Variable SPK (n=25) LDK (n=17) p value

HbA1c (%)

At follow-up 5.6±0.4 8.3±1.7 < 0.001

During follow-up 5.5±0.4 8.3±1.5 < 0.001

HbA1c (mmol/mol)

At follow-up 38±4 68±18 < 0.001

During follow-up 37±5 68±16 < 0.001

Ciclosporin trough level (μg/l)

At follow-up 105±23 103±36 0.91

During follow-up 123±38 119±28 0.42

Tacrolimus trough level (μg/l)

At follow-up 6.2±1.9 5.6±2.1 0.63

During follow-up 8.2±1.3 7.6±0.9 0.38

Lipids at follow-up

Total cholesterol (mmol/l) 4.5±0.8 4.9±0.9 0.14

LDL-cholesterol (mmol/l) 2.5±0.7 2.5±0.5 0.93

HDL-cholesterol (mmol/l) 1.6±0.4 1.8±0.6 0.28

Triacylglycerol (mmol/l) 0.9 (0.4–2.2) 1.4 (0.6–2.9) 0.003

ALT at follow-up (U/l) 19 (9–89) 18 (9–74) 0.85

Urinary PCR at follow-up (mg/mmol) 15 (8–263) 17 (6–374) 0.90

Table 3 Kidney graft structural variables at follow-up

Variable SPK (n=25) LDK (n=17) p value Reference values

Glomerular volume (×106 μm3) 2.1 (0.9–8.4) 3.3 (1.1–4.6) 0.064 1.33±0.39a

GBM width (nm) 281±57 369±109 0.008 329±45a

Mesangial volume fraction 0.16 (0.10–0.41) 0.23 (0.13–0.59) 0.007 0.20±0.03a

Podocyte foot process width (nm) 507 (381–777) 523 (447–1,268) 0.12 562 (508–827)b

300–599 nm (n) 22 10 0.042

600–899 nm (n) 2 4 0.20

900–1,199 nm (n) 0 1 0.40

≥1,200 nm (n) 0 1 0.40

Per cent podocyte coverage of the capillary GBM 88±2 88±3 0.95 98±3c

CADI (scored from 0 to 18) 3 (0–11) 5 (1–10) 0.056

Arteriolar hyalinosis (scored from 0 to 3) 1 (0–3) 2 (0–3) 0.14

Fibrosis (%) 18 (2–71) 26 (4–70) 0.23

Data are presented as mean±SD, median (range) or frequencies

Data on GBM and podocyte foot process widths, mesangial volume fraction and per cent podocyte coverage of the capillary GBM were available in 24
SPK and 16 LDK recipients. Data on arteriolar hyalinosis score and the degree of fibrosis were available in 23 SPK and 15 LDK recipients. Data on
glomerular volume and CADI score were available in 20 SPK and 14 and 12 LDK recipients, respectively
a Data derived from Caramori et al [25]
b Data derived from Deegens et al [22]
c Data derived from Toyoda et al [26]

p values denote differences between SPK and LDK groups
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not the LDK group (r=0.22; p=0.42). On the other hand, we
found a relationship between GBM width and proteinuria in
the LDK group (r=0.51; p=0.046) but not the SPK group (r=
0.22; p=0.31).

Kidney graft function, blood pressure control and BMI Data
are given in Table 4. In a stable phase 3 months after trans-
plantation there was no significant difference in serum

creatinine between the SPK and LDK group ( p=0.23). The
eGFR was 78±17 and 69±13 ml min−1 1.73 m−2 in SPK and
LDK recipients, respectively ( p=0.059). From baseline to
follow-up serum creatinine in the LDK group increased by
36 (−7 to 103)μmol/l compared with 14 (−29 to 86)μmol/l in
the SPK recipients ( p=0.032). The eGFR significantly dif-
fered between the SPK and LDK recipients at follow-up (67±
24 vs 46±14 ml min−1 1.73 m−2; p=0.002) but the absolute
fall in eGFR (ΔeGFR from baseline to follow-up) was not
statistically different ( p=0.060). Linear regression analysis
was performed to evaluate the rate of decline in eGFR from
baseline in both groups. The slope of eGFR over the actual
observation periods was −1.1 ml min−1 1.73 m−2 per year in
SPK recipients, which was significantly better than
−2.6 ml min−1 1.73 m−2 per year in the LDK group ( p=
0.001). A subgroup analysis comparing the SPK and LDK
recipients who were not on ACE inhibitor or ARB therapy
showed that the SPK group declined 9±22 ml min−1 1.73 m−2

and the LDK group 29±17 ml min−1 1.73 m−2 from baseline
to follow-up ( p=0.060). For those who were on ACE inhib-
itor or ARB therapy, the decline was 15±22 and 19±
14 ml min−1 1.73 m−2 in the SPK and LDK group, respec-
tively ( p=0.55). At baseline (3 months post transplant) and at
follow-up there was no difference in blood pressure when
comparing the SPK and LDK groups. At follow-up LDK
recipients had gained a 7% increase in BMI from baseline
compared with SPK recipients who did not develop any
change in BMI ( p=0.051).

Discussion

The major finding in this single-centre long-term follow-up
study of organ recipients with type 1 diabetes was that
normoglycaemia, as achieved by successful SPK transplanta-
tion, was associated with better preserved GBM width and
mesangial volume fraction in the kidney graft together with a
reduced slope of eGFR when compared with LDK transplan-
tation alone.

Development of biopsy-proven interstitial fibrosis is an
important factor in the progression of kidney disease, includ-
ing hyperglycaemia and CNI-induced nephropathy [27]. The
degree of fibrosis was similar in the SPK and LDK groups at
follow-up. All participants received CNI therapy, which is
known to cause graft fibrosis in the long term [28, 29].
Arteriolar hyalinosis, common to diabetic nephropathy, did
not differ between the SPK and LDK recipients. The reason
for this may be that the fibrosis seen in our patients was
primarily driven by CNI-induced nephrotoxicity rather than
being an effect of hyperglycaemia [28, 30, 31].

Values for glomerular morphometric variables have quite a
wide range in healthy individuals and also differ between

Fig. 2 (a) Light micrograph illustrating histological changes (scale bar,
100 μm). The glomeruli show increased amounts of mesangial matrix
(arrows) and thickened capillary walls (arrowhead). The arterioles show
hyaline thickening (short-tailed arrows). In addition, there is slight tubular
atrophy and interstitial fibrosis (upper left). (b) Electron micrograph
illustrating ultrastructural glomerular changes (scale bar, 5 μm). The
basement membranes of the capillaries (C) are thickened, particularly in
the lamina densa. In addition, the mesangium areas (M) are widened with
increased amounts of matrix

Table 4 Kidney graft function, BP control and BMI at baseline and
follow-up

Variable SPK (n=25) LDK (n=17) p value

S-creatinine (μmol/l)

Baseline 96 (69–198) 109 (75–134) 0.23

Follow-up 112 (57–282) 144 (83–192) 0.010

Change (Δ) 14 (−29 to 86) 36 (−7 to 103) 0.032

eGFR (ml min−1 1.73 m−2)

Baseline 78±17 69±13 0.059

Follow-up 67±24 46±14 0.002

Change (Δ) −11±21 −23±15 0.060

Systolic BP (mmHg)

Baseline 132±14 136±20 0.51

Follow-up 141±13 136±15 0.31

Change (Δ) 9±21 0±24 0.26

Diastolic BP (mmHg)

Baseline 77±7 79±7 0.39

Follow-up 74±8 78±10 0.60

Change (Δ) −3±10 −1±11 0.68

Recipient BMI (kg m−2)

Baseline 23.8±3.2 23.8±3.2 1.00

Follow-up 23.8±3.7 25.5±5.2 0.21

Change (Δ) 0.0±1.5 1.8±3.8 0.051

Data are presented as mean±SD or median (range)

S-creatinine, serum creatinine

2362 Diabetologia (2014) 57:2357–2365



kidneys from deceased and living donors [25, 26]. Caramori
et al have reported data derived from living kidney donor
tissues on glomerular volume, GBM width and mesangial
volume fraction in healthy individuals (Table 3) [25]. Our
data cannot easily be compared with those presented by
Caramori et al, first of all due to different fixation and embed-
ding methods and, second, due to different methods for mea-
suring glomerular variables. In addition, the MPA method, as
used in our study, tends to overestimate glomerular volume
when compared with the Cavalieri method, which was used
by Caramori et al [19, 25].

There was no significant difference in mean podocyte foot
process width between the two groups. Unfortunately, the SD
was quite large and more so among the LDK recipients. A
contributing factor to this was the fact that two of the LDK
recipients showed podocyte foot process widths in the order of
1,200 nm, indicating foot process effacement. Such a change
was not observed among the pancreas transplant patients.
Interestingly, despite differences in tissue preparation, the
measured podocyte foot process width in our series was
comparable with the values measured by Deegens et al and
Liu et al in their healthy control patients [22, 23].

Previous studies have shown that survival is superior in
SPK patients even when compared with LDK recipients [13,
15]. On the other hand, only a limited number of studies have
addressed whether successful SPK transplantation, with long-
term normoglycaemia, prevents recurrence of diabetic glo-
merulopathy in the kidney graft [32–35]. Shortcomings of
these studies have been small patient groups, suboptimal
normalisation of plasma glucose and short follow-up (often
less than 5 years). Some ultrastructural signs of diabetic ne-
phropathy have been observed as early as 2 years after diag-
nosis of type 1 diabetes [36, 37]. Furthermore, recurrent
diabetic glomerular lesions have been found in the
transplanted kidneys as early as 2 years post transplant in
KTA recipients [38–40]. However, it takes several years for
glomerulosclerosis with impairment of renal function to de-
velop. Also after successful pancreatic transplantation it can
take more than 5 years to reverse diabetic lesions in native
kidneys [41].

Our study also assessed kidney graft function. The eGFR
tended to be somewhat better preserved in the SPK group
compared with LDK recipients, although the difference did
not reach statistical significance when looking at absolute
eGFR change from baseline (p=0.060). However, when all
measurements over the actual observation periods were taken
into consideration the negative slopes of eGFR in the SPK
group were less than half those for LDK recipients, a differ-
ence that was highly significant in favour of SPK recipients
( p=0.001). Such a difference may obviously be of clinical
significance. Confounding effects from rejection episodes of
the transplanted kidneys are less likely since the frequency of
rejections was similar in the SPK and LDK group and all acute

rejections, except for one, occurred <3 months after transplan-
tation. Moreover, there were no differences in blood pressure
either at baseline or at follow-up. However, more patients in
the LDK group tended to use ACE inhibitors or ARBs. One
would assume that long-term use of these drugs would help
preserve normotension and tend to stabilise renal function
rather than cause deterioration. However, we acknowledge
the potential confounding effects of ACE inhibitor or ARB
therapy on eGFR. Donor age was substantially lower in SPK
recipients and this may explain a superior eGFR in the SPK
group at baseline. Donor age may also have influenced the
course of eGFR during follow-up.

Albuminuria is a hallmark of diabetic glomerulopathy.
Despite the differences in kidney graft structure between the
two groups, there was no difference in proteinuria at follow-
up. Again, recipients of LDK tended to receive more antihy-
pertensive agents including ACE inhibitors and ARBs. This
could have blurred a possible difference in proteinuria be-
tween the two groups. Proteinuria may also be due to causes
other than hyperglycaemia in kidney-transplanted patients
with diabetes (e.g. toxic effects of CNIs, which were used
equally in the two groups).

There are strong relationships between glomerular struc-
ture and renal function across the spectrum of proteinuria [42].
The relationships between glomerular structures and protein-
uria in our study differed between SPK and LDK recipients: in
the SPK group there was a relationship with mesangial vol-
ume fraction and in the LDK group there was a relationship
with GBM width. We have no explanation for the difference
between the SPK and LDK group in our study concerning the
relationship between ultrastructural measures and proteinuria.
The difference may be due to the fact that there is considerable
structural overlap among the degree of proteinuria and the
patient numbers are also small for evaluation of such
associations.

To our knowledge, our report represents one of the largest
single-centre studies on the effect of kidney transplant struc-
ture and function after establishment of normoglycaemia with
SPK transplantation. Compared with other similar studies, our
study also has the longest follow-up, which is of major im-
portance when studying changes in both renal structure and
function. Bohman et al reported that kidney graft biopsies
from two SPK recipients were devoid of diabetic changes
2 years post transplant, when compared with six diabetic
patients each transplanted with a single kidney [32]. They
concluded that combined transplantation appeared to prevent
recurrence of diabetic nephropathy. However, the study is
limited by a small number of included patients, a short
follow-up time and poor metabolic control in the KTA group.
Wilczek et al presented a larger cohort of 20 SPK and 30 KTA
recipients (18 deceased donors and 12 LDKs) in which kidney
graft biopsies were taken 1.0–6.5 and 1.0–6.8 years, respec-
tively, after transplantation [33]. They concluded that a
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functioning pancreatic graft prevents development of diabetic
nephropathy. Somewhat in contrast to these findings, Nyberg
et al found that despite a successful SPK transplantation,
recurrence of early diabetic glomerular changes could be seen
after 2–4 years follow-up in 11 recipients of a combined
segmental pancreas and kidney graft [34]. However, these
recipients (SPK) had impaired glucose control with a mean
HbA1c of 7.2% (55 mmol/mol) and only two out of 11 SPK
recipients were categorised with normal glycaemic control.

Bilous et al reported data from 12 recipients who
underwent pancreas after kidney (PAK) transplantation [35].
Pancreatic transplantation was performed 1.0–7.2 years (a
mean of 4.2 years) after KTA in this study. Renal biopsies
were performed prior to successful pancreatic transplantation
(PAK) and at mean follow-up time 4.4 years post transplant.
These biopsies were compared with biopsies obtained after
similar follow-up time in KTA recipients. Mesangial volume
fraction was lower in the PAK than in the KTA recipients
although GBM thickness was not significantly different pos-
sibly due to the relatively short follow-up time. One must also
remember that these transplanted kidneys had been exposed to
1.0–7.2 years of hyperglycaemia prior to PAK and this may
have contributed to the aborted effect of subsequent
normoglycaemia.

The advantages of our study are that it represents a homog-
enous single-centre study and has a long-term follow-up.
Limitations of the present study include its retrospective and
non-randomised design and the fact that baseline (at the time
of transplantation) biopsies of the kidney grafts were not
performed. Data from baseline biopsies would have added
relevant information. However, we have no reason to believe
that there were systematic differences between the two groups
of donor kidneys at the time of transplantation regarding the
estimated morphometric variables. Long-term success of SPK
transplantation is the exception, as indicated by the large
number of ineligible individuals. Those diabetic patients
who are uraemic are at high risk of cardiovascular complica-
tions and premature death. This is reflected by the high num-
ber of patients ineligible for study due to death. Also, the
extrapolation of our data to non-white individuals may be
questioned.

The evidence up until now suggests, however, that suc-
cessful pancreatic transplantation ameliorates the develop-
ment of diabetic glomerulopathy in the transplanted kidneys.
The major finding in our study in this context is that
normoglycaemia (mean HbA1c value of 5.5% [37 mmol/
mol] during follow-up), as compared with moderate
hyperglycaemia (mean HbA1c value of 8.3% [68 mmol/mol]
during follow-up), protects the transplanted kidney grafts
against overt diabetic changes with increased basement mem-
brane width and increased glomerular mesangial volume frac-
tionwhen assessed after a median follow-up time of 10.1 years
post transplant.

In conclusion, in patients with type 1 diabetes and ESRD,
long-term normoglycaemia after successful SPK transplanta-
tion resulted in better preservation of kidney graft ultrastruc-
ture and function compared with LDK transplantation alone.
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