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Abstract
Aims/hypothesis Mortality due to cardiovascular disease
(CVD), particularly coronary artery disease (CAD), is high
in type 1 diabetic patients with end-stage renal disease
(ESRD). We aimed to determine whether normoglycaemia,
as achieved by successful simultaneous pancreas and kidney
(SPK) transplantation, could improve long-term outcomes
compared with living donor kidney-alone (LDK)
transplantation.
Methods We studied 486 type 1 diabetic patients with ESRD
who underwent a first SPK (n=256) or LDK (n=230) trans-
plant between 1983 and 2012 and were followed to the end of
2014. Data were retrieved from the Norwegian Renal Registry
and hospital records. Kaplan–Meier plots and multivariate
Cox regression, with correction for recipient, donor and trans-
plant factors, were used to examine potential associations
between transplant type and all-cause and CVD- and CAD-
related mortality.
Results Median follow-up time was 7.9 years (interquartile
range 4.3, 12.9). The adjusted HR for CVD-related deaths in
SPK recipients compared with LDK recipients was 0.63 (95%
CI 0.40, 0.99; p=0.047), while the HRs for all-cause and

CAD-related mortality were 0.81 (95% CI 0.57, 1.16;
p=0.25) and 0.63 (95% CI 0.36, 1.12; p=0.12), respectively.
Compared with the LDK group, SPK recipients were younger
and received grafts from younger donors. Cardiovascular mor-
tality was higher in patients transplanted between 1983 and
1999 compared with those who received their grafts in subse-
quent years.
Conclusions/interpretation In patients with type 1 diabetes
and ESRD, SPK transplantation was associated with reduced
long-term cardiovascular mortality compared with LDK
transplantation.

Keywords Cardiovascular disease . Diabetic nephropathy .

Kidney transplantation . Pancreas transplantation . Type 1
diabetes

Abbreviations
CAD Coronary artery disease
CBVD Cerebrovascular disease
CVD Cardiovascular disease
ESRD End-stage renal disease
IQR Interquartile range
KTA Kidney transplantation alone
LDK Living donor kidney
PAD Peripheral artery disease
SPK Simultaneous pancreas and kidney

Introduction

Patients with end-stage renal disease (ESRD) suffer higher
rates of cardiovascular morbidity and mortality than the ge-
neral population [1, 2]. Diabetes mellitus remains one of the
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most significant risk factors for development of ESRD [3]. For
patients with ESRD, kidney transplantation is in general the
treatment of choice, offering improved survival compared
with continuous dialysis [4]. Cardiovascular complications
and coronary artery disease (CAD) remain the predominant
causes of death following successful kidney transplantation
[5–7]. In patients with both type 1 diabetes and ESRD, simul-
taneous pancreas and kidney (SPK) transplantation has be-
come an established treatment [8–10]. The obvious benefit
of a functioning pancreas graft is normalised blood glucose
control without the use of insulin, compared with consistent
moderate hyperglycaemia controlled with insulin use. The
question whether cardiovascular outcomes can be improved
by transplanting a pancreas simultaneously with the kidney
remains, however, controversial [11–14]. A major obstacle
when comparing outcomes following SPK vs kidney trans-
plantation alone (KTA; from either a deceased or a living
donor) in recipients with type 1 diabetes has been imbalance
in risk factors between patient populations, particularly due to
selection of younger patients with less comorbidity for SPK
transplantation. At our centre we have promoted the use of
living donor kidney (LDK) transplantation for patients with
type 1 diabetes [15]. Today, 30–40% of all our kidney trans-
plantations are from living donors; patients tend to be younger
and with lower comorbidity than those selected for transplan-
tation with a kidney from a deceased donor. Thus, they serve
as a suitable comparator to recipients receiving an SPK
transplant.

We investigated recipients with known type 1 diabetes and
addressed the question whether long-term normoglycaemia,
as achieved by successful SPK transplantation, could reduce
post-transplant cardiovascular mortality when compared with
LDK transplantation alone.

Methods

Patients In Norway all organ transplantations are performed
at a single centre: Oslo University Hospital, Oslo, Norway.
Annually we perform between 250–300 kidney and 30–40
pancreas transplantations. We analysed data from the
Norwegian Renal Registry and studied medical records as an
additional source to obtain more complete comorbidity data.
All patients >18 years of age with type 1 diabetes (n=486)
who had a first transplantation with a combined graft (SPK,
n=256) or a kidney graft from a living donor (LDK, n=230)
from January 1983 through December 2012 were eligible.
Recipients were followed for clinical outcomes to the end of
2014, i.e. minimum 2 years post engraftment. Causes of death
were defined according to the European Renal Association–
European Dialysis and Transplant Association (ERA-EDTA)
coding systems [16]. No patient was lost to follow-up. The

study was approved by the regional committee for medical
and health research ethics.

Cardiac assessment prior to transplantation Since 1999,
coronary angiography has been included as a routine part of
the cardiac work-up of all patients with type 1 diabetes who
were potential transplant recipients [17]. Before 1999, patients
were screened for ischaemic heart disease with a non-invasive
cardiac stress test, and, if judged clinically relevant, coronary
angiography was performed. According to our transplantation
protocol, we do not accept patients with an ejection fraction of
less than 30%.

Evaluation of cardiovascular comorbidity prior to trans-
plantationCardiovascular comorbidity among SPK and LDK
recipients was classified as CAD, cerebrovascular disease
(CBVD) and/or peripheral artery disease (PAD). CAD was
defined as coronary artery luminal diameter stenosis at or
above 50% in at least one segment, using a 16-segment
American Heart Association coronary artery classification,
with or without revascularisation, including percutaneous co-
ronary intervention and/or coronary artery bypass grafting,
and/or having a myocardial infarction [18]. CBVD was de-
fined as having symptoms and/or radiographic findings con-
sistent with stroke. PAD was defined as intermittent claudica-
tion and/or need for percutaneous transluminal angioplasty in
the lower extremity and/or amputation.

Surgical techniques At our centre, pancreas transplantation
has been performed since 21 June 1983; initially, a duct-
occluded segmental pancreas was used for transplantation
[19]. From April 1988, this technique was replaced by an
unoccluded pancreas graft where the exocrine secretion was
drained by an anastomosis of a duodenal segment from the
donor to the urinary bladder [19]. After March 1998, bladder
drainage was substituted with enteric drainage through a
donor-derived duodenal segment attached to the proximal je-
junum [20]. Since September 2012, the duodenal part of the
transplant has been anastomosed to the recipient’s duodenum
rather than the jejunum to obtain endoscopic biopsies from
both the duodenum and pancreas allografts [21].

Since December 2004, an increasing number of kidney
transplant recipients have been subjected to minimally inva-
sive kidney transplantation compared with previous conven-
tional kidney transplantation [22].

Immunosuppressive drugs The immunosuppression pro-
tocols have changed over time. In the period 1983–
1999, kidney transplant recipients mainly received main-
tenance immunosuppression with prednisolone,
ciclosporin and azathioprine. Recipients transplanted af-
ter year 2000 have in addition to maintenance immuno-
supp r es s ion r ece ived induc t i on the r apy wi th
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antithymocyte antiglobulin (SPK) or basiliximab (KTA).
Azathioprine has been replaced by mycophenolate mo-
fetil since the late 1990s, and patients have primarily
received tacrolimus at the expense of ciclosporin as a
calcineurin inhibitor. Target levels for immunosuppres-
sive drugs have been higher for recipients of an addi-
tional pancreas transplant compared with those receiving
a single kidney.

To look at change over time, and since some changes in the
transplant protocol coincided roughly with the year 2000, we
divided the study population into an early era (1983–1999)
and a recent era (2000–2012).

Statistical analysis Demographic data were summarised and
grouped by mode of treatment. Continuous variables are re-
ported as the mean±SD or median (interquartile range [IQR])
depending on normality fit. Categorical data are described
using frequencies. Student’s t test for independent samples
or the Mann–WhitneyU (Wilcoxon) test was used to compare
continuous variables, as appropriate. Categorical variables
were compared using Pearson χ2 test (Fisher’s exact test
was applied if the number of observations per cell was fewer
than five). Kaplan–Meier curves were used to construct pro-
bability of no all-cause and cardiovascular disease (CVD)-
and CAD-related deaths. Cox proportional hazards models
were used to calculate unadjusted and adjusted HRs for all-
cause and CVD- and CAD-related deaths in relation to treat-
ment modality. The association between the type of treatment
and mortality was then assessed after adjustment for recipient
age, sex, duration of diabetes, number of antihypertensive
drugs, aspirin and statin use, cardiovascular comorbidity,
smoking habits, duration of dialysis, donor age and transplant
era (early and recent). Several levels of multivariate adjust-
ment were used for all-cause and CVD- and CAD-related
mortality analyses: a univariate analysis including transplant
type alone; a partly adjusted analysis (model 1) including
transplant type and recipient and transplant factors; and finally
a fully adjusted analysis (model 2) including transplant type
and recipient, transplant and donor factors. The proportional
hazards assumption was tested by graphical checks [23].
Smoking was the only variable with missing data
(9%); the main survival analyses were performed after
replacing missing data for smoking using multiple imputa-
tions. Missing values were estimated based on known covar-
iates and outcome variables, and 20 sets were created and
pooled for analysis. Cox regression analyses were also repeat-
ed after exclusion of data for smoking, which did not change
our results. All reported p values were two-tailed; p values
<0.05 were considered significant. Statistical analyses were
conducted using IBM SPSS Statistics for Windows, version
21 (IBM, Armonk, NY, USA) or Stata version 13.0 (StataCorp
LP, College Station, TX, USA).

Results

All-cause and CVD- and CAD-related mortality
Characteristics of the study population are presented in
Table 1. The median follow-up time after transplantation
was 7.9 years (IQR 4.3, 12.9), with a maximum follow-up
time of 30.6 years. All-cause and cause-specific deaths were
analysed by transplant type (Table 2). There were 228 (SPK,
n=100; LDK, n=128) deaths from all causes, of which 136
(60%) (SPK, n=57 [42%]; LDK, n=79 [58%]) were caused
by CVD. Among CVDs, CAD was the cause of 86 (38%)
deaths (SPK, n=36 [42%]; LDK, n=50 [58%]). Kaplan–
Meier curves for all-cause and CVD- and CAD-related mor-
tality grouped by mode of treatment are presented in Figs 1, 2,
and 3. When comparing SPK with LDK recipients, HRs from
unadjusted Cox models for all-cause and CVD- and CAD-
related mortality were 0.63 (95% CI 0.49, 0.82; p<0.001),
0.58 (95% CI 0.41, 0.82; p=0.002) and 0.57 (95% CI 0.37,
0.88; p=0.011), respectively. In multivariate Cox proportion-
al hazards models (Tables 3, 4, and 5), with adjustment for
transplant type, recipient age, male sex, duration of diabetes,
number of antihypertensive drugs, aspirin and statin use, car-
diovascular comorbidity, smoking habits, duration of dialysis
and transplant year (model 1), HRs and 95% CIs for all-cause
(Table 3) and CAD-related (Table 5) mortality in SPK reci-
pients were 0.76 (0.57, 1.03; p=0.074) and 0.66 (0.41, 1.06;
p=0.084), respectively, using LDK recipients as reference.
CVD-related deaths (Table 4) were significantly decreased:
HR 0.64 (95% CI 0.44, 0.93; p=0.019) for SPK compared
with LDK recipients. In model 2, after additional adjustment
for donor age, a significant difference was still seen between
SPK and LDK recipients for CVD-related mortality (HR 0.63,
95% CI 0.40, 0.99; p=0.047) but not for all-cause (HR 0.81,
95% CI 0.57, 1.16; p=0.25) or CAD-related (HR 0.63, 95%
CI 0.36, 1.12; p=0.12) mortality. Compared with those who
received their grafts between 1983 and 1999, patients
transplanted after 2000 had adjusted HRs of 0.51 (95% CI
0.34, 0.77; p=0.001), 0.39 (95% CI 0.22, 0.70; p=0.002)
and 0.37 (95% CI 0.17, 0.78; p=0.009) for all-cause and
CVD- and CAD-related mortality, respectively.

Pancreas graft function at 1 year and influence on all-cause
and CVD- and CAD-related mortality Forty-four SPK re-
cipients had lost their pancreas graft within 12 months post
transplant. Those who had a functioning (n=212) or failing
(n=44) pancreas graft 1 year post transplant were compared
with the LDK recipients (n= 230) for mortality outcomes.
Kaplan–Meier plots for all-cause mortality by transplant type
are shown in Fig. 4. SPK patients with a functioning pancreas
graft 1 year post transplant had reduced all-cause (HR 0.65
[95% CI 0.44, 0.96]; p=0.029) and CVD- (HR 0.46 [95% CI
0.28, 0.76]; p=0.003) and CAD-related (HR 0.46 [95% CI
0.24, 0.86]; p= 0.015) mortality compared with the LDK
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group, after adjusting for potential confounders. SPK patients
with a functioning pancreas graft did better than SPK patients
with a failing pancreas graft for all-cause and CVD-related
mortality (HR 0.35 [95% CI 0.23, 0.56], p<0.001; and HR
0.30 [95% CI 0.17, 0.54], p<0.001), respectively, but the

difference was not statistically significant for CAD-related
mortality (HR 0.24 [95% CI 0.06, 1.04]; p = 0.057).
Compared with LDK recipients, all-cause mortality was
higher in SPK patients with a failing pancreas graft 1 year post
transplant (HR 1.61 [95%CI 1.01, 2.57]; p=0.044). The trend

Table 1 Patient characteristics
Variable Transplant type p value

SPK (n = 256) LDK (n= 230)

Recipient factors

Mean age at transplantation, years 40.6 ± 7.6 48.4 ± 13.2 <0.001

Male sex, n (%) 186 (73) 151 (66) 0.10

Mean duration of diabetes pre-transplant, years 27.6 ± 7.9 22.9 ± 11.4 <0.001

Relevant medication pre-transplant

Mean no. of antihypertensive drugs 2.9 ± 1.3 2.7 ± 1.2 0.11

Aspirin, n (%) 83 (32) 75 (33) 0.97

Statin, n (%) 110 (43) 95 (41) 0.71

Pre-transplant history of

CAD, n (%) 58 (23) 66 (29) 0.13

CBVD, n (%) 22 (9) 21 (9) 0.84

PAD, n (%) 19 (7) 33 (14) 0.014

Current or past tobacco use pre-transplantª, n (%) 144 (61) 122 (60) 0.89

Duration of dialysis pre-transplant, years 0.9 (0.5, 1.4) 0.6 (0.3, 1.1) 0.002

Pre-emptive transplantation, n (%) 86 (34) 85 (37) 0.44

Median length of follow-up, years 8.2 (4.3, 13.1) 7.9 (4.3, 12.7) 0.53

Donor factors

Mean age, years 31.1 ± 13.4 49.9 ± 12.7 <0.001

Transplant factors

HLA-ABDR mismatches, n (%)

0–2 37 (14) 113 (49)

3–4 164 (64) 92 (40)

5–6 55 (22) 25 (11) <0.001

Maintenance immunosuppressive drugs, n (%)

Prednisolone 256 (100) 229 (99) 0.47

Calcineurin inhibitors

Ciclosporin 109 (43) 180 (78) <0.001

Tacrolimus 147 (57) 43 (19) <0.001

Antimetabolites

Azathioprine 84 (33) 90 (39) 0.15

Mycophenolate mofetil 163 (64) 113 (49) 0.001

mTOR inhibitors 0 (0) 6 (3) 0.011

Kidney graft loss, n (%) 62 (24) 54 (23) 0.85

Pancreas graft loss, n (%) 89 (35)

Transplant year, n (%)

1983–1999 108 (42) 110 (48)

2000–2012 148 (58) 120 (52) 0.21

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

Pre-emptive transplantation denotes patients receiving a transplant before starting dialysis

ªSmoking data were missing in 19 SPK and 27 LDK recipients

mTOR, mammalian target of rapamycin
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was not statistically different for CVD- (HR 1.42 [95% CI
0.80, 2.52]; p=0.23) and CAD-related (HR 1.52 [95% CI
0.75, 3.09]; p=0.25) mortality.

Subgroup analysis An interaction analysis was performed
between era and transplant type and between recipient age
and transplant type to examine a possible interaction between
these variables with respect to the incidence of all-cause and
CVD- and CAD-related deaths. For each outcome of interest
in this study—all-cause and CVD- and CAD-related deaths—
all the interaction analyses between era and transplant type
were non-significant. The HRs in SPK compared with LDK
recipients between recent and early eras were 0.53 (95% CI
0.28, 1.01; p=0.052), 0.58 (95% CI 0.23, 1.47; p=0.25) and
0.27 (95% CI 0.07, 1.07; p= 0.063), respectively. When
analysing a test for interaction between recipient age and
transplant type on each outcome, we found no significant
interaction for all-cause, CVD-related or CAD-related morta-
lity. The HRs were 0.98 (95% CI 0.95, 1.02; p=0.33), 0.96
(95% CI 0.92, 1.00; p=0.066) and 0.96 (95% CI 0.91, 1.01;

p=0.084), respectively, i.e. the effect of age was the same for
patients in the SPK and LDK groups. Thus, we did no further
subgroup analyses.

Discussion

In recipients with type 1 diabetes and ESRD we observed that
normoglycaemia, as achieved by successful SPK transplanta-
tion, was associated with reduced long-term cardiovascular
mortality when compared with recipients of an LDK. In addi-
tion, reduced cardiovascular mortality was seen in patients
who received their grafts from the year 2000 and beyond
compared with those transplanted in the early era (1983–
1999).

In general, survival of SPK recipients is higher than sur-
vival of recipients of deceased donor KTA [24–30]. However,
whether long-term morbidity and survival are better in SPK
patients than in LDK patients is still debated. Studies with a

Table 2 Comparison of causes of death between the SPK and LDK
groups

Cause of death Transplant type

SPK (n= 256) LDK (n= 230)

Total deaths 100 (44) 128 (56)

CVD 57 (57) 79 (62)

CAD 36 (36) 50 (39)

Infections 17 (17) 23 (18)

Malignant disease 7 (7) 12 (9)

Other identified cause of death 19 (19) 14 (11)

Data are presented as frequencies (%)

Fig. 1 Kaplan–Meier estimates of probability of no all-cause death,
grouped by treatment modality (p< 0.001). SPK, solid line; LDK, dotted
line

Fig. 2 Kaplan–Meier estimates of probability of no CVD death, grouped
by treatment modality (p= 0.002). SPK, solid line; LDK, dotted line

Fig. 3 Kaplan–Meier estimates of probability of no CAD death, grouped
by treatment modality (p= 0.011). SPK, solid line; LDK, dotted line

848 Diabetologia (2016) 59:844–852



follow-up time of less than 10 years post transplant have
shown no difference or a trend towards improved survival
with LDK transplantation [10, 12, 29–31]. Studies with
follow-up time of more than 10 years after transplantation,
however, show trends towards improved outcomes among
SPK compared with LDK recipients [9, 11, 14, 15, 28].

Kidney transplant recipients have multiple risk factors af-
fecting long-term outcome. In most studies the death-specific
causes have not been examined or presented. Since CVD, and
particularly ischaemic heart disease, is the leading cause of
death in type 1 diabetic patients with ESRD, these specific
causes of death may be appropriate endpoints to study in re-
lation to SPK transplantation. There are very few studies that
have actually assessed cardiovascular outcomes comparing
SPKwith KTA. In a small study, Biesenbach et al [32] showed
a reduction in risk factors for the development of
macroangiopathy but failure to halt progression of
macrovascular diseases (CAD, CBVD and PAD) in 11 SPK
recipients compared with ten KTA (kidneys from deceased
donors) recipients with at least 2 year functioning grafts and
a follow-up time of nearly 6 years. However, later on and with
a longer follow-up time, the same group showed that the pro-
gression of macrovascular diseases was significantly lower in
recipients with a functioning SPK graft compared with KTA
recipients [33]. Jukema et al [34] compared progression of
atherosclerosis (measured by mean-segment diameter loss on
coronary angiography) in 26 patients with and six patients

without a functioning pancreas after SPK transplantation.
Mean follow-up time was 3.9 years. They concluded that pro-
gression of atherosclerosis in patients with successful SPK
transplantation was reduced compared with recipients with
pancreas graft failure. If the progression of macrovascular
disease in these studies later translates into cardiac events
and increased mortality it would be consistent with our find-
ings. The only study addressing cardiovascular mortality is
one that showed a significant reduction in cardiovascular
mortality when 130 SPK recipients were compared with 25
patients (originally enrolled on a waiting list for SPK trans-
plantation) who received a KTA and were followed for 7 years
[24]. Contrary to our study, their comparator group consisted
of recipients receiving a single kidney graft from a deceased
donor, which in general is associated with worse outcomes
than with an LDK [35]. Thus, our study extends this observa-
tion to a benefit of SPK transplantation also when compared
with LDK transplantation.

During recent decades there has been substantial improve-
ment in work-up procedures, surgical techniques, immuno-
suppressive therapy, surveillance and treatment of recipients
receiving a kidney transplant. In particular, cardiac assessment
and primary as well as secondary prevention of CAD might
have improved outcomes. For SPK transplantation, the surgi-
cal technique has improved substantially with time, but surgi-
cal complications still cause a considerable rate of pancreas
graft loss during the first weeks post transplant. Early losses of

Table 3 HR for death from any cause in SPK vs LDK recipients

Variable Unadjusted Adjusted (model 1) Adjusted (model 2)

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Transplant type

LDK Reference Reference Reference

SPK 0.63 0.49, 0.82 <0.001 0.76 0.57, 1.03 0.074 0.81 0.57, 1.16 0.25

Recipient age 1.03 1.02, 1.05 <0.001 1.04 1.02, 1.05 <0.001 1.04 1.02, 1.05 <0.001

Male sex 1.18 0.89, 1.57 0.25 1.09 0.80, 1.47 0.59 1.09 0.81, 1.48 0.57

Diabetes duration 1.00 0.99, 1.02 0.70 1.00 0.99, 1.02 0.56 1.00 0.99, 1.02 0.60

No. of antihypertensive drugs 0.98 0.88, 1.09 0.66 1.09 0.96, 1.23 0.19 1.09 0.96, 1.23 0.19

Aspirin 0.99 0.74, 1.34 0.97 0.89 0.65, 1.23 0.49 0.89 0.65, 1.23 0.49

Statin 0.63 0.46, 0.88 0.006 0.68 0.44, 1.04 0.078 0.67 0.44, 1.03 0.071

Cardiovascular comorbidity 1.60 1.21, 2.10 0.001 1.25 0.91, 1.73 0.17 1.25 0.91, 1.73 0.18

Smoking history 1.28 0.95, 1.70 0.10 1.24 0.91, 1.69 0.17 1.24 0.91, 1.68 0.18

Dialysis duration 1.03 0.86, 1.23 0.74 1.15 0.95, 1.40 0.16 1.15 0.94, 1.40 0.16

Donor age 1.01 1.00, 1.02 0.003 1.00 0.99, 1.01 0.57

Transplant year

1983–1999 Reference Reference Reference

2000–2012 0.53 0.39, 0.73 <0.001 0.50 0.33, 0.76 0.001 0.51 0.34, 0.77 0.001

Model 1 is adjusted for transplant type, recipient and transplant factors

Model 2 is additionally adjusted for donor age

Cardiovascular comorbidity includes pre-transplant history of CAD, CBVD and/or PAD
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Table 4 HR for cardiovascular death in SPK vs LDK recipients

Variable Unadjusted Adjusted (model 1) Adjusted (model 2)

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Transplant type

LDK Reference Reference Reference

SPK 0.58 0.41, 0.82 0.002 0.64 0.44, 0.93 0.019 0.63 0.40, 0.99 0.047

Recipient age 1.02 1.00, 1.03 0.038 1.02 1.00, 1.04 0.027 1.02 1.00, 1.04 0.027

Male sex 1.36 0.93, 2.00 0.11 1.37 0.92, 2.04 0.12 1.37 0.92, 2.04 0.12

Diabetes duration 1.00 0.98, 1.02 0.64 1.00 0.98, 1.02 0.87 1.00 0.98, 1.02 0.86

No. of antihypertensive drugs 0.98 0.85, 1.13 0.80 1.09 0.93, 1.28 0.29 1.09 0.93, 1.28 0.29

Aspirin 0.93 0.63, 1.38 0.73 1.00 0.65, 1.52 0.98 1.00 0.65, 1.52 0.99

Statin 0.42 0.26, 0.68 <0.001 0.58 0.32, 1.06 0.079 0.58 0.32, 1.07 0.082

Cardiovascular comorbidity 1.19 0.83, 1.73 0.35 1.13 0.73, 1.74 0.59 1.13 0.73, 1.74 0.59

Smoking history 1.12 0.77, 1.62 0.55 1.04 0.70, 1.53 0.86 1.04 0.70, 1.53 0.86

Dialysis duration 0.86 0.66, 1.11 0.24 1.03 0.75, 1.40 0.86 1.03 0.80, 1.33 0.86

Donor age 1.01 1.00, 1.02 0.040 1.00 0.99, 1.01 0.90

Transplant year

1983–1999 Reference Reference Reference

2000–2012 0.34 0.22, 0.54 <0.001 0.39 0.22, 0.70 0.002 0.39 0.22, 0.70 0.002

Model 1 is adjusted for transplant type, recipient and transplant factors

Model 2 is additionally adjusted for donor age

Cardiovascular comorbidity includes pre-transplant history of CAD, CBVD and/or PAD

Table 5 HR for death from CAD in SPK vs LDK recipients

Variable Unadjusted Adjusted (model 1) Adjusted (model 2)

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Transplant type

LDK Reference Reference Reference

SPK 0.57 0.37, 0.88 0.011 0.66 0.41, 1.06 0.084 0.63 0.36, 1.12 0.12

Recipient age 1.02 1.00, 1.04 0.071 1.03 1.00, 1.05 0.043 1.03 1.00, 1.05 0.044

Male sex 1.52 0.93, 2.49 0.095 1.45 0.87, 2.44 0.16 1.45 0.86, 2.43 0.17

Diabetes duration 1.00 0.98, 1.03 0.72 1.01 0.99, 1.04 0.46 1.01 0.99, 1.04 0.45

No. of antihypertensive drugs 1.01 0.85, 1.21 0.88 1.11 0.91, 1.37 0.30 1.11 0.91, 1.37 0.30

Aspirin 0.81 0.48, 1.35 0.41 0.90 0.52, 1.55 0.70 0.90 0.52, 1.56 0.71

Statin 0.47 0.26, 0.84 0.011 0.69 0.33, 1.47 0.34 0.70 0.33, 1.50 0.36

Cardiovascular comorbidity 1.14 0.71, 1.82 0.59 1.04 0.60, 1.79 0.90 1.04 0.60, 1.80 0.90

Smoking history 1.36 0.81, 2.28 0.24 1.24 0.73, 2.13 0.43 1.25 0.73, 2.14 0.42

Dialysis duration 0.66 0.44, 0.97 0.036 0.80 0.52, 1.23 0.31 0.80 0.52, 1.23 0.31

Donor age 1.01 1.00, 1.02 0.099 1.00 0.98, 1.02 0.80

Transplant year

1983–1999 Reference Reference Reference

2000–2012 0.33 0.19, 0.60 <0.001 0.37 0.17, 0.78 0.009 0.37 0.17, 0.78 0.009

Model 1 is adjusted for transplant type, recipient and transplant factors

Model 2 is additionally adjusted for donor age

Cardiovascular comorbidity includes pre-transplant history of CAD, CBVD and/or PAD
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the pancreas graft are inversely associated with patient survi-
val. For KTA, graft loss due to early surgical complications is
a very rare event. However, in KTA transplantation, higher
recipient and living donor age have been accepted in recent
years and might have had a negative effect on survival.
Obviously it is difficult to adjust for all these changes over
time by analysing smaller sub-cohorts, due to loss of statistical
power to reveal differences between groups. We therefore
analysed the so-called ‘vintage effect’ by comparing the re-
cipients in an early (1983–1999) and a recent era (2000–
2012). Recipients who received their grafts in the early era
between 1983 and 1999 had higher all-cause, CVD- and
CAD-related mortality compared with the recent era 2000–
2012. This is consistent with improvements in care, as men-
tioned above. It may also reflect an improvement in cardio-
vascular work-up, including mandatory coronary angiography
for patients with type 1 diabetes prior to transplantation from
1999 and onwards.

The SPK transplant procedure is associated with a higher
risk of surgical complications leading to graft loss when com-
pared with LDK transplantation. A pancreas graft loss is in-
versely associated with long-term survival. As shown by
Weiss et al [13], Morath et al [14] and Salvalaggio et al [36],
success of dual transplantation (SPK) depends on a long-term
functioning pancreas graft. This is consistent with our findings
of lower mortality in SPK recipients with a functioning pan-
creas graft 1 year post transplant compared with those reci-
pients with a failing pancreas graft 1 year post transplant.

The differences in recipient and donor ages between the
two groups may introduce a bias. According to our transplan-
tation protocol, recipients offered an SPK transplantation must
be less than 55 years of age, but there is no formal upper age

limit for KTA. In addition, younger deceased donors are used
for SPK grafts. An age bias is therefore unavoidable
both for donors and recipients. To try to overcome this,
one could analyse outcome of a subgroup of SPK and
LDK recipients by age at the time of transplantation
after a test for interaction between age and transplant
type. However, the relevance of such a subgroup analysis
is hampered by low statistical power. The interaction
analysis in our study was non-significant. Thus, no further
subgroup analysis was performed. In any case, adjusting
for age in the Cox models is an appropriate analysis to
address this question.

CVD is common after kidney transplantation and is
much higher than in the general population [37].
Immunosuppressive agents (i.e. prednisolone, ciclosporin
and tacrolimus) have several detrimental effects on car-
diovascular risk, including increased risk of hyperten-
sion, hyperlipidaemia and post-transplant diabetes
mellitus. At our centre, target levels for calcineurin in-
hibitors have historically been higher in SPK than in
LDK recipients. The cardiovascular effects imposed by
this higher immunosuppressive load might have mode-
rated the effect of normoglycaemia in SPK recipients.

Limitations of the present study include its retrospec-
tive non-randomised design. Also, the extrapolation of
our data to non-white individuals may be questioned.
We acknowledge that the CVD benefit in SPK recipi-
ents is of borderline significance and might have oc-
curred by chance. The strength of our study is the in-
clusion of a relatively large number of recipients, expe-
rience from a single centre, long follow-up time and the
fact that no patient was lost to follow-up.

In conclusion, normoglycaemia, compared with mo-
derate hyperglycaemia, was associated with reduced
CVD-related mortality in SPK recipients compared with
LDK recipients.
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Fig. 4 Kaplan–Meier estimates of probability of no all-cause death by
transplant type where the SPK recipients were divided into those with a
functioning (SPK+) or a failing (SPK−) pancreas graft at 1 year post
transplant. SPK+, solid line; SPK−, dashed line; LDK, dotted line.
SPK+ compared with LDK recipients (p < 0.001); SPK+ compared with
SPK− recipients (p < 0.001); SPK− compared with LDK recipients
(p = 0.22)
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