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Abstract 

Background:  Coronary heart disease due to arteriosclerosis is the leading cause of death in type 1 diabetic patients 
with end-stage renal disease (ESRD). The aim of this study was to evaluate the effect of simultaneous pancreas kidney 
transplantation (SPKT) compared to kidney transplantation alone (KTA) on survival, cardiovascular function and meta‑
bolic outcomes.

Methods:  A cohort of 127 insulin-dependent diabetes mellitus (IDDM) patients with ESRD who underwent either 
SPKT (n = 100) or KTA (n = 27) between 1998 and 2019 at the University Hospital of Leipzig were retrospectively evalu‑
ated with regard to cardiovascular and metabolic function/outcomes as well as survival rates. An additional focus 
was placed on the echocardiographic assessment of systolic and diastolic cardiac function pretransplant and during 
follow-up. To avoid selection bias, a 2:1 propensity score matching analysis (PSM) was performed.

Results:  After PSM, a total of 63 patients were identified; 42 patients underwent SPKT, and 21 patients received KTA. 
Compared with the KTA group, SPKT recipients received organs from younger donors (p < 0.05) and donor BMI was 
higher (p = 0.09). The risk factor-adjusted hazard ratio for mortality in SPKT recipients compared to KTA recipients was 
0.63 (CI: 0.49–0.89; P < 0.05). The incidence of pretransplant cardiovascular events was higher in the KTA group (KTA: 
n = 10, 47% versus SPKT: n = 10, 23%; p = 0.06), but this difference was not significant. However, the occurrence of 
cardiovascular events in the SPKT group (n = 3, 7%) was significantly diminished after transplantation compared to 
that in the KTA recipients (n = 6, 28%; p = 0.02). The cardiovascular death rate was higher in KTA recipients (19%) than 
in SPK recipients with functioning grafts (3.3%) and comparable to that in patients with failed SPKT (16.7%) (p = 0.16).

In line with pretransplant values, SPKT recipients showed significant improvements in Hb1ac values (p = 0.001), blood 
pressure control (p =  < 0.005) and low-density lipoprotein/high-density lipoprotein (LDL/HDL) ratio (p =  < 0.005) 
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Introduction
Diabetes mellitus (DM) remains the predominant risk 
factor for the development of chronic kidney disease 
(CKD), followed by end-stage renal disease (ESRD) [1]. 
The leading cause of death in patients with ESRD, both 
before and after transplantation, is cardiovascular disease 
(CVD) [2, 3].

CVD mortality in haemodialysis patients is tenfold 
higher than that in the general population [4]. The sig-
nificantly increased risk is explainable through over-
representation of arteriosclerosis risk factors. These 
risk factors include arterial hypertension caused by dys-
regulation of the renin–angiotensin–aldosterone system 
(RAAS) and electrolyte imbalance due to failing renal 
function. In diabetic ESRD, dyslipidaemia and a body 
mass index (BMI) > 25  kg/m2 are additional risk factors 
for developing CVD and subsequent increased morbid-
ity and mortality. Researchers suggest that this increase 
is related to diffuse peripheral coronary arteriosclerosis 
and higher left ventricular mass in diabetic patients com-
pared to controls [5, 6]; moreover, diabetes mellitus can 
cause functional and structural changes in the myocar-
dium without coronary artery disease, a disorder known 
as diabetic cardiomyopathy (DCM) [7]. Furthermore, 
diastolic filling is frequently impaired, and hypertension 
is a major problem.

For patients with ESRD, kidney transplantation is, in 
general, the treatment of choice, offering improved sur-
vival and reduced morbidity and mortality compared 
with continuous dialysis [8]. However, in patients with 
both insulin-dependent type 1 diabetes and ESRD, simul-
taneous pancreas and kidney transplantation (SPKT) is 
the gold standard. The obvious benefits of functioning 
pancreas transplantation include the normalization of 
blood glucose without the use of insulin and the removal 
of uraemia, the hyperglycaemic state of diabetes, and the 
positive macro- and microvascular effects.

However, cardiovascular complications and CAD 
remain the predominant causes of death following suc-
cessful kidney transplantation [2, 3]. The question of 
whether cardiovascular outcomes and cardiac function 

can be improved by SPKT or kidney transplantation 
alone (KTA) is important and is still debated. Most recent 
studies on cardiovascular outcome focused on patients 
with DM I showing significantly better results in SPKT 
compared to KTA (exclusively living kidney transplanta-
tion) [9, 10].

Due to the lack of organs, local center policies such as 
(inter-)national allocation guidelines there has been a 
tendency to select younger and healthier DM I patients 
with ERDS to SPKT, and older DM (I)/II recipients with 
more comorbidities to KTA. Thus, to overcome the 
resulting imbalance of a direct pre- and posttransplant 
patient comparison, we performed propensity score 
matching (PSM) to evaluate cardiovascular outcomes 
between SPKT and KTA- recipients.

The purpose of our retrospective study was to assess, 
with a PSM, the effect of long-term normoglycaemia—as 
achieved by successful SPKT—on long-term cardiovascu-
lar function and outcomes in IDMD patients compared 
to KTA. Furthermore, we wanted to use cardiac diagnos-
tics and echocardiography to determine whether there is 
a relationship between systolic and diastolic dysfunction 
and metabolic control in diabetic patients.

Patients and methods
Study population and study design
The study protocol was approved by the local ethics 
committee of the University of Leipzig [AZ: Nr: 111–16-
14032016]. From a prospectively collected electronic 
database, we retrospectively analysed medical data from 
all patients with IDDM undergoing SPKT and KTA at 
the University Hospital of Leipzig between 1998 and 
2019 with special emphasis on treatment-related car-
diovascular function and outcome. The exclusion crite-
ria consisted of patients younger than 18 years, pancreas 
retransplantation, and those with missing data.

Outcome analysis
In addition to patient and graft characteristics, a main 
focus was placed on metabolic outcomes, especially on 
cardiovascular and arteriosclerotic risk factors, cardiac 

5 years after transplantation. With regard to echocardiographic assessment, SPKT recipients showed significant 
improvements in left ventricular systolic parameters during follow-up.

Conclusions:  Normoglycaemia and improvement of lipid metabolism and blood pressure control achieved by suc‑
cessful SPKT are associated with beneficial effects on survival, cardiovascular outcomes and systolic left ventricular 
cardiac function. Future studies with larger samples are needed to make predictions regarding cardiovascular events 
and graft survival.

Keywords:  Cardiovascular outcomes, Simultaneous pancreas kidney transplant, Kidney transplant alone, Insulins-
dependent diabetes mellitus, Metabolic function, Glycometabolic control, Survival, Left ventricular function, 
Echocardiographic changes
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function and cardiovascular outcome. Standard demo-
graphic and clinicopathological characteristics were 
collected and analysed before, at the time of and after 
transplantation (in the follow-up period) for each patient: 
pretransplant data including recipient and donor charac-
teristics such as age, gender, body mass index (BMI) and 
additional data including duration of diabetes mellitus 
(years), smoking habits, time of the waiting list, duration 
of pretransplant dialysis, endocrine and lipid metabolism 
(HbA1c, C-peptide, LDL/HDL ratio). Cardiovascular 
disease and risk factors included information about the 
cardiovascular system, such as the presence of CVD (cor-
onary artery bypass graft/stent), cerebrovascular accident 
(CVA), peripheral arterial occlusive disease (PAOD), 
blood pressure parameters and the number of antihyper-
tensive agents.

Peri- and postoperative data included information on 
immunosuppressive therapy as well as patient and graft 
function.

Evaluation and assessment of the cardiovascular system
All patients with IDDM who were potential transplant 
candidates underwent structured cardiovascular exami-
nations with echocardiography and coronary angiogra-
phy (and intervention when necessary) as a routine part 
of the cardiac work-up at our centre before inclusion on 
the waiting list. For the assessment of PAOD or carotid 
artery stenosis, a structured algorithm with ultrasound 
and/or computed (CT)-/magnetic resonance (MR)-angi-
ography was performed.

Assessments of cardiovascular outcomes posttrans-
plant were performed yearly in all patients by a detailed 
and structured cardiovascular work-up including physi-
cal examination, echocardiography, electrocardiogram, 
duplex sonography of the carotid arteries and leg arteries 
such as chest-x ray and blood pressure values.

Cardiovascular, cerebrovascular and peripheral vas-
cular events were regularly recorded during follow-up. 
CVD 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 [11], with or without revascularisation, 
including percutaneous coronary intervention and/or 
coronary artery bypass grafting, and/or having a myocar-
dial infarction. Cerebrovascular events were defined as 
having symptoms and/or radiographic findings consist-
ent with stroke. PAOD was defined as intermittent clau-
dication and/or the need for surgical or interventional 
procedures in the lower extremities.

Furthermore, the systolic and diastolic cardiac function 
of our patients was evaluated by regularly undergoing 
echocardiography. In this context, we obtained Doppler 
echocardiographic images using digital high-end cardiac 

ultrasound scanners. Conventional parasternal and apical 
imaging views were used to obtain left ventricular (LV) 
ejection fraction (LVEF), LV fractional shorting (LVFS), 
systolic LV dimension (LVDs), diastolic LV dimension 
(LVDd) and LV posterior wall diastole (LVPWd), and 
interventricular  septal thickness in diastole (IVSd). Left 
ventricular mass (LVM) was calculated according to the 
Devereux formula and indexed for body surface area 
giving LVM index (LVMI) [12]. Furthermore, we deter-
mined LV hypertrophy, hypokinesia and compliance. All 
echocardiogram reports were acquired, recorded and 
classified using an American Society of Echocardiog-
raphy-recommended scanning protocol with standard 
techniques [13].

Surgical technique/immunosuppression
The procurement and transplantation of pancreas and 
kidney allografts were performed according to interna-
tional standards and guidelines, as previously described 
[14–17]. The standard immunosuppression protocol of 
our centre consisted of induction therapy followed by tri-
ple maintenance medical therapy, as described previously 
[18].

Statistical analysis
Continuous variables are reported as the mean ± SD and 
absolute numbers. Categorical data are described using 
frequencies. Student’s t-test for independent samples 
or the Mann–Whitney U (Wilcoxon) test were used to 
compare continuous variables as appropriate. Categori-
cal variables were compared with the use of the Pearson 
χ2 test, Fisher’s exact test (was applied if the number of 
observations per cell was fewer than 5) and McNemar’s 
test as appropriate.

Patients were stratified according to the type of opera-
tive procedure, and PSM analysis was performed to 
match patients who underwent SPKT with patients 
treated with KTA. This allowed for a significant reduc-
tion in differences in baseline characteristics between the 
two patient cohorts, thus minimizing the impact of treat-
ment-related selection bias.

To compute propensity scores, a logistic regression 
model was performed including the following known 
cardiovascular matching parameters: patient age, sex, 
body mass index, type of diabetes, duration of diabetes 
mellitus, prevalence of pretransplant dialysis, presence of 
coronary heart disease, PAOD and smoking history.

Predicted probabilities of belonging to a group based 
on this model were used as propensity scores. Based on 
these scores, 2:1 propensity score matching on implant 
techniques (SPKT versus KTA) using the nearest neigh-
bour method was performed.
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The calliper was set to 0.1 to ensure that only patients 
with similar propensity scores were matched. After 
matching, differences within categorical variables were 
calculated by the McNemar test, and continuous vari-
ables were calculated by the Mann–Whitney U (Wil-
coxon) test.

The primary end point of this study included cardio-
vascular outcomes/echocardiographic findings such as all 
cause mortality. The secondary end point included graft 
survival. Pancreatic graft failure was defined as insulin 
substitution, retransplantation, patient death or loss of 
follow-up return to transplant. Kidney graft failure was 
defined as the need for dialysis, retransplantation, patient 
death or loss of follow-up.

Survival differences were assessed for statistical signifi-
cance by Kaplan–Meier analysis and log-rank test. Cox 
proportional hazard regression models were used to cal-
culate hazard ratios (HRs) for patient death in relation to 
treatment modality.

The association between the type of treatment and 
mortality was then assessed after adjustment for known 
cardiovascular risk factors, including recipient age, sex, 
recipient BMI, duration of diabetes mellitus, smoking 
habits, duration of dialysis, aspirin and statin use and 
known cardiovascular comorbidity (heart failure or CAD, 
CVA and MI).

Statistical analyses were conducted using IBM SPSS 
Statistics for Windows, version 24 (IBM, Armonk, NY). 
For all analyses, a p-value < 0.05 was considered statisti-
cally significant.

Results
Baseline patient characteristics
Of 127 patients receiving SPKT (n = 101) and KTA 
(n = 26) at our centre, 62 patients (n = 48,8%) remained 
after PSM. Of these, in 42 patients (n = 67,7%), SPKT was 
performed, and 21 (n = 50%) underwent KTA. The donor, 
recipient and pretransplant baseline characteristics of 
the study population are shown in Table 1, and the mean 
follow-up time after transplantation was 7.7 ± 3.95 years.

In the SPKT group, the donor age (p < 0.05) and the 
pretransplant use of aspirin (p = 0.01) were significantly 
lower. Furthermore, patients in the KTA group tended 
to have more pretransplant CVE (p = 0.06), as well as the 
donor BMI (p = 0.09) and the rate of donor hypertension 
(p = 0.06) were slightly higher. Otherwise, there were no 
significant pretransplant differences between the groups.

Postoperative outcome, graft function and metabolic 
outcome
Regarding postoperative long-term outcome param-
eters slightly increased rates of delayed graft function 
(DGF) (KTA: 6 (29%) versus SPKT: 5 (12%); p = 0.09) and 

proteinuria (KTA: 8 (38%) versus SPKT: 7 (16%); p = 0.06) 
could be observed in the KTA group compared to SPKT 
recipients. (Supplementary file 1).

With regard to HbA1c levels, significant differences 
were observed preoperatively between the two groups 
(p < 0.01) (Table  2). As expected, the values decreased 
significantly posttransplant in SPKT recipients, whereas 
in the KTA- group, the pretransplant HbA1c value was 
lower but deteriorated markedly during the follow-up 
course compared to pretransplant values. Significant dif-
ferences between both groups were observed at 3 and 
5 years after transplantation (at 3 years: SPKT 5.6% ver-
sus KTA 6.9%; p = 0.001; at 5  years: SPKT 5.9% versus 
KTA 7.3%; p = 0.001).

In the stable phase, 1, 3 and 5 years after transplanta-
tion, significant differences in the estimated glomerular 
infiltration rate (GFR) were observed between the trans-
plant groups.

With regard to BMI, there were no significant differ-
ences between the two groups in the pretransplant values 
and at 3 and 5 years after transplantation; there was only 
a slight improvement in the SPKT group compared to a 
moderate deterioration for the KTA patients.

More evident is the improvement of LDL/HDL-ratio 
after SPKT transplantation in contrast to the KTA 
patients where a considerable worsening takes place. 
Even though the pretransplant values were not signifi-
cantly different (p = 0.96), they showed a significant shift 
during the posttransplant course at 1, 3 and 5  years in 
opposite directions (Table 2).

Survival
The 1-, 3-, 5- and 10-year overall survival rates in patients 
after SPKT were 97.5%, 93%, 88% and 76%, respectively, 
and 95%, 85.5%, 76% and 52% after KTA (p < 0.01) (Fig. 1).

The 1-, 3-, 5- and 10-year pancreas graft survival rates 
were 83.1%, 77.3%, 74.1% and 70.2%, respectively.

Kidney graft survival rates were 85.1%, 80%, 73.4% 
and 68.5% for the SPKT group and 81%, 67.2%, 51% and 
27% for the KTA group, respectively (p = 0.03). Car-
diovascular death rates were more evident in the KTA 
group (n = 3; 14.1%) than in the SPKT group (n = 3; 7.1%; 
p = 0.363).

In multivariate Cox regression analysis, after adjust-
ment for patient age, sex, type of diabetes, prevalence of 
pretransplant dialysis, presence of coronary heart dis-
ease, PAOD and smoking history, the HR for mortality 
in SPKT recipients was 0.63 (95%CI: 0.49–0.82; p < 0.05), 
using KTA recipients as a reference. Additionally, car-
diovascular comorbidity could be identified as a signifi-
cant independent predictor for mortality (HR 1.6, 95%CI: 
1.21–2.1; p < 0.05). (Table 3).
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Table 1  Patient’s characteristics

Data are presented as the mean ± standard deviation and percentages of the total (%)

Variable SPKT (n = 42) KTA (n = 21) p

Median follow-up time (years) 6.74 ± 5.3 6.67 ± 2.6 0.954

Recipient Characteristics
  Age at transplantation (years) 49.1 ± 4.7 51.3 ± 3.2 0.789

  Male Gender 28 (66.7%) 13 (61.9%) 0.709

  Duration of diabetes (years) 28.6 ± 7.3 27.1 ± 6.1 0.671

  Type of diabetes
    type 1 29 (69%) 12 (57%) 0.173
    type 2 13 (21%) 9 (33%)

Living kidney donation 7 (33.3%) -

Dialysis pretransplant 38 (90%) 19 (90.5%) 1.0

Dialysis duration pretransplant (months) 34.74 ± 32.2 54.8 ± 46.3 0.128

Waiting time pretransplant (months) 11.2 ± 2.3 15.4 ± 5.3 0.378

Coronary heart disease 26 (62%) 16 (76%) 0.257

  one-vessel coronary artery disease 13 (31%) 7 (33%) 0.848

  two-vessel coronary artery disease 6 (14.3%) 3 (14.3%) 0.775

  three-vessel coronary artery disease 6 (14.3%) 6 (28.6%) 0.173

  coronary stents 12 (29%) 9 (42%) 0.257

  Peripheral arterial occlusive disease 13 (31%) 8 (38%) 0.571

Pre-transplant amputations 7 (17%) 4 (19%) 0.814

Arterial hypertension history (years) 11,4 ± 7.1 16.8 ± 11.1 0.208

Nicotine abuse 13 (31%) 7 (35%) 0.845

Aspirin pretransplant 17 (42%) 16 (76%) 0.01
Statin pretransplant 28 (68%) 16 (76%) 0.338

Donor Characteristics
  Age (years) 28.2 ± 11.5 50.8 ± 13.5 ˂0.01
  Male donor 26 (62%) 9 (43%) 0.151

  Donor BMI 22.8 ± 2.7 24.6 ± 2.92 0.09

  Donor cardiovascular cause of death 25 (59%) 9 (43%) 0.211

  Cardiopulmonary resuscitation 2 (4.8%) 1 (4.7%) 1.0

  Diabetes mellitus 0 (0%) 1 (4.7%) 0.139

  Arterial hypertension 4 (9.5%) 6 (29%) 0.06

  Sodium (mEq/L) 145.5 ± 1.3 147 ± 2.1 0.345

  Creatinine (ummol/L) 77 ± 8.2 79.2 ± 6.2 0.755

  Urea (mmmol/L) 6.3 ± 1.5 7.1 ± 2.1 0.507

  Intensive care unit stay (days) 3.9 ± 0.9 4.6 ± 1.2 0.581

  Cardiovascular events pretransplant 10 (23.8%) 10 (47.6%) 0.06

    myocardial infarction 3 (7.1%) 5 (23.8%) 0.06

    percutaneous coronary intervention 4 (9.5%) 3 (14.2%) 0.571

    coronary artery bypass graft 3 (7.1%) 2 (9.5%) 0.741

  Cardiovascular events posttransplant 3 (7%) 5 (23%) 0.05
    myocardial infarction 2 (4.7%) 2 (10%) 0.464

    percutaneous coronary intervention 1 (2.3%) 3 (13%) 0.067

    coronary artery bypass graft 0 0 1.0

  Cerebrovascular accident pretransplant 2 (4.8%) 2 (9.5%) 0.465

  Cerebrovascular accident posttransplant 1 (2.4%) 3 (14.3%) 0.06

  Death 9 (21%) 9 (42.8%) 0.08

  Cardiovascular cause of death 3 (7.1%) 3 (14.2%) 0.363
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Cardiovascular outcomes
The data obtained at baseline and follow-up are pre-
sented in Tables 1 and 4.

Mean MAP recordings between SPKT recipients 
and KTA patients were comparable before trans-
plantation (SPKT: 101.2 ± 10.9  mmHg versus KTA: 
96.3 ± 11.1  mmHg; p = 0.09). During follow-up, sig-
nificant differences were seen at 1  year (SPKT: 
91.6 ± 5.4  mmHg versus KTA: 98.7 ± 9.1  mmHg; 
p = 0.001), 3  years (SPKT: 90.8 ± 10.7  mmHg versus 
KTA: 100.1 ± 5.2  mmHg; p = 0.001) and 5  years (SPKT: 
88.9 ± 11.8  mmHg versus KTA: 101.4 ± 3.2; p = 0.001) 
after transplantation. This means significant improve-
ments in MAP values in the SPKT recipients (preop-
erative versus 5  years: p < 0.01) compared to significant 
deterioration in the KTA group (preoperative versus 
5 years: p = 0.01).

A significantly lower rate of CVE (SPKT: n = 3 (7.1%) 
versus KTA: n = 6 (28%); p = 0.02) was observed in the 
posttransplant follow-up in SPKT patients than in KTA 
patients (Table  4). Furthermore, in the KTA group, a 
trend towards higher rates of CVA was seen after trans-
plantation compared to SPKT patients (p = 0.06).

Additionally, the posttransplant use of aspirin 
(p = 0.048) and statin medications (p = 0.042) was signifi-
cantly lower in the SPKT group than in the KTA group.

No differences were shown for the rate of hyperten-
sive patients or the number of antihypertensive medica-
tions between SPKT and KTA recipients. With regard to 
survival, cardiovascular long-term outcome and events 
similar results could be observed in sub-group analysis 
between KTA- and SPKT-failed recipients (Supplemen-
tary file 2).

Echocardiographic findings
Echocardiographic data and findings pretransplant and 
in the follow-up of both study groups are presented in 
Table  5. Significant improvements concerning SPKT 
patients from pre- to posttransplant values could be 
observed with regard to most of the left ventricular struc-
ture values and systolic/diastolic cardiac function param-
eters. Specifically, we observed significant posttransplant 
differences in LVDs (p = 0.04), LVDd (p = 0.011), LVMI 
(p = 0.04) and LVFS (p = 0.021) between SPKT and KTA 
recipients.

Furthermore, in Table  6, we analysed the changes in 
echocardiographic function, structure and morphol-
ogy during the study period between SPKT- and KTA 
recipients. There was an amelioration in LV function 
and significant LV hypertrophy in the SPK group and a 
deterioration of normal status to high-grade hypertro-
phy in the KT group. In addition, there was a significant 
improvement in hypokinesia in the SPKT group, whereas 
hypokinesia posttransplant occurred more often in the 
KT group.

Discussion
The severe impact of diabetes on cardiovascular mor-
bidity and mortality though micro- and macrovascular 
alterations is well known [19–21]. The study of Gowdak 
et al. concludes that diabetes confers a cardiovascular 
risk comparable to that of coronary artery disease (CAD) 
in transplanted patients without diabetes [22]. Patients 
on the waiting list suffer from stroke, coronary artery 
disease, congestive heart failure and arrythmia, but 
transplanted patients are diagnosed more often with car-
diovascular disease than the general population [23, 24].

The present study examined the cardiovascular out-
comes and function of a large cohort of patients who 
underwent SPKT or KTA for IDDM in a propensity 

Table 2  Metabolic outcome

data are presented as the mean ± standard deviation

P1 = intra-group p-values; P2 = inter-group p-values

Variable SKPT P1 KTA P1 P2

HbA1c in %
  pretransplant 7.4 ± 1.5 6.2 ± 0.9 0.001
  follow-up 
1 year

5.8 ± 1.2 ˂0.05 6.6 ± 1.3 0.01 0.062

  follow-up 
3 years

5.6 ± 1.1 ˂0.05 6.9 ± 1.8 0.01 0.001

  follow-up 
5 years

6.7 ± 1.4 ˂0.05 7.3 ± 1.9  < 0.005 0.001

GFR (ml/min)
  pretransplant 13.61 ± 11.06 12.95 ± 6.54 0.01 0.596

  follow-up 
1 year

51.33 ± 14.4  < 0.005 33.7 ± 14.81 0.04 0.001

  follow-up 
3 years

57.5 ± 15.3  < 0.005 30.2 ± 14.8 0.001 0.008

  follow-up 
5 years

52.3 ± 12.9  < 0.005 35.2 ± 11.2 0.1 0.029

BMI in kg/m2
  pretransplant 27.8 ± 4.3 27.8 ± 3.3 0.692

  follow-up 
1 year

26.5 ± 4.7 0.135 29.4 ± 3.6 0.143 0.025

  follow-up 
3 years

26.6 ± 3.8 0.196 29.3 ± 3.6 0.181 0.307

  follow-up 
5 years

27.1 ± 4.7 0.678 28.9 ± 2.6 0.190 0.471

LDL/HDL-ratio
  pretransplant 2.3 ± 1.2 2.2 ± 0.9 0.96

  follow-up 
1 year

2.0 ± 1.3 0.09 2.6 ± 0.9  < 0.005 0.042

  follow-up 
3 years

1.8 ± 1.1  < 0.005 2.7 ± 0.9  < 0.005 0.02

  follow-up 
5 years

1.9 ± 0.9  < 0.005 2.8 ± 0.9  < 0.005 0.04
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score matching analysis manner. Our results dem-
onstrate that normoglycaemia, achieved by success-
ful pancreas transplantation, slows the progression of 
some of the features of macrovascular disease in IDDM 
patients, mainly blood pressure controls, lipid metab-
olism, the presence of cardio- and cerebrovascular 
events and cardiac function and performance, and indi-
cates significant improvements in these parameters.

In accordance with currently available literature, we 
could observe that normoglycemia achieved by long-
term successful SPKT in type 1 IDDM patients was 
associated with reduced all-cause mortality/ increased 
long-term patient survival compared to KTA [10, 25–32].

As shown by previous studies success of SPKT 
depends on long-term functioning pancreas grafts and 

pancreas graft loss is inversely associated with long-
term survival [26, 33–35]. This is consistent with our 
findings of lower mortality in SPKT recipients with 
functioning pancreas grafts post-transplant compared 
with those of failing pancreas grafts.

Our initial cohort of 127 patients (100 SPKT/27 KTA) 
was heterogeneous in favour of younger, cardiovascularly 
healthier SPKT recipients as opposed to older, cardiovas-
cularly multimorbid KTA patients who were more likely 
to have DM II.

However, by using propensity score matching on 
patient characteristics, including recipient age at trans-
plantation, sex, type of diabetes mellitus, and preva-
lence of pretransplant dialysis, such as cardiovascular 
history, we were able to create a homogenous and simi-
lar study population upon entrance into the study. 
Therefore, it can be concluded that the different out-
comes observed are consequences of the transplant. 
This conclusion could be confirmed by the observed 
results of our analyses in the subgroup of pancreas-
kidney failure patients. This subgroup was closer to the 
KTA group with regard to survival, cardiovascular and 
metabolic outcomes.

There are actually only a few studies assessing cardio-
vascular outcomes and cardiac performance/function 
with regard to long-term follow-up in SPKT recipients 
compared to KTA recipients. Biesenbach et al. showed 
that the progression of macrovascular diseases was sig-
nificantly lower in recipients with a functioning SPK 
graft than in KTA recipients [36]. La Rocca et al. detected 
fewer cardiovascular events and better survival after 
SPKT than after KTA [37].

Fig. 1  Patient Survival after simultaneous pancreas kidney transplantation (SPKT) and kidney transplantation alone (KTA)

Table 3  Cox regression analysis for death in SPKT recipients

Data are presented as absolute numbers

Variable HR 95%CI p-value

Transplant Type 0.49–0.82  < 0.05
KTA Reference

SPKT 0.63

Recipient age (years) 0.97 0.93–1.01 0.215

Gender 1.13 0.31–4.1 0.851

Diabetes duration (years) 1.03 0.92–1.08 0.932

Number of antihypertensive drugs 0.97 0.82–1.12 0.564

Cardiovascular comorbidity 1.6 1.21–2.1  < 0.05
Smoking history 1.28 0.95–1.7 0.1

Dialysis duration (months) 1.08 0.99–1.01 0.165



Page 8 of 12Lange et al. BMC Nephrol          (2021) 22:347 

Our results are also supported by the study of Jukema 
et al. [38], who compared the progression of atheroscle-
rosis (measured by mean-segment diameter loss on cor-
onary angiography) in 26 patients with and 6 patients 
without a functioning pancreas after SPKT transplan-
tation after a mean follow-up time of 3.9  years. They 
observed a reduction in arteriosclerotic progression in 
patients with successful SKPT and achieved normogly-
caemia compared to recipients with pancreatic graft 
failure. Indeed, the analysed use/frequency of antihy-
pertensive/statin medications in our follow-up 5  years 
after transplantation with regard to our study groups 
further highlights the beneficial effect of SPKT on the 
progression of coronary arteriosclerosis.

On the other hand, our findings on better cardiovas-
cular outcomes after SPKT compared with KTA are 
highlighted by the study of Lindahl et al. [39] which 
showed that in patients with DM I and ESRD, SPKT 
was associated with reduced long-term cardiovascular 
mortality compared with living donor kidney trans-
plantation. The same study group examined later in a 
smaller collective if normoglycaemia achieved by suc-
cessful SPKT could slow the long-term progression of 
CVD/reduce CVEs based on 10-year follow-up values 
when compared to living kidney transplantation. How-
ever, earlier results could not be confirmed in long-
term follow-up because a detailed breakdown of values 
in short- and midterm follow-up was not performed, 
and as the group correctly noted, the selection of survi-
vors resulted in a clear selection bias.

Table 4  Cardiovascular outcome

data are present as the mean ± standard deviation or as absolute numbers (n) and percentages of the total (%)

P1 = intra-group p-values; P2 = inter-group p-values

Variable SKPT P1 KTA P1 P2

arterial hypertension posttransplant, n 39 (93%) 20 (95%) 0.715

MAD in mmHG
  pretransplant 101.2 ± 10.9 96.3 ± 11.1 0.09

  follow-up 1 year 91.6 ± 5.4 ˂0.005 98.7 ± 9.1 0.161 0.001
  follow-up 3 years 90.8 ± 10.7  < 0.005 100.1 ± 5.2 0.06 0.001
  follow-up 5 years 88.9 ± 11.8  < 0.005 101.4 ± 3.2 0.01 0.001
Number of antihypertensive medications, n 2.67 ± 1.7 2,29 ± 1.8

 > 3 antihypertensive medications, n 12 (28%) 5 (23%) 0.788

Cardiovascular events post-transplant 3 (7%) 5 (23%) 0.05
  myocardial infarction 2 (4.7%) 2 (19%) 0.464

  Percutaneous coronary 1 (2.3%) 3 (13%) 0.067

  intervention

  Coronary artery bypass 0 0 1.0

Cerebrovascular accident posttransplant 1 (2.4%) 3 (14.3%) 0.06

Statin at follow-up 17 (42%) 13 (61%) 0.048
Aspirin at follow-up 26 (62%) 15 (71%) 0.045

Table 5  Echocardiographic characteristics of the study patients

data are present as the mean ± standard deviation; P1 = intra-group p-values; 
P2 = inter-group p-values

LV left ventricular, LVPWd LV posterior wall diastole, IVSd interventricular septum 
diastole, LVDd diastolic LV dimension, LVDs systolic LV dimension, LVMI LV mass 
index, LVEF LV ejection fraction, LVFS LV fractional shorting

Variable SPKT P1 KTA P1 P2

LV structure
  LVPWd in mm
    pretransplant 12.4 ± 2.9 13.8 ± 2.6 0.06

    follow-up 13.8 ± 3.1 0.176 14.7 ± 2.6 0.234 0.261

  IVSd in mm
    pretransplant 13.8 ± 2.8 13.1 ± 3.3 0.145

    follow-up 12.4 ± 2.9 0.07 13.3 ± 2.5 0.789 0.765

  LVDd in mm
    pretransplant 48.7 ± 4.2 49.8 ± 6.8 0.754

    follow-up 45.3 ± 5.2 0.016 51.8 ± 9.6 0.43 0.011
  LVDs in mm
    pretransplant 32.5 ± 6.2 30.9 ± 4.2 0.823

    follow-up 28.1 ± 5.1 0.05 32.1 ± 5.2 0.67 0.04
  LVMI in mm
    pretransplant 92.1 ± 16.9 98.6 ± 15.4 0.21

    follow-up 82.3 ± 23.4 0.01 89.4 ± 10.2 0.1 0.04
LV systolic function
  LVEF in %
    pretransplant 59.8 ± 9.1 53.1 ± 7.9 0.017
    follow-up 64.5 ± 8.5 0.035 57.8 ± 8.3 0.159 0.013
  LVFS in %
    pretransplant 35.1 ± 7.6 31.9 ± 6.8 0.369

    follow-up 41.2 ± 8.8 0.02 35.1 ± 7.9 0.424 0.021
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However, because of performing PSM and subgroup 
analysis of patients with failed SPKT, we demonstrated 
that observed significant improvements regarding both 
metabolic/cardiovascular outcome, cardiac function and 
survival were consequences of the different transplant 
types and better glucometabolic effects in the SPKT 
recipients.

CVD is the most common and the most common 
cause of death among diabetic recipients of KTA. Mod-
ern immunosuppressive medications, specifically CNIs 
and steroids, are known contributors to arteriosclerosis 
and represent CV risk factors due to associated hyper-
tension, hyperlipidaemia and glucose tolerance. In this 
context, adequate steroid withdrawal or avoidance could 
reduce this risk. In the present analysis, we showed that 
67% of patients in the SPKT group versus 55% of patients 
(p = 0.2) in the KTA group were steroid-free after 1 year.

Nevertheless, at our centre, target levels for calcineurin 
inhibitors (CNIs) and doses of steroids were historically 
higher in SPKT recipients than in KTA recipients. How-
ever, the hypothesis that different levels and immunosup-
pressive regimens between SPKT and KTA patients could 
be responsible for detrimental effects on CVD risk after 
transplantation could not be statistically supported by 
our data. In the past, it was already reported that success-
ful SPKT with subsequent glucometabolic control has an 
impact on posttransplant systolic and diastolic cardiac 
function [29, 40].

Our echocardiographic analyses evaluated the develop-
ment of different echocardiographic parameters with a 
special focus on left ventricular structural and functional 
(systolic and diastolic) dimensions before and after SPKT 
and KTA.

Based on our echocardiographic findings, we found 
significant improvements in most of the structural LV 
hypertrophy parameters in SPKT recipients and a dete-
rioration of normal status to high-grade hypertrophy 
in the KTA patients. With regard to systolic function 
observed as EF and LVFS changes, significant improve-
ments in SPKT patients versus stabilization/small 
ameliorations in KTA recipients were observed during 
follow-up. In addition, there was a significant improve-
ment in hypokinesia in the SPKT group, whereas 
hypokinesia posttransplant occurred more often in the 
KT group.

In addition, small significant improvements in diastolic 
cardiac function could be confirmed in our findings by 
reduction of LVMI and compliance after transplantation 
for the SPKT group compared to KTA patients. Never-
theless, it is well known that metabolic alterations lead 
first to diastolic dysfunction rather than systolic altera-
tions, and more than 30% of diabetic patients with dias-
tolic problems have normal systolic function [41].

To evaluate diastolic dysfunction in our study, the 
analysis of more diastolic parameters, such as peak fill-
ing rate, time-to-peak filling rate, peak filling rate/peak 
ejection rate ratio, diastolic flow velocity, ratio of rapid 
filling and atrial filling velocity (E/A ratio), such as early 
diastolic mitral annulus velocity (E/e’ ratio), is required. 
However, a summary of our findings, such as amelio-
ration of glucometabolic and lipid metabolism as well 
as improvement of left ventricular systolic structure 
and function, supports our thesis that normoglycaemia 
obtained by successful SPKT has a protective influ-
ence on survival and cardiovascular outcomes in IDDM 
patients compared to KTA.

Table 6  Changes in echocardiographic function, structure and morphology during the study period

Data are presented as absolute numbers (n) and cumulative percentages (%)

pre pretransplant, post posttransplant, LV left ventricular

Variable SPKT KTA

pre post P-value pre post P-value

LV ejection fraction (%)
  normal (< 50%) 33 (79%) 37 (88%) 1.00 15 (71%) 13 (63%) 0.90

  slightly reduced (< 40–50%) 7 (17%) 4 (9.3%) 1.00 4 (19%) 5 (24%) 1.00

  moderately reduced (> 30–40%) 2 (5%) 1 (2.7%) 0.39 2 (10%) 2 (9%) 0.62

  reduced (< 30%) 0 0 1.00 0 1 (5%) 0.89

LV hypertrophy (%)
  normal (♀49–115 g/m2♂43–95 g/m2) 12 (28.6%) 18 (42.9%) 0.40 8 (40%) 3 (15.8%) 0.06

  slightly (♀116–131 g/m2♂96–108 g/m2) 18 (42.9%) 17 (40.5%) 0.26 8 (40%) 9 (42.1%) 0.39

  moderately (♀132–148 g/m2♂109–121 g/m2) 9 (21.4%) 5 (11.9%) 0.05 3 (15%) 4 (21.1%) 0.40

  high-grade (♀ > 149 g/m2♂ < 122 g/m2) 3 (7.1%) 2 (4.8%) 0.06 1 (5%) 4 (21.1%) 0.05
Hypokinesia (%) 15 (38%) 7 (20%) 0.005 5 (23.8%) 9 (53%) 0.1

Compliance (%) 23 (58.5%) 15 (39%) 0.09 8 (44%) 10 (56%) 0.328
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This is in accordance with the results of La Rocca et al. 
and Fiorina et al., who found that SPKT in DM I patients 
results in a better glucometabolic pattern and blood 
pressure control and an improvement in left ventricular 
function and structure as well as a reversal of diastolic 
dysfunction compared to KTA [29, 31].

Finally, more (non)-invasive risk stratification systems, 
such as the coronary artery calcium score [42] (CAS) and 
further coronary angiographic findings, could be helpful 
tools in pretransplant screening for high-risk individuals 
and for prediction of outcomes following SPKT and/or 
KTA.

The limitations of our study are the small number of 
participants and the retrospective design of the study. 
The period of time regarding performed transplanta-
tion was over 20  years long (1998–2016), which means 
that the diabetic treatment of some of the patients took 
already place in the 1970s and 1980s and is therefore not 
comparable to our present standards and limits the trans-
ferability of the results.

However, despite of accurate PSM analysis for homog-
enous patient collectives, comparison between SPKT 
and KTA transplants are complicated by differences in 
recipients, donors such as peri-/post-transplant related 
characteristics. SPKT recipients are often younger, have 
fewer comorbidities and pre-transplant dialysis times 
and received younger deceased donor organs with better 
quality. However, it should not be forgotten that SPKT is 
associated with an increased risk of early perioperative 
surgical complications and consequently considerable 
rate of pancreas graft loss during the first weeks. These 
may be inversely associated with short-term patient sur-
vival. As could be confirmed by our results, however, in 
KTA, higher recipient ages and donors with worse qual-
ity/ characteristics (e.g. increased ages and creatinine val-
ues…) consecutively resulting in worse post-transplant 
events (increased DGFs, proteinuria…) – have been 
accepted in recent years and might have lead to nega-
tive effects on survival and long-term outcome. However, 
it is difficult and in ways not amenable to adjust for all 
these inter-group differences and changes over time by 
analysing smaller sub-cohorts due to loss of statistical 
power. Despite of PSM, these alterations may introduce 
a bias with regard to better outcomes in favour of SPKT 
recipients.

On the other hand, due to general (inter-)national allo-
cation criterias and guidelines as well as local center pol-
icy/protocols an age bias that younger deceased donors 
were used for SPKT grafts or recipients selected for 
SPKT must be less than 55 years of age (no formal upper 
age limit for KTA) is unavoidable. Unfortunately, sub-
group analysis for e.g. donor age or donor comorbidities 
is due to low statistical power in our case not possible. 

In summary, there is a limited power of the study, with 
an increased risk of not disclosing a true treatment effect.

However, the strengths of this study include the long 
follow-up period and the largely homogenous study col-
lective as a consequence of PSM. Our pretransplant car-
diac evaluation was completed, and the postoperative 
follow-up by clinical examination and objectifiable values 
(e.g., laboratory results, echocardiography) were detailed 
and comprehensible.

Conclusions
Our study shows in a PSM analysis manner that patients 
who achieved normoglycaemia by successful SPKT have 
increased patient survival compared to patients who 
underwent KTA. This difference was explained by the 
low prevalence of cardiovascular and cerebrovascular 
events in the SPKT group as a result of increased post-
transplant cardiovascular function/performance with 
enhanced ejection fraction, improvement of left ventricu-
lar function and reversal of diastolic dysfunction, such as 
better blood pressure control and lipid metabolism.

However, further studies with larger patient numbers 
are necessary to evaluate the effects of preoperative iden-
tification of individuals at high coronary risk on long-
term post-transplant function, cardiovascular outcomes 
and survival rates.
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