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(OR = 0.5; 95 % CI = 0.3–0.9; p < 0.05). In the long-term 
follow-up, BMD increased significantly at the lumbar spine 
(T-score −1.86 ± 1.07 to −1.08 ± 0.89) and femoral neck 
(T-score −2.12 ± 0.78 to −1.63 ± 0.65). A multivariate 
linear model identified a BMI increase as a significant fac-
tor associated with improvement in BMD. Results of our 
study led us to conclude that, according to three-point den-
sitometry, BMD among patients with functioning kidney 
and pancreas grafts improved. Increased serum levels of 
ALP were significantly associated with a decrease in BMD, 
suggesting a higher risk of osteoporosis. BMI gain was pre-
dictive of BMD improvement.

Keywords Simultaneous pancreas-kidney 
transplantation · Osteoporosis · Alkaline phosphatase · 
Bone mineral density · Body mass index

Introduction

Simultaneous pancreas-kidney transplantation (SPKT) is 
the treatment of choice for selected patients with type 1 
diabetes and end-stage renal disease (ESRD).

Despite the ability to reverse many complications fol-
lowing transplantation, namely  chronic renal disease-
related mineral and bone disease (CKD-MBD), bone min-
eral loss with subsequent development of osteopenia and 
osteoporosis remains a frequent and serious complication. 
Although it has been recognized, the routine application of 
adequate diagnostic tools and preventive or treatment strat-
egies to correct bone loss or mineral disarrays may often be 
suboptimal [1].

The guidelines published by Kidney Disease Improving 
Global Outcomes (KDIGO) in 2009 recommend measuring 
the bone mineral density (BMD) in the first 3 months after 

Abstract The symptoms of chronic renal disease-related 
mineral and bone disease improve significantly in patients 
after successful simultaneous pancreas-kidney transplanta-
tion (SPKT); however, bone pathology is still present even 
after many post-transplant years. The aim of this study 
was to analyze the bone densitometry in different peri-
ods after SPKT. Three-point densitometry was performed 
with the dual-energy X-ray absorptiometry (DXA) tech-
nique. Serum levels of alkaline phosphatase (ALP), total 
serum calcium, phosphate and parathyroid hormone were 
analyzed as markers of mineral metabolism. The study 
population consisted of 48 patients (28 females, 20 males) 
with a mean age of 35 ± 6 years and mean 24 ± 6 years 
of prior diabetes. Mean period of maintenance dialysis was 
36 ± 26 months. The median time from SPKT and DXA 
measurement was 0.53, 26.2 and 41.9 months, respectively. 
Based on the DXA technique, 35.4 % of patients were cat-
egorized as having osteoporosis at the lumbar spine and 
39.6 % at the femoral neck. Patients with diagnosed osteo-
porosis had significantly higher levels of ALP (OR = 1.5; 
95 % CI = 1.1–2.2; p < 0.05 at the lumbar spine; OR = 1.4; 
95 % CI = 1.0–1.9; p < 0.05 at the femoral neck). In addi-
tion, subjects with lumbar osteoporosis were character-
ized by a significantly lower body mass index (BMI) 
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kidney transplant in patients with an estimated glomerular 
filtration rate (GFR) greater than ~30 ml/min per 1.73 m2 
if they receive corticosteroids or have risk factors for osteo-
porosis as in the general population [2].

The magnitude of pre-existing CKD-MBD, hypophos-
phatemia and disturbances in the fibroblastic growth factor 
23-parathyroid-vitamin D axis before transplant,  degree 
of kidney function recovery, and  effects of immunosup-
pressive and other therapies create a heterogeneous patient 
population in the first year after transplantation. Therefore, 
the KDIGO guidelines indicate that it is probably useful to 
distinguish the time period immediately after the kidney 
transplant, with rapidly changing GFR and concomitantly 
given therapies, from the subsequent time period when a 
more stable graft function has been achieved [2].

Data characterizing bone loss after SPKT, particularly in 
the long term, are scarce. The aim of our study was to eval-
uate serum markers of mineral metabolism, grafts function, 
and lumbar and femoral BMD determined by dual-energy 
X-ray absorptiometry (DXA) over at least 3 years of fol-
low-up among 48 patients who underwent SPKT.

Materials and methods

From May 2000 to December 2009, 107 type 1 diabetic 
patients underwent SPKT at the Transplantation Depart-
ment of our unit.

All the procedures were performed using grafts from 
deceased donors, both grafts from the same donor, and 
using systemic-enteric drainage (venous drainage to the 
iliac vein; exocrine drainage through an enteric anastomo-
sis of the pancreatic-duodenal arch).

The BMD was determined by DXA using the same Hol-
ogic QDR® 4500 X-ray Bone Densitometer over the study 
period. Instrument quality control on the DXA scanner 
was performed by daily scanning of a spine phantom. The 
coefficients of variation for BMD measurements were 1 % 
(spine) and 2 % (femoral neck). The results were expressed 
as T-scores (the number of standard deviations a person’s 
BMD is below the mean BMD for the young healthy popu-
lation). The osteoporotic label cutoff was  –2, 5 or lower, in 
accordance with World Health Organization guidelines.

A prospective, cross-sectional, single-center study was 
performed with three serial DXA examinations.

Forty-eight patients fulfilled the following criteria: a first 
DXA measurement in the first 3 months after SPKT and 
two other DXA measurements performed at least 2 years 
after transplant and 1 year apart, respectively.

Biological markers of mineral metabolism (total serum 
calcium, phosphate, intact parathyroid hormone (PTH), 
alkaline phosphatase) were regularly measured during 

follow-up. Blood was drawn after an overnight fast. Serum 
calcium, phosphorus and alkaline phosphatase were deter-
mined by colorimetric methods. The binding reagent 
was o-cresolphtalein, acid molybdate and para-nitro-
phenylphosphate, respectively. Serum PTH levels were 
measured using electrochemiluminescence immunoassay 
(ECLIA) performed on the Elecsys® 2010 fully automated 
immunoanalyzer. Hyperparathyroidism was defined as an 
intact PTH level higher than 70 pg/ml.

Body weight was recorded at each examination.
Kidney graft function was determined by measuring 

serum creatinine and estimated GFR levels using the modi-
fication of diet in renal disease (MDRD) formula. Pancreas 
graft function was determined by measuring fasting glyce-
mia, glycosylated hemoglobin (HbA1C) and C-peptide.

Because of the small number of patients initiating bone 
active medications, which included vitamin D with or 
without a calcium supplement, we were unable to assess 
whether they had effects on the changes reported in this 
investigation. Exclusion of participants who were tak-
ing these medicines from the analysis did not change our 
conclusions.

The data were analyzed with SPSS 18.0 (Statisti-
cal Package for the Social Sciences, Evanston, IL, USA). 
Results were expressed as mean values and standard devia-
tions for continuous, normally distributed variables and 
as percentages for categorical data. Paired and unpaired t 
tests, chi-square tests and Kruskal-Wallis one-way analy-
sis of variance were performed to assess the significance of 
differences between groups by using continuous and cat-
egorical variables. For significant risk factors in univariate 
analysis, multivariate logistic models were built using the 
stepwise forward elimination of nonsignificant factors.

To determine clinical predictors of changes in bone 
densitometry—∆ BMD—a multivariate linear regression 
model was used. Statistical significance was considered 
when P < 0.05.

Results

Baseline evaluation

Forty-eight patients had 24 ± 6 years (range 11–38) of 
prior diabetes, 58.3 % were female, and the overall mean 
age was 35 ± 6 (range 20–47) years at transplantation date. 
The dialysis vintage (hemodialysis or peritoneal dialysis) 
was 36 ± 26 months (range 5–98), but two patients under-
went a preemptive procedure.

Induction immunosuppressive therapy included gluco-
corticoids, tacrolimus, mycophenolate mofetil and antithy-
mocyte globulin.
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At the time of transplantation, the average BMD was 
low. The lumbar spine and femoral neck T-scores were 
−1.86 ± 1.07 and −2.12 ± 0.78, respectively. Osteoporo-
sis was reported in 35.4 % of recipients in the lumbar spine 
and in 39.6 % of recipients in the femoral neck. Genders 
did not differ regarding T-scores.

In univariate analysis, higher  alkaline phosphatase 
values were associated with osteoporosis at both regions, 
while low BMI and high PTH were associated, respec-
tively, with lumbar spine and femoral neck osteoporosis 
(Table 1).

No correlation was found between BMD and diabetes 
and dialysis duration, calcium and phosphate values, kid-
ney and pancreas function.

In multivariate analysis, high alkaline phosphatase levels 
were found to significantly increase the risk of low BMD. 

Another risk factor for lumbar spine osteoporosis was low 
BMI (Table 2).

Sequential changes post-transplantation

Glucocorticoid tapering below the daily dose of 10 mg was 
normally initiated after month 6 with complete withdrawal 
achieved in 60.4 % of patients at the end of the second year. 
No rejection episodes were registered. At the end of follow-
up, 81.2 % of patients did not receive glucocorticoids in the 
immunosuppressive regimen.

Their mean serum creatinine and creatinine clearance 
remained stable. All were insulin-independent.

After SPKT, a decrease in serum PTH levels occurred 
(Table 3). Serum phosphate, alkaline phosphatase 
and calcium levels did not change significantly after 
transplantation.

Bone densitometry enhanced gradually through the fol-
low-up (Figs. 1, 2). The Kruskal-Wallis test revealed a sig-
nificant difference between evaluations. There was a good 
correlation between the femoral neck and lumbar spine 
BMD at three-point densitometry (r = 0.673, P < 0.001; 
r = 0.394, P = 0.006; r = 0.439; P = 0.002, respectively).

After 2 years of SPKT, 10.4 and 18.8 % of patients 
remained osteoporotic in the lumbar and femoral regions, 
respectively. At the end of follow-up, only two and four 
osteoporosis cases at the lumbar and femoral regions, 
respectively, were verified.

Table 1  Risk factors for lumbar spine and femoral neck osteoporosis in univariate analysis

Bold values represent statistical significance (P<0.05)

Osteoporotic lumbar spine Osteoporotic femoral neck

Variable No (n = 31) Yes (n = 17) P No (n = 29) Yes (n = 19) P

Age (years) 36.0 ± 5.8 33.5 ± 5.8 0.164 34.9 ± 6.0 35.4 ± 5.8 0.786

Female gender (%) 64.5 47.1 0.241 58.6 57.9 0.960

Diabetes duration (years) 24.3 ± 5.6 23.8 ± 6.8 0.789 23.1 ± 5.8 25.6 ± 6.2 0.165

Dialysis vintage (months) 37.2 ± 25.2 34.2 ± 29.4 0.723 35.4 ± 27.2 37.3 ± 26.0 0.811

Body mass index (kg/m2) 22.1 ± 2.0 20.6 ± 2.1 0.019 21.7 ± 2.2 21.4 ± 2.2 0.684

eGFR by MDRD (ml/min/1.73 m2) 66.6 ± 25.1 73.0 ± 14.2 0.263 68.7 ± 22.9 69.2 ± 20.9 0.937

Phosphorus (mmol/l) (0.87–1.45) 1.09 ± 0.45 1.01 ± 0.29 0.452 1.02 ± 0.30 1.12 ± 0.52 0.448

Calcium (mmol/l) (2.09–2.42) 2.31 ± 0.15 2.38 ± 0.19 0.189 2.33 ± 0.13 2.35 ± 0.21 0.720

Alkaline phosphatase (U/l) (32–104) 68.5 ± 23.0 106.1 ± 51.0 0.003 71.6 ± 23.3 96.6 ± 52.6 0.047

Parathyroid hormone (pg/ml) (15–65) 128.7 ± 82.8 148.5 ± 87.8 0.488 111.4 ± 79.6 175.2 ± 77.4 0.014

Fasting glucose (mg/dl) 170 ± 113 194 ± 161 0.586 168 ± 110 195 ± 159 0.516

HbA1C (%) 7.7 ± 1.6 8.4 ± 2.4 0.324 7.6 ± 1.6 8.5 ± 2.3 0.179

C-peptide (ng/ml) (1.1–4.4) 5.6 ± 6.4 4.5 ± 2.2 0.497 5.37 ± 6.3 5.0 ± 2.8 0.824

Amylase (U/l) (0–100) 86.7 ± 71.4 84.4 ± 27.8 0.875 80.6 ± 56.2 94.0 ± 64.5 0.464

Lipase (U/l) (30–190) 56.2 ± 50.3 41.1 ± 25.2 0.173 47.4 ± 32.0 56.2 ± 57.3 0.550

Lumbar T-score −1.22 ± 0.71 −3.02 ± 0.42 <0.001 −1.41 ± 0.99 −2.54 ± 0.81 <0.001

Femoral T-score −1.83 ± 0.74 −2.65 ± 0.54 <0.001 −1.62 ± 0.53 −2.89 ± 0.34 <0.001

Table 2  Logistic regression analysis of significant risk factors of 
osteoporosis in multivariate analysis

a Variations of ten units

Variable Odds ratio 95 % Confidence interval P

Lumbar spine osteoporosis

BMI 0.511 0.277–0.943 0.032

Alkaline phosphatasea 1.541 1.078–2.203 0.018

Femoral neck osteoporosis

Alkaline phosphatasea 1.411 1.034–1.925 0.030
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In a model adjusted for gender, age, diabetes duration, 
∆ BMI and cumulative glucocorticoid dose, higher ∆ BMI 
values predicted a significant improvement in ∆ BMD. 
Each 10 % increase in ∆ BMI was associated with an 
improvement of 3.62 and 3.53 % in ∆ BMD at the lum-
bar spine [β = 3.620 (95 %CI 0.155–7.086) P = 0.041] 
and femoral neck [β = 3.533 (95 %CI 0.430–6.636) 
P = 0.027], respectively.

Discussion

Combined kidney-pancreas transplantation is a recognized 
risk factor for osteoporosis and consequently fractures [3, 

4]. Beyond the mechanisms associated with transplanta-
tion, type I diabetes per se is an independent risk factor. 
The anabolic effects of insulin on bone, alteration of bone 
metabolism by advanced glycation end products or vascu-
lar complications of diabetes such as neuropathy, visual 
impairment and amputation are possible explanations [5].

A study in SPKT demonstrated a prevalence of vertebral 
and nonvertebral fractures of 45 % and a high incidence of 
osteoporosis 1 year following transplantation [4]. In a pop-
ulation of 31 patients, 23 % had a significant decrease in 
bone mass (T score <−2.5) at the predominantly trabecu-
lar lumbar spine sites, and 58 % demonstrated a similarly 
low bone mass at the femoral neck, where cortical bone is 
prevalent [4].

Table 3  Prednisolone, kidney, 
pancreatic function and 
biochemical markers of bone 
metabolism during the study 
period

GFR glomerular filtration rate, 
MDRD modification of diet in 
renal disease study equation
a P < 0.001 versus previous 
evaluation
b P < 0.05 versus previous 
evaluation
c P < 0.01 versus previous 
evaluation

1st DXA 2nd DXA 3rd DXA

Time from transplant to DXA (months) 0.53 (−1.6–3.3) 26.2 (18.8–39.2) 41.9 (30.7–67.4)

Body mass index (kg/m2) 21.6 ± 2.2 22.3 ± 2.3b 22.6 ± 2.4

Prednisolone (%) 100 39.6 18.8

eGFR by MDRD (ml/min/1.73 m2) 68.9 ± 21.9 69.5 ± 17.3 67.1 ± 19.9

Phosphorus (mmol/l) 1.06 ± 0.41 1.05 ± 0.24 1.08 ± 0.26

Calcium (mmol/l) 2.3 ± 0.2 2.4 ± 0.2 2.4 ± 0.2

Alkaline phosphatase (U/l) 81.2 ± 41.5 71.7 ± 31.6 76.5 ± 38.5

Parathyroid hormone (pg/ml) 129.5 ± 77.9 77.3 ± 42.2a 64.8 ± 27.7

Fasting glucose (mg/dl) 179 ± 130 80 ± 10a 86 ± 42

HbA1C (%) 8.0 ± 2.1 4.7 ± 0.5a 5.1 ± 0.9b

C-peptide (ng/ml) 5.8 ± 5.7 2.7 ± 1.0c 2.2 ± 0.7b

Amylase (U/l) 86 ± 60 79 ± 36 90 ± 39b

Lipase (U/l) 50 ± 43 32 ± 17c 41 ± 41

Lumbar T-score −1.86 ± 1.07 −1.37 ± 1.03c −1.08 ± 0.89c

Femoral T-score −2.12 ± 0.78 −1.65 ± 1.07c −1.63 ± 0.65

Fig. 1  Development of lumbar bone mineral density (T score) after 
SPKT at three different time points

Fig. 2  Development of femoral bone mineral density (T score) after 
SPKT at three different time points
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A group recently evaluated the rate of hospitalization 
for fracture among 6,212 patients with type I diabetes 
who received a kidney transplant alone compared to 4,933 
patients who received an SPKT and came to an interest-
ing conclusion. They found that a significant difference 
between both a 5.9 versus 4.7 % rate of hospitalization, 
respectively, persisted after adjustment for many fracture 
risk factors [5], challenging the higher risk of osteoporosis 
in SPKT patients.

In most published scientific research studies, the follow-
up period may have been too short; therefore, the results 
should be interpreted carefully. In the first year following 
transplantation, it is likely that at least two major factors 
influence BMD: hyperparathyroidism and use of corticos-
teroids. Normalization of PTH secretion and, consequently, 
of bone remodeling could be responsible for prevention of 
further deterioration of the BMD over time post-transplan-
tation [6]. Furthermore, persistent hyperparathyroidism is 
an independent risk factor for fractures [7]. Moreover, glu-
cocorticoid withdrawal in transplant recipients results in an 
increase in BMD [8].

Previous prospective studies evaluating BMD in con-
secutive SPKT recipients before and at 3, 6 and 12 months 
after establishment of graft function [9] revealed significant 
bone loss within 6 months of transplantation at both trabec-
ular and cortical sites, mainly due to glucocorticoid therapy 
and the high doses required early after transplantation [10]. 
Steroids can be directly toxic to osteoblasts and lead to 
increased osteoclast activity. Other steroid effects include 
decreased calcium absorption in the gut, reduced gonadal 
hormone production, diminished insulin-like growth fac-
tor-1 production, decreased sensivity to PTH, an increase 
in receptor activator of NF-kappa beta ligand and increased 
osteoclastogenesis [1, 24]. The effect of other immunosup-
pressive drugs appears to be limited [1, 4].

In our study, in the baseline evaluation, low BMI, a tra-
ditional risk factor for low BMD in the general popula-
tion, was a risk factor for osteoporosis of the lumbar spine 
in univariate and multivariate analysis. This correlation 
between loss of BMD and low BMI values was identi-
fied in kidney transplant recipients [11, 12]. The putative 
mechanisms are several, such as the effect of adipokines in 
bone remodeling and conversion of androgen to estrogen 
in the adipose tissue [13]. The World Health Organization 
fracture risk assessment tool (FRAX) includes BMI in the 
evaluation [14].

In our survey, the patients who remained osteoporotic at 
the lumbar level after the third evaluation had BMIs lower 
than 20.5 kg/m2, in one of them being lower than 18.5 kg/
m2. In the long term, the only clinical predictor of BMD 
improvement was an increase in BMI.

A risk factor for accelerated BMD loss at the femoral 
region following transplantation was hyperparathyroidism, 

as revealed by other evaluations [15–17]. A novel and inter-
esting finding was the significant association between the 
decrease in T-score in both sites of the lumbar spine and 
femoral neck and an increase in the alkaline phosphatase 
value from 10 units the upper limit of the reference interval.

An increase in serum alkaline phosphatase, known as 
hyperphosphatasemia or hyperphosphatasia, in patients 
with otherwise intact liver and biliary systems usu-
ally results from an excess of the bone isoforms of the 
enzyme [18]. Maruyama et al. examined the baseline data 
of 185,277 prevalent hemodialysis patients in Japan and 
related them to 1-year mortality and incident hip fracture 
events through calendar year 2010. They found that patients 
in the highest quartile of serum alkaline phosphatase had 46 
and 25 % higher all-cause and cardiovascular death risks, 
respectively, as well as a 71 % higher incidence of hip frac-
ture events, than those within the lowest quartile [18].

Data from the Scientific Registry of Transplant Recipi-
ents relative to 11,776 patients also concluded that recipi-
ents with pretransplant serum alkaline phosphatase of 
120–160 and ≥160 U/l had 49 and 64 % higher graft fail-
ure censored all-cause mortality in multivariate adjusted 
models [19]. Several studies revealed that the alkaline 
phosphatase level appears to be at least as tightly linked to 
bone histomorphometry as the PTH concentration and to be 
more closely linked to clinical outcomes than the PTH con-
centration [20].

Osteoporosis results from complex interactions between 
genetic and environmental factors, and the association of a 
single nucleotide polymorphism in the alkaline phosphatase 
gene with BMD has been demonstrated [21]. Studies in the 
general population and in patients with chronic renal dis-
ease have recognized the elevation of alkaline phosphatase 
levels as a possibly more efficient method to detect patients 
with fast bone turnover rates, helpful in predicting osteopo-
rosis [22, 23]. In our study, bone loss occurred in patients 
with higher levels of alkaline phosphatase.

As expected [6, 24], we verified a higher incidence of 
osteoporosis in the femoral neck, which contains more cor-
tical bone than the spine. It is well known that most fra-
gility fractures occur at nonvertebral sites where bone is 
composed mainly by compact (or cortical) tissue, since it 
accounts for 80 % of the total bone mass of an adult skel-
eton [25, 26].

The development and implementation of a comprehen-
sive bone health protocol in posttransplant SPK patients 
is important for screening but certainly also for preven-
tion of osteopenia and osteoporosis. In a protocol applied 
in 76 posttransplant kidney and SPK patients, a DXA scan 
was performed within 2 weeks of transplant. Prevention 
of bone disease was considered appropriate if the patient 
was educated on the reduction of modifiable risk factors 
and received at least 1,000 mg of elemental calcium and 
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400 IU of vitamin D daily. Treatment of bone disease was 
considered appropriate if the patient was receiving either 
an oral or intravenous bisphosphonate, oral raloxifene, or 
nasal or subcutaneous calcitonin for documented osteopo-
rosis. According to the T-score, the DXA scan was repeated 
in 6 months, 1 year or every 2 years [27], with beneficial 
results in prevention and treatment. Data on the use of these 
medications in solid organ transplantation are scarce, and 
there are no well-established therapeutic approaches with a 
high degree of certainty [1]. Whether they are beneficial in 
increasing BMD in SPK recipients remains to be explored. 
In our study without bone active medications, we observed 
a good long-term evolution of bone density, bringing into 
question the role of antiosteoporotic therapy on a long-term 
basis.

Although the present study has limitations due to a rela-
tively small and heterogeneous sample, it leads to the rea-
sonable conclusion that bone density is enhanced following 
SPKT.

Conclusion

From this survey we obtained several relevant data: first we 
found an improvement in BMD present in the long-term 
follow-up of SPKT recipients. Another important aspect 
of this study was the identification of alkaline phosphatase 
as an independent risk factor of BMD in these patients. 
A multivariate clinical linear model determined that the 
change in BMD was positively associated with an increase 
in BMI.

This study supports that evaluation of SPK recipi-
ent bone disease requires the use of BMD measurements 
together with alkaline phosphatase and BMI to make the 
diagnosis, risk evaluation and probably therapy of osteopo-
rosis more effective.
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