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Summary
Objetive: To assess the prevalence of vascular calcification and vertebral fractures in a cohort of patients undergoing
kidney transplantation and its association with all graft‐related causes of mortality and dysfunction, as well as the rela‐
tionship with biochemical parameters of bone and mineral metabolism.
Material and methods: Prospective, observational, single‐center study, which included 405 patients undergoing kidney
transplants, with collection of clinical, biochemical, epidemiological parameters, and of radiological vascular calcification
and vertebral fractures by simple radiography at the time of transplantation, with a minimum follow‐up of two years.
We assessed cardiovascular mortality and all causes and decreased glomerular filtration. In addition, 39 bone densito‐
metry studies carried out in the months prior to transplantation were reported.
Results: Patient survival was significantly lower in the group of patients with vascular calcification (131±1.5 months
without calcification compared to 110±3.5 months with vascular calcification, p<0.001). A greater decrease in the esti‐
mated glomerular filtration rate (GFR) was observed using the CKD‐EPI formula in all patients who presented vascular
calcification, this being an independent risk factor (OR=2.7; 95% CI: 1.6‐4 , 4; p<0.001). The prevalence of vertebral
fractures was significantly higher in the vascular calcification group (12%), independently of other risk factors (OR=9.2;
95% CI: 1.2‐73.4; p=0.036). The prevalence of vertebral fractures has been associated with lower hip bone mass assessed
by bone densitometry (T‐score ‐1.2 vs. ‐2.4, p=0.02)
Conclusions: Vascular calcification prior to transplantation, evaluated using a simple, cheap and accessible method such
as plain radiography, determines the morbidity and mortality of the patient undergoing a kidney transplant and has a
great impact on the evolution of graft function, regardless of other risk factors. traditional. The association between
bone fragility, vascular calcification and the prognosis of the patient and the renal graft should make us think about ad‐
ding bone densitometry to the protocol for inclusion in the transplant waiting list. It is relevant to promote not only the
best possible vascular health but also to promote the least impact on bone tissue in the progression of chronic kidney
disease before the time of transplantation.
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INTRODUCTION

Chronic Kidney Disease‐Mineral and Bone Disorder
(CKD‐MBD), was defined in 2009 as a set of systemic di‐
sorders of the bone and mineral metabolism due to
chronic kidney disease, resulting in a combination of the
following manifestations1,2:

I) Abnormalities of the metabolism of calcium, phos‐
phorus, paratohormone or vitamin D.

II) Anomalies of bone remodeling, mineralization, vo‐
lume, linear growth or resistance.

III) Vascular and other soft tissue calcifications.
This recently updated definition3, and the consensus

documents of various scientific societies4, have highligh‐
ted the importance of the role of vascular calcification
in the morbidity and mortality of patients with chronic
kidney disease.
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Kidney transplantation is the treatment of choice in
renal replacement therapy for patients with CKD, since
it improves life expectancy and its quality. However, the
impact of recovery of renal function after surgery on al‐
terations in bone mineral metabolism is controversial5.
Vascular calcifications do not revert after transplanta‐
tion, and coexist with other alterations of bone‐mineral
metabolism in the framework of immunosuppressive
treatment. The variety of methods used in the detection
of vascular calcifications in the studies prior to kidney
transplantation, as well as the heterogeneity of the stu‐
dies available so far, do not allow us to accurately
analyze the magnitude of the impact of calcification on
the evolution of the renal graft6.

Loss of bone mass after kidney transplantation oc‐
curs mainly in the first 6 months post transplant and
decreases as the cortico‐steroid dose is reduced7. The
decrease is 5.5‐19.5% during the first 6 months, 2‐8%
between 6 and 12 months, and 1‐2% thereafter. The
rapid bone loss that occurs after transplantation con‐
ditions high prevalences (7‐20%) and incidences (3‐
4%/year) of fractures, much higher than in the
general population as well as in the hemodialysis po‐
pulation8.

Our main objective was to assess the prevalence of
vascular calcification and vertebral fractures in a cohort
of patients undergoing kidney transplantation, and its
association with graft dysfunction and cardiovascular
and all other causes of mortality, as well as the role of
loss of bone mass and other alterations of bone and mi‐
neral metabolism in the post‐transplant evolution.

MATERIAL AND METHODS

A prospective, single‐center, observational study was de‐
signed, which included the 405 patients who underwent
kidney transplants between 2008 and 2017, after sig‐
ning informed consent. Recipients who did not consent
to participate in the study and those whose follow‐up
was less than two years or was carried out in another
region, as well as patients with intra‐operative surgical
complications that forced immediate removal of the
graft or who died in the immediate postoperative period
were excluded (n=95). The study was approved by the
Research Ethics Committee of the Principality of Astu‐
rias.

A systematic collection of clinical, biochemical, and
epidemiological parameters at the time of transplant
and a follow‐up after the intervention of at least two
years were carried out in all included patients. The fo‐
llowing were collected:

1. General and anthropometric data: age at the time
of the transplant, sex, height, weight, body mass index.

2. Data on kidney disease and renal replacement the‐
rapy (RRT) prior to transplantation: cause of CKD, resi‐
dual diuresis, time on dialysis, modality of RRT.

3. Cardiovascular risk factors and clinical history:
hypertension (HT), diabetes mellitus (DM), dyslipidemia
(DL), tobacco use.

4. Average biochemical data of the 6 months prior to
transplantation: serum calcium (Ca), serum phosphorus
(P), serum hemoglobin (Hb), paratohormone (PTH) and
albumin (Alb).

5. Data on kidney transplantation: data were collec‐
ted on the age of the donors, the rate of non‐functioning
kidney graft, the rate of initial graft dysfunction (those
patients who needed to continue dialysis during the first

days after surgery), the rate of acute immune rejection,
and HLA (human leukocyte antigen) compatibility.

6. Radiological evaluation of vascular calcifications
and vertebral fractures in pre‐transplant studies: the ra‐
diological study consisted of carrying out radiographs
of the anteroposterior pelvis, dorsal spine, and lumbo‐
sacral in anteroposterior and lateral views.

Radiological studies were blindly evaluated by two
independent experts. The agreement between the same
observer and interobserver9 was evaluated, with a
kappa index of 0.74, in both cases (for the presence of
aortic vascular calcification, and the presence or absence
of vertebral fractures, without considering the severity
of the calcifications or the type/degree of fractures).

Vascular calcifications were defined as any calcifica‐
tion of the region of the abdominal aorta, iliac, femoral,
uterine/spermatic arteries (more than two isolated
patchy calcifications or a visible linear calcification in a
section of the vessel)10. For the analysis of mortality and
cardiovascular events, calcification of the abdominal
aorta has been used as it is the most prevalent in the
study cohort.

The semi‐quantitative classification of Genant11 has
been used to establish the existence of osteoporotic ver‐
tebral fracture in the dorsal and antero‐posterior and la‐
teral lumbosacral radiological images, as long as they
presented wedging, bi‐concavity and/or crushing grade
1 of Genant or higher.

7. Evaluation by CKD‐MBD densitometry: bone mine‐
ral density (BMD) was measured in the posteroanterior
lumbar spine (L2‐L4) and in the right femoral neck,
using a DXA Hologic® QDR‐1000 densitometer (Hologic
Inc., Waltham, Massachusetts. USA). There were 39 stu‐
dies available in the two years before transplantation.

8. Assessment of kidney function and bone metabo‐
lism of the transplant patient: creatinine, estimated glo‐
merular filtration rate (GFR) according to the CKD‐EPI
formula (Chronic Kidney Disease Epidemiology Collabo‐
ration), Ca, P, PTH in intervals of 3, 6, 12 and 24 months.
Mortality from all causes was evaluated, with a mean fo‐
llow‐up time of 7.2±2.4 years (minimum of 2 years, ma‐
ximum of eleven years), as well as mortality from
cardiovascular events (acute myocardial infarction, AMI,
and/or cerebrovascular accident, CVA), and graft
dysfunction not justified by immunological cause12. This
is understood as a marked decrease in glomerular filtra‐
tion rate in the post‐transplant follow‐up.

Statistic analysis
The descriptive analysis is shown as percentages (%),
means (X) and standard deviations (SD), or medians
(Mn) and interquartile range in the variables that did
not have a normal distribution.

For the analysis of the differences between the clini‐
cal and biochemical parameters, and their association
with vascular calcification, statistical T‐Student tests,
Chi‐square test, multiple logistic regression analysis and
non‐parametric tests were used (U‐Mann Whitney)
when necessary, with a 95% confidence interval (CI),
and considering a value of p<0.05 as statistically signi‐
ficant.

For survival analysis, Kaplan Meier curves were cal‐
culated, along with multivariate logistic regression and
Cox regression analysis. Statistical analysis was carried
out using IBM® SPSS® Statistics v.20.00 for Windows
software.
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RESULTS

Table 1 shows the general characteristics of
the patients included in the study. Regarding
the biochemical parameters related to bone
mineral metabolism in the six months prior
to transplant, the mean serum calcium value
was 9.17±0.85 mg/dl, serum phosphorus
4.45±1.31 mg/dl, albumin 38.3±4.4 mg/dl,
hemoglobin 11.3±1.9 g/dl and the median
of PTH of 244 pg/ml, with an interquartile
range between 150 and 360.

The donors’ mean age was 54±12 years,
with a correlation with the age of the reci‐
pients of R=0.645 (p<0.001), the never
functioning graft rate was 3.5%, the per‐
centage of initial dysfunction of the graft
with subsequent recovery was 35.5%, the
acute rejection rate was 11%, and the mean
HLA compatibility was 2±1.

In the analyzed areas, 66.4% of the study
patients presented some type of radiological
vascular calcification, with no differences
between the different dialysis modalities.
Thus, 64.2% had calcification at the abdomi‐
nal aorta level, 53% had calcification at the
iliac level, 40.6% had calcification in the fe‐
moral region and 23.9% had calcification in
the uterine or spermatic arteries, although
reference here will only be made to calcifi‐
cation in the abdominal aorta. The baseline
characteristics of the patients and the para‐
meters of the CKD‐MBD, according to the
existence or not of previous radiological vas‐
cular calcification, are shown in table 2.

The overall prevalence of vertebral frac‐
tures in the pretransplant studies was 8.4%; regarding
bone densitometry studies (n=39), the values of bone
mass in the spine were 0.915±0.176 g/cm2, with an ave‐
rage T‐score of ‐1.3±1.6, and of 0.717±0.131 g/cm2 in the
hip, with an average T‐score of ‐1.3±1.1, significantly
lower in patients with radiological vascular calcification
(1.1±1.1 vs. ‐0.6±0.9; p=0.045). The results and characte‐
ristics of the patients, based on the previous detection or
not of vertebral fractures, as well as the result of the avai‐
lable bone densitometries (n=39), are shown in table 3.

A strong association has been found between vascu‐
lar calcification and vertebral fractures (present in 95%
of patients with vascular calcification), and in turn with
bone densitometry values, as shown in figure 1. The re‐
sults of the analysis of logistic regression of risk factors
for vascular calcification are shown in table 4.

The evolution of the biochemical parameters of bone
mineral metabolism and renal graft function in the post‐
transplant follow‐up is shown in figure 2. A lower GFR
was observed in all the patients who had calcification, and
by analyzing the decrease in GFR among the 3 and 24
month follow‐up, an average reduction of 3.36 ml/min in
patients with vascular calcification in some territory, com‐
pared to an increase of 7.31 ml/min in patients without
vascular calcification. The results of the multivariate Cox
regression analysis, to evaluate the risk factors for the de‐
crease of the GFR in the post‐transplant follow‐up, are
shown in table 4.

The overall mortality rate from all causes was 13.8%,
of which 35% were of cardiovascular etiology, 25.8%
from infectious complications, 16.1% from neoplastic

etiology, and the rest from other causes.  Patient survi‐
val was significantly lower in the group of patients with
vascular calcification (131±1.5 months without calcifi‐
cation compared to 110±3.5 months with vascular cal‐
cification, p<0.001), as shown in the Kaplan‐Meier
analysis in figure 3. Analyzing the mortality of cardio‐
vascular etiology exclusively (ischemic stroke or acute
myocardial infarction), the findings were identical (Log
Rank=7.43, p<0.001), without any patient without pre‐
vious vascular calcification presenting a fatal cardiovas‐
cular event. The independent risk factors for mortality,
according to the multivariate Cox regression analysis,
both cardiovascular and for all causes, are shown in
table 5, where the results of the bone densitometry stu‐
dies were not included, given their small number. The
vertebral BMD was 0.902±0.172 g/cm2 in the non‐de‐
ceased patients (n=37) compared to 1,114±0.096 g/cm2

in the deceased (n=2) (T‐score ‐1.5 vs. 0.6 ), and the
BMD at the hip level was 0.721±0.134 g/cm2 in the non‐
deceased compared to 0.678±0.044 g/cm2 in the dece‐
ased (T‐score ‐1.4 vs. ‐2), with no statistical difference
between groups.

DISCUSSION

Cardiovascular mortality is the main cause of death in kid‐
ney transplant patients, with an annual risk of lethal or
non‐lethal events 3 to 5% higher than in the general po‐
pulation. Death with a functioning renal graft accounts for
up to 42% of graft losses, with cardiovascular being the
most frequent cause, with a prevalence of between 36 and
55%13 according to the series (in our series, 35%).

Table 1. General characteristics of the patients included in the study

N=310

Age (years), X ± DE 55 ± 12

Sex (man), % 61.6

Height (cm), X ± DE 166 ± 9

Average weight (kg), X ± DE 74 ± 15

BMI (kg/m2), X ± DE 26.68 ± 4.84

CKD etiology, %
Glomerulonephritis
HPD
Idiopathic
Mellitus diabetes
Arterial hypertension
Others

24.5
18.4
15.5
13.4
11.6
6.1

Modality TRS, %
HD
PD
CKD 

56.5
35.8
7.7

Dialysis T (months), Mn [Rn] 15 [8‐31]

HT (Yes), % 86.1

HD (Yes), % 21.3

DL (Yes), % 39

Active smoking (Yes), % 21.3

N: study population; X: mean; SD: standard deviation; BMI: body mass index;
CKD: chronic kidney disease; HPD: hepatorenal polycystic disease; HD: hemodialysis;
PD: peritoneal dialysis; CKD: advanced kidney disease; T: time; Mn: median; Rn:
range; HT: arterial hypertension; DM: diabetes mellitus; DL: dyslipidemia.
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The role of bone mineral metabolism associated di‐
sorders with CKD in the morbidity and mortality of kid‐
ney transplantation has already been described by other
authors8,14. One of the main manifestations of CKD‐MBD
is vascular calcification. There are numerous methods
for detecting calcification and multiple scales to quantify
it. Cianciolo et al.6, in their 2014 meta‐analysis, included
up to 13 calcification studies in kidney transplant reci‐
pient patients, evaluating different territories and using
different diagnostic techniques. In most of these studies,
a progression of calcification was observed in the post‐

transplant in all the territories, depending on their initial
severity15.

The presence of vertebral fractures also has a nega‐
tive impact on the prognosis of CKD patients, being an
independent mortality factor in CKD patients in stages
3‐5, and has been associated with the existence of vas‐
cular calcifications in patients on hemodialysis10, and in
studies in the general population16. These findings are
identical to those of our series, where the existence of
previous vertebral fractures increased the risk of vascu‐
lar calcification by nine times.

Table 2. Baseline characteristics, existence of vertebral fractures and transplant data of the patients based on the existence of
radiological vascular calcification in any territory prior to the transplant

No VC (N=104) Yes VC (N=206) p

General and anthropometric data

Age (years), X ± SD   >60 years,  % 48 ± 13   17.9 58 ± 10   42.8 <0.001**

Sex (man), % 48.7 64.2 0.01*

BMI (kg/m2), X ± SD 25.52 ± 5.93 26.98 ± 4.36 NS**

Kidney disease and replacement therapy facts

Modality RRT: HD, % 51.3 62 NS *

Modality RRT: PD, % 48.6 37 NS*

Dialysis T >12 months, % 53 66 0.04*

Residual diuresis (ml), X 731 635 NS**

Cardiovascular risk factors and clinical history

DM (Yes), % 12.8 31.1 <0.001*

HT (Yes), % 83.3 87.7 NS*

DL (Yes), % 25.9 45.7 <0.001*

Smoking (Yes), % 19.2 33.1 0.018*

Biochemical parameters of CKD-MBD in the 6 months prior to transplantation

Ca (mg/dl), X ± SD 9.21 ± 0.97 9.14 ± 0.78 NS**

P (mg/dl), X ± SD 4.23 ± 1.21 4.57 ± 1.35 NS**

PTH (pg/ml), X ± SD 253 ± 221 299 ± 208 NS**

Alb (mg/dl), X ± SD 38.5 ± 4.7 38.25 ± 4.3 NS**

Hb (g/dl), X ± SD 11.4 ± 1.2 11.4 ± 1.1 NS**

Kidney transplant facts

Donor age (years), X ± SD   <50 years, % 51 ± 12   78.2 56 ± 12    59.1 0.001**

Graft not functioning, % 2.5 5.1 NS*

Initial dysfunction (Yes), % 24.3 41.5 0.007*

Acute rejection (Yes), % 8.9 9.7 NS*

>2 HLA compatible, % 32 27.9 NS*

Radiological evaluation of vertebral fractures and BMD

Fractures (Yes), % 1 12 0,002*

Vertebral BMD (g/cm2), X ± SD 0.929 ± 0.191 0.905 ± 0.171 NS**

Vertebral T‐score, X ± SD ‐1.2 ± 1.7 ‐1.4 ± 1.6 NS**

Hip BMD (g/cm2), X ± SD 0.751 ± 0.126 0.694 ± 0.132 NS**

Hip T-score, X ± SD -1.1 ± 1.1 -1.6 ± 0.9 0.045**

N: number of patients; X: mean; SD: standard deviation; BMI: body mass index; RRT: renal replacement therapy; HD: hemodialysis; PD: pe‐
ritoneal dialysis; T: time; DM: diabetes mellitus; HT: arterial hypertension; DL: dyslipidemia; Hb Ca: calcium; P: serum phosphorus; PTH:
paratohormone; Alb: albumin; Hb: hemoglobin; BMD: bone densitometry; NS: not significant; *: Chi squared; **: T Student.
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However, given the absence of acute symptoms or the
existence of back pain from multiple causes, the existence
of fractures is rarely investigated in daily clinical practice.
A prevalence of vertebral fracture between 8 and 45% has
been demonstrated in patients undergoing kidney trans‐
plantation when bone deformities were investigated17 (in
our series, 8.4% in the six months prior to transplanta‐
tion). Until the recent update of the KDIGO guidelines
(Kidney Disease: Improving Global Outcomes)3, BMD was
not systematically recommended, so in our series we pre‐
sent a limited number of studies. Despite this, we found a
lower T‐score in the femoral neck of patients with vascu‐
lar calcification and in turn associated with the existence
of previous vertebral fractures. Considering bone mass in
the femoral neck a better marker of vertebral fractures
than the lumbar bone mass falls within expectations,
given the possibility of radiological image artifacts, among
others, due to aortic calcification itself18. Furthermore,
there are PTH levels in patients before transplantation,
leading to greater involvement in a predominantly corti‐
cal bone location, such as the femoral neck, compared to
predominantly trabecular areas, such as the lumbar spine.
Our results also concur with a recent study that determi‐
nes BMD’s importance as a predictor of fractures in renal
patients19, although carrying out densitometric studies
with a greater number of patients that allow us to ratify
our findings is required.

Among the biochemical parameters, attention is
drawn to significantly higher albumin values among
fractured patients, indicating that these patients’ bone
fragility would not be conditioned by greater nutritional
deterioration20,21.

Simple radiology provides the lowest dose of radiation
possible, allows joint evaluation of vascular calcification
and fractures, and has proven useful as a predictor of
mortality in dialysis patients. Rodríguez et al.10, in a study
of 193 hemodialysis patients who underwent a plain ra‐
diograph of the lumbar spine and pelvis, demonstrated
an increase in the prevalence of calcification in the aorta
of patients with chronic kidney disease on hemodialysis,
and associated its severity with time on dialysis, with ver‐
tebral fractures and with morbidity and mortality.

In our series, the overall prevalence of vascular calcifi‐
cation at the time of transplantation was 66.4%, coinci‐
ding with the findings of previous series10,22. As expected,
the existence of radiological vascular calcification has
been associated with diabetes mellitus prior to transplan‐
tation, sex, time on dialysis of more than 12 months, active
smoking, the existence of vertebral fractures and, above
all, from of the sixth decade. These findings are similar to
others already published, even in the general popula‐
tion6,10,16. No significant differences were found regarding
the existence of calcification between the modalities of
renal replacement therapy, and there were also no diffe‐

Table 3. Vertebral fractures and clinical characteristics of the patients

N: number of patients; X: mean; SD: standard deviation; BMI: body mass index; T: time; Mn: median; Rn: interquartile range; DM: mellitus diabetes;
VC: vascular calcification; Ca: calcium; P: serum phosphorus; PTH: paratohormone; Alb: albumin; Hb: hemoglobin; BMD: bone densitometry;
NS: not significant; *: Chi squared; **: T Student; ***: U Mann‐Whitney.

No fractures (N=284) Yes fractures (N=26) p

General and anthropometric data

Age >60 years, % 32.7 47.6 NS*

Sex (woman), % 40.3 47.7 NS*

IMC (kg/m2), X ± SD 26.73 ± 4.9 27.31 ± 2.98 NS**

Kidney disease and replacement therapy facts

Dialysis T (months), Mn [Rn] 17 [9‐33] 26 [11‐32] NS***

Cardiovascular risk factors and clinical history

DM (Yes), % 27% 9% NS*

Smoking (Yes), % 27.4% 19% NS*

Biochemical parameters of CKD-MBD in the 6 months prior to transplantation

VC (Yes), % 63.9 95 0.01*

Ca (mg/dl), X ± SD 9.1 ± 0.9 9.3 ± 0.6 NS**

P (mg/dl), X ± SD 4.5 ± 1.3 3.9 ± 1.1 0.04**

PTH (pg/ml), X [Rn] 250 [155‐365] 130 [96‐385] NS***

Alb (mg/dl), X ± SD 38.16 ± 4.5 40.34 ± 2.98 0.03**

Hb (g/dl), X ± SD 11.4 ± 1.2 11.5 ± 1.1 NS**

Radiological evaluation of vascular calcifications and BMD

VC (Yes), % 63.9 95 0.01*

Vertebral BMD (g/cm2), X ± SD 0.927 ± 0.172 0.847 ± 0.204 NS**

Vertebral T‐score , X ± SD ‐1.2 ± 1.6 ‐2.1 ± 1.7 NS**

Hip BMD (g/cm2), X ± SD 0.739 ± 0.121 0.599 ± 0.137 0.01**

Hip T-score, X ± SD -1.2 ± 0.9 -2.4 ± 1.2 0.02**
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rences regarding the values of calcium,
phosphorus and serum PTH in the 6 months
prior to transplant, similar to some studies.
published23 where no differences are found
regarding vascular calcification association,
although there is controversy among va‐
rious authors24.

Regarding the renal graft, the age of the
donors was higher in patients with vascular
calcification, and it was correlated with the
age of the recipients (R=0.65; p<0.001),
with higher rates of initial graft dysfunction.
(41.5% vs. 24.3%); This finding is related to
the selection of older donors for older pa‐
tients, in accordance with the protocols of
the different scientific societies that recom‐
mend that organs removed from patients of
a certain age be transplanted in patients in
a range of ± 15 years25. In the post‐trans‐
plant follow‐up, a higher rate of decrease in
the GFR was observed in the group of pa‐
tients with calcification; Although this could
only be attributed to the age of the donors
(lower in patients without calcification), the
Cox regression analysis showed vascular
calcification in any territory as an indepen‐
dent risk factor (OR=2.8; p<0.001). Other
factors, such as the initial graft dysfunction,
which could be understood as predisposing
for a worse posterior evolution, did not
show statistical significance.

No association was found between the
decrease in GFR and the rest of the bioche‐
mical parameters of bone mineral metabo‐
lism evaluated at follow‐up, as in other
recent studies, such as that of Wolf et al.14,
where only FGF‐23 showed an impact in the
evolution of long‐term filtering (not included
in our analysis). In the immediate post‐trans‐
plant, hypercalcemia has been described as
one of the main factors of graft dysfunction
in the medium term, due to the appearance
of tubular microcalcifications26. In our analy‐
sis, the calcaemia did not show an impact on
the decrease in the filtrate. In future studies,
it would be interesting to analyze the impact
of other biomarkers, such as α‐klotho, on
post‐transplant follow‐up.

The overall survival of the patient un‐
dergoing transplantation was greater in
patients without previous radiological cal‐
cification, as occurs in other previous stu‐
dies27, even in the general population28. In
the multivariate analysis, vascular calcifi‐
cation in the abdominal aorta showed an
impact on the mortality of the patients in
the post‐transplant follow‐up, together
with the decrease in glomerular filtration,
smoking, and advanced age. No association
has been found between all‐cause morta‐
lity and the existence of vertebral fractures,
which has been reported by other au‐
thors10,16. Similarly, survival free of fatal
cardiovascular events was greater in pa‐
tients without vascular calcification. In our
cohort, all the patients who died from car‐

(a): the mean hip bone mass values for different categories of vascular calcification
(bars) and the standard deviation of these values are shown in the figures; cm2:
square centimeter; BMD: bone densitometry; g: gram.

Figure 2. Evolution of biochemical parameters and graft function

Figure 1. Vascular calcification, vertebral fractures and hip bone
densitometry in patients undergoing kidney transplantation
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diovascular events had some type of vascu‐
lar calcification in the abdominal aorta, at
least moderate, in addition to having suffe‐
red one or more vertebral fractures, so we
have not been able to analyze its impact on
cardiovascular mortality.

The main limitation of this study is that risk
factors such as immunosuppressive therapy
and infectious complications during follow‐up
have not been included, as well as the small
number of bone densitometry studies availa‐
ble, given the low recommendation for their
performance in previous guidelines2. It is im‐
portant to point out the need to include this
study in daily clinical practice, as part of the
evaluation prior to kidney transplantation,
due to its association with vascular calcifica‐
tion, which in turn determines significant
morbidity and mortality. Another existing li‐
mitation is the absence of regulated vitamin D
measurements, since very low values are as‐
sociated with an increase in the progression
of aortic calcification, as well as mortality, even
in the general population29.

Table 4. Risk factors assessed

Risk factors for the existence of vascular calcification in any territory
(Multiple logistic regression analysis)

Odds ratio (a) (CI 95%) p

Age (>60 years), (34.5%) 4 (1.9-8.5) 0.01

Sex (man), (61.6%) 2 (1.1-3.8) 0.032

Mellitus diabetes (Yes), (23.3%) 2.8 (1.2-6.3) 0.014

Dyslipidemia (Yes), (61%) 1.8 (0.9‐3.5) NS 

Smoking (Yes), (21.3%) 2.6 (1.3-5.6) 0.01

Dialysis T (>12 meses), (58.7%) 2.2 (1.1-4.2) 0.017

Fractures (Yes), (8.4%) 9.2 (1.2-73.4) 0.036

Risk factors for decreased glomerular filtration rate in the post-transplant follow-up
(Cox multivariate regression analysis)

Odds ratio (a) (CI 95%) p

Age >60 years (Yes), (34.5%) 1.2 (0.7‐1.9) 0.42

Sex (man), (61.6%) 0.9 (0.6‐1.4) 0.77

Mellitus diabetes (Yes), (23.3%) 1.1 (0.7‐1.6) 0.8

Dyslipidemia (Yes), (39%) 1.1 (0.7‐1.6) 0.91

Active smoking (Yes), (21.3%) 1.1 (0.7‐1.7) 0.66

Dialysis T (>12 months), (58.7%) 1.4 (0.9‐2.2) 0.09

Donor age <50 years, (65.2%) 0.5 (0.3-0.8) 0.008

Initial dysfunction (Yes), (35.5%) 0.7 (0.5‐1.1) 0.09

Vascular calcification (Yes), (66.4%) 2.7 (1.6-4.4) <0.001

Previous fractures (Yes), (8.4%) 1.3 (0.7‐2.5) 0.45

CI: confidence interval; T: time; NS: not significant; (a): adjusted for all risk factors included in the table. The percentage of patients in the study
cohort that presented this risk factor is shown in parentheses.

Figure 3. Overall survival of the kidney transplant patient based on
the existence of radiological vascular calcification
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The main strength of the study is that it includes the
evolution of renal graft function over time, and its direct
impact on the patient's morbidity and mortality, which
in turn will be directly associated with previous vascular
calcification.

CONCLUSION

The results of our study corroborate that vascular cal‐
cification prior to transplantation (also associated with
vertebral fractures and loss of bone mass) determines
the morbidity and mortality of the patient undergoing
kidney transplantation and, furthermore, allows us to
see its impact on the evolution of the function of the
grafting, regardless of other traditional risk factors.
Plain radiography, cheaper and harmless than other
procedures, and included in most evaluation protocols
prior to kidney transplantation, can therefore give us
certain information on the prognosis and evolution of
patients, and help prevent potential future complica‐
tions. It is relevant to promote not only the best possible

vascular health, but also the least impact on bone tissue
in the progression of CKD before the moment of trans‐
plantation. Therefore, although the study does not have
a high number of patients with densitometry, it is recom‐
mended that it be carried out as a study prior to inclusion
on the transplant waiting list, given the association bet‐
ween bone fragility and vascular calcification, and, in
turn, with the prognosis of both the patient and the kid‐
ney graft.
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Table 5. Risk factors for all-cause mortality and cardiovascular etiology (Cox multivariate regression analysis)

Mortality Global (N= 43) (a) Cardiovascular (N=15) (b)

HR (a) (CI 95%) p HR (a) (CI 95%) p

Age (>60 years), (34.5%) 3.5 (1.4-8.4) 0.005 2.9 (0.7‐12.1) 0.12

HT (Yes), (86.1%) 0.7 (0.2‐1.9) 0.46 0.5 (0.1‐2.5) 0.4

DM (Yes), (23.3%) 1.1 (0.4‐2.3) 0.99 1.1 (0.3‐4.1) 0.92

Dyslipidemia (Yes), (39%) 0.5 (0.2‐1.1) 0.07 0.6 (0.1‐2.2) 0.41

Tobacco (Yes), (21.3%) 4.6 (1.6-12.7) 0.003 4.8 (1.1-23.5) 0.049

VC AA (Yes), (64.2%) 8.8 (1.1-69.3) 0.04

Fractures (Yes), (8.4%) 2.1 (0.5‐7.7) 0.27

↓ GFR (Yes), (50.2%) 4.1 (1.7-12.7) 0.003 12.1 (1.5-99.2) 0.02

N: number of patients; HR: hazard ratio; CI: confidence interval; HT: arterial hypertension; DM: diabetes mellitus; VC: vascular calcification;
AA: abdominal aorta; ↓ GFR: estimated glomerular filtration rate decrease; (a): adjusted for all included risk factors. The percentage of patients
in the study cohort that presented this risk factor is shown in parentheses; (b): the calcification variable of the abdominal aorta and vertebral
fractures were not included in the analysis because they were positive in 100% of the patients who died of cardiovascular mortality.
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