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Mineral and bone disease in renal transplantation
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ABSTRACT

Chronic kidney disease – mineral and bone disorders (CKD‑MBD) tends to improve or to change phenotypically in the post‑transplant
period. Mineral and bone disorders post‑transplantation (MBD‑PT) seem to be associated with high fracture risk and cardiovascular morbidity,
and so it is necessary to be aware of its presence to minimize the MBD‑PT impact. In this article we summarize the features of MBD‑PT.
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INTRODUCTION

A successful kidney graft can fix various problems of chronic kidney
disease (CKD). The chronic kidney disease mineral and bone disease
(CKD‑MBD) syndrome, composed of mineral abnormalities, renal
osteodystrophy (ROD) and extra‑osseous calcifications, tends to
improve, to change, but not to wane.
Mineral and bone disorders post transplatation (MBD-PT) is dependent on CKD‑MBD existing pre‑transplant and on novel types of MBD-PT
developed post‑transplant, as a consequence of immunosuppression
(mainly steroids and calcineurin inhibitors) or graft dysfunction1.
Furthermore, MBD-PT has implications for quality of life (bone
pain) and mortality, similar to what happens in CKD‑MBD in end‑stage
renal disease (ESRD) patients, as cardiovascular disease is a leading
cause of death in ESRD and in renal transplanted patients2. Further,
recent studies correlate CKD‑MBD to post‑transplant diabetes and
graft dysfunction through nephrocalcinosis, and both are associated
with loss of quality of live, mortality and healthcare costs3,4.
Knowing that MBD exists even in the transplant setting is a good
start. We have to look at the problem and try to implement measures
towards the improvement of morbid‑mortality related to this disease
in these patients.



MINERAL ABNORMALITIES

Mineral abnormalities in ESRD patients are very different from those
after renal transplantation. In the first situation, hyperphosphatemia
and hypocalcemia are frequent and related to phosphate excretion
decline with consequent maladaptive hormonal responses. As phosphorus excretion is reduced, serum levels of the phosphaturic hormone

fibroblast growth factor 23 (FGF23) increase. This will lead to a reduction in vitamin D activity and has a debatable action on parathyroid
hormone (PTH)5. PTH, in turn, will increase in an attempt to control
calcium levels, triggering the efflux of calcium and phosphorus from
the bone, increasing tubular reabsorption of calcium and tubular excretion of phosphorus and activating vitamin D. Nevertheless, non
‑functioning kidneys cannot reply properly to those actions, and in the
end there will be a reduction of vitamin D, hyperphosphatemia and
normo or hypocalcemia, along with hyperparathyroidism.
In the early post‑transplant period, we will see what some authors
call inappropriate hyperphosphatoninism6. Despite the reduction of
FGF23 and PTH levels, the majority of renal transplanted patients will
maintain higher levels than the normal population, and the maintenance of high PTH serum levels, although normal renal function, is
observed in nearly 25% of patients7. Parathyroid cells have a long
lifetime of nearly 20 years1, and monoclonal glandular hyperplasia
happens8. In addition, renal denervation is associated with phosphaturia1,9 and renal grafts have tubular defects in calcium handling10.
The resulting mineral abnormalities are hypophosphatemia and hypercalcemia6,7. Hypophosphatemia affects nearly 90% of renal transplanted patients9,10. However, this event is self‑limiting, and only
6–27% will maintain low serum levels of phosphorus11 in long‑term
follow‑up. Relating to calcium, 5 to 55% of patients have a biphasic
pattern, as hypocalcemia immediately post‑transplantation is replaced
by hypercalcemia in the 1st week post‑transplantation1,7. It worth
saying that in a very recent study, hypercalcemia post‑transplantation
was associated with increased mortality risk12.
Treatment of mineral abnormalities in transplantation in not validated by randomized studies. Experts recommend vitamin D supplementation, according to calcium, phosphorus, PTH and
25‑hydroxyvitamin D3 levels13. Hypophosphatemia can be corrected
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with calcitriol (in the absence of hypercalcemia) or with sodium or
potassium monophosphate oral supplementation in severe cases.
Hypercalcemia has limited treatment, and this is based on reducing
PTH levels. Clinicians should avoid the use of hypercalcemic drugs.

Diagnosis of osteoporosis in the renal transplant patients is challenging,
because in some, if not in the majority, bone loss is accompanied by
other mineral bone disorders. Aside from bone loss, bone quality – in
terms of mineralization, cortical porosity and trabecular bone architecture – influences the risk of fractures.



Since 2017, KDIGO guidelines have recommended evaluating bone
volume in CKD patients through measurement of bone mineral density
using dual‑energy X‑ray absorptiometry (DXA)24. Most studies assess bone
volume after kidney transplantation with DXA. In a recent study, we found
a good correlation between the bone volume measured by a bone biopsy
and DXA findings, and found that DXA is an exam with a high specificity
and negative predicted value, and therefor is a good exam to rule out
the presence of osteopenia / osteoporosis21. Even so, DXA will not give
any information about bone quality, which can be evaluated by high
‑resolution peripheral quantitative computed tomography (HR‑pQCT) at
the distal radius and tibia, reporting the volumetric density of cortical
and trabecular regions25. However, this technique gives no information
on mineralization, for which we need a bone biopsy26.

RENAL OSTEODYSTROPHY

Renal osteodystrophy is classified according to turnover,
mineralization and volume14, the TMV classification. All these three
features (T‑M‑V) can be abnormal in ESRD patients, but the more
common diseases in those patients are the ones related to high or
low bone turnover and volume disturbances, with mineralization
abnormalities being rarer than the previous ones15. Exceptionally,
patients with CKD can be found to have only low bone volume, without
abnormalities in mineralization and in turnover.
ROD before the transplant is an important factor for the existing
ROD type in the post‑transplant period. There is a scarcity of double
bone biopsies studies (with bone biopsies performed immediately
before and few months after renal transplant) for us to be sure about
the evolution of ROD post‑transplantation. The presumed loss of bone
volume after transplant is one of the features we cannot assume
without a double bone biopsy.
One of the first studies using a double bone biopsy was performed
in 199117. It encompassed 20 patients biopsied at baseline and 6 months
after. Although the authors observed a reduction in the bone formation
rate, bone volume was not different from the baseline. In recent years,
3 double bone biopsies studies were issued. In 2016, a Belgian study
which included 36 renal transplanted patients was published18. The first
bone biopsy was performed at baseline and the second after 12 months,
with no differences in volume or mineralization. The study showed that
the loss of trabecular bone was associated to corticoid therapy cumulative dosage. Three years later, a study from Brazil was published. It
enrolled 31 patients submitted to double bone biopsies (at baseline and
after 12 months). The study showed an improvement in cortical bone
(regarding porosity and thickness), with no improvement in trabecular
bone19. The third analysis, published also in 2019, from Finland, included
27 patients. In this study the first bone biopsy was performed while the
patient was on dialysis, with a median of 15 months before the transplant,
and a second bone biopsy was performed after 2 years of transplantation20. This study showed no changes in mineralization or volume, but
a difference in turnover, evolved to a low turnover disease. Further, bone
densitometry parameters and bone turnover markers did not relate with
the histomorphometric findings. We also performed a recent double
bone biopsy study and we found no differences in bone volume21, mineralization, with an increase in low bone turnover status.

It is hypothesized that fracture risk is four‑fold superior in transplanted patients than the general population1, 34% higher than dialysis
patients in the first 6 months post‑transplantation, and slowly falls
afterwards22. The percentage of patients submitted to renal transplantation that will suffer a fracture event is expected to be 10 to
25%1,27. Nonetheless, a recent meta‑analysis did not reach the same
conclusions, but the selected studies were dissimilar28. A study from
Belgium into 502 patients transplanted between 2006 and 2013 presented a fracture incidence of 14.2 fractures per 1000 person‑years,
with a median period to initial fracture of 17 months29. Risk factors
for fracture are various, with diabetes, pancreas‑kidney transplantation,
BMI < 23, white race, older age, female gender, immunosuppression,
namely glucocorticoid dose and duration, abnormal PTH and, probably,
hypophosphatemia8,22,23,30 the most relevant ones. Furthermore, it
is important to stress that the importance of impaired bone quality
in the fracture risk post‑renal transplantation is not well defined31.
Since 2008, screenings for fracture risk have been possible using the
Fracture Risk Assessment Tool (FRAX), developed by the World Health
organization (WHO). Regrettably, this tool is not endorsed for kidney transplant recipients, or for persons younger than 40 years of age. Nevertheless,
in 2014, Naylor and colleagues demonstrated that FRAX could predict
fracture risk in renal transplant recipients32. As in CKD patients, this tool
doesn’t adjust the risk for the estimated glomerular filtration rate.
Recently two studies have been published, focusing on the use of
bisphosphonates in post transplant to prevent bone loss. None proved
to be effective19 and bisphosphonates should be reserved for the
patients’ with high risk of fracture. In the authors’ opinion, patients
should undergo a bone biopsy prior to treatment to show if we are
in the presence of a reduced bone formation or a high bone resorption,
situations with very different therapeutic implications26.

From these recent works, we can assume that low‑turnover bone
disease increases and high‑turnover bone disease declines after
transplantation22. Osteomalacia appeared to be unusual22, and bone
volume appeared to be similar to the pre‑transplant value, possibly
due to the current steroids‑sparing immunosuppression protocols
alongside supplementation of vitamin D19.



Bone loss increases the risk of fractures23 and is a consequence
of the inequality between bone resorption and bone formation.

Vascular calcifications are the third component of CKD‑MBD, and are
predictors of cardiovascular events and all‑cause mortality over
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conventional risk factors in CKD patients2. We know that in ESRD patients,
vascular calcifications progress faster than in the general population,
increasing the risks of its consequences. The causes and progression of
calcifications in uremic patients are attributed to hyperphosphatemia,
changes in plasma PTH (low and high abnormal values), and to excessive
bone resorption33. Potential new players are FGF2334‑37, klotho deficiency,
which seems to stimulate osteoblastic transformation of vascular smooth
muscular cells33, and sclerostin levels, a negative regulator of bone
metabolism38, with some studies defending its protective role39,40
through inhibition of vascular calcifications39,41 while other studies defend
its association with mortality42 and degree of vascular calcification43.
In the transplant setting, in addition to traditional risks factors,
secondary hyperparathyroidism and dialysis vintage seemed to be non
‑traditional risks factors for extra‑osseous calcifications. Even so, renal
transplant slows the progression of vascular calcification2 which is good.
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CONCLUSIONS

Mineral abnormalities, bone‑related disease and vascular
calcification are frequent after renal transplantation, although different from those associated with non‑functioning kidneys. The MBD-PT
associated disorders tend to improve but, in some, patients, pharmacological and non‑pharmacological interventions is still needed to
reduce disability, cardiovascular disease and mortality.
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