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SUMMARY

Bone loss leads to increase risk of fractures in renal transplantation. The
aim of this study was to analyse the relationship between bone densitome-
try (DXA) findings, bone histomorphometry and bone-related molecules
1-year after renal transplantation. We performed a cross-sectional study of
de novo renal transplanted patients that agreed to perform a bone biopsy
and a DXA examination 1 year after transplantation. All patients under-
went a laboratory evaluation, bone biopsy, DXA examination and cardiac
CT 1 year after transplantation. 67 patients were included, 16 had a nor-
mal examination, and 18 patients were classified as having osteoporosis by
DXA. Correlations between bone mineral density and T-scores of total
femur and femoral neck were the ones that best correlated with bone vol-
ume assessed by a bone biopsy. The sensitivity of DXA for osteoporosis
diagnosis was 47.0%, and the specificity was 81.2%. The positive predictive
value was 50.0%, and the negative predictive value (NPV) was 80.0%.
DXA parameters also correlated with klotho and sclerostin serum levels. In
this population, a normal examination excluded the presence of osteoporo-
sis, helping in identifying patients that would not benefit from therapy.
Overall, densitometry in total femur and femoral neck correlated well with
bone volume measured by bone biopsy.
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Introduction

Improved long-term survival in renal transplant patients

has led to cardiovascular (CV) disease and fractures

emerging as important complications in those patients

[1]. Disturbed mineral metabolism has been investigated

as a probable cause for fractures in renal transplanted

patients, as, contrary to chronic kidney disease (CKD),

hypophosphatemia, hypercalcemia and hypomagne-

saemia are frequent metabolic complications in the early

post-kidney transplant period [2].

It is assumed that accelerated bone mineral density

loss occurs within the first 6–12 months of transplanta-

tion, especially in trabecular bone, and that bone loss

occurs in 11–56% of the renal transplanted recipients,

due to altered mineral metabolism. Additionally,
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younger age, longer dialysis vintage and low BMI

(<23 kg/m2) seem to be risk factors for this event [3].

Other risk factors for bone loss in transplantation are

immunosuppressive agents, such as high steroid doses.

Bone loss, with osteopenia or osteoporosis, reflects the

disproportion between bone formation and bone

resorption post-transplantation, which increases the risk

of fractures [4]. Diagnosis of osteoporosis in the renal

transplant setting is challenging, because in some, if not

in the majority of transplanted patients, low volume is

accompanied by other mineral bone disorders. Apart

from bone loss, abnormal bone quality, in terms of

mineralization, cortical porosity and trabecular bone

architecture seem to increase the risk of fractures. Nev-

ertheless, the importance of impaired bone quality in

the postrenal transplantation fracture risk is not well

defined [5]. It is postulated that fracture risk is fourfold

higher in transplanted patients than the general popula-

tion [6] and 34% higher than in dialysis patients in the

first 3–6 months post-transplantation, and slowly

decreases 1% each month thereafter [3]. It is estimated

that 10–25% of renal transplanted patients will fracture

over their follow-up [6,7]. Nevertheless, a recent meta-

analysis failed to get the same assumptions [8]. The

most relevant risk factors for fracture are diabetes and

pancreas–kidney transplantation, BMI <23 kg/m2, white

race, age, female gender, immunosuppression (glucocor-

ticoid dose and duration), abnormal PTH and probably,

hypophosphatemia [2–4,9].
Although we assume bone loss and disturbed mineral

metabolism early post-transplantation, the phenotype of

bone disease after transplantation is not well defined, as

data on bone histomorphometry is contradictory [6,10–
17], and double bone biopsy studies are needed to

determine and quantify the loss of bone volume after

transplantation. Most studies assess bone loss after kid-

ney transplantation using dual-energy X-ray absorp-

tiometry (DXA) to measure bone mineral density.

The aim of this study was to analyse the relationship

between densitometry findings, bone biopsy data

obtained 1 year after transplantation and levels of bone-

related molecules [phosphorus (Pi), calcium (Ca), mag-

nesium (Mg), parathyroid hormone (PTH), bone alka-

line phosphatase (BALP), calcitonin, vitamin D (vitD),

alpha-klotho, fibroblast grow factor (FGF) 23, scle-

rostin] in renal transplanted patients.

Methods

We performed a cross-sectional study in a sample of de

novo renal transplanted patients, aged 18–66 years old,

who underwent to a bone biopsy 1-year post-

transplantation (ClinicalTrials.gov ID NCT02751099).

Exclusion criteria consisted of admission for double

transplantation (pancreas–kidney and liver–kidney
transplantation), age outside the determined range or

major cognitive dysfunction.

To perform this study, we selected patients included

in a bone disease assessment study that agreed to per-

form a bone biopsy 1-year after transplantation. We

asked those patients to perform an additional examina-

tion – DXA, and we explained to the potential partici-

pants the aims of this analysis. All patients had the

opportunity to ask questions. Written consent was

obtained from all participants prior to entering the pro-

tocol. Consent to take part in the study was recorded in

each patient’s notes and in the study records. The insti-

tutional local Ethic Committee approved this study.

At inclusion, demographic, comorbid and therapeutic

data at baseline and transplant and donor data were

registered. All admitted patients performed laboratory, a

noncontrast cardiac CT to quantify coronary artery cal-

cification score using the Agatston method [18] and a

bone densitometry within a week pre or after the bone

biopsy. DXA parameters included the evaluation of

mineral bone density, Z-scores and T-scores of lumbar

spine, femoral neck and total femur. Osteoporosis was

defined by a T-score ≤2.5 in lumbar spine or femoral

neck or total femur.

Laboratory evaluation used standard methods for

hemogram, creatinine, urea, ionogram, uric acid, liver

function, Ca, (corrected for hypoalbuminemia), Pi, Mg

and calcitonin. Intact PTH was measured by immuno-

chemiluminescence using a second-generation assay

(Immulite 2000; Siemens Medical Solutions Diagnostics,

Los Angeles, CA, USA). Vitamin D [25(OH)D] was

measured with RIA provided by IDS (Boldon, UK).

Also, on both occasions, blood samples were stored at

�80 �C for further analysis of BALP, FGF23, and its

cofactor alpha-Klotho and sclerostin. BALP was mea-

sured using an enzyme immunoassay (EIA) utilizing a

monoclonal anti-BALP antibody (MIcroVue BAP).

FGF23 was measured using a 2nd generation enzyme-

linked immunosorbent assay (ELISA) kit, which

detected epitopes within the carboxyl-terminal (C-

Term) portion of FGF23 (Immunotopics, San Clement,

CA, USA). Alpha-Klotho was determined using a

human soluble a-klotho assay kit, consisting of a solid

phase sandwich ELISA using 2 kinds of highly specific

antibodies (IBL America, Minneapolis, MN, USA).

Sclerostin was measured using a high sensitivity EIA kit,

which is a 96-well immune-capture ELISA
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(TECOmedical). All measurements were performed

according to the manufacturers’ instructions.

Bone biopsies by manual puncture, using a 7G trocar

(Osteobell T�), with local anaesthesia, were obtained

from the anterior iliac crest. Tetracycline hydrochloride,

500 mg, 12/12 h, 3 days was given one month and one

week before the biopsy. Biopsy specimens of around

4.5 mm 9 1.0–1.5 cm were fixed, dehydrated, cleared

with xylene and embedded in methyl-methacrylate.

Decalcified 5-lm sections were stained with our routine

staining: modified Masson–Goldner trichrome, Toluidine

Blue, von Kossa, acid phosphatase, alkaline phosphatase,

Perls and solochrome azurine for static histomorphomet-

ric parameters evaluation. Unstained 10-lm sections were

prepared for fluorescent dynamic analysis. Cortical bone

was characterized by its cortical thickness and cortical

porosity; trabecular bone characterized by bone remod-

elling and degree of cellular activation, efficacy of miner-

alization, bone formation rate and mineral deposition

rate. Evaluation of possible metal deposits was per-

formed. Bone histomorphometry was analysed using a

semiautomatic technique in the Osteomeasure software

(Osteometrics, Atlanta, GA, USA).

Cortical porosity superior to 10% was considered

abnormal. Trabecular bone volume was considered low

if bone volume/tissue volume – TV/BV < 16%; bone

remodelling was considered low if osteoblast surface

<0.2% and/or osteoclast surface <0.1%; and was consid-

ered high if osteoblast surface >3.5% and/or osteoclast

surface >7.25% plus bone formation rate and mineral

apposition rate analysis; mineralization defects were

obtained if osteoid thickness ≥12.5% and mineralization

lag time >100 days [19].

Immunosuppression

Patients received induction immunosuppression (basil-

iximab or thymoglobulin, depending on the immuno-

logical risk) and intravenous 500 mg of

methylprednisolone intraoperative and daily for two

days, followed by maintenance of 20 mg of oral pred-

nisolone (tapered through the year), mycophenolate

mofetil (2 g daily with dose adjustments and dose

reduction through the year) and tacrolimus (adjusted

for levels of 8–12 ng/ml for 3 months and 5–8 ng/ml

thereafter).

Statistical analysis

Continuous variables were expressed as median (in-

terquartile range) and categorical variables as

frequencies. Correlations between DXA and bone biopsy

volume measurements were obtained by Mann–Whitney

test or pairwise correlation test. Associations between

histomorphometric and DXA data and serum levels of

bone-related variables or demographic data were

accessed by Mann–Whitney test, Fisher exact test,

Kruskal–Wallis rank test or Spearman correlation test,

depending on the variable. Multivariate analysis was

performed using linear regression models.

All tests were performed using STATA version 13 soft-

ware package, and a P < 0.05 was considered signifi-

cant.

Results

From the 69 patients included in the bone disease

assessment study running in our unit, 67 patients

agreed in performing a DXA examination. Those 67

patients were mostly Caucasian and male, middle-aged

(53 years), with a median dialysis vintage of 55 months.

Six patients had been submitted to a parathyroidectomy

prior to transplant. Of the 21 women, 14 were in meno-

pause. The median body mass index was 24.6 (22.0–
27.8) kg/m2. The median prednisolone cumulative dose

was 3580.0 (3257.5–4072.5) mg, but the median cumu-

lative steroid dose (prednisolone + methylprednisolone)

was 5697.5 (5207.0–7310.0) mg. Five patients were trea-

ted with low doses of everolimus and low doses of

tacrolimus, in an attempt to minimize calcineurin inhi-

bitors toxicity. No patient had been prescribed anti-

osteoporotic drugs during the post-transplant period.

Cholecalciferol supplementation was implemented in 24

patients (35.8%), paricalcitol in seven patients (10.4%)

and cinacalcet treatment in seven patients (10.4%).

Characterization of the population can be found in

Table 1.

Metabolic evaluation and Histologic evaluation

One year after transplantation, laboratory values were in

the expected and normal range, as shown in Table 2.

The only parameter above the normal was PTH, but the

optimal range in renal transplanted patients is unknown

[6]. Vitamin D levels were similar irrespective of sup-

plementation.

Renal osteodystrophy (ROD) was present in 47

(70%) of our patients: low turnover bone disease in 32

patients (10 with low volume); high turnover bone dis-

ease presented in seven patients (3 with low volume);

osteomalacia in three patients, with no cases of mixed

ROD. We also had two cases of abnormal

Transplant International 2021; 34: 1065–1073 1067

ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

DXA vs. bone biopsies in renal transplantation



Table 1. Demographic and past history of the population.

Demographic characterization
Age at transplantation (years) 53.0 (42.0–62.0)
Gender (M:F) 46 (68.7%):21 (31.3%)
Caucasian race, n (%) 53 (79.1%)
PD (previous or current):HD, n (%) 9 (13.4%):63 (94.0%)
Dialysis vintage (months) 55 (41.0–84.0)
Hypertension at transplantation, n (%) 57 (85.0%)
Diabetes|PTDM, n (%) 9 (13.4%)|11 (15.9%)
Hyperparathyroidism at transplant, n (%) 48 (71.6%), median value 529.9 pg/ml
Parathyroidectomy prior to transplant (n, %) 6 (9.0%)
HIV, HBV, HCV (n, %) 2 (2.9%):0:3 (4.5%)
Aetiology of renal disease
Unknown 13 (19.4%)
ADPKD 11 (16.4%)
Hypertensive nephrosclerosis 9 (13.4%)
Diabetic nephropathy (type 1 and 2) 6 (8.9%)
Alport disease 2 (3.0%)

Glomerulonephritis
Chronic glomerulonephritis 5 (7.5%)
IgA nephropathy|mesangial proliferation 6 (8.9%)|1 (1.54%)
HIVAN 1 (1.54%)
FSGS 1 (1.54%)
Membranous nephropathy 2 (3.0%)
Lupus nephritis 1 (1.5%)

Vasculitis
Pauci-immune|goodpasture 2 (3.0%)|1 (1.5%)
Lithiasis 3 (4.5%)
CAKUT 3 (4.5%)

Table 2. Laboratory evaluation 1 year after transplantation.

Laboratorial evaluation 1-year after transplantation
Haemoglobin (g/dl) 12.9 (12.2–14.3)
Platelets (91000/ll) 228 (176–256)
Glucose (mg/dl) 92.0 (81.0–103.0)
Urea (mg/dl) 60.0 (44.0–78.0)
Creatinine (mg/dl) 1.4 (1.1–1.8)
Glomerular filtration rate (ml/min/1.73 m2) 52.4 (35.9–68.7)
Uric acid (mg/dl) 6.4 (5.6–7.1)
Sodium (mEq/l) 141 (140–142)
Potassium (mEq/l) 4.5 (4.2–4.9)
Chloride (mEq/l) 106 (105–108)
Alkaline phosphatase (U/l) 78.0 (57.0–119.0)
Albumin (g/dl) 4.3 (4.1–4.5)
Total cholesterol (mg/dl) 181.0 (159.0–212.0)
Calcium (mg/dl) 9.8 (9.3–10.4)
Phosphorus (mg/dl) 3.1 (2.8–3.5)
Magnesium (mg/dl) 1.7 (1.6–1.8)
Calcitonin (ng/dl) 2.0 (2.0–4.9)
Vitamin D (ng/ml) 22.5 (14.3–29.0)
iPTH (pg/ml) 135.0 (90.1–232.7)
Bone alkaline phosphatase (U/l) 23.0 (17.2–35.2)
FGF23 (RU/ml) 135.2 (101.1–168.5)
Klotho (pg/ml) 945.2 (485.0–2044.2)
Sclerostin (ng/ml) 0.7 (0.49–0.96)
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mineralization, with normal turnover and volume and

six cases of osteoporosis, as no other abnormality was

observed, aside from low bone volume. We also found

that 26.8% of our patients (n = 18) had abnormal corti-

cal bone porosity.

A large number of patients, specifically 48 (71.6%),

presented with normal bone volume. The remaining 19

patients with low volume had adynamic bone disease

(n = 10), hyperparathyroid bone disease (n = 3) or

osteoporosis (n = 6). We could not find associations

between bone volume data measured in bone fragments

and serum bone-related parameters, renal function, age,

gender, menopause status, BMI or therapeutic drugs.

Nevertheless, we found a trend of association between

Caucasian race and low bone volume, compared to

other races. It is worth saying we found no significant

difference between bone volume in T0 and in T1.

Imaging evaluation

Bone densitometry was performed in 67 patients

(Table 3) and revealed that 18 patients (26.9%) had

osteoporosis, 33 patients (49.0%) had osteopenia, and

16 patients had a DXA examination normal. Patients

with osteoporosis were Caucasian (P = 0.02), had a

lower BMI (P = 0.0005) and had a higher percentile of

coronary calcifications (P = 0.04) comparing to the

patients without this diagnosis obtained by DXA.

Overall, bone volume measured in the bone biopsies

correlated well with densitometry findings. Correlations

with total femur mineral bone density (P < 0.001), its

Z-scores (P = 0.001) and its T-scores (P = 0.005), with

lumbar spine mineral bone density (P = 0.007), its Z-

scores (P = 0.007) and its T-scores (P = 0.006), and

with femoral neck mineral bone density (P = 0.003),

and its z-scores (P = 0.004) had statistically significance.

Also, we observed a difference in bone volume obtained

by a bone biopsy when classifying patients by presence

or absence of osteoporosis via DXA (osteoporosis – BV/

TV 17.3% vs. no osteoporosis BV/TV 21.0%, P = 0.054)

or when classifying patients by presence of a normal

DXA examination (normal examination – BV/TV

24.3% vs. osteoporosis or osteopenia – BV/TV 18.6%,

P = 0.003; Fig. 1). The DXA parameters that correlated

better with the bone volume measured in the bone

biopsies were the mineral bone density and T-scores of

total femur (both with ROC curve of 92.0%) and of

femoral neck (both with ROC curve of 93.0%).

In what concern to the diagnosis of osteoporosis

obtained by DXA (in 18 patients) and comparing it

with histomorphometric measurements (Table 4), 9 out

of these 18 patients effectively had low volume (BV/TV

<16.0%) at the bone biopsy. The sensitivity of the DXA

examination to detect low bone volume (or osteoporo-

sis) when comparing to the gold standard (a bone

biopsy) was of 47.0% and the specificity of the test was

81.2%. The positive predictive value was 50.0%, and the

negative predictive value (NPV) was 80.0%.

Sixteen patients had a normal DXA exam, and all of

them had a BV/TV ≥16.0% in the bone biopsy. This

reinforces the previous results about specificity and

NPV of the DXA examination. Still, 4 out of these 16

patients had abnormal mineralization (although normal

volume), and 9 had low bone turnover (although nor-

mal volume), these numbers included two patients with

osteomalacia.

We found correlations between the results of DXA

imaging and both alpha-klotho and sclerostin serum

levels. The group of patients with higher alpha-klotho

levels also had higher values of bone mineral density

Figure 1 Differences of bone volume at the bone biopsy in the presence of osteoporosis or in a presence of a normal examination by DXA.
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(0.89 vs. 0.78, P = 0.007), and significantly different

T-scores in femoral neck (�1.1 vs. �1.9, P = 0.009),

with no significant differences in its Z-scores. These

associations were maintained after adjusting for age and

for renal function (Table 5). Patients with a normal

DXA examination were mostly in the group presenting

the highest levels of klotho (P = 0.03). Nevertheless,

after adjusting for age, this association was lost.

Looking at sclerostin, people with higher levels of

sclerostin, had higher bone mineral density (1.02 vs.

1.12, P = 0.02), T-scores (�1.65 vs. �0.7, P = 0.002)

and Z-scores (�1.3 vs. 0, P = 0.005) at spine, and

higher bone mineral density (0.86 vs. 0.97, P = 0.03),

T-scores (�1.5 vs. �0.7, P = 0.02) and higher Z-scores

(�1.2 vs. �0.25, P = 0.007) at total femur. All those

association were maintained, after adjusting for age and

for renal function (Table 6).

Overall, we found no correlation between the values

obtained by DXA and coronary calcifications scores or

percentiles obtained by cardiac CT or with bone-related

therapy, namely vitamin D supplementation or cinacal-

cet prescription or even with renal function.

Discussion

In this study, we found that low bone volume, obtained

by a bone biopsy, was present in 28.4% (19 patients) of

our population. Of these 19 patients, only 6 had true

osteoporosis, as the other 13 patients presented either

with remodelling or mineralization abnormalities. We

also found that in this population, DXA examination

had a good specificity and a good NPV. The examina-

tion was useful in ruling out true low bone volume and

Table 4. Osteoporosis detected by a bone biopsy and by
DXA scan.

T-score

Volume BV/TV

Total<16% ≥ 16%

≤2.5 9 9 18
>2.5 10 39 49
Total 19 48 67

Table 5. Multivariate analysis for associations between
mineral bone density of femoral neck and klotho levels.

Femoral neck – bone mineral
density

P-valueCoefficient IC 95%

Klotho 0.09 0.006 to 0.17 0.03
Age �0.001 �0.004 to 0.002 0.5
GFR 0.0004 �0.001 to 0.002 0.6

Table 6. Multivariate analysis for associations between

mineral bone density of lumbar spine or total femur and
sclerostin.

Coefficient IC 95% P-value

Lumbar spine – bone mineral density
Sclerostin 0.13 0.02–0.24 0.02
Age �0.0008 �0.001 to 0.003 0.7
GFR 0.001 �0.001 to 0.003 0.4

Total femur – bone mineral density
Sclerostin 0.11 0.01–0.24 0.02
Age �0.0008 �0.007 to 0.001 0.2
GFR 0.001 �0.002 to 0.002 0.9

Table 3. Bone densitometry performed 12 months after transplantation.

Bone densitometry
Lumbar spine
Bone mineral density 1.1 (1.0–1.2)
T-score �1.1 (�1.9 to �0.1)
Z-score �0.8 (�1.8 to 0.4)

Femoral neck
Bone mineral density 0.9 (0.8–1.0)
T-score �1.4 (�2.2 to �0.6)
Z-score �0.7 (�1.5 to 0)

Total femur
Bone mineral density 0.9 (0.8–1.0)
T-score �1 (�2.1 to �0.4)
Z-score �1 (�1.45 to 0.2)

FRAX risk
Osteoporotic fracture|hip fracture 3.5% (2.2–6.2)|0.8% (0.2–2.7)
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is useful in selecting patients that would not need osteo-

porosis treatment.

We must recognize that this is an observational,

cross-sectional, unicentric study, with a small sample of

transplanted patients. Also, we know that a bone biopsy

is a snapshot of a given moment, and, like any biopsy,

can have sampling errors.

The World Health Organization (WHO) defines

osteoporosis as ‘a systemic skeletal disease characterized

by low bone mass and microarchitecture deterioration

of bone tissue, with a consequent increase in bone fragi-

lity and susceptibility to fracture’ [20,21], and in clinical

practice, the diagnosis is based upon DXA measure-

ments, as T-score 2.5 standard deviation or more below

the young adult mean bone mineral density [22]. As the

most important factors for osteoporosis are advanced

age and glucocorticoids therapy, it is not difficult to

imagine that our transplanted patients are at risk of the

disease. Age is the most relevant factor, and for any

kind of T-score on DXA, the risk of fracture will rise in

aged persons [22]. In our patients, we found no relation

between bone volume assessed by histomorphometry or

by DXA and age. We found a trend towards lower bone

volume in Caucasian race. Also, in our patients, cumu-

lative steroid doses did not correlate with bone volume.

Steroids reduce bone formation mediated by direct inhi-

bition of osteoblasts function, impair osteoblastogenesis,

increasing osteoblasts and osteocytes apoptosis (the lat-

ter inducing osteolysis), and increase osteoclastogenesis

[23], by raising the expression of the receptor activator

of nuclear factor –kB ligand (RANKL) [6,9]. In addi-

tion, glucocorticoids reduce muscle mass leading to a

higher risk of falls [9], decrease secretion of oestrogen

and androgen, and activate vitamin D catabolism [24],

reducing the absorption of calcium from the gastroin-

testinal tract and renal tubular cells, resulting in a nega-

tive calcium balance [25], leading to maintenance or

development of secondary hyperparathyroidism [23].

Finally, glucocorticoids up-regulates Wnt antagonists

[6], aggravating bone loss. We can suppose that as ster-

oid doses were similar in all patients, and as the sample

size is small, the differences in bone volume were not

relevant.

Nevertheless, we must recognize that isolated changes

in bone volume (with normal turnover or mineraliza-

tion) can be present in renal transplanted patients, but

in a minority of patients, as we have shown. In line

with what we already know, DXA did not give any

information on bone turnover and mineralization, for

which we need a bone biopsy. Other limitations of this

examination is that it cannot differentiate cortical and

trabecular bone; cannot assess microarchitecture, and

finally, DXA measures areal BMD and not volumetric

BMD. Still, recently, in 2017, the update on CKD-MBD

KDIGO guidelines reviewed the utility of performing

DXA image tests in CKD patients, based on the new

data [26–29], and recommends bone mineral density

testing in CKD patients for fracture risk assessment, if

the results will impact on treatment decisions [30].

Although its limitations, DXA remains the standard

method for predicting fracture risk, comparing to

peripheral quantitative computed tomography (HR-

pQCT) [31] or even with trabecular bone score [32].

The screening for fracture risk is possible through the

Fracture Risk Assessment Tool (FRAX), a tool devel-

oped by WHO in 2008. Unfortunately, this tool is not

validated for patients younger than 40 years of age and

is not validated for kidney transplant recipients. Never-

theless, in 2014, Naylor and co-workers showed a posi-

tive prediction of fracture risk with FRAX in kidney

transplant recipients [33]. We could not investigate this

tool, as only one patient fractured, during the course of

the 12 months in which we followed these patients. A

recent study from Belgium of 502 patients transplanted

between 2006 and 2013 showed a fracture incidence of

14.2 fractures per 1000 person-years, with a median

time to first fracture of 17 months [34].

One interesting finding was that imaging from total

femur and hip were the sites that best correlated with

bone volume assessed by bone biopsy, compared to

lumbar spine. But in a recent consensus, hip and lum-

bar spine were named as the best for the evaluation of

bone mineral density in CKD patients [35].

Curious was the fact that klotho and sclerostin did

correlate with DXA findings, but not with bone volume

measured by histomorphometry. The Wnt/b-catenin
pathway is important for bone formation: once acti-

vated, bone is formed; once inhibited, bone formation

is halted. Genetic mutation on the Wnt/b-catenin path-

way leads to premature coronary disease and severe

osteoporosis, providing evidence of the importance of

the Wnt signalling in the bone-vessels axis [36]. Klotho

acts as an antagonist of Wnt/b-catenin pathway activa-

tion through interactions with extracellular activators of

the pathway [37], and sclerostin is a direct inhibitor of

the pathway [38,39]. We can suppose that patients with

the highest mineral bone density have increased levels

of those hormones as a feedback loop.
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With this study, we show that if a patient has a nor-

mal DXA examination, we can assume that the patient

most probably is not eligible for osteoporosis treatment,

as the examination had shown to have high specificity.

If classified as having osteoporosis, prior to any directed

treatment, we must confirm the diagnosis with a bone

biopsy, with the advantage that it will also allow to

exclude low or high bone turnover or even osteomala-

cia. Bone biopsy is the only method that quantifies and

evaluates bone mineralization, making it possible to dis-

tinguish osteoporosis from hyperabsorption and osteo-

porosis from deficient bone formation. However, this is

an expensive, invasive and one-shot procedure and is

performed in only a few centres worldwide [2,3,40], due

to the expertise needed. The future could combine

newer imaging techniques with newer laboratory

biomarkers towards a virtual bone biopsy [41].

Conclusions

Post-transplant mineral and bone disease are present in

a very expressive number of transplanted patients, and

fracture risk is high in this population. DXA bone min-

eral density and its T-scores of total femur and femoral

neck correlated well with bone volume assessed by a

bone biopsy. Performing a DXA examination can allow

identifying patients that will not benefit from antire-

sorptives or osteoformers therapy.
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