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ABSTRACT
Background Bone and mineral disorders commonly affect kidney transplant (KTx) recipients and have
been associated with a high risk of fracture. Bisphosphonates may prevent or treat bone loss in such
patients, but there is concern that these drugs might induce adynamic bone disease (ABD).
Methods In an open label, randomized trial to assess the safety and efﬁcacy of zoledronate for preventing
bone loss in the ﬁrst year after kidney transplant, we randomized 34 patients before transplant to receive
zoledronate or no treatment. We used dual-energy x-ray absorptiometry (DXA), high-resolution peripheral quantitative computed tomography (HR-pQCT), and bone biopsies to evaluate changes in bone in the
32 evaluable participants between the time of KTx and 12 months post-transplant.
Results Both groups of patients experienced decreased bone turnover after KTx, but zoledronate itself did
not affect this outcome. Unlike previous studies, DXA showed no post-transplant bone loss in either group;
we instead observed an increase of bone mineral density in both lumbar spine and total hip sites, with a
signiﬁcant positive effect of zoledronate. However, bone biopsies showed post-transplant impairment of
trabecular connectivity (and no beneﬁt from zoledronate); HR-pQCT detected trabecular bone loss at the
peripheral skeleton, which zoledronate partially attenuated.

CLINICAL RESEARCH

Conclusions Current immunosuppressive regimens do not contribute to post-transplant central skeleton trabecular bone loss, and zoledronate does not induce ABD. Because fractures in transplant recipients are most
commonly peripheral fractures, clinicians should consider bisphosphonate use in patients at high fracture risk
who have evidence of signiﬁcantly low bone mass at these sites at the time of KTx.
J Am Soc Nephrol 30: 355–365, 2019. doi: https://doi.org/10.1681/ASN.2018060656

Kidney transplantation (KTx) is considered the best
option for RRT, because it promotes better survival and
quality of life. However, a successful KTx does not
completely restore renal function, as the eGFR stays
around 50–60 ml/around 50-60 ml/min and patients
are... patients are still considered to have CKD. In this
scenario and because of the risk of bone disease associated with glucocorticoid use, bone loss is an expected
event.1 Indeed, bone mass loss after KTx is a well described phenomenon that starts early after transplantation and may persist for several years.2
J Am Soc Nephrol 30: 355–365, 2019

A cross-sectional analysis 2 years after KTx reported changes in bone turnover, mineralization,
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and volume in 95% of patients.3 Another study showed that
bone mineral density (BMD) declines by 4%–10% in the ﬁrst 6
months, with a further decrease of 0.4%–4.5% between 6 and
12 months after KTx.4 However, less severe bone loss in the
lumbar spine has been reported by recent prospective trials
that included patients managed with contemporary immunosuppression protocols.5,6
Most of the studies that evaluate bone loss after KTx were on
the basis of BMD obtained by dual-energy x-ray absorptiometry
(DXA). BMD can also be evaluated by high-resolution peripheral
quantitative computed tomography (HR-pQCT). It is the stateof-the art image technique to assess microarchitectural aspects
of bone quality at the distal radius and tibia in vivo, giving information on the volumetric density of cortical and trabecular
regions separately. However, both DXA and HR-pQCT give no
information on bone turnover and mineralization, which are
obtained only through bone biopsy. Indeed, few studies have
prospectively evaluated bone biopsy after KTx, and even in these
cases, dynamic analysis has not been usually performed.7–9 This
is partially explained by the difﬁculty in performing tetracycline
labeling, which can only be done in the case of live donor KTx.
Despite the risk of development of adynamic bone disease
(ABD) and infection, antiresorptive drugs, such as bisphosphonates 7,10 and more recently, denosumab,5 were tested in an
attempt to prevent bone loss after KTx. However, most studies
that have shown the beneﬁt of these drugs in preventing bone
loss were on the basis of BMD.5,10,11 In one of these studies,
Bonani et al.5 also showed, in a subset of patients, that denosumab increased volumetric bone mineral density (vBMD) in
the distal radius and tibia through HR-pQCT. Because of the
paucity of bone histomorphometric data compared before and
after KTx, we designed this study in patients under the new
immunosuppressive era on the basis of tacrolimus, mycophenolate, and lower doses of glucocorticoids.
Here, we present the results of a 12-month prospective trial
to evaluate the effects of zoledronate treatment in living donor
kidney transplant recipients on bone histomorphometry,
DXA, HR-pQCT, and biochemical measurements. The hypothesis of this study was that zoledronate acid administered
to KTx recipients at the time of the surgery would not be
associated with an increased prevalence of ABD diagnosticated
by bone biopsy and that it would simultaneously prevent bone
loss evaluated by DXA.

METHODS
Study Design

A prospective and randomized trial was designed to evaluate
the effects of zoledronate treatment on bone histomorphometry, DXA, HR-pQCT, and bone biochemical measures in adult
patients who received a living donor kidney transplant at our
center. This study was approved by the institutional review
board, and it was registered at Clinicaltrials.gov (identiﬁer
NCT01675089).
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Signiﬁcance Statement
How bisphosphonates affect bone quality in kidney transplant recipients is unclear. This study of 34 patients with kidney transplants
randomized to receive zoledronate or no treatment for 12 months
found that zoledronate did not induce adynamic bone disease;
decreased bone turnover experienced by both groups was unaffected by zoledronate. Total hip and lumbar spine bone mineral
density increased for both groups, especially at the lumbar spine and
femoral neck in the zoledronate group. However, bone biopsies
from both groups showed impaired trabecular connectivity, and
high-resolution imaging detected trabecular bone loss at peripheral
skeleton sites, which zoledronate partially attenuated. Because
fractures in patients with transplants are most commonly peripheral
fractures, bisphosphonates may be considered for patients with high
fracture risk and evidence of bone loss in the peripheral skeleton at
the time of transplant.

Participants

Participants were recruited from eligible transplant recipients
during 2012–2013. Eligibility criteria included adult age ($18
years old at transplant), ability to give informed consent,
undergoing a living donor kidney transplant, and an
eGFR.30 ml/min per 1.73 m2 the ﬁrst week after KTx. Exclusion criteria included the inability to return for regular
follow-up, participation in another clinical trial, transplant
of other solid organs, previous parathyroidectomy or ABD
diagnosed by bone biopsy, pretransplant parathyroid hormone (PTH) ,130 pg/ml, or previous use of bisphosphonates. Participants were not different from those patients
who were not eligible for the study in terms of age, sex,
ESRD etiology, or dialysis months (data not shown).
Protocol

Subjects were randomized via a computer-generated number system to one of two groups. The treatment group received a 15-minute intravenous administration of zoledronic acid (5 mg) in a single
dose at the time of KTx and cholecalciferol supplementation. The
control group received only cholecalciferol. Patients were admitted
2 days before KTx when DXA, HR-pQCT, and bone biopsy were
done. The same procedures were repeated 12 months after.
Participants received standard immunosuppression with
glucocorticoids, tacrolimus, and enteric-coated mycophenolate sodium. Cyclosporin was used in one participant instead of
tacrolimus. Participants received induction immunosuppression with basiliximab (77%) or thymoglobulin (23%), 500 mg
of intraoperative intravenous methylprednisolone followed by
maintenance prednisone (0.5 mg/kg tapered to 5 mg/d by 60
days postoperatively), tacrolimus (adjusted to trough levels of
8–12 ng/ml for 3 months and then, 5–8 ng/ml), and mycophenolate sodium (1440 mg orally twice daily, with dose
adjustments to manage adverse events). The acute rejection
episodes, the total dosage of glucocorticoids, and tacrolimus
levels were all recorded. All participants received 50,000 UI of
cholecalciferol monthly to maintain 25-hydroxyvitamin
D levels above 30 ng/ml.
J Am Soc Nephrol 30: 355–365, 2019
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Measurement of BMD by DXA

Areal BMD was measured by DXA using Hologic QDR 4500A
densitometry equipment (Discovery model; Hologic Inc., Bedford, MA) at regions representing the central skeleton (lumbar
spine, femoral neck, and total hip) on the basis of standard
International Society for Clinical Densitometry protocols. The
same experienced technologist performed DXA measurements. The least signiﬁcant change for BMD measurement
was 0.033 g/cm2 at the lumbar spine, 0.047 g/cm2 at the femoral neck, and 0.039 g/cm2 at the total hip.
Bone densitywasexpressedingramspercentimetersquared and
in terms of T score (for comparisons of subjects with the young
normal population). Osteoporosis and osteopenia were deﬁned as
T scores #22.5 and between 21 and 22.4, respectively.
HR-pQCT Imaging of the Radius and Tibia

vBMD and microarchitecture were measured at the distal radius
of the nondominant forearm and the distal tibia of the nondominant leg (peripheral skeleton) using a three-dimensional HRpQCT system with a resolution of 82 mm (XtremeCT; Scanco
Medical AG, Bruttisellen, Switzerland) by a specialized densitometry technologist in the Bone Laboratory Metabolism of
the Rheumatology Division. HR-pQCT of the dominant limb
was performed when there was a previous fracture or an arteriovenous ﬁstula or graft in the nondominant limb. The forearm
or leg of the subject was positioned in the scanner, and it was
immobilized during the examination in an anatomically formed
carbon ﬁber shell. Brieﬂy, the method consists of tomography
slices at distances of 9.5 and 22.5 mm from a reference line,
which was set up at the endplate of the radius and tibia. The
volume of interest is separated into cortical and trabecular using a
threshold-based algorithm that discriminates cortical from the
trabecular bone at one third of the apparent cortical vBMD. We
deﬁned mean cortical thickness as the mean cortical volume
divided by the outer bone surface. The outcome variables used
in our analyses included the following: (1) vBMD parameters
(milligrams HA per centimeter cubed): total vBMD, trabecular
vBMD, and cortical vBMD; (2) bone structure parameters:
trabecular number (1 per millimeter), trabecular thickness (millimeters), trabecular separation (millimeters), and cortical
thickness (millimeters); and (3) cortical porosity parameters:
cortical porosity (1).12 The precision of HR-pQCT showed coefﬁcients of variation of 0.93%–1.41% at the distal radius and
0.25%–1.16% at the tibia for density measurements and 1.49%–
7.59% at the distal radius and 0.78%–6.35% at the tibia for
morphometric measurements, which are similar to the literature.13 Segmentation of the cortex was obtained through an
automatic segmentation algorithm. The common regions between the baseline and 1-year scan were identiﬁed and analyzed
using a three-dimensional image registration framework using a
baseline-indexed analysis.14
Microﬁnite Element Analysis

Linear microﬁnite element models of the distal radius and
tibia were created directly from the HR-pQCT images using
J Am Soc Nephrol 30: 355–365, 2019
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software-speciﬁc ﬁnite element. It estimates bone strength and
correlates strongly with ex vivo strength testing. The software
uses the so-called voxel conversion technique to create ﬁnite
element models (Finite Element software v. 1.13; Scanco Medical AG; January 2009) to assess biomechanical bone strength.
The following biomechanical properties were analyzed using
microﬁnite element analysis: stiffness (kilonewton per millimeter) and estimated failure load (newton).13
Biochemical and Hormonal Determinations

Blood samples were obtained at baseline and months 6 and 12
of the protocol. The samples were collected in a fasting state,
and they were centrifuged in cryovials aliquots and stored at
280°C. Serum levels of calcium (reference range [RR]: 8.6–
10.2 mg/dl), phosphate (RR: 2.7–4.5 mg/dl), and alkaline
phosphatase (RR: 35–129 IU/L) were determined using routine laboratory techniques. Serum total PTH (RR: 10–65 pg/ml)
was measured using a chemiluminescence assay (DPC; Medlab,
San Antonio, TX). Serum 25(OH) vitamin D (RR: 30–100 ng/
dl; insufﬁciency ,30 ng/dl and deﬁciency ,15 ng/dl) was measured using a chemiluminescent immunoassay (DiaSorin, Stillwater, MN). Bone-speciﬁc alkaline phosphatase (BAP; RR:
11.6–42.7 U/L) and tartrate-resistant acid phosphatase isoform
5b (TRAP5b; RR: 1.5–5.8 U/L) were measured using an enzyme immunoassay (Metra Biosystem, Mountain View, CA).
Serum sclerostin (RR: 0.42–0.80 ng/ml) was measured using an
enzyme immunoassay (Quidel Corporation–TECO Medical
Group). eGFR was calculated according to the Modiﬁcation
of Diet in Renal Disease 4 equation that has been validated to
transplant recipients at our center against the EDTA-Cr51 plasmatic clearance.15
Transiliac Bone Biopsy and Histomorphometry

Bone biopsies extracted from the anterior iliac crest using a
7-mm Bordier trephine were performed at the time of KTx and
after 1 year. All patients received a course of double-labeling
tetracycline (20 mg/kg per day) for 3 days separated by an
interval of 10 days. This labeling gives the information on
the dynamic parameters, making bone biopsy the gold standard for the diagnostic of renal osteodystrophy. The biopsy was
performed 2–5 days after the last dose of antibiotics. Undecalciﬁed bone fragments were submitted to standard processing
for histologic studies. Bone histomorphometry was analyzed
using a semiautomatic technique in the Osteomeasure software (Osteometrics, Atlanta, GA). The static and dynamic
parameters were examined according to the standards established by the American Society of Bone and Mineral Research.16 Cortical porosity higher than 10% was considered
as abnormal.17 Renal osteodystrophy was classiﬁed into one of
the classic types according to the following criteria: (1) osteitis
ﬁbrosa deﬁned as bone formation rate as well as either osteoblast surface or osteoclast surface .1 SD above the normal
range, osteoid volume/bone volume (OV/BV) within or above
the normal range, and marrow ﬁbrosis (Fb.V) .0.5%; (2)
ABD deﬁned as bone formation rate/bone surface (BFR/BS)
Bone Loss after Kidney Transplant
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and OV/BV.1 SD below the normal range and Fb.V ,0.5%;
(3) osteomalacia deﬁned as BFR/BS.1 SD below the normal
range and OV/BV.1 SD above the normal range; and (4)
mixed uremic osteodystrophy deﬁned as BFR/BS and OV/
BV.1 SD above the normal range, Fb.V.0.5%, and mineralization lag time .50 days. Thereafter, bone histology was
categorized according to the turnover, mineralization, and
volume classiﬁcation.18 Osteitis ﬁbrosa and mixed uremic osteodystrophy were considered high-turnover diseases,
whereas osteomalacia and ABD were considered low-turnover
diseases.
Sample Size Calculation and Outcomes

The primary end point was designed to assure that zoledronic
acid administration would not increase the risk of ABD, which
was found in 80% of patients in a previous study.7 These authors observed that pamidronate was associated with 100%
prevalence of ABD, whereas the control group exhibited 50%
prevalence of ABD. Assuming a similar bisphosphonate effect,
14 participants per group would provide statistical power of
80% to detect a 50% difference in the prevalence of ABD between groups. Because the 1-year graft survival is around 90%,
we calculated the sample size of 15 patients per group.
Secondary end points included changes in bone microarchitecture and BMD induced by KTx as well as bisphosphonate
treatment evaluated by HR-pQCT and DXA. For the changes in
BMD, the study by Coco et al.7 described BMD changes in the
control and pamidronate groups as 25.81%60.09% and
20.39%60.05%, respectively. To ﬁnd similar results with zoledronate, the minimum number of patients would be eight per
group, with a 90% power to detect a signiﬁcant difference. Because this number is lower than that calculated for the primary
end point, we maintained the plan to include at least 15 patients
per group. Therefore, with the chosen sample size, we also had
power to detect differences in this secondary end point.
At the time that this study was conceived, there were no
previous data on the effects of KTx on HR-pQCT measurements. We decided to keep the calculation for the bone turnover effect of zoledonate (15 patients per group), recognizing
the challenge of recruiting more patients for a bone biopsy
study. During our protocol, a prospective, observational study
was published19 showing that KTx was associated with 4.4%
and 2.4% trabecular and cortical density losses, respectively.
Assuming that zoledronate would attenuate this loss in 50%, a
minimum number of 14 patients would be necessary, with an
80% power to detect this effect. However, because this calculation was performed after the study has begun, we recognize
that the data provided by HR-pQCT should be interpreted
with caution.
Statistical Analyses

Continuous variables are expressed as means and SDs or medians and interquartile ranges. Discrete variables are expressed
as percentages. We used the unpaired t test or Mann–Whitney
U test to compare continuous variables between zoledronate
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and control group as appropriate. The chi-squared or Fisher
exact test was applied to compare proportions between these
groups. A mixed linear model with maximum likelihood estimation of variance components was used to evaluate the
effects of the kidney transplant (treated as a repeated measure
on baseline and 1 year) according to a condition control versus
zoledronate (treated as a ﬁxed factor) and the interaction between treatment condition and kidney transplant. Repeated
covariance type was treated as AR(1) heterogeneous. All statistical tests were two tailed, and the threshold of statistical
signiﬁcance was established at P,0.05. We performed statistical analyses with the Statistical Package for the Social Sciences, version 21.0 (SPSS Inc., Chicago, IL).

RESULTS
Baseline Demographics

Between July 1, 2012 and July 1, 2013, 64 adult patients underwent living donor renal transplantation at our center, and
none of them refused to participate in the study. Thirty-four
patients met the eligibility criteria and were randomized to
undergo baseline bone biopsy, DXA, HR-pQCT, and blood
analyses. Thirty-two participants were included in the study,
and 31 had a second biopsy at 12 months as shown in the trial
ﬂowchart (Figure 1). As shown in Tables 1 and 2, control and
zoledronate groups were similar at baseline. Most patients
were nonobese white men who were relatively young and on
dialysis for a median of 2 years.
Renal Function and Immunosuppression

eGFR was similar between the control group and the zoledronate group at 12 months (62625 versus 70614 ml/min per
1.73 m2, respectively; P=0.24). There was no difference in
episodes of acute rejection or adverse events between groups.
The cumulative dose of glucocorticoids in the ﬁrst year was
not different between the groups (35906759 mg in the zoledronate group versus 403861228 mg in the control group;
P=0.49). Other than steroids, all patients were on tacrolimus
and enteric-coated mycophenolate sodium, with no differences in doses and tacrolimus levels at 1, 3, 6, and 12 months
(Supplemental Table 1).
Biochemical and Hormonal Markers

The main effects of KTx (baseline versus 12 months), intervention effects (control versus zoledronate), and interaction
between factors are shown in Table 2.
KTx promoted an increase in serum calcium and a decrease
in alkaline phosphatase, PTH, sclerostin, BAP, and TRAP5b
from baseline to 12 months. However, we found no effect of
zoledronate on these parameters.
Bone Histomorphometry

At baseline, by applying the turnover, mineralization, and volume
classiﬁcation, we found that one half of the patients presented
J Am Soc Nephrol 30: 355–365, 2019
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64 transplant candidates
meeting study eligibility

34 randomized

17 assigned to
control

17 assigned to
zoledronate

1M: primary
nonfunction
1F: No follow-up
biopsy

1F: not
transplanted

16 patients included in primary analysis
16 with two biopsies (10M, 6F)

16 patients included in primary analysis
15 with two biopsies (9M, 6F)

Figure 1. Participant randomization ﬂow chart. F, women; M, men.

P=0.99). The distribution among normal, low, and high bone
trabecular volume groups before and after KTx changed from
61%, 15%, and 24% to 74%, 26%, and 0%, respectively
(P=0.01). These changes did not differ between control and
zoledronate groups, with 50% and 71% of patients presenting
low bone trabecular volume, respectively (P=0.59). With respect
to cortical compartment, few patients had abnormal cortical
porosity before KTx (20% versus 13% of the control and zoledronate groups, respectively). After 1 year, only 6.7% of the patients from both groups remained with abnormal cortical
porosity.
The analysis of bone histomorphometric parameters showed
that KTx was associated with a signiﬁcant decrease in bone formation and resorption as shown in Table 3. In general, KTx
promoted a worsening of trabecular connectivity characterized by an increase in trabecular separation and a decrease in trabecular
Control, n=16
P Value
number (Figure 3), with no difference be10 (62)
0.72
tween control and zoledronate groups.
11 (69)
0.71
Changes in cortical compartment revealed
39611
0.30
an improvement in cortical thickness and
27 (14–56)
0.80
porosity after KTx, with no differences between groups.
14 (88)
0.51

high bone turnover (Figure 2, Supplemental Figure 1). KTx
promoted a signiﬁcant change in this status, such that ten patients normalized the bone turnover and 22 turned to a low bone
turnover (P,0.001). The percentage of low bone turnover was
similar when comparing patients from the control and zoledronate groups (63% versus 53%, respectively; P=0.74). KTx did
not cause mineralization impairment, and the percentage of patients with increased mineralization lag time was 62.5% before
and 61.3% after KTx (P=0.92). Also, the percentages of patients
with ABD after KTx tended to be lower in the zoledronate
groups, although they were not statistically signiﬁcant (61.1%
and 43.0%, respectively; P=0.48). The proportion of patients
with abnormal mineralization after KTx was similar between
control and zoledronate groups (50% versus 47%, respectively;
Table 1. Baseline demographics
Characteristics

Zoledronate, n=16

Men, n (%)
White, n (%)
Age, yr
Time on dialysis, mo
RRT
Hemodialysis
Peritoneal dialysis
Preemptive transplantation
ESRD etiology
Chronic GN
Hypertensive nephrosclerosis
Diabetic nephropathy
Polycystic kidney disease
Other
Undetermined
BMI, kg/m2

9 (56)
10 (62)
43611
25 (13–48)
14 (88)
2 (12)
0

1 (6)
1 (6)

8
3
0
1
2
2
22.763.8

12
0
1
1
0
2
25.565.7

Continuous variables are presented as mean 6 SD if normally distributed or median (interquartile
range) if not normally distributed. BMI, body mass index.

J Am Soc Nephrol 30: 355–365, 2019

Change in BMD on the Basis of DXA
0.23

0.12

Most of the participants had either normal
BMD or osteopenia at baseline. In the control group, osteoporosis and osteopenia
were found in 18.8% and 50% of the patients, respectively, whereas in the zoledronate group, osteoporosis and osteopenia
were found 18.8% and 56.3%, respectively
(P=0.92). At baseline, patients in the zoledronate group had signiﬁcantly lower
Bone Loss after Kidney Transplant
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Table 2. Biochemical parameters

Parameter

Control
Baseline

Calcium, mg/dl
Phosphorus, mg/dl
AP, UI/L
PTH, pg/ml
25OH vit.D, ng/ml
Sclerostin, ng/ml
BAP, UI/L
TRAP5b, UI/L

8.360.7
6.761.3
125657
5276431
28.567.6
1.0560.62
100662
10.264.4

Control
12 mo

P Value
P Value
Zoledronate
Changes,a Zoledronate Zoledronate Changes,a
P Value
Interaction
versus
Absolute/%
Baseline
12 mo
Absolute/% Transplant
Control

9.660.5
1.3/15.7
3.260.8
23.5/252.2
114657
211/28.8
1106160 2417/279.1
30.2614.4
1.7/6.0
0.5260.16 20.53/250
45.3628.7 254.7/254.7
4.962.6
25.3/251.9

8.560.5
7.962.0
114685
4376324
23.9620.5
1.4761.0
92674
9.664.5

9.560.6
3.260.8
70.6621.6
91662
28.468.0
0.5560.14
22.466.8
2.361.4

1.0/11.8
23.8/248.1
243.4/238
2346/279.2
4.5/18.8
20.92/262.6
269.6/275.6
27.3/276

,0.001
,0.001
0.04
,0.001
0.18
,0.001
,0.001
,0.001

0.64
0.06
0.10
0.46
0.33
0.16
0.23
0.07

0.43
0.07
0.19
0.58
0.54
0.17
0.54
0.20

Variables are presented as mean 6 SD. P values are derived from a linear mixed model. AP, alkaline phosphatase; 25OH vit.D, 25 (OH) vitamin D; BAP, bonespeciﬁc alkaline phosphatase; TRAP5b, tartrate-resistant acid phosphatase.
a
Changes according to groups.

total hip BMD compared with those in the control group. KTx
was associated with an increase in BMD at the lumbar spine
and total hip, with a signiﬁcant positive effect of zoledronate at
the lumbar spine and femoral neck as shown in Table 4. Of
note, patients from the zoledronate group had at least twice as
much gain in percentage in BMD at the lumbar spine and
femoral neck compared with patients from the control group.
Change in BMD on the Basis of HR-pQCT

Similar to what was found in DXA, patients in the zoledronate
group had signiﬁcantly lower total and trabecular vBMD and
higher trabecular separation at the tibia compared with those in
the control group at baseline (Table 4). Contrary to what was
seen in DXA, HR-pQCT showed a signiﬁcant bone loss as seen
by a decrease in trabecular BMD at the tibia and the radius.
Zoledronate partially prevented this bone loss at the tibia but
not that at the radius. We found no changes in porosity at the
tibia and the radius.
Correlations among Changes from Baseline to 1 Year
after KTx Obtained from Serum Biomarkers,
Histomorphometry, DXA, and HR-pQCT Methods

We found signiﬁcant correlations between changes in PTH,
BAP, and TRAP5b and changes in some bone histomorphometric parameters of bone formation and resorption (Supplemental Table 2). Changes in BAP and TRAP5b also correlated
with changes in cortical density in tibia and radius. The greater
the decrease in serum TRAP5b, the greater the percentage
increases in lumbar and hip density measured by DXA (Supplemental Figure 2). No signiﬁcant correlations were seen
between changes in serum sclerostin and changes in DXA,
HR-pQCT, and bone histomorphometry.

DISCUSSION

To our knowledge, this is the ﬁrst randomized study assessing
the 1-year effects of zoledronate treatment on dynamic bone
360
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histomorphometry in KTx recipients. We found that KTx itself,
but not zoledronate, decreases bone turnover. Bone histomorphometry and DXA conﬁrmed that the current immunosuppressive regimen does not cause bone loss in the central
skeleton, which is represented by the spine and hip BMD. This
ﬁnding challenges the classic concept that KTx is closely associated with a signiﬁcant bone loss.1 However, bone histomorphometry showed a decrease in trabecular connectivity
after KTx, with no beneﬁts of zoledronate. In line with this
ﬁnding, HR-pQCT also disclosed a loss of trabecular bone at
the peripheral skeleton, but loss was partially prevented at the
tibia by the zolendronate.
This study gave us the opportunity to evaluate the effect of
KTx on different sites of the skeleton through different methods. Our primary end point was to assure that the zoledronate
would not increase the risk of ABD. Therefore, our primary
goal was to conﬁrm that we would not see a common adverse
effect of bisphosphonates: an increased prevalence of low-bone
turnover disease. Although we found no effect of zoledronate
on bone turnover, in general, KTx was capable of increasing the
risk of ABD. This adverse effect as a result of bisphosphonate
therapy is not been a consistently observed phenomenon. For
example, in the study of Coco et al.,7 pamidronate was associated with preservation of vertebral BMD as well as an increased risk of low bone turnover. In contrast, more recent
data from the same group showed that risedronate did not
affect BMD or that it was not associated with an increased
risk of developing ABD in kidney transplant recipients.9 However, dynamic parameters of histomorphometry were not
studied in most of the patients. In the past, we have shown
reversal of aluminum-related osteomalacia20 and improvement in ABD (mostly aluminum related)21 1 year after a successful kidney transplant.
Contrary to our initial hypothesis and previous studies,4,22
we could not observe clinically relevant bone loss after KTx in
the central skeleton represented by lumbar spine and hip. In
accordance, some other studies on the basis of BMD ﬁndings
have also failed in showing bone loss. 5,6 Other studies
J Am Soc Nephrol 30: 355–365, 2019
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et al.6 showed no beneﬁt with ibandronate
compared with calcium and calcitriol sup100
100
plementation alone on lumbar BMD, but
80
80
ibandronate did modestly increase hip and
forearm BMD and did cause suppression of
60
60
bone turnover markers, including type 1
40
40
procollagen N terminus, osteocalcin, and
BAP. This ﬁnding is in contrast to earlier
20
20
studies, which seemed to show a beneﬁcial
0
0
effect of bisphosphonates on lumbar BMD.
Post KTx
Pre KTx
Post KTx
Pre KTx
These conﬂicting results are possibly due to
p<0.0001
p<0.0001
less glucocorticoid exposure in the study by
High
Low
Normal
High
Low
Normal
Smerud et al.6 as well as due to the fact that
their control group received calcitriol and
Mineralization
Mineralization
100
calcium supplementation. Indeed, a num100
ber of studies in which vitamin D therapy
80
80
was part of standard care in the control
60
60
group failed to show a beneﬁt of bisphosphonates on BMD after KTx. This
40
40
seems to be our case, because our patients
20
20
did not receive a high cumulative dose of
0
glucocorticoids and were supplemented
0
Pre KTx
Post KTx
Post KTx
Pre KTx
with vitamin D. However, we have obp=0.640
p=0.276
served that zoledronate enhanced the
Abnormal
Normal
Abnormal
Normal
bone gain at the spine and femoral neck.
With respect to HR-pQCT, our data
Volume
Volume
must be interpreted with caution, because
100
100
our study was underpowered to detect signiﬁcant changes through this methodology.
80
80
Nevertheless, we observed a reduction in
60
60
trabecular density in the peripheral skele40
40
ton that might be associated with glucocorticoids use. No signiﬁcant change was seen
20
20
in the cortical compartment. These ﬁndings
0
0
are in line with the decrease in the trabecPre KTx
Post KTx
Post KTx
Pre KTx
ular connectivity that was detected by the
p < 0.001
p < 0.001
bone histomorphometry. Zoledronate was
High
Low
Normal
High
Low
Normal
able to reduce this loss signiﬁcantly only at
Figure 2. Distribution of bone turnover, mineralization and volume at baseline and 12 the tibia. Therefore, we should hypothesize
months in the zoledronate and control study groups. One year after kidney transplant, that KTx is no longer associated with central
we observed an increase in low turnover bone disease in both groups. The prevalence skeleton losses but is associated with peof high trabecular volume decreased in the control and zoledronate groups. No sig- ripheral skeleton losses. Similar results
niﬁcant changes were seen in mineralization. KTx, kidney transplantation.
have already been shown by Iyer et al.19
Signiﬁcant deterioration of both cortical
and trabecular bone was linked to reductions in estimated bone strength, and it was directly associated
conducted in the past have shown a rapid bone loss, particuwith the severity of post-transplant hyperparathyroidism and
larly during the ﬁrst 6–12 months after KTx and mainly in
elevated bone turnover markers. In our case, we found bone
trabecular bone.4,22 However, most recent studies as well as
loss only at the trabecular compartment. The discrepancy with
those in which corticosteroids were withdrawn rapidly after
our results might rely on the facts that our patients were yountransplantation have shown stabilization or even an increase in
BMD in the lumbar spine or hip.19 In the study by Bonani ger, received a live donor KTx, ended up with a high eGFR, and
received steroids, which commonly affect trabecular bone. In
et al.,5 which evaluated the efﬁcacy of denosumab in preventthe study by Iyer et al.,19 patients had a steroid-free regimen
ing bone loss in the ﬁrst year after KTx, lumbar spine BMD
increased by 4.6% in the intervention group and decreased by and presented hyperparathyroidism. Nevertheless, we also
only 0.5% in the control group. A recent study by Smerud
found signiﬁcant correlations between changes in bone
CONTROL
Turnover

% of patients

% of patients

Number of patients

Number of patients

Number of patients

Number of patients

ZOLEDRONATE
Turnover
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Table 3. Bone histomorphometric parameters in the zoledronate and control groups

Parameter

Control
Baseline

BV/TV, %
24.766.5
Tb.Sp, mm
3936155
Tb.Th, mm
125624
Tb.N, per mm
2.160.6
OV/BV, %
7.066.2
OS/BS, %
34.1620.1
O.Th, mm
9.764.8
Ob.S/BS, %
7.966.4
Oc.S/BS, %
1.561.2
ES/BS, %
11.166.1
BFR,
0.0660.06
mm3/mm2 per day
Mlt, d
225.26245.8
Ct.Th, mm
7356183
Ct.Po, %
8.063.4

Control
12 mo

P Value
Changes,a Zoledronate Zoledronate Changes,a
P Value Zoledronate P Value
Interaction
versus
Absolute/%
Baseline
12 mo
Absolute/% Transplant
Control
20.165.9
24.3/217.6
5416185
154/39.8
128622
8/6.7
1.560.3
20.5/225
2.963.1
27/270.7
19.2614.4 219.9/250.9
8.063.5
22.1/220.8
5.064.6
27.4/259.7
0.460.4
22.1/284
4.062.2
29/269.2
0.0460.03 20.03/242.9

0.42
0.003
0.12
,0.001
0.07
0.002
0.56
0.002
,0.001
,0.001
0.04

0.30
0.24
0.53
0.20
0.82
0.64
0.36
0.48
0.18
0.57
0.83

0.22
0.06
0.98
0.14
0.09
0.06
0.24
0.27
0.06
0.23
0.71

198.16228.7 227.1/212 191.56226.8 170.76343.3 220.8/210.9
11056446
370/50.3
7146171
12346385
520/72.8
5.163.0
22.9/236.2
7.562.8
5.863.2
21.7/222.7

0.66
,0.001
0.001

0.66
0.62
.0.99

0.99
0.24
0.32

25.368.6
0.6/2.4
4296169
36/9.2
134635
9/7.2
1.960.4
20.1/24.8
6.869.2
20.2/22.9
28.7618.4 25.4/215.8
10.465.3
0.7/7.2
7.265.7
20.7/28.9
0.560.5
21.0/266.7
4.662.4
26.5/258.6
0.0460.03 20.02/233.3

24.466.3
3876106
120627
2.060.4
9.9613.3
39.1619.5
10.165.3
12.4610.2
2.561.9
13.066.5
0.0760.09

P values are derived from a linear mixed model. BV/TV, bone volume/tissue volume; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; Tb.N, trabecular
number; OV/BV, osteoid volume/bone volume; OS/BS, osteoid surface; O.Th, osteoid thickness; Ob.S/BS, osteoblasts/bone surface; Oc.S/BS, osteoclasts/bone
surface; ES/BS, erosion surface/bone surface; BFR, bone formation rate; Mlt, mineralization lag time; Ct.Th, cortical thickness; Ct.Po, cortical porosity.
a
Changes according to groups.

turnover markers and changes in DXA, HR-pQCT, and bone
biopsy such that the higher the change in BAP, the higher the
decrease in bone formation rate. Recently, our group showed
that HR-pQCT associated with BAP could also provide some
clues on the turnover status. We showed that cortical density at
radius was higher and that bone alkaline phosphatase was
lower in patients with low turnover in a cross-sectional analysis. Combined, these parameters could identify the turnover
status better than the parameters could individually.23 However, this was not conﬁrmed in this prospective analysis (data
not shown).
This study has some limitations. It was a single-center study
with a relatively small number of patients. There were imbalances in the baseline BMD measurements because of chance
randomization, with patients in the zoledronate group presenting signiﬁcantly lower total femur BMD and total and
trabecular BMD at the tibia than patients in the control group.
Although no patient experienced a bone fracture, the small
number of patients and the short follow-up time preclude

A

evaluation of zoledronate on this outcome. The lack of bone
loss might reﬂect the use of a single dose of zoledronate or a
short-term observation period. However, because of the risk of
ABD development, this limitation is unlikely to be overcome in
future studies. Importantly, our study was not powered for
changes in microarchitecture. Therefore, our ﬁndings for
HR-pQCTmust be interpreted with caution. Also, our patients
should not be considered representative of all patients on dialysis, and our ﬁndings cannot be extended to a broader population, such as those patients with low bone density at the time
of KTx. The strength of our study was using three methods to
evaluate bone, including bone biopsy, randomized design, and
paired design, which reduces the possibility of bias.
In summary, we have shown that zoledronate does not induce the development of ABD. In the contemporary immunosuppression era, with lower rates of acute rejection, reduced
use of glucocorticoids, and widespread use of vitamin D and
analogs, central skeleton trabecular bone loss in the early posttransplantation period does not seem to be as important as

B

2 mm

2 mm

Figure 3. Bone biopsies of a patient in the zoledronate group (A) at baseline and (B) after 12 months showing a worsening of trabecular
connectivity, which was characterized by an increase in trabecular separation and a decrease in trabecular number.
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Table 4. Dual-energy x-ray absorptiometry and high-resolution peripheral quantitative computed tomography parameters in the zoledronate and control groups

Parameter

Control
12 mo

Changes,a
Absolute/%

Zoledronate
Baseline

Zoledronate
12 mo

Changes,a
Absolute/%

P Value
Transplant

P Value
Zoledronate
versus
Control

P Value
Interaction

0.9560.13

0.9660.13

0.01/1.05

0.9060.14

0.9560.13

0.05/5.6

,0.01

0.63

0.04

0.8960.14b
0.7960.14

0.9660.13
0.8160.14

0.07/7.9
0.02/2.5

0.8060.14
0.6960.14

0.9060.20
0.7360.11

0.1/12.5
0.04/5.8

,0.001
0.001

0.55
0.28

0.15
0.03

282648b
148641b
895686
12.363.2
1.5860.25
0.0860.01
0.5760.11b
1.2060.23
5.064.2
222.5665.7
58.8639.3

278642
144632
898695
11.862.7
1.6060.29
0.0760.01
0.5760.11
1.1960.21
5.264.3
217.7660.9
58.1639.1

24/21.4
24/22.7
3/0.3
20.5/24.1
0.02/1.3
20.01/212.5
0/0
20.1/28.3
0.2/4
27.8/23.5
20.7/21.2

239667
117632
8706101
9.862.7
1.3460.32
0.0760.01
0.7260.20
1.0260.33
5.063.8
192.5663.6
51.5635.3

236664
115633
865695
9.562.7
1.4560.40
0.0760.01
0.6960.26
1.0360.32
4.862.9
189.4662.6
51.0634.9

23/21.3
22/21.7
25/20.6
20.3/23.1
0.11/8.2
0/0
20.03/24.2
0.1/9.8
20.2/24
23.1/21.6
20.5/21.0

0.03
0.04
0.55
0.78
0.10
0.02
0.20
0.98
0.87
0.20
0.88

0.14
0.02
0.41
,0.001
0.02
0.48
0.01
0.16
0.91
0.19
0.56

0.35
0.53
0.61
0.94
0.38
0.34
0.69
0.73
0.29
0.78
0.98

322669
182655
8376121
14.664.8
1.9560.40
0.0860.02
0.4660.13
0.7160.22
2.962.5
87.6625
42.4614.4

317669
173648
8396118
14.864.1
2.0560.29
0.0760.01
0.4360.08
0.7260.22
3.162.5
86.0625.5
43.5613.1

25/21.6
29/24.9
2/0.2
0.2/1.4
0.1/5.1
20.01/212.5
20.03/26.5
0.1/14
0.2/6.9
21.6/21.8
1.1/2.6

274693
153649
7996122
12.863.8
1.8360.37
0.0760.02
0.5060.14
0.6160.30
2.461.4
75.6633.4
35.3612.5

264691
145648
7986107
12.164.0
1.9260.35
0.0660.02
0.4860.13
0.6060.27
2.261.3
75.5628.2
34.7610.7

210/23.6
28/25.2
21/20.1
20.7/25.5
0.09/4.9
20.01/214.2
20.02/24
20.01/21.6
20.2/28.3
20.1/20.3
20.6/21.7

0.08
0.02
0.97
0.01
0.06
0.001
0.07
.0.99
0.94
.0.99
0.84

0.07
0.14
0.27
0.13
0.36
0.18
0.50
0.20
0.32
0.29
0.31

0.62
0.99
0.86
0.98
0.80
0.67
0.68
0.69
0.25
0.34
0.32

Continuous variables are presented as mean 6 SD. P values are derived from a linear mixed model. BMD, bone mineral density; HR-pQCT, high-resolution peripheral quantitative computed tomography; Tt.
vBMD, total volumetric bone mineral density; HA, hydroxyapatite; Tb.vBMD, trabecular volumetric bone mineral density; Ct.vBMD, cortical volumetric bone mineral density; BV/TV, trabecular bone volume/total
volume; Tb.N, number of trabeculae; Tb.Th, trabecular thickness; Tb.Sp, trabecular separation; Ct.Th, cortical thickness; Ct.Po, cortical porosity; S, stiffness; F.ult, estimated failure load.
a
Changes according to groups.
b
P,0.05 control versus zoledronate at baseline (tested by unpaired t test or Mann–Whitney as appropriate).
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BMD lumbar spine, g/
cm2
BMD total hip, g/cm2
BMD femoral neck, g/cm2
HR-pQCT tibia
Tt.vBMD, mg HA/cm3
Tb.vBMD, mg HA/cm3
Ct.vBMD, mg HA/cm3
BV/TV, %
Tb.N,1/mm
Tb.Th, mm
Tb.Sp, mm
Ct.Th, mm
Ct.Po, %
S, kN/mm
F.ult, kN
HR-pQCT radius
Tt.vBMD, mg HA/cm3
Tb.vBMD, mg HA/cm3
Ct.vBMD, mg HA/cm3
BV/TV, %
Tb.N, 1/mm
Tb.Th, mm
Tb.Sp, mm
Ct.Th, mm
Ct.Po, %
S, kN/mm
F.ult, kN

Control
Baseline
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previously shown, and the use of bisphosphonates to prevent
bone loss can be questioned in patients with normal BMD. However, KTx induces a loss of connectivity detected by bone biopsy,
which is also seen in the peripheral skeleton through HR-pQCT.
Considering that peripheral fractures are the most common ones
in patients with transplants,24 bisphosphonates should only be
reserved for those patients at high risk of fracture with evidence
of signiﬁcant bone loss at these sites at the time of KTx. Additional studies, especially evaluating the effects of fracture prevention in the long term, are necessary until prophylactic use of
bisphosphonates can be broadly recommended after KTx.
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