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Abstract
Summary It is uncertain whether bonemineral density (BMD)
can accurately predict fracture in kidney transplant recipients.
Trabecular bone score (TBS) provides information indepen-
dent of BMD.Kidney transplant recipients had abnormal bone
texture as measured by lumbar spine TBS, and a lower TBS
was associated with incident fractures in recipients.
Introduction Trabecular bone score (TBS) is a texture mea-
sure derived from dual energy X-ray absorptiometry (DXA)
lumbar spine images, providing information independent of
bone mineral density. We assessed characteristics associated
with TBS and fracture outcomes in kidney transplant
recipients.
Methods We included 327 kidney transplant recipients from
Manitoba, Canada, who received a post-transplant DXA (me-
dian 106 days post-transplant). We matched each kidney
transplant recipient (mean age 45 years, 39 % men) to three
controls from the general population (matched on age, sex,
and DXA date). Lumbar spine (L1-L4) DXA images were

used to derive TBS. Non-traumatic incident fracture (exclud-
ing hand, foot, and craniofacial) (n=31) was assessed during a
mean follow-up of 6.6 years. We used multivariable linear
regression models to test predictors of TBS, and multivariable
Cox proportional hazard regression was used to estimate haz-
ard ratios (HRs) per standard deviation decrease in TBS to
express the gradient of risk.
Results Compared to the general population, kidney trans-
plant recipients had a significantly lower lumbar spine TBS
(1.365±0.129 versus 1.406±0.125, P<0.001). Multivariable
linear regression revealed that receipt of a kidney transplant
was associated with a significantly lower mean TBS com-
pared to controls (−0.0369, 95 % confidence interval [95 %
CI] −0.0537 to −0.0202). TBS was associated with fractures
independent of the Fracture Risk Assessment score including
BMD (adjusted HR per standard deviation decrease in TBS
1.64, 95 % CI 1.15–2.36).
Conclusion Kidney transplant recipients had abnormal bone
texture as assessed by TBS and a lower lumbar spine TBSwas
associated with fractures in recipients.

Keywords Bonemineral density . Fracture . Kidney
transplant recipient . Trabecular bone score

Introduction

Kidney transplant recipients are at increased fracture risk com-
pared to the general population [1–9]. Potential reasons in-
clude presence of chronic kidney disease-mineral and bone
disorder (CKD-MBD) and glucocorticoid administration
post-transplant [10]. The best way to examine skeletal chang-
es and identify kidney transplant recipients at high fracture
risk is not well established. In the general population, low
bone mineral density (BMD) is strongly predictive of fracture
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[11–14]; however, conflicting results have been found in the
kidney transplant population [15–17]. BMD effectively
measures bone mass but may not reflect bone quality
(i.e., microarchitecture); however, bone quality may also
be adversely affected in kidney transplant recipients,
particularly in recipients with CKD-MBD [10]. Recog-
nizing the limitations of BMD, the Kidney Disease Im-
proving Global Outcomes (KDIGO) guidelines suggest a
bone biopsy and biochemical measures, instead of
BMD, guide treatment decisions in kidney transplant
recipients with adynamic bone disease (i.e., low turn-
over bone disease), more advanced kidney disease
(i.e., stage 4 and 5 CKD), and/or CKD-MBD [10]. Al-
though a bone biopsy provides information on bone
quality, this is an invasive test and few centers have
the resources to perform it.

Trabecular bone score (TBS) is a novel, noninvasive, and
inexpensive skeletal measure derived from lumbar spine dual
energy X-ray absorptiometry (DXA) images [18]. TBS is a
gray-level textural metric which yields information indepen-
dent of BMD [19, 20]; a higher TBS value is indicative of
better bone structure (e.g., dense trabecular bone network) and
a lower TBS value is associated with worse bone structure.
TBS has been found to be associated with fracture in the
general population [21–24] and in some special populations
where BMD has limited utility (e.g., diabetes, rheumatoid
arthritis, and glucocorticoid-treated individuals) [25–28]. To
our knowledge, no previous studies have assessed TBS in
kidney transplant recipients. Therefore, we compared TBS
in kidney transplant recipients with matched individuals from
the general population, determined predictors of low TBS, and
examined the association between TBS and incident fractures
in kidney transplant recipients.

Materials and methods

Data sources

We used healthcare databases from the province of Manitoba,
Canada, to conduct this population-based cohort study. Resi-
dents ofManitoba, Canada, are provided with universal access
to healthcare (population 1.2 million) [29]. We obtained infor-
mation on relevant covariates through Manitoba Health’s
computerized databases on physician billing claims and hos-
pital discharge abstracts [30]. These databases contain diag-
noses recorded using the International Classification of Dis-
eases (ICD). To obtain information on BMD, we used
Manitoba’s BMD database. We used Manitoba’s provincial
retail pharmacy database to obtain drug information [31].
BMD measurements were linked to administrative healthcare
databases though anonymous personal identifiers. Approval

for this study was obtained from the University of Manitoba
Research Ethics Board.

Cohort

We included adult kidney transplant recipients (≥18 years)
who received their transplant in Manitoba and received a
post-transplant DXA exam during the years 1999–2011;
DXA examinations have been routinely administered to vir-
tually all kidney transplant recipients at our transplant center
since 1997 [32]. We matched each kidney transplant recipient
on age (±2 years), sex, and DXA examination date (±2 years)
to three controls from the general population. We defined the
cohort entry date as the date of the first DXA examination,
which was required to be administered within the first 5 years
of transplantation. We only included the first DXA measure-
ment for individuals with multiple measurements.

Bone mineral density and trabecular bone score

We used a single fan-beam scanner configuration (Prodigy,
GE Healthcare) to perform and analyze all DXA scans.
BMD was measured at the femoral neck and lumbar spine
(L1-L4). We used the National Health and Nutrition Exami-
nation Survey to calculate hip T-scores and the US manufac-
turer’s reference values were used to calculate lumbar spine T-
scores [33]. T-scores were calculated relative to young white
healthy females. TBS values were obtained from anonymized
spine DXA files sent to the Bone Disease Center at the Lau-
sanne University Hospital, Switzerland. All TBS measure-
ments were performed blinded to clinical outcomes using
the TBS iNsight® Software (version 2.1; Medimaps,
Merignac, France). The TBS calculation was done over the
same region as the anteroposterior spine BMD measurement.
There was stable long-term phantom stability (coefficient of
variation <0.5 %) for the three instruments used in this study.
Mean TBS values were similar for the three DXA scanners
used. Short-term reproducibility for TBS was 2.1 % based on
92 individuals who received two spine DXA scans within
28 days.

Covariates

We assessed body mass index (BMI, kg/m2) at the time of the
DXA. We assessed the following covariates prior to DXA:
previous fracture (clinical vertebral, hip, forearm, and humer-
us fracture diagnosis, excluding those with high-trauma diag-
nosis codes), chronic obstructive pulmonary disease diagnosis
(smoking proxy), rheumatoid arthritis diagnosis, alcohol
abuse diagnosis (high alcohol use proxy), secondary osteopo-
rosis diagnosis (which included receipt of a kidney trans-
plant), prolonged glucocorticoid use (>3 months in the prior
year), and osteoporosis therapy (≥180 days of prescription
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doses filled of bisphosphonates, calcitonin, raloxifene, or sys-
temic estrogen in the prior year). History of a parental hip
fracture was only available since 2005. The Canadian Fracture
RiskAssessment Tool (FRAX) (FRAXDesktopMulti-Patient
Entry, version 3.7) was used to calculate the 10-year probabil-
ity of major osteoporotic fracture (all individuals aged less
than 40 years were entered as 40 years) [34]. Information on
actual vitamin D and calcium intake was not available; how-
ever, the transplant center protocol recommends supplemen-
tation post-transplant. Regarding prednisone administration,
at our center, prior to the year 2000, the average daily dose
in the first year post-transplant was 12.5–15 mg and after the
year 2000 was 7.5 mg. During later years, the average daily
dose was 5 mg.

Incident fractures

We assessed all incident fractures in kidney transplant recipi-
ents (excluding hands, feet, and craniofacial fractures or those
with high-trauma diagnosis codes) [3, 4]. Fractures were de-
termined through diagnoses in physician billing claims and
hospital discharge abstract databases using previously validat-
ed definitions [35]; it is important to note administrative data-
bases often underestimate the number of vertebral fractures
[35]. Hip and forearm fracture diagnoses were required to be
accompanied by a procedural code to increase accuracy [36].

Statistical analysis

For continuous variables, we used means (±standard devia-
tion) or medians (interquartile range [IQR]), as appropriate.
For categorical variables, we used counts (percentages) to
describe baseline characteristics. To compare baseline charac-
teristics between recipients and their controls, we used the
Student’s t test for normally distributed continuous variables,
Mann-Whitney test for non-normally distributed continuous
variables, and the chi-square test of independence for categor-
ical variables. We used the Kaplan-Meier method to estimate
the fracture-free probability in kidney transplant recipients,
and differences in fracture probability were determined using
the log-rank test comparing recipients above and below the
median TBS (low TBS <1.370 versus high TBS ≥1.370). We
used multivariable linear regression to determine predictors of
TBS. In a supplementary analysis, we also used logistic re-
gression to determine predictors of TBS falling in the lowest
tertile versus the highest tertile (referent), adjusting for all
other covariates in the model. To determine the ability of
TBS to discriminate between individuals with and without a
fracture, we used the area under the receiver operator charac-
teristic curve (ROC); we considered a value of 0.5 to be the
null value (no discrimination). Hazard ratios per standard de-
viation decrease in TBS were used to express the gradient of
risk for fracture using Cox proportional hazard regression

(proportional hazard assumption was met), adjusting for rele-
vant covariates. Due to a skewed distribution, the FRAX prob-
ability scores were log-transformed for all regression analyses.
We performed the statistical analysis using Statistica (version
10.0, StatSoft Inc., Tulsa, OK); for the ROC analysis we used
Sigmaplot for Windows (Version 10, Systat Software Inc.).

Results

Baseline characteristics

We included 327 kidney transplant recipients who received a
DXA between 1999 and 2011 out of a total of 330 kidney
transplant recipients during this time period. The median time
from transplant to DXA examination was 106 days (IQR 74 to
207 days) with 86 % receiving a DXA within the first year
after transplant (Table 1). The median time on dialysis was
2.1 years (IQR 1.0 to 4.2 years). Matching characteristics
(mean age 45 years, 39 % male, and DXA year 2005) were
similar between kidney transplant recipients and their controls
(Table 1). Compared to the general population, kidney trans-
plant recipients had a significantly lower mean TBS at the
lumbar spine (1.365±0.129 versus 1.406±0.125, P<0.001),
were more likely to have recently used glucocorticoids (54
versus 16 %, P<0.001), and had a higher fracture probability
as predicted by FRAX.

Trabecular bone score

Multivariable linear regression revealed a negative association
between TBS and receipt of a kidney transplant after adjusting
for other covariates; recipients had a significantly lower mean
TBS compared to controls (−0.0369, 95% confidence interval
[CI] −0.0537 to −0.0202) (Table 2). As well, the following
factors were found to be associated with a significantly lower
TBS in this analysis: older age, female sex, prior fracture, and
COPD diagnosis (Table 2). When logistic regression was used
to determine factors associated with a higher odds of being in
the lowest TBS tertile, only older age and female sex reached
statistical significance, while osteoporosis treatment was asso-
ciated with a lower odds of being in the lowest TBS tertile
(Table 3).

Fracture risk

Over an average of 6.6 years follow-up, 31 (9 %) kidney
transplant recipients sustained one or more incident fractures
(13 FRAX-definedmajor osteoporotic fractures, 18 other frac-
tures), 18 (6.1 %) died, and 16 (5.4 %) were lost to follow-up.
Mean TBSwas significantly lower in recipients who sustained
a fracture compared to recipients who did not (1.301±0.144
versus 1.372±0.125, P=0.003). Fracture developed in 21 of
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163 (12.9 %) recipients with a TBS below the median (low
TBS <1.370) versus 10 of 164 (6.1 %) recipients with a TBS
above the median (high TBS ≥1.370) (P=0.036). Figure 1
demonstrates the Kaplan-Meier curve for fracture-free proba-
bility according to recipients who were above and below the
median TBS. Kidney transplant recipients with a lower TBS

were less likely to remain fracture-free (P=0.017). TBS was
able to discriminate between recipients with and without a
fracture (area under the curve 0.64, 95 % CI 0.53–0.74, P=
0.012). The gradient of risk for fracture was statistically sig-
nificant for TBS scores even after adjustment for age and sex,
and FRAX score (with and without femoral neck BMD)

Table 1 Baseline characteristics
of kidney transplant recipients
and matched controls

Transplants (n=327) Controls (n=981) P value

Age 45.3±12.4 45.4±12.3 0.898

Sex (male) 126 (39 %) 378 (39 %) 1.000

Calendar year of DXA examination 2005±3 2005±3 0.958

Lumbar spine TBS (L1-L4) 1.365±0.129 1.406±0.125 <0.001

BMI (kg/m2) 27.6±5.5 26.4±5.1 <0.001

Prior fracture 19 (6 %) 137 (14 %) <0.001

Parental hip fracture 10 (3 %) 43 (4 %) 0.293

COPD diagnosis (smoking proxy) 9 (3 %) 60 (6 %) 0.018

Glucocorticoid useb 176 (54 %) 159 (16 %) <0.001

Rheumatoid arthritis diagnosis (<1 %)a 53 (5 %) <0.001

Alcohol abuse diagnosis (high alcohol use proxy) 7 (2 %) 33 (3 %) 0.266

Secondary osteoporosis diagnosis 327 (100 %) 209 (21 %) <0.001

Femoral neck T-score −1.0±1.1 −0.7±1.1 <0.001

Lumbar spine T-score −0.4±1.5 −0.7±1.5 <0.001

FRAX major fracture probability without BMDc (%) 4.0 (2.6–7.5) 2.6 (1.5–4.3) <0.001

FRAX major fracture probability with BMDc (%) 5.0 (3.0–8.8) 3.2 (1.9–5.3) <0.001

Osteoporosis therapy 6 (2 %) 69 (7 %) <0.001

Data are mean±SD, median (IQR), or N (%)

BMD bonemineral density, BMI bodymass index,COPD chronic obstructive pulmonary disease, FRAX Fracture
Risk Assessment Tool, TBS trabecular bone score
a Suppressed because of small numbers ≤5
b Recent glucocorticoid use defined as use for ≥90 days in the year prior to the bonemineral density measurement
c FRAX major fracture probability expressed as a percent

Table 2 Multivariable linear regression analysis of correlates of
trabecular bone score

β 95 % CI

Age (per year) −0.0038 −0.0030 to −0.0046
Sex (female versus male) −0.0451 −0.0313 to −0.0590
BMI (per kg/m2) 0.0002 −0.0011 to 0.0015

Prior fracture −0.0240 −0.0443 to −0.0036
Parental hip fracture 0.0027 −0.0308 to 0.0363

COPD diagnosis −0.0373 −0.0669 to −0.0076
Glucocorticoid use −0.0150 −0.0317 to 0.0017

Rheumatoid arthritis diagnosis 0.0060 −0.0275 to 0.0394

Alcohol abuse diagnosis 0.0056 −0.0327 to 0.0439

Osteoporosis therapy 0.0257 −0.0033 to 0.0546

Transplant (versus control) −0.0369 −0.0537 to −0.0202

BMI body mass index, COPD chronic obstructive pulmonary disease, CI
confidence interval

Table 3 Odds ratios (95 % CI) for lowest versus highest lumbar spine
trabecular bone score tertile

Odds ratio 95 % CI

Age (per year) 1.08 1.06–1.10

Sex (female versus male) 1.94 1.43–2.64

BMI (per kg/m2) 1.02 0.99–1.04

Prior fracture 1.37 0.89–2.11

Parental hip fracture 0.68 0.32–1.41

COPD diagnosis 1.24 0.65–2.38

Glucocorticoid use 1.32 0.90–1.92

Rheumatoid arthritis diagnosis 1.24 0.62–2.49

Alcohol abuse diagnosis 0.87 0.39–1.93

Osteoporosis therapy 0.50 0.26–0.97

Transplant (versus control) 2.13 1.47–3.07

Results are adjusted for all other covariates in the model

BMI body mass index, COPD chronic obstructive pulmonary disease, CI
confidence interval
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(Table 4). Finally, lower lumbar spine TBS was associated
with fracture independent of FRAX score (using femoral neck
BMD) and spine BMD (adjusted hazard ratio per SD decrease
1.55, 95 % CI 1.06–2.27).

Discussion

We found that kidney transplant recipients had a significantly
lower lumbar spine TBS compared to the matched general
population after adjustment for relevant covariates. Lumbar
spine TBS was significantly associated with fractures inde-
pendent of FRAX score. These results suggest TBS may be
a useful, noninvasive method to assess fracture risk in kidney
transplant recipients. Aside from kidney transplantation, addi-
tional variables associated with a significantly lower TBS
were older age, female sex, prior fracture, and COPD
diagnosis.

In contrast to our findings which found bone health, as
measured by TBS, is suboptimal in kidney transplant recipi-
ents, a previous study conducted in the same population of
kidney transplant recipients found bone health as measured by
BMD was average for age and sex [37]. This highlights the
complexity of bone disease in kidney transplant recipients
with changes in bone metabolism reflecting a variety of path-
ophysiologic processes (e.g., osteomalacia, adynamic bone
disease, mixed bone disease) [38] which may result in kidney
transplant recipients having a normal BMD but altered bone
quality [10]. Bone strength is a composite of BMD and bone
quality, and both contribute to a complete picture of bone
health and fracture risk in kidney transplant recipients [39,
40]. This may be the reason previous studies have not consis-
tently found that BMD can predict fractures in kidney trans-
plant recipients [15–17]. However, our previous study found
that BMD reached average values for age and sex after a mean

of 8 years post-transplant [37]; therefore, if we measured TBS
years after transplantation, it is plausible that TBS values
would have been similar to controls.

Lumbar spine TBS was associated with fracture in kidney
transplant recipients even after adjustment for age and sex,
FRAX score, and FRAX score in addition to spine BMD.
Similar to results of this study, TBS has shown promise in
other unique populations for which BMD may not be an ac-
curate measure of bone health. Breban et al., found that TBS
in rheumatoid arthritis patients (n=185) was lower in those
with a prior vertebral fracture compared to those without such
a history (P<0.001), and TBS had greater discriminative abil-
ity compared to BMD (area under the curve 0.70 versus 0.62)
[26]. Leslie et al., assessed TBS in women with diabetes (n=
2356) finding an association between TBS and fracture inde-
pendent of BMD and other covariates (adjusted hazard ratio
1.27, 95 % CI 1.10–1.46) [25].

As demonstrated in this study, TBS may be a useful
measure to assess bone health and fracture risk in kidney
transplant recipients. TBS has potential advantages over oth-
er non-BMD measurements for assessing bone health and
fracture risk. High-resolution peripheral quantitative comput-
ed tomography can also be used to assess bone quality but
its use is limited by high costs and availability [18, 41]. A
bone biopsy can also be used to assess bone quality but this
is an invasive technique with limited availability [18]. In
contrast, TBS can be obtained from DXA machines which
are widely available. However, further research needs to be
done before TBS can be routinely used in managing kidney
transplant recipients. Studies with larger sample sizes are
needed to assess the predictive ability of TBS for major
osteoporotic fractures and hip fracture alone. Moreover, the
predictive ability of TBS in recipients with and without
CKD-MBD should also be assessed given the complexity
of bone disease in this setting. Additionally, given the ease

Fig. 1 Kaplan-Meier estimator for fracture in kidney transplant
recipients, stratified by median trabecular bone score (TBS) (TBS below
median <1.370; TBS above median ≥1.370)

Table 4 Adjusted hazard ratios for lumbar spine trabecular bone score
to express the gradient of risk for incident fractures in kidney transplant
recipients

Adjustment(s) Hazard ratio 95 % CI

Age and sex 1.76 1.22–2.55

FRAX major fracture probability
without BMDa

1.68 1.18–2.40

FRAX major fracture probability
with BMDa

1.64 1.15–2.36

FRAX major fracture probability
with BMDa plus spine BMD

1.55 1.06–2.27

Hazard ratio per standard deviation decrease in lumbar spine trabecular
bone score

BMD bone mineral density, CI confidence interval, FRAX Fracture Risk
Assessment Tool
a FRAX major fracture probability (log-transformed)
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of obtaining TBS values, TBS could complement the use of
FRAX, potentially improving its performance in kidney
transplant recipients as has been observed for the general
population [42, 43].

Several strengths of this study deserve mention.
First, to our knowledge, this is the first study to assess
TBS in kidney transplant recipients. Second, 99 % of
recipients at our center received a DXA increasing the
generalizability of our results. However, this study is
not without limitations. First, power was limited due to
the small number of fracture events and we were un-
able to determine whether TBS had a better predictive
ability compared to BMD alone and FRAX (with and
without BMD). Moreover, the small number of incident
major osteoporotic fractures was insufficient for analy-
sis alone and there were no hip fractures; therefore, we
examined all non-traumatic fractures (excluding hand,
foot, and craniofacial). However, others have found
that the majority of fractures in kidney transplant re-
cipients involve sites other than those designated by
FRAX as major osteoporotic fractures [3, 4]. Second,
it would have been of interest to assess long-term
changes in TBS in recipients given that previous stud-
ies have found BMD remains stable or improves as
time since transplant increases [15, 37, 44]. Last, our
results may not be generalizable to other countries or
ethnic groups.

In conclusion, kidney transplant recipients had re-
duced lumbar spine TBS compared to the general pop-
ulation. Lumbar spine TBS may be a useful new tool in
the quest to better predict fracture risk in kidney trans-
plant recipients. However, confirmatory studies are
needed before TBS can be routinely used by clinicians
in this unique patient population.
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