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Abstract
Summary Patients with chronic kidney disease have high risk of osteoporotic fractures. Lower trabecular bone score (TBS) was
associated with poorer kidney function and higher fracture risk when kidney function was normal. Addition of TBS to The
Fracture Risk Assessment Tool with bone mineral density did not improve fracture risk prediction.
Introduction We sought to determine whether trabecular bone score (TBS) either independently or adjusted for The Fracture
Risk Assessment Tool (FRAX) could predict risk of major osteoporotic fractures (MOFs) in a large population-based sample of
patients with all stages of chronic kidney disease (CKD).
Methods We used population-based administrative databases to identify patients above age 20 years who had dual-energy X-ray
absorptiometry (DXA) scan and serum creatinine measured within 1 year, during the years 2005 to 2010. Patients were excluded
if they were on dialysis or had a functioning renal transplant.We stratified patients by estimated glomerular filtration rate (eGFR).
We collected femoral neck bonemineral density (BMD), lumbar spine TBS, incident major osteoporotic fractures (MOF) and hip
fractures, and other clinical characteristics.
Results Among 8289 patients, there were 6224 (75.1%) with eGFR ≥ 60 mL/min/1.73 m2, 1624 (19.6%) with eGFR 30–60 mL/
min/1.73m2, and 441 (5.3%) with eGFR < 30mL/min/1.73 m2. There were 593 patients (7.2%) withMOFs and 163 (2.0%) with
hip fractures. Lower TBS score was associated with increased risk of MOF and hip fractures across all eGFR strata in unadjusted
Cox proportional hazards models but after adjusting for FRAXwith BMD, lower TBS was only statistically significant for MOF
prediction for eGFR ≥ 60 mL/min/1.73 m2.
Conclusion Lower TBS scores were associated with lower eGFR and increased fracture risk in patients with eGFR ≥ 60 mL/min/
1.73 m2. However, the addition of TBS to the FRAX score with BMD did not significantly improve fracture risk prediction in
patients with CKD.
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Introduction

Chronic kidney disease (CKD) has a global prevalence of 11–
13% and is about three times more common in adults over 65
years and older [1]. In older individuals, CKD is consistently
associated with increasing medical comorbidities including
osteoporosis [2]. In the general population, the lifetime risk
of osteoporotic fracture is one in five men and one in three
women and nearly 1.5- to 3-fold higher in patients with CKD
[3–10]. This is due in part to the association between CKD
and mineral bone disorder (MBD), which begins as early as
CKD stage 2 and is universal by CKD stage 5 [11].

Due to high prevalence of osteoporotic fractures, their as-
sociated morbidity and mortality, cost to the patient and
healthcare system, and availability of effective treatments to
decrease fracture risk, national and international guidelines
recommend screening for osteoporosis in the at-risk
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population [12]. The 10-year risk of major osteoporotic frac-
ture (MOF) can be estimated by the WHO Fracture Risk
Assessment Tool (FRAX®) [13, 14]. FRAX is the reference
standard in fracture risk stratification in the general population
and incorporates multiple variables including age, sex, clinical
factors, and optionally, femoral neck bone mineral density
(BMD). BMD as measured by dual-energy X-ray absorptiom-
etry (DXA) scan is accurate in patients with CKD stages 1–3
and is associated with fracture risk [15]. We have recently
validated both BMD and FRAX in the CKD population [16].

However, CKD is also thought to affect bone
microarchitecture, which is an important factor in fracture risk
not captured by BMD [17–19]. Non-invasive assessment of
bone architecture can be performed by calculating the trabec-
ular bone score (TBS) which measures gray-level texture var-
iations in bone that can be obtained from lumbar spine DXA
[4]. TBS is increasingly recognized as a useful component of
fracture risk assessment and has been implemented into
FRAX, with lower TBS being associated with increased frac-
ture risk [20–23]. This association has been demonstrated in
kidney transplant recipients and in smaller cohort studies of
patients with early stages of CKD [23–27]. We hypothesized
that TBS, either independently or adjusted for FRAX, is able
to predict risk of MOFs in a large population-based sample of
patients with varying stages of CKD.

Methods

Study design and population

We retrospectively studied a cohort consisting of all patients
in the Canadian province ofManitoba above age 20 years who
had a dual-energy X-ray absorptiometry (DXA) scan and a
serum creatinine level measured within 1 year, during the
years 2005 to 2010. Patients were excluded if they were on
dialysis or had a functioning renal transplant at the time of
DXA scan, which was used as the index date.

Data was obtained from anonymously linked health data-
bases from the Data Repository from the Manitoba Centre for
Healthy Policy at the University of Manitoba. Serum creati-
nine values were obtained from the Diagnostic Services of
Manitoba laboratory database, which captures laboratory data
of more than 70% of the Manitoban population. The lowest
serum creatinine value over the study’s duration was used to
calculate the estimated glomerular filtration rate (eGFR) as per
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation. Patients were stratified into groups
based on their eGFR: eGFR ≥ 60 mL/min/1.73 m2 (normal
kidney function or CKD stages 1 or 2), eGFR 30–60 mL/min/
1.73 m2 (CKD stage 3), and eGFR < 30 mL/min/1.73 m2

(CKD stages 4 and 5).

Fracture risk assessment

All spine and hip DXA scans were performed using Prodigy
scanners (GE-Healthcare, Madison, WI, USA) and analyzed
in accordance with manufacturer recommendations (enCore
Software 14.x, GE Healthcare, Madison, WI, USA). BMD
measurements were derived for the femoral neck and lumbar
spine (L1-L4 with exclusion of levels affected by artifact).
Vertebral exclusions were determined by International
Society for Clinical Densitometry (ISCD)-certified physicians
using a standardized clinical procedure: visual inspection of
the scan for localized artifact, T-score discordances between
adjacent vertebral levels exceeding 1 SD, and correlation with
additional imaging where available. Femoral neck BMD T-
scores were calculated using the NHANES III white female
reference values [28]. For the lumbar spine, manufacturer ref-
erence data for white US women were used. Instruments were
cross-calibrated using anthropomorphic phantoms. All three
instruments used for this study exhibited stable long-term per-
formance (coefficient of variation (CV) < 0.5%).

All TBS measurements were performed in the Bone
Disease Unit at the University of Lausanne, Switzerland
(TBS iNsight Software, Version 3.03, Med-Imaps, Pessac,
France), using anonymized spine DXA files to ensure
blinding of the Swiss investigators to all clinical parameters
and outcomes [29]. For each region used in the lumbar spine
BMD measurement, TBS was evaluated based on gray-level
analysis of the DXA images as the slope at the origin of the
log-log representation of the experimental variogram [30]. In
the current analysis, we used a research version of the TBS
iNsight software that allows for large-batched analyses from a
workstation and provides outputs identical to the commercial-
ly available software. No significant calibration differences in
mean TBS levels were seen for the three DXA scanners used.
Short-term reproducibility (CV) for TBS calculated from all
three instruments used for this study and from multiple tech-
nicians was 2.1% in 92 individuals with repeat spine DXA
scans. The Canadian FRAX tool (version 3.11, FRAX
Desktop Multi-Patient Entry) was used to calculate 10-year
risk of MOF and hip fracture. This risk is calculated using
clinical risk factors, and can also be adjusted for BMD, and
both BMD and TBS using a previously defined algorithm
[31]. Femoral neck BMD, height, weight, and body mass in-
dex (BMI) were extracted from the Manitoba BMD database.
Family history of parental fractures was self-reported by pa-
tients. The Manitoba Health Insurance Registry was used to
obtain patients’ age and sex. The Drug Prescription
Information Network (DPIN) captures province-wide drug
dispensing and was used to identify prolonged glucocorticoid
use that lasted more than 90 days. Physicians claims databases
and hospital abstracts were accessed using previously de-
scribed methods to obtain information on previous fractures,
diagnosis of rheumatoid arthritis, diagnosis of COPD (as a
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proxy for smoking use) and diagnosis of alcohol/substance
abuse (as a proxy for high alcohol intake) [14].

Clinical outcomes of interest

Outcomes of interest were MOFs encompassing fractures of
the hip, vertebra (clinical), forearm, and humerus, which oc-
curred within 5 years from the index date. MOFs were iden-
tified by codes from hospital discharge summaries and physi-
cian billing codes using previously described methods. [32,
33] Hip fracture was identified if it was the primary diagnosis
code for a hospital stay. Clinical vertebral fracture was iden-
tified if it was the primary diagnosis code for a hospital stay or
physician visit. Forearm and humerus fractures were identi-
fied if it was a primary diagnosis code for a hospital stay or
two physician visits within 90 days. Fractures were excluded
if a similar type of fracture occurred in the preceding 6
months, or if the diagnosis code for the fracture was accom-
panied by a high trauma code.

Data analysis

Statistical analysis was done using SAS 9.4 (SAS Institute,
Inc., Cary, NC, USA). Descriptive statistics included baseline
demographic information, risk factors for MOF, FRAX
scores, TBS, and MOFs. We presented categorical variables
with their frequency and percentage and compared them using
the Chi-square test. We presented continuous variables with
their mean and standard deviation and compared them using
analysis of variance (ANOVA) or Mann-Whitney U test. We
tested whether kidney function was a predictor of TBS with a
multivariable linear regression model adjusting for clinical
risk factors.

We used Cox proportional hazards models in all groups
stratified by eGFR to assess whether there was an association
between our outcomes of interest and TBS and whether that
association was consistent irrespective of kidney function.
Hazard ratios of TBS were expressed per SD decrease and
were modeled: (1) without adjusting for covariates, (2)
adjusting for age and sex, (3) adjusting for FRAX without
BMD, and (4) adjusting for FRAX with BMD. Each of these
models was also conducted for the entire cohort while adding
CKD, either as a continuous variable (eGFR) or categorical
variable (CKD stage), and an interaction term between CKD
and TBS.

Supplementary analyses

We also used Cox proportional hazards models to compare the
magnitudes of the associations of both FRAX with BMD and
TBS-adjusted FRAXwith BMDwith our outcomes of interest
in all groups stratified by eGFR. The hazard ratios of FRAX
were expressed per SD increase and we examined the

interaction of kidney function (categorical) and TBS-
adjusted FRAX. FRAX was log-transformed for all Cox
models. Hip fractures and MOF outcomes were modeled sep-
arately with their corresponding FRAX scores.

We calculated concordance statistics (c- statistics) among
kidney disease groups as an alternative measure of the ability
of TBS-adjusted FRAX to discriminate fracture risk.
Additionally, we assessed the association between TBS and
MOF or hip fracture in a subgroup of females only.

Results

Baseline characteristics

The study cohort consisted of 8289 patients who had both a
DXA scan and serum creatinine measured within 12
months. Baseline characteristics of these patients, including
fracture risk assessment scores, are presented in Table 1.
There were 6224 (75.1%) patients with eGFR ≥ 60 mL/
min/1.73 m2, 1624 (19.6%) patients with eGFR 30–60
mL/min/1.732, and 441 (5.3%) patients with eGFR < 30
mL/min/1.73 m2. Patients with eGFR < 60 mL/min/1.73
m2, compared to those with eGFR ≥ 60 mL/min/1.73 m2,
were more likely to be male, older, overweight, have recent
glucocorticoid exposure, or have comorbidities like diabe-
tes, hypertension, chronic obstructive pulmonary disorder
(COPD), or substance abuse. TBS and BMD were lower,
and all FRAX scores were higher in patients with eGFR <
60 mL/min/m2. There was no difference in history of pre-
vious fractures among groups.

As a continuous variable, eGFR was independently asso-
ciated with TBS (− 0.003 per 10 mL/min/1.73 m2 decrease;
95% CI, − 0.004 to − 0.002) and eGFR < 30 mL/min/1.73 m2

was also an independent predictor of TBS compared to eGFR
≥ 60 mL/min/1.73 m2 (− 0.037; 95% CI, − 0.049 to − 0.026)
with a similar trend for eGFR 30–60 mL/min/1.73 m2 (−
0.007; 95% CI − 0.013 to 0.0001) (Supplementary Table 1).

Outcomes of interest

Over the follow-up period of 5 years, there were 593 patients
(7.2%) with MOFs and 163 patients (2.0%) with hip fractures
across all groups. Compared to patients with eGFR ≥ 60 mL/
min/1.73 m2 (6.7%) and eGFR 30–60 mL/min/1.73 m2

(8.4%), those with eGFR < 30 mL/min/1.732 (9.1%) were
more likely to have MOFs (p = 0.017) (Table 1).

Patients with eGFR 30–60 mL/min/1.73 m2 (3.4%) had
more hip fractures than patients with eGFR < 30 mL/min/
1.73 m2 (2.9%) and patients with ≥ 60 mL/min/1.73 m2

(1.5%) (p < 0.001) (Table 1).
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Association of TBS with MOFs and hip fractures

We examined the effect of lower lumbar spine TBS on
fractures at each strata of kidney function in unadjusted
analyses and after adjustment for the FRAX score at
BMD (Table 2). In unadjusted analyses, each standard
deviation decrease in TBS resulted in a 27% higher risk
of MOF in patients with eGFR ≥ 60 mL/min/1.73 m2

(95% CI 1.19–1.36), 30% in patients with eGFR 30–60

mL/min/1.73 m2 (95% CI 1.15–1.46), and 24% in pa-
tients with eGFR < 30 mL/min/1.73 m2 (95% CI 1.01–
1.53). When adjusted for age-sex or FRAX without
BMD, lower TBS remained a significant risk for MOF
in subgroups with eGFR > 60 mL/min/1.73 m2 and <
60 mL/min/1.73 m2 but not the subgroup with eGFR <
30 mL/min/1.73 m2. When TBS was adjusted for FRAX
with BMD, the HR for MOF was only statistically sig-
nificant in the subgroup with eGFR ≥ 60 mL/min/1.73

Table 2 Hazard ratios for lumbar spine trabecular bone score to predict MOF stratified by kidney function

HR per SD decrease (95% CI) eGFR ≥ 60
(n = 6224)

eGFR < 60
(n = 2065)

eGFR 30–60
(n = 1624)

eGFR < 30
(n = 441)

Interaction
(TBS*CKD)

TBS unadjusted 1.27 (1.19–1.36) 1.29 (1.16–1.42) 1.30 (1.15–1.46) 1.24 (1.01–1.53) 0.94

TBS adjusted for age and sex 1.19 (1.10–1.28) 1.19 (1.07–1.33) 1.18 (1.04–1.33) 1.19 (0.95–1.50) 0.53

TBS adjusted for FRAX
MOF without BMD

1.16 (1.08–1.25) 1.17 (1.05–1.31) 1.17 (1.03–1.32) 1.14 (0.91–1.43) 0.58

TBS adjusted for FRAX
MOF with BMD

1.12 (1.04–1.20) 1.10 (0.98–1.23) 1.10 (0.97–1.25) 1.07 (0.85–1.35) 0.77

Total MOF 416 177 137 40

Italics denotes statistical significance

CKD chronic kidney disease, eGFR estimated glomerular filtration rate, MOF major osteoporotic fracture, TBS trabecular bone score, 95% CI 95%
confidence interval, HR hazard ratio, SD standard deviation

Table 1 Patient characteristics

eGFR ≥ 60 (n = 6224) eGFR 30–60 (n = 1624) eGFR < 30 (n = 441) p value

Baseline

Sex (male) 658 (10.6%) 305 (18.8%) 109 (24.7%) < 0.001

Age 61.0 ± 12.6 69.2 ± 12.8 64.3 ± 15.6 < 0.001

Body mass index (kg/m2) 26.9 ± 5.5 27.5 ± 5.4 27.8 ± 5.8 < 0.001

Rheumatoid arthritis 377 (6.1%) 70 (4.3%) 20 (4.5%) 0.015

COPD 557 (8.9%) 190 (11.7%) 59 (13.4%) < 0.001

Alcohol or substance abuse diagnosis 215 (3.5%) 28 (1.7%) 11 (2.5%) 0.001

Recent glucocorticoid use 565 (9.1%) 327 (20.1%) 124 (28.1%) < 0.001

Prior fracture 1016 (16.3%) 288 (17.7%) 75 (17.0%) 0.39

Parental hip fracture 707 (11.4%) 184 (11.3%) 36 (8.2%) 0.118

Lumbar spine TBS (L1-L4) 1.320 ± 0.125 1.294 ± 0.129 1.279 ± 0.135 < 0.001

Lumbar spine T-score − 0.86 ± 1.36 − 1.15 ± 1.39 − 1.33 ± 1.43 < 0.001

Femoral neck T-score − 1.26 ± 1.01 − 1.46 ± 1.05 − 1.60 ± 1.09 < 0.001

FRAX predicted probability of hip fracture (without BMD) 2.8 ± 5.1 5.6 ± 7.0 4.4 ± 6.3 < 0.001

FRAX predicted probability of hip fracture (with BMD) 2.1 ± 4.2 4.1 ± 5.8 4.1 ± 7.0 < 0.001

FRAX predicted probability of hip fracture (with BMD and TBS) 2.2 ± 4.1 4.1 ± 5.5 4.3 ± 7.0 < 0.001

FRAX predicted probability of MOF (without BMD) 9.8 ± 8.1 14.6 ± 10.3 12.2 ± 10.0 < 0.001

FRAX predicted probability of MOF (with BMD) 9.4 ± 7.2 13.0 ± 9.1 12.5 ± 10.2 < 0.001

FRAX predicted probability of MOF (with BMD and TBS) 9.6 ± 7.3 13.1 ± 8.8 12.9 ± 10.2 < 0.001

eGFR (mL/min/1.73 m2) 85 ± 15 47 ± 8 17 ± 8 < 0.001

Diabetes 1026 (16.5%) 459 (28.3%) 185 (42.0%) < 0.001

Hypertension 3920 (63.0%) 1433 (88.2%) 423 (95.9%) < 0.001

BMD bone mineral density, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate,MOFmajor osteoporotic fracture,
TBS trabecular bone score
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m2, but all 95% CIs for the hazard ratios overlapped
and no significant interactions between TBS and eGFR
(p = 0.06) or CKD stage (p = 0.77) were detected.

For hip fractures, the HR for each standard deviation de-
crease in TBS was 1.47 in patients with eGFR ≥ 60 mL/min/
1.73 m2 (95% CI 1.28–1.69), 1.38 in patients with eGFR 30–
60 mL/min/1.73 m2 (95% CI 1.15–1.67), and 1.34 in patients
with eGFR < 30 mL/min/1.73 m2 (95% CI 0.93–1.91) in
unadjusted analyses (Table 3). Lower TBS remained signifi-
cant for hip fracture in subgroups defined as eGFR ≥ 60 mL/
min/1.73 m2 or eGFR < 60 mL/min/1.73 m2 (but not the
subgroup with eGFR < 30 mL/min/1.73 m2) when adjusted
for age-sex or FRAX without BMD. The risk for hip fracture
was not significant at any eGFR when TBS was adjusted for
FRAX with BMD. Interactions between TBS and eGFR (p =
0.92) and TBS and CKD stage (p = 0.91) were again non-
significant. The associations between TBS and fractures did
not qualitatively change when restricted to a female-only sub-
group (Supplementary Table 2).

The hazard ratios for incident MOFs and hip fractures per
standard deviation increase in FRAX (with BMD) and FRAX
(with BMD and TBS) are presented in Supplementary
Table 3. Hazard ratios were significant at all eGFR categories,
with small increases in magnitude when FRAX with BMD
was adjusted for TBS for all CKD stages. The interaction
between FRAX with TBS and CKD stage (p = 0.021) was
significant for MOF probability (higher hazard ratios in the
eGFR 30–60-mL/min subgroup), but not for hip fractures (p =
0.40).

Discrimination

TBS-adjusted FRAX with BMD showed very good discrim-
ination for predicting hip fractures (c-statistic = 0.83) and
good discrimination for predicting MOF (c-statistic = 0.68)
(Supplementary Table 4) but was nearly identical to FRAX
alone with BMD across all eGFR strata.

Discussion

In this prospective study of more than 8000 participants with
DXA testing, we found that the addition of trabecular bone score
to the FRAX score with BMD did not meaningfully improve
prediction of fracture outcomes in patients with CKD. Although
TBS was independently associated with eGFR, and the hazard
ratios for FRAX with TBS were marginally higher than FRAX
alone, the incremental improvement declined at lower levels of
eGFR, and the addition of TBS did not improve discrimination.
These findings suggest that the addition of TBS may not im-
prove fracture risk assessment in older patients with CKDwhich
was not consistent with our hypothesis.

Previous studies have examined the role of TBS in fracture
risk assessment in elderly patients with CKD. Recently,
Naylor et al. conducted a retrospective analysis of the
Canadian Multicentre Osteoporosis Study (CaMos) study
and found that lower TBS was independently associated with
60% higher risk of MOFs in patients with reduced renal func-
tion [4]. These authors studied 1426 patients but had only 199
patients with eGFR < 60 mL/min/1.73 m2, and only 5 of those
patients had eGFR < 30 mL/min/1.73 m2. Based on a larger
population sample size with a larger number of patients with
eGFR < 60 mL/min/1.73 m2, and particularly with eGFR < 30
mL/min/1.73 m2, our study did not find a clinically meaning-
ful association between TBS and fracture risk. We believe that
differences in baseline characteristics, as well as the lack of
patients with reduced levels of kidney function, may explain
the differences in our findings. In contrast to the CaMos study
which was a random population-based sample, our study in-
cluded patients who had DXA tests ordered by physicians for
screening or clinical indications. These differences likely con-
tributed to a high incidence rate of fracture events observed in
our study, and possibly the differences in the association.

The ability of TBS to predict fracture risk has also been
studied in patient populations with comorbid illnesses other
than CKD. A 2014 review of the utility of TBS in various
causes of secondary osteoporosis, including diabetes mellitus,

Table 3 Hazard ratios for lumbar spine trabecular bone score to predict hip fractures stratified by kidney function

HR (95% CI) eGFR ≥ 60
(n = 6224)

eGFR < 60
(n = 2065)

eGFR 30–60
(n = 1624)

eGFR < 30
(n = 441)

Interaction
(TBS*CKD)

TBS unadjusted 1.47 (1.28–1.69) 1.38 (1.17–1.62) 1.39 (1.15–1.67) 1.34 (0.93–1.91) 0.42

TBS adjusted for age and sex 1.25 (1.07–1.45) 1.24 (1.04–1.48) 1.19 (0.98–1.46) 1.29 (0.87–1.90) 0.89

TBS adjusted for FRAX hip
without BMD

1.18 (1.01–1.38) 1.24 (1.04–1.47) 1.21 (1.00–1.48) 1.26 (0.86–1.84) 0.83

TBS adjusted for FRAX hip
with BMD

1.08 (0.93–1.26) 1.11 (0.93–1.32) 1.11 (0.91–1.36) 1.08 (0.72–1.61) 0.91

Total hip fractures 95 68 55 13

Italics denotes statistical significance

CKD chronic kidney disease, eGFR estimated glomerular filtration rate, TBS trabecular bone score, 95% CI 95% confidence interval, HR hazard ratio
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hyperparathyroidism, autoimmune conditions, patients receiv-
ing prolonged glucocorticoid therapy, and patients with breast
cancer receiving hormonal therapy, found that TBS was able
to predict increased risk of fractures [34]. However, patients
with non-transplant CKD were not included in this review.
TBS has been shown to be useful in predicting fracture risk
in kidney transplant recipients both at the time of transplant
and at post-operative follow-up [23, 25, 27, 35, 36]. These
patients often have considerable glucocorticoid exposure,
and their findings may not be generalizable to the non-dialy-
sis, non-transplant CKD population.

It is important to note that we found a significant positive
association between TBS adjusted for FRAX with BMD and
both incident MOFs and hip fractures in patients with eGFR >
60 mL/min/1.73 m2. Interestingly, this association was not ob-
served in patients with CKD. No significant interactions be-
tween TBS and CKD stage were detected. Moreover, there
was a small increase in hazard ratios across all categories of
eGFR when FRAXwas adjusted for TBS, compared to FRAX
alone. However, the strength of association between TBS and
fracture risk in our subjects with normal eGFR was not as high
as that seen in previous studies for the general population. This
may in part reflect selection biases in the population undergo-
ing eGFR assessment or limited power to detect small effect
sizes in the different subgroups since confidence intervals over-
lapped between the various CKD subgroups.

Fracture risk is influenced by both bone density and qual-
ity, with the latter involving bone microarchitecture, mineral-
ization, turnover, properties of collagen, and accumulated
damage [37, 38]. Bone density is assessed by DXA scan,
while the gold standard in assessing bone quality is bone bi-
opsy [38]. TBS has been utilized as a convenient method of
non-invasively assessing bone microarchitecture and has
shown promise as a method for non-invasively assessing bone
quality in CKD [25]. However, CKD also predisposes patients
to multiple factors affecting other aspects of bone quality
which may not be captured by TBS. These include hyperpara-
thyroidism, phosphate imbalances, decreased calcitriol activi-
ty, and elevated fibroblast growth factor 23 (FGF23) [37, 39].
FGF23 is a peptide that influences serum phosphate concen-
tration. It is found in elevated concentrations in patients with
CKD and may be one of the earliest detectable biomarkers of
MBD. Although TBS as an indicator of bone quality is an
important influence on fracture risk in individuals with normal
eGFR, these additional features unique to patients with CKD
may be more impactful than TBS and could thereby weaken
the association between TBS and fracture risk.

Strengths of our study include the large sample size, which
incorporated a significant proportion of individuals with CKD
and the high number of primary outcome events accrued over
the study period. To our knowledge, ours is the largest study
of patients with DXA scans and CKD, and a significant pro-
portion of the individuals had eGFR < 30 mL/min/1.73 m2.

There was also a high incidence of MOFs which were the
main outcome of interest. In addition, due to universal
healthcare coverage in the province of Manitoba, the provin-
cial sources from which we obtained data were complete and
there was minimal loss to follow-up in the study.

Limitations of our study include limited power in specific
CKD subgroups, particularly those with eGFR < 30 mL/min/
1.73 m2 due to a small number of patients and low number of
fracture events, resulting in wide confidence intervals for haz-
ard ratios that included unity (null effect). However, the ab-
sence of significant interactions between TBS and CKD stage
is consistent with the possibility that TBS works as well in
CKD patients as in those with preserved eGFR. Our predom-
inantly female cohort is likely due to the inclusion criteria of
having a DXA scan ordered by a physician as part of clinical
care and is reflective of the higher prevalence of osteoporosis
in females who are often preferentially screened compared to
male counterparts. It is not known whether our findings are
applicable to male patients, and this requires further investi-
gation. In addition, patients were also placed into categories
based on eGFR calculated using the single lowest value of
serum creatinine within 1 year from the DXA scan. This
may not accurately reflect their baseline renal function and
may have influenced our conservative results. Finally, data
for baseline characteristics in our cohort did not include mea-
surements of serum parathyroid hormone (PTH) or vitamin D
levels, which may be important contributors in mineral bone
disorder (MBD) seen in CKD.

In conclusion, our study found that TBS is independently
associated with reduced kidney function as measured by a
single eGFR, but does not seem to improve prediction of
fracture risk in patients with CKD in our study. Alternative
measures of bone health may be needed to improve fracture
risk prediction in the CKD population.
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