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Abstract

Introduction The relationship between post-menopausal osteoporosis and obesity has been mainly investigated using bone
mineral density (BMD) as marker of bone health. Since BMD does not reflect bone microarchitecture, another analytical
tool, the Trabecular Bone Score (TBS), has been recently developed for this purpose. In this study, we intended to investigate
the validity of TBS as marker of bone quality in obese post-menopausal women.

Methods and materials Three hundred fifty-two post-menopausal women were consecutively enrolled in the study and
underwent anthropometric and dual-energy X-ray absorptiometry (DXA) examination. DXA-based BMD was used to clas-
sify subjects into osteoporotic (9%), osteopenic (58%), and controls (33%) categories. As TBS is sometimes sensitive to
the effects of increased image noise with higher BMI, a corrected version of the TBS (TBS*) was also used to assess bone
microarchitecture quality in this cohort.

Results As expected, BMI was positively and negatively related to total BMD (r=0.22, p <0.0001) and TBS (r=-0.12,
p <0.05), respectively. TBS* was found positively and significantly correlated with femoral neck BMD (r=0.40, p <0.001),
total hip (r=0.33, p<0.001) and lumbar spine BMD (r=0.50, p <0.001).

Conclusion TBS, once removed the effect of BMI, can serve as a good surrogate maker of bone microarchitecture in obese
post-menopausal women in addition to BMD.
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Introduction

Nowadays, osteoporosis and obesity represent two major
public health problems, and need to be contextualized and
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correctly addressed to a prevention plan [1, 2].
Osteoporosis is the most common osteometabolic disor-
der affecting post-menopausal women [3]. The menopause-
related estrogen deprivation is the main etiopathogenic
cause of this disorder, which is characterized by reduction
in bone mineral density (BMD) and deterioration of micro-
architecture, leading to an increased risk of fractures [4—6].
The diagnosis of osteoporosis is currently based on BMD
as assessed by the gold standard dual X-ray absorptiometry
(DXA) [6]. Low BMD is an important component of frac-
ture risk. However, aging leads in both women and men to
a worse “quality” of bone, intended as alteration of micro-
structure that also contributes to skeletal fragility. Histori-
cally, the gold standard technique for quantification of bone
quality has involved obtaining a highly invasive bone biopsy
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[7]. More recently, a novel, safe, and more accessible DXA-
based technique for detecting bone microarchitecture has
been developed, Trabecular Bone Score (TBS). Notably,
recent epidemiological/clinical data have consistently shown
that TBS is a predictor of fracture incidence independently
of BMD and clinical risk factors [7, 8].

However, even if TBS has already shown several strength
points, as recently reported by Martineau and Leslie, it is
also affected by some limitations [9]. The main caveat
reported so far is related to the effects of soft tissues on TBS
measurement; indeed, high amount of soft tissues is asso-
ciated with high noise in DXA image. As a consequence,
DXA-based measurements are impacted by such increased
noise in the image. TBS is decreasing with increasing soft
tissue thickness as demonstrated by ex vivo experiments
where soft tissue layers can be simulated and varied [9].
To cope with this artefactual decrease unrelated to biologi-
cal variations, a correction has been implemented in TBS
based on patient BMI. This correction is not perfect under
some conditions. For example, as reported in some studies
using Hologic devices, a negative and significant correla-
tion has been observed between TBS and BMI, leading to
densitometer-specific differences. That being said, TBS lim-
its of use are set to a maximum BMI of 37 kg/m? to avoid
incoherent TBS values in these subjects. Besides, it has
been reported that TBS reproducibility was not affected up
to 6 cm of increasing soft tissue thickness and was even less
influenced by fat than BMD [10]. Another study reported
that no significant differences were found for TBS precision
error when comparing BMI groups (normal, overweight,
class I obesity) and waist circumference groups (less or
greater than 88 cm) [11].

Finally, a new TBS corrective algorithm has been recently
developed to remove this residual correlation. This correc-
tion is based on the estimated tissue thickness determined
from the DXA device. This enables to have a more precise
and robust assessment of soft tissues compared to the BMI
measure. It has been shown that this correction leads to a
positive correlation with BMI as observed for the BMD and
that it improves TBS clinical performance, reproducibility,
and follow-up.

Within this study, the new correction method for TBS
was not yet available but we made use of the known cor-
relation between TBS and BMI to correct the effects of the
latter to the DXA-derived parameter. This is an alternative
to the new correction that will be integrated in TBS v4 when
using TBS v3.

Despite the increasing use of TBS in clinical setting and
the well-documented good performance in risk stratification,
a little has been reported on the clinical relevance of using
this novel index of bone health in obesity.

The purpose of the present study was to investigate the
possible role of a corrected version of TBS (TBS*) in obese
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post-menopausal patients in evaluating bone texture, to
stratify the fracture risk in this particular group of patients.

Methods
Subjects

Between January 2015 and December 2017, 412 consecu-
tively female outpatients, referred for osteoporosis manage-
ment to the Menopause and Osteoporosis Center of the Uni-
versity of Ferrara, were enrolled in the study. Each subject
was evaluated by a questionnaire that included demographic
information, medical and reproductive history, and main life-
style habits. The inclusion criteria were: female sex, Cau-
casian race, post-menopausal status, defined as cessation of
menses for at least 1 year, and BMI between > 30 and 37 kg/
m?. Women were excluded from the study whether: affected
by diseases, such as chronic kidney disease, rheumatoid
arthritis, etc., which are well-recognized cause of second-
ary osteoporosis; were under pharmacological/hormonal
(e.g., corticosteroid) treatment during the last months prior
to blood withdrawal. Major details in the study design are
reported in similar previous studies [12, 13].

The study was undertaken within the framework of a pro-
tocol approved by the Medical School Ethics Committee. All
participants provided informed consent. Table 1 shows the
baseline characteristics of patients. Three hundred fifty-two
women were finally enrolled in the study. Figure 1 shows the
flowchart of patients enrollment.

Study protocol
The protocol considered an interview that included the gath-
ering of the clinical risk factors, skeletal and extra-skeletal

factor identified by DeFra algorithm [5]. Data were col-
lected to evaluate BMI, family, and personal history of hip

Table 1 General characteristics of the study sample (N=352)

Age (years) 65+ 8 (43-84)

Years since menopause, (months) 48 +12

BMI, kg/m? 32+2

DXA-assessed parameters
Lumbar spine BMD, g/cm? 0.940+0.14
Lumbar spine T score -1.1(-1.9;0.2)
Femoral neck BMD, g/cm? 0.722+0.09
Total hip BMD, g/cm? 0.881+0.01
TBS 1.16+0.15
TBS* 1.18+0.15

Data are expressed as mean + standard deviation/median (interquartile
range) when the variable is normally/not normally distributed, respec-
tively
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Eligible Patients

N=412
Refusals:
Declined to participate 38
Lack of interest 10
Mistrust 1
Does not have the time 10
Unknown reasons 1
Vv

Included Patients
N=352

Fig. 1 Flowchart of patients enrollment

or vertebral fragility fractures. The study considered the use
of BMD, TBS evaluation with DXA.

DXA assessment

Areal bone density was measured in each participant by Dis-
covery dual energy X-ray absorptiometry scanner (Hologic
Inc, Bedford, MA, USA) in accordance with manufacturer
and International Society for Clinical Densitometry (ISCD)
guidelines. Precision error (%) for BMD was 0.1 at lumbar
spine, femoral neck, and total hip. For lumbar spine BMD
the L1-L4 was chosen for the analysis. Osteoporosis was
diagnosed when BMD T scores (the number of SDs below
the average for a young adult at peak bone density) were
lower than 2.5 SDs from BMD peak at either the femoral
neck (FN) or lumbar spine (LS) according to World Health
Organization (WHO) guidelines; osteopenia with 7T scores
between — 2.5 and — 1.0; normal with 7T scores > —1.0.

TBS Insight software (Medimaps, France) was used to
asses TBS values, scored in same spinal regions (lumbar
spine vertebrae L.1-L4) where DXA scans were performed
to measure the lumbar spine BMD. The average TBS scored
value of the L1-L4 vertebrae was utilized for the statistical
analyses in the study.

We applied a mathematical approach to remove the nega-
tive correlation between TBS and BMI, correcting the linear

trend of TBS as a function of BMI (TBS*=TBS + (BMI -3
0)%0.00753) where 30 is the reference BMI and —0.00753
is the negative slope of TBS as a function of BMI in these
data.

Statistical analysis

Continuous variables following a normal distribu-
tion (height, weight, BMI, BMD) were expressed as
mean + standard deviation, and comparisons between groups
were performed using the ¢ test. The multivariate analysis
was run with a logistic regression analysis taking as outcome
the presence of fracture and as exposure variables the fac-
tors significantly associated with fracture in the univariate
analysis (taking a p value <0.05).

Statistical analysis was performed using Statistical Pack-
age for Social Sciences version 23.0 software (SPSS, Chi-
cago, IL, USA). A p value of <0.05 was considered statisti-
cally significant.

Results

Table 1 summarizes baseline characteristics of the 352 post-
menopausal women included in the present study. According
to BMD T score, 9% of patients were classified as osteoporo-
tic (T score < —2.5), 58% as osteopenic (7 score between
—2.5and — 1), and 33% as normal (T score > —1).

The calculated correct TBS* was slightly higher than
TBS (mean value 1.18 vs. 1.16). Regarding the correlation
analysis among the anthropometric and DXA measures, BMI
was negatively (r=—0.12, p=0.03) and positively (r=0.22,
p <0.001) correlated with TBS and BMD, respectively.
TBS* showed a negative correlation with age (r=—0.29,
p<0.0001). More specifically, the linear decrease was
—0.004 unit of TBS*/year for whole sample (352 women),
but between age 45 and 65, the decrease was —0.005 unit
of TBS/year (177 women), which is similar to the observed
decrease in the European reference curve (—0.0045) [14].

TBS* was also positively correlated with femoral
neck BMD (r=0.40, p <0.001), total hip BMD (r=0.33,
p <0.001), lumbar spine BMD (r=0.50, p <0.001). Nota-
bly, no significant association was found between TBS* and
menopausal age (p >0.05).

All osteoporotic women according to BMD T score defi-
nition have a low TBS. For osteopenic women, 62% of them
have a low TBS and for “normal” women, always according
to BMD T score thresholds, 42% of them have a low TBS.
Table 2 gives the proportion of patients according to both
BMD and TBS thresholds. We consider thresholds (1.23
and 1.31) based on tertiles defined from the meta-analysis
by McCloskey et al. [8].
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Table 2 Distribution of patients
according to both BMD and
TBS thresholds

DXA categories Corrected Trabecular Bone Score (TBS*)

<1.23 1.23-1.31 >1.31
Normal (7 score>—1) 42% (n.49) 36% (n.42) 22% (n.25)
Osteopenic (7 score<—1 and>—2.5 62% (n.127) 35% (n.70) 3% (n.7)
Osteoporotic (T score < —2.5) 100% (n.32) 0% (n.0) 0% (n.0)

Discussion

BMD is commonly used for the diagnosis of osteoporosis
and for evaluating disease risk stratification and monitoring
individual patients’ responses to therapy [6]. Moreover, the
combination of BMD (at the femoral neck) and clinical risk
factors into the WHO fracture risk algorithm (FRAX), is
presently regarded as an effective tool for the estimation of
10-year probability of major osteoporotic fracture (spine,
hip, proximal humerus, and distal forearm) and the 10-year
probability of hip fracture [15]. However, epidemiological
data consistently showed that more than 50% of incident
fractures occur in women with either normal BMD or osteo-
penia [16]. Bone strength depends not only on bone mass but
also on bone quality. This feature of bone can be properly
quantified by TBS, a new gray-level textural measure that
can be extracted from the two-dimensional lumbar spine
DXA image to estimate trabecular microstructure [17, 18].
An elevated TBS value correlates with better skeletal tex-
ture (a reflection of better microarchitecture); a low TBS
value correlates with weaker skeletal texture (a reflection
of degraded microarchitecture). The relationship between
TBS texture parameters and 3D microarchitecture param-
eters has been documented by several ex vivo studies that
have reported significant correlations between TBS and vari-
ous microstructural parameters of bone assessed by micro-
computed tomography [19].

However, one of the essential point in evaluating fracture
risk is to develop a most suitable and integrated system,
able to predict better this condition: to go beyond this limit,
FRAX and DeFRA adjusted for increasing the global diag-
nostic accuracy to stratify better the patient risk profile have
been developed [5, 6].

As a consequence of all these considerations, has to be
taken into account, as already stated, the need to implement
the role of DXA examination in patient with increased soft
tissue thickness, such as in obese patients, due to potential
interference of abdominal fat.

A limitation of our study is the use a surrogate maker
of abdominal fat with BMI, instead of a body composition
evaluation, since it is still not recommended the use of TBS
in patients with BMI major than 37 kg/m?.

The aim of the study is to evaluate whether TBS can
be used for osteoporosis risk stratification among obese
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post-menopausal women. In the attempt to limit the poten-
tial, and widely acknowledged, interference of BMI on TBS,
we generated a novel parameter from this DXA-derived
parameter, TBS* and checked its potentials as alternative
bone strength measure. The aforementioned influence of
BMI on TBS is due to the fact that it could be suffered from
the soft tissue bias due to an overattenuation of X-rays; to
overcome this possible confounding effect, we introduced
a coefficient of correction. Of note, this mathematical pro-
cedure is performed by a commercially available specific
software.

Our population included n.352 obese women. The sta-
tistical analyses showed that BMD was strongly correlated
with BMI, while neither TBS nor TBS* showed a significant
relationship with this anthropometric measure. In this light,
we concluded that both TBS and TBS* in this setting of
patients could be used in place of BMD.

The interesting aspect of this evidence is that, as already
highlighted in the largest prospective study performed in
the Canadian province of Manitoba, among 29,407 post-
menopausal women, since TBS was a fracture predictor
as well as BMD, it could be possible to use TBS in obese
post-menopausal woman as BMD, with the same power [7,
20]. A recent publication of European Society for Clinical
and Economic Aspects of Osteoporosis and Osteoarthritis
(ESCEO) Working Group, supports the role and the impor-
tance of TBS and its specific use in clinical practice [21,
22]. Indeed, authors report the potential value of TBS as an
independent adjunct to risk assessment using DXA BMD
and/or FRAX in settings such as post-menopausal and sec-
ondary osteoporosis, and its potential use in assessment of
response to treatment.

Hence the major part of population has a low TBS
(208 pts with < 1.23), and the proportions of patients with
low TBS are higher than expected in a population-based
cohort even if, to note, reference population has an inferior
mean BMI.

Above all, among women with normal T score and osteo-
penic, up to 50% has a low TBS. These data could suggest
a better ability of TBS in this sub-group of our cohort, to
better stratify the fracture risk as already reported in OFELY
study [19, 22].

In conclusion, after matching for age and BMI, TBS has
smaller values when compared to a reference population.
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In addition, even if there is a statistical correlation between
TBS and BMD, there is a high proportion of patients with
low TBS comparatively to a low proportion of patients with
low BMD. These results have to be taken with extreme cau-
tion as there is no control with BMI < 30 kg/m? and still now
the true TBS—BMI relationship is better clarified. However,
data presented are consistent with the previous findings,
reported by Shin et al. [23].

However, some confounding factors could influence these
data, in particular is still now developing the importance of
the role of functional muscle—bone unit that should be taken
into account [24].

It seems that TBS* values are smaller compared to a ref-
erence population, even after matching for age and BMI.
There is a high proportion of patients with low TBS* com-
paratively to a low proportion of patients with low BMD.

Further studies are required to definitively prove this
hypothesis, considering that TBS could represent an added
value to BMD.

Conclusion

Since BMD is demonstrated to be influenced by BMI, TBS
and TBS* can support BMD for stratifying obese women in
post-menopausal age.
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