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Abstract

Purpose Areal bone mineral density (aBMD) by DXA is underestimated in those with smaller bones and overestimated in
those with larger bones. Trabecular bone score (TBS) predicts fracture risk, and is not influenced by bone size. The aim of
this study was to evaluate TBS and BMD in women with short stature.

Methods We retrospectively analyzed DXA scans of all women aged 50-90 years with short stature (<144 cm) obtained in a
single center, from 2006 to 2016. The comparison group comprised women >161 cm in height, matched for age and LS
BMD, selected from the same database.

Results The study population included 342 women. The two groups were similar in age, and aBMD at the LS and total hip.
Femoral neck aBMD was lower in cases than in taller women. In contrast, TBS was higher in women with short stature than
in their taller counterparts (1.347 +0.102 vs. 1.250+0.110; p < 0.001). Bone mineral apparent density (BMAD) and the LS
TBS-adjusted BMD T-score were also significantly higher in shorter than in taller women. From the entire cohort, 121
women (67 cases) were osteoporotic by aBMD determinations. Among these subjects, TBS was also greater in cases
(1.303 +£0.103) than in women with standard height (1.190 £ 0.099; p < 0.001). Despite being considered osteoporotic, 36%
of short women, but none of the taller ones, had a normal TBS.

Conclusions TBS can be a useful adjunct to aBMD for assessing bone quality in short women, in whom aBMD mea-
surement tends to read lower, and, thus could overestimate fracture risk.
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Introduction and in addition to serving as a diagnostic criterion, a BMD

T-score < —2.5 is a widely accepted threshold for phar-
Low bone mineral density (BMD) by dual-energy X-ray = macological intervention in osteoporosis [1, 2]. Despite
absorptiometry (DXA) is a strong predictor of fracture risk,  being widely used for the assessment of fracture risk in
clinical medicine, the measurement of BMD by DXA has
disadvantages. It cannot assess other skeletal indices, such
as the rate of bone turnover, bone microarchitecture, and
microdamage, all of which are importantly related to bone
strength [3]. Another disadvantage of DXA is that it is a
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2-dimensional imaging technology that measures areal
BMD (aBMD; g/cm2) rather than true volumetric BMD
(vBMD; g/cm3). Therefore, aBMD could underestimate true
BMD in those with smaller bones and overestimate true
BMD in those with larger bones [4, 5].

Recent data have shown that short women, despite
having a greater prevalence of osteoporosis by self-report,
had a lower risk of any incident fracture than taller women
over a mean follow-up period of 8.4 years [6]. These dis-
cordant observations suggest that aBMD overestimates
fracture risk in short individuals. With this in mind, addi-
tional diagnostic tools that are not influenced by body size
might be more accurate and help to justify therapeutic
decisions in short individuals.

The Trabecular Bone Score (TBS) assesses skeletal tex-
ture from lumbar spine (LS) DXA images [7, 8]. Many
clinical studies have demonstrated that TBS predicts osteo-
porotic fracture risk independent of DXA BMD and clinical
risk factors in postmenopausal women and older men [9—
15]. Relevant to the subject of this report, previous data have
suggested that TBS is not influenced by bone size [16, 17].

To this end, we assessed BMD by DXA and TBS in a
group of women >50 years with short stature compared with
an age- and BMD-matched control group. The study was
predicated on the hypothesis that TBS in short women
would demonstrate metrics that are better than those that
would be expected, on the basis of the aBMD determination.

Materials and methods
Study population

In this retrospective study, we analyzed DXA scans of
all women aged 50-90 years with short stature (<144 cm
(<4'9"") in height) obtained in a single reference center, as
part of their routine clinical care, between 2006 and 2016.
The comparison group comprised women >161 cm (>5'3")
in height (standard-stature group), matched for age and LS
BMD with cases, selected from the same database. The
height cutoffs were based on the Z-score of height, defined
by the World Health Organization (WHO) growth standard
curves and anthropometric data of a population survey by
the Brazilian Institute of Geography and Statistics [18, 19].
In the WHO female chart of height, the 144 cm corresponds
to —3.0 standard deviations (SD) of the mean, at the age of
19, the age at which the final height (adulthood) is reached.
The 161-cm cutoff point represents the median height of
Brazilian women of 19 years old.

We excluded patients with a body mass index (BMI)
outside of the range 15-37 kg/m?, those with artifacts at the
LS that precluded image analyses and women with a BMD
Z-score < —2.0 at any skeletal site. The study was approved

by the Institutional Review Board of Mater Dei Hospital,
Belo Horizonte, Brazil.

Measurements of BMD and TBS

Areal BMD of three skeletal sites (LS, femoral neck, and total
hip) was measured by DXA (GE Lunar Prodigy, GE
Healthcare, Boston, USA; software Encore v. 9.3). The lowest
aBMD T-score among the three sites measured was used to
diagnose osteoporosis or osteopenia, according to the WHO
criteria. As previously described [4], bone mineral apparent
density (BMAD) of the LS, an estimate of volumetric bone
density (g/cm®), was calculated using the formula BMAD =
BMD/square root of BA (where BA =bone area). Site-
matched TBS data were retrospectively extracted from LS
DXA images (GE-Lunar Prodigy Advance) using the TBS
iNsight software (TBS iNsight, MedImaps, Switzerland v.
2.1). TBS was calculated based on pixel gray-level variations
of the LS DXA images as the slope at the origin of the
log—log transform of the experimental variogram [7]. TBS
was classified as normal (21.350), partially degraded
(1.200-1.350) or fully degraded (<1.200), as previously
proposed [8]. In addition, TBS was used to calculate the TBS-
adjusted aBMD T-score, an offset adjustment to the aBMD T-
score, recently proposed as a single metric that takes into
account both the density and the quality of bone [20]. In short,
TBS (mean-centered and age-normalized), a multiplicative
interaction term with age (mean-centered), and BMD T-score
at the LS, total hip, or femoral neck were used to estimate the
TBS-adjusted BMD T-score at each skeletal site [20].

Statistical analysis

Descriptive data are expressed as mean+ SD, median
(25th—75th percentile), or n (%). The normality of the dis-
tribution of each variable was assessed by the
Kolmogorov—Smirnov test. Between-group differences in
means for normally distributed continuous variables were
analyzed using the #-test. For skewed variables, differences
of medians between short and standard-stature groups were
analyzed using the Mann—Whitney test. Categorical vari-
ables were compared by the chi-squared test. The correla-
tion between BA and TBS was assessed by the Pearson
correlation test. Statistical tests were performed at the two-
sided 0.05 level of significance. All statistical analyses were
performed using the Statistic Package for the Social Sci-
ences (Version 20, SPSS Inc., Chicago, IL, USA).

Results

This report consists of 171 women with short stature (cases)
and 171 women with standard height. Baseline
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Table 1 Anthropometric and densitometric characteristics (mean + SD)

Characteristics Short stature (n =171) Standard stature (n =171)

Age (years) 69.8 +8.6 69.7+8.5

Weight (kg) 54.7 £ 8.4%* 71.3+11.8

Height (cm)® 142.0 (140.5; 143.0)** 164.0 (162.5; 166.0)

BMI (kg/m?) 27.4+4.2% 26.3+4.2

LS TBS (unitless) 1.347 £0.102%* 1.250+0.110

LS aBMD (g/cm?)* 0.973 (0.880; 1.090)  0.974 (0.880; 1.090)
T-score® —1.7 (-2.5; =0.7) —1.7 (-2.5; —0.8)
Z-score® —0.1 (—0.9; 0.8) —0.1 (—1.0; 0.8)

LS TBS-adjusted T-score —1.2+ 1.6* —1.8+1.7

LS BMC (g) 38.82 £ 10.52%** 48.50+13.92

LS area (cm?) 39.15+7.46%* 48.52+9.39

LS BMAD (g/cm®) 0.160 £ 0.028%** 0.144 £0.024

TH aBMD (g/cm?) 0.850+0.127 0.856 £0.124
T-score —1.3+£1.0 —1.2+£1.0
Z-score 0.2+09 0.2+09

TH TBS-adjusted T-score —1.1+1.1 —13=x1.1

TH BMC (g) 25.86 £3.99* 2433 £4.45

TH area (cm?) 28.72 £2.73%* 30.32+£2.72

TH BMAD (g/cm?) 0.159 £0.025 0.155+0.023

FN aBMD (g/cm?) 0.789 +0.115* 0.829+0.117
T-score —1.8+0.8% —-15+09
Z-score —0.1+£0.8*% 0.1+£0.8

FN TBS-adjusted T-score —1.6+0.9 —-1.6+1.0

FN BMC (g) 3.83+0.64* 3.63 +0.65

FN area (cm?) 4.56+0.61% 4.76 +0.49

FN BMAD (g/cm®) 0.371 +£0.061 0.381 £0.058

BMI body mass index, aBMD areal bone mineral density, BMC bone
mineral content, BMAD bone mineral apparent density, 7BS trabecular
bone score LS lumbar spine, TH total hip, FN femoral neck

*p <0.05; **p <0.001 vs. subjects with standard stature

®Data are expressed as median (25th and 75th percentiles) and the
difference between groups assessed by the Mann—Whitney test

characteristics are shown in Table 1. The two groups were
well matched by age, LS BMD, and LS BMD T-score. As
expected, compared with standard-stature women, cases
were shorter, weighed less, and tended to have a slightly
greater BMI. BMD data of total hip and femoral neck were
not available in 5 (3%) subjects in the case group and in 12
(7%) in the standard-stature group.

TBS and aBMD by DXA

Mean LS TBS, and aBMD, aBMD T-scores, BA, bone
mineral content (BMC), and BMAD of the LS, total hip,
and femoral neck are shown in Table 1. Despite similar or
lower aBMD values in cases, TBS measurements were
greater in women with short stature than in their taller
counterparts. Accordingly, women with short stature had a
significantly lower proportion of fully degraded and par-
tially degraded TBS than taller women (Fig. 1). TBS was
low (<1.200) in only 12 (7%) cases, whereas a fully
degraded TBS was seen in 53 (31%) women with standard

@ Springer

stature. A normal TBS (TBS > 1.350) was observed in 89
(52%) cases, but in only 36 (21%) subjects in the standard-
stature group (Fig. 1). The two groups were well matched
by LS aBMD, and the prevalence of osteoporosis and
osteopenia, as determined by DXA, was similar between the
groups. However, aBMD and T-score at the femoral neck
were lower in short stature than in taller women. Similar to
the TBS results, and despite the comparable values of LS
aBMD between the groups, LS BMAD was significantly
higher in the group of women with short stature than in the
standard-stature group (Table 1). BMAD at the hip sites was
similar between the groups. There was no correlation
between BA at the spine and TBS (r = —0.061; p = 0.262).

TBS-adjusted BMD T-scores

TBS-adjusted BMD T-scores of the LS, total hip, and
femoral neck are shown in Table 1. LS TBS-adjusted T-
score was significantly higher in short women than in their
taller counterparts. Femoral neck T-score was lower in cases
than in women with standard height, but this difference was
no longer observed after the adjustment of the femoral neck
T-score by TBS. Following the adjustment of T-score by
TBS, in the group of cases, the prevalence of osteoporosis
fell from 39 to 34%, whereas in the group of standard
stature, the frequency of osteoporosis increased from 32
to 45%.

TBS and aBMD by DXA in osteoporotic patients

As shown in Table 2, when evaluating only subjects with
osteoporosis, defined by an aBMD T-score < —2.5 at any
skeletal site, the two groups were similar in age, T-score at
the LS, and aBMD and T-score at the total hip. The aBMD
at the LS was slightly greater in cases, whereas femoral
neck aBMD and T-score were higher in the standard-stature
group. In this group of osteoporotic subjects, TBS was
much greater in cases than in women with standard height,
as was the LS BMAD. In agreement, despite being con-
sidered osteoporotic by aBMD, 35% (n =24) of women
with short stature had a normal TBS, while none of the taller
individuals displayed a normal TBS value (Fig. 2).

Discussion

This is the first study examining trabecular architecture by
TBS in postmenopausal women with short stature. Despite
having similar LS BMD by DXA, women with reduced
height have greater TBS than their taller counterparts. The
prevalence of osteoporosis was higher by aBMD in shorter
women than in the taller women. In contrast, the TBS
analysis shows greater rates of normal or only partially
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Fig. 1 Prevalence of a normal A B
aBMD, osteopenia, and o o *
osteoporosis; and b normal, 100% 7 10% 12% 100% 1 529% 21%
partially degraded, and fully .
degraded TBS in cases and 80% A S1% 56% 80% A
standard-stature women in the 48%
entire study population. Asterisk
represents significant differences 60% 60% 1
of the frequency of normal,
partially degraded and fully o | o 41%
degraded TBS between the 40% 29% 40%
short-stature and the standard- 309, 319%
stature groups (p <0.001) 20% - 20% A
0% : . 0% ol .
Short stature Standard stature Short stature Standard stature
[] Normal BMD T-score [ ] Normal TBS
[] Osteopenia [] Partially degraded TBS
[[] Osteoporosis [] Degraded TBS
Table 2 Anthropometric and densitometric characteristics in oy
osteoporotic subjects (mean + SD) 60% - e ,
Characteristics Short stature Standard stature 3 -
(n=67) (n=>54) 50% 1
5 36%
Age (years) 72.7+8.0 71.6+8.0 40% 17 %
Weight (kg) 524 +7.7%* 66.6+11.3 30% | \ -
Height (cm)* 142.0 (140.0; 142.0)**  164.0 (163.0; 166.0)
BMI (kg/m?) 26.3 +3.9% 24.6+42 20% 17 |
: sk -
LS TBS (unitless) 1.303£0.103 1.190 + 0.099 10% - L " Degraded TBS
LS aBMD (g/cmz)“ 0.859 (0.810; 0.940)* 0.832 (0.790; 0.870) ) 0% " Partially degraded TBS
% — "7 g =
T-score® —2.7 (-3.2; —=2.0) —2.9 (-3.3; -2.6) s ~—————~ _~ Normal TBS
Z-score® 1.0 (—1.6; —0.6)* ~13 (=1.6; —0.9) Short  gtandard
stature stature
LS BMC (g) 33.44 £7.76* 37.81+£7.93
LS BMAD (g/em®)  0.145 = 0.026%* 0.126+0.018 Fig. 2 Prevalence of degraded, partially degraded, and normal TBS in
) osteoporotic subjects. Asterisk represents significant differences of the
TH aBMD (g/em”) ~ 0.764.+0.109 0.762+0.097 frequency of normal, partially degraded, and fully degraded TBS
T-score —-1.9+0.9 —2.0+0.8 between the short-stature and the standard-stature groups (p <0.001)
Z-score —-03+0.9 —0.4+0.7
2
FN aBMD (g/em?) ~ 0.705+0.091* 0.754+0.101 In agreement with these findings, it is known that
T-score —2.4£0.7% —2.0£07 patients with small bone sizes have a lower aBMD, but not
Z-score —-0.5+0.7 —-03+0.7

BMI body mass index, aBMD areal bone mineral density, BMC: bone
mineral content, BMAD bone mineral apparent density, 7BS trabecular
bone score, LS lumbar spine, TH total hip, FN femoral neck/

*p <0.05; **p <0.001 vs. subjects with standard stature

“Data are expressed as median (25th and 75th percentiles) and the
difference between groups assessed by the Mann—Whitney test

degraded microarchitecture in patients with short stature,
while a fully degraded microarchitecture was more pre-
valent in the taller women. Accordingly, the volumetric
BMD estimated by BMAD and TBS-adjusted BMD T-
scores were greater in women with short stature than in
standard-stature women.

necessarily inferior bone quality or greater fracture risk. In
fact, while aBMD by DXA is underestimated in individuals
with short stature, these subjects have, in fact, lower fracture
risk than taller subjects. A recent study of ~800,000 post-
menopausal women showed that, compared with taller
women, a greater proportion of shorter women reported
previous diagnosis of osteoporosis. In contrast, over 8.4
years of follow-up, the risk of any fracture increased by
21% for each 10-cm increase in height [6]. Femoral neck
fractures were particularly increased in taller individuals,
with a 48% greater risk for each 10-cm increase in height
(RR 1.48; 99% CI 1.39-1.57). Increasing height was also
associated with increased fracture risk of the forearm,
humerus, patella, and ankle. Additional studies have

@ Springer



402

Endocrine (2019) 66:398-404

reported increased fracture risk in taller subjects [21-24].
Several mechanisms may explain this finding, including
differences in cortical porosity, true vBMD, and impact
forces after a fall [6, 21-24].

Similarly, Chinese Americans are shorter and exhibit lower
aBMD by DXA than Caucasian women [25]. In contrast, they
have a lower incidence of hip and forearm fractures than
Caucasians [26, 27]. This paradox was resolved by studies
using high-resolution peripheral quantitative computed
tomography (HRpQCT) that demonstrated greater volumetric
BMDs and better microarchitecture in Chinese women than in
Caucasian subjects [28, 29]. In addition, despite having lower
aBMD by DXA, Chinese women have similar TBS values
than white controls [17]. Similarly, a recent study of patients
with Down syndrome, who are known to have short stature,
showed that despite having a lower BMD by DXA than
normal controls, these patients with Down Syndrome have
normal volumetric densities, as assessed by BMAD, and
preserved bone architecture estimated by TBS [16]. These
observations are in agreement with our findings that TBS is
not influenced by bone size.

The evaluation of vVBMD or bone microarchitecture by
quantitative computed tomography (QCT) or HRpQCT may
be helpful in individuals with very short stature, in whom
aBMD overestimates the fracture risk. However, these tech-
niques are not clinically available. Alternatively, DXA-
derived analyses, such as BMAD or TBS, are readily avail-
able and can reduce the confounding effect of bone size in the
measurement of aBMD. BMAD estimates the true (volu-
metric) BMD, and appears to better correlate with direct
measurements of bone volume and fracture risk than aBMD
in subjects with short stature or in children [5, 30]. Con-
firming this point in this present study, BMAD was sig-
nificantly higher in women with short stature than in the
standard-stature group. In addition to the BMAD, TBS can be
calculated from DXA images using dedicated software. Our
data showed that TBS was not correlated to BA at the spine
and it was greater in women with short stature than in those
with normal height. Although both methods, BMAD and
TBS, could correct for the size artifact inherent in aBMD,
TBS has a greater applicability in clinical practice, since it can
be used to adjust the FRAX probability of fracture.

The International Society for Clinical Densitometry does
not support the use of TBS as a single measurement to
determine treatment recommendations in clinical practice.
Alternatively, TBS can be used in association with FRAX
and BMD to adjust FRAX probability of fracture, guiding
treatment decisions [15, 31]. In this work, we could not
calculate TBS-adjusted FRAX probabilities of fracture,
because clinical data were not available. Instead, we cal-
culated TBS-adjusted BMD T-scores, as recently proposed
by Leslie et al. [20], whose results showed that the TBS-
adjusted BMD T-score outperformed the unadjusted BMD
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T-score for prediction of hip and major osteoporotic frac-
tures. We found a significantly greater TBS-adjusted T-
score at the LS in short women than in the taller group.

Our work has limitations. As a convenience sample, the
study design did not allow us to obtain subjects’ clinical data,
such as the etiology of short stature, previous fractures,
known metabolic bone diseases, or use of medications that
could have affected bone mass and/or microarchitecture.
However, the comparison group was drawn from the same
population, and was matched with cases by age and BMD,
generating balanced groups, and minimizing the potential for
selection bias. In addition, in order to avoid the inclusion of
patients with severe bone diseases and/or secondary forms of
osteoporosis, we excluded individuals with a BMD Z-score
lower than —2.0. Vertebral fracture assessment (VFA) by
DXA is rarely ordered in clinical practice in our country, so
that the information regarding morphometric vertebral frac-
ture as assessed by VFA was not available. Since clinical data
and vertebral imaging were not available, we could not cor-
relate TBS and BMD with fracture risk. Finally, HRpQCT is
also not available in our study center.

This study, however, has important strengths. This is the
first study to assess aBMD, BMAD, and TBS in a large
number of patients with reduced height. TBS has proven to be
a good predictor of fracture risk in various prospective studies
[9-15]. Since this measurement is widely available in clinical
practice, the results of this work may be useful to assist
clinicians in treatment decisions in subjects with short stature.

Our results can be summarized succinctly. Despite hav-
ing similar or lower BMD by DXA, TBS is greater in
women with short stature than in their taller counterparts.
BMAD, an estimate of volumetric BMD, and TBS-adjusted
BMD T-score, were also greater in patients with reduced
height. These findings suggest that TBS may be a useful
adjunct to aBMD for assessing bone quality in short
women. As previously proposed [31], TBS can be used to
adjust the FRAX probability of fracture, or alternatively, it
may be used to adjust the BMD T-score in countries where
FRAX is unavailable. This approach could help in making
therapeutic decisions among women of short stature, whose
aBMD measurement tends to read lower, and thus, could
overestimate fracture risk.
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