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Abstract

Background and aims  Loss of both muscle and bone mass
results in fragility fractures with increased risk of disabil-
ity, poor quality of life, and death. Our aim was to assess
the association between low appendicular lean mass (aLM)
defined according to different criteria and low bone mineral
density (BMD) in hip-fracture women.

Methods Six hundred fifty-three women admitted to
our rehabilitation hospital underwent dual energy X-ray
absorptiometry 19.1+4.1 (mean+SD) days after hip-
fracture occurrence. Low alLM was identified according to
either Baumgartner’s definition (aLM/height? less than two
standard deviations below the mean of the young reference
group) or FNIH criteria: aLM <15.02 kg, or aLM adjusted
for body mass index (BMI)<0.512. Low BMD was diag-
nosed with a T-score <—2.5 at the unfractured femoral
neck.

Results  Using Baumgartner’s definition, the associa-
tion between low aLM/height? and low BMD was signifi-
cant: y*(1, n=653)=8.52 (p=0.004), but it was erased by
adjustments for age and fat mass. Using the FNIH defini-
tion the association between low aLM and low BMD was
significant: ;(2(1, n=653)=42.5 (p<0.001), and it was
confirmed after adjustment for age and fat mass (p <0.001).
With the FNIH definition based on aLM/BMI ratio the
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association between low aLM/BMI ratio and low BMD was
nonsignificant: y*(1, n=653)=0.003 (p=0.957).
Conclusions The association between low aLM and low
BMD in women with hip fracture dramatically depends
on the adopted definition of low alLM. FNIH threshold
for aLM (<15.02 kg) emerges as a useful tool to capture
women with damage of the muscle-bone unit.

Keywords Body composition - Dual energy X-ray
absorptiometry - Hip fracture - Osteoporosis - Sarcopenia

Introduction

The aging process of both bones and skeletal muscles is
characterized by the progressive loss of mass and by quali-
tative deterioration [1, 2]. Abnormally high bone wasting
resulting in increased risk of fragility fractures character-
izes osteoporosis [3, 4]. Abnormally elevated muscle wast-
ing, resulting in impaired strength, limited function, and
propensity to falls, depicts sarcopenia [5—8]. Both osteo-
porosis and sarcopenia with their complications contribute
to limit activity and participation in older people, impose a
relevant economic burden on healthcare services, and are
associated with a reduced life span [3-8]. Notably, a posi-
tive association between osteoporosis and sarcopenia, the
so-called “hazardous duet” [9], has been shown in survey
studies [10-12]. The rationale for the observed associa-
tion rests on the presence of several causal factors that are
thought to contribute to both the conditions. These include
a decreased level of physical activity, hormonal changes
(mainly low levels of sex steroids, growth hormone and
insulin-like growth factor-I), a reduction in dietary protein,
catabolic stimuli from chronic inflammation, and vitamin D
deficiency [13, 14]. Furthermore, genetic factors contribute
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to the tight linkages between muscles and bones [15], and
the two tissues affect each other by a complex cross-talk
which involves a number of secreted molecules [16].

Both sarcopenia and osteoporosis are expected to be
highly prevalent in older people who sustain hip fractures,
because a fall in individuals with reduced bone strength
usually underlies a fracture of the hip [3, 4]. Although qual-
itative changes play a relevant role in the genesis of both
osteoporosis and sarcopenia, low skeletal muscle mass is
considered a basic component of the sarcopenia compos-
ite definition [5-8], and osteoporosis is diagnosed when
low BMD values are found [3, 4]. Indeed, the high preva-
lence of reduced BMD and reduced appendicular lean mass
(aLM) and a significant positive association between the
two conditions has actually been shown after hip fracture
[17-19]. The threshold for low bone mass (a BMD at least
2.5 standard deviations below the mean BMD found in the
reference population of young adults) is largely agreed on
and universally used in epidemiological studies [3, 4]. Con-
versely, there is still debate on the optimal definition of low
alLM. According to the original definition by Baumgartner
et al. sarcopenia was defined as skeletal muscle mass in the
limbs, as measured by dual energy X-ray absorptiometry
(DXA), divided by height squared, two standard deviations
below the mean in healthy young people under 30 years
of age participating in the Rosetta study [20]. In 2014, the
Foundation for the National Institutes of Health (FNIH)
released operational thresholds [8] for clinically relevant
low lean mass (LM). The thresholds were derived from the
analysis of multiple existing data sources from large lon-
gitudinal studies and were chosen to discriminate relevant
outcomes. In women [21], the suggested threshold for low
alLM assessed by DXA was an alLM-to-BMI ratio less than
0.512 (or aLM <15.02 kg).

It is noteworthy that the definition of low aLM can cap-
ture people with low BMD besides low muscle mass, to
facilitate interventions on the bone-muscle unit in people
at high risk for fractures [22, 23]. Our aim was to assess the
association between low aLM defined according to differ-
ent criteria and low BMD in hip-fracture women.

Methods
Patients and setting

The study was performed in a city with about one-million
inhabitants. We evaluated 720 white women consecutively
admitted to our physical medicine and rehabilitation divi-
sion because of their first hip fracture during a 48-month
period. The women came from several orthopedic wards
from various hospitals and were referred for acute inpa-
tient rehabilitation by the consultant physiatrists of the
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orthopedic wards. Thirty-five of the 720 women we evalu-
ated were excluded from our study because their hip frac-
tures resulted from either major trauma or cancer affecting
bone. The remaining 685 women sustained fractures that
either were spontaneous or resulted from minimal trauma
(trauma equal to or less than a fall from a standing posi-
tion). Eleven of these 685 women were excluded from our
study because they had previous arthroplasties that could
alter DXA assessment. The remaining 674 women were
asked to undergo a DXA scan and to participate in the
study. Twenty-one of these 674 women refused to undergo
DXA assessment and/or to participate in the study. The
final study sample included 653 women who gave their
informed consent to participate in the study. Institutional
Review Board approval was obtained for the study protocol.

Outcome measures

DXA (Discovery Wi, Hologic Inch.) was used to measure
whole and regional body composition. We calculated aLM
as the sum of lean mass (LM) in arms and legs. Because
metal implants (prostheses, plates, screws, and nails) and
postoperative edema can affect the regional assessment of
body composition, we corrected aLM by substituting LM
in unfractured leg for LM in fractured leg, as previously
described: corrected aLM = (LM in unfractured leg X
2)+LMin arms [17, 18].

Low alLM was identified according to different defini-
tions. Taking into account the normative data from the
New Mexico Elder Health Study, Baumgartner’s definition
identified the women whose alLM/height? was less than two
standard deviations below the mean of the young reference
group [20]. FNIH criteria [21] identified the women whose
alLM was lower than 15.02 kg (or whose aLM adjusted for
body mass index was <0.512).

We evaluated bone mineral density by DXA scan at the
non-fractured hip. Two regions of interest were considered:
femoral neck and total hip. Osteoporosis was diagnosed
when a T-score <—2.5 was found at either femoral neck or
total hip. The reference population for T-score calculation
was from the Third National Health and Nutrition Exami-
nation Survey (NHANES III).

Statistical analyses

We evaluated the linear correlation between measures of
LM (aLLM, aLM/BMI, aLM/heightz) and BMD assessed at
either femoral neck or total hip using a Pearson’s test, after
checking for normality each of the tested variables using a
Shapiro—Wilk test. The association between low levels of
aLM (or low levels of either alLM/height® or aLM/BMI
ratio) and BMD was investigated by a Chi-square test for
independence. A binary logistic regression test was used
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to adjust the association between low levels of aLM (or
aLM/BMI ratio, or aLM/heightz) and low levels of BMD
(dependent variable) for age and fat mass (FM). In the
regression models, multicollinearity was checked by cal-
culating variance inflation factors which were always lower
than 1.3.

The statistical package used was SPSS, version 14.

Results

Descriptive statistics for the 653 women are shown in
Table 1.

We found a significant positive correlation between
alLM and BMD assessed at either femoral neck (r=0.34;
p<0.001) as shown in Fig. 1, or total hip (r=0.34;
p<0.001). The age-adjusted correlations between each of
the three measures of lean body mass (aLM, aLM/BMI,
and aLLM/height?) and BMD assessed at either femoral neck
or total hip are shown in Table 2.

Using the definition from the New Mexico Elder Health
Study, 432 of the 653 women (i.e., 66%; 95% CI 63-70%)
had low aLM/heightz, whereas using the definition from
the FNIH the women with low aLM were 548 of the 653
(i.e., 84%, 95% CI 81-87%). The number of women with
low aLM dropped to 224 of the 653 (i.e., 34%, 95% CI
31-38%) when we adopted the FNIH definition based on
aLM/BMI ratio.

Low BMD at femoral neck was diagnosed in 432 of
the 653 women (i.e., 66%; 95% CI 63-70%), whereas low
BMD at total hip was found in 379 women (i.e., 58; 95% CI
54-62%).

After categorization according to the New Mexico Elder
Health Study, we found a significant association between
low aLLM/height* and low BMD assessed at either femo-
ral neck or total hip: )(2(1, n=653)=8.52 (p=0.004) and
7, n=653)=16.5 (p<0.001), respectively. After cat-
egorization according to the FNIH threshold for alLM,
we found a significant association between low aLM and

Table 1 Descriptives in the 653 women, given as means (standard
deviation)

Age, years 79.6 (7.4)
Height, cm 157.4 (6.3)
Weight, kg 572 (11.7)
BMI, kg/m? 23.1 (4.5)
Bone mineral density at femoral neck, T-score —2.8(0.8)
Corrected appendicular lean mass, g 12,768 (2267)
Corrected appendicular lean mass/height?, g/m? 5149 (846)
Corrected appendicular lean mass/BMI 0.56 (0.1)
Fat mass, g 19,795 (8008)
Interval fracture occurrence—DXA scan, days 19.1 (4.1)

25

1 o . . - " aLM (kg)

BMD (T-score)

Fig. 1 Linear correlation between aLM and BMD. In the 653 women
with hip fracture, we found a significant correlation between aLM
and BMD assessed at femoral neck (r=0.34; p <0.001)

low BMD assessed at either femoral neck or total hip:
(1, n=653)=42.5 (p<0.001) and 4* (1, n=653)=50.0
(»p<0.001), respectively. After categorization according
to the FNIH threshold for alLM/BMI ratio, the association
between low aLM/BMI was significant with BMD assessed
at total hip, but not at femoral neck: ;(2 (1, n=653)=174
(p<0.001) and 4*(1, n=653)=0.003 (p=0.957), respec-
tively. The significant association between low alLM
defined according to the FNIH threshold and low BMD
assessed at either femoral neck or total hip was confirmed
after adjustments for age and FM as shown in Table 3.
Conversely, the significant association between low alLM/
height? defined according to the New Mexico Elder Health
Study and low BMD disappeared after adjustments for age
and FM (Table 4). Finally, the association between low
alLM/BMI and low BMD assessed at total hip was erased
after adjustment for age and fat mass (p=0.577, data not
shown in detail).

Discussion

In women with hip fracture, we show that the association
between low BMD and low alLM dramatically depended
on the adopted definition of low alLM: the association was
significant but it was erased by adjustments with Baum-
gartner’s definition, significant even after adjustments with

Table 2 Age-adjusted linear correlation between measures of appen-
dicular lean mass (aLM) and bone mineral density (BMD) in the 653
women

Femoral neck BMD Total hip BMD
al.M/height’ 0.21 (p<0.001) 0.25 (p<0.001)
aLM 0.31 (p<0.001) 0.32 (p<0.001)
aLM/BMI —0.08 (p=0.044) —-0.29 (p<0.001)

Pearson’s coefficients and p values are shown for each age-adjusted
correlation
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Table 3 Binary logistic regression analysis: association between low
alLM defined according to the FNIH threshold and low femoral BMD
(T-score <—2.5) assessed at either femoral neck (panel A) or total hip
(panel B)

B (SE) Odds ratio and 95%  p
CI
A
Age, years 0.03 (0.01) 1.03 (1.01-1.06) 0.013
Presence of low 0.95(0.24)  2.65(1.66-4.25) <0.001
aLM
FM, kg —0.06 (0.01) 0.94 (0.92-0.97) <0.001
B
Age, years 0.01 (0.01) 1.01 (0.99-1.03) 0.438
Presence of low 0.91(0.27) 2.48 (1.46-4.21) 0.001
alLM
FM, kg —0.13 (0.01) 0.88 (0.86-0.90) <0.001

The dependent variable was the presence of low BMD. The inde-
pendent variables included in the regression model are listed in the
Table. The presence of low BMD and low aLM was conventionally
attributed a value of 1 (the absence of the two conditions was conven-
tionally attributed a value of 0)

the FNIH definition based on alLM alone, whereas with the
FNIH definition based on aLM/BMI ratio the association
was nonsignificant at all with BMD assessed at femoral
neck, and significant but erased by adjustments with BMD
assessed at total hip.

To interpret our results, differences in the genesis of the
various definitions of low aLM must be taken into account.
Baumgartner’s definition was based on distributional char-
acteristics in a reference population and indexing to body
size was obtained by calculating the aLM/height® ratio
[20]. Conversely, the recently released FNIH thresholds
were based on an operational concept: they were aimed at
discriminating values of alLM associated with clinically rel-
evant changes of muscle strength and function [8, 21].

The 66% prevalence of low aLM we find with Baum-
gartner’s definition is consistent with three previous reports

in Caucasian women with hip fracture assessed by either
DXA [17, 18] or bioelectrical impedance analysis (BIA)
[24]. Conversely, in 304 Japanese women with hip frac-
ture, Hida et al. [19] found a relatively small proportion
of women with low .aLM/height2 (45%) and an even lower
proportion (18%) was found by Gonzales-Montalvo et al.
in 479 hip-fracture patients (80% women) assessed by BIA
in Spain [25]. The reasons underlying the discrepancies in
the reported prevalence of low alLM after hip-fracture are
not obvious. A major role may be played by differences
in the modest-sized reference populations which result in
different thresholds for diagnosing low alLM [20, 26-28].
Alternatively, time between fracture occurrence and aLM
assessment has been emphasized [25]. Indeed, changes in
body composition, including a decrease in LM, occur after
hip fracture and may contribute to increase the prevalence
of low aLM found in subacute patients [17, 18, 24] ver-
sus acute patients [19, 25]. However, the decrease in LM
is modest in the weeks following the hip fracture: no sig-
nificant changes were reported ten days later [29] and a
mean percentage reduction of either 3.4% [29] or 6.2% [30]
was shown at a two-month follow-up. Given the modest
decrease in alLM, it is unlikely that a 2-3 weeks delay in its
assessment [17, 18, 24] may generate major changes in the
proportion of women with low values.

The high prevalence of low aLM we find after hip frac-
ture is consistent with the reported association between
low muscle mass and fragility fractures [12, 19], but we
have no data on unfractured controls to further support the
association.

The 84% prevalence of low aLM we find with the FNIH
definition is consistent with a previous report in a smaller
sample of 138 Caucasian women with hip fracture [31] and
it looks higher than the one (38%) found in the 1869 women
included in the FNIH project [32]. This is not surprising,
because the women included in our sample had a mean
age of 79.6 years and sustained a hip fracture, whereas the
women included in the FNIH project had a mean age of

Table 4 Binary logistic

. . o B (SE) Odds ratio and 95% CI p

regression analysis: association

between low aLM/height2 A

defined according to the New

Mexico Elder Health Study Age, years 0.03 (0.01) 1.03 (1.01-1.06) 0.008

and low femoral BMD (T-score Presence of low aLM/height* 0.20 (0.19) 1.22 (0.84-1.76) 0.295

<—2.5) assessed at either FM, kg —0.07 (0.01) 0.93 (0.91-0.96) <0.001

femoral neck (panel A) or total B

hip (panel B) Age, years 0.01 (0.01) 1.01 (0.99-1.04) 0.339
Presence of low aLM/height? 0.16 (0.19) 1.18 (0.80-1.72) 0.410
FM, kg —0.14 (0.01) 0.87 (0.84-0.89) <0.001

The dependent variable was the presence of low BMD. The independent variables included in the regres-
sion model are listed in the Table. The presence of low BMD and low aLM was conventionally attributed a
value of 1 (the absence of the two conditions was conventionally attributed a value of 0)
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76.5 years (SD 4.5 years) and were selected on the basis
of “normal” gait speed (>0.8 m/s). Notably, we found a
major change in the prevalence of low aLM with indexing
to BMI: from 84 to 34% with a 60% relative reduction. A
smaller absolute reduction with a similar relative reduction
(from 38 to 15% = 61% relative reduction) was observed
in the 1869 women of the FNIH project [32]. We conclude
that indexing to BMI has major consequences on the preva-
lence of low alLM, with a similar relative reduction in older
women with hip fracture or with normal gait speed.

In agreement with previous reports, we found a high
prevalence of osteoporosis in our sample [33, 34], and a
positive association between alLM and BMD [17, 19]. The
women with low aLM according to the FNIH definition had
a higher risk of osteoporosis than those with non-low aLM
(odds ratio adjusted for age and fat mass=2.65 with BMD
assessed at femoral neck and 2.48 with BMD assessed at
total hip). We support the view of a tight link between skel-
etal muscle and bone tissue.

Indexing aLM to body size by either height’ or BMI
resulted in loss of significant associations with osteoporo-
sis, despite the significant association between low alLM
and BMD which persisted after adjustment for age and
FM. Indeed, indexing alLM but not BMD to body size can
mask the association between muscle and bone mass, at
least in postmenopausal women [9, 10]. This is a key point,
because various recommended definitions of low alLM
include indexing to body size, whereas the current defi-
nition of low BMD does not. This discrepancy can result
in relevant consequences when either epidemiological or
clinical data are considered using aLM as a measure of
muscle mass avoids discrepancies due to indexing to body
size. Furthermore, assessing alLM is easy to apply because
it does not need height assessment, which is often difficult
in older women, particularly after a fracture of the hip.

Our study has limitations. We investigated white women
admitted to a single rehabilitation hospital in Italy, who
agreed to be studied and who could be evaluated by DXA.
As a consequence, our data cannot be generalized to the
overall population of hip-fracture patients. We did not
evaluate muscle function (strength and/or performance),
which is included in all the recent definitions of sarcope-
nia together with low aLM [5-8]. Indeed, several changes
in muscle composition that occur with aging may play a
pivotal role in impairing muscle function irrespectively of
DXA-assessed muscle mass [35]. However, low aLM is a
basic component of every sarcopenia composite definition
[5-8]. Furthermore, assessments of lower limb strength
or performance after hip fracture are often non-feasible or
they are altered by the fracture and its surgical treatment.
The study design is cross sectional, and data does not prove
causal inference. Finally, caution is needed when FM and
LM are included into a regression model, because they are

primary components of body weight, and they are highly
correlated with one another.

In conclusion, we show that the association between low
alLM and low BMD dramatically depended on the adopted
definition of low aLM in a large sample of women with
subacute hip fracture. Major diagnostic changes at both
individual and epidemiological levels are expected to be
associated with changes in the reference definition. FNIH
threshold for aLM (<15.02 kg) emerges as a useful tool to
capture women with damage of both the tissue components
of the muscle-bone unit.
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