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Abstract

Summary The associations of sarcopenia with osteoporosis or obesity have a very low prevalence. No trend towards an
association between osteoporosis and sarcopenia is observed. Sarcopenia and obesity tend not to coincide, as if they were
antagonistic disorders.

Purpose To know (a) the prevalence in our region of sarcopenic osteoporosis (association of sarcopenia and osteoporosis
(T-score < —2.5)), sarcopenic obesity, and the association of osteoporosis, sarcopenia, and obesity; (b) the tendency of
osteoporosis, sarcopenia, and obesity to associate with each other; and (c) the bone mineral density (BMD), the components
of sarcopenia, and the prevalence of fragility fractures in these associations.

Methods The study was performed in the Camargo cohort. Osteoporosis was diagnosed by DXA, sarcopenia by the EWG-
SOP-1 criteria, and obesity by body mass index (BMI) and fat percentage. Fractures were verified radiographically or by
consulting the medical records.

Results The prevalence of sarcopenic osteoporosis was 2.8% and the OR for this association 1.03 (p =0.89). The preva-
lence of sarcopenic obesity by BMI was 1.4% and by fat percentage 5.9% (corresponding ORs: 0.18 (p <0.0001) and 0.58
(p <0.003) respectively). The prevalence of the association of osteoporosis, sarcopenia, and obesity was 0.0% when assessed
by BMI and 0.8% when assessed by fat percentage. Patients with sarcopenic osteoporosis have less muscle mass and more
fragility fractures than sarcopenic patients overall. In patients with sarcopenic obesity by fat percentage, muscle mass and
strength, as well as physical performance, were similar to those of sarcopenic patients overall. Neither BMD nor fracture
prevalence showed differences between patients with sarcopenic obesity and patients with sarcopenia or obesity in general.
Conclusion Our study supports the idea that the prevalence of the mixed disorders studied is low. No significant association
between osteoporosis and sarcopenia was found. Sarcopenia and obesity seem to tend to occur in different people, as if suf-
fering from one of them hinders suffering from the other.
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Introduction

Increasing life expectancy is leading to a progressive aging
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muscle function may predispose to falls [5], and falls can
be followed by fractures, which connects sarcopenia with
osteoporosis.

Osteoporosis is another process associated with old age
that predisposes to fractures [6]. Sarcopenia and osteoporo-
sis may coincide because both are associated with aging, but
also because they may have common etiological factors (i.e.,
physical inactivity) [7] and even because muscular altera-
tions may have repercussions on bone and vice versa [8].
This has led to consider the existence of a mixed syndrome
that encompasses the two processes. Some authors have
suggested the term “osteosarcopenia” [9, 10] to designate a
disorder characterized by the coexistence of sarcopenia and
bone mass with a T-score < — 1.0 (osteopenia and osteopo-
rosis). Such a term excludes a situation that we believe it
is important to consider: the association of sarcopenia and
osteoporosis alone (T-score < —2.5). In this study, we will
focus on this association, which we will refer to as “sarco-
penic osteoporosis.”

Furthermore, in recent years, there has been growing con-
cern about the possible association of sarcopenia with obe-
sity, as aging is associated with a decrease in muscle mass
and an increase in fat mass [11]. This has led to coin the term
“sarcopenic obesity” [12]. Adiposity can have a detrimental
effect on muscle by infiltrating it with fat [13]. The alteration
of muscle function, in turn, can facilitate falls and ultimately
increase—at least theoretically—the risk of fractures.

If sarcopenia may tend to be associated with osteoporo-
sis on the one hand and obesity on the other, it is conceiv-
able that there is also a tendency for all three conditions
to be associated. The term “osteosarcopenic obesity” [14]
has been coined to name the association of obesity, sarco-
penia, and osteopenia/osteoporosis. As we are interested
in the study of the association of obesity, sarcopenia, and
osteoporosis (T < —2.5), we will refer to this association as
“sarcopenic osteoporotic obesity.”

The study of the epidemiology of the aforementioned
disorders is hampered by the fact that there is no single uni-
versally agreed definition for any of them. Osteoporosis is
usually defined densitometrically, according to the WHO
definition (T-score < —2.5) [15, 16], but there are discrepan-
cies as to whether the measurement should be made only at
the femoral neck (FC) [17], or can also be made at the lum-
bar spine (LS) or total hip (TC) [18]. Obesity can be diag-
nosed according to anthropometric criteria (BMI) [19] or
according to the percentage of body fat (for which, in turn,
several thresholds have been proposed [20]). Finally, there
is a large number of definitions of sarcopenia [4], which for
reasons of space we will not consider here. The most widely
used is that of the European Working Group on Sarcopenia
in Older People (EWGSOP) [21], which has recently been
modified [22] (now being referred to as EWGSOP-1 and
EWGSOP-2 respectively).
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If, due to the multiplicity of definitions, there are dif-
ficulties in studying the epidemiology of each of these
three disorders separately, the study of the mixed disorders
should understandably be greater. Although we are aware
of the limitations that this entails, the absence of studies
on these disorders in our region has prompted us to address
this subject. The criteria used will be clearly stated, so that
the results can be compared in the best possible way with
those of other similar studies. In addition to addressing the
epidemiological data, we will attempt to characterize these
disorders in terms of their bone and muscle features.

Subjects and methods
Subjects

The study was carried out with people included in the Cama-
rgo cohort, a prospective community-based cohort designed
to evaluate the prevalence and incidence of metabolic bone
diseases and risk factors for osteoporosis and fragility frac-
tures. The cohort was set up with postmenopausal women
and men aged 50 years and older attending a Primary Care
Center in Northern Spain for medical reasons or for their
regular health examination. Details of the Camargo Cohort
Study have been previously reported [23, 24]. Clinical data
and biochemical parameters were assessed also as previously
published [23, 24].

Camargo cohort participants are monitored every 4 years.
In the third survey, data were also collected to assess the
presence of sarcopenia. At this time, the fat percentage was
also determined. Although the total cohort consisted of 3000
participants, for the present study, only the first 1000 peo-
ple who were studied in this third evaluation were included.
The study protocol was approved by the “Comité Etico de
Investigacion Clinica de Cantabria-IDIVAL,” internal code
2016.003, and all patients gave written informed consent.

Sarcopenia assessment

Sarcopenia was diagnosed when patients had low muscle
mass plus one of the two following conditions: low mus-
cle strength or low physical performance (EWGSOP-1).
The modification of EWGSOP-2 was published after we
started our study, and we kept the first definition. Muscle
mass was defined as appendicular muscle mass kilogram
per square meter. Appendicular muscle mass was meas-
ured from a total body scan performed at the same time
as the BMD assessment using a DXA densitometer (Hol-
ogic QDR 4500, Waltham, MA, USA). Cutoff points to
diagnose low muscle mass were 5.5 kg/m? for women and
7.26 kg/m? for men. Muscle strength was assessed as hand-
grip strength using a handgrip dynamometer (Jamar 5030).
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Low handgrip strength was defined as <30 kg for men
and <20 kg for women. Physical performance was evalu-
ated using the gait speed test, by means of measuring the
time in seconds required to cover a distance of four meters at
the normal walking speed (m/s). Low gait speed was defined
as <0.8 m/s. The occurrence of a low muscle mass with nor-
mal muscle strength or physical performance was diagnosed
as “presarcopenia.”

Bone densitometry

BMD was measured by DXA at the LS including L1-L4, FN,
and TH. In vivo precision was 0.4-1.5% at the different meas-
urement sites. Results were expressed as gr/cm?. Osteoporo-
sis was considered to be present when T-score was < —2.5
at the LS, FN, or TH. A T-score between—1.0 and—2.5
qualified as osteopenic. Reference values were derived from
the NHANES III normative data for hip sites and from the
manufacturer’s reference range for the lumbar spine.

Identification of vertebral and non-vertebral
fractures

Vertebral fractures were assessed using spinal lateral X-rays.
Vertebral fractures were evaluated according to a semiquan-
titative approach [25]. Radiographs were examined inde-
pendently by two of the authors, blinded to any other clini-
cal data of the participants. Disagreements were resolved
by consensus. Non-vertebral fractures unrelated to major
trauma were self-reported and later confirmed by examina-
tion of medical or radiological reports.

Sarcopenic osteoporosis

“Sarcopenic osteoporosis” was defined as the association
of osteoporosis (T score < —2.5) and sarcopenia. We pur-
posely distinguish it from the term “osteosarcopenia,” which
is being used mostly to refer to the association of sarcopenia
with osteoporosis or osteopenia (T-score < —1.0).

Sarcopenic obesity

We have considered obesity in two ways: first, as a BMI
greater than 30 kg/m? and, second, as a percentage of fat
greater than 40% in women and 28% in men [26]. Fat per-
centage was determined by DXA.

Sarcopenic osteoporotic obesity

As the name suggests, by osteoporotic sarcopenic obesity,
we mean the coexistence of obesity, sarcopenia, and osteo-
porosis, as defined previously.

Statistical analysis

Results are expressed as mean + standard deviation (SD)
or percentages, as appropriate. Differences between groups
were evaluated using the 7-Student test or the chi-squared
test for continuous and categorical variables, respectively.
Logistic regression models (adjusted and not adjusted) were
used to determine the association between the different
conditions and the results are shown in terms of odds ratio
(OR) with 95% confidence intervals (95% CIs). Correlations
between two sets of data were calculated using Pearson’s
correlation coefficients.

All analyses were conducted using SPSS 15.0 (Chicago,
IL, USA) and STATA 16/SE (Stata Corp., College Station,
TX, USA). The level of significance was set at p <0.05.

Results

We studied 1000 people (751 females, 249 males), whose
general characteristics are shown in Table 1. Table 2 shows
the values of the diagnostic components of sarcopenia
(muscle mass, muscle strength, physical performance)
and those of BMD, as well as the prevalence of fractures,
for the whole population and for people with sarcopenia,
osteoporosis, sarcopenic osteoporosis, obesity, sarcopenic
obesity, and sarcopenic osteoporotic obesity (obesity
diagnosed by fat percentage).

Sarcopenic osteoporosis

1. Sarcopenia, osteoporosis, and fragility fractures

The prevalence of sarcopenia was 14.1% and that of
presarcopenia 40.3%. The mean age of the sarcopenic
patients was 72.98 + 8.16 years. In sarcopenic patients,
muscle mass, muscle strength, and physical performance
were 15%, 20%, and 10% lower than in the general
population, respectively (p <0.0001 in all cases)
(Table 2). After adjusting for age and sex, the difference
in physical performance was no longer significant. The
BMD of sarcopenic patients did not differ from that of
the overall population.

The prevalence of osteoporosis was 20.4%. The mean
age of the osteoporotic patients was 72.14 + 8.09 years.
In osteoporotic patients, BMD at the lumbar spine,

Table 1 Characteristics of

participants Age (years) 71.94+7.53

Sex (women %) 75.1%

Weight (kg) 72.46+17.02
Height (cm) 155.92+15.00
BMI (kg/m?)  28.50+4.73
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Table 2 Muscle components of sarcopenia, BMD, and fractures

Whole popula-  Sarcopenic Osteoporotic Subjects with Obesity by % fat Sarcopenic Sarcopenic osteo-
tion subjects subjects sarcopenic obesity by porotic obesity by
osteoporosis % fat % fat
n=1000 n=141 n=204 n=26 n=557 n=59 n=8§
Muscle mass 7.08 +1.34° 6.05+1.00¢ 6.47+0.99 5.36+0.52° 7.20+1.534 6.20+1.06° 5.36+0.77
(kg/mz)
Muscle strength  23.17 +8.81° 18.73+5.21h 20.1+7.0% 17.82+3.62° 22.83+9.0 18.58 +5.42" 17.45+4.21
(kg)
Physical perfor- 1.13+1.37¢ 1.02:+£0.33! 1.09+0.32 1.01+£0.19 1.14+141° 1.07+0.37 1.08+0.20
mance (m/s)
BMD-LS (g/ 0.914+0.166%  0.920+0.148 0.850+0.166'  0.887+0.133 0.918+0.173 0.892+0.172 0.835+0.200
2
cm©)
BMD-FN (g/ 0.745+0.117°  0.739+0.106 0.709+0.121™  0.717+0.103 0.756+0.115 0.738+0.107 0.699+0.097
cmz)
BMD-TH (g/ 0.875+0.144"  0.867+0.118 0.830+0.134"  0.834+0.117 0.890+0.136 0.879+0.124 0.846+0.819
cm?)
Fractures 16.4% 20.6% 27.5% 35.7% 15.9% 15.3% 25%

BMD, bone mineral density; LS, lumbar spine; FN, femoral neck; TH, total hip

Crude p values (“t” test): p<0.0001: a versus g; b versus h, ¢ versus i; a versus j; b versus k; d versus 1; e versus m; f versus n; g versus o; h ver-
sus p; j versus o; g versus s; p=0.0004: r versus t. Adjusted (sex and age) p values are given in the text

femoral neck, and total hip was 7% (p <0.0001), 5%
(p<0.0001), and 5% (p=0.0001) lower than in the
general population, respectively (Table 2). Muscle mass
and strength, but not physical performance, were signifi-
cantly lower (p <0.0001) in patients with osteoporosis
than in the whole population. After adjusting for age and
sex, however, the difference in muscle strength was no
longer significant.

The percentage of people with fragility fractures in
the total population was 16.4%. As expected, the per-
centage was higher in patients with osteoporosis (27.5%;
p=0.0002). In patients with sarcopenia (20.6%), the dif-
ference was not significant either compared to the total
population or to patients with osteoporosis without sar-
copenia.

2. Association of sarcopenia and osteoporosis: sarcopenic
osteoporosis

2.1 Prevalence of sarcopenic osteoporosis and odds ratio
(OR) for the association between sarcopenia and osteo-
porosis

The prevalence of sarcopenic osteoporosis in the general
population was only 2.8%. The mean age of the patients with
this disorder was 69.96 (+ 6.75) years, no significantly dif-
ferent from that of the sarcopenic or osteoporotic patients.
Sarcopenia was present in 13.7% of osteoporotic people
and 14.2% of non-osteoporotic people. On the other hand,
osteoporosis was present in 19.9% of sarcopenic patients and
20.5% of non-sarcopenic people. The sex and age adjusted
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OR was 1.03 (0.66-1.62; p=0.89). Therefore, a tendency
towards an association between sarcopenia and osteoporosis
diagnosed with the criteria stated above was not observed.

In spite of these OR values, muscle mass and muscle
strength were lower in people with vs. without osteopo-
rosis (p <0.0001 in both cases) (Table 2). The difference,
however, was no longer significant for muscle strength after
adjusting for age and sex. A significant, albeit small, rela-
tionship was observed between muscle mass and BMD at the
femoral neck and total hip (r=0.12 and r=0.14 respectively;
p<0.01 in both cases).

2.2 Sarcopenic components and BMD in patients with sar-
copenic osteoporosis vs. those with only sarcopenia or
osteoporosis

Muscle mass and muscle strength were lower in patients
with sarcopenic osteoporosis than in patients with sarco-
penia in general (p <0.0001 in both cases, although after
adjusting for age and sex, significance was lost for muscle
strength). In contrast, BMD did not differ between patients
with sarcopenic osteoporosis and osteoporotic patients over-
all (Table 2).

2.3 Fragility fractures in patients with sarcopenic osteopo-
rosis

The prevalence of fragility fractures in patients with sar-
copenic osteoporosis was 35.7%, slightly more than double
that in the global population (16.4%) and also higher than
in patients with sarcopenia without osteoporosis (16.8%)
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(p=0.0095 and p=0,003, respectively, after adjusting for
age and sex). Although the percentage was also higher
than that of patients with osteoporosis without sarcope-
nia (26.1%), the difference was not statistically significant
(p=0.42).

Sarcopenic obesity

1. Obesity diagnosed by BMI

The percentage of patients with a BMI > 30 k/m?
in the whole population was 34.2%, but the number
of people who presented simultaneously with obesity
and sarcopenia (sarcopenic obesity) was only 14, which
means 1.4% of the total population, and 9.9% of people
with sarcopenia. The percentage of patients with obe-
sity among non-sarcopenic people was 38.2%. The per-
centages of patients with sarcopenia among obese and
non-obese people were 4.0% and 19.3%, respectively.
The OR, adjusted for age and sex, was 0.18 (0.10-0.31)
(p<0.0001). Given the small number of patients with
sarcopenic obesity diagnosed by BMI, no further statis-
tical analysis were performed. Only one person out of
the 14 with sarcopenic obesity diagnosed by BMI had a
fragility fracture.

2. Opbesity diagnosed by the percentage of body fat

The prevalence of obesity diagnosed according
to body fat percentage was 52.7%, higher than that
observed for people with a BMI> 30 kg/m? (p <0.0001).
The number of people who simultaneously presented
obesity and sarcopenia was 59, i.e., 5.9% of the total
population (compared to 1.4% when obesity was diag-
nosed by BMI; p <0.0001) and 42% of people with sar-
copenia (much higher than the 9.9% of people diagnosed
with obesity by the anthropometric criteria; p <0.0001).
Thus, the prevalence of obesity in the population as a
whole is 1.5 times higher when diagnosed with the fat
percentage criterion, but the prevalence of sarcopenic
obesity is even higher: 4.2 times. The percentage of peo-
ple without sarcopenia that were obese by the fat per-
centage criterion was 54.5%. On the other hand, 11.2%
of obese people and 17.3% of non-obese people were
sarcopenic. The OR adjusted for age and sex between
sarcopenia and obesity diagnosed by this criterion was
0.58 (0.41-0.86) (p <0.003).

As expected, muscle mass and strength were signifi-
cantly lower in patients with sarcopenic obesity than in
obese people overall (p <0.0001 and < 0.0004 respec-
tively); however, they were similar to those of patients
with sarcopenia as a whole (Table 2). Physical perfor-
mance was not significantly different from that of obese
or sarcopenic patients.

Interestingly, when obesity is diagnosed by fat per-
centage, muscle mass is lower than when obesity is

diagnosed by BMI (7.20 +1.53 vs. 7.81 + 1.57 kg/m?;
p<0.0001). In patients with sarcopenic obesity, mus-
cle mass is also lower when obesity is diagnosed by fat
percentage than by BMI, but the difference is smaller
and not significant (6.20+1.06 vs. 6.43 +0.87 kg/
m?; p=0.45). The small sample sizes (n=59 and 14,
respectively) may contribute to this (data for obesity and
sarcopenic obesity diagnosed by BMI are not shown in
Table 2).

Sarcopenia, obesity, and osteoporosis (“sarcopenic
osteoporotic obesity”)

1. Obesity diagnosed by BMI

There were no individuals who associated sarcopenia,
osteoporosis, and obesity diagnosed by this criterion.
That is to say: no person had what we have called “sar-
copenic osteoporotic obesity” when obesity was diag-
nosed according to BMI.

2. Obesity diagnosed by the percentage of body fat

When obesity was diagnosed by the fat percentage
criteria, 8 patients had simultaneous obesity, sarcopenia,
and osteoporosis. This accounts only for 0.8% of the
total population. The OR for the association of obesity
with sarcopenic osteoporosis, adjusted for age and sex,
was 0.38 (0.16-0.89; p=0.026), and the adjusted OR for
the association of osteoporosis with sarcopenic obesity
was 0.65 (0.30-1.41, p=0.28). Given the small num-
ber of patients with this disorder, no further statistical
analysis were performed, although their muscle compo-
nent and BMD values are given in Table 2. The overall
impression is that the muscle components of sarcopenia
and BMD show a similar pattern to that observed in
patients with sarcopenic osteoporosis in general.

Discussion
Sarcopenic osteoporosis

In the population studied by us (mean age 72 years), with
the criteria used to diagnose sarcopenia and osteoporosis,
the prevalence of sarcopenia was 14.1%, that of osteoporosis
20.4% and that of sarcopenic osteoporosis 2.8%.

The prevalence of sarcopenia reported by others is highly
variable, depending on the criteria used for its diagnosis, the
techniques used to measure its components, and the type of
people studied. In a population with similar characteristics
to ours, the estimated prevalence of sarcopenia ranged from
8.4 to 27.6%, according to the method of diagnosis. The
prevalence of sarcopenia assessed with the EWGSOP-1 cri-
terion in five papers collected in a systematic review [27]
was 4.3%, 5.6%, 11.2%, 15.9%, and 31.9%. Mayhew et al.
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[28] found that with the EWGSOP/AWGS definitions, the
pooled prevalence estimates was 12.9% (9.9-15.9%). Loc-
quet et al. [29] with criteria similar to ours found a similar
prevalence as well (14.9%). From all the above, we could
draw two conclusions: first, there is a great variability in
the figures reported and, second, the prevailing values with
the EWGSOP-1 criterion seem to be between 10 and 15%,
figures which are consistent with our data.

The prevalence of sarcopenic osteoporosis (sarcopenia
plus T-score < —2.5 T) has been little studied. Loquet et al.
[29] found figures not very far from ours (4.5%). However,
most authors have published the prevalence of the com-
bination of sarcopenia and T-Score < — 1.0 (“osteosarco-
penia”), understandably reporting higher (although very
variable) values. A recent review [30] has reported figures
ranging from 5 to 37%. For comparative purposes, we have
assessed the prevalence of the combination of sarcopenia
plus T-score < — 1.0 in our cohort, the figure being 10.5%.

We have found no significant association between sar-
copenia and osteoporosis, contrary to others [31, 32]. Of
note, however, although we found no association between
the two diseases (which are, by definition, binary variables:
yes/no), we found a slight relationship between the continu-
ous variables that underlie the diagnosis of these entities
(i.e., muscle mass and hip BMD). Other studies have found
similar relationships between low muscle mass and bone
mass [33], as well as between a decline in muscle strength
and a decrease in spine BMD [34].

The prevalence of fractures in patients with sarcopenic
osteoporosis was 35.7%, significantly higher than in patients
with sarcopenia without osteoporosis (16.8%; p=0.0095),
but not that of patients with osteoporosis without sarcopenia
(26.1%; p=0.45). Nor did we find significant differences
between the prevalence of fractures in patients with sarco-
penia (20.6%) and patients without it (15.7%) in the popula-
tion as a whole. (figures for patients with sarcopenia without
osteoporosis, osteoporosis without sarcopenia, or the general
population without sarcopenia are not shown in Table 2).
Therefore, our data do not indicate that sarcopenia increases
the risk of fractures and suggest that the rise in fractures in
patients with sarcopenic osteoporosis is mainly driven by
osteoporosis. In fact, a review [27] of the studies carried
out on this topic indicates that the impact of sarcopenia on
fractures development is controversial since data have been
published in both directions. Beaudart et al. [35] also point
out that the evidence for a link between sarcopenia and frac-
ture is not consistent.

Sarcopenic obesity
In our population, the prevalence of obesity diagnosed by

BMI was 34.2%, while by the percentage of fat it was 52.7%.
The prevalence of sarcopenic obesity was 1.4% when obesity
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was diagnosed by BMI and 5.9% when it was diagnosed
by the percentage of body fat (4.2 times higher). The fact
that the sarcopenic obesity prevalence is higher when obe-
sity is diagnosed by fat percentage must be attributed to the
fact that the calculation of the BMI takes into account the
weight of the body (weight/m?), which is influenced by mus-
cle mass. The prevalence of sarcopenic obesity that has been
reported in other studies is highly variable. A German study
[36] in women over 70 years using the EWGSOP-1 defini-
tion of sarcopenia found a prevalence of sarcopenic obesity
of 0% when obesity was diagnosed by BMI and of 2.3%
with the percentage of fat criterion. A recent Indian study
[37] applying the EWGSOP-2 definition of sarcopenia has
reported a prevalence of sarcopenic obesity in the over-65
population of 3.8% in women and 6.7% in men when obesity
was diagnosed by BMI, and 5.7% in women and 6.7% in
men when diagnosed by fat percentage. The data reported
in both studies are fairly similar to ours. However, those
published by other authors are much higher. For instance,
a German study [38] in men over 65 years of age, with the
EWGSOP criteria for sarcopenia and BMI for obesity has
reported a prevalence of 15.6%. A Lebanese study [39] car-
ried out in people over 60 years of age, assessing sarcopenia
by BMI-adjusted appendicular lean mass and obesity by fat
percentage found prevalence figures of 33.5% in women and
12.5% in men.

In the present study, the OR for the association “sarco-
penia”- “obesity by BMI” was 0.18 (p <0.0001) and for
the association “sarcopenia”- “obesity diagnosed by body
fat percentage” 0.58 (p =0.003). It is understandable that
the OR is lower when obesity is diagnosed on the basis of
weight (BMI=weight/m?), for the reason already stated that
weight is influenced by muscle mass. Hence, to the extent
that weight contributes to a high BMI, this form of obesity
is less likely to be associated with sarcopenia. In any case,
it seems that sarcopenia and obesity tend not to coincide, as
if the presence of one of them reduces the chances of suf-
fering from the other. It has recently been emphasized that
obesity can have a deleterious effect on muscle, as it leads
to its infiltration by fatty tissue, which in turn produces adi-
pokines that are detrimental to muscle fibers. The relation-
ship between adipose tissue and muscle, however, is more
complex than that brought about by its fatty infiltration. For
example, contrary to the possible tendency of obesity to be
associated with sarcopenia, it has been stated that incre-
ments in skeletal muscle mass may occur in obesity as a
consequence of the fact that excess weight places a greater
mechanical load on muscles for any type of movement or
exercise to be performed. In addition, the excessive caloric
intake that has led to obesity may have been accompanied
by a good protein intake. Therefore, different fat-muscle
relationships can probably be distinguished depending on
the factors involved.
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Regarding bone health, BMD measurements in sarco-
penic obesity in our cohort—whatever the criteria used to
diagnose obesity—were no different from those of patients
with obesity or sarcopenia alone nor from those of the over-
all population. Muscle components, as expected, showed
or tended to show lower values than those of obese people
without sarcopenia.

Sarcopenic osteoporotic obesity

No case of association between sarcopenia, obesity, and
osteoporosis (T-score < —2.5) was observed in our study
population when obesity was diagnosed by BMI. When
diagnosed by fat percentage, eight individuals were identi-
fied in whom all three disorders coincided. This represents
a very low prevalence in the population as a whole (0.8%).
We are not aware of studies that have addressed this associa-
tion. However, data have been published on the association
of obesity, sarcopenia, and BMD with a T-score < — 1.0.
As expected, the values are higher, and also very variable,
depending on the definition criteria used and the population
studied. They range from 4.1 [40] to 19% [41], with the most
frequent values reported being around 10-12% [42-44].
For the sake of comparison, and since the figure of 0.8%
observed in our study refers to the association of obesity,
sarcopenia, and osteoporosis sensu stricto (T-score < —2.5),
we have also calculated the prevalence in people with obe-
sity, sarcopenia, and T-score < — 1.0 in the people studied by
us. The figure found was 4.0%.

The OR for the association of obesity with sarcopenic
osteoporosis was low (0.38; p=0.026). Accordingly, it can be
concluded that, similar to what we have discussed regarding
the association of sarcopenia with obesity, sarcopenic osteo-
porosis does not tend to present simultaneously obesity, but
rather the opposite: it tends not to do so.

In the eight patients in whom obesity, sarcopenia, and
osteoporosis (T-score < —2.5) occurred together in our study,
the muscular components of sarcopenia and BMD showed a
pattern similar to that observed in patients with sarcopenic
osteoporosis. Therefore, it seems that, in this regard, obesity
does not add much to sarcopenic osteoporosis. Pang et al. [45]
have also not found that the coincidence of the three diseases
is accompanied by a functional impairment greater than that
of sarcopenia or sarcopenic obesity.

General comments and conclusion

There are pathophysiological reasons for sarcopenia and oste-
oporosis to be associated and even for the association of sarco-
penia and obesity. It has even been pointed out that there are
reasons to believe that obesity and osteoporosis may also be
associated. Consequently, it is conceivable that the three dis-
orders may be combined. However, whether such associations

may be regarded as new clinical entities is controversial. One
of the reasons why more decisive conclusions have not yet
been reached is the fact that there are different definitions for
each of the three disorders (something particularly striking in
the case of sarcopenia). It is possible that, with some defini-
tions, the associations (or at least some of them) may indeed
be considered as new clinical entities, while with others they
may not. Clearly, further studies are required to clarify these
issues. In this context, we feel it is worth noting the scarcity
of studies performed regarding the association of sarcopenia
or obesity with osteoporosis sensu stricto (T <—2.5). There-
upon, we believe that our study represents an important con-
tribution in this field.

Our study has some limitations. First, it has been done
with the EWGSOP-1 definition and not with the revised
EWGSOP-2. We considered starting again with the new
definition, but we thought that ending the study with the
EWGSOP-1 criteria had the advantage of allowing us to
compare our results with a larger number of studies since
most of the research on this subject published up to that time
was carried out with these criteria. Second, our study has
the limitations inherent to cross-sectional studies. Therefore,
causal relationships cannot be established. Third, it has been
carried out on people from a specific region of northern
Spain, so its results may not be extrapolable to other parts
of the world or even other regions of our country. Moreover,
the sample was compounded by functionally independent
community-dwelling subjects, and therefore, the results may
not apply to more frail people. However, these issues do not
decrease the interest of our results since the main objective
of our study was to know the epidemiological data of the
associations studied in community-dwelling people from our
region.

Our study was based on a large sample (1000 people). Nev-
ertheless, the low prevalence of the associations studied (2.8%
sarcopenic osteoporosis; 5.9% sarcopenic obesity; and 0.8%
sarcopenic osteoporotic obesity—defining obesity as percent-
age of fat) makes the sample size of these associations too
small to be able to study functional aspects in depth (Fig. 1
provides the absolute figures). Hence, it is necessary to start
from larger population samples to be able to characterize these
subpopulations in detail.

To conclude, we have found in our study that the preva-
lence of sarcopenic osteoporosis is very uncommon, with no
tendency for sarcopenia and osteoporosis to be associated.
Besides, sarcopenia does not seem to increase the tendency
to fractures. The prevalence of sarcopenic obesity is also
very rare, and the frequency of obesity in sarcopenic patients
is lower than in the general population. Moreover, the con-
currence of obesity is not accompanied by further muscle
impairment. The coexistence of sarcopenia, osteoporosis,
and obesity in community-dwelling persons is enterally
exceptional.

@ Springer
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Fig. 1 Venn diagram showing
the absolute number of patients
in which two of the three dis-
orders considered, or all three
together, coincide

@ Springer

Obesity
Osteoporosis (by fat percentage)

(25N

Sarcopenia

Whole population: 1000

- OP only:97

- SC only:62

- OB only:419

- OP+SC:18+8=26
- SC+0B:8+51=59
- OP+0OB:87+8=95
- OP+SC+0OB:8

(OP=osteoporosis; SC=sarcopenia; OB=obesity)




Archives of Osteoporosis (2022) 17:105

Page90of 10 105

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. This study was funded by grants from
the Instituto de Salud Carlos III (PI18/00762), Ministerio de Economia
y Competitividad, Spain, which included FEDER funds from the EU.

Declarations

Ethics approval The study has been approved by the institutional
review board and has been performed in accordance with the ethical
standards as laid down in the Declaration of Helsinki.

Conflicts of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. World Population Ageing 2019. Highlights. United Nations.
Department of Economic and Social Affairs. Population Division
https://www.un.org/en/development/desa/population/publications/
pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf

2. Cruz-Jentoft AJ, Sayer AA (2019) Sarcopenia Lancet 393:2636—
2646. https://doi.org/10.1016/S0140-6736(19)31138-9

3. Rosenberg IH (2011) Sarcopenia: origins and clinical relevance.
Clin Geriatr Med 27:337-339. https://doi.org/10.1016/j.cger.2011.
03.003

4. Cawthon PM (2018) Recent progress in sarcopenia research:
a focus on operationalizing a definition of sarcopenia.
Curr Osteoporos Rep 16:730-737. https://doi.org/10.1007/
s11914-018-0484-2

5. Moreland JD, Richardson JA, Goldsmith CH, Clase CM (2004)
Muscle weakness and falls in older adults: a systematic review
and meta-analysis. J] Am Geriatr Soc 52:1121-1129. https://doi.
org/10.1111/j.1532-5415.2004.52310.x

6. Compston JE, McClung MR, Leslie WD (2019) Osteoporosis
Lancet 393:364-376. https://doi.org/10.1016/S0140-6736(18)
32112-3

7. Sirola J, Kroger H (2011) Similarities in acquired factors related
to postmenopausal osteoporosis and sarcopenia. J Osteoporos
2011:536735. https://doi.org/10.4061/2011/536735

8. Tagliaferri C, Wittrant Y, Davicco MJ, Walrand S, Coxam V
(2015) Muscle and bone, two interconnected tissues. Ageing Res
Rev 21:55-70. https://doi.org/10.1016/j.arr.2015.03.002

9. Hirschfeld HP, Kinsella R, Duque G (2017) Osteosarcopenia:
where bone, muscle, and fat collide. Osteoporos Int 28:2781—
2790. https://doi.org/10.1007/s00198-017-4151-8

10. Scott D, Seibel M, Cumming R, Naganathan V, Blyth F, Le Cou-
teur DG, Handelsman DJ, Waite LM, Hirani V (2019) Does com-
bined osteopenia/osteoporosis and sarcopenia confer greater risk
of falls and fracture than either condition alone in older men? The

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Concord Health and Ageing in Men Project. J Gerontol A Biol Sci
Med Sci 74:827-834. https://doi.org/10.1093/gerona/gly 162
Zamboni M, Mazzali G, Zoico E, Harris TB, Meigs JB, di Franc-
esco V, Fantin F, Bissoli L, Bosello O (2005) Health consequences
of obesity in the elderly: a review of four unresolved questions. Int
J Obes (Lond) 29:1011-1029. https://doi.org/10.1038/sj.ij0.08030
05

Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V (2008)
Sarcopenic obesity: a new category of obesity in the elderly. Nutr
Metab Cardiovasc Dis 18:388-395. https://doi.org/10.1016/j.num-
ecd.2007.10.002

Ruesten A, Steffen A, Floegel A, Van der ADL, Masala G, Tjon-
neland A, Halkjaer J, Palli D, Wareham NJ, Loos RJF, Sgrensen
TIA, Boeing H (2011) Trend in obesity prevalence in European
adult cohort populations during follow-up since 1996 and their
predictions to 2015. PLoS ONE 6:e27455. https://doi.org/10.
1371/journal.pone.0027455

Kelly OJ, Gilman JC, Boschiero D, Ilich JZ (2019) Osteosar-
copenic Obesity: Current Knowledge. Revised Identification
Criteria and Treatment Principles. Nutrients 11:747. https://
doi.org/10.3390/nu11040747

Kanis JA (1994) Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis. Report of a WHO
Study Group. World Health Organ Tech Rep Ser 843:1-129
Kanis JA, Melton L J, Christiansen C, Johnston CC, Khaltaev
N (1994) The diagnosis of osteoporosis. J] Bone Miner Res
9:1137-1141. https://doi.org/10.1002/jbmr.5650090802
Genant HK, Cooper C, Poor G, Reid I, Ehrlich G, Kanis J,
Nordin BE, Barrett-Connor E, Black D, Bonjour JP, Dawson-
Hughes B, Delmas PD, Dequeker J, RagiEis S, Gennari C, Joh-
nell O, Johnston CC Jr, Lau EM, Liberman UA, Lindsay R,
Martin TJ, Masri B, Mautalen CA, Meunier PJ, Khaltaev N
et al (1999) Interim report and recommendations of the World
Health Organization Task-Force for Osteoporosis. Osteoporos
Int 10:259-264. https://doi.org/10.1007/s001980050224
Hamdy RC, Petak SM, Lenchik L (2002) Which central dual
X-ray absorptiometry skeletal sites and regions of interest
should be used to determine the diagnosis of osteoporosis? J
Clin Densitom 5(Suppl):S11-S18. https://doi.org/10.1385/jcd:5:
3s:sl1

WHO (2000) Obesity: Preventing and managing the global epi-
demic. Report of a WHO Consultation. WHO Tech Rep Series
894 Geneva, Switzerland. https://apps.who.int/iris/handle/10665/
42330

Donini LM, Busetto L, Bauer JM, Bischoff S, Boirie Y, Ceder-
holm T, Cruz-Jentoft AJ, Dicker D, Friihbeck G, Giustina A, Gon-
zalez MC, Han HS, Heymsfield SB, Higashiguchi T, Laviano A,
Lenzi A, Parrinello E, Poggiogalle E, Prado CM, Rodriguez JS,
Rolland Y, Santini F, Siervo M, Tecilazich F, Vettor R, Yu J, Zam-
boni M, Barazzoni R (2020) Critical appraisal of definitions and
diagnostic criteria for sarcopenic obesity based on a systematic
review. Clin Nutr 39:2368-2388. https://doi.org/10.1016/j.clnu.
2019.11.024

Cruz-Jentoft AJ, Baeyens JP, Jiirgen M, Bauer JM, Boirie Y,
Tommy Cederholm T Landi F, Martin FC, Michel JP, Rolland Y,
Schneider SM, Topinkové E, Vandewoude M, Zamboni M (2010)
European Working Group on Sarcopenia in Older People Sarco-
penia: European consensus on definition and diagnosis / Report
of the European Working Group on Sarcopenia in Older People.
Age Ageing 39:412-423. https://doi.org/10.1093/ageing/afq034
Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-
holm T, Cooper C, Landi F, Rolland Y, Sayer AA , Schneider SM,
Sieber CC, Topinkova E, Vandewoude M, Visser M, Zamboni
M (2019) Writing Group for the European Working Group on
Sarcopenia in Older People 2 (EWGSOP2), and the Extended
Group for EWGSOP2 Sarcopenia: revised European consensus

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Highlights.pdf
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/j.cger.2011.03.003
https://doi.org/10.1016/j.cger.2011.03.003
https://doi.org/10.1007/s11914-018-0484-2
https://doi.org/10.1007/s11914-018-0484-2
https://doi.org/10.1111/j.1532-5415.2004.52310.x
https://doi.org/10.1111/j.1532-5415.2004.52310.x
https://doi.org/10.1016/S0140-6736(18)32112-3
https://doi.org/10.1016/S0140-6736(18)32112-3
https://doi.org/10.4061/2011/536735
https://doi.org/10.1016/j.arr.2015.03.002
https://doi.org/10.1007/s00198-017-4151-8
https://doi.org/10.1093/gerona/gly162
https://doi.org/10.1038/sj.ijo.0803005
https://doi.org/10.1038/sj.ijo.0803005
https://doi.org/10.1016/j.numecd.2007.10.002
https://doi.org/10.1016/j.numecd.2007.10.002
https://doi.org/10.1371/journal.pone.0027455
https://doi.org/10.1371/journal.pone.0027455
https://doi.org/10.3390/nu11040747
https://doi.org/10.3390/nu11040747
https://doi.org/10.1002/jbmr.5650090802
https://doi.org/10.1007/s001980050224
https://doi.org/10.1385/jcd:5:3s:s11
https://doi.org/10.1385/jcd:5:3s:s11
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
https://doi.org/10.1016/j.clnu.2019.11.024
https://doi.org/10.1016/j.clnu.2019.11.024
https://doi.org/10.1093/ageing/afq034

105 Page 10 of 10

Archives of Osteoporosis (2022) 17:105

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

on definition and diagnosis. Age Ageing 48:16-31. https://doi.
org/10.1093/ageing/afy 169

Hernandez JL, Olmos JM, Pariente E, Martinez J, Valero C, Gar-
cia-Velasco P, Nan D, Llorca J, Gonzalez-Macias J (2010) Meta-
bolic syndrome and bone metabolism. Menopause 17:955-961.
https://doi.org/10.1097/gme.0b013e3181e39al5

Olmos JM, Hernandez JL, Garcia-Velasco P, Martinez J, Llorca
J, Gonzalez-Macias J (2016) Serum 25-hydroxyvitamin D, para-
thyroid hormone, calcium intake, and bone mineral density in
Spanish adults. Osteoporos Int 27:105-113. https://doi.org/10.
1007/s00198-015-3219-6

Genant HK, Wu CY, van Kujik C, Nevitt MC (1993) Vertebral
fracture assessment using a semiquantitative technique. J Bone
Miner Res 8:1137-1148. https://doi.org/10.1002/jbmr.56500
80915

Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di
Torio A, Corsi AM, Rantanen T, Guralnik JM, Ferrucci L (2003)
Age-associated changes in skeletal muscles and their effect on
mobility: an operational diagnosis of sarcopenia. J] Appl Physiol
95:1851-1860. https://doi.org/10.1152/japplphysiol.00246.2003
Zhang Y, Hao Q, Ge M, Dong B (2018) Association of sarcope-
nia and fractures in community-dwelling older adults: a system-
atic review and meta-analysis of cohort studies. Osteoporos Int
29:1253-1262. https://doi.org/10.1007/s00198-018-4429-5
Mayhew AJ, Amog K, Phillips S, Parise G, McNicholas PD, de
Souza RJ, Thabane L, Raina P (2019) The prevalence of sarcope-
nia in community-dwelling older adults, an exploration of differ-
ences between studies and within definitions: a systematic review
and meta-analyses. Age Ageing 48:48-56. https://doi.org/10.1093/
ageing/afy106

Locquet M, Beaudart C, Bruyere O, Kanis JA, Delandsheere L,
Reginster JY (2018) Bone health assessment in older people with
or without muscle health impairment. Osteoporos Int 29:1057—
1067. https://doi.org/10.1007/s00198-018-4384-1

Nielsen BR, Abdulla J, Andersen HE, Schwarz P, Suetta C (2018)
Sarcopenia and osteoporosis in older people: a systematic review
and meta-analysis. Eur Geriatr Med 9:419-434. https://doi.org/
10.1007/541999-018-0079-6

Sjoblom S, Suuronen J, Rikkonen T, Honkanen R, Kroger H,
Sirola J (2013) Maturitas Relationship between postmenopausal
osteoporosis and the components of clinical sarcopenia. Maturitas
75:175-180. https://doi.org/10.1016/j.maturitas2013.03.016

He H, Liu Y, Tian Q, Papasian CJ, Hu T, Deng HW (2016)
Relationship of sarcopenia and body composition with osteo-
porosis. Osteoporos Int 27:473-482. https://doi.org/10.1007/
s00198-015-3241-8

Kim 1J, Kang KY (2017) Low skeletal muscle mass is associated
with the risk of low bone mineral density in urban dwelling pre-
menopausal women. Calcif Tissue Int 101:581-592. https://doi.
org/10.1007/s00223-017-0314-z

Locquet M, Beaudart C, Reginster JY, Bruyere O (2019) Asso-
ciation between the decline in muscle health and the decline

@ Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

in bone health in older individuals from the SarcoPhAge
cohort. Calcif Tissue Int 104:273-284. https://doi.org/10.1007/
500223-018-0503-4

Beaudart C, Zaaria M, Pasleau F, Reginster JY, Bruyere O (2017)
Health outcomes of sarcopenia: a systematic review and meta-
analysis. PlosOne 12:e0169548. https://doi.org/10.1371/journal.
pone.0169548

Kemmler W, von Stengel S, Engelke K, Sieber C, Freiberger E
(2016) Prevalence of sarcopenic obesity in Germany using estab-
lished definitions: Baseline data of the FORMOsA study. Osteo-
poros Int 27:275-281. https://doi.org/10.1007/s00198-015-3303-y
Pal R, Bhadada SK, Aggarwal A, Singh T (2021) The prevalence
of sarcopenic obesity in community-dwelling healthy Indian
adults - the Sarcopenic Obesity-Chandigarh Urban Bone Epide-
miological Study (SO-CUBES). Osteoporos Sarcopenia 7:24-29.
https://doi.org/10.1016/j.afos.2020.12.003

Genest F, Schneider M, Zehnder A, Lieberoth-Leden D, Seefried
L (2021) Differential impact of osteoporosis, sarcopenia and
obesity on physical performance in aging men. Endocr Connect
10:256-264. https://doi.org/10.1530/EC-20-0580

Batsis JA, Mackenzie TA, Lopez-Jimenez F, Bartels SJ (2015)
Sarcopenia, sarcopenic obesity, and functional impairments in
older adults: National Health and Nutrition Examination Surveys
1999-2004. Nutr Res 35:1031-1039. https://doi.org/10.1016/j.
nutres.2015.09.003

Chung JH, Hwang HJ, Shin HY, Han CH (2016) Association
between sarcopenic obesity and bone mineral density in middle-
aged and elderly Korean. Ann Nutr Metab 68:77-84. https://doi.
org/10.1159/000442004

Ma'Y, Zhang W, Han P, Kohzuki M, Guo Q (2020) Osteosarco-
penic obesity associated with poor physical performance in the
elderly Chinese Community. Clin Interv Aging 15:1343-1352.
https://doi.org/10.2147/CIA.S257739

Kolbasi EN, Demirdag F (2020) Prevalence of osteosarcopenic
obesity in community-dwelling older adults: a cross-sectional
retrospective study. Arch Osteoporos 15:166. https://doi.org/10.
1007/511657-020-00829-x

Tlich JZ, Inglis JE, Kelly OJ, McGee DL (2015) Osteosarcopenic
obesity is associated with reduced handgrip strength, walking
abilities, and balance in postmenopausal women. Osteoporos Int
26:2587-2595. https://doi.org/10.1007/s00198-015-3186-y
Szlejf C, Parra-Rodriguez L, Rosas-Carrasco O (2017) Osteosar-
copenic obesity: prevalence and relation with frailty and physical
performance in middle-aged and older women. J] Am Med Dir
Assoc 18:733.e1-733.e5. https://doi.org/10.1016/j.jamda.2017.02.
023

Pang BWJ, Wee SL, Chen KK, Lau LK, Jabbar KA, Seah WT,
Ng DHM, Tan QLL, Jagadish MU, Ng TP (2021) Coexistence
of osteoporosis, sarcopenia and obesity in community-dwelling
adults - the Yishun study. Osteoporos Sarcopenia 7:17-23. https://
doi.org/10.1016/j.af0s.2020.12.002

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1097/gme.0b013e3181e39a15
https://doi.org/10.1007/s00198-015-3219-6
https://doi.org/10.1007/s00198-015-3219-6
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1007/s00198-018-4429-5
https://doi.org/10.1093/ageing/afy106
https://doi.org/10.1093/ageing/afy106
https://doi.org/10.1007/s00198-018-4384-1
https://doi.org/10.1007/s41999-018-0079-6
https://doi.org/10.1007/s41999-018-0079-6
https://doi.org/10.1016/j.maturitas2013.03.016
https://doi.org/10.1007/s00198-015-3241-8
https://doi.org/10.1007/s00198-015-3241-8
https://doi.org/10.1007/s00223-017-0314-z
https://doi.org/10.1007/s00223-017-0314-z
https://doi.org/10.1007/s00223-018-0503-4
https://doi.org/10.1007/s00223-018-0503-4
https://doi.org/10.1371/journal.pone.0169548
https://doi.org/10.1371/journal.pone.0169548
https://doi.org/10.1007/s00198-015-3303-y
https://doi.org/10.1016/j.afos.2020.12.003
https://doi.org/10.1530/EC-20-0580
https://doi.org/10.1016/j.nutres.2015.09.003
https://doi.org/10.1016/j.nutres.2015.09.003
https://doi.org/10.1159/000442004
https://doi.org/10.1159/000442004
https://doi.org/10.2147/CIA.S257739
https://doi.org/10.1007/s11657-020-00829-x
https://doi.org/10.1007/s11657-020-00829-x
https://doi.org/10.1007/s00198-015-3186-y
https://doi.org/10.1016/j.jamda.2017.02.023
https://doi.org/10.1016/j.jamda.2017.02.023
https://doi.org/10.1016/j.afos.2020.12.002
https://doi.org/10.1016/j.afos.2020.12.002

	Sarcopenic osteoporosis, sarcopenic obesity, and sarcopenic osteoporotic obesity in the Camargo cohort (Cantabria, Spain)
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Subjects
	Sarcopenia assessment
	Bone densitometry
	Identification of vertebral and non-vertebral fractures
	Sarcopenic osteoporosis
	Sarcopenic obesity
	Sarcopenic osteoporotic obesity
	Statistical analysis

	Results
	Sarcopenic osteoporosis
	Sarcopenic obesity
	Sarcopenia, obesity, and osteoporosis (“sarcopenic osteoporotic obesity”)

	Discussion
	Sarcopenic osteoporosis
	Sarcopenic obesity
	Sarcopenic osteoporotic obesity
	General comments and conclusion

	References


