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Abstract

Background Sarcopenia and osteopenia/osteoporosis
show a high prevalence in old age and incur a high risk for
falls, fractures, and further functional decline. Physical
performance and bone metabolism in patients suffering
from the so-called osteosarcopenia—the combination of
sarcopenia and osteopenia—are currently still unknown.
Aims This study investigates physical performance and
bone metabolism in osteosarcopenic, prefrail, community-
dwelling older adults.

Methods 68 prefrail adults between 65 and 94 years were
assigned to four groups according to mean DXA results:
osteosarcopenic [low T-score and low appendicular lean
mass (aLM)], sarcopenic (low alLM), osteopenic (low T-
score), and controls. Multiple linear regression analysis,
adjusted for age, gender, physical activity, and 25-OH-vi-
tamin D3 serum level, was used to identify the influence of
being osteosarcopenic, sarcopenic, or osteopenic on phys-
ical performance (hand grip, chair rise test, sit-to-stand
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power, gait speed, SPPB) and serum markers for increased
bone turnover [osteocalcin, B-crosslaps and procollagen
type 1 amino-terminal propeptide (P1NP)].

Results  Only osteosarcopenic participants showed sig-
nificantly reduced hand grip strength, increased chair rising
time, and STS power time as well as significantly increased
bone turnover markers.

Discussion Due to low physical performance and high
bone turnover, older adults with osteosarcopenia have to be
regarded as the most at-risk population for fractures and
further functional decline.

Conclusions Up-to-date osteoporosis and post-fracture
management of older persons should aim at both, bone and
muscle.

Keywords Sarcopenia - Osteopenia - Osteoporosis -
Osteosarcopenia - Frailty

Introduction

The clinical manifestation of osteopenia/osteoporosis (OP),
by WHO definition, the loss of bone mineral density in
comparison to the mean level for a young—adult reference
population [1], is the fragility fracture, which is associated
with significant morbidity and mortality. It also causes a
high risk of disability. Fragility fractures may occur
spontaneously but most frequently they are the conse-
quence of falls. Sarcopenia (SP), the age-related loss of
muscle mass and physical performance, is becoming an
increasing medical and financial concern in ageing soci-
eties. Sarcopenia is evident in around 20 % of over
70-year-olds; the figure rises to 50 % for those over the age
of 80 [2]. Those affected by this syndrome exhibit impaired
mobility, a higher disability rate, and also a higher risk for
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falls and fractures [3]. The pathophysiology of OP and SP
reveals overlapping features. There is an intensive and
complex interaction, both mechanically (mechanostat
hypothesis) [4] and biochemically (e.g., estrogen, testos-
terone, GH, IGF-1, IL-6, osteocalcin) [5, 6]. Mechanical
capacity may be tested by standardized methods, such as
hand grip, chair rise test or sit-to-stand power. Bone turn-
over markers, such as osteocalcin, B-crosslaps, and pro-
collagen type 1 amino-terminal propeptide (PINP),
increase with age and menopause and serum levels may
predict bone loss and fracture risk [7]. Due to these inter-
actions between muscle and bone, individuals suffering
from both, sarcopenia and osteopenia, were classified as
osteosarcopenic (OS) or sarcoosteopenic [8, 9]. Fracture
risk is increased 3.5-fold in male OS patients and herewith
significantly higher than in SP and OP alone [10]. Although
it is just shown in male, it gives a first insight in a potential
additive risk. About one-third of older patients (mean age
79) with a history of falls were osteosarcopenic in a large
(N = 679) cross-sectional study [11], reflecting 47 %/
63 % of the osteopenic/osteoporotic population, respec-
tively. As the OS patients were significantly older, the
authors hypothesized that OS results from progression of
SP or OP. However, OS, SP, and OP may be three distinct,
although partially, overlapping phenomena with different
pathogeneses. As most of the current therapeutic inter-
ventions (nutrition, exercise, vitamin D) should be started
early in the development of the “hazardous duet,” we
examined a prefrail population with rather mild loss of
bone and muscle. This study investigated whether the OS
phenotype could be distinguished from the SP and the OP
phenotype in this prefrail population with respect to clini-
cally relevant measures of physical performance and bone
turnover.

Methods
Participants

Participants were drawn from a randomized, controlled
training study in prefrail, community-dwelling older adults
[12]. Briefly, prefrail participants aged between 65 and
94 years were recruited and supplemented with vitamin D3
up to 2000 IU per day for 2 months. Therefore, just one
participant has shown a 25-OH-vitamin D level below
50 nmol/L. Analyses in this study refer to the period after
supplementation and right before the start of the training
intervention. The data on 68 prefrail older individuals were
included. Prefrailty was defined according to Fried and
colleagues [13]. Exclusion criteria were depression (GDS
>5), dementia (MMSE <25), BMI >35 kg/mz, intake of
immunosuppressive drugs, history of kidney stones,
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sarcoidosis, multiple myeloma, chronic obstructive pul-
monary disease, inflammatory bowel disease, angina pec-
toris, history of cancer, and current attendance of muscle
training. The study was approved by the Medical Ethics
Committee of the University of Erlangen-Niirnberg.
Informed consent was obtained from all individual partic-
ipants included in the study.

Measurements
Clinical chemistry

Blood was drawn in the morning (9 am.—12 p.m.) in a
fasting state. 25-OH-vitamin D3 serum concentration was
measured in HPLC technique with a kit from Chromsys-
tems (Miinchen, Germany) according to the instructions of
the manufacturer on an Agilent 1100 ChemStation
(Waldbronn, Germany). Osteocalcin, [-crosslaps, and
PINP (Roche Diagnostics, Mannheim, Germany) were
measured on the cobas e60ltwin immunoassay system
(Roche Diagnostics).

Physical performance

Physical performance was measured using the score from
the short physical performance battery (SPPB) established
by Guralnik [14]. SPPB is a well-established, reliable, and
valid measure of lower extremity performance that is pre-
dictive for adverse health outcomes like morbidity, insti-
tutionalization, and mortality. The score comprises
assessment of standing balance, timed 4-m walk, and timed
test of five chair-rise repetitions. The global score ranges
from zero (low performance) to 12 points (high perfor-
mance). Muscular power of the lower limbs was tested by
the sit-to-stand transfer test (STS Power) described by
Lindemann et al. [15]. Participants were seated on the front
part of a chair (height: 49 cm) with arms crossed over
chest, eyes fixed straight ahead, and both feet on a force
plate (Zebris Medical, Germany). They were then asked to
rise as fast as possible into a standing position and to stand
as motionlessly as possible until the end of data recording.
The test was performed three times with a 1 min rest
between the trials. During all trials, the participants were
verbally encouraged by the investigator to move explo-
sively. STS Power is defined as P = F-s/t and was calcu-
lated by using the changes of vertical ground reaction force
(collected at 558 Hz) during the rising phase (time in
seconds between peak force and end of the rising phase: 1),
vertical ground reaction force during quiet standing
(F = m-g, m: weight of subject in kg, g: 9.81 m/s2), and the
difference between body height standing and body height
sitting in meters (s). The trial that showed the highest
power was used for analysis. Isometric hand grip strength
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was measured with a hand-held dynamometer (Jamar,
USA).

DXA measurements

Body composition and whole bone mineral density (BMD)
were assessed using a Dual-Energy X-ray absorptiometry
(DXA) scanner (Lunar Prodigy, GE Healthcare Technolo-
gies, USA). Appendicular lean mass (aLM) was calculated
as the sum of the lean mass of both arms and legs, and was
divided by squared body height. For alLM, Cronbachs alpha
for repeated measures on a sub sample of 20 participants
was 0.998.

Statistical analysis

The relation between BMD (7T-score) and alLM was used
for classification of osteosarcopenia (OS: low T-score and
low alLM), sarcopenia (SP: low alLM and high 7-Score),
osteopenia (OP: low T-score and high alLM), and controls
(CO: high T-score and high alLM). The 50th percentile of
each sex was used as cut-off to dichotomize 7-score and
alLM into low versus high values. Values of bone turnover
markers from one SP patient were removed due to hyper-
parathyroidism. Participant characteristics were expressed
as the mean and standard deviation of values assessed

(Table 1). Multiple linear regression analysis was used to
identify the influence of being osteosarcopenic, sarcopenic,
or osteopenic compared to controls on physical perfor-
mance and markers of bone turnover (Table 1). Models
were adjusted for age, gender, physical activity, and
25-OH-vitamin D3 serum level. The level of significance
was set at 5 %. PASW 23.0 (IBM-SPSS Inc., Chicago, II,
USA) was used for statistical analysis.

Results

After adjustment for age, gender, 25-OH-vitamin D3 level,
and physical activity, only the group of OS individuals
showed significantly lower hand grip strength, longer chair
rise time, lower STS Power, and higher levels of osteo-
calcin, B-crosslaps, and PINP compared to the control
group (Table 1).

Figure 1 shows the distribution of bone mineral density
(T-score) and appendicular lean mass (kg/mz) of the
investigated cohort and the cut-offs that were set to sepa-
rate OS from OP and SP phenotype [50th percentile: alLM
(female): 6.398 kg/mz; alLM (male): 7.367 kg/mz; BMD
(male): —0.6; BMD (male): —0.9]. Horizontal and vertical
lines in Fig. 1 show classification exemplarily for female.

Table 1 Patient characteristics

and influence of OS (n=19) SP (n = 14) OP (n = 17) CO (n = 18)
osteosarcopenia/sarcopenia/ Female 68 % 71 % 71 % 67 %
osteopenia on physical
performance and markers of Age (year) 78 (7.5) 76/6.1 81/5.0 74/6.4
bone metabolism by multiple Hand grip (kg) 22.7 (6.8) 23.2 (6.5) 23.9 (5.7) 27.3 (7.5)
linear regression analysis B —0.350* —0.279 —0.041 _

Chair rise (s) 15 (7.5) 13 (5.5) 13 (4.2) 11 2.7)

p 0.367* 0.249 0.278 -

STS Power (W) 403 (130) 488 (162) 421 (173) 588 (121)

p —0.492* —-0.227 —0.286 -

Gait speed (m/s) 1.0 (0.2) 1.1 (0.4) 1.0 (0.3) 1.1 (0.2)

p —0.131 0.001 —0.082 -

SPPB [pt] 92 9(2) 9(2) 10 (2)

p —0.229 —0.102 0.001 -

Osteocalcin (ng/ml) 28 (9) 20 (6) 24 (10) 20 (7)

B 0.413* —0.083 —-0.012 -

B-crosslaps (ng/ml) 0.43 (0.13) 0.33 (0.19) 0.38 (0.17) 0.28 (0.11)

p 0.525* 0.104 0.090 -

PINP (ng/ml) 54 (17) 46 (21) 47 (20) 37 (13)

p 0.553* 0.186 0.145 -

Values as means and SD. f5: standardized regression coefficient (adjusted for age, gender, 25-OH-vitamin
D3 level, physical activity) versus control population

* Statistically significant result (p value < 0.05)

OS osteosarcopenia, SP sarcopenia, OP osteopenia, CO control (non-sarcopenic, non-sarcopenic)
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Fig. 1 Scatterplot of BMD (7-score) and appendicular lean mass
(aLM). Horizontal and vertical lines show classification exemplarily
for female. OS osteosarcopenia, SP sarcopenia, OP osteopenia, CO
control (non-sarcopenic, non-sarcopenic)

Two-thirds were female (Table 1). The mean age was
highest in the OP group (81 years) and lowest in the con-
trol group (74 years) with SP and OS being rather early
events (76 and 78 years, respectively). 13 participants
fulfilled the criteria of EUGMS definition of sarcopenia
(six males, seven females). Seven of them are at least
osteopenic (three males, four females). Regarding the
25-OH-vitamin D level, the four groups do not differ sig-
nificantly (p = 0.206, one factorial ANOVA).

Discussion

In our study, only osteosarcopenic, prefrail, community-
dwelling older adults showed a significant reduction in
physical performance and a significantly increased bone
turnover, suggesting that osteosarcopenic individuals are at a
higher risk for further functional decline and fractures com-
pared to sarcopenic and osteopenic/osteoporotic individuals.

We examined a cohort of prefrail individuals, in which
falls, fractures, and/or further decline in physical perfor-
mance may rapidly lead to care dependency, significant
morbidity, and increased mortality. However, it should be
appreciated that prefrail individuals are in the majority of
cases fit enough to get specific treatment in terms of physical
training [16], nutritional interventions, and/or specific
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pharmacological compounds. We chose this prefrail cohort
to learn more about the relevance of osteosarcopenia in
patient care. This study not only contributes to a deeper
understanding of the development of osteosarcopenia, but
also sets the basis for planning future interventional studies.
Yet, the limited generalizability of the results may be con-
sidered as an important limitation of the study.

In contrast to the results of the first, and so far only study
that tried to describe the clinical phenotype of osteosar-
copenia [11], osteosarcopenic individuals in our study were
not significantly older than OP and SP patients. We
hypothesize that the group of OS patients, classified
according to strict criteria, not only consists of end-stage
osteoporosis patients with severe muscle loss, but also of
end-stage sarcopenia patients with severe bone loss and of
patients that develop the combination of both early. The
latter form may be caused by a separate pathophysiology.
Indeed, gait speed and SPPB were slightly reduced in OS in
comparison to OP and SP and more so in comparison to
controls, although statistical significance was not met.
However, we found a statistically significant decline in
hand grip strength, chair rise time, and STS power in OS,
but not in OP and SP in comparison to controls. This means
that the combination of mild bone loss and mild muscle
loss acts negatively on physical performance, suggesting a
higher risk for falls and fractures. A study with 198 male
patients above 60 years of age showed a 9-fold risk of
abnormal BMD in individuals diagnosed as sarcopenic, but
also a 8-fold increase in those that were diagnosed as pre-
sarcopenic [17]. This observation refers to the interaction
of muscle and bone in older individuals during early stages
of disease. Interestingly, only those parameters of physical
performance that mainly reflect muscle strength and mus-
cle power (hand grip strength, chair rise time, and STS
power) were strongly associated with OS, while parameters
more focused on coordinative capabilities (gait speed and
balance, both included in SPPB) were not. Similarly, our
findings show a close relationship between muscle and
bone and that weak muscle in OS patients, with reduced
strength and power, is not able to stimulate bone
mechanically to promote adequate osteogenesis
(mechanostat hypothesis). Therefore, recommendations on
high protein intake (1.0-1.2 g/kg BW/d) for sarcopenic
patients should be considered for osteosarcopenic patients
also [18]. This is mainly due to the fact that the sarcopenic
muscle is less able to use available protein for synthesis
(anabolic resistance). Regarding the distribution of protein
intake over the day, 20-25 g protein with a large propor-
tion of leucine per meal is suggested to exceed the anabolic
threshold. Leucine is demonstrated to increase rates of
postprandial muscle protein synthesis in the elderly [19].

Additionally, in the OS group, but not in the OP or the SP
group, bone turnover—assessed by osteocalcin, B-crosslaps,
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and PINP—was significantly increased. We therefore
assume a faster BMD loss in the OS population as compared
to those individuals that were affected by osteopenia or
sarcopenia only. However, our observation needs to be
confirmed in larger prospective trials. The relationship
between markers of high bone turnover and muscle is yet
unclear and somewhat contradictory. For example, osteo-
calcin has—besides its inhibiting impact on bone minerali-
sation—positive, hormone-like effects on insulin sensitivity
of muscle cells and also on testosterone production [20].
Furthermore, it was shown that osteocalcin-deficient mice
exhibited a decrease in muscle mass and function, suggesting
that osteocalcin might exert muscle anabolic effects [6].
Therefore, more information on bone metabolism in OS
individuals is needed and has to be assessed prospectively.

Conclusions

The findings of the study underline the close interaction
between bone and muscle in the pathogenesis of osteopenia/
osteoporosis and sarcopenia. In addition, our results highlight
the associated negative functional outcome that has to be
expected when both tissues are affected simultaneously. For
the first time, we demonstrate the negative synergistic effects
of osteosarcopenia on physical performance and bone turn-
over. Our analysis may provide the basis for future prospective
observational and interventional studies in this field.
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