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ABSTRACT 

Objective: This study aimed to determine the impact of 
osteosarcopenia on important clinical and functional out-
comes in older adults. 

Methods: 242 community-dwelling older adults from the 
study on ageing and longevity (ELLO data from 2009 to 
2018). Subjects underwent body composition analysis by dual 
energy X-ray absorptiometry and bioelectrical impedance, and 
assessments for aerobic capacity and muscle strength includ-
ing the incremental shuttle walking test (ISWT), 6-minutes 
walking test (6MWT), handgrip strength (HGS) and sit-to 
stand test (STS). Static balance was assessed by one-legged 
stance test (OLST) and chronic inflammation by IL-6 and tu-
mor necrosis factor alpha (TNF-α). Osteosarcopenia was de-
fined as low bone mineral density (BMD) (T-score<-1) com-
bined with low phase angle (PhA). Comparisons were run 
with Students T test and Man-Whitney test. Survival probabil-
ities were estimated using the Kaplan-Meier method. Receiver 
operating characteristic curve was used to analyze the asso-
ciation of PhA with mortality and to find the best cut-point.  

Results: The proportion of individuals who died in a 9-year 
follow up was higher in individuals with Osteosarcopenia 
(25%) compared to without osteosarcopenia (9%) (p=0.015). 
Osteosarcopenia was associated with mortality (HR: 1.4; 95% 

CI 1.02 - 1.29; p = 0.0151). Subjects with osteosarcopenia 
compared to without it presented worse performance in the 
ISWT (514 ±19 m vs. 621 ± 16 m), 6MWT (515 ± 7 m vs. 538 
± 6 m, p< 0.05), OLST (13.5 ±10.2 s vs.16.7 ±8.3 s) and HGS 
(25 ± 7 Kg vs. 28 ± 9 K5); p< 0.05 for all. The cut point used 
to PhA was ≤ 6.07º for both male and female (AUC: 0.687; 
Sensibility: 64% and Specificity: 61% for mortality).  

Conclusion: Osteosarcopenia diagnosed with low phase 
angle combined with low BMD is highly associated with mor-
tality. Additionally, older adults with osteosarcopenia pre-
sented worse aerobic capacity, balance and muscle strength.  

KEYWORDS 

Osteosarcopenia, sarcopenia, older people, functionality, 
mortality.  

INTRODUCTION 

Osteosarcopenia is a new geriatric syndrome defined as a 
simultaneous presence of osteoporosis or osteopenia with 
sarcopenia1. Studies show characteristics overlapping signal-
ing by similar biological pathways related to reduction in mus-
cle and bone mass1,2. This interaction in both muscles and 
bones, observed in osteoporosis/osteopenia and sarcopenia, 
is classified as osteosarcopenia3. The prevalence of osteosar-
copenia can increase the risk of falls and fractures, frailty, dis-
ability, becoming a growing medical and financial disease3,4.  

Osteosarcopenia is less prevalent in elderly population than 
sarcopenia, however this new geriatric syndrome has a 
greater negative impact on functionality and falls compared to 
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sarcopenia alone1,5. The prevalence of osteosarcopenia may 
vary from 5 to 37% and it is higher in women and in individ-
uals older than 80 years6. Despite the large prevalence and 
the negative consequences of osteosarcopenia on clinical 
variables, its impact on functionality and risk of mortality in 
older people are still lacking analyzed.  

Osteosarcopenia is detected as the presence of osteoporo-
sis or osteopenia combined with sarcopenia1. The clinical di-
agnosis of osteopenia or osteoporosis is well defined (T score 
<-1), both condition are defined as the loss of bone mineral 
density (BMD) compared to a reference population, according 
to the criteria of the World Health Organization (WHO)7. On 
the other hand, despite the significant increase in studies re-
lated to sarcopenia, there is no agreement among consensus 
on which measurement tools and cut off points should be 
used to better define the diagnosis of sarcopenia8-11. In addi-
tion the cut off points used to diagnose sarcopenia have been 
developed in populations other than Latin America9-11, where 
there is still no consensus12.  

This disagreement between the different sarcopenia crite-
ria12 has influence on the diagnosis of osteosarcopenia1. For 
this reason, it would be important to use a single measure-
ment associated with muscle mass and muscle function, in 
the definition of the “sarcopenia component” in the diagnosis 
of osteosarcopenia. In this context, the phase angle (PhA) is 
a variable that indicates the quality of the muscle and is as-
sociated with the diagnosis of sarcopenia13.  

The parameters for calculating PhA are derived from the 
bioelectrical impedance test (BIA), which is an easy, non-in-
vasive and inexpensive method, with good accuracy and reli-
ability to asses body composition14. To our knowledge, the 
clinical impact of osteosarcopenia on functional variables and 
mortality using PhA combined with low BMD have not been 
studied before. For this reason, the aim of this study was to 
determine the impact of a new and simple criteria to diagnose 
osteosarcopenia using low PhA and BMD, on mortality and on 
important clinical and functional outcomes in elderly people. 

METHODS 

Population study  

The present study was performed a longitudinal cohort de-
sign, which monitoring a single result (mortality) in older peo-
ple from the study on aging and longevity (ELLO data from 
2009 to 2018) from the community of Londrina, Paraná, 
Brazil. The research was approved by the Research Ethics 
Committee of Universidade Norte do Paraná (UNOPAR) for 
both study designs (PP / 0070/09 and PP 1,168,693). The col-
lections and tests were performed at the UNOPAR. All partic-
ipants signed an informed consent form.  

The total sample of the EELO Project was 508 subjects, 
which is representative of the 43,610 citizens over 60 years of 

age who live in Londrina city. Subsequently, from the EELO 
program database, part of the sample was selected to meas-
ure the bone mineral density (BMD). Criterion considered for 
the BMD test was do not use medication that interferes with 
bone metabolism. We included older adults of both sexes, 
physically self-reliant according to the classification proposed 
by Spirduso functional status (levels 3 and 4). Therefore, in-
dividuals who performed the basic and instrumental activities 
of daily life were included. Also, we included older adults with 
normal cognitive level assessed by the mini-mental state ex-
amination questionnaire (> 17 points). We considered adults 
aged 60 years or over, in accordance with the recommenda-
tion of the WHO. Subjects with alcoholic habits, some de-
compensated chronic disease or physical limitation that would 
impair the understanding and performance of the tests in-
volved in the study were excluded.  

Body composition  

The analysis of body composition was performed via dual 
energy absorptiometry by X-rays (DEXA) and bioimpedance 
(BIA). Muscle mass and BMD were assessed using DEXA 
(QDR 4500, Hologic Inc., Bedford, USA). BMD was assessed 
in the lumbar spine (L1-L4) and femoral neck. The interpre-
tation for the diagnosis was made according to the WHO cri-
teria, as follows: normal BMD with a T score of up to -1.0 SD, 
osteopenia T score of -1.0 to -2.4 SD and Osteoporosis T 
score ≤ -2 5 SD at any bone site7.  

Phase Angle was measured using bioelectrical impedance 
(Bio-dynamics 310TM; Biodynamics Corp., USA), after 10-
hour of fasting. The test was performed on the dominant 
side of the individual with the patient in a supine position, 
the arms and legs were separated by approximately 30 de-
grees from a midline. The electrode placement sites were 
cleaned with alcohol. One electrode was placed in the hand 
and the other in the foot. After connecting the cables to the 
electrodes, the corresponding values   were recorded. The cal-
culation of the phase angle derived from the relationship be-
tween the direct measurements of reactance (Xc) and resis-
tance (R) was calculated directly by the equation: PhA = 
arctangent (Xc / R). Osteosarcopenia in this study was de-
fined as low bone mineral density (BMD) (T score <-1) 7, 
combined with low PhA (using the cutoff point calculated in 
this study).  

Aerobic capacity 

Aerobic capacity was assessed by the incremental shuttle 
walk test (ISWT) and the six-minute walk test (6MWT). In the 
ISWT, patients must walk quickly, at increasing speeds, on a 
10 m course delimited by 2 cones (at the beginning and at the 
end). An audible signal, which represents a change in level, 
as well as an increase in the patient’s speed during the test, 
with a total of 15 levels. The 6MWT was performed according 
to the American Thoracic Society standards. The patient cov-
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ered the maximum possible distance walking in a linear path 
with 30 meters in length bounded by two cones, for 6 min-
utes. Standardized incentive phrases and information about 
the remaining test time were used. There were two evalua-
tions with an interval of 30 minutes. The greater distance per-
formed between the two attempts was analyzed. 

Muscle strength  

Muscle strength was assessed via handgrip strength test-
ing (HST) and sit-to stand test (STS). The handgrip 
strength testing was assessed in the sitting position, using 
a Jamar hydraulic dynamometer (Sammons Preston Inc, 
Saint Paul, MN) with the forearm and wrist resting on the 
arms of the chair. Participants performed 3 attempts on 
each hand, alternating between them, with a 30-second 
rest between tests. The highest value was recorded and 
used for analysis. The STS indirectly assesses the strength 
of the lower limbs. The patient was instructed to sit com-
pletely in the chair, to stand up fully extending the knees, 
without performing postural compensations, keeping the 
arms crossed in front of the chest and should be performed 
repeatedly. The result is obtained by the total number of 
correct executions in the 30 second interval. 

Static balance 

Static balance was assessed by the one-legged support test 
(OLST), the test is performed with the patient in unipedal 
support on a stable platform with the eyes open. The best 
time of three attempts of the dominant leg was considered for 
the analysis.  

Chronic Inflammation 

Chronic inflammation was assessed from venous blood to 
measure interleukin 6 (IL-6) 24 and tumor necrosis factor al-
pha (TNF-α), after 10-hour of fasting. The Peprotech kit was 
used to measure IL-6 cytosine and the Abnova kit to measure 
TNF-α, the quantification of cytokines was performed using 
the flow cytometry technique according to previous studies15. 

Mortality 

Mortality and causes of death were obtained from the 
Mortality Information Center (MIC) of the Municipal Health 
Department of Londrina, Brazil from March 2009 to December 
2018. In the case of older adults who were part of the EELO 
data collection in Londrina and moved to other regions of 
Brazil and died elsewhere, the information on their death was 
made through the national MIC.  

Statistical Analysis  

The parametric distribution of the continuous variables 
was checked using the Kolmogorov-Smirnov test and the 

graphical procedures (normal probability plot). Descriptive 
statistics were used to describe the demographic and clini-
cal characteristics of the patients and other potentially con-
founding variables. Continuous variables were presented as 
the mean and standard deviation (SD), and categorical vari-
ables were presented as the number and percentage. The 
comparison of the clinical variables (aerobic capacity, bal-
ance, muscle strength and inflammation) was performed 
with the Student’s t, U Mann-Whitney tests and Chi-square 
test to compare categorical variables. The receiver’s opera-
tional characteristic curve (ROC) was used to detect the 
best cutoff point for PhA with mortality. Survival probabili-
ties were estimated using the Kaplan-Meier curves and 
Mantel-Cox analysis to compare survival curves between 
those subjects with and without osteosarcopenia at 9 years. 
The statistical significance was considered as p <0.05, and 
the analysis was performed using SPSS software (IBM Co., 
USA) and GraphPad Prism 6.0 (GraphPad Software, San 
Diego, CA, USA). 

RESULTS 

Of the 323 subjects who met the inclusion criteria for BMD, 
43 were not found, 29 refused to participate, and 9 died be-
fore performing the BMD evaluation. Finally, the study in-
cluded 242 subjects (age: 68 ± 6 years; women 77%; body 
mass index 27.6 ± 4Kg / m2). Most of the individuals pre-
sented BMI equal or higher than 25 Kg/m2 (72.7%), 
Regarding prevalence of comorbidities, 58.6% presented hy-
pertension, 20% diabetes and 11.9% osteoporosis. Other 
variables are reported in the Table 1. 

The ROC analysis in PhA to mortality is presented in Figure 1. 
The cutoff point detected for PhA was ≤ 6.07º for both male 
and female (AUC: 0.687; Sensibility: 64% and Specificity: 61% 
for mortality).  

The clinical impact of osteosarcopenia detected using this 
cutoff point combined with low BMD (T score <-1) is pre-
sented in Figure 2. Individuals with osteosarcopenia com-
pared to those without it presented worse performance in 
the ISWT (514 ±19 m versus 621 ± 16 m; p< 0.001), 
6MWT (515 ± 7 m versus 538 ± 6 m; p=0.015), OLST (13.5 
±10.2 s versus 16.7 ±8.3 s; p=0.012) and HGS (25 ± 7 Kg 
versus 28 ± 9 Kg; p=0.0006). No significant difference was 
observed in STS (p=0.84), IL-6 (p=0.18), TNF-α (p=0.26). 

The overall survival proportion analysis between those 
subjects with and without osteosarcopenia during in a 9-
year follow-up was presented in the Figure 3. The propor-
tion of subjects who died in a 9-year follow-up was higher 
in the osteosarcopenia group (25%) compared to those 
without osteosarcopenia (9%). The presence of osteosar-
copenia was associated with higher risk of mortality HR: 1.4 
(95% CI 1.02 - 1.29; p = 0.015). 
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DISCUSSION 

To our knowledge, this study represents the pioneering 
analysis of the impact of osteosarcopenia on mortality and 
various clinical outcomes. Subjects with osteosarcopenia ex-
hibited notable declines in physical performance, muscle 
strength, aerobic capacity, static balance, and a heightened 
risk of mortality. These findings underscore the utility of uti-
lizing PhA and BMD as metrics for assessing muscle and bone 
mass, respectively. These measurements enable the identifi-
cation of subjects with impaired functional performance and 
an elevated mortality risk over a 9-year follow-up period.  

These results emphasize the critical importance of early de-
tection of this geriatric syndrome due to its great impact on 
the health of older adults. Furthermore, this study has identi-
fied a new cut-off point for PhA ≤ 6.07º to detect risk of mor-
tality in older people. The clinical diagnosis of this new geri-
atric syndrome holds significant clinical relevance, as it has 
been associated with a greater propensity for functional de-
cline and fractures in comparison to individuals with sarcope-
nia, osteoporosis, or osteopenia, as delineated in both our 
current investigation and prior research5,16.  

The clinical measurements utilized for detecting osteosar-
copenia can be separated in those utilized for “osteo” and 
“sarcopenia” component1. We used PhA to assess the “sar-
copenia component” given its well-documented associations 
with diverse clinical variables17-19. PhA reflects the muscle 
quality, related to muscle mass and muscle strength20,21. 
Lower PhA values may indicate compromised cell integrity or 
even cell death, whereas higher values correspond to intact 
cell membranes, indicative of good health status20,22. PhA 
seems to be reliable in detecting changes in clinical parame-
ters over time, which, in turn, could contribute to the under-
standing of its prognostic utility23. In addition, previous stud-
ies have shown associations between PhA with hospitalization 
and mortality in older adults23, particularly among those with 
chronic diseases24,25. Therefore, phase angle is a measure-
ment highly associated with important clinical variables in 
older people.  

The association between PhA and mortality has been well-
stablished in the scientific literature. A recent systematic re-
view with 11,534 patients with varying clinical conditions 
demonstrated correlations between PhA and mortality, with 
reported cutoff points ranging from 3.2º to 7.8º 17. This vari-
ability in PhA value can be attributed to the diverse popula-
tions of the studies included in this systematic review17. The 
proposed cutoff points are tailored to specific study cohorts 
and might not be universally applicable to general clinical 
practice18,19. For this reason, the identification of population-
specific cutoff points assumes paramount significance. 
Therefore, we have identified the cutoff point for PhA ≤ 
6.07º, which is a little higher than other previous cutoff points 
for Brazilian population17,26. These previous studies have in-
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Table 1. Characteristics of the individuals 

VARIABLES N= 242

Age (years) 68 ± 5.8

Female, n (%) 168 (70%)

BMI (Kg/m2) s27.6 ± 4.6

BMI Classification 

< 18.5 4 (1.7%)

18.5 - <25 62 (25.6%)

25 - <30 106 (43.8%)

> 30 70 (28.9%)

Comorbidities 

Hypertension 142 (58.6%)

Diabetes 49 (20.2%)

Osteoporosis 29 (11.9%)

Body Composition 

BMD lumbar spine (T-score) -1.29 ± 1.52

BMD femoral neck (T-score) -1.69 ± 1.03

SMI (Kg/m2) 8 ± 1.5

Phase angle (º) 6.25 ± 0.86

Aerobic capacity

ISWT (m) 584.5 ± 195.5

6MWT (m) 529.8 ± 67.7

Muscle strength 

HGS (Kg) 26.7 ± 8.1

SST (rep) 11.74 ± 2.25

Static balance 

OLST(sec) 15.6 ± 9.8

Chronic inflammation

IL-6 (pg/mL) 10476 (5944-20589)

TNF-α (pg/mL) 7.81 (1.9-17.3)

BMI: body mass index; SWT: shuttle walking test; 6MWT: 6 minutes 
walking test; OLST: one legged stance test; SST: sit to stand; IL6: in-
terleukin 6; TNF-α : tumoral necrosis alpha. 
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Figure 1. Receiver operating characteristic curve (ROC) in phase angle to mortality

Figure 2. Comparison between older people with and without osteosarcopenia



cluded individuals with other clinical conditions (i.e. hospital-
ized patients, septic patients) and with different range of fol-
low-up (from 1 month to 25 months)17,26. Our study, in con-
trast, centered on older individuals without functional 
disability or chronic decompensated diseases, and featured a 
more extensive follow-up period.  

Electrical bioimpedance emerges as a pivotal tool for PhA 
determination, as it enables the identification of low muscle 
mass and sarcopenia among the elderly20,21. While consen-
sus predominantly favors dual-energy X-ray absorptiometry 
(DEXA) for measuring muscle mass, studies have elucidated 
correlations between bioimpedance-derived parameters and 
DEXA27. Bioimpedance analysis is an easy, non-invasive and 
inexpensive method, with good accuracy and reliability to 
asses body composition and PhA14. On the other hand, in 
light of our findings, using PhA to measure the “sarcopenia 
component” combined with low BMD, can diagnose os-
teosarcopenia faster, lower cost and less invasively. PhA 
could be a useful tool for the diagnosis of osteosarcopenia 
because there are different reference values for each sar-
copenia criterion in the elderly population, and there is not 
agreement between them28. Given the heterogeneity of ref-
erence values for sarcopenia criteria among the elderly pop-
ulation, PhA emerges as a potent tool for the effective de-
tection of this novel geriatric syndrome, thereby enabling 
preemptive interventions to mitigate functional deterioration 
and mortality in this population. 

Older people with geriatric syndromes are characterized 
with increased reaction time, greater postural oscillation in the 
orthostatic position and decreased effectiveness of motor 
strategies of postural balance, which are associated with risk 
of falls and fractures29. In addition, studies mention a pro-
gressive decrease in body weight from the age of 65 years and 

attribute the loss of body mass, especially to decreased food 
intake, difficulty in chewing and changes in body composition 
related to aging, such as increased deposition of fat, loss of 
bone mass and muscle mass, further contributing to dimin-
ished physical and functional performance30. Osteosarcopenia 
exacerbates these declines, as corroborated by prior investi-
gations1,5, thereby suggesting a potentially greater negative 
impact compared to other geriatric syndromes like sarcopenia 
or frailty1. Our study substantiates that older adults afflicted by 
osteosarcopenia experience pronounced declines in physical 
performance, muscle strength, aerobic capacity, static bal-
ance, and an elevated mortality risk. Considering these cumu-
lative insights, early diagnosis of osteosarcopenia becomes im-
perative in older adults to forestall future functional 
impairment and mortality.  

While our study did not reveal disparities in inflammatory 
biomarkers, it is important to note that this does not neces-
sarily negate the presence of chronic inflammation among os-
teosarcopenic individuals, as previously documented in the lit-
erature4. Our analysis encompassed only two biomarkers (IL6 
and TNF-α). Therefore, there are other biological pathways 
that are needed to be investigated in future studies.  

The strengths of this study that must be considered, in-
cluding a robust sample size, an extensive follow-up period, a 
comprehensive array of evaluated variable, and the utilization 
of gold-standard measures for muscle mass and bone mineral 
density. Nonetheless, as a limitation of this study, although it 
explored mortality for 9 years, not all variables were moni-
tored longitudinally and only two inflammatory biomarkers 
were used. Future studies should adopt a longitudinal ap-
proach encompassing a broader spectrum of clinical variables, 
thereby advancing our comprehension of this syndrome’s def-
inition and its associations with diverse clinical outcomes. 
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Figure 3. Survival proportion between the groups in a 9-year follow-up



CONCLUSION  

Elderly people with osteosarcopenia diagnosed with low 
phase angle combined with low bone mineral density exhib-
ited pronounced worse aerobic capacity, balance and muscle 
strength and higher risk of mortality. Moreover, the estab-
lished cutoff point for phase angle in this study holds poten-
tial applicability among older adults, showcasing robust sen-
sitivity and specificity for predicting mortality over a 9-year 
follow-up period. 
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