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Background  
Osteosarcopenia has been defined as the concomitance of low bone density (osteopenia/
osteoporosis) and sarcopenia. Osteoporosis is characterized by alterations in bone 
microarchitecture and decrease of bone mineral density (BMD), whereas sarcopenia is the 
progressive decrease of both muscle mass and function that increase the risk of falls. 
Type 2 diabetes mellitus (T2DM) is associated with poor bone strength and muscle 
wasting. 

Objective  
The aim of this study is to analyze the association between osteosarcopenia and T2DM in 
post-menopausal women (PMW). 

Methods  
We performed an age matched case-control study (1:2 ratio), considering as cases PMW 
affected by T2DM, and PMW without T2DM as control group. For all patients a DXA 
evaluation to investigate bone density and body composition measures were performed. 
Moreover, we carried out muscle strength and performance assessments. Outcome 
measures were femoral neck and lumbar spine BMD T-scores, appendicular lean mass 
(ALM), handgrip strength and the Short Physical Performance Battery (SPPB). Data from 
both groups were analyzed and compared. 

Results  
Thirty-six PMW (12 T2DM vs 24 non-T2DM) were recruited. The frequency of 
osteosarcopenia was significantly higher in the T2DM group compared to controls (50% 
vs 17%; OR 5.0, 95% CI 1.05 to 23.79, p = 0.043). Handgrip strength was significantly 
lower in the T2DM group (10.09 ± 4.02 kg vs 18.40 ± 6.83 kg; p = 0.001). 

Conclusions  
Post-menopausal women with T2DM have a 5 times higher risk to have osteosarcopenia 
compared to non-diabetic ones. Further studies on larger cohorts are required to confirm 
these findings. 

INTRODUCTION 

Body composition is critical to determinate health or dis-
ease.1 Skeletal muscle and bone interact through autocrine, 
paracrine, and endocrine modulators to maintain muscle 
and bone homeostasis.2–5 From a clinical perspective os-
teopenia/osteoporosis and sarcopenia are chronic muscu-

loskeletal conditions with increasing incidence with aging.6 

Osteoporosis is characterized by alterations in bone mi-
croarchitecture and decrease of bone mineral density 
(BMD), whereas sarcopenia is defined by a progressive de-
crease of muscle mass and function that reduce indepen-
dence in activities of daily living (ADLs) and quality of 
life.6,7 
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The concomitance of sarcopenia and osteoporosis has 
been defined as a “dangerous duet” to describe the associa-
tion between the progressive deterioration of muscle mass 
and function that affects older people and bone fragility 
causing a large percentage of late-life disability.8 

This concomitance was named osteosarcopenia to iden-
tify a new nosological entity, operationally defined as the 
concomitance of osteopenia/osteoporosis and sarcopenia in 
the same patient.9 

The main clinical implication of this association is the 
increased risk of fragility fractures, considering that sar-
copenia increases the risk of fall and osteoporosis reduces 
bone strength.9–13 

Some risk factors, such as level of physical activity and 
metabolic disorders, are shared by osteoporosis and sar-
copenia according to literature. Several endocrine diseases, 
including type 2 diabetes mellitus (T2DM), affect both bone 
and muscle health resulting in impaired bone quality and 
muscle wasting.14–16 

Despite the high prevalence of T2DM and its relation-
ship with bone and muscle health, the link between this 
condition and osteosarcopenia has not yet been well inves-
tigated. So, the aim of the present study is to estimate the 
risk of osteosarcopenia in post-menopausal women (PMW) 
with T2DM. 

MATERIALS AND METHODS 
STUDY DESIGN 

An observational case-control study was conducted by en-
rolling PMW with or without T2DM attending the outpa-
tient service for the management of metabolic bone dis-
orders and skeletal muscle diseases of the University of 
Campania “Luigi Vanvitelli”, Naples, Italy, from March 2021 
to June 2021. 

ETHICAL CONSIDERATIONS 

Patients were enrolled after reading, understanding, and 
signing a written informed consent form, approved by the 
Ethical Committee of our institution. 

PARTICIPANTS 

The cases were represented by women diagnosed with 
T2DM treated with insulin, while controls were age-
matched non-diabetic women with a 1:2 proportion. Exclu-
sion criteria were obesity (BMI>30), cancer, severe depres-
sion, cognitive impairment affecting protocol adherence, 
poor compliance to clinical evaluation, severe disease-re-
lated complications (e.g., diabetic foot, coronary heart dis-
ease, retinopathy). Participants took part in the study pro-
tocol in a single time. 

OUTCOME MEASURES 

Personal and anamnestic data (age, date of birth, comor-
bidities) were collected. Body weight (Kg) was measured us-
ing mechanical balance scales (with 0.1 kg approximation) 
while height (cm) was measured using a stadiometer as 

we considered the mean value of two subsequent measure-
ments (0.1 cm approximation). The Body Mass Index (BMI) 
was calculated using the accepted formula (BMI= weight/
height,2 kg/m2) and overweight and obesity were assessed 
according to WHO guidelines.17 Physical Activity was eval-
uated using International Physical Activity Questionnaire 
(IPAQ).18 

Handgrip strength was measured using a JAMAR hy-
draulic dynamometry. We considered the best of three mea-
surements (kg) on the dominant hand (0.1 kg approxima-
tion). The Short Physical Performance Battery (SPPB) was 
also administered for muscle performance assessment. Pa-
tients were subjected to DXA (Dual-energy X-ray Absorp-
tiometry) (iDXA GE-Lunar) for the measurement of muscle 
mass and BMD. For each patient we made one total body 
scan, one left femoral scan and one lumbar spine scan. In 
particular, Appendicular Lean Mass (ALM, kg), femoral neck 
and lumbar spine BMD (g/cm2) and T-scores were consid-
ered. 

Osteosarcopenia was defined as low BMD (<-1 SD) and/or 
prevalent fragility fractures + poor muscle mass (ALM <15 
kg) and muscle weakness (HGS<16 kg) and/or poor muscle 
performance (SPPB<8). 

STATISTICAL ANALYSIS 

Statistical analysis was carried out using Statistical Package 
for the Social Sciences 25 (SPSS 25) software to perform 
Student’s t-test, after applying Levene’s test for variance. 
Moreover, odds ratios were calculated for non-continuous 
variables. 

RESULTS 

We enrolled 36 women (12 T2DM and 24 controls). Patients’ 
demographic and anthropometric characteristics are shown 
in Table 1. No differences were found between the two 
groups in terms of age, weight, height, and BMI. 

In Table 2 the outcome measures in cases and controls 
are reported. Cases showed significantly lower handgrip 
strength (10.09 ± 4.02 kg vs 18.40 ± 6.83 kg, p = 0.001) and 
higher prevalence of osteosarcopenia (50% vs 17%; OR 5.0, 
95% CI 1.05 to 23.79, p = 0.043) compared to controls, while 
no between-group significant differences were reported for 
the risk of falls (OR 1.0, 95% CI 0.20-4.95) and fragility 
fractures (OR 3.57, 95%CI 0.64-19.97, p=0.134). All other 
outcomes were not significantly different between the two 
groups. 

DISCUSSION 

The relationship between T2DM and osteosarcopenia has 
not yet been widely investigated, although it is well known 
that diabetes mellitus leads to musculoskeletal wasting. 
The aim of this study was to estimate the risk of osteosar-
copenia in PMW with T2DM. 
Fahimfar et al (2020) found that diabetes has a direct as-

sociation with osteosarcopenia in men.19 Our study con-
firms this association also in PMW and, as no between-
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Table 1. Study population characteristics    

 Parameters T2DM women (n=12) Non-T2DM women (n=24) p-value 

Age (y) 65.33 ± 9.47 64.79 ± 5.89 0.858 

Weight (kg) 57.83 ± 10.30 58.13 ± 8.26 0.927 

Height (m) 1.54 ± 0.05 1.57 ± 0.06 0.095 

BMI (kg/m²) 24.32 ± 3.54 23.45 ± 2.76 0.426 

Table 2. Outcome measures for the assesment of physical activity, muscle mass and function, bone mineral               
density, falls and fractures.     

Outcomes T2DM women (n=12) Non-T2DM women (n=24) p-value 

Physical Activity level 

- none 8 (67 %) 13 (54%) 0.475 

- low 3 (25%) 2 (8.5%) 0.192 

- medium 1 (8%) 7 (29%) 0.184 

- high 0 (0%) 2 (8.5%) 0.520 

Handgrip strength (kg) 10.09 ± 4.02 18.40 ± 6.83 0.001 

ALM (kg) 14.34 ± 2.20 14.26 ± 2.43 0.916 

Femoral neck T-score -2.38 ± 0.70 -2.35 ± 0.78 0.889 

Lumbar spine T-score -1.89 ± 1.01 -2.63 ± 1.08 0.058 

SPPB < 8 7 (58%) 9 (38%) 0.240 

Osteosarcopenia 6 (50%) 4 (17%) 0.043 

Falls 3 (25%) 6 (25%) 1 

Fragility fractures 10 (83%) 14 (58%) 0.134 

group differences in BMI and levels of physical activity were 
found, T2DM seems to be a risk factor for osteosarcopenia 
independently from BMI and physical activity. 

Our results may be linked to the characteristics of the 
chosen population. Indeed, our study focused only on fe-
male while, in contrast with our findings, Fahimfar et al 
(2020) reported that having osteosarcopenia was more 
likely in diabetic men (PR 1.33, 95% CI 1.04–1.69), but 
not in women.19 Moreover, we decided to exclude obese 
women, as not to be influenced by an additional metabolic 
disorder but to focus only on T2DM effects. Indeed, our 
population showed mean BMI values within normal range 
and no significant between-group difference in terms of 
BMI. In a recent study, an inverse association between BMI 
and osteosarcopenia was found,20 although further investi-
gations are needed to clarify which is the role of fat mass 
on muscle and bone in T2DM patients, even using body 
composition techniques. Moreover, in our population, no 
significant between-group difference was found in terms 
of levels of physical activity, even if diabetic patients were 
more likely doing none or low physical activity. A recent 
study reported significant association between physical ac-
tivity and osteosarcopenia in men, but not in women.19 

Therefore, future studies are needed to identify the role 
for mechanical versus biochemical stimuli on muscle-bone 
crosstalk in T2DM, taking into account also the gender, 
even using direct and continuous measures for performed 
physical activity. 

In our study, no significant between-group differences 
for falls and fragility fractures were found. This may be due 
to the high number of fractures in the control group (58%) 
probably related to the setting (center for the management 
of osteoporosis), in which the number of patients with bone 
fragility is likely to be high. Even if an increased fragility 
fracture risk was not demonstrated in our population, from 
a pathophysiological point of view we can hypothesize that 
fracture risk in patients with T2DM is increased, despite 
BMD, because of other mechanisms, such as poor bone 
quality, sarcopenia, and increased fall risk.21,22 

LIMITATIONS 

The main study limitations are the small sample size and 
no data about other disease-specific medications for T2DM, 
considering that all cases were treated with insulin. Future 
perspectives should include the investigation of sub-groups 
based on serum glucose levels and insulin-resistance and 
to investigate the role of different T2DM drugs on bone 
turnover, muscle metabolism and on the risk of falls and 
fractures in patients with osteosarcopenia. 

CONCLUSIONS 

Post-menopausal women with T2DM have a significant 
higher risk to have osteosarcopenia compared to non-dia-
betic ones. Our study suggests that osteosarcopenia should 
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be early identified and treated in diabetic patients to pre-
vent its consequences, although its role in terms of risk of 
falls and fractures in this population should be better de-
fined in prospective studies. 
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