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Abstract
This study aims to determine the prevalence of sarcopenia and osteopenia/osteoporosis among a population of 1508 healthy ambulatory subjects over 45 years 
living at home, in Paris (France). This study was conducted selecting all ambulatory participants aged 45 years and older, consulting the Longevity medical and 
physiological institute (IDJ) in Paris (France), for a functional, muscular and bone mineral density evaluation, and did not have limitations to moderate physical 
exercise. All were healthy people. Lombar, femoral bone mineral density and muscle body composition were measured with dual-energy X-ray absorptiometry. 
Skeletal muscle mass index and handgrip strength were used for sarcopenia diagnosis. Independent samples t tests determined group differences in body 
composition and functional ability according to recommended diagnostic cut points. From 1409 participants definitively enrolled, prevalence of sarcopenia 
was 16.1% (135 females and 86 males) according to the EWGSOP definition. The prevalence of osteopenia in the cohort was 34.7% and osteoporosis was 18.5%, 
according to the standard WHO-based T-score criterion. From the age of 45 years, more than 10% of the sarcopenic population suffers from osteoporosis. 
Sarco-osteoporosis begins from 45 years and the risk increases with the advanced in age. The prevalence of sarcopenia is significantly increased in a population 
of osteopenic or osteoporotic patients. Sarcopenia increased as BMD decreased as follows: normal BMD: 5.7%, osteopenia 27.1%, and osteoporosis 34.2% 
respectively. After adjustment for age and BMI, the adjusted odds' ratio (OR) (95% confidence interval) for sarcopenia was respectively 2.21 (1.36 – 4.28) for the 
osteopenic group, and 1.88 (1.15 – 3.84) for the osteoporotic group (p < 0.05). Using the WHO definition, the percentage of sarcopenic obesity was 35.6% of our 
sarcopenic female population, and 33.7% of the sarcopenic males. In this sarcopenic obesity sub-population, 21.5% of women (29/135) and 22.1% of men (19/86) 
were osteoporotic. Brought back in the whole studied population, sarcopenic obesity and osteosarcopenic obesity were observed in respectively 5.6% and 3.4% of 
women; and in 5.3% and 3.5% of men. The present study suggests that among healthy ambulatory subjects living at home, sarco-osteoporosis is frequent and begin 
from 45 years. Attention for sarcopenia is needed in subjects showing low BMD to prevent and manage poor quality of life and specific morbidity.
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Introduction
Aging is accompanied by a progressive loss in Bone Mineral Density 

(BMD), muscle mass and strength, resulting serious health problems 
[1-4]. Sarcopenia, the age-related loss of skeletal muscle mass, resulting 
in loss of strength and function [5,6] is an important and potentially 
reversible cause of morbidity and mortality of the elderly population 
[7]. Among healthy ambulatory subjects, sarcopenia is frequent and 
begins from 45 years [8]. There is a strong relationship between 
muscle and bone decline in elderly with a muscle impact on bone 
strength [9] and the two conditions act together in the development of 
disability [2,10]. Osteoporosis and sarcopenia share many risk factors 
and both cause higher risks of mobility limitations, physical disability, 

falls, fractures, frailty, increased hospitalizations, decreased quality 
of life and increased mortality [1-4]. The genesis of both sarcopenia 
and osteoporosis is multifactorial with common genetic, nutritional 
(low intake of dietary protein, lows levels of Vitamin D), lifestyle (low 
level of physical activity), environmental (chronic inflammation) and 
hormonal determinants (testosterone, estrogen or insulin) [11-14]. 
Furthermore, aging induces other changes in body composition, such 
as an increase in visceral fat. Recently, the new concept of sarcopenic 
obesity has emerged, reflecting a combination of sarcopenia and 
obesity. However, obesity  plays a dual role: it promotes bone and 
muscle gains through mechanical loading; but it, increased adiposity, 
a well-known source of pro-inflammatory cytokines and other 
endocrine factors that impair bone and muscle [15]. Several authors 
have assessed that sarcopenia is a risk factor for osteoporosis, and that 
it is more prevalent among individuals having low BMD, especially, 
in post-menopausal women [16-18]. This relationship, especially in 
men, is discussed [19-23]. But some recent studies argue in favor of 
a correlation between sarcopenia and osteoporosis with risk of bone 
fracture for the two genders [24]. The aim of this study is therefore to 
determine the prevalence of sarcopenia and osteopenia/osteoporosis 
in middle-aged and elderly ambulatory healthy French men and 
women, and their relationship. Sarcopenia will be defined by the more 
stringent EWGSOP definition [5] and osteoporosis by the 2003 report 
of the World Health Organization (WHO) [25].

Materials and Methods
Study population
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This study was prospectively conducted during 3 years in the 
“Institut de médecine et physiologie de la longévité from the Institut 
de Jaeger in Paris (France) with ambulatory subjects stemming from 
the general population. A total of 1508 subjects, living at home 
independently, with no restriction for physical performance, came 
to make a medical check-up, including functional, muscular and 
bone evaluation [8]. A written informed consent was signed by each 
included patient. Patients were ambulatories, with no restriction for 
physical performance. They were included in the study group after 
determining eligibility according to the inclusion criteria and medical 
screening by a physician. All subjects signed informed consent 
before inclusion in the protocol. These patients had no history of 
severe disease, no contraindications to exercise, and understood the 
procedures of the Dual-energy X-ray Absorptiometry (DXA) study. 
Participants with a diagnosis of stroke, severe Parkinson’s disease, 
peripheral neuropathy, myopathy, severe dementia or significant 
cognitive impairment were excluded, as well as patient with recent 
fractures (< 12 months), important alcohol consume, subjects taking 
bone active therapies (steroids, bisphosphonates, calcium, vitamin 
D or hormone) or marked decline in the basic activities of daily 
living [8]. The characteristics of the population, data collection with 
inclusion and exclusion criteria were previously described [8]. 

Measurement of Bone mineral density and appendicular 
skeletal muscle mass

The same DXA Lunar Prodigy Advance, (GE Lunar, Madison, WI, 
USA) was used for all BMD and body composition measurements. 
Routine densitometry quality assurance procedures were followed; 
no instrument drift or shift was detected during these studies. Scans 
of the lumbar spine, proximal femur, non-dominant radius and total 
body were performed in routine clinical manner by International 
Society for Clinical Densitometry (ISCD) certified technologists. 
DXA measurements were performed by a trained technician, and the 
DXA machine was regularly calibrated.

Bone mineral density
The BMD (g/cm2 or T-score) of the lumbar spine (L1-4), femoral 

neck, total hip and wrist were analyzed. The lowest BMD T-score was 
chosen to define osteoporosis using the WHO definition [24-26]. 
The lowest T-score at any of the above sites was used to classify each 
individual’s skeletal status as recommended by the ISCD [27].

Assessment of sarcopenia and sarcopenic obesity
According to European Working Group on Sarcopenia in Older 

People (EWGSOP) criteria [5], we have used for the diagnosis 
of sarcopenia, an objectively measured low muscle mass (body 
composition assessment using DXA) associated with low muscle 
function (hand grip strength). Based on European consensus [28] 
and previous work [6,29,30], patients were classified as sarcopenic 
if their relative skeletal muscle mass was 2 SDs below the mean of 
a reference population [4]. The cutoff corresponds to 5.45 kg/m2 
for women and 7.26 kg/m2 for men [6,31]. Muscle strength was 
assessed by hand grip strength, using a dynamometer (North Coast 
Hydraulic Hand Dynamometer; North Coast Medical Inc, Morgan 
Hill, CA, USA) as previously described [8]. Sarcopenic obesity has 
been narrowly defined by low muscle mass and high fat mass; besides 
osteosarcopenic obesity syndrome has recently been identified as a 
condition encompassing osteopenia/osteoporosis, sarcopenia and 
obesity. However, the cut-point values of each sarcopenia and obesity 
criterion are also different between studies (Appendicular lean mass/

height2, Appendicular lean mass/weight, BMI, % of body fat...), 
depending on population, gender, age, race and ethnicity.

Obesity was defined using adult body mass index (BMI). The 
World Health Organization and the Center and disease Control 
(CDC) defined the standardized cut-offs points: overweight as BMI 
25–29.9 kg/m2 and obesity as a BMI ≥ 30 kg/m2. To define sarcopenic 
obesity, we used the WHO and the CDC definitions, associated with 
the EWGSOP criteria.

Diagnosis of osteoporosis
According to the WHO, a subject with a BMD of 2.5 Standard 

Deviations (SDs) or more below the BMD peak of a young healthy 
reference group (i.e., T-score, ≤ –2.5) at the lumbar spine (L1-L4) or 
hip (femoral neck, total hip) is considered having osteoporosis, and 
a subject with a BMD between −2.5 and −1.0 is considered having 
osteopenia [24,31]. The reference population was the Third National 
Health and Nutrition Examination Survey [2].

Statistical analysis
Data were analyzed to obtain descriptive statistics. Continuous 

variables are presented as mean and standard deviation. Analysis 
was used to evaluate differences in sociodemographic, functional, 
and clinical characteristics between subjects with sarcopenia and/
or osteoporosis and subjects without sarcopenia nor osteoporosis. 
The relationship between sarcopenia, osteopenia and osteoporosis 
and clinical and functional variables were estimated by multivariate 
logistic regression models. Sarcopenia was included as dependent 
variable in such models. Age, gender, diagnosis of chronic diseases 
(dementia, Parkinson...), physical activity, and BMI were considered 
as factors potentially associated with sarcopenia, osteopenia or 
osteoporosis, and were considered as covariates in the logistic model. 
A statistical significance was defined for p < 0.05 level.
Results
Study participants

From 1,508 subjects initially included, 99 (6.6%) were excluded 
because of personal reasons, incomplete bone/muscle composition or 
information, lack of consent, cognitive involvement, cardiac failure or 
acute flu. This selection resulted in a final sample of 1,409 participants 
who were definitively enrolled. The descriptive characteristics of 
the 1,409 participants are summarized in Table 1. From the 1409 
participants, 861 subjects (61.1%) were women (mean age 62.6 ± 
10.1 years, mean BMI 23.9 ± 4.3 kg/m2) and 548 were men (mean age 
63.5 ± 10.1 years, mean BMI 25.7 ± 3.2 kg/m2). The mean SMI (ASM/
height2) was 5.8 ± 0.7 kg/m2 for the 861 women and 7.6 ± 0.9 kg/m2 
for the 548 men.

Sarcopenic population
Using the EWGSOP-criteria of sarcopenia, 42 subjects (25 males, 

17 females) were considered as pre-sarcopenic, defined by reduced 
muscle mass on DXA and normal muscle strength with hand grip 
dynamometer. 1367 non pre-sarcopenic subjects were analyzed. 
Participants without pre-sarcopenia were segmented by age: 45 - 54 
(n=308); 55-64 (n=478); 65 – 74 (n=377); 74 – 84 (n=181) and 85+ 
(n=23). A total of 221 subjects (135 females and 86 males) (16.1%) 
were identified as affected by sarcopenia (Table 2). The percentage 
of sarcopenia in our overall population of outcome subjects over 
45 years old was similar for men and women (16.4% vs. 16.0% 
respectively). Subjects with sarcopenia showed lower BMI, skeletal 
muscle index, muscle strength and less physical activities compared 
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to non-sarcopenic [8]. Multivariate logistic regression models showed 
that the mean number of diseases, the frequency of chronic disease 
(Parkinson, dementia...) and number of medications were similar 
between sarcopenic and non-sarcopenic subjects. In our population, 
the prevalence of sarcopenia increased with age for both genders and 
was related with BMI (p<0.01) [8].

Bone in our population
The prevalence of osteopenia in the cohort was 34.7% (475/1367) 

according to the standard WHO-based T-score criterion (475 subjects, 
154M/321F) (Table 2). 253 patients (18.5%) had osteoporosis. 
Osteoporosis prevalence increased with age (p<0.001) (Table 3). In 
our cohort, sarcopenia [5] was significantly associated with low BMD 
at all 4 sites (Table 2). Sarcopenia was significantly associated with 
a higher risk of osteopenia and osteoporosis (p < 0.05), compared 
with subjects without sarcopenia (Table 2 and 3). According to the 
category of age, the prevalence of osteoporosis was 5.7% in our general 
population between 45 and 54 years, 13.4% between 55-64 years, 28.5 
% for the 65-74 years old subjects, 43.6% between 75 and 84 years, 
and 49.5% over 85 years. Osteoporosis was predominant for women 
between 45 and 74 years old (Table 3). After adjustment for age, sex, 
height, weight and BMI, muscle mass remained positively associated 
with BMD in all sites. Similarly, the probability of osteoporosis and 
sarcopenia was lower among subjects involved in physical activities 
over 3 h/week (OR 0.43; 95% CI 0.23–0.91). Physical activity was 
positively associated with BMD at all sites. In multivariate logistic 
regression, osteoporosis was associated with low calcium intake (p< 
0.001), alcohol drinking (p = 0.05) and smoking ( p = 0.03).

The osteo-sarcopenia and osteosarcopenic obesity
The main participants’ characteristics according to their age 

and the presence of sarcopenia, osteopenia and osteoporosis are 
given in Table 3. Their prevalence were 9.2% (126/1367) and 4.1% 
(56/1367) respectively, in our sarcopenic healthy ambulatory general 
population (pre-sarcopenic subjects excluded). As we could expect 
it, their prevalence increased with age (Table 3). But the association 
sarcopenia-osteoporosis begins prematurely, ever with young healthy 
subjects. From the age of 45 years, more than 10% of the sarcopenic 
population of the 2 genders suffers from osteoporosis, with an 
increasing prevalence with age. According to the category of age, the 
prevalence of osteoporosis was 10.6% in our sarcopenic population 
aged 45 - 54, 16.5% in the category 55-64, 32.4% for the 65-74 years 
old subjects, 41.9% for the population aged between 75 and 84 
years, and 37.7% for the patients over 85 years. Osteoporosis was 
significantly observed in our women sarcopenic population between 
45 and 74 years old (Table 3). Interestingly, the relationship between 
sarcopenia and osteoporosis was less obvious for men in our study 
(Table 3 and 4). The association was only significantly observed for 
45-54 and 65-74 years old men. There was no difference in prevalence 
of osteoporosis in men’s population with or without sarcopenia in the 
other age intervals. 

The prevalence of sarcopenia is significantly increased in a 
population of osteopenic or osteoporotic patients. Sarcopenia 
increased as BMD decreased as follows: normal BMD: 5.7%, osteopenia 
27.1%, and osteoporosis 34.2% respectively. After adjustment for age 
and BMI, the adjusted odds' ratio (OR) (95% confidence interval) 
for sarcopenia was respectively 2.21 (1.36 – 4.28) for the osteopenic 
group, and 1.88 (1.15 – 3.84) for the osteoporotic group (p < 0.05). 
Using the WHO definition, the percentage of sarcopenic obesity 
was 35.6% of our sarcopenic female population, and 33.7% of the 

Table 1:  Descriptive characteristics of study participants, n = 1,409 (pre-
sarcopenia not excluded).

Characteristic Mean (SD) Range
Characteristics

Gender F (61.1 %)/M 
(38.9 %) -

Age (years) 63.0 (10.1) 45.1–92.5
Weight (kg) 67.8 (13.7) 44.5–108.6
Height (cm) 159.9 (5.8) 142.0–177.8
BMI (kg/m2) 24.5 (3.9) 18.6–44.8
Body composition
Total body fat (%) (SD) 39.2 (7.3) 22.5–55.6
Total body fat mass (kg) (SD) 26.6 (8.6) 4.9–52.7
Total body lean mass (kg) (SD) 41.3 (5.8) 18.9–79.0
ASM (kg) (SD) 22.0 (4.2) 9.5–27.9
SMI (ASM/height²) (kg/m2) (SD) 7.4 (0.9) 4.0–10.9
Sarcopenia (%) 221 (15.5%) -
Osteopenia (%) 475 (33.5 %) -
Osteoporosis (%) 253 (17.9 %) -
Functional performance
Mean dominant hand grip strength (kg) 33.4 (8.8) 6.0–61.9

BMD: Bone Mineral Density; BMI: Body Mass Index; ASM: Appendicular 
Skeletal Muscular Mass; SMI: ASM/height²

Table 2:  Characteristics of study participants according to the presence of 
sarcopenia (N = 1367).

Characteristics
With 
Sarcopenia 
(mean (SD))

Without 
sarcopenia* 
(mean(SD))

P value

Characteristics
N 221 1146*  
F / M 135 / 86 709 / 437 NS
Age (years) 66.9 (10.7) 62.3 (9.9) 0.05
Weight (kg) 68.0 (13.9) 69.6 (13.6) NS
Height (cm) 159.8 (5.8) 165 (9.0) NS
BMI (kg/m2) 21.7 (2.7) 25.1 (4.0) 0.03
Leisure physically activities (≥ 3 
Hours / week) (%) 94 (42.5 %) 818 (71.4 %) 0.03

Body composition
ASM (kg) 14.0 (1.8) 19.9 (4.8) 0.01
SMI (ASM/height²) (kg/m2) 5.0 (0.8) 7.1 (1.1) 0.01
Functional performance
Mean dominant hand grip 
strength (kg) 24.1 (5.7) 36.3 (9.1) 0.01

Wrist T-score (SD) - 1.54 (0.24) - 0.71 (0.17) 0.05
Femur neck T-score (SD) -1.72 (0.08) -0.68 (0.04) 0.01
Total femur T-score (SD) -1.05 (0.07) -0.32 (0.03) 0.05
Lombar L1-L4 T-score (SD) -1.62 (0.11) -0.52 (0.06) 0.01
Calcium intake (mg) 438.4 ± 23.7 570.9 ± 16.7 <0.01
Smoking (%) 93 (42.1 %) 368 (32.1 %) 0.05
Alcohol drinking (%) 108 (49.0 %) 349 (30.5 %) 0.05
Osteopenia (%) 126 (57 %) 349 (30.5 %) <0.05
Osteoporosis (%) 56 (25.3 %) 197 (17.2 %) <0.05
* : pre-sarcopenic subjects were excluded
Table 3: Prevalence of osteoporosis, according to age intervals and the presence 
of sarcopenia.

Characteristics With Sarcopenia (N=221) Without sarcopenia* 
(N=1146)

Men Women Men Women
Age Range 
(years)

% of 
Population

% of 
Population

% of 
Population % of Population

45-54 11.1 10.5 2.0 5.6
55-64 9.5 20.5 4.3 13.1
65-74 19.0 43.0 8.2 26.6
75-84 16.7 52.0 17.1 39.8
> 84 20.0 50.0 17.7 49.4
* : pre-sarcopenic subjects excluded
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sarcopenic males. In this sarcopenic obesity sub-population, 21.5% 
of women (29/135) and 22.1% of men (19/86) were osteoporotic. 
Brought back in the whole studied population, sarcopenic obesity and 
osteosarcopenic obesity were observed in respectively 5.6% and 3.4% 
of women; and in 5.3% and 3.5% of men.

Discussion
Sarcopenia and osteoporosis are the most frequent musculoskeletal 

disorders affecting older people and represent major problems of public 
health. Low levels of muscle mass have been linked with poor health 
outcomes that include functional impairments [33], severe physical 
disability [30], associated with metabolic problems such as insulin 
resistance, type 2 diabetes, obesity [34-36] and mortality [37,38], 
promoted by frailty [39]. Osteoporosis is responsible of fractures, 
decreased motility, reduced health-related quality of life and death. 
Several studies have shown the relationship between low BMD and 
sarcopenia. The two conditions may act together in the development 
of disability [2,10]. Sarcopenia is a marker of falling, and bone loss 
indirectly influences the risk of fracture because it causes impaired 
balance and falls [40,41]. This relationship has been especially 
observed in menopausal women [42-46]. In men, the relationship 
between sarcopenia and low BMD is less clear [47-50]. The combined 
effect of sarcopenia and osteoporosis represents a serious problem, 
especially in the elderly. Diminished bone mass and lean mass are 
markers for frailty, loss of independence, diminished quality of life 
and increased mortality risk [51]. Osteosarcopenia increased the risk 
for mortality independent of age and other confounding variables 
[51]. For Pasco et al, musculoskeletal decline is associated with excess 
mortality in a relationship that appeared to be driven mainly by a 
decline in bone mass, but with an independent contribution from 
low appendicular lean mass [51]. The genesis of both sarcopenia and 
osteoporosis is multifactorial, and several factors that play a role in 
osteoporosis are thought to contribute to sarcopenia: low level of 
physical activity, modification of hormonal status, low intake of dietary 
proteins and chronic inflammation [52-55]. However, ASM seems to 
have a direct influence of on bone. Muscle is an endocrine organ that 
secretes myokines like IL-6, IL-7, IL-8, IL-11, IL-15 or myostatin, 
enhanced by the practice of regular physical exercise (in particular 
strength training and aerobic exercise) [56]. Other myokines include 
the osteogenic factors IGF-1 (insulin-like growth factor-1) and 
FGF-2 (fibroblast growth factor-2); or Follistatin-related protein 1 
(FSTL-1) which up-regulates proinflammatory mediators; and the 
PGC-1alpha-dependent myokine irisin, which drives brown-fat-like 

development. These cytokines secreted by muscle cells influence bone 
health via endocrine and paracrine pathways besides ASM exerting 
its mechanical influence on the bone mass [57-59]. The osteogenic 
myokines such as IGF-1 and FGF-2 at the muscle-bone interface 
participates in bone formation. Myostatin levels and the myostatin: 
follistatin ratio increased significantly (+75%) in mouse with age. 
Myostatin, an anti-osteogenic myokine, exerts inhibitory effect on the 
muscle and causes bone loss. Myostatin-inhibitors induce increase in 
muscle mass and bone density and loss of fat [59]. Others myokines 
or osteokines play a role in the interaction between muscle and bone, 
like vitamin D, osteocalcin, sclerostin, DKK1, DMP1, BMP2, NO, 
MMP2, osteocrin or osteoglycin. Our data suggests that decreased 
BMD is significantly associated with sarcopenia in ambulatory 
subjects, especially in women. The osteo-sarcopenia is already present 
at 45 years, in the 2 genders of a general population. Daily activities 
reduce the risk of association sarcopenia-osteoporosis whereas low 
calcium intake, smoking and alcohol consumption increase the 
risk. The relationship is observed after adjustment for diet, physical 
activity, BMI, calcium intake, smoking or alcohol consumption. Our 
study confirms the first results about sarcopenia and osteoporosis 
association in women but also in middle-aged and elderly men 
recently published [50]. But this association was not observed in all 
age intervals for men. The relationship eases after 75 years in man. 
Osteosarcopenia is a recently developing disease reported, and its 
epidemiology remains poorly understood [60]. 

Several observational epidemiological studies showed a 
relationship between muscle and bone, especially in ageing women [42-
46]. In postmenopausal women, studies show that lean mass and often 
fat mass, are correlated positively with BMD [16,19,43,44]. In men, 
the relationship between bone and body composition are discussed, 
especially with the role of lean and fat mass [19-22,45,61]. The lean 
mass, compared to fat mass, has a greater positive influence on the 
BMD, especially of elderly men [62]. The differences in frequencies 
between the studies also may be related to racial differences. In some 
populations, bone mass in men, is more closely related to muscle mass 
than in women [23] and the risk of hip, wrist or ankle fractures [41]. 
A Japonese study showed that 81.1% of male and 44.7% of female 
with hip fracture were sarcopenic [63]. On the other hand, in Chinese 
population, the prevalence of sarcopenia with hip fracture is 41.9% in 
women and 84.1% in men [64]. In this population, sarcopenia was an 
independent risk factor for hip and ankle fractures in men, and only 
for hip fractures in women [64]. A germanic cohort reported a higher 
prevalence of osteosarcopenia (28%) than sarcopenia (21%) and 
osteopenia (25%) alone, using 68 prefrail elders age 65 to 94 [65]. Yoo 
determining the relationship between osteosarcopenia and mortality 
in 342 patients with hip fracture, showed that one-year mortality 
of osteosarcopenia (15.1%) was higher than that of other groups 
(normal, 6.8%; osteoporosis only, 4.9%; sarcopenia only, 9.1%) (Yoo, 
J Korean 2018). After adjusting for covariates, osteosarcopenia had 
a 1.8 times higher mortality rate than non-osteosarcopenia (hazard 
ratio [HR], 1.84; 95% confidence interval [CI], 0.69-4.92) [66]. Huo et 
al. [67] found a percentage of osteosarcopenia closed to 40% in their 
cross-sectional study using 680 community-dwelling older patients. 
Wang et al reported a prevalence of osteosarcopenia in 10.4% of men 
and 15.1% of women in a cohort of community dwelling Chinese 
elders older than age 65 [68]. Patients with osteosarcopenia are more 
susceptible to occurrence of fragility fracture, poor quality of life and 
higher mortality [67,68]. In the literature, the approximate average 
prevalence of sarcopenic obesity in older adults is about 5–10%, and 

Table 4: Characteristics of sarcopenic population, according to age, sex, BMI 
and BMD.

Characteristics Women
(mean (SD))

Men
(mean(SD))

N (%) 135 (16.0 %) 86 (16.4%) NS
Age (Years) 67.8 (14.7) 71.7 (9.7) NS
BMI (kg/m2) 22.8 (3.5) 23.4 (4.0) NS
Calcium intake (mg) 391.2 ± 41.7 449.4 ± 28.9 NS
Smoking (%) 42 (31.1 %) 51 (59.3 %) 0.05
Alcohol drinking (%) 47 (34.8 %) 48 (55.8 %) 0.05
Leisure physically activities (≥ 3 Hours 
/ week) (%) 49 (36.3 %) 38 (44.2 %) NS

Osteopenia (%) 81 (60 %) 45 (52.3 %) NS
Osteoporosis (%) 37 (27.4%) 19 (22.1%) NS
Sarcopenic obesity (% of gender 
sarcopenic population) 48 (35.6 %) 29 (33.7 %) NS

Osteosarcopenic obesity (% of gender 
sarcopenic population) 29 (21.5%) 19 (22.1 %) NS

http://context.reverso.net/traduction/anglais-francais/remains+poorly+understood
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it is similar between men and women [69]. Prevalence of sarcopenic 
obesity varies enormously according to the studies and the studied 
cohorts. In a older cohort of 639 elderly hospitalized Italian subjects 
(196 men, 443 women) with a mean age of 80.90±7.77 years, Perna 
et al. [70] found a prevalence of sarcopenia of 12.42% in women and 
23.47% in men. Sarcopenic obesity was 8.13% in women and 22.45% 
in men; and was associated with an increase in white blood cell 
(p<0.001) and erythrocyte sedimentation rate (p<0.05) [63].

Kemmler et al., [71] studying 965 community-dwelling men 
70  years and older, living in Northern Bavaria, Germany, showed 
a prevalence of 4.9 % of sarcopenia, applying the definitions of 
EWGSOP. Further applying body fat to diagnose obesity, sarcopenic 
obesity prevalence was 4.1% in the total cohort (EWGSOP + body fat 
>25%). 

A newly termed osteosarcopenic obesity (OSO syndrome) (triad 
of bone, muscle and adipose tissue impairment) are beginning to gain 
recognition [72]. The term osteosarcopenic obesity has been recently 
coined to describe the concurrent appearance of obesity in individuals 
with low bone and muscle mass [73,74]. Currently, there are no 
estimates for the epidemiology of people suffering from the combined 
condition of the OSO syndrome, because the syndrome itself is a 
newly identified one [15]. Only few studies were recently published. 
In a cohort including 3,385 males and 4,064 females (age ≥50 years 
and in the stage of menopause) who participated in  the Korean 
National Health and Nutrition Examination Survey (KNHANES), the 
incidence rates of sarcopenia, sarcopenic obesity, and osteosarcopenic 
obesity were 31.5, 5.1, and 4.1%, respectively [75]. For Stefanaki et al., 
[76] using bio-impedance device to determine the body composition 
in 1072 healthy lean participants [900 males (84%) and 172 females 
(16%)], and the 1479 healthy overweight/obese subjects [74 males 
(5%) and 1405 females (95%)], suggests that 'osteosarcopenic' elements 
exist even in very young overweight/obese populations. More recently, 
in a cohort of 434 women aged 50 years or older, living in Mexican 
community-dwelling middle-aged and older women, Szlejf et al. [77] 
showed a prevalence of osteosarcopenic obesity of 19% (n = 81). In 
our study, the percentage of sarcopenic obesity was 5.6% in women, 
and 5.3% in men. These prevalence are slightly lower than the mean 
prevalence of sarcopenic obesity observed in the literature in older 
men and women [69]. Osteosarcopenic obesity represents only 3.5% 
of men and 3.4% of women from our whole population studied. 
Our results are different from the first data observed in the recent 
literature. However, our healthy ambulatory population is younger 
than those published, with frequent physical activity. Keeping in 
mind the genetic differences in muscle, bone and adipose tissue 
between men and women, we have not observed differences between 
the 2 genders. Our study has several limitations. Grip strength is a 
less predictor of BMD than quadriceps strength. Our study could 
not infer a cause-and effect relationship between sarcopenia and low 
BMD. The lifestyle evaluation using questionnaires cannot exclude 
the possibility of inaccuracies. The DXA scan can underestimate the 
real prevalence of low BMD du to specific limitations (osteoarthritis 
or aortic calcification). Some patients with missing information were 
excluded. We used strict inclusion criteria for patient’s selection 
in order to simplify our analysis, but our population is not strictly 
representative of French aging population. In addition, we excluded 
patients who had been confined to a wheelchair or bed. The present 
study suggests that among healthy ambulatory subjects aged over 
45 years and living at home, osteo-sarcopenia is frequent. From the 
age of 45 years, more than 10% of the sarcopenic population of the 2 

genders suffers from osteoporosis. Osteo-sarcopenia begins from 45 
years and the risk increases with the advance in age and the presence 
of obesity. Attention and evaluation for sarcopenia are needed in 
subjects showing low BMD to prevent and manage poor quality of life 
and specific morbidity.
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