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Abstract Increasing evidence points to a role of altered mi-
crobiota on inflammation, obesity, and other chronic condi-
tions. This commentary addresses the connection between
osteosarcopenic obesity syndrome, an impairment in bone,
muscle, and adipose tissues that occurs concurrently, with
the altered microbiota in elderly individuals, particularly those
living in long-term care facilities. As elderly move to long-
term care facilities, they experience changes in gut bacteria
that might exasperate the underlying conditions such as
osteosarcopenic obesity. These individuals have exponentially
higher osteoporotic fracture rates and immobility impairments
compared to independently living individuals. However, there
is very limited research on this topic and more insight is need-
ed on the impact of probiotic treatment and diet in older indi-
viduals, especially those with chronic conditions related to
aging, such as osteosarcopenic obesity.
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The Triad of Bone, Muscle, and Adipose Tissues:
the Osteosarcopenic Obesity Syndrome

Body composition (bone, muscle, and fat tissues) changes
with age. In older women particularly, there is an age-related

loss of bone (leading to osteopenia or osteoporosis), loss of
lean mass and muscle strength (leading to sarcopenia and/or
dynapenia), and increased adiposity, the latter presented either
as an overt clinical overweight/obesity, redistribution of fat
around visceral organs, or as an infiltrated fat into bone and
muscle tissues, impairing their function [1••]. Additionally, a
low-grade chronic inflammation, typically present in aging,
may perpetuate obesity, sarcopenia, and osteoporosis, as
discussed recently [2]. Figure 1 depicts a hypothetical repre-
sentation of changes in bone, muscle, and fat tissues, along
with increased inflammation, with aging. This triad of bone,
muscle, and adipose tissues deterioration was identified re-
cently as an osteosarcopenic obesity (OSO) syndrome [1••].

Osteopenia and osteoporosis are prevalent in older adults,
with one in three women and one in five men experiencing a
bone fracture after the age of 50 [3]. Despite conventional
belief, increased body fat in aging adults may actually be
detrimental for both bone and muscle. In older women, there
is a corresponding increase in vertebral fat (yellow bone mar-
row) as bone mineral density declines [4, 5]. Yellow or fatty
bone marrow, appearing as an infiltrated fat into bone, might
aggravate bone health and contribute to the condition known
as osteopenic obesity (OO) [1••]. A recent study found femo-
ral bone mineral density to be negatively correlated with total
femoral bone marrow fat content, indicating an increased risk
for osteoporosis [6]. Sarcopenic obesity (SO) is also impacted
by changes in body composition with age. Besides the in-
creased adiposity and redistribution of fat, the accompanied
low-grade chronic inflammation can lead to myosteatosis or
fat infiltration into muscle, further decreasing muscle strength
and function and contributing to decreased mobility and in-
creased risk for falls [7, 8].

It is important to note that both OO and SO lack universal
diagnostic criteria and that each condition has direct relation-
ship to adiposity and may in fact aggravate one another
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culminating in OSO [1••]. Osteosarcopenic obesity also lacks
universal diagnostic criteria, but, being the combination of OO
and SO, is of growing concern for older adults, especially
women and in the midst of the obesity epidemic. As found
recently, women with OSO have decreased mobility, balance,
and strength compared with women with obesity, osteoporotic
obesity, or sarcopenic obesity alone [9••]. It becomes evident
that OSO puts women not only at increased risk for bone
fracture but also at increased risk for falls, immobility, and
long-term frailty [1••, 9••, 10].

Recent research also points to a connection between in-
flammation and osteoporosis, sarcopenia, and adiposity,
where increased inflammation from excess or redistributed
fat combined with fat infiltration into bone and muscle further
weakens bone and muscle tissues [2]. In addition to the men-
tioned changes with aging, the microbiome appears to also
influence human health with quantifiable age-related changes
in gut bacteria and becomes an important factor to consider in
health and frailty of elderly [11], as is discussed below.

The Microbiome in Elderly

The human microbiome is a large, genetically diverse system
of microbes residing in and on our body, consisting of 150
times more genes than our human genome [12, 13] and
hosting about 5000 species of bacteria, mostly anaerobic
[14••]. The gut bacteria are generally stable, relying on chro-
mosomal genetic inheritance to select gut microbial diversity
[15]. However, as humans age, there are significant changes in
gut microbiota [12, 16]. Although gut microbiota vary among
individuals, generally, there is a shift in bacterial communities
from obligate anaerobes (Faecalibacterium prausnitzii) to
facultative anaerobes (Enterobacteriaceae) in the elderly
(similarly as in patients with inflammatory bowel disease),
favoring pathogenic bacteria and infections and promoting
inflammation [17]. Studies show that elderly tend to have
higher levels of pathogenic Proteobacteria and Bacilli

bacteria and decreased numbers of anti-inflammatory
Lactobacilli bacteria [11, 18]. This shift in the microbiota of
older adults leads to an environment of increased inflamma-
tion, leading to opportunistic infections (primarily
Proteobacteria), and reduced lactate utilization [11, 19]. Re-
searchers now believe that increased inflammation and age-
associated changes related to this bacterial shift are factors that
contribute to frailty in older individuals, among other aging
conditions [11, 18].

Studies show that changes in microbial diversity in an older
individual are due not only to age but more so to diet, living
conditions, comorbidities, and antibiotic and other medication
treatments. Recent evidence indicates that when older adults
move from living independently in the community to a long-
term care facility (LTCF), there are large microbial changes in
their gut bacteria [16, 20••]. Comparing 178 non-antibiotic-
treated Caucasian individuals (>64 years) in long-term resi-
dential care, short-term rehab hospitals, outpatient day hospi-
tals, and those living independently in the community, re-
searchers found that elderly in LTCF had significantly less
microbial diversity. It was noted that within a month after
entering these facilities, the gut bacteria in these individuals
changed significantly from that of community-dwelling elder-
ly and the difference persisted within 1 year after entering a
LTCF [16]. This shift appeared to be mostly explained by
changes in diet from a higher-fiber, more plant-based diet at
home to a low-fiber, higher fat, and higher sucrose content in
diet in the LTCF [16, 20••, 21]. Additionally, adults in LTCF
often experience chronic antibiotic treatment, comorbidities,
and co-residencewith other elderly that all alter gut bacteria. A
bacterial shift as seen in adults in LTCF can be pro-inflamma-
tory, impacting aging and comorbidities. Indeed, this change
in gut bacteria is correlated with increased levels of frailty and
comorbidity in individuals in LTCF, as well as with signifi-
cantly higher levels of pro-inflammatory markers, serum
TNF-alpha, IL-6, IL-8, and C-reactive protein [11, 16, 18].

A recent study by Jeffery et al. examined fecal samples in
371 generally healthy age-matched elderly Irish men and

Fig. 1 Hypothetical presentation
of changes in muscle, bone, and
fat tissues, accompanied by
increased low-grade chronic
inflammation in aging
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women, mean age 78 years, living independently or entering
the LTCF. Exclusion criteria included alcohol and drug abuse
and advanced chronic disease. They were compared with a
younger control group (n=13; age 28-46 years), living inde-
pendently. Interestingly, the results showed that it was not a
decrease in bacterial diversity or bacterial numbers that were
associated with declining health in older population, but rather
changes in the particular type of bacteria or microbial compo-
sition [20••]. Upon entering the LTCF, the elderly experienced
a microbial shift that lasted ∼18 months. The bacteria in the
elderly who were living independently remained similar to the
young control group throughout the study. This change is
believed to be related to alterations in diet, where older adults
in LTCF have significantly lower fiber intakes, but higher
saturated fat and sucrose intake, as well as chronic antibiotic
use, comorbidities, and co-residence with other older adults
with similar conditions of aging [16, 20••, 21]. Dietary fiber,
particularly, is believed to act as a type of prebiotic, feeding
healthy bacteria in the human gut [14••, 21].

This change in gut bacteria that occurs as older adults move
to a long-term care facility may eventually alter bone and body
composition even more, leading to osteoporosis, sarcopenia,
and obesity, impacting the risk of fracture and overall frailty.
Studies using antibiotic treatment, probiotics, and prebiotics
indicate that treatment affecting gut microbiota composition
also regulates bone metabolism [12, 22, 23]. Certain bacteria
or probiotic treatments may benefit bone, while others may
harm bone by promoting inflammation. In a study by Sjogren
et al., germ-free mice had greater bone mass and decreased
inflammatory cytokines in bone and bone marrow and re-
duced osteoclastogenesis in trabecular bone than mice con-
ventionally raised withBacteroides thetaiotaomicron bacteria.
[22]. B. thetaiotaomicron, often beneficial bacteria, can under
certain conditions alter inflammatory markers and systemic
immunity and it has even been shown to increase metabolites
in the gut that increase permeability to infection and activate
virulence genes, making the host more susceptible to pathol-
ogy and mortality [24, 25]. Although more research needs to
be done, this may point to a negative role that certain gut
bacteria play in regulating bone health. Other studies show
that putting certain probiotic strains, such as Lactobacillus
paracasei DSM13434 (L. para) or L. para and Lactobacillus
plantarum combined, in the drinking water of mice protected
against ovariectomy-induced bone loss [26]. These probiotic
strains are anti-inflammatory, reducing expression of TNF-α
and IL-1β as well as inhibiting osteoclastogenesis by promot-
ing osteoprotegerin expression [12]. In another recent study,
treatment of ovariectomized rats with Lactobacillus reuteri
bacteria protected against bone loss by significantly reducing
osteoclast bone resorption markers and activators [23].
L. reuteri also suppressed ovariectomy-induced increases in
bone marrow CD4+ T lymphocytes, which normally promote
osteoclastogenesis [23]. In summary, altered systemic and

bone marrow immune status caused by changes in the
microbiome appears to impact bone mass [12, 22].

In addition to suppressing osteoclastogenesis, gut bacteria
synthesize enzymes and enhance absorption and synthesis of
various vitamins and minerals that promote bone growth and
matrix formation and benefit muscle tissue [11, 27]. These
include vitamins K and B-12, calcium, magnesium, and crea-
tine [11, 14••]. Rodrigues et al. found that rats fed
bifidobacteria had significantly higher concentrations of cal-
cium, magnesium, and phosphorous in the tibia than controls
[27]. In humans, Weaver et al. found significantly higher frac-
tional calcium absorption in adolescents treated with
probiotics, phyla Bacteroidetes and Firmicutes, compared
with a corn fiber prebiotic. This increased calcium absorption
was also associated with increased bone density and strength
[14••]. Regarding microbiota in older mice, B-12 synthesis
was significantly decreased while creatine degradation was
significantly increased when compared to young- and
middle-aged mice [11]. Low B-12 (cobalamin) in the elderly
is a contributing factor in hip fractures as well as sarcopenia,
partially due to the secondary effects of elevated homocyste-
ine levels [28, 29]. Increased creatine degradation leads to low
creatine in older adults and possibly subsequent loss of lean
mass and strength [11].

In human studies, both in adults and children, overweight
participants had significantly higher levels of gut bacteria that
promote inflammation and weight gain compared to normal-
weight individuals [15, 30, 31] Overweight individuals also
tend to consume less dietary fiber and have reduced microbial
diversity, perhaps making room for more pro-inflammatory
and obesogenic bacteria to grow and have a greater impact
on their host [21, 32]. These bacterial colonies, such as those
from the phyla Firmicutes (gram-positive) and Prevotellaceae
family, accelerate fermentation of otherwise indigestible fibers
(carbohydrates), which increases production of short chain
fatty acid and therefore energy (calories) utilization in the host
[15, 30]. About 70 % of energy received by the colonic epi-
thelium comes from short chain fatty acids; therefore, the con-
cept that a shift in human gut bacteria influences weight gain
or loss is plausible [15]. Looking at mouse studies, Seo et al.
found Firmicutes bacteria to predominate in the gut of obese
mice and yet markedly decrease after weight loss [33].

Summary

It seems plausible that changes in gut bacteria impact elderly
in long-term care facilities substantially and more so than in-
dependently living elderly individuals. However, there is very
limited research on this topic, although the existing studies
point to a role of changes inmicrobiota affecting inflammation
and obesity. Older individuals with combined conditions such
as OSO may be at particular risk for frailty in long-term care
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facilities. Elderly in long-term care facilities experience expo-
nentially higher osteoporotic fracture rates than independently
living older women and men, comprising 20–30 % of all fem-
oral fractures [34, 35]. To connect this condition to the
microbiome, these individuals also have altered gut bacteria
and higher inflammatory markers, which could impact bone,
muscle, and adipose tissues, exasperating the OSO syndrome.
More research is needed on the impact of probiotic treatment
and diet in older individuals, especially those with chronic
conditions related to aging, such as OSO.
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