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Assessment of fecal Akkermansia muciniphila in patients
with osteoporosis and osteopenia: a pilot study
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Abstract
Objectives Osteoporosis is characterized by slow deterioration in bone mass and disruption of its structure, leading to an
increased risk of bone fractures. Gut microbiota plays an important role in the transport and absorption of nutrients needed for
bone health. Akkermansia muciniphila is one of the gut microbiota members that its beneficial role in prevention of metabolic
disorder was suggested. The aim of the current pilot study was the assessment of fecal A. muciniphila in patients with osteopo-
rosis and osteopenia.
Methods A total of 36 subjects including eight with osteoporosis (three men and five women), eight with osteopenia (two men
and six women), and 20 normal controls (six men and 14 women) were selected. Microbial genome was extracted from fresh
stool samples. The bacterial load was determined by quantitative real-time PCR using 16S rRNA specific primers.
Results The participants’ mean age in the osteoporosis, osteopenia and control groups were 61.71, 45 and 45.05 years, respec-
tively. The majority of osteoporosis patients were post-menopause women, while in osteopenia group was pre-menopause. There
were significant differences in terms of age, T-score, Z-score, and menopause among groups (P value < 0.05). The presence of A.
muciniphila was higher in the healthy group compared to osteopenia group; however, these differences were not statistically
significant.
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Conclusions In conclusion, however, there was no statistically significant difference between the study groups; it seems that the
load of A. muciniphila may be related to bone health. Further in vivo and in vitro studies are needed to investigate the
immunological and biochemical pathways.
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Introduction

Osteoporosis is characterized by reduced bone density and a
higher risk of fragility of the bone. Bone mineral density
(BMD) measurement is the most common technique for bone
strength determination. Osteoporotic fractures are a public
health concern and lead to high costs for health care systems
[1]. The balance between osteoclasts and osteoblasts is crucial
for bone health, on the other hand; inflammation plays an
important role in disrupting this balance and directly linked
to bone loss [2].

The human gut contains about 1013 different microorgan-
isms, most of which are anaerobic bacteria, and collectively
known as microbiota. In brief, the benefits of gut microbiota
include immune homeostasis, digestion, absorption of non-
digestible nutrients in our diet and intestinal pathogens colo-
nization resistance. So, it makes sense to consider this as an
opportunity to prevent, diagnose, and treat various diseases
[3]. In addition, many pieces of evidence show that the gut
microbiota can influence bone health, which represented the
connection between gut microbiome and distant organs e.g.
bone [4–6].

The mucosal layer that covers the gastrointestinal tract,
besides its role in the host defense against pathogens, is the
site of commensal bacteria capable of using the mucus as a
nutrition source [7], one of which is Akkermansia muciniphila
(A. muciniphila) [8]. A. muciniphila and other mucin-
degrading bacteria make up about 1% of the microbiota pop-
ulation [9]. They also play a key role in glucose homeostasis,
gut barrier integrity, alleviation of inflammation, and host
metabolic status. It has been shown that obesity and other
obesity-associated metabolic disorders could be ameliorated
by A. muciniphila treatment [10–13].

According to recent studies, gut dysbiosis leads to dysfunc-
tion of nutrients, calcium, and vitamin D intestinal absorption
and systemic inflammation, so there is a clear relationship
between the gut microbes dysbiosis and decreased bone den-
sity in the patients with osteoporosis [14].

Considering that mucosal surfaces, microbiota, and mucus
secretion are influenced by environmental factors e.g. aging,
therefore the quality of mucus may modify the contact be-
tween intestinal microbiota and mucosal dendritic cells.
Thus, it seems that the relationship between mucin and
mucin-degrading bacteria such as A. muciniphila has a poten-
tial role in preventing some diseases [7].

Since inflammation plays a crucial role in bone health and
A. muciniphila has a negative correlation with inflammation
[15], It is possible that there be a correlation between the
abundance of A. muciniphila and bone disease. Therefore, in
the present pilot study, we assessed the fecal A. muciniphila
load in patients with osteoporosis and osteopenia based on
real-time PCR using 16S rRNA specific primer.

Material and methods

Subject recruitment

This was a pilot cross-sectional study performed at Pasteur
Institute of Iran. Participants in this study were enrolled from
Amir al-Momenin Hospital, Tehran, Iran. Participants met the
following inclusion criteria: body mass index (BMI) range
between 18.5 and 25 kg/m2 and willingness to participate in
the study. Exclusion criteria were antibiotic use and history of
acute or chronic diarrhea, for the past three months, having
autoimmune diseases, chronic inflammatory bowel diseases,
cardiovascular disease, diabetes, hyperlipidemia, cancer, kid-
ney and liver disorders, and specific physiological conditions
like pregnancy and lactation.

Finally, a total of 36 subjects including eight with os-
teoporosis (OP), eight with osteopenia (ON), and twenty
normal controls (NC) were selected for further analysis.
Fasting blood samples were taken; and fasting blood sugar
(FBS), triglyceride (TG), total cholesterol (TC), High-
density lipoprotein (HDL), low-density lipoprotein
(LDL), very-low-density lipoprotein (VLDL), and high-
sensitivity C-reactive protein (hsCRP) concentrations
were measured by Roche kits using an auto-analyzer in-
strument (Hitachi, Cobas C 311, Roche Diagnostics
GmbH) and vitamin D level in serum was assessed with
the use of the VIDAS® 25-OH Vitamin D Total
(bioMerieux, France). Dual X-ray absorptiometry (DXA)
was performed for all participants to detect the bone min-
eral density (BMD) of total hip and lumbar vertebrae of
subjects. A BMD T score less than −2·5 defined as oste-
oporosis and between −1 and − 2·5 defined as osteopenia
[16]. The study was approved by the Biomedical Research
Ethics Committee of Pasteur Institute of Iran. Each participant
provided written informed consent.
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Fecal sample collection and DNA extraction

Fresh stool samples were collected in sterile boxes, then fro-
zen and stored immediately at −80 °C for further use. The
microbial genome was extracted using QIAamp DNA Stool
Mini Kit (Qiagen Germany) according to the manufacturer’s
instructions. Sample DNA purity and concentration were test-
ed using a Nanodrop (NanoDrop™ 1000 Spectrophotometer,
Thermo Scientific Co. USA).

Real time PCR and bacterial load

The bacterial load in the fecal samples was determined by
absolute quantitative real-time PCR using 16S rRNA gene
specific primers, A. muciniphila: F: 5’-CAGCACGT
GAAGGTGGGGAC-3′, R: 5′- CCTTGCGGTTGGCT
TCAGAT-3′, and E. coli: F: 5’-CATTGACGTTACCC
GCAGAAGAAGC-3 ′, R: 5’-CTCTACGAGACTCA
AGCTTGC-3′ [15]. The primers specificity was checked
using the online primer BLAST [17]. All reactions were
run three times and positive controls were run for each
reaction, the final volume of each reaction was 20 μl and
the reaction mixture containing 1 μl of DNA, 10 μl of
Super SYBR Premix Ex Taq II (Takara), and 1 μl of each
primer and 7 μl distilled water. The real-time program:
Initial DNA denaturation at 95 C for 1 min, 40 cycles of
denaturation at 95 °C for 5 s; primer annealing at 55 °C for
30 s; extension at 72 °C for 30 s. Melting curve analysis for
confirming the specificity of the amplification products by
slowly cooling the PCRs from 95 °C to 60 °C. Finally, the
bacterial load of A. muciniphila was calculated using stan-
dard curves at concentrations of 2, 20, and 200 μg/ml from
E. coli standard strain (ATCC 25922). The data were
expressed as Log bacteria/g of feces according to previous
studies [18].

Statistical analysis

Statistical analysis was performed by GraphPad Prism 8.3.0
(GraphPad Software Inc., CA, United States) (SPSS Inc.
Chicago, IL, USA). A P value < 0.05 was considered as the
level of significance. Data were expressed as mean ± standard
error of mean (SEM). The normality distribution for different
variables was tested by the D’Agostino & Pearson test (K2).
Chi-square test was used to determine associations between
categorical variables. Comparison of quantitative variables
among three groups was done using one-way ANOVA or
Kruskal-Wallis test for variables with normal and non-
normal distribution, respectively. Following one-way
ANOVA, Tukey’s post hoc test was run for pairwise multiple
comparisons.

Results

Demographic characteristics in osteopenia and
osteoporosis patients

Patient characteristics and clinical data are presented in
Table 1. The participants’ mean age in the osteoporosis,
osteopenia and control groups were 61.71, 45 and 45.05 years,
respectively. The majority of osteoporosis and osteopenia pa-
tients were women; (6 vs. 2) and (7 vs. 1) respectively. All
women with osteoporosis were post-menopause while in
osteopenia group was pre-menopause. There were significant
differences in terms of age, T-score, Z-score, and menopause
among groups (P value < 0.05).

Blood sample analysis of subjects with osteoporosis,
osteopenia, and healthy individuals was shown in Table 2.
The osteopenia group had the lowest level of FBS, TG,
VLDL, and vitamin D and the highest level of cholesterol
and LDL among other groups, although it was not statistically
significant. The osteoporosis patients had the highest serum
level of vitamin D, according to its supplement consumption.
Although the serum level of HDL was low in healthy individ-
uals, serum biochemical parameters of the patient’s groups did
not show any significant differences with the healthy controls.

Bacterial load of A. muciniphila in osteopenia and
osteoporosis patients

The results showed the load of A. muciniphila was higher in
the healthy group (7.176 ± 0.1742 μg/g) and the lowest in the
osteopenia group (6.891 ± 0.3028 μg/g) but this difference
was not significant (P value = 0.40, 0.94) (Fig. 1).

Discussion

Osteoporosis is characterized by low deterioration in the bone
mass and disruption of its structure and metabolism, leading to
an increased risk of bone fractures. It is the most common
bone disease and an important economic and public health

Table 1 Compare with NC group: Results are presented as mean ±
SEM

Healthy control Osteopenia Osteoporosis P value

Age 45.05±7.4 45±15.5 61.71±13.6 0.024

Sex (n) Men 6 1 2 0.68

Women 14 7 6 0.55

BMI 27.41±4.1 25.27±3.20 24.63±3.9 0.35

T-score −0.072±0.7 −1.62±0.24 −3.021±0.6 0.00

Z-score 0.049±0.7 −1.39±0.23 −2.38±0.9 0.00
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issue [19]. Our results showed that abundance of
A. muciniphila was higher in healthy subjects compared to
osteopenia and osteoporosis groups; supporting the view that
bone health may influenced by intestinal microbiota [20]. In
the first study conducted on the diversity analysis of gut mi-
crobiota composition in the osteopenia and osteoporosis
groups, it was shown that abundance of Verrucomicrobia,
which is the phylum of A. muciniphila, was higher in the
osteopenia and osteoporosis groups than in the control group,
while the genus and species of A. muciniphilawere not report-
ed [21]. On the other hand, Das et al. (2019) showed a de-
crease in A. muciniphila abundance in the osteoporosis group,
whereas it was higher in the osteopenia than the healthy
groups [22]. Given the different sample size and inclusion
criteria of these studies and regarding that the phylum level
could not represent the bacteria at the genus and species level,
the inconsistency observed in the report of these studies could
be partly explained.

The gut microbiota plays an important role in the transport
and absorption of nutrients, which are required for bone growth,
regeneration and health [23]. Vitamin D stimulates calcium
uptake in the intestine, while 1, 25-dihydroxyvitamin D3 can
regulate calcium homeostasis and eventually release calcium

into the cells. Intestinal resistance to 1, 25 (OH) 2D3 increases
and calcium absorption decreases in aging, which is directly
correlated with dysbiosis. Consequently, intestinal dysbiosis
can affect calcium and vitaminD uptake and cause osteoporosis
[24]. Osteoclasts perform bone breakdown and regulated by
several pathways, including vitamin D, estrogen and inflamma-
tion. Pro-inflammatory cytokines, especially TNF-α, IL6 and
IL1 induced by intestinal dysbiosis, which can play an impor-
tant role in activating osteoclasts and causing osteoporosis [25].
The serum biochemical analysis showed that patients with os-
teoporosis had higher vitaminD level among other groups. This
discrepancy was due to the fact that all osteoporosis patients
had previously been diagnosed and they were being treated
with vitamin D. However, all osteopenia patients were diag-
nosed during the study and none of them were aware of their
bone health status. Also, according to the results, the mean age
of patients with osteoporosis and osteopenia was significantly
different. Our findings were in consistent with Salehi et al. sug-
gesting incidence of low bone density in young people and it its
timely detection, management and prevention should be con-
sidered [26]. Various studies have shown a direct link between
menopause and higher risk of osteoporosis around the world;
however, the exact mechanisms underlying yet to be fully

Table 2 Serum biochemical
parameters of subjects with
osteopenia, osteoporosis, and
healthy controls (Results are
presented as Mean ± SEM

Healthy control

(N=20)

Osteopenia

(N=8)

Osteoporosis

(N=8)

P value

FBS (mg/dl) 86.5 ± 23.6 80.2 ± 9.0 84.00 ± 9.28 0.64

TG (mg/dl) 110 ± 41.6 89.1 ± 33.7 102 ± 31.7 0.46

Cholesterol (mg/dl) 172 ± 38.3 196 ± 15.4 180 ± 29.6 0.21

HDL(mg/dl) 47.09 ± 8.86 50.50 ± 7.0 65.50 ± 39.0 0.19

LDL (mg/dl) 93.04 ± 36.0 125 ± 15.7 115 ± 22.7 0.21

VLDL (mg/dl) 22.90 ± 90.9 19.00 ± 8.0 22.62 ± 9.1 0.58

Vitamin D (ng/mL) 31.01 ± 14.5 25.90 ± 11.4 45.91 ± 21.5 0.06

Fig. 1 a) The load of A. muciniphila among osteopenia, osteoporosis, and control groups (Mean ± SEM), b) the load of A. muciniphila per participant
(μg/g). The values calculated based on Log10 CFU/g stool
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elucidated [27–29]. The present data also revealed that all wom-
en with osteoporosis were post-menopause while osteopenia
group was pre-menopause. Although this result was consistent
with previous studies, due to the different age range between
the two groups, no definitive conclusion can be made.

Studies on mouse models showed that the association be-
tween intestinal dysbiosis and bone mineral density. The
mechanism of this association is based on the induction of
inflammation in the intestine, thus suggested that the immune
system and inflammation mediate the association between in-
testinal microbiota and bone metabolism [30].

New advances in how the intestinal microbiota help and
improve the host health physiologically have attracted much
attention with the probable effect of probiotics consumption.
When probiotics, as “living microorganisms”, used in proper
amounts can provide specific health benefits to the host [31].
Probiotics modify the microbial pattern, the function of the gut
barrier, and the immune system, resulting in systemic benefits
of bone health (growth, density, and structure), improved in-
testinal permeability, and reduced inflammation [32]. In this
regard, Pazzini et al. study showed that the use of Bacillus
subtilis in mice caused a decrease in the number of osteoclasts
and an increase in osteoblasts, compared to the control group
[33]. The use of probiotics also prevents osteoporosis caused
by steroids depletion by improving the function of the intesti-
nal barrier and inhibiting inflammation [34]. A recent study
showed that treatment withA.muciniphila accelerated fracture
healing and improving bone quality, in the way treatment with
A. muciniphila caused a reduction in local inflammation, an
increase in H-vessels (bone density biomarker) and bone
marrow-forming cells (35). Therefore, having more informa-
tion about the amount of beneficial bacteria such as
A. muciniphila in the intestines of patients in comparison with
healthy controls can have useful insight for future planning in
management of osteoporosis and osteopenia.

Conclusion

In conclusion, the results of the present study showed that the
abundance of A. muciniphila is probably related to bone den-
sity and bone health. Therefore, A. muciniphila could be con-
sidered as an agent for the prevention or treatment of osteo-
porosis and bone diseases. This was a pilot study with low
statistical power. The individuals with osteopenia were diag-
nosed during the study while most of the osteoporosis patients
had already been diagnosed and were undergoing treatment.
The nutritional state was another limitation that was not inves-
tigated during the study; it is suggested that this be considered
in future studies. The study population was not matched in
terms of gender, age, and BMI. A bigger-scale study with a
greater statistical power is recommended. So far, not too many
human studies have been performed on the association of

microbiota, especially A. muciniphila, with osteoporosis and
osteopenia and there was also a narrow sample size for most
other studies. Due to the role of various environmental factors
such as ethnicity, geography and lifestyle in gut microbiota
composition as well as the occurrence of diseases, the conduct
of this pilot study in Iran is of great importance.

Further studies are needed to determine whether there is a
link between changes in the frequency of A. muciniphila bac-
terium and osteoporosis, and investigate the exact mecha-
nisms of intestinal beneficial bacteria in gut-bone interaction.
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