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Fig. 2 Microbial community profiles of gut microbiota between POl and control group. POI represented women with premature ovarian
insufficiency, NG represented healthy control women. a Relative abundances of the dominant phylum. b Relative abundances of the top 10
genera according to the relative abundance. ¢ Significant different and important microbes between POl and control group

adolescentis can induce and promote Thl7 responses in
intestine [40]. Prevotella copri also can express antigens,
and promote Thl7 responses [27]. While the relative
abundances of genera Bacteroides, Bifidobacterium and
Prevotella all increased in POI group in this study. More-
over, genera Bifidobacterium, Blautia, Clostridium, Faeca-
libacterium, Roseburia and Ruminococcus can produce
short chain fatty acids (SCFAs) in human gut, such as
acetate, butyrate and succinate and so on [31, 35]. SCFAs
not only have anti-inflammatory and immunomodulatory

properties through modulating Treg/Th17 cell balance,
but also can influence psychological function and cogni-
tive processes [35, 7]. Butyrate was reported to alleviate
antibody-induced arthritis in a natural killer T cell-
dependent manner [23]. While the relative abundances of
Blautia, Clostridium, Faecalibacterium, Roseburia and
Ruminococcus presented decrease trends, especially Faeca-
libacterium decreased significantly in POI women in this
study. All theses changes of gut microbiome in POI group
might induce immunomodulating activity through certain
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Fig. 3 Associations between gut microbiota and serum hormones.

The star indicate the significant correlation at 5% level
A

bacterial strains and their metabolites, which might be
related to autoimmunity, then affects the development of
POL

Further, the gut microbiome is also found to be related
to POl-associated autoimmune disorders [8]. In this
study, there were significant decrease of Firmicutes, and
significant increase of Bacteroidetes and Bacteroidetes/
Firmicutes ratio in POI women. It was consistent with
the microbial community structure of type 1 diabetes
and systemic lupus erythematosus patients, with a low
proportion of Firmicutes, high proportion of Bacteroi-
detes and Bacteroidetes/Firmicutes ratio [10, 19]. More-
over, genera Dorea and Sutterella were more abundant
in POI group. Increased proportion of Dorea is related
to multiple multiple sclerosis, an autoimmune condition
[6]. Sutterella is a mildly pro-inflammatory genus, and
its elevated level is associated with cognitive function
[43, 41]. As a SCFAs producing member with anti-
inflammatory properties, Faecalibacterium decreased
significantly in POI group in this study, its low propor-
tion is also related to multiple sclerosis [5]. Butyrate
producer Butyricimonas [9] increased significantly in
POI group in this study. On the contrary, a low
abundance of Butyricimonas was observed in multiple
sclerosis fecal samples [13], that might be due to differ-
ent species under Butyricimonas. Type 1 diabetes,
systemic lupus erythematousus and multiple sclerosis,
and cognitive dysfunction are all closely related to POL
Thus, the alterations of gut microbiome observed in this
study might be related to the development of POI
through affecting on the POI-associated diseases.

The gut microbiome has been shown to play an im-
portant part in impacting estrogen level through the
secretion of B-glucuronidase, which could deconjugate
estrogen and affect related physiological process [32, 1].
In this study, significant lower level of E2 was observed
in POI subjects, and it was significantly correlated with
the proportion of Bacteroidetes, Firmicutes and Faecali-
bacterium by adjusting for BMI. And the FSH, LH and
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AMH levels were also related to some microbes. It
indicated that the altered gut microbiota of POI was
associated with the sex hormones. Accumulating re-
searches indicates that estrogen regulate glucose and
lipid metabolism, bone formation and inflammatory re-
sponse, its reduction can impair estrogen-dependent
processes, triggering cardiovascular disease, osteoporosis
and so on [2, 24]. These symptoms are all related to
POL Yet due to limited data in this study, the mechan-
ism under the relations between these microbes and sex
hormones is not clear.

POI leads to several complications, including decrease
in bone mineral density, autoimmune, thyroid disease
risk and cognitive dysfunction. This study not only
revealed the association between gut microbiota and
autoimmunity, but also the relationship between gut
microbiota and these complications. These indicated
that the dysbiosis of gut microbiota was related to the
development of POI discussed above. However, limited
sample size, participants from the same hospital and the
observation of association but not causality, large sample
size and multi-center are needed in the further studies.
Moreover, metagenome sequencing, measurements of
metabolites produced by gut microbiota, animal experi-
ments should also be considered to explore the potential
causal mechanism.

Conclusions

In summary, POI may cause by autoimmune etiology,
and the autoimmune process is affected by gut microbiome,
so we may consider some relationship may exist between
gut microbiome and POLthis study demonstrated an al-
tered gut microbial pattern in women with POI against
healthy controls, with an increase in Bacteroides, Bifidobac-
terium, Megamonas, Prevotella and a decrease in Blautia,
Clostridium, Coprococcus, aecalibacterium, Roseburia and
Ruminococcu. And we also found that these changes of mi-
crobes were closely related to serum hormones. This will
help us to make a foundation for revealing the interaction
between gut microbiota and POI certainly.
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