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Abstract 

Context  Polycystic ovary syndrome (PCOS), a common endocrine disorder in women of reproductive age, is closely 
associated with chronic low-grade inflammation and metabolic disturbances. In PCOS mice, dietary inulin has been 
demonstrated to regulate intestinal flora and inflammation. However, the efficacy of dietary inulin in clinical PCOS 
remains unclear.

Objective  The intestinal flora and related metabolic indexes of obese patients with polycystic ovary syndrome 
(PCOS) after 3 months of inulin treatment were analyzed.

Setting and design  To analyze the intestinal flora and related metabolic indexes in healthy controls and obese 
patients with polycystic ovary syndrome after 3 months of inulin treatment.

Results  The results showed that dietary inulin improved sex hormone disorders, reduced BMI and WHR levels 
in obese women with PCOS. In addition, the inulin intervention reduced plasma TNF-α, IL-1β, IL-6, and MCP-1levels. 
Inulin intervention increased the abundance of Actinobacteria, Fusobacteria, Lachnospira, and Bifidobacterium, as well 
as decreased the ratio of F/B and the abundance of proteobacteria, Sutterella, and Enterobacter. Correlation analyses 
showed a strong relationship among plasma inflammatory factors, sex steroid hormones, and the intestinal flora 
of patients.

Conclusions  Dietary inulin may improve obese PCOS women disease through the gut flora–inflammation–steroid 
hormone pathway.
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Introduction
Polycystic ovary syndrome (PCOS), a common endocrine 
disorder, is one of the most important causes of infertil-
ity in women of childbearing age [1], with a prevalence 
of approximately 18% (17.8 ± 2.8%) [2], seriously affecting 
female reproductive, metabolic, and psychological health. 
The exact pathogenesis of polycystic ovary syndrome is 
poorly understood, with the main pathological basis as 
an imbalance in hormone levels with elevated androgen 
and/or insulin levels, and a chronic low-grade inflamma-
tory response.

Studies have continuously reported that intestinal flora 
plays a key role in the development of PCOS. Significant 
changes in intestinal flora diversity and flora fractions 
have been reported in mice with PCOS or rodent models 
[3]. Mice developed insulin resistance and ovarian poly-
cystic changes after gavage of feces from PCOS patients 
[4]. Bifidobacterium lactis V9 can reduce androgen level 
in patients with PCOS by modulating the gut–brain axis 
[5]. Lipopolysaccharide (LPS) released by certain bacte-
ria in the gut translocates into the circulation, leading to 
insulin resistance and the apoptosis of ovarian granulosa 
cells [6]. Intestinal flora can cause menstrual disorders 
and insulin resistance by altering intestinal permeability 
[7]. Overall, insulin resistance and hyperandrogenemia in 
PCOS are critically influenced by the gut microbiota.

As a chronic inflammatory disease, the occurrence and 
development of chronic inflammation of PCOS is closely 
related to intestinal dysbiosis [8, 9]. It is reported that 
Bacteroides vulgatus was markedly elevated in the gut 
microbiota of individuals with PCOS, modifying the gut 
microbiota may be of value for the treatment of PCOS 
[4]. It has been reported that gut microbiota-mediated 
priming/activation of neutrophils has been shown to 
increase the number of activated/aged neutrophils in the 
circulation, which secrete pro-inflammatory cytokines 
and granule proteases that damage tissues and exacer-
bate disease [10]. It has been widely demonstrated by 
many researchers that microbiota composition changes 
and dysbiosis occurs in PCOS animal models and women 
with PCOS [11].Therefore, how to improve the dysbiosis 
of intestinal flora in PCOS patients has become the key to 
treating PCOS.

Probiotics have been strongly demonstrated to show 
pleiotropic benefits consisting of regulating intesti-
nal flora and suppressing the inflammation, improving 
glycolipid metabolism [12], enhancing immunity [13], 
enhancing cognitive function [14], enhancing anti-cancer 
efficacy, and reducing side effects of chemotherapy drugs 
[15], and antioxidant damage [16]. As a kind of dietary 
fiber, inulin has been widely used in food supplementa-
tion with properties such as regulating intestinal microbi-
ota, influencing lipid metabolism, and anti-inflammatory 

and antioxidant properties [17, 18]. Our previous studies 
had also shown that inulin can improve inflammation and 
intestinal flora diversity in mice with letrozole-induced 
PCOS [19]. However, whether this phenomenon still 
remains valid for patients with PCOS has not been 
illustrated.

This study aims to investigate the potential value of 
inulin in the treatment of PCOS by altering the gut 
microbiota, which may be a new therapy for the control 
of clinical PCOS.

Materials and methods
Ethics statement
This observational prospective study was carried out 
at the Reproductive Center of the General Hospital of 
Ningxia Medical University from August 2017 to August 
2020. It was approved by the medical ethics committee 
of General Hospital of Ningxia Medical University (eth-
ics number: KYLL-2016-017) and conducted according 
to the principles expressed in the Declaration of Hel-
sinki. The written informed consent was obtained from 
all enrolled cases and all data for research analyses were 
anonymized.

Inclusion criteria
(1) Patients who meet the diagnostic criteria for PCOS 
in the 2003 Rotterdam Consensus Statement [20]: ① 
Ovulation is sparse or non-ovulation; ② Clinical or bio-
chemical evidence of Hyperandrogenemia; ③ Polycystic 
changes of the ovary. Two of the above three items can be 
diagnosed.

(2) Someone who can understand the purpose of the 
study, and willing to cooperate with the experimenter.

Exclusion criteria
(1) Patients with a combination of endometriosis, prema-
ture ovarian failure, ovarian resistance, hyperprolactine-
mia, ovarian tumors, or other reproductive disorders that 
are not diagnostic criteria for PCOS;

(2) Patients with uterine malformations or severe 
organic endometrial lesions and a previous history of pel-
vic tuberculosis;

(3) Patients with severe combined cardiovascular, cer-
ebrovascular, hepatic, renal and hematopoietic diseases;

(4) Suffers from hypertension, abnormal glycolipid reg-
ulation, and other endocrine diseases;

(5) Hyperandrogenemia caused by other possible 
causes;

(6) People who smoke, drink alcohol, and are allergic to 
dietary fiber inulin;

(7) Furthermore, patients with a recent history of 
impact on gut flora were excluded, including those 
undergoing a weight loss lifestyle, those who had 
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undergone intensive exercise training within the previous 
four weeks, and those who had used antibiotics, micro-
ecological modulators, hormones, and insulin sensitizers 
within three months.

Human subjects
Fifty-Five overweight women were enrolled trough public 
announcement in the Reproductive Center of the Gen-
eral Hospital of Ningxia Medical University from August 
2017 to August 2020. The selection criteria are described 
above. Subjects (n = 55) were divided into 3 groups: obese 
PCOS patients (FDB group, n = 19), obese control group 
(NFD group, n = 16), and non-obese control group (NSD 
group, n = 20). After the intervention, the 13 patients in 
the FDB group who strictly adhered to the intervention 
criteria were renamed to the FDA group. According to 
the regulations of World Health Organization [21], obe-
sity is defined as BMI ≥ 25  kg/m2, and non-obesity is 
defined as BMI < 25  kg/m2. This study was approved by 
the ethical committee of General Hospital of Ningxia 
Medical University (2016-017) and signed the informed 
consent form with the subjects after ensuring their rights, 
interests, and safety. The clinical trial was registered with 
the Chinese Clinical Trials Registry, registration account: 
chiCTR-TRC-17012281.

Research methods
Intervention
A uniformly trained reproductive endocrinology profes-
sional promoted and disseminated health information to 
all subjects, took fasting blood, and fresh stool samples 
from all subjects for the first time, explained to the inter-
vention subjects (obese PCOS group) the purpose of the 
experiment, the duration of the intervention, and precau-
tions to be taken during the intervention, and started the 
inulin intervention for 3 months. The control group was 
given about 150 ml of warm water every morning on an 
empty stomach. The subjects were instructed to take one 
bar (15  g, inulin produced by Fengning Ping a Hi-Tech 
Industry Co., Ltd.) every morning and pour it into about 
150 ml warm water and drink it on an empty stomach.

After 3 months of routine administration, fasting blood 
and stool specimens were retained from 13 patients who 
had taken inulin strictly in accordance with the require-
ments of this study.

Collection of basic indicators
The height (cm) and weight (kg) were measured after 
fasting defecation and urination in the morning. A cir-
cle around the upper border of the pubic bone to the 
midpoint of the lower rib cage on both sides is defined 
as waist circumference (cm) and a circle around the 
most prominent point of the hip is defined as hip 

circumference (cm). Body Mass Index (BMI = weight/
height2 (kg/m2)) and Waist-to-Hip Ratio (WHR = waist/
hip circumference) was calculated.

Detection of plasma lipid and glucose metabolism indicators
All subjects were collected from superficial vein 
(median cubital vein) blood of the forearm after 
10–12  h of overnight fasting and water ban. Before 
starting the dietary protocol participants came to the 
Reproductive Center of the General Hospital of Ningxia 
Medical University for the basal measurements. Sam-
ples for lipid metabolism and glucose metabolism 
tests were submitted to the hospital’s blood analysis 
department for testing. The plasma fasting aspartate 
transaminase (AST), alanine aminotransferase (ALT), 
triglyceride (TG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C), creatinine (CRE), uric acid 
(UA), and fasting plasma glucose (FPG) levels were sep-
arately measured using a fully automated rapid test bio-
chemistry analyzer (SIEMENS Germany). All test kits 
are purchased from SIEMENS. The plasma C-reactive 
protein (CRP) and Fasting insulin (FINS) were meas-
ured with immunoassay. Glycosylated Hemoglobin 
(GHb) was measured using a D-10 high-resolution gly-
cosylated hemoglobin meter (Bio-RAD, USA).

Oral glucose tolerance test (OGTT): After collecting 
the fasting forearm median cubital vein blood mentioned 
above, 75  g anhydrous glucose was mixed with 300  ml 
sugar-free pure water and asked the subjects to take it 
all within 5 min. The same blood collector 2 h later was 
asked to draw the patient’s forearm median cubital vein 
blood again and immediately sent to the laboratory for 
2 h of glucose detection.

Insulin beta-cell function index (HMOA-β) and insu-
lin resistance index (HOMA-IR) were calculated as 
HOMA-β = 20 × FINS (mU/L)/(FPG (mmol/L)-3.5) 
and HOMA-IR = FPG (mmol/L) × FINS (mU/L)/22.5) 
respectively.

Determination of plasma sex steroid hormones
All participants had 10  mL of blood collected from a 
superficial forearm vein (median cubital vein) at 8 a.m. 
on days 3–5 of the menstrual cycle, for further detection 
of luteotropic hormone (LH), follicle-stimulating hor-
mone (FSH), testosterone (T), progesterone (P), prolactin 
(PRL), Anti-mullerian hormone (AMH), and Estradiol2 
(E2). The complete set of hormones was detected by 
chemiluminescence immunoassay (Atellica IM 1600, 
SIEMENS, Germany) in the laboratory department, test 
kits were purchased from SIEMENS.
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Determination of plasma inflammatory indicators
The preparation work is the same as the above glucose 
and lipid metabolism. Plasma inflammatory factors 
including tumor necrosis factor-α, interleukin (IL)-1β, 
IL-6, and IL-10 were measured by using enzyme linked 
immunosorbent assay (ELISA) kits according to the 
manufacturer’s instructions (Shanghai Jianglai Biotech-
nology Co., Ltd., China). The monocyte chemoattractant 
protein-1 (MCP-1) was measured by using ELISA kits 
(Fankewei Biology, Shanghai, China). The sensitivities of 
the assays were 1.0, 0.1, 1.0, 0.1, and 0.1 pg/mL for TNF-
α, IL-1β, IL-6, IL-10, and MCP-1, respectively. Each sam-
ple was tested in triplicate.

Gut microbiota sequencing analysis
The subjects were instructed to discharge the fecal sam-
ples into a clean container, and immediately after defeca-
tion, fresh and clean feces (about 5–10 g) were collected 
in an aseptic spoon and put in 4 aseptic airtight contain-
ers, and immediately stored at – 80 ℃. All fecal samples 
were used to measure the sequence of gut microbiota by 
16S rRNA in Beijing Novogene Co., Ltd., for detection.

Fecal genomic DNA was extracted by the SDS method, 
and the purity and concentration of DNA were detected 
by agarose gel electrophoresis. The sample DNA was 
diluted to 1  ng/μL, the high-quality DNA purification 
template was used as polymerase chain reaction tem-
plate, and barcode with high specificity was selected as 
a primer. The PCR in the reaction program was ampli-
fied by Phusion ®High-FidelityPCR Master Mix with 
GC Buffer produced by New England Biology Co., Ltd. 
(NEB), which was the characteristics of high fidelity and 
high performance and minimizes the error of experi-
mental data. The reaction procedure was carried out in 
accordance with Bio-rad Bole PCR instrument T100. 
Then the amplified products were detected using agarose 
gel electrophoresis. DNA fragments were purified with 
the GeneJET gel recovery kit of Thermo Scientific com-
pany. Libraries were constructed using the Ion Plus Frag-
ment Library Kit 48 rxns (Thermofisher) and sequenced 
using Ion S5TMXL (Thermofisher) after passing Qubit 
quantification and library testing.

Statistical analysis
Clinical data were analyzed using SPSS 25.0 (IBM Corp., 
NY, USA) and inflammation data were analyzed and 
plotted using GraphPad Prism software 8.0 (Graph-
Pad Software Inc., CA, USA). All experimental data are 
expressed as mean ± standard deviation of at least three 
independent experiments. Data were determined by one-
way analysis of variance to compare the mean values of 
variables among the groups. Tukey’s post hoc test was 

used to identify the significance of the pairwise com-
parison of mean values among the groups. Comparisons 
between the two groups were made using the rank sum 
test. Spearman correlation analysis was also performed 
to understand the relationship between gut microbes and 
inflammatory and metabolic markers. P < 0.05 was con-
sidered statistically significant.

Result
Analysis of changes in clinical indicators with the inulin 
treatment
BMI, WHR, TG, UA, FIN, and HOMA-IR levels were 
significantly elevated in the NFD group compared to 
the NSD group (P = 0, 0, 0.034, 0, 0.006,0.003), while sex 
hormone levels were decreased except FSH and TSTO, 
and only significant differences in LH/FSH and AMH 
(P = 0.047, 0.003). In the FDB group compared with 
the NFD group, all indicators of glycolipid metabolism 
increased except for TG, TC, HDL-C, and CRE levels, 
with a significant difference in the increase in ALT and 
UA levels and the decrease in HDL-C levels (P = 0.024,0. 
002,0.011). In addition, sex hormones LH, LH/FSH, 
TSTO, PRL, AMH, and E2 levels were increased and FSH 
levels were decreased, with significant differences in the 
changes of LH, LH/FSH, TSTO, AMH, E2 and FSH levels 
(P = 0.02,0,0.033,0.042). BMI was also significantly higher. 
After the inulin intervention, AST, TC, LDL-C, HDL-C, 
CRE, UA, FPG, FIN, HOMA-IR, LH, LH/FSH, TSTO, 
P, PRL, AMH, BMI, and WHR levels in plasma were all 
decreased in the FDA group compared to those in the 
FDB group, with a statistically significant difference in 
the decrease in BMI ( P = 0.046), while FSH and E2 lev-
els increased. These two indicators showed no significant 
difference between the FDA and FDB groups (Table 1).

Differences in abundance and diversity of intestinal flora 
among groups
We found that when the number of sequences increased 
to 5479, the curve flattened out, indicating that the 
amount of sequencing data was reasonable (Fig.  1A). 
The results of the β-diversity analysis suggested that 
the abundance and diversity of the gut microbiota were 
reduced in the FDA group compared to the FDB, NFD, 
and NSD groups (P = 0.0222, 0.0021, 0.0012) (Fig.  1B). 
In 68 fecal samples, 407 intestinal microorganisms were 
found in all groups, while 358, 77, 72, and 11 intestinal 
microorganisms were found in the NSD, NFD, FDB, and 
FDA groups alone, respectively. There was significantly 
more gut microbial species in the NSD group than in the 
NFD and FDB groups, while the intestinal microbial spe-
cies decreased further after the inulin intervention com-
pared to the FDB group (Fig. 1C).
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Diversity of the overall composition of the gut microbiota
PCoA analysis showed that the community composition 
structure was similar between groups with no significant 
differences, indicating that inulin did not significantly 
improve the gut microbial community in obese PCOS 
patients (Fig. 2).

Analysis of intestinal microflora abundance changes 
and differential microflora
At the phylum level, Firmicutes and Bacteroidetes consti-
tuted the two dominant phylum in the four populations, 
followed by Proteobacteria and Actinobacteria in higher 
abundance, and the rest accounted for a low abundance 

(Fig.  3A, C). The predominant Firmicutes and Bacteroi-
detes showed no significant change among the diverse 
groups. The ratio of Firmicutes to Bacteroidetes (F/B) 
and the relative abundance of proteobacteria were sig-
nificantly higher in the NFD and FDB groups than in the 
NSD group, and highest in the FDB group (Fig S1A, B). 
After inulin intervention, the ratio of F/B and the rela-
tive abundance of proteobacteria were significantly lower 
in the FDA group than in the FDB group. The relative 
abundances of Actinobacteria and Fusobacteria were 
significantly lower in the NFD and FDB groups than in 
the NSD group. While after inulin intervention, the rela-
tive abundance of Actinobacteria and Fusobacteria in the 

Table 1  Basic parameters, metabolic indexes, and hormone levels of patients in each group

Data are expressed as the mean ± SEM. *P ≤ 0.05 was considered significantly different. (a) NFD vs. NSD. (b) FDB vs. NFD. (c) FDA vs. FDB. (d) FDA vs. NFD. (BMI body 
mass index; WHR waist-to-hip ratio, AST aspartate transaminase, ALT alanine aminotransferase, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein 
cholesterol, LDL-C low-density lipoprotein cholesterol, CRE creatinine, UA uric acid; LH; FSH; T testosterone, P progesterone, PRL prolactin, AMH anti-mullerian 
hormone, E2 estradiol2, FPG fasting plasma glucose, FINS fasting insulin, HOMA-β insulin beta-cell function index, HOMA-IR insulin resistance index, OGTT​ oral glucose 
tolerance test, GHb glycosylated hemoglobin)

Index Normal Group PCOS Group P value

NSD (n = 20) NFD (n = 16) FDB (n = 19) FDA (n = 13) a b c d

Basic parameters

 Age 27.55 ± 3.79 28.81 ± 2.79 27.26 ± 2.64 26.38 ± 3.66 0.274 0.101 0.317 0.07

 BMI (kg/m2) 20.49 ± 1.9 26.75 ± 1.57 28.09 ± 2.82 27.23 ± 3.77 0* 0.088 0.046* 0.792

 WHR 0.84 ± 0.04 0.89 ± 0.03 0.88 ± 0.04 0.87 ± 0.05 0* 0.765 0.38 0.707

Lipid metabolism index

 AST (U/L) 18.39 ± 4.85 20.91 ± 14.55 23.72 ± 9.33 22.03 ± 8.95 0.482 0.495 0.463 0.282

 ALT (U/L) 15.32 ± 8.2 16.2 ± 6.48 25.81 ± 13.94 26.08 ± 15.2 0.735 0.024* 0.859 0.058

 TG (mmol/L) 0.98 ± 0.57 1.42 ± 0.62 1.37 ± 0.48 1.61 ± 0.74 0.034* 0.782 0.249 0.483

 TC (mmol/L) 4.03 ± 0.54 4.23 ± 0.45 4.04 ± 0.55 3.95 ± 0.7 0.248 0.296 0.625 0.056

 HDL-C (mmol/L) 1.39 ± 0.23 1.29 ± 0.27 1.06 ± 0.22 0.96 ± 0.19 0.22 0.011* 0.889 0.001*

 LDL-C (mmol/L) 1.85 ± 0.42 2.02 ± 0.42 2.06 ± 0.36 1.97 ± 0.54 0.241 0.738 0.142 0.826

 CRE (umol/L) 51.31 ± 7.02 48.78 ± 8.39 47.96 ± 7.5 42.81 ± 13.34 0.33 0.763 0.552 0.211

 UA (umol/L) 251.1 ± 42.59 318.69 ± 51.3 389.79 ± 69.29 373.15 ± 72.12 0* 0.002* 0.311 0.056

Sex hormone index

 LH (mIU/L) 4.13 ± 1.64 3.27 ± 1.99 5.78 ± 2.96 5.67 ± 3.38 0.162 0.02* 0.552 0.054

 FSH (mIU/L) 6.34 ± 1.37 7.16 ± 2.1 5.68 ± 2.05 5.73 ± 1.69 0.167 0.042* 0.576 0.028*

 LH/FSH 0.68 ± 0.34 0.47 ± 0.25 1.07 ± 0.46 1.04 ± 0.64 0.047* 0* 0.906 0.012*

 T (ng/dL) 38.9 ± 11.81 41.3 ± 12.6 52.02 ± 15.56 51.99 ± 13.96 0.56 0.034 0.701 0.048*

 P (ng/mL) 0.62 ± 0.23 0.62 ± 0.23 1.24 ± 2.05 0.63 ± 0.19 0.946 0.237 0.208 0.539

 PRL (ng/mL) 11.25 ± 5.77 10.19 ± 5.1 11.12 ± 6.3 9.41 ± 5.05 0.581 0.644 0.152 0.565

 AMH (ng/mL) 5.68 ± 2.36 3.24 ± 1.99 6.84 ± 3.16 5.17 ± 1.86 0.003* 0* 0.136 0.017*

 E2 (pg/L) 39.18 ± 15.63 36.49 ± 13.85 48.79 ± 17.88 53.03 ± 14.19 0.594 0.033* 0.249 0.002*

Glucose metabolism index

 FPG (mmol/L) 4.75 ± 0.43 4.95 ± 0.59 5.01 ± 0.49 5.21 ± 0.52 0.246 0.751 0.1 0.254

 FIN (mU/L) 9.51 ± 4.08 13.76 ± 4.62 17.77 ± 8.9 20.5 ± 10.23 0.006* 0.208 0.807 0.096

 HOMA-β 141.77 ± 53.7 195.4 ± 79.95 265.68 ± 190.05 256.29 ± 152.63 0.071 0.19 0.422 0.369

 HOMA-IR 2.01 ± 0.83 3.05 ± 1.15 3.97 ± 2.08 4.82 ± 2.67 0.003* 0.24 0.507 0.066

 OGTT (mmol/L) 5.45 ± 0.89 6.21 ± 1.62 7.37 ± 3.48 6.77 ± 1.14 0.081 0.23 0.507 0.035*

 GHb (mg/dL) 5.13 ± 0.23 5.22 ± 0.45 5.34 ± 0.67 5.28 ± 0.85 0.403 0.552 0.572 0.186
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FDA group was increased significantly compared to the 
FDB group (Fig S1C, D). Collectively, inulin had impor-
tant effects on the ratio of Firmicutes/Bacteroidetes, as 
well as the abundance of proteobacteria, Actinobacteria, 
and Fusobacteria in obese PCOS patients.

At the genus level, Bacteroidetes and Faecalibacterium 
were the most widely distributed genera in the intesti-
nal tract of patients in each group. The overall relative 
abundance of intestinal genera in the NFD group was 
significantly lower than that in the NSD group, with 
a statistically significant decrease in the abundance of 
unidentified_Ruminococcaceae (P = 0.02). In addition, 
the relative abundance of Roseburia, Dialister, Blautia, 
Agathobacter, unidentified_Lachnospiraceae, Parabac-
teroides, Lactobacillus, Streptococcus, Intestinibacter, 
Romboutsia, Fusicatenibacter, Dorea, and some other 
conditionally pathogenic bacteria had higher relative 
abundance in the NFD group than in the NSD group, 
with Megamonas, Allisonella, and Howardella hav-
ing significantly higher relative abundance (P = 0.041, 
0.002, 0.046) (Fig.  3D, E). The relative abundances of 

Bacteroidetes, Fusobacterium, unidentified_Ruminococ-
caceae, and Lachnospira were lower in the FDB group 
than in the NSD and NFD groups, while the relative 
abundances of these genera were increased in the FDA 
group compared to the FDB group after inulin interven-
tion, with the relative abundance of Lachnospira being 
significantly higher in the FDA group than in the FDB 
group (P = 0.04) (Fig. 3G). Besides, the relative abundance 
of Sutterella, Lactobacillus, Lactococcus, and Enterobac-
ter was significantly lower in the FDA group than in the 
FDB group (P = 0.047, 0.021, 0.002, 0.022) (Fig. 3E). Inter-
estingly, the opposite trend was observed for the genera 
Megamonas, Enterococcus, Blautia, unidentified_Lach-
nospiraceae, Fusicatenibacter, and unidentified_Erysipel-
otrichaceae, of which the relative abundances were higher 
in the FDB group than in the NSD and NFD groups, and 
decreased in the FDA group after inulin intervention, but 
without statistically significantly difference (Fig.  3D). In 
addition, we found that the relative abundance of Lacto-
coccus was significantly higher in the FDB group than in 
the NFD group (P = 0.022), while the relative abundance 

Fig. 1  Sequencing data plausibility analysis and species diversity analysis. A Rarefaction curve, reflecting the plausibility of the sequencing data; 
B Box plot of β-diversity, reflecting species differences among groups; C Venn diagram, indicating the number of unique and common OTUs 
in the different groups

Fig. 2  PcoA analysis showing the difference in terms of species in fecal samples. Beta diversity was on Unweighted-Unifrac. A: NFD vs. NSD; B: FDB 
vs. NFD; C: FDA vs. FDB; D: FDA vs. NFD
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of Alloprevotella and Holdemanella was significantly 
lower in the FDB group than in the NFD group (P = 0.023, 
0.043) (Fig.  3F). Surprisingly, the relative abundance of 
Methylobacterium was significantly higher in the FDB 
group than in the other four groups and was significantly 

different when compared to the NFD group (P = 0.036) 
(Fig. 3B, F). Overall, dietary inulin dramatically changed 
the abnormal proportions of genus components in obe-
sity PCOS by increasing the abundance of Lachnospira, 
and Fusobacterium as well as decreasing Sutterella, Lac-
tobacillus, Lactococcus, and Enterobacter.

Fig. 3  Relative abundance of microbial species at the phylum and genus level in intestinal feces of different people and the biomarker 
of significant differences between groups. A, B Analysis of the relative abundance of intestinal microorganisms at the phylum and genus level; C, 
D Heat map of the relative abundance of gut microorganisms at the level of the top 35 phylum and genus at P ≤ 0.05. E–H Analysis of Biomarkers 
with significant differences between groups based on LDA Effect Size. (E: NFD vs. NSD; F: FDB vs. NFD; G: FDA vs. FDB; H: FDA vs. NFD.)
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Changes in plasma inflammatory levels
Plasma levels of the pro-inflammatory factors TNF-α, 
IL-1β, IL-6, MCP-1, and the anti-inflammatory factor 
IL-10 were significantly higher in the NFD group com-
pared to the NSD group (P = 0.0005, 0.0008, 0.0045, 
0.0361, < 0.0001). Compared to the NFD group, plasma 
levels of the inflammatory factors TNF-α, IL-1β, IL-6 
and MCP-1 in the FDB group were further increased 
(P = 0.0131, 0.0222, 0.0182, 0.0348), while the level of 
IL-10 decreased. Excitingly, plasma TNF-α, IL-1β, IL-6, 
and MCP-1 levels were significantly lower in the FDA 
group after the inulin intervention than in the FDB group 
(P = 0.0034, 0.0215, 0.0024, 0.0266), but there was no sig-
nificant change in IL-10 level. The above further confirms 
that both obesity and PCOS disease were accompanied 
by an inflammatory state, which could be improved by 
dietary inulin (Fig. 4).

Correlation analysis
Due to the low abundance of some differential genus, 
only the top 40 genus in terms of abundance were 
selected for analysis among all differential genus. We 
found that unidentified-Ruminococcaceae abundance 
was negatively correlated with TG, UA, BMI, WHR, 

IL-1β, IL-6, and IL-10 levels, respectively (P = 0.043, 
0.025, 0.014, 0.001, 0.001, 0.006, 0.002), and positively 
correlated with HDL-C (P = 0.026). Megamonas abun-
dance was positively correlated with HDL-C levels and 
negatively correlated with HOMA-β and OGTT levels 
(P = 0.027, 0.024, 0.039). Lactococcus abundance was pos-
itively correlated with TNF-α and IL-6 levels (P = 0.01, 
0.031). Methylobacterium abundance was positively cor-
related with TNF-α, IL-1β, IL-6, AST, ALT, UA, LH/FSH, 
and HOMA-β, respectively (P = 0.041, 0.013, 0.028, 0.025, 
0.009, 0, 0.037, 0.023) and negatively correlated with TC, 
HDL levels (P = 0.022, 0.016). Lactobacillus abundance 
was negatively correlated with IL-10, TG, FPG (P = 0.033, 
0.024, 0.04). Anaerostipes abundance was significantly 
positively correlated with UA, E2, FIN, HOMA-IR, BMI, 
WHR levels, respectively (P = 0.031, 0.005, 0.011, 0.013, 
0.001, 0.005) and significantly negatively correlated 
with HDL-C (P = 0). Fusobaterium abundance was sig-
nificantly positively correlated with IL-β, CRP, AST, and 
WHR levels, respectively (P = 0.025, 0.003, 0.014, 0.02).

In addition, we found that plasma TNF-α expres-
sion level was significantly and positively correlated 
with UA, T, E2, FIN, and HOMA-IR levels (P = 0, 0, 
0.01, 0.04,0.032) and negatively correlated with HDL 

Fig. 4  Detection of plasma inflammatory factors levels in diverse groups. Data are expressed as mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001
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(P = 0.006). Plasma IL-1β expression levels were sig-
nificantly and positively correlated with plasma AST, 
ALT, FIN, and HOMA- IR. WHR levels were signifi-
cantly positively correlated (P = 0.001, 0.007, 0.002, 
0.001, 0.001) and negatively correlated with HDL-C 
levels (P = 0.032). Plasma IL-6, UA, T, and WHR lev-
els were significantly positively correlated (P = 0.001, 
0.038, 0.037), negatively correlated with HDL (P = 0.04). 
Plasma IL-10 expression level was significantly posi-
tively correlated with TG, TC, LDL-C, and BMI levels 
(P = 0.023, 0.013, 0.047, 0.014). Plasma MCP-1 expres-
sion level was significantly positively correlated with 
ALT, UA, OGTT, GHb, and BMI levels (P = 0.012, 0, 
0.018, 0.011, 0.001) and negatively correlated with FSH 
(P = 0.018). Plasma CRP expression levels were signifi-
cantly positively correlated with AST, ALT, WBC, LH/
FSH, P, FPG, FIN, HOMA-IR, OGTT, and BMI lev-
els (P = 0.009, 0.032, 0.001, 0.033, 0.032, 0.012, 0.001, 
0, 0, 0.001). UA and BMI were positively associated 
with all inflammatory factors, while HDL levels were 
significantly negatively associated with all inflamma-
tory factors(Fig.  5). Taken together, there were close 

correlations among gut bacteria, inflammation, sex 
steroid hormones, and clinical metabolic indicators.

Discussion
In the present study, we observed and analyzed the 
abnormal changes and correlation of clinical metabolic 
indexes, intestinal flora, and inflammatory factor levels 
in obese women with PCOS before and after inulin inter-
vention to investigate the therapeutic effects and possible 
mechanisms of inulin in obese women with PCOS. We 
demonstrated that dietary inulin modulated steroid hor-
mone homeostasis, and gut microbiota components and 
suppressed inflammation in obese women with PCOS. 
This provided a theoretical basis for the use of inulin as 
an inexpensive intervention for obese PCOS.

The development of PCOS as a chronic endocrine 
metabolic disorder is mainly characterized by the disrup-
tion of sex steroid hormones [22]. The main pathological 
feature of PCOS is hyperandrogenemia due to elevated 
serum testosterone (T) and luteinizing hormone (LH) 
levels [23]. Elevated LH levels drive the synthesis of sex 
steroid hormones (androgens and estrogens) by ovarian 

Fig. 5  Correlation analysis between the relative abundance of gut microbiota with plasma inflammatory factors and clinical indicators. A Heat map 
of correlation analysis of clinical indicators and inflammatory factors with differential gut microbial abundance; B Heat map of correlation analysis 
between inflammatory factors and clinical indicators. (*P < 0.05, * *P < 0.01, * * * P < 0.001)
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theca cells, further exacerbating hyperandrogenemia 
[24]. Elevations in T levels will also lead to impaired pro-
gesterone sensitivity in the inferior colliculus, with an 
increased GnRH pulse frequency, and a decrease in pro-
gesterone (P) levels [25]. Secondly, the ovaries of patients 
with PCOS mainly exhibit impaired follicular develop-
ment, leading to an excessive accumulation of antral 
follicles and small sinus follicles, further manifested by 
decreased levels of folliculopoietin (FSH) expression 
and increased levels of anti-Müllerian hormone (AMH) 
[26]. Therefore, the LH/FSH ratio is considered to be a 
major biomarker for the diagnosis of PCOS disease [27, 
28]. AMH levels are more sensitive than ultrasound sinus 
follicle count (AFC), which reflects antral and small sinus 
follicles (< 2  mm) that are barely visible on ultrasound, 
and AMH levels may replace the more expensive and less 
accessible ultrasound in the diagnosis of PCOS [29]. In 
the present study, we found that plasma T, LH, AMH, 
E2 levels, and LH/FSH ratio were significantly higher in 
obese women with PCOS compared to non-PCOS obese 
women, while FSH levels were significantly lower, and 
all indicators were significantly corrected after inulin 
intervention. Although there was no statistically signifi-
cant difference, this does not negate the fact that dietary 
inulin improved steroid hormone homeostasis in obese 
PCOS patients, and the results may be more significant 
by increasing our sample size and the duration of the inu-
lin intervention.

In addition, a large body of data suggests that patients 
with PCOS also often have dyslipidemia and insulin 
resistance, which may be caused by hyperandrogen-
emia [30, 31]. Studies have reported that higher levels 
of endogenous testosterone can raise LDL-C levels and 
lower HDL-C levels [32]. At the same time, high levels of 
androgens can cause increased insulin resistance, which 
leads to a decrease in insulin-mediated intramuscular 
glucose utilization and reduced insulin sensitivity, further 
exacerbating insulin resistance levels. These are consist-
ent with our current findings. The alterations in plasma 
AST, TC, and LDL-C levels before and after the interven-
tion suggested that dietary inulin mitigated lipid metabo-
lism in obese women with PCOS, despite the increases 
in ALT, TG, and HDL-C levels. Besides, we found that 
dietary inulin could reduce plasma CRE and UA levels. 
Studies have demonstrated that UA can form NLRP3 
inflammatory vesicles and release various pro-inflamma-
tory factors that further impair insulin signaling, thereby 
mediating the development of insulin resistance (IR) and 
hyperandrogenemia and triggering ovarian ovulation 
disorders [33]. This indicates that dietary inulin is a safe 
probiotic supplement that does not cause toxic damage 
to liver and kidney function and has some protective 
effects. For clinical diagnosis and treatment in patients 

with polycystic ovary syndrome, we should pay atten-
tion to uric acid level change. FPG, FIN, and HOMA-IR 
levels were significantly higher in the obese population 
and obese PCOS population, which was consistent with 
previous studies [34, 35]. Although dietary inulin did not 
reduce plasma glucose and insulin resistance levels in 
obese women with PCOS, their fasting blood glucose did 
not fluctuate beyond normal values after the interven-
tion. Excitingly, dietary inulin effectively reduced plasma 
OGTT levels in patients, suggesting that inulin improved 
insulin sensitivity.

Growing evidences have demonstrated that intesti-
nal microbes and their metabolites are closely related 
to the occurrence and development of PCOS [36–38]. 
Studies have reported that compared with healthy peo-
ple, patients with PCOS gut microbes beta diversity 
decreased, and beta diversity and high negative correla-
tion between androgen hematic disease [39]. If we are 
to validate the existence of such disparities, we need to 
further broaden the geographical scope and increase the 
sample size of the included population. Consistent with 
previous findings that dietary supplementation with a 
single fermentable substrate can reduce indicators of 
fecal bacterial diversity in humans [40] and improve met-
abolic responses [41]. Our findings suggest that inulin 
does not increase overall gut microbial species richness 
in obese women with PCOS, but can significantly alter 
the composition of the gut microbial community.

The gut microbiota in healthy populations consists of 
two major phylum, Firmicutes and Bacteroidetes, while 
obese humans exhibit a higher Firmicutes/Bacteroidetes 
(F/B) ratio [42–44]; elevated F/B ratios are associated 
with a variety of diseases [45–47], and vary with human 
aging [48]. Our results also showed a consistent trend, 
but the increased ratio of F/B in obese PCOS patient 
was rectified by dietary inulin administration, includ-
ing Bacteroides and Megamonas genus. Proteobacteria 
is a Gram-negative bacterium whose outer membrane 
is composed mainly of lipopolysaccharides (LPS), and 
a phylum that contains a variety of pathogenic bacteria 
including Enterobacter, Salmonella, Vibrio cholera, and 
Helicobacter pylori, with the elevated abundance of Pro-
teobacteria in a variety of diseases [49–51]. However, 
Actinobacteria is often used in the research and develop-
ment of antibiotics and has a crucial role in maintaining 
intestinal homeostasis. Bifidobacterium within the phy-
lum Actinobacteria is widely used in the development 
of various pharmaceuticals and foods, showing benefi-
cial effects in many pathological conditions [52]. Dietary 
fiber supplementation has been reported to significantly 
increase its abundance and reduce obesity [53–55]. 
It has also been reported that a water extract of Gano-
derma lucidum mycelium (WEGL) can downregulate 
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the levels of proteobacteria in mice fed a high-fat diet, 
thereby achieving a reduction in body weight, inflamma-
tion, and insulin resistance [56]; an inulin intervention in 
an obese people was found to increase the abundance of 
Actinobacteria [57]. In the present study, we maintained 
consistent results that inulin intervention downregulates 
intestinal proteobacteria abundance and upregulated Act-
inobacteria abundance in obese PCOS women. Further-
more, at the genus level, we used the LEfSe method to 
compare the gut flora composition after the inulin inter-
vention with that before the intervention and we found 
that inulin restored the gut ecological dysbiosis in PCOS 
by significantly upregulating the abundance of intestinal 
Lachnospira flora and downregulating the abundance of 
Sutterella, Lactobacillus, Lactococcus, and Enterobacter 
in the obese PCOS population. Surprisingly, the inulin 
intervention also significantly downregulated the abun-
dance of Lactobacillus and Lactococcus in the intestine 
of obese PCOS patients. When the groups were analyzed 
together, the abundance of Lactobacillus was highest in 
the FDB group, while Lactococcus was the most abundant 
in the intestine of the healthy population. Lactobacillus is 
usually added to dairy products as a safe beneficial bac-
terium and its pathogenicity has rarely been reported. 
In combination with the lifestyle habits of the study 
subjects, contamination from dietary sources cannot be 
excluded. In contrast, the abundance of these two genera 
decreased further after the inulin intervention, perhaps 
as a result of the effects of prolonged supplementation 
with a single dietary fiber. Besides, we found that sup-
plementation with dietary inulin upregulated the abun-
dance of Bifidobacterium. The results imply that obese 
women with PCOS have varying degrees of gut flora 
disorders and that dietary inulin may have anti-obesity 
and improve PCOS by altering the ratio of F/B in the gut 
of obese women with PCOS and by altering the relative 
abundance of other specific bacterial species. Excitingly, 
in this study, we found that Methylobacterium was signif-
icantly enriched in the gut of obese women with PCOS, 
with a clear reduction in abundance after the inulin inter-
vention. Regrettably, the post-intervention changes were 
not statistically significant compared to the pre-inter-
vention, which may be related to the size of our sample. 
Methylobacterium is present in all corners of our living 
environment as conditionally pathogenic bacteria and 
are often contracted by immunocompromised individu-
als [58]. The abundance of this genus has been found to 
be significantly higher in patients with ulcerative coli-
tis and constipating irritable bowel syndrome, but there 
is no clear indication that the abundance of this genus 

interacts with inflammation [59, 60]. It is not known 
whether upregulated Methylobacterium abundance in 
this study was associated with external infection or by 
endogenous infection of the intestine. Once it is clear 
that it is endogenously upregulated, Methylobacterium 
abundance may be a biomarker for the diagnosis of obese 
PCOS patients. However, we need to involve larger sam-
ples for validation and further studies to understand the 
role of individual components of the gut microbiota in its 
pathogenesis.

Numerous studies have reported a key role of chronic 
low-grade inflammation in the development of PCOS 
disease [35, 61, 62]. In our study, we found that obese 
people as well as those with PCOS had higher levels of 
inflammatory factor expression, especially in obese 
PCOS patients, further confirming the notion that obe-
sity is a chronic inflammatory state [39, 63]. At the same 
time, we demonstrated that dietary inulin alleviated 
systemic inflammation by inhibiting pro-inflammatory 
cytokines (TNF-α, IL-1β, IL-6, MCP-1), suggesting an 
anti-inflammatory effect of dietary inulin in PCOS. 
Lipopolysaccharide (LPS), a metabolite of the gut flora, 
can induce a chronic subclinical inflammatory process 
and obesity, leading to insulin resistance through activa-
tion of TLR4. A reduction in circulating SCFA may also 
play an important role in reducing insulin sensitivity and 
promoting the development of inflammation and obesity 
[36, 64]. Evidence from several studies suggests that pro-
biotic supplementation reduces the level of LPS produced 
by intestinal pathogenic microorganisms and increases 
the level of short-chain fatty acids (SCFAs), decreasing 
intestinal permeability and reducing LPS translocation, 
further reducing the systemic inflammatory cascade [65, 
66]. In addition, some studies have reported that impair-
ment of intestinal tight junction proteins (e.g., ZO-1 and 
occludins) enhances intestinal permeability and is criti-
cal for LPS translocation [67, 68]. Probiotics have been 
shown to improve intestinal permeability and integrity 
by upregulating tight junction proteins (ZO-1 and occlu-
dins) to inhibit LPS translocation [69]. LPS and SCFA 
levels, as well as changes in the expression of the TJs or 
the possible role of dietary inulin as important targets, 
deserve further research.

Conclusions
This study highlighted that dietary inulin may amelio-
rated obesity PCOS via the gut microbiota–inflamma-
tion–sex steroid hormones axis in human, which may 
potentially serve as an inexpensive intervention for the 
control of obesity PCOS patients.
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