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Abstract
Background: Fetal growth restriction (FGR) in utero leads to failure of fetus to reach the genetically
normal growth potential. Currently available means of treating FGR are limited. And it remains unknown
how pregnant women who give birth to FGR fetus differ in gut microbiota composition from normal
pregnant women.

Methods: In this case-control study, fecal samples were obtained from maternal rectum in the operation
room by obstetricians under strict aseptic conditions. We compared gut microbiota of 14 pregnant
women with FGR and 18 normal controls by performing 16S rDNA amplicon sequencing.

Results: We identi�ed signi�cant differences in β-diversity between the FGR and control groups (P < 0.05).
At genus level, Bacteroides, Faecalibacterium and Lachnospira were highly abundant in the FGR subjects,
which are signi�cantly enriched in KEGG pathways related to glycometabolism.

Conclusion: These �ndings demonstrated that the distinct composition of the gut microbiota between
FGR and normal pregnant women could contribute to an improved understanding of the prevention and
treatment of FGR.

Background
Fetal growth restriction (FGR), also known as intrauterine growth restriction/retardation (IUGR), is a
pathologic condition in which the fetus fails to achieve its genetically determined growth potential [1]. It
has an increased risk of perinatal morbidity and mortality [2, 3], which also leads to a position to
cardiovascular and metabolic diseases such as diabetes and obesity in later life [4, 5]. Currently available
means of treating FGR in utero are limited, antenatal recognition and appropriate maternal-fetal
managements can help choose the optimal time of delivery and improve perinatal outcome [6, 7].

Human gut microbiota plays a unique part in metabolism, immunity, and nutrition absorption [8]. A
variety of studies on pregnant women have identi�ed a link between changes in fecal bacterial
abundance and the pathogenesis of certain disorders, such as gestational diabetes mellitus (GDM),
preeclampsia (PE), maternal obesity [9–12]. More encouragingly, probiotic supplements might be an
assistant treatment strategy for these complications. A systematic review which included a total of 20
randomized controlled trials involving 2972 participants found that probiotic supplements had certain
functions to reduce the level of fasting plasma glucose (FPG) and improve insulin, insulin resistance, and
insulin sensitivity, especially for GDM and healthy pregnant women [13]. The long-term risk of FGR is
similar to that of offspring of women with GDM, and the role of insulin resistance has been recognized
[14]. Numerous cohort studies and epidemiological studies in human populations suggest that the
effects of GDM, PE, maternal obesity on intrauterine growth disturbances (both FGR and macrosomia)
[15, 16]. However, many gaps in knowledge remain as the difference in gut microbiota composition
between FGR and normal pregnant women [17, 18].
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Here, we performed a case-control study using high-throughput 16S rDNA gene sequencing. The purpose
of the present study was to identify the association between maternal gut microbiota during pregnancy
and FGR. Additionally, we compared the composition and diversity of gut microbiota, allowing us to
further explore the differences between cases and controls.

Materials And Methods
Study subjects

From June 2019 to April 2020, singleton pregnant women who delivered by elective caesarean section
prior to labor were enrolled in this study at the A�liated Shenzhen Maternity & Child Healthcare Hospital
of Southern Medical University. The indications for C-section were only restricted with advanced maternal
age, abnormal presentation and repeated cesarean section. The inclusion criteria of the FGR group were
as follows: 1) an estimated fetal weight (EFW) < 3th percentile for gestational age (GA) within 7 days of
birth; 2) birth weight < 10th percentile; 3) placental disorders or umbilical cord abnormalities by postnatal
con�rmation. Meanwhile, the healthy controls were those with EFW between 25th to 90th percentile and
birth weight between 10th to 90th percentile. The birth weight curve used in this study was based on data
from 342 Asian women published by the National Institute of Child Health and Human Development [19].
GA was determined by the last menstrual period and con�rmed by ultrasound in the �rst trimester. None
of the women in either group had: 1) maternal medical conditions except above mentioned indications
for C-section; 2) fetal or infantile anomalies; 3) premature rupture of membranes; 4) infectious diseases;
5) preoperative fasting< 8 hours; 6) alcohol or substance abuse; 7) any antibiotic exposure before stool
collection (prophylactic antibiotics was administrated after cutting umbilical cord). In total, 32 pregnant
women involving the �nal analysis were divided into FGR group (n= 14) and the control group (n= 18).
The sampling protocol and research proposal were approved by the hospital’s Medicine Ethics Committee
(IRB Number: [2019] 062). All participants were made aware of the details of the study before obtaining
written informed consent. After delivery, clinical data was extracted from medical records.
Maternal blood sample collection and measurement

A fasting venous blood sample (2 mL) was drawn within 3 days before C-section and centrifuged at 3000
rpm for 10 min to separate serum for the measurements. For accurate quanti�cation of glucose and
insulin, the blood sample was delivered to the laboratory within 2 hour, and were measured within 6 hours
after centrifugation. Plasma glucose was measured by glucose oxidase method using Beckman Coulter
UniCel DXC 800 Synchron™ Clinical Systems. Plasma insulin was measured by chemiluminescent
enzyme immunoassay using Beckman Coulter DxI-800 analyzer.

Fecal sample collection and DNA extraction

The �rst author as a senior obstetrician with 16 years of experience collected all fecal samples after
anesthesia and before C-section in operation room under strict aseptic conditions and a uniform protocol.
After disinfecting the anus with iodophor twice, a sterile Nylon �ocked swabs (CY-98000, HCY
Technology, Shenzhen, China) was gently inserted into the rectum (to a depth of 6 cm) and was rotated
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by 360°. Then, the swab tip was snapped off into a 1.5 mL sterile centrifuge tube containing preservation
solution (CY-F002-10, HCY Technology, Shenzhen, China). These samples were immediately stored at
-80℃ until DNA extraction.

DNA from stool samples was extracted using Omega M5635-02 Kit according to manufacturer’s
instructions. All experiments were carried out on super-clean table. The concentration and purity of DNA
was quanti�ed by NanoDrop 2000 spectrophotometer (Thermo Fisher Scienti�c, Wilmington, DE).

16S rDNA Amplicon Sequencing

PCR ampli�cation of the bacterial 16S rRNA genes V3–V4 region was performed using the forward
primer 341F (5’-CCTAYGGGRBGCASCAG-3’) and the reverse primer 806R (5’-
GGACTACHVNNGGGTATCTAAT-3’). Sample-speci�c 7-bp barcodes were incorporated into the primers for
multiplex sequencing. The PCR reaction volume was 25 µl. The PCR components contained 5 µl of 5×
PCR buffer, 2 µl (2.5 mM) of dNTPs, 1 µl (10 uM) of Forward primer, 1 µl (10 uM) of Reverse primer, 1 µl of
DNA Template, 0.25 µl of Fast pfu DNA Polymerase and 14.75 µl of ddH2O. Thermal cycling consisted of
initial denaturation at 98°C for 5 min, followed by 25 cycles consisting of denaturation at 98°C for 30s,
annealing at 55°C for 30 s, and extension at 72°C for 45 s, with a �nal extension of 5 min at 72°C. PCR
amplicons were puri�ed with Agencourt AMPure Beads (Beckman Coulter, Indianapolis, IN) and quanti�ed
using the PicoGreen dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA). After the individual quanti�cation
step, amplicons were pooled in equal amounts, and paired-end 2×250 bp sequencing was performed
using the Illlumina NovaSeq platform with NovaSeq 6000 SP Reagent Kit at Shanghai Personal
Biotechnology Co., Ltd (Shanghai, China).

Bioinformatics and statistical analysis

Paired-end reads were assigned to samples based on their unique barcodes and were truncated by
cutting off the barcodes and primer sequences. The relative abundance for each bacterial level from
phylum to genus was measured using QIIME pipeline. The Chao, Ace, Shannon and Simpson indexes
were calculated to assess -diversity within group. The β-diversity was assessed by unweighted Unifrac
distance matrix and visualized by NMDS (Non-metric multidimensional scaling) plot. LEfSe (linear
discriminant analysis effect size) tool was used to identify taxa which could display signi�cant
differences in the two groups. The PICRUSt computational approach was used to predict the biological
functions of the differentially abundant taxa between two groups of samples [20]. PICRUSt highlighted
the enriched functional categories of the KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways
[21]. Statistical analyses were performed using R software (version 3.6.1). Continuous variables were
reported as means ± standard deviations. Student’s t-tests were used to study differences in continuous
variables. P-value < 0.05 was considered statistically signi�cant.

Results
Clinical information of subjects
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A total of 14 pregnant women with FGR and 18 normal controls were included for �nal analysis. The
clinical characteristics of all pregnant women are shown in Table 1. As expected, gestational age at birth
and birth weight were signi�cantly lower in FGR group than in control group (P<0.01). There were no
signi�cant differences in maternal age, pregestational BMI, maternal weight gain, fasting glucose and
fasting insulin.

Table 1
Clinical information of subjects.

  FGR Group (n=14) Control Group (n=18) P-value

Maternal age (year) 33.14 ± 4.63 32.67 ± 4.40 0.78

Pregestational BMI (kg/m2) 19.78 ± 1.51 21.19 ± 2.26 0.06

Maternal weight gain (kg) 13.31 ± 3.61 13.99 ± 3.92 0.63

Gestational age at delivery (week) 37.82 ± 0.95 39.20 ± 0.46 1.2×10−5

Birth weight (kg) 2.23 ± 0.21 3.28 ± 0.29 5.4×10−12

Fasting glucose (mmol/L) 3.90 ± 0.57 4.21 ± 0.40 0.11

Fasting insulin (pmol/L) 66.61 ± 44.68 68.74 ± 53.96 0.91

 

Diversity of maternal gut microbiota

To analyze the differences of gut microbiota between the two groups, 4,795,868 tags from 32 stool
samples were obtained (average of 149,871±22,842 tags per sample). All tags were clustered into 3,849
OTUs. The community richness of gut microbiota was evaluated based on α- and β-diversity in each
sample. No signi�cant differences in α-diversity represented by Chao, Ace, Shannon and Simpson indexes
were found between two groups (P>0.05, Figure 1). On the other hand, the weighted UniFrac distance
between individual samples was calculated to estimate the β-diversity in microbial communities (Figure
2). Both PCoA and NMDS plots revealed that women with FGR tended to assemble and separate from the
controls (P < 0.05).

Differences in gut microbiota between two groups

Linear discriminant analysis effect size (LEfSe) analysis was used to identify differentially abundant taxa
between FGR and control groups. (Figure 3). At phylum level, Firmicutes was more abundant in the FGR
group than in the control group. At genus level, we observed that Bacteroides, Faecalibacterium,
Lachnospira (all belong to Lachnospiraceae family) were highly abundant in the FGR group as compared
to the control group.

Functional analysis of differentially abundant taxa
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To gain deeper insights into the relationship between FGR and gut microbiome functions, the PICRUSt
software was implemented to predict the metabolic pathways potentially altered by dysbiosis (see
Materials and Methods). The functional categories differentially enriched between the FGR and control
groups were mainly involved glycometabolism (Figure 4), including “Carbohydrate Metabolism”,
“Glycolysis/Gluconeogenesis”, “Pentose and glucuronate interconversions” and “Galactose metabolism”.
These enriched pathways together suggested that FGR may alter the energy metabolism in the gut
microbiota of pregnant women, which deserves further investigation (see Discussion below).

Discussion
In this study, we demonstrated that the composition of maternal gut microbiota during pregnancy was
signi�cantly different between pregnant women with FGR and normal controls. And the altered FGR-
related microbial community was characterized by the increased abundance of genus Bacteroides,
Faecalibacterium, Lachnospira. These �ndings might provide novel insight into the prevention and
treatment of FGR.

Several indexes including ACE, Chao, Shannon and Simpson were used to pro�le the maternal gut
microbiota from different aspects. Despite the lack of signi�cant difference in these indices, PCoA plot
revealed complete segregation of the FGR and control group. Furthermore, the differential relative
abundance of speci�c taxa was presented in the two groups. We found that the relative abundance of
phylum Firmicutes was signi�cantly higher in the FGR group than that in the control group. Previous
studies also found similar microbiota dysbiosis in pregnant women with GDM [8] and pregestational
overweight and obesity [22]. At genus level, Bacteroides was found to be increased in the FGR group. In
support of our results, Bacteroides was signi�cantly higher in neonates born to overweight mothers than
that delivered to normal weight mothers [23]. Other studies demonstrated that increased Bacteroides was
associated with overweight and obesity in both adults [24–26] and pregnant women [12], which could
increase the risk of fetal growth restriction and sudden intrauterine unexplained death [27, 28]. Moreover,
in this study, Faecalibacterium and Lachnospira were also enriched in the FGR group. This is in
agreement with results reported by Zacarias et al. that similar alterations were found in the overweight
pregnant women compared to the normal ones [22]. In general, we found altered maternal microbiota in
pregnant women with FGR, which was consistent with dysbiosis occurred in various disorders during
pregnancy.

It is well-known that obesity is associated with a state of chronic low-level in�ammation [29]. Reactive
oxygen species (ROS) production is elevated in obesity, which causes enhanced activation of
in�ammatory pathways [30, 31]. Interestingly, Xu et al. reported that ROS are involved in
lipopolysaccharide-induced intrauterine FGR in mice [32]. According to previous studies, a higher F/B ratio
was associated with an aggravation of low-grade in�ammation and to a more elevated capability of
harvesting energy from food [33]. Bacteroidetes, a type of gram-negative bacteria, is the main contributor
to LPS biosynthesis. Therefore, high abundances of Bacteroidetes may induce increased in�ammation
during pregnancy [34]. Maternal LPS exposure at late gestational stages results in intrauterine FGR in
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mice [32, 35]. A recent study indicated that the level of Lachnospiraceae correlated negatively with energy
consumption and positively with leptin level [36]. In addition, Florencia et al. demonstrated in�ammatory
biomarker (high-sensitive CRP) values were correlated with several microbiota components, such as
Lachnospiraceae and Faecalibacterium [22]. Taken together, the over-represented Bacteroides,
Faecalibacterium and Lachnospiraceae in FGR group might contribute to the development of FGR.

The greatest strength of our study is the homogenous characteristics of enrolled FGR cases. Placental
disorders or umbilical cord abnormalities were the only causes of FGR among the participants, excluding
maternal-fetal pathologies such as PE, diabetes, or fetal abnormalities. This reduced the confounding in
microbiome data caused by heterogeneity in causes of FGR. In additionally, an EFW below the third
percentile was adopted as the threshold of diagnosis of FGR in our study, thus allowing us to avoid
including constitutionally normal newborns. FGR is often confused with small for gestational age (SGA)
in clinical practice. And it is well known that lower growth percentile is associated higher likelihood of
FGR and thus susceptibility to problems after birth [37]. Another strength is that we strictly controlled for
sterile conditions during sampling. Considering that the fecal samples are usually expelled and collected
in toilet, microbes may be contaminated during this process. In contrast, all samples in this study were
directly obtained from maternal rectum in the operation room by the same senior obstetrician according
to the principle of sterility, which minimized the possibility of microbial exposure and colonization in vitro.

However, several potential limitations need to be taken into consideration. Firstly, the sample size was
relatively small and all the participants were recruited from the same hospital, thus we could not
completely rule out the potential regional differences in maternal gut microbiota. The reliability of current
results would greatly bene�t from larger FGR and control cohorts. Secondly, we were not able to record
detailed information on diet and lifestyle of the mothers during pregnancy, which have also been shown
to alter the microbiome. Therefore, the associations of dietary intakes and the altered FGR-related
microbial community were not analyzed in this study. Therefore, the mechanism by which alterations of
maternal microbiome induce FGR should be further explored in animal experiments with well-controlled
feeding conditions. Moreover, short-read 16S rDNA amplicon sequencing technique limited our ability to
examine gut microbiota at species and strain level, which requires deeper taxonomic pro�les from
metagenomic shotgun sequences.

To our knowledge, this is one of the earliest studies to characterize the maternal gut microbiota in
pregnant women with FGR. Our results indicated a relationship between maternal dysbiosis during
pregnancy and the risk of FGR, which might involve the dysregulation of glycometabolism. Since gut
microbiota pro�les are alterable through various means (e.g., probiotics and dietary changes), our
�ndings could provide novel insights into the prevention and treatment of FGR.

Declarations
Competing interests

All the authors declare no con�ict of interest.



Page 9/14

Ethics approval

The study was approved by the Ethics Committee of A�liated Shenzhen Maternity & Child Healthcare
Hospital, Southern Medical University.

Consent to participate

All the participants provided written informed consent before recruitment.

Consent for publication

Participants signed informed consent regarding publishing their data.

Authors' contributions

XT, KW and ZZ were major contributors of study design. XT performed the sample collection. CD and BL
performed laboratory testing. KL, JG and HY performed the data analysis. XT, KW and ZZ contributed in
writing the manuscript. All authors read and approved the �nal manuscript.

Availability of data and material

Raw data are available upon request.

Funding

This work was funded by The National Key Research and Development Program of China (Grant number:
2016YFC1000103) and Shenzhen Maternity & Child Healthcare Hospital Science Foundation (Grant
Number: FYA2018016).

Acknowledgements

None.

References
1. Gordijn SJ, Beune IM, Ganzevoort W: Building consensus and standards in fetal growth restriction

studies. Best practice & research Clinical obstetrics & gynaecology 2018, 49:117-126.

2. Schreurs CA, Mol BW, de Boer MA: Re: Consensus de�nition for placental fetal growth restriction: a
Delphi procedure. Ultrasound in obstetrics & gynecology : the o�cial journal of the International
Society of Ultrasound in Obstetrics and Gynecology 2017, 49(1):159.

3. Bamfo JE, Odibo AO: Diagnosis and management of fetal growth restriction. Journal of
pregnancy 2011, 2011:640715.

4. Dobbing J: Fetal nutrition and cardiovascular disease in adult life. Lancet (London, England) 1993,
341(8857):1421-1422.



Page 10/14

5. Brufani C, Grossi A, Fintini D, Tozzi A, Nocerino V, Patera PI, Ubertini G, Porzio O, Barbetti F, Cappa M:
Obese children with low birth weight demonstrate impaired beta-cell function during oral glucose
tolerance test. The Journal of clinical endocrinology and metabolism 2009, 94(11):4448-4452.

�. Al�revic Z, Neilson JP: Doppler ultrasonography in high-risk pregnancies: systematic review with
meta-analysis. American journal of obstetrics and gynecology 1995, 172(5):1379-1387.

7. Figueras F, Gardosi J: Intrauterine growth restriction: new concepts in antenatal surveillance,
diagnosis, and management. American journal of obstetrics and gynecology 2011, 204(4):288-300.

�. Round JL, Mazmanian SK: The gut microbiota shapes intestinal immune responses during health
and disease. Nat Rev Immunol 2009, 9(5):313-323.

9. Huang L, Thonusin C, Chattipakorn N, Chattipakorn SC: Impacts of gut microbiota on gestational
diabetes mellitus: a comprehensive review. Eur J Nutr 2021, 60(5):2343-2360.

10. Li G, Yin P, Chu S, Gao W, Cui S, Guo S, Xu Y, Yuan E, Zhu T, You J et al: Correlation Analysis between
GDM and Gut Microbial Composition in Late Pregnancy. J Diabetes Res 2021, 2021:8892849.

11. Miao T, Yu Y, Sun J, Ma A, Yu J, Cui M, Yang L, Wang H: Decrease in abundance of bacteria of the
genus Bi�dobacterium in gut microbiota may be related to pre-eclampsia progression in women from
East China. Food Nutr Res 2021, 65.

12. Sugino KY, Paneth N, Comstock SS: Michigan cohorts to determine associations of maternal pre-
pregnancy body mass index with pregnancy and infant gastrointestinal microbial communities: Late
pregnancy and early infancy. PLoS One 2019, 14(3):e0213733.

13. Pan YQ, Zheng QX, Jiang XM, Chen XQ, Zhang XY, Wu JL: Probiotic Supplements Improve Blood
Glucose and Insulin Resistance/Sensitivity among Healthy and GDM Pregnant Women: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Evid Based Complement Alternat
Med 2021, 2021:9830200.

14. Ornoy A: Prenatal origin of obesity and their complications: Gestational diabetes, maternal
overweight and the paradoxical effects of fetal growth restriction and macrosomia. Reprod
Toxicol 2011, 32(2):205-212.

15. Lewandowska M: Maternal Obesity and Risk of Low Birth Weight, Fetal Growth Restriction, and
Macrosomia: Multiple Analyses. Nutrients 2021, 13(4).

1�. Mohammad N, Sohaila A, Rabbani U, Ahmed S, Ahmed S, Ali SR: Maternal Predictors of Intrauterine
Growth Retardation. J Coll Physicians Surg Pak 2018, 28(9):681-685.

17. Huang S, Li N, Liu C, Li T, Wang W, Jiang L, Li Z, Han D, Tao S, Wang J: Characteristics of the gut
microbiota colonization, in�ammatory pro�le, and plasma metabolome in intrauterine growth
restricted piglets during the �rst 12 hours after birth. J Microbiol 2019, 57(9):748-758.

1�. Hu J, Benny P, Wang M, Ma Y, Lambertini L, Peter I, Xu Y, Lee MJ: Intrauterine Growth Restriction Is
Associated with Unique Features of the Reproductive Microbiome. Reprod Sci 2021, 28(3):828-837.

19. Buck Louis GM, Grewal J, Albert PS, Sciscione A, Wing DA, Grobman WA, Newman RB, Wapner R,
D'Alton ME, Skupski D et al: Racial/ethnic standards for fetal growth: the NICHD Fetal Growth
Studies. Am J Obstet Gynecol 2015, 213(4):449 e441-449 e441.



Page 11/14

20. Langille MG, Zaneveld J, Caporaso JG, McDonald D, Knights D, Reyes JA, Clemente JC, Burkepile DE,
Vega Thurber RL, Knight R et al: Predictive functional pro�ling of microbial communities using 16S
rRNA marker gene sequences. Nature biotechnology 2013, 31(9):814-821.

21. Ogata H, Goto S, Sato K, Fujibuchi W, Bono H, Kanehisa M: KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic acids research 1999, 27(1):29-34.

22. Zacarias MF, Collado MC, Gomez-Gallego C, Flinck H, Aittoniemi J, Isolauri E, Salminen S:
Pregestational overweight and obesity are associated with differences in gut microbiota composition
and systemic in�ammation in the third trimester. PLoS One 2018, 13(7):e0200305.

23. Collado MC, Isolauri E, Laitinen K, Salminen S: Effect of mother's weight on infant's microbiota
acquisition, composition, and activity during early infancy: a prospective follow-up study initiated in
early pregnancy. The American journal of clinical nutrition 2010, 92(5):1023-1030.

24. Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y, Parameswaran P, Crowell MD, Wing R,
Rittmann BE et al: Human gut microbiota in obesity and after gastric bypass. Proceedings of the
National Academy of Sciences of the United States of America 2009, 106(7):2365-2370.

25. Schwiertz A, Taras D, Schäfer K, Beijer S, Bos NA, Donus C, Hardt PD: Microbiota and SCFA in lean
and overweight healthy subjects. Obesity (Silver Spring, Md) 2010, 18(1):190-195.

2�. Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F, Falony G, Almeida M, Arumugam M, Batto JM,
Kennedy S et al: Richness of human gut microbiome correlates with metabolic markers. Nature 2013,
500(7464):541-546.

27. Froen JF, Gardosi JO, Thurmann A, Francis A, Stray-Pedersen B: Restricted fetal growth in sudden
intrauterine unexplained death. Acta Obstet Gynecol Scand 2004, 83(9):801-807.

2�. Niculescu MD, Lupu DS: High fat diet-induced maternal obesity alters fetal hippocampal
development. Int J Dev Neurosci 2009, 27(7):627-633.

29. Wellen KE, Hotamisligil GS: In�ammation, stress, and diabetes. J Clin Invest 2005, 115(5):1111-1119.

30. Lin Y, Berg AH, Iyengar P, Lam TK, Giacca A, Combs TP, Rajala MW, Du X, Rollman B, Li W et al: The
hyperglycemia-induced in�ammatory response in adipocytes: the role of reactive oxygen species. J
Biol Chem 2005, 280(6):4617-4626.

31. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y, Nakayama O, Makishima M,
Matsuda M, Shimomura I: Increased oxidative stress in obesity and its impact on metabolic
syndrome. J Clin Invest 2004, 114(12):1752-1761.

32. Xu DX, Chen YH, Zhao L, Wang H, Wei W: Reactive oxygen species are involved in lipopolysaccharide-
induced intrauterine growth restriction and skeletal development retardation in mice. Am J Obstet
Gynecol 2006, 195(6):1707-1714.

33. Pascale A, Marchesi N, Govoni S, Coppola A, Gazzaruso C: The role of gut microbiota in obesity,
diabetes mellitus, and effect of metformin: new insights into old diseases. Curr Opin
Pharmacol 2019, 49:1-5.

34. Wang J, Shi ZH, Yang J, Wei Y, Wang XY, Zhao YY: Gut microbiota dysbiosis in preeclampsia patients
in the second and third trimesters. Chin Med J (Engl) 2020, 133(9):1057-1065.



Page 12/14

35. Zhao M, Chen YH, Dong XT, Zhou J, Chen X, Wang H, Wu SX, Xia MZ, Zhang C, Xu DX: Folic acid
protects against lipopolysaccharide-induced preterm delivery and intrauterine growth restriction
through its anti-in�ammatory effect in mice. PLoS One 2013, 8(12):e82713.

3�. Méndez-Salazar EO, Ortiz-López MG, Granados-Silvestre M, Palacios-González B, Menjivar M: Altered
Gut Microbiota and Compositional Changes in Firmicutes and Proteobacteria in Mexican
Undernourished and Obese Children. Frontiers in microbiology 2018, 9:2494.

37. Vasak B, Koenen SV, Koster MP, Hukkelhoven CW, Franx A, Hanson MA, Visser GH: Human fetal
growth is constrained below optimal for perinatal survival. Ultrasound Obstet Gynecol 2015,
45(2):162-167.

Figures

Figure 1

Comparison of α-diversity between the FGR and control groups. Four indexes were calculated to represent
the α-diversity (A, Chao index; B, Ace index; C, Shannon’s diversity index; D, Simpson’s diversity index).
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Figure 2

The separation of FGR and control samples based on the PCoA (A) and NMDS (B) according to the Bray-
Curtis distance.

Figure 3

Cladogram of gut microbiota taxa between the FGR and control groups.
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Figure 4

KEGG pathway analysis of differentially abundant microbial taxa based on PICRUSt software.


