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Abstract

Background: Recent studies suggest that there is a link between the gut microbiota and glucose metabolism. This
study aimed to compare the gut microbiota during early pregnancy of women with hyperglycymia to those with
normal blood glucose.

Methods: Gut microbial composition was analysed in 22 women with hyperglycaemia and 28 age-matched healthy
controls during their first prenatal visits (< 20 weeks) using high throughput sequencing of the V3-V4 region of the
165 ribosomal RNA gene. Hyperglycemia was diagnosed based on the criteria recommended by the International
Association of Diabetes and Pregnancy Study Groups in 2010.

Results: Women with hyperglycemia in pregnancy (HIP) had significantly lower microbial richness and diversity
compared with healthy pregnant women. The proportions of the Firmicutes and Bacteroidetes phyla and the ratio of
Firmicutes:Bacteroidetes were not different between the two groups. We observed that individuals with HIP had an
increased abundance of Nocardiaceae, Fusobacteriaceae, etc., whereas healthy controls had significantly higher levels
of Christensenellaceae, Clostridiales_vadinBB60_group, Coriobacteriaceae, etc. Similarly, levels of the members of the
Ruminococcaceae family, including Ruminococcaceae_UCG-014, Ruminococcaceae_UCG-003, and Ruminococcaceae_
UCG-002, were significantly reduced in the HIP group and were negatively correlated with HbATc. HbA1c levels
were positively correlated with Bacteroidaceae and Enterobacteriaceae and negatively correlated with
Christensenellaceae, etc. CRP was positively correlated with the Bacteroidaceae and Fusobacteriaceae families and the
Fusobacterium genus.

Conclusions: Our study revealed that individuals with HIP have gut microbial dysbiosis and that certain bacterial
groups are associated with glucose metabolism during pregnancy. Further study is needed to provide new ideas to
control glucose by modifying the gut microbiota.
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Background

Hyperglycaemia in pregnancy (HIP) is a very common
medical disorder during pregnancy that consists of two
categories: pregestational diabetes (PGDM), antedating
pregnancy, and gestational diabetes mellitus (GDM), ini-
tially diagnosed during gestation [1]. The increasing
prevalence of HIP and its related adverse pregnancy out-
comes are a global health concern [2-4]. Dysbiosis in
the human gut may be a vital risk factor for abnormal
glucose metabolism and was first discovered by Backhed
F and his colleagues in 2004 who found that conventio-
nalisation of germ-free mice with microbiota from con-
ventionally raised animals produced a marked increase
in body fat content and insulin resistance despite de-
creased food intake [5]. Since then, the association be-
tween the gut microbiota and glucose metabolism has
been a popular research topic.

Data from human and animal studies suggest that in-
dividuals with obesity and insulin resistance have a lower
bacterial diversity [6, 7]. A lower prevalence of the Bac-
teroidetes phylum and a higher prevalence of the Firmi-
cutes phylum have been shown to be associated with
obesity [8, 9]. Obesity was linked to changes in the Bac-
teroidetes/Firmicutes ratio, which has been associated
with an increased capacity to harvest energy from the
diet [9]. Prevotella copri and Bacteroides vulgatus are the

main species associated with the biosynthesis of
branched-chain amino acids, insulin resistance, and glu-
cose intolerance [10]. Furthermore, the levels of

butyrate-producing bacteria were reduced in diabetic in-
dividuals [10], and butyrate supplementation in obese,
prediabetic mice significantly improved insulin resist-
ance, hyperinsulinaemia, and hyperglycaemia [11].

While the majority of previous studies have been con-
cerned with the associations between the gut microbiota
and obesity or type 2 diabetes (T2DM) [8-10, 12, 13],
some recent studies have explored changes in the micro-
biota during pregnancy. Decreased insulin sensitivity and
enhanced nutrient absorption are beneficial for normal
pregnancy, by supporting foetal growth and meeting the
energetic demands of lactation [14]. Hormones, immun-
ity and metabolism change substantially in pregnancy.
However, human microbiota studies have also demon-
strated that the gut microbiota changes dramatically
during pregnancy [15]. From the first to third trimesters,
Bifidobacteria, Proteobacteria, and lactic-acid-producing
bacteria increase and butyrate-producing bacteria de-
crease [15].

What is the relationship between the gut microbiota
and glucose metabolism disorders in the context of preg-
nancy? A study based on whole-metagenome shotgun
sequencing discovered that the composition of the gut
microbiota was different between controls and women
with GDM at 21-29 weeks. GDM patients showed an
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increase in Parabacteroides distasonis and Klebsiella var-
iicola, whereas controls showed an enrichment of
Methanobrevibacter smithii, Alistipes spp., Bifidobacter-
ium spp., and Eubacterium spp. [16]. Another recent
study by Fangqing Zhao also demonstrated that GDM
patients had lower microbial richness and diversity than
controls within 1-2 days before delivery [17]. To date,
there is no information available on the gut microbiota
in relation to glucose metabolism disorder in early
pregnancy.

In this study, we used 16S rRNA gene amplicon se-
quencing to analyse the gut microbiota in women with
HIP and healthy controls during early pregnancy. We
also explored the connections between gut microbiota
composition and glucose metabolism-related indicators.
The objective was to further understand the associations
between the gut microbiota and HIP in early pregnancy.

Methods

Study population

In this study, 50 pregnant women in early pregnancy (<
20 weeks gestation) were recruited during their first pre-
natal visits at the Maternity and Child Health Center of
Suzhou Municipal Hospital between 1 Nov 2015 and 31
Oct 2017. All participants were Han Chinese. Twenty-
two pregnant women had different degrees of glucose
metabolism disorders were signed into the HIP group.
Among HIP group, 8 had type 2 diabetes mellitus before
pregnancy who were only through diet/lifestyle to con-
trol glucose. Based on the diagnostic criteria recom-
mended by the International Association of Diabetes
and Pregnancy Study Groups (IADPSG) in 2010 [18], 5
overt diabetes and 9 GDM were diagnosed by
hemoglobin Alc (HbAlc) or fasting glucose (FBG) and
confirmed by an oral glucose tolerance test (OGTT).
Twenty-eight pregnant women with fasting plasma glu-
cose lower than 5.1 mmol/L were assigned into control
group. Additionally, they had a normal glucose tolerance
during 24-26 weeks’ gestation to comfirm they were
healthy Patients were excluded if they met one of the
following criteria: 1) history of antibiotic therapy within
the last 3 months; 2) chronic diseases requiring medica-
tion; and 3) history of smoking. Written informed con-
sent was obtained from all subjects before their
participation. Ethics approval was obtained from the
hospital.

Characteristic data collection

The anthropometric data (pre-pregnancy weight (pre-
weight), height, pre-body mass index (pre-BMI), waist
circumference (waist) and hip circumference (hip)), life-
style factors and history of medication and treatments
were obtained from clinical medical records. Pre-BMI
was calculated as the subject’s pre-weight (kg) divided by
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their height squared (m?). Waist and hip were measured
in an erect position at the narrowest point between the
iliac crest and the lower costal margin and at the level of
the pubic symphysis, respectively. Systolic and diastolic
blood pressure was measured twice (YuTu Model
XJ11D, YuTu Company, Shanghai, China) with the par-
ticipant in a sitting position, and the mean value was
used for further analysis. The subjects were given in-
structions by a physician to how to be fasting prior to
the collection of samples. After 8 h of fasting, venous
blood samples were collected between 07:00 and 09:00
for the assessment of metabolic biomarkers (FBG, TC,
TG, LDL-C, HDL-C, etc) using a fully automatic bio-
chemical analyser (Hitachi 7000, Tokyo, Japan). HbAlc
level was detected by using high-performance liquid
chromatography (HLC-723G8, Tosoh Bioscience, Japan)
Insulin content was measured using a Human Insulin
ELISA Kit (Sigma-Aldrich, St. Louis, MO, USA).

Sample collection, DNA extraction and 16S rRNA PCR
Fresh stool samples were collected from pregnant
women at home using sterile faecal collection tubes, and
samples were immediately transferred to the lab within
6 h and then stored at - 80 °C under a uniform protocol
before DNA extraction. Total microbial genomic DNA
from 250 mg stool was extracted using the Qiagen
QIAamp DNA Stool Mini Kit (Qiagen, Shanghai, China)
following the manufacturer’s protocols. A NanoDrop
2000 UV-vis spectrophotometer (Thermo Scientific,
Wilmington, USA) and 1% agarose gel were employed to
evaluate the purification and quality of the DNA sam-
ples. The V3-V4 hypervariable regions of the bacterial
16S rRNA gene were amplified using 338F and 806R
primers on a thermocycler PCR system (GeneAmp 9700,
ABI, USA). PCR reactions (20 pL: 4 uL of 5 x FastPfu
Buffer, 2 uL of 2.5 mM dNTPs, 1.6 uL. of 5uM primers,
0.4 uL of FastPfu Polymerase and 10ng of template
DNA) were performed according to the following cyc-
ling programme: denaturation at 95°C for 3min;
followed by 27 cycles of 95 °C for 30, 55 °C for 30's, and
72°C 45s; and 72°C for 10 min. Each sample was ana-
lysed in triplicate. PCR products with clear electrophor-
esis strips and an expected size were extracted from 2%
agarose gel, purified using the AxyPrep DNA Gel Extrac-
tion Kit (Axygen Biosciences, Union City, CA, USA) and
quantified using QuantiFluor™-ST (Promega, Madison,
W1, USA).

lllumina MiSeq sequencing and data processing

After purification and equivalent mixing of the PCR
products, paired-end (2 x 300 bp) Illumina MiSeq (Illu-
mina, San Diego, USA) sequencing was carried out at
Nanjing Decode Genomics BioTech Co., Ltd. (Nanjing,
China) according to the standard protocols. We trimmed
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and filtered the reads (FastQ files) by using Trimmo-
matic [19] and merged the paired reads with FLASH
[20]. Operational taxonomic units (OTUs) were clus-
tered using USEARCH [20, 21](version 7.1 http://drive5.
com/uparse/) at the 97% similarity level. UCHIME was
performed to filter out the chimeric sequences [22].
Taxonomic classification of OTUs was performed using
the RDP Classifier algorithm [23] (http://rdp.cme.msu.
edu/) by aligning representative sequences to the Silva
(SSU123) 16S rRNA database [24].

Statistical analysis

Continuous data are expressed as the median (interquar-
tile range). Comparisons between groups were per-
formed using Mann-Whitney U tests or Fisher’s exact
test with adjusted age. The alpha diversity (including the
Chaol index and Shannon diversity index) of bacteria
within individuals was used to evaluate the number of
different taxa, species richness and evenness of bacterial
taxa. Microbial community composition differences
(beta diversity) between groups were analysed using per-
mutational multivariate analysis of variance (PMA-
NOVA) of unweighted or weighted UniFrac distances
(Bray-Curtis distance method, 999 permutations), and
the results are illustrated by principal coordinates ana-
lysis (PCoA). Canonical correspondence analysis (CCA)
was used to assess the impact of each of the factors
listed on microbial abundance. Differences in microbial
abundance (at the phylum, family, genus and species
levels) were analysed using the Mann-Whitney U test. P-
values were adjusted for false discovery rate (FDR) using
the Benjamini and Hochberg method. P < 0.05 was con-
sidered statistically significant. Bacterial community di-
versity and composition were illustrated using Boxplot
graphs and cluster and heatmap diagrams in R (ggplot2
package). Statistical analyses were performed using
Graph Pad Prism 6 software (GraphPad, San Diego,
USA) or SPSS 19 software (IBM, New York, USA).

Results

Clinical characteristics and biochemical variables

The clinical characteristics of the 50 pregnant women at
<20 weeks gestation are presented in Table 1. Twenty-
eight controls and 22 women with HIP were matched
for maternal age. Fasting serum levels of seven biochem-
ical variables (fasting blood glucose (GLU), triglycerides
(TGs), high-density lipoprotein (HDL), low-density lipo-
protein (LDL), HbAlc and C-reactive protein (CRP))
were measured in all participants. There were significant
differences in GLU, TGs, HDL, LDL, HbAlc and CRP
between the two groups, while TC did not show signifi-
cant differences (Table 1), with subjects in the HIP
group having a more disturbed metabolic profile.
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Table 1 Characteristics of the study population

HIP (n=22) Control (n=28) P-value

Age (years) 29 (27.00-33.5) 28 (25-30) 0.082
Pre-BMI (kg/mz) 24.28 (22.33-28.38) 2049 (19.14-22.48) 0.000
Pre-weight (kg) ~ 62.75 (55-73.5) 52.5 (49.00-58.5) 0.001
Waist (cm) 92.5 (86-106.5) 83.5 (76.0-86.5) 0.000
Hip (cm) 101.5(93.5-105.25) 92.5 (88.0-96.75) 0.002
SBP (mmHg) 134 (117.75-142.75) 119 (106.25-126.75)  0.002
DBP (mmHg) 83 (72-92) 69.5 (61.0-80.5) 0.004
FBG (mmol/L) 564 (52-7.9) 4.36 (4.05-4.56) 0.000
TC (mmol/L) 4.17 (3.97-4.68) 445 (3.83-4.85) 0.83
TGs (mmol/L) 7 (1.45-3.23) 1.18 (1.03-1.61) 0.000
HDL (mmol/L) 5 (1.09-1.53) 1.86 (1.61-2.04) 0.000
LDL (mmol/L) 271 (2.27-3.12) 232 (1.89-2.67) 0.047
HbAlc (mmol/L)  6.55 (6.1-7.88) 5.1 (493-5.3) 0.000
CRP (mmol/L) 4.75 (2.68-943) 2.09 (0.95-3.49) 0.002
FINS (mIU/L) 9.15 (6.7-16.55) - -

Values are represented as medians (interquartile range). Differences were
analysed using Mann-Whitney U tests. BMI Body mass index; SBP Systolic
blood pressure; DBP Diastolic blood pressure; TC, total cholesterol; TGs,
triglycerides; HDL, high-density lipoprotein; LDL Low-density lipoprotein; GLU
Fasting blood glucose; FINS Fasting insulin
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Bacterial community structure (beta diversity) in the two
study groups

A total of 912 OTUs (with 97% similarity) were clustered
in this study. The PMANOVA results showed significant
differences between the HIP and control groups (P =
0.001). However, we also found that the samples from
10 pregnant women (cluster 2) showed a bacterial com-
position distinct from those of the rest of the study co-
hort (cluster 1) (pPMANOVA P=0.001, Fig. 1). There
were no significant differences in anthropometric or bio-
chemical variables between cluster 1 and cluster 2 (Table
S1). Based on microbial analysis, it was found that the
abundance of the Bacteroidaceae family was higher in
Cluster 1 (32.1 [18.2—-45.8] vs. 7.6 [0.9-14.2] %, P<
0.0001), whereas the proportion of the Prevotellaceae
family was more abundant in Cluster 2 (2.6 [0-7.9] vs.
38.5 [17.0-59.9] %, P < 0.0001). Consistent with previous
enterotype structure reports [25], Cluster 1 and Cluster
2 were classified as Bacteroides and Prevotella entero-
types. However, no significant relationship was found
between enterotype and disease status (P =0.103, Fish-
er’s exact test). Furthermore, we examined the principal
components with a contribution greater than 4% and
found that the first and second principal components
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Fig. 1 PCoA of the bacterial community composition based on Bray Curtis analysis. Dots represent individuals (women with HIP =red,
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were not only significantly correlated with enterotype
(P <0.0001, Mann—Whitney U test) but were also signifi-
cantly correlated with disease status (P < 0.05, Mann-—
Whitney U test). These results suggested that in addition
to enterotype, disease status was also an important fac-
tor affecting the gut microbial composition in our study
(Table S2).

The microbiotas of women with HIP and healthy
pregnant women are different in early pregnancy

We compared the gut microbial composition between
22 HIP and 28 healthy women in early pregnancy. We
found that the HIP group showed significantly lower mi-
crobial richness and a-diversity than the healthy controls
(P<0.05 for both indexes, Mann—Whitney U test; Fig. 2,
Fig. S1). PMANOVA analysis showed that there was a
significant distance between the HIP and control groups
(P<0.001). Consistent with the PMANOVA results,
CCA also showed a marked separation of women with
HIP from the controls (Fig. S2).

At the phylum level, Firmicutes and Bacteroidetes were
the dominant phyla, accounting for ~91.5% of all se-
quences in individuals, whereas 0.04% was accounted for
by unknown bacteria (Table S3). The ratio of Firmicutes
to Bacteroidetes was similar in patients and controls
(1.33 vs. 1.27, P=0.44). Other less-prominent phyla in-
cluding  Saccharibacteria and  Fusobacteria  were
enriched in the HIP group, while Lentisphaerae and
Tenericutes were enriched in the healthy controls (P <
0.05, Fig. 3). The Fusobacterial class and Fusobacteriales
order were also enriched in the HIP group.

At the family level, women with HIP had a significantly
higher proportion of Nocardiaceae, Saccharibacteria_
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norank, and Fusobacteriaceae, while the proportions of
Christensenellaceae, Clostridiales_vadinBB60_group, Mol-
licutes RF9 norank, Oxalobacteraceae, Victivallaceae,
Rhodospirillaceae, and Coriobacteriaceae were higher in
healthy controls (P < 0.05; Fig. 4). In addition, many gen-
era showed significantly lower abundances in women with
HIP than in controls, and these genera included Rumino-
coccaceae_UCG-014, Christensenellaceae_R-7_group,
Ruminococcaceae_UCG-003, and Ruminococcaceae UCG-
002. Differences at the species level were also found be-
tween women with HIP and healthy controls and were
consistent with the findings at the genus level (Table S3).
These findings suggested that women with HIP had gut
microbial dysbiosis.

Correlations between the gut microbiota and clinical
characteristics

To assess associations between clinical characteristics
and the gut microbiota, Spearman’s correlation coeffi-
cient was calculated. At the family level, pre-BMI, pre-
weight and waist were significantly negatively correlated
with the Clostridiales_vadinBB60_group (Fig. 5a). pre-
BMI was also negatively associated with Ruminococca-
ceae_ UCG-005 and Ruminococcaceae UCG-014. In
addition, waist was negatively correlated with the Gas-
tranaerophilales_norank and positively correlated with
Erysipelotrichaceae.

The relationship between gut microbial composition
and blood glucose metabolism was also assessed. HbAlc
was positively correlated with the relative abundance of
Proteobacteria, Fusobacteria, and Saccharibacteria and
negatively correlated with Lentisphaerae (P < 0.05). Fur-
thermore, HbAlc was positively associated with the
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Fig. 2 Decreased gut microbial richness and diversity in women with HIPRichness and a-diversity (Chaol and Shannon index) of the two cohorts
at the OTU level. Boxplots showing both richness and diversity values. *P < 0.05; **P < 0.01; ***P < 0.001.
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Fig. 3 Phylum-level differences in bacteria in the faecal samples of controls and women with HIP. Boxplot shows the phyla that differed
significantly between the women with HIP (red) and healthy controls (blue). The percentage of the phylum is indicated on the y axis. Boxplots
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abundance of the Bacteroidaceae family from the Bacter-
oidetes phylum (Fig. 5a). A positive correlation between
HbAlc, GLU and the Enterobacteriaceae family was ob-
served (P<0.05) (Fig. 6a). A higher HbAlc level was
correlated with a lower abundance of multiple families,
such as Ruminococcaceae, Christensenellaceae, Victival-
laceae, Rhodospirillaceae, and Micrococcaceae, while
GLU exhibited a similar trend (Fig. 5 a, Fig. 6 b, C). At
the genus level, Bacteroides, Bilophila and Lachnospira-
ceae_uncultured were positively correlated with HbAlc,
while several genera of the Ruminococcaceae family were
negatively correlated with HbAlc and GLU (Fig. 5 b).
Low-grade chronic inflammation plays a key role in the
pathophysiology of glucose disorders. CRP is mainly used as
a marker of inflammation and has been proven to be associ-
ated with diabetes. In our study, CRP was positively corre-
lated with the relative abundance of Proteobacteria,

Fusobacteria, and Saccharibacteria and negatively correlated
with Lentisphaerae (P<0.05). Fusobacteriaceae was the
main family of the Fusobacteria phyla. Further analysis
within Fusobacteria indicated that the Fusobacteriaceae
family and the Fusobacterium genus were also positively as-
sociated with CRP (P < 0.05) (Fig. 5a, Fig. 6d). We also found
that the abundance of the Bacteroidaceae family from the
Bacteroidetes phylum was positively associated with CRP.

Discussion

This study is the first to our knowledge to compare the
stool microbiota of patients who have hyperglycaemia
(HIP) with that of controls in early pregnancy. We dis-
covered that the participants were separated into two
clusters. This finding was not explained by differences in
anthropometric or biochemical variables, and the two
clusters corresponded to Bacteroides and Prevotella
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enterotypes, respectively, in accordance with the
recently-proposed theory of enterotypes [26, 27]. No sig-
nificant correlation between enterotype and disease sta-
tus was found in our study. However, we should fully
take enterotype into account in gut microbiota research,
although our current study lacks the sample size to
make these conclusions. Furthermore, by examining the
top six principal components, we found that the first
and second principal components were also significantly
correlated with disease status. We concluded that glu-
cose metabolism disorders, in addition to enterotype,
was a determining factor in explaining the gut microbial
differences in our research.

We observed reduced richness and diversity in the faecal
microbiota of the HIP group compared to that of the con-
trols. Similar findings were reported for a variety of chronic
diseases, including obesity [6, 7], inflammatory bowel dis-
ease [28], cancer [29] and even mental disorders [30], indi-
cating that a decline in richness and diversity is a common
characteristic in many kinds of diseases.

Most studies discovered that obesity is characterized
by an increase in the Firmicutes phylum and a relative
decrease in the Bacteroidetes phylum [7-9]. However,
this phenomenon was quite contradictory in the context
of type 2 diabetes. A study from Nadja Larsen and col-
leagues that included 18 male type 2 diabetes patients
and 18 healthy male controls demonstrated that the

relative abundance of Firmicutes was significantly re-
duced in individuals with type 2 diabetes [12]. Another
study from China that included 71 type 2 diabetes pa-
tients and 74 controls also obtained similar results [24,
26]. However, the abundance of Firmicutes and Bacteroi-
detes and the ratio of Firmicutes:Bacteroidetes were simi-
lar between the two groups in our study. Our findings
were consistent with previous research on polycystic
ovary syndrome (PCOS) [31], GDM in the second tri-
mester and GDM within 1-2 days before delivery [16,
17]. We speculate that the opposite results may be be-
cause the subjects in the latter four studies were all
women who were much younger than those included in
the first two studies. When comparing less-prominent
phyla, we observed that Lentisphaerae and Tenericutes
were enriched in healthy controls. Consistent with other
studies, Tenericutes was more abundant in controls than
in individuals with PCOS [31] or metabolic syndrome
[32]. Therefore, we have reason to believe that bacteria
from Tenericutes seem to play a protective role against
several kinds of diseases.

The Clostridiales order, which can produce butyrate,
was reduced in individuals with obesity [33], T2DM [24,
26] and gestational diabetes mellitus in the second tri-
mester [16]. Our data supported this finding by showing
that Clostridiales was enriched in healthy pregnant women
in early pregnancy and that the Clostridiales vadinBB60_



Gao et al. BMC Pregnancy and Childbirth (2020) 20:284

Page 8 of 11

0.5 rho=0.3462 , P=0.01379
)
o
c
®©
T04
=
o
©
[
=
©0.3
o
m L]
© .
8
§0.2
=
2
O L]
© L]
Q .
0.1 .
2
LE ° ¢ ° e o °
0.0 wlam o s o 0 '
6 8 10
HbA1c(mmol/L)
0.121 rho=-0.4587, P=0.0008083
©
3]
=
© °
©
c
>
® .
0 0.08
=
©
o
[
©
)
8 .
5 0.047
<
)
[%) L]
% [ X
E o 8 . L
E =" .
0000 'o.l.:toom" o of oo .
6 8 10
HbA1c(mmol/L)
correlation between the Fusobacterium genus and CRP concentration

Fig. 6 Bacterial abundance and its associations with HbA1c and CRP profile a. Positive correlation between HbA1c concentration and the
Enterobacteriaceae family. b, c. Negative correlation between the Ruminococcaceae and Christensenllaceae families with HbATc. d: Positive

w

057 rho=-0.3824,P=0.006129
047 .o . .
0.3 ’

&
o

e
s

Ruminococcaceae relative abundance

0.0

8 10
HbA1c(mmol/L)

O

rho=0.3316 , P=0.01866

0.25

= o o
—_ — DN
[=} (3} (=)

2
=)
o

Fusobacterium relative abundance

0.00

10 20
CRP(mg/L)

group family was negatively associated with several obesity-
related markers. Previous studies demonstrated that butyr-
ate seemed to possess beneficial effects in terms of insulin
sensitivity and energy balance [34]. The reason may partly
explain why Clostridiales was more abundant in healthy
subjects than in individuals with metabolic disease both
in pregnancy and non-pregnancy conditions. The
Christensenellaceae family, which has recently been
reported in relation to leanness and healthy metabol-
ism, was found in a significantly higher level in

controls than in women with HIP and was negatively
correlated with HbAlc in our study [35]. Previous
studies have found that Christensenellaceae is negatively as-
sociated with the branch-chain amino acids (BCAAs) isoleu-
cine and valine [34, 36]. BCAAs are positively associated
with insulin resistance [37, 38]. Moreover, increased concen-
trations of three BCAAs (valine, leucine, isoleucine) and two
aromatic amino acids (phenylalanine, tyrosine) were associated
with future diabetes in the Framingham Heart Study [39]. All
these results suggest that Christensenellaceae played a
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protective role against diabetes through altered amino acid
metabolism.

We also observed that several genera from the Rumino-
coccaceae family were more abundant in controls than in
women with HIP and were negatively correlated with
HbA1lc. Consistent with previous findings, Ruminococca-
ceae were depleted in women with GDM in the third tri-
mester of pregnancy [40], in non-pregnant individuals
with type 1 diabetes [41] and even in pre-diabetic subjects
[36]. However, the opposite result was obtained in some
other studies. Luisa F. Gomez-Arango and colleagues
demonstrated that a high abundance of Ruminococcaceae
may be related to adverse metabolic health in early preg-
nancy in overweight and obese women [42]. This finding
was further supported by Kati Mokkala, who studied over-
weight and obese women in early pregnancy [43]. Rumi-
nococcaceae is considered to produce short-chain fatty
acids that have positive effects on metabolism [44]. The
efficiency of Ruminococcaceae in the last two studies,
which focused on overweight and obese women, may have
been lower.

Enterobacteriaceae is a large family of Gram-negative
bacteria that includes many of the familiar pathogens. A
positive correlation of the Enterobacteriaceae family with
HbAlc was observed in our study. Enterobacteriaceae
was also found in a higher relative abundance in GDM
patients in the second trimester [16] and in non-
pregnant individuals with T2DM than in controls [45]
and in individuals with some chronic diseases, such as
colitis [46] and inflammatory bowel disease (IBD) [47].
A previous study showed that Enterobacteriaceae indi-
cated a specific status of gut inflammation and colitis
due to its role in inducing intestinal inflammation [46].
The level of the endotoxin-producing Enterobacter de-
creased in a morbidly obese human who lost 51.4kg
after 23 weeks of dietary intervention [48]. These results
suggest that abnormalities of bacteria from the Entero-
bacteriaceae family may be associated with HIP.

The strengths of our research are that the research
sample was composed of young adults with few con-
comitant medications and comorbidities. The main limi-
tations of our present study are the small sample size
and the fact that lifestyle and diet, which may affect both
blood glucose levels and the gut microbiota, were impos-
sible to assess in the present study.

In conclusion, our study suggests that women with
HIP have dysbiosis of the gut microbiota. In particular,
our results support the idea that certain members of the
microbiota were associated with glucose metabolism
during pregnancy. The gut microbiota may be a poten-
tial biomarker for patients with glucose metabolism dis-
order in early pregnancy. Future studies are needed to
evaluate the diagnostic value of relevant microbial
markers.
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