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Abstract: The composition of the gut microbiota (GM) undergoes significant changes during preg-
nancy, influenced by metabolic status, energy homeostasis, fat storage, and hormonal and immuno-
logical modifications. Moreover, dysbiosis during pregnancy has been associated with preterm birth,
which is influenced by factors such as cervical shortening, infection, inflammation, and oxidative
stress. However, dysbiosis also affects the levels of lipopolysaccharide-binding protein (LBP), short-
chain fatty acids (SCFAs), and free fatty acids (FFA) in other tissues and the bloodstream. In this
study, we investigated the plasmatic levels of some pro-inflammatory cytokines, such as matrix
metalloproteinases-8 (MMP-8), interleukin-8 (IL-8), heat shock protein 70 (Hsp70), and microbial
markers in pregnant women with a short cervix (≤25 mm) compared to those with normal cervical
length (>25 mm). We examined the differences in the concentration of these markers between the two
groups, also assessing the impact of gestational diabetes mellitus. Understanding the relationship
between GM dysbiosis, inflammatory mediators, and cervical changes during pregnancy may con-
tribute to the identification of potential biomarkers and therapeutic targets for the prevention and
management of adverse pregnancy outcomes, including preterm birth.

Keywords: preterm delivery; gestational diabetes mellitus; microbial translocation; lipopolysaccharide-
binding protein; free fatty acids; MMP8; IL-8; Hsp70

1. Introduction

The gut microbiota (GM) is a complex community of microorganisms that plays a
crucial role in the development of the intestinal immune system [1] and is involved in vari-
ous aspects of host metabolism, immunity, nutrition absorption and also the maintenance
of a healthy pregnancy [2,3]. GM alterations, known as dysbiosis, can lead to increased
permeability of the intestinal barrier, allowing microbial translocation to blood vessels and
triggering systemic inflammatory processes [4]. Gut dysbiosis is implicated in the pathogen-
esis and development of various diseases, including obesity, type 2 diabetes, atherosclerosis,
hypertension, chronic kidney diseases [5–7] and it is also involved in numerous immune-
mediated disorders [8,9]. Dysbiosis also affects the levels of lipopolysaccharide-binding

Int. J. Mol. Sci. 2023, 24, 13653. https://doi.org/10.3390/ijms241713653 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms241713653
https://doi.org/10.3390/ijms241713653
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0002-7412-823X
https://orcid.org/0000-0002-9205-8079
https://orcid.org/0000-0002-5151-2618
https://orcid.org/0000-0002-0057-6531
https://orcid.org/0000-0002-5631-8769
https://orcid.org/0000-0002-7980-6853
https://orcid.org/0000-0002-6797-9343
https://orcid.org/0000-0001-8248-929X
https://doi.org/10.3390/ijms241713653
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms241713653?type=check_update&version=1


Int. J. Mol. Sci. 2023, 24, 13653 2 of 12

protein [10] (LBP), short-chain fatty acids (SCFA) [11,12] and free fatty acids (FFA) [13] in
tissues outside the gut and in the bloodstream. LBP is a surrogate marker of microbial
translocation, and it is higher in dysbiosis [14]. SCFAs, produced by anaerobic bacte-
rial metabolism in the intestine, include butyric acid, propionic acid, acetic acid, valeric
acid and caproic acid [15]. Their levels are influenced by diet, age, and other conditions,
including obesity, hypertensive disorders and diabetes complicating pregnancy [15,16].
Other FFA are released from adipocytes as an energy source and circulate in blood as
free or albumin-bound molecules. FFA exert immunomodulatory effects, mainly anti-
inflammatory ones [17], such as the modulation of IL-18 levels via inflammasome NLRP3
activation and promoting T-cell differentiation via IL-10, IL-17 and IFN-γ levels. Moreover,
FFA are associated with insulin resistance, endothelial dysfunction, obesity, type 2 diabetes
mellitus and hypertension [18]. Assessing circulating FFA levels allows the investigation of
systemic effects of GM on distant organs and on distal immune cells [19].

Gestational Diabetes Mellitus (GDM) contributes to changes in the composition and
diversity of intestinal microorganisms, as well as altered proportions of FFA [20,21]. GDM
is a common pregnancy disorder associated with adverse maternal and fetal outcomes [20].
The relationship between GDM and gut microbiota needs to be clarified. Indeed, some
studies have investigated the intestinal microbiota during pregnancy and its changes
according to the trimester of pregnancy, and the occurrence of GDM [22–24].

The composition of gut microbiota undergoes significant changes during gestation [25].
From the first to the third trimester of pregnancy, there is an increase in strains associated
with inflammation (such as Bifidobacteria phylum, Proteobacteria phylum and lactic acid-
producing bacteria), while the levels of Faecalibacterium, a butyrate-producing bacterium
with anti- inflammatory activities, decrease [26].

These variations in GM depend on modification in metabolic status, energy home-
ostasis, fat storage, as well as hormonal and immunological changes that occur in healthy
pregnancies [26]. In fact, the metabolic changes associated with pregnancy resemble those
seen in the metabolic syndrome, including weight gain, elevated fasting blood glucose
levels, insulin resistance, glucose intolerance, low-grade inflammation, and changes in
metabolic hormone levels [27]. Additionally, immune changes during pregnancy ensure
active immunological tolerance to the fetus, promoting its healthy development [28]. These
immune changes are likely to have an impact on the microbiota [25,29]. Furthermore, it
has been hypothesized that the GM dysbiosis during pregnancy may be associated with
preterm birth [30]. The maternal microbiota, based on the ability to gain electrons, is
believed to influence the maternal oxidative balance [31]. Moreover, oxidative stress is
linked to adverse pregnancy outcomes, including preterm delivery [32,33].

The risk of spontaneous preterm birth is higher in women with a short cervical
length [34,35] and genetic factors, uterine over-extension, infection and inflammation have
all been associated with cervical shortening [36,37]. Elevated levels of pro-inflammatory
mediators, such as matrix metalloproteinases-8 (MMP-8), interleukin-8 (IL-8), and heat
shock protein 70 (Hsp70), in the vaginal fluid have been associated with cervical shorten-
ing [38,39]. Maternal plasmatic levels of IL-8 and Hsp70 have also been implicated in the
pathogenesis of preterm birth [40–42]. However, the plasma levels of Hsp-70 and IL-8 have
not been studied in pregnant women with short cervical length. Moreover, no study has
evaluated maternal plasma levels of MMP-8 in women with cervical shortening, although
increased MMP-8 concentration in the amniotic fluid has been observed in pregnant women
with preterm labor [43].

Given this context, our study aims to compare the plasma concentration of pro-
inflammatory and microbial markers in women with short and normal cervical length,
while also evaluating the impact of gestational diabetes mellitus.

2. Results

The demographic and clinical characteristics of the patients are presented in Table 1.
There were no significant differences observed in the maternal age, gestational age, and
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BMI at time of sampling between cases and controls. The median gestational age at delivery
was also similar between the two groups. However, 11/64 women (17%) in the group with
short cervical length delivered preterm, while all controls delivered at term.

Table 1. Patient demographic and clinical information.

Clinical Characteristics All Pregnant Women Pregnant Women with
Short Cervix ≤ 25 mm

Pregnant Women with
Cervix > 25 mm p Value

Number of enrolled pregnant
women 89 64 25

Ethnicity
1.000Caucasian 88 63 25

Asian 1 1 0

Age at sampling (years)
mean ± SD 33.2 ± 6.8 33.1 ± 7.0 33.4 ± 6.5 0.985

BMI kg/m2

mean ± SD 23.70 ± 5.3 23.45 ± 5.3 24.24 ± 5.4 0.467

Gestational diabetes mellitus 25 (28%) 15 (23.4%) 10 (40%) 0.118

Gestational age at sampling
(weeks)

mean ± SD 28.4 ± 2.4 28.3 ± 2.2 28.5 ± 3.0 0.919

Length of the cervix (mm) at
sampling

mean ± SD 19.6 ± 9.0 15.1 ± 5.8 31.0 ± 4.7 <0.001

Gestational age at birth (weeks)
mean ± SD 38.1 ± 2.4 38.0 ± 2.7 38.6 ± 1.5 0.562

Spontaneous preterm birth 11 (12.4%) 11 (17.0%) 0 (0%) 0.030

2.1. Plasmatic Cytokines’ Determination

The results of the comparison of plasmatic cytokines between cases and controls are
presented in Table 2. The plasmatic concentration of MMP-8 and Hsp70 was significantly
lower in the case group compared to the controls (p < 0.0001). Conversely, IL-8 plasmatic
concentration was higher in the case group compared to the controls (p < 0.001). There
were no associations found between the levels of IL-8, MMP-8, or Hsp70 and gestational
age at the time of enrolment, gestational age at delivery, BMI, or spontaneous preterm
birth. However, we observed a positive correlation between cervical length and MMP-8
(Spearman’s Rho = 0.504, adj p < 0.001) and Hsp-70 (Spearman’s Rho = 0.367, adj p = 0.008)
and a negative correlation with IL-8 (Spearman’s Rho = −0.278, adj p = 0.002).

Table 2. Plasmatic concentrations of cytokines, LBP, and free fatty acids in the case and control
group. Pregnant women with short cervix are indicated as cases group. Pregnant women with
normal cervical length as control group. Values are reported as median and interquartile range (IQR).
p-values were assessed with the independent samples Mann–Whitney test (Bonferroni correction).
* adj p-value < 0.002.

Analytes Case Group (n = 64) Control Group (n = 25) p Value

MMP-8 (pg/mL) 848.60 (524.55–1283.61) 3351.55 (1259.20–6426.03) <0.001 *

Hsp70 (ng/mL) 66.42 (51.45–83.90) 138.00 (81.00–167.60) <0.001 *

IL-8 (pg/mL) 4.00 (3.10–6.26) 2.60 (1.80–3.70) <0.001 *

LBP (µg/mL) 19.60 (15.90–24.00) 22.63 (15.10–26.60) 0.471
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Table 2. Cont.

Analytes Case Group (n = 64) Control Group (n = 25) p Value

Acetic acid (µmol/L) 115.08 (105.71–129.79) 119.50 (111.58–129.75) 0.273

Propionic acid (µmol/L) 2.03 (1.89–2.57) 1.89 (1.49–2.84) 0.540

Butyric acid (µmol/L) 0.74 (0.57–1.11) 0.68 (0.57–0.86) 0.150

Iso-Butyric acid (µmol/L) 7.05 (6.93–7.16) 7.16 (7.05–7.27) 0.007

Iso-Valeric acid (µmol/L) 0.20 (0.20–0.29) 0.29 (0.20–0.29) 0.136

2-MethylButyric acid (µmol/L) 0.20 (0.20–0.20) 0.20 (0.20–0.29) 0.771

Valeric acid (µmol/L) 0.20 (0.10–0.20) 0.20 (0.15–0.20) 0.045

IsoHexanoic acid (µmol/L) 0.69 (0.69–0.78) 0.69 (0.69–0.74) 0.132

Hexanoic acid (µmol/L) 0.34 (0.34–0.50) 0.34 (0.30–0.52) 0.732

2-Ethyl-Hexanoic acid (µmol/L) 2.57 (2.50–2.57) 2.57 (2.50–2.57) 0.019

Octanoic acid (µmol/L) 4.10 (3.89–4.44) 3.89 (3.79–4.62) 0.574

Decanoic acid (µmol/L) 4.27 (3.79–5.32) 4.71 (4.13–5.61) 0.152

Dodecanoic acid (µmol/L) 2.93 (2.35–3.55) 2.85 (2.40–3.73) 0.722

Tetradecanoic acid (µmol/L) 16.45 (13.60–22.17) 15.96 (12.90–21.32) 0.391

Hexadecanoic acid (µmol/L) 497.75 (404.24–707.49) 526.91 (385.76–642.01) 0.729

Octadecanoic acid (µmol/L) 172.78 (141.42–247.59) 179.33 (152.35–229.81) 0.869

In our cohort, 15 pregnant women with a short cervix and 10 pregnant women with
normal cervical length were diagnosed with GDM but the plasmatic concentration of MMP-
8, IL-8 and Hsp70 did not significantly differ between women with and without GDM in
either group (Table 3).

Table 3. Plasmatic levels of cytokines, LBP, and free fatty acids in women with and without gestational
diabetes mellitus (GDM) in the case and control group. Median and interquartile range (IQR) were
reported. p values were assessed with the independent samples Mann–Whitney test (Bonferroni
correction).

Analytes
Case Group

No GDM
(n = 49)

Case Group
GDM

(n = 15)
p Values

Control Group
No GDM
(n = 15)

Control Group
GDM

(n = 10)
p Values

MMP-8 (pg/mL) 838.96
(530.00–1249.70)

865.10
(348.61–1341.20) 0.930 1818.00

(1038.23–4987.00)
3463.65

(1960.51–7227.65) 0.311

Hsp70 (ng/mL) 65.93
(46.70–83.40)

71.00
(52.41–85.85) 0.794 97.90

(68.60–159.20)
144.25

(136.82–179.00) 0.437

IL-8 (pg/mL) 4.30
(2.80–5.30)

5.00
(4.30–9.80) 0.058 2.40

(1.90–3.30)
3.30

(1.61–7.30) 0.080

LBP (µg/mL) 19.21 (3.59–24.37) 19.75
(13.48–23.74) 0.831 23.84

(15.91–29.27)
18.54

(12.18–23.54) 0.311

Acetic acid (µmol/L) 114.17
(5.17–130.50)

121.00
(110.17–127.50) 0.338 119.50

(112.17–129.33)
119.92

(109.63–141.92) 0.935

Propionic acid (µmol/L) 2.03 (4.76–2.43) 2.43 (2.03–2.70) 0.030 2.16 (1.62–3.11) 1.83 (1.46–2.83) 0.144

Butyric acid (µmol/L) 0.68 (0.57–1.02) 1.02 (0.57–1.14) 0.306 0.68 (0.57–0.80) 0.63 (0.57–0.63) 0.849

Iso-Butyric acid (µmol/L) 7.05 (1.93–7.16) 7.05 (6.93–7.27) 0.108 7.16 (7.05–7.27) 7.22 (7.05–7.22) 0.177

Iso-Valeric acid (µmol/L) 0.20 (2.20–0.29) 0.20 (0.20–0.39) 0.734 0.20 (0.20–0.29) 0.29 (0.18–0.29) 0.723

2-MethylButyric acid (µmol/L) 0.20 (2.20–0.20) 0.20 (0.20–0.29) 0.794 0.20 (0.20–0.29) 0.20 (0.18–0.20) 0.723

Valeric acid (µmol/L) 0.20 (2.10–0.20) 0.20 (0.10–0.20) 0.555 0.20 (0.20–0.20) 0.20 (0.10–0.20) 0.531
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Table 3. Cont.

Analytes
Case Group

No GDM
(n = 49)

Case Group
GDM

(n = 15)
p Values

Control Group
No GDM
(n = 15)

Control Group
GDM

(n = 10)
p Values

IsoHexanoic acid (µmol/L) 0.69 (7.69–0.78) 0.69 (0.69–0.78) 0.786 0.69 (0.69–0.69) 0.69 (0.67–0.69) 1.000

Hexanoic acid (µmol/L) 0.34 (4.34–0.43) 0.34 (0.26–0.52) 0.623 0.34 (0.26–0.52) 0.34 (0.32–0.34) 0.892

2-Ethyl-Hexanoic acid (µmol/L) 2.57 (5.50–2.57) 2.57 (2.50–2.57) 0.688 2.57 (2.50–2.57) 2.54 (2.50–2.54) 0.428

Octanoic acid (µmol/L) 4.03 (4.89–4.48) 4.10 (3.82–4.38) 0.886 3.89 (3.75–4.93) 3.93 (3.77–4.93) 0.807

Decanoic acid (µmol/L) 4.30 (4.87–5.44) 4.24 (3.66–5.35) 0.634 4.59 (4.13–5.52) 4.80 (4.10–6.80) 0.723

Dodecanoic acid (µmol/L) 3.00 (5.45–3.58) 2.50 (2.25–3.35) 0.231 3.05 (2.45–3.70) 2.80 (2.21–4.80) 0.765

Tetradecanoic acid (µmol/L) 16.93 (8.95–22.81) 15.61
(13.55–21.97) 0.516 16.62

(13.95–21.18)
13.40

(11.98–21.40) 0.285

Hexadecanoic acid (µmol/L) 502.19
(9.44–723.96)

491.02
(416.60–600.16) 0.981 542.62

(383.55–621.05)
473.50

(393.04–703.50) 0.643

Octadecanoic acid (µmol/L) 177.54
(4.78–250.42)

170.49
(130.39–182.78) 0.547 187.22

(158.84–216.69)
174.00

(145.04–248.00) 0.765

2.2. Plasmatic LBP Protein Dosage

The median concentration of LBP was 19.60 µg/mL (15.90–24.00) in the case group
and 22.63 µg/mL (15.10–26.60) in the control group, but the difference was not statistically
significant (Table 2). Moreover, no difference was observed between patients with or
without GDM (Table 3).

2.3. Evaluation of the Plasmatic Free Fatty Acids

The median and percentile values of each FFA in the different study groups are
reported in Tables 2 and 3. The levels of FFAs in the different groups exhibited large intra-
group variability, with no significant differences observed. Furthermore, no association was
found between levels of FFA and cervical length, gestational age at the time of enrolment,
gestational age at delivery, BMI, or spontaneous preterm birth.

3. Materials and Methods
3.1. Study Design

This prospective study was conducted between 2016 and 2020 at the Department of
Obstetrics and Gynecology of Careggi University Hospital in Florence, Italy. The study
enrolled a total of 89 pregnant women, of which 64 had a short cervix (≤25 mm), and 25
had a normal cervical length, and served as controls. Both groups included women with
gestational diabetes mellitus (GDM): fifteen pregnant women with cervical length ≤ 25 mm
and GDM (case group with GDM) and ten pregnant women with normal cervical length
and GDM (control group with GDM). We included diet-controlled GDM cases as well as
those requiring insulin treatment.

The cases with short cervix were referred to the Hospital’s Preterm Birth Clinic by their
obstetricians who detected cervical shortening on a transvaginal ultrasound performed
during a routine prenatal visit. Controls were selected among women attending the
Hospital’s Maternity Outpatient Clinic for routine prenatal visits. Gestational age was
calculated from the last menstrual period and confirmed by fetal crown-rump length
measurement from the first trimester ultrasound. Exclusion criteria for the study were
as follows: multiple pregnancy, a previous surgery to the cervix, evidence of premature
rupture of membranes or symptomatic uterine contractions at the time of recruitment,
vaginal infection at the time of recruitment, the presence of a cervical cerclage or pessary.
There were no cases of chronic comorbidities, anemia and preeclampsia in our study cohort.
There were two cases of fetal growth restriction, one for each group, that were diagnosed
in the third trimester.
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3.2. Cervical Length Measurment

The measurement of the cervical length was performed by transvaginal ultrasound,
after the patients had emptied their bladder, according to the standard technique. On the
sagittal plane, the full length of the endocervical canal was visualized and the distance
between the internal to the external cervical was measured. At least three measurements
were obtained and the shortest measurement was recorded.

3.3. Diagnosis of GDM

GDM was diagnosed based on fasting plasma glucose ≥ 5.1 mmol/L, and/or 1-h
plasma glucose ≥ 10.0 mmol/L, and/or 2-h plasma glucose ≥ 8.6 mmol/L in the 75 g oral
glucose tolerance test [44].

3.4. Collection of Plasma Samples

Six mL blood samples were collected by venipuncture into tubes containing EDTA
and centrifuged at 2000 RPM for 10 min. One ml of plasma was stored at −80 ◦C.

3.5. LBP Protein Dosage

Lipopolysaccharide binding protein (LBP) level was quantified in plasma samples by
Human-LBP ELISA kit, following manufacturer’s instructions (Hycult Biotech, Uden, The
Netherlands).

3.6. Free Fatty Acids Evaluation

The plasma levels of short, medium and long chain fatty acids were measured using
Gas Chromatography coupled with Mass Spectrometry. The preparation of standard curves
was carried out using an Agilent GC-MS 114 system, which consisted of a 5971 single
quadrupole mass spectrometer, 5890 gas chromato-115 graph and 7673 autosampler. The
details of the methodology can be found in a previous publication [45].

3.7. Cytokines’ Plasma Determination

For the determination of MMP8, IL-8 and Hsp70 levels in plasma, a Milliplex custom
kit Human Sepsis Panel 2 Magnetic Bead Panel for Luminex MAGPIX detection system
(Affymetrix, eBioscience, Santa Clara, CA, USA) was used. The manufacturer’s instructions
for plasma samples were followed during the analysis of cytokines.

3.8. Ethics Approval

Ethics approval for this study was granted by the local ethics committee of Careggi
University Hospital, Florence (Ref. no. BIO14.0009-09/07/2014), and all women provided
written informed consent.

3.9. Statistical Analysis

The levels of the plasmatic markers were compared between the group of cases and
controls using the independent samples Mann–Whitney test for continuous variables and
with the χ2 test for unpaired data for categorical variables. A subgroup analysis was
also conducted to compare the concentrations of the markers between women with and
without GDM within each group. Continuous variables were reported by medians and
interquartile range (IQR), while categorical ones by absolute and relative frequencies.
Spearman correlation coefficients were computed to assess association between variables.
The statistical analysis was performed using the IBM SPSS Statistics, version 28. A p < 0.05
was considered statistically significant. p-values were corrected for multiple comparisons
using the Bonferroni correction.

4. Discussion

The present study indicates that pregnant women with normal cervical length (>25 mm)
have higher plasmatic concentrations of MMP-8 and Hsp70 compared to women with a
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short cervix (≤25 mm). Notably, the levels of these markers showed a significant correlation
with cervical length and remained consistent regardless of GDM status. To the best of our
knowledge, this is the first study to demonstrate a correlation between plasmatic MMP-8
and Hsp-70 levels and the length of the uterine cervix during pregnancy.

MMP-8, also known as collagenase-2 or neutrophil collagenase, is expressed in various
cell types, including peripheral neutrophils, macrophages, plasma cells and T cells [46,47].
MMP-8 and other MMPs play crucial roles in cervical remodelling, and their concentration
and activity have been reported to increase in the lower uterine segment during labor [48].
We hypothesize that the lower plasma MMP-8 levels observed in pregnant women with
a short cervix may be associated with higher levels of this enzyme in the placenta or in
the lower uterine segment, where inflammation and remodelling may occur [49]. MMP-8
has been shown to compromise epithelial barrier integrity [47] and its levels in vaginal
fluid have been associated with cervical shortening [39]. Elevated MMP-8 concentration
in amniotic fluid has been also linked to preterm birth and preterm premature rupture of
membranes [50,51]. However, no association has been found between cervical fluid MMP-8
concentration and preterm birth in early and mid-pregnancy [52].

With regard to Hsp70, previous studies have reported elevated levels in the serum
of women with preeclampsia compared to those with normal pregnancy [53,54], as well
as in vaginal fluid of women with short cervix, suggesting its involvement in the pro-
inflammatory cervico-vaginal milieu leading to cervical shortening [39]. The lower plas-
matic concentration of Hsp70 observed in women with short cervix in this study may be
attributed to the recall of the pro-inflammatory cells and molecules to the shortening cervix,
where they play a role in the cervical tissue remodelling [39,49,55].

Finally, the IL-8, also known as CXCL-8, is a pro-inflammatory chemokine with
a primary function in attracting and activating neutrophils, and is involved in cellular
processes in numerous pregnancy-related events [56,57]. Interestingly, IL-8 can influence
cervical MMP activity, promoting the release of MMP-8 and MMP-9 from neutrophils [58].

Elevated maternal IL-8 serum has been observed in patients with chorioamnionitis
compared to those without chorioamnionitis [59], as well as in vaginal fluid of pregnant
women with short cervix [39]. In our study, we found a higher concentration of plasmatic
IL-8 in pregnant women with a short cervix. It has been reported that plasmatic IL-8
tends to increase between the second and the third trimester of physiological pregnan-
cies [60], indicating a shift towards a pro-inflammatory systemic profile as the parturition
approaches [57,61].

To explore the potential association between the risk of preterm delivery in women
with a short cervix and GM dysbiosis, we evaluated the plasma levels of LBP and various
short, medium and long chain fatty acids. To our knowledge, this study represents the first
attempt to assess these parameters in pregnant women with a shortened uterine cervix.

The integrity of the gut mucosal barrier is crucial for maintaining immune homeostasis
by preventing the entry of harmful pathogens into the system. However, when the barrier
integrity is compromised it can result in excessive microbial translocation, leading to
immune activation and the development of different diseases, such as type II diabetes and
infections [62,63].

LBP is a protein that specifically binds to lipopolysaccharide (LPS), enhancing its
interaction with the immune system [64], and serves as a reliable marker for microbial
translocation. Elevated LBP levels have been observed in several inflammatory condi-
tions [14,65]. Pregnancy is associated with increased gut permeability, which can lead
to metabolic alterations that predispose to insulin resistance [66,67]. The combination of
increased permeability, bacterial translocation and maternal gut dysbiosis, can increase
the risk of various pregnancy complications, including gestational diabetes, preeclampsia,
and preterm birth [68–70]. In mice implanted with intestinal microflora from women in the
third trimester of gestation, increases in body weight and insulin resistance were observed,
reflecting the diabetogenic changes observed in pregnant women. The results reported
by Koren et al. may indicate that changes in the intestinal microflora during pregnancy
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contribute to the occurrence of metabolic changes characteristic of pregnancy, with an
increase in inflammatory markers and energy content [26].

Therefore, measuring LBP levels in pregnant women may serve as an indicator of mi-
crobial translocation and identify those at an increased risk of adverse pregnancy outcomes.
Limited evidence exists regarding the role of LPS-related molecules in pregnancy, with few
studies assessing LBP specifically. However, some studies have reported increased LBP
levels in the amniotic fluid of women with preterm labor or intrauterine infection [71], as
well as elevated levels of LPS in cord blood of preterm births compared to term pregnancies,
particularly in cases with more-severe chorioamnionitis in the placenta [72]. Additionally,
elevated LBP levels have been observed in pregnant women infected with HIV in the first
trimester compared to non-infected individuals, with an association between increased
levels and premature delivery [73].

In our study, the median LBP levels in women with a short cervix were similar to those
in the control group, suggesting that cervical length may not be associated with LBP levels.
No correlation was found between LBP levels and BMI and, unexpectedly, no association
was observed between GDM and LBP levels. It is possible that factors such as differences
in the severity or duration of GDM or variations in the GM composition among women,
may have influenced the results. Further studies involving larger cohorts of patients and
controlling for potential confounding factors are necessary to examine the relationship
between GDM and LBP levels more effectively.

In our study, we aimed to assess the presence of functional dysbiosis in pregnant
women with a short cervix by evaluating circulating FFA levels.

Free fatty acids have been associated with inflammation and oxidative stress, and
their assessment in cases of cervical shortening could provide insights into the underlying
mechanisms of preterm birth and the identification of new risk biomarkers for preterm
delivery, with the aim of developing preventive strategies. Previous research has shown that
elevated fasting plasma FFA levels at 30 weeks’ gestation are associated with an increased
risk of preterm delivery [74]. However, our data showed no significant differences in
FFA levels between pregnant women with a short cervix and controls. Additionally, no
significant differences in FFA levels were observed between pregnant women with and
without gestational diabetes, contrary to findings from previous studies [21]. It is important
to note that the gestational age and BMI at sampling were similar between cases and
controls in our study, which helps to control for potential confounding effects of these
factors on FFA levels. It is known FFA circulating levels can vary throughout gestation [75].

Overall, our findings provide new insights into the association between cervical short-
ening and the systemic levels of pro-inflammatory and microbial markers. However, the
results indicate that LBP and FFA levels may not be associated with cervical shortening or
gestational diabetes. The limitations of our study include the lack of different ethnic groups
in our study cohort, which did not allow to study the effect of ethnicity on inflammatory
and microbial markers, and the relatively small sample size.

Further studies with larger sample sizes and different study populations are necessary
to confirm these findings and explore other potential factors that may affect FFA levels in
pregnant women.

5. Conclusions

In conclusion, this study sheds light on the intricate connections between cervical
length, systemic markers of inflammation, and gut microbiota-related parameters in preg-
nant individuals. The novel findings linking plasma levels of MMP-8, Hsp70, and IL-8
to cervical length provide insights into the complex processes of cervical remodeling and
potential preterm birth risk. The association between these markers and the length of
the uterine cervix regardless of GDM status underscores their potential significance as
universal indicators of cervical health. Additionally, while this study did not find direct
correlations between LBP and FFA levels with cervical shortening or GDM, these param-
eters still remain valuable to explore in larger and more diverse cohorts to establish a
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comprehensive understanding of their roles in pregnancy complications. Altogether, these
findings contribute to the broader understanding of maternal physiology during pregnancy
and the intricate interplay between various factors that influence maternal and fetal well-
being. Further investigations are warranted to uncover the full spectrum of connections
and implications arising from these intriguing observations.
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