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IRCCS, Rome, Italy; bDepartment of Translational Medicine, University of Piemonte Orientale, Novara, Italy; “GEK Lab, Milan, Italy

ABSTRACT

Objective: In pregnancies complicated by maternal obesity and diabetes, a disruption in inflam-
matory mediators occurs, resulting in endothelial microvascular dysfunction, oxidative stress, tis-
sue damage, and maternal and feto-neonatal complications. To outline this proinflammatory
status, an innovative approach is represented by the measurement of proinflammatory cyto-
kines. Among these biomarkers, B-cell-activating factor (BAFF) and platelet-activating factor
(PAF) play a key role in metabolic regulation, immune response to infections, tissue homeostasis,
and “food-related inflammation.” The aim of the present study is to investigate the blood
expression of BAFF and PAF in a cohort of pregnant women affected by obesity and diabetes
compared with a control group of healthy pregnant women.

Methods: A prospective longitudinal cohort study has been conducted on pregnant women
referred to Fondazione Policlinico Universitario Gemelli IRCCS in Rome. For each pregnant
woman, a capillary sample was collected with a swab in three different consecutive evaluations
carried out in the three trimesters of pregnancy.

Results: A total of 77 pregnant women have been enrolled. No significant differences in BAFF
and PAF levels were longitudinally observed between groups. Focusing on the exposed group,
in the third trimester of pregnancy, both PAF and BAFF levels were lower than the basal time.
Among the selected group of patients who developed Gestational Diabetes, only PAF values
were longitudinally lower when compared to other groups. The multivariate analysis showed
that BAFF levels were positively correlated with thyroid-stimulating hormone levels. No macroso-
mia, no shoulder dystocia, no major perineal lacerations at birth, and no intrauterine growth
restriction were observed in the whole population.

Conclusions: This study supports the involvement of metabolic and proinflammatory bio-
markers in the mechanisms related to pregnancy complications. Improving a good metabolic
environment for obese and diabetic pregnant women could break the vicious cycle connecting
inflammation, oxidative stress, and metabolic disorders.
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Introduction glyco-metabolic (insulin resistance and gestational dia-
betes) and thromboembolic diseases, cardiovascular
and metabolic disorders in later life [2], as well as
higher incidence of cesarean section and postpartum
hemorrhage [5].

Moreover, maternal obesity has been associated

In pregnancy, obesity is associated with increased
mortality and morbidity for both mother and offspring
[1-3]. According to the World Health Organization
(WHO), obesity is defined as body mass index (BMI)

>30kg/m? [4].
Obese women are at greater risk for developing
pregnancy complications such as hypertensive disor-

with both intrauterine growth restriction (IUGR) and
large-for-gestational-age (LGA) fetuses and is contribu-
ting to the epidemic of childhood obesity and meta-

ders (gestational hypertension and preeclampsia), bolic disorders [3], such as metabolic syndrome [6],
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propagating the vicious cycle of metabolic disorders
into the next generation [7, 8]. An attractive approach,
to decrease the future burden of obesity and to break
this vicious cycle, is to improve the metabolic environ-
ment of obese and diabetic pregnant women.

The idea that adipose tissue should only be consid-
ered an organ where the excess of triglycerides is
stored has changed over the past few years. Recent
studies have shown that adipose tissue is able to
secrete a wide variety of cytokines, proteins, and sig-
nal molecules that play both paracrine and endocrine
functions and determine a wide-ranging influence on
the metabolic and physiological function of other
organs [9]. These molecules, collectively called adipo-
cytokines, are involved in the regulation of inflamma-
tion, insulin sensitivity, energy balance, and control of
appetite. A state of chronic positive energy balance,
such as obesity, leads to cellular dysfunction resulting
in dysregulated release of adipokines, consequent
microvascular endothelial dysfunction, oxidative stress,
and tissue damage [10, 11], leading to chronic, low-
grade inflammatory state, termed “metainflammation”
or metabolically induced inflammation [12].

In recent years, there has been increased interest in
the role of inflammation as a mediator of program-
ming of metabolic disorders following exposure to the
adverse intrauterine environment in maternal obesity.
In particular, placental inflammation has been
observed in pregnancies complicated by obesity [13]
and gestational diabetes mellitus (GDM) [14] and may
play a central role in determining the fetal environ-
ment in these pregnancies. These changes in placental
function caused by altered inflammatory profiles can
lead to the co-morbidities observed in these pregnan-
cies [15-19]. So, obesity in pregnancy and GDM have
been linked to the disruption in several inflammatory
mediators in the maternal and fetal compartments.

Thus, pregnancy represents a crucial time of inter-
vention to create and maintain an adequate intrauter-
ine environment that guarantees a normal fetal
development.

Measuring biomarkers of inflammation represents
an innovative approach to outline the inflammatory
status in obese and diabetic patients that can be
modulated by a customized dietary intervention [20].
A better knowledge of the inflammatory status ena-
bles the personalization of this intervention, as
described by Piuri et al. [21] in the context of GDM
and in irritable bowel syndrome by Cappelletti
et al. [22].

B-cell-activating factor (BAFF) and platelet-activating
factor (PAF) are both pro-inflammatory cytokines [23],

expressed by many types of cells — especially mono-
cytes, macrophages, dendritic cells, and T cells — with
an important role as regulators of inflammation,
immune response to infections and tissue homeostasis
[24, 25].

BAFF is a member of tumor necrosis factor family
and is a costimulator of B-cell maturation and func-
tion. The increase of BAFF level is strongly correlated
to type of diet, insulin resistance, and fat gain, as well
as celiac and autoimmune diseases [26-29].

Moreover, BAFF is an adipocytokine; the dysregula-
tion and the increase of its secretion have important
roles, linking the adipose tissue, inflammation, and
metabolic disorders [30].

PAF is a phospholipid-derived mediator with an
established role in multiple inflammatory states [31].
In addition to its role in platelet aggregation and acti-
vation, PAF contributes to allergic and nonallergic
inflammatory diseases, such as asthma, anaphylaxis,
sepsis, cardiovascular disease - in particular stroke -
neurological disease, and malignancy [31, 32].

The absence of PAF, as well as the excess of it, can
stimulate fatness and obesity; only a specific right
amount can properly work, while when unbalanced it
can cause alterations in metabolic regulation [33, 34].

In women with GDM, a significant increase in PAF
can be useful for monitoring and potentially help to
explain the hidden mechanisms behind metabolic and
inflammatory interactions in GDM [21].

Measuring the level of inflammation with an
innovative approach, such as blood analyses to evalu-
ate the action of these cytokines, allows to better
understand the body’s inflammatory status. In this
field of research, there is a lack of data on behavior
and trend of these proinflammatory cytokines during
pregnancy.

The aim of the present study is to evaluate the
behavior of these biomarkers, BAFF and PAF, in preg-
nancies complicated by maternal obesity/diabetes,
gestational diabetes, and healthy pregnant women.

Materials and methods

A prospective longitudinal cohort study has been con-
ducted on pregnant women referred to Fondazione
Policlinico Universitario A. Gemelli IRCCS of Rome.
Maternal anthropometric and anagraphic characteris-
tics, obstetric history, health status information, and
maternal and neonatal outcomes have been collected.
Inclusion criteria were BMI >30kg/m2 and/or type 1-2
diabetes (DM1-DM2) or GDM diagnosed with a rou-
tine 75-g oral glucose tolerance test between 24 and



28 weeks of gestation - according to the International
Association of Diabetes and Pregnancy Study Groups
criteria - age <40years, ability to sign a written
informed consent. Healthy women with pre-pregnancy
BMI <30kg/m? and age <40years were controls. All
patients with age >41years, chronic hypertension,
gestational hypertension, autoimmune diseases, smok-
ing during pregnancy, and inability to sign a written
informed consent were excluded.

The study protocol has been drawn up in compli-
ance with the European Union’s Standards of Good
Clinical Practice, with the current revision of the
Declaration of Helsinki (1964, and its amendments and
subsequent clarification) and it has been approved by
the Ethics Committee of the Fondazione Policlinico
Universitario A. Gemelli IRCCS of Rome (Protocol num-
ber ID 1927).

For each patient, a capillary sample in three differ-
ent consecutive evaluations - first, second, and third
trimesters — has been collected.

Sample collection was performed by finger pricks
using a nylon swab for the storage of dried blood
(Copan Diagnostics, Inc,, Murrieta, CA, USA). Blood
samples were reconstituted in 0.15mL of phosphate
buffer saline (pH 7.6), the tubes were vortexed and
centrifugated and the supernatants were recovered
into new tubes for processing.

All samples were assayed to measure serum inflam-
matory markers, BAFF and PAF, by an antigen-capture
enzyme-linked immunosorbent assay (ELISA) using a
specific kit (Human BAFF/BLyS/TNFSF13B Immunoassay
Quantikine® ELISA, lower range of detection 0pg/mL,
Cat. No. PDBLYSOB, R&D Systems Inc., Minneapolis, MN,
USA; Human Platelet Activating Factor ELISA Kit, lower
range of detection 0.313 ng/mL, sensitivity 0.188 ng/mL,
Cat. No. E-EL-H2199, Elabscience Houston, TX, USA,
respectively) using the Biomek 4000 ELISA microplate
liquid reagent dispensing automation tool (Beckman
Coulter, Brea, CA, USA) and the EL405LS ELISA micro-
plate automated washing system (Bio Tek Instruments,
Winooski, VT, USA). The absorbance of each well was
read at a wavelength of 450 nm with a Multiskan FC
plate reader (Thermo Scientific, Waltham, MA, USA). The
average zero standard optical density was subtracted
from all absorbances, and a standard curve was gener-
ated using a four-parameter logistic (4-PL) curve fit. The
concentration in the test sample was calculated
through interpolation along the standard curve by mul-
tiplying the result by the dilution factor.

Descriptive analyses were conducted on the whole
sample and, separately, for the obese and/or pregesta-
tional, gestational diabetic, and healthy women.
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For the categorical variables, absolute frequency and
percentages are reported, while for the numerical
ones, the mean and the standard deviation (SD) or
median and interquartile range (IQR), where appropri-
ate. Differences between groups at baseline were
investigated using the chi-square/Fisher’'s test and
ANOVA test, as appropriate.

First, analysis of PAF and BAFF was conducted by
performing a graphical representation and evaluating
the differences between trimesters and baseline. To
take into account time and groups, repeated measures
models were conducted and beta with 95% confi-
dence intervals were reported.

Subsequently, analysis evaluating the association/
correlation among PAF and BAFF values at baseline
with neonatal and maternal outcomes was conducted
using ANOVA and correlation tests. Correlation was
also calculated for other blood values and rho and p-
values were reported.

All the analyses were conducted using the software
SAS 9.4 and R, significant threshold was set to two-
tailed 0.05.

Results

A total of 77 pregnant women have been enrolled in
the present study: 42 (54.5%) were healthy pregnant
women (control group), 26 (33.8%) patients were
obese and/or diabetic at the time of enrollment, and
nine (11.7%) developed GDM during the pregnancy.

Maternal characteristics, anthropometric data at
basal time, and information about delivery and neo-
natal outcomes are reported in Table 1.

The mean maternal age at recruitment was 32.35
(£4.12) years, ranging from 22 to 39years. The median
BMI of the healthy women was 20.81kg/m? [IQR
19.84-22.89], 30.41kg/m” [26.22-35.88] for obesity
and/or pregestational diabetes and 23.51kg/m?
[21.23-24.98] for patients with GDM (p <.0001).

Median gestational weight gain for obese patients
was 2 kg (£9.6 SD).

The only statistically significant variable (p = .0244)
on obstetric history was a higher rate of recurrent
abortion in patients with maternal obesity and/or pre-
gestational diabetes compared to healthy and GDM
women (34.62% vs. 11.9% and 11.1%, respectively).

The percentage of cesarean section was higher in
patients with maternal obesity and/or pregestational
diabetes when compared to others (p =.0487). In this
subset of patients, there was a very high percentage
of patients (58%) with a history of previous C-section
not willing to undergo a trial of labor. In one case the
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Table 1. Maternal characteristics and maternal and neonatal outcomes.

All patients Healthy women Obese and/or pregestational diabetes Gestational diabetes
(n=77) (n=42) (n=26) (n=9)
N (%) N (%) N (%) N (%)
Age, y/o 323 (4.1) 31.9 (3.9) 32.35 (4.5) 34.44 (3.3)
Mean (SD)
Height, cm 163.7 (5.7) 163.8 (5.4) 163.2 (6.4) 164.4 (5.7)
Mean (SD)
Weight, kg 62 [54; 74] 56 [54; 62] 80.5 [70; 94] 68 [53.00-71.00]
Median [q1-q3]
BMI 22.9 [20.3; 27] 20.8 [19.8; 22.9] 30.4 [26.2; 35.9] 23.5 [21.2-25]
Median [q1-q3]
Smoke 6 (7.79) 2 (4.76) 2 (7.69) 2 (22.22)
History of miscarriage 15 (19.5) 5(11.9) 9 (34.6) 1(11.1)
IVF 2 (2.60) 1(2.38) 1 (3.85) 0
Type of birth
Vacuum 6 (8.0) 4(9.7) 2 (8.0) 0
Vaginal delivery 49 (65.3) 29 (70.7) 11 (44.0) 9 (100)
C-section 20 (26.7) 8 (19.5) 12 (48.0) 0
Neonatal sex
Female 32 (42.7) 15 (36.6) 12 (48.0) 5 (55.6)
Male 43 (57.3) 26 (63.4) 13 (52.0) 4 (44.4)
Neonatal weight, g 3247.3 (394.6) 3250.6 (378.1) 3209.4 (459.1) 3337.8 (282)
Mean (SD)
Apgar 1 min
<7 3 (4.0 1(24) 1 (4.0) 1(11.1)
>7 72 (96.0) 40 (97.6) 24 (96.0) 8 (88
Apgar 5min
<7 1(1.33) 1(2.44) 0 0
>7 74 (98.67) 40 (97.56) 25 (100) 9 (100)

Table 2. BAFF and PAF values in each trimester of pregnancy.

All patients Healthy women Obese and/or pregestational diabetes Gestational diabetes
(n=77) (n=42) (n=26) (n=9)

PAF
Baseline 70 6.83 (6.06) 39 7.33 (6.72) 22 7.08 (5.65) 9 4.03 (2.85)
T1 vs. TO 60 —0.32 (3.66) 35 —0.54 (3.65) 18 —0.15 (4.39) 7 0.33 (1.16)
T2 vs. t0 43 0.25 (5.78) 23 —0.31 (6.02) 15 1.2 (6.42) 5 —0.04 (1.26)

BAFF
Baseline 77 0.35 (0.15) 42 0.38 (0.16) 26 0.3 (0.12) 9 0.33 (0.11)
T1 vs. TO 66 0.01 (0.16) 38 —0.01 (0.16) 21 0.04 (0.15) 7 0.03 (0.16)
T2 vs. t0 49 —0.02 (0.2) 26 —0.08 (0.19) 18 0.05 (0.21) 5 0.06 (0.18)

TO: first trimester; T1: second trimester; T2: third trimester.

indication for C-section was breech presentation. In
the remaining cases (four patients, 33%) failure of
induction occurred.

Moreover, all newborns had a good APGAR value
(>7, both after 1 and 5 min), except for two newborns
at 1 min and a newborn with APGAR <7, both after 1
and 5 min, whose mother was enrolled in the control
group, with cesarean birth for fetal distress and hospi-
talization in neonatal intensive care.

Neonatal emogasanalysis values have been col-
lected in 52 cases and no pathological pH values
have been reported. Median pH value was 7.31
(+0.07 SD) and median base excess was —4.1 (+1.1
SD). In the remaining cases, the umbilical cord col-
lapsed after birth and emogasanalysis was not tech-
nically feasible.

Table 2 provides BAFF and PAF levels, during the
three trimesters of pregnancy, separately for patients’

groups. Mean basal PAF in the whole population
measures 6.83 (SD=6.06), it slightly decreases at T1
(=0.32+3.66) and slightly increases at T2 (0.25+5.78).
An opposite behavior is noted for BAFF. None of these
differences were statistically significant (p>.5).
Instead, when the whole sample was divided into
three different groups (healthy women/gestational dia-
betes/obese and/or pregestational diabetes), PAF val-
ues seemed lower in patients with GDM (4.03 +2.85)
when compared to other groups (7.33+6.72 and
7.08 £5.65, respectively, for healthy women and
obese/pregestational diabetic patients).

These results were confirmed when repeated mod-
els were performed: among pregnant women who
developed GDM, PAF values were significantly lower
at —4.08 [95% Cl —6.32, —1.85] when compared to
healthy women. No statistically significant results were
observed for BAFF values.



Correlation analysis showed that BAFF and PAF were
positively correlated (p=0.07, 0.07) with neonatal
weight but did not reach statistical significance (p > .50).
Correlation with serum maternal levels was also per-
formed and the only statistically significant positive
correlation was observed among BAFF levels with thy-
roid-stimulating hormone (TSH) levels (r=0.33, p =
.0071).

Discussion

Measuring proinflammatory biomarkers represents an
innovative approach to outline the inflammatory sta-
tus in obese and diabetic patients.

This is the first study, to the best of our knowledge,
in which the role of two proinflammatory cytokines -
BAFF and PAF - has been analyzed in obese and/or
diabetic patients compared to healthy pregnant con-
trols, evaluating their behavior longitudinally, in each
trimester of pregnancy.

Regarding the behavior of PAF, no significant differ-
ences were observed in the trend of its levels, both in
healthy, obesity, and/or pregestational diabetes and
GDM women. In particular, there was an irregular
trend in the healthy women and a slight decrease in
its values in the exposed patients.

Focusing on BAFF levels, there was an irregular trend
between the three trimesters, but the data in the third
trimester were lower than basal time, in both groups.

So, in cases, in the third trimester of pregnancy,
both PAF and BAFF levels were lower than in the first
trimester.

As already known in the literature, BAFF and PAF lev-
els are strongly correlated to the type of diet [21, 23,
35]. All the subjects enrolled in the present study were
referred to a third-level center with a high-risk preg-
nancy unit department and were meticulously followed
during pregnancy for their pathology (obesity and/or
diabetes) by a multidisciplinary team composed of
experienced obstetricians and diabetologists, in order
to reach an optimal glyco-metabolic balance with an
adequate and personalized dietary regimen, eventually
combined with insulin therapy if needed. It's interesting
to note that in this cohort of high-risk patients, no
major maternal and feto-neonatal complications - such
as macrosomia, intrauterine death, shoulder dystocia,
IUGR, or severe perineal lacerations at birth — have been
observed. The glyco-metabolic balance was defined as
an optimal glycemic control achieved in self-reported
four measurements registered during the day (fasting
glucose <90 mg/dL and <130 mg/dL 1 h after breakfast,
lunch, and dinner).
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In the sub-group of pregnant women who devel-
oped GDM, PAF values were lower when compared to
healthy obese and pre-pregnancy diabetic patients.

In support of these results, previous works that
investigated the connection of proinflammatory cyto-
kines with obesity and diabetes, have highlighted the
positive role of PAF in reducing the risk of gaining
weight [33]. This concept was confirmed in Brazilian
research [34] that emphasized the way in which PAF
works: the absence of this cytokine, as well as the
excess of it, can stimulate fatness and obesity, so only
the right PAF concentration is protective. A typical so-
called “U” relationship, in which only a specific
amount can properly work and can be defined as pro-
tective. The same thing also happens at a metabolic
level: PAF acts in an anti-adipose sense only if in the
right concentrations, while, when unbalanced, it can
cause alterations in metabolic regulation.

It is also known that pregnant women with GDM
have an increased plasma PAF acetylhydrolase (PAF-
AH) activity — the enzyme that hydrolases PAF in the
circulation - compared to normal pregnant women
[36, 37]. These findings suggest that pregnant women
with GDM may present a chronic inflammatory status,
in which the higher PAF-AH activity could result in a
consequent decrease of PAF levels compared to con-
trols, and that could be the reason for lower PAF lev-
els in this subset of patients.

In addition to this, an analysis performed in this work
demonstrated a statistically significant correlation
between BAFF and TSH levels. The thyroid gland also
plays a key role in metabolism regulation. Previous stud-
ies demonstrated that proinflammatory cytokines — such
as BAFF — could be the concause of thyroid autoimmune
dysfunction [29, 38-43]. It is also known that the produc-
tion of BAFF is strongly linked to food-induced inflamma-
tion; so a wrong diet can stimulate the increase in BAFF,
which can induce and maintain the various forms of
autoimmune thyroiditis over time. Thus, the authors con-
clude that a customized diet can help rebalance and con-
trol the thyroid gland function, rather than using
hormone replacement therapy alone [44, 45].

The reported results cannot be considered conclu-
sive due to the limited number of patients, but open
an interesting window for future research in the area
of “metainflammation,” especially in the setting of ges-
tational diabetes.

Conclusions

This study supports the involvement of metabolic bio-
markers, like BAFF and PAF, in the mechanisms related
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to pregnancy complications. A customized dietary
intervention could normalize the changes in proin-
flammatory biomarkers, leading to the creation and
maintenance of an adequate intrauterine environment
that can guarantee normal fetal development.
Improving a good metabolic environment for obese
and diabetic pregnant women could break the vicious
cycle connecting inflammation, oxidative stress, and
metabolic disorders.

In conclusion, the identification of proinflammatory
cytokines linked to metabolic distress in maternal
obesity, pre-pregnancy diabetes, and GDM can lead to
better counseling and management during pregnancy,
in order to improve maternal and neonatal outcomes.
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