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Abstract
Pregnant women with excessive gestational weight gain express an inflammatory status with multiple negative effects on birth
outcomes.
The aim of this study was to identify the relationship between gestational weight gain at different gestational ages and inflammatory

status in pregnant women and their newborns assessing both interleukin 6 and 8, as well as hepcidin in these couples.
Our study included 170 pregnant women and their newborns. Pregnant women were clinically assessed at the end of the 1st

trimester and at term, whereas the newborns were assessed over the first 3days of life. The levels of interleukin 6, 8 and hepcidin
were measured in both pregnant women and their newborns.
We noticed higher levels of interleukin 6, interleukin 8 and hepcidin in pregnant women at the time of delivery as compared to the

end of the 1st trimester. We observed a direct significant correlation between gestational weight gain at the time of delivery and
interleukin 8 in both mothers [r=0.1834, 95% CI: 0.0293–0.3290, (P= .0167)] and newborns [r=0.1790, 95% CI: 0.0248–0.3249,
(P= .0195)]. Our study underlined that a higher gestational weight gain resulted in a significantly higher birth weight [r=0.2190, 95%
CI: 0.0663–0.3617, (P= .0041)].
Our findings suggest that interleukin 8 might be an important indicator of inflammatory status in both mothers and newborns.

Moreover, excessive gestational weight gain was associated with an increase in birth weight.

Abbreviations: BMI = body mass index, BW = birth weight, CBC = complete cellular blood count, CDC = Center for Disease
Control, CI = confidence interval, CRP = C reactive protein, ELISA - enzyme Linked Immunosorbent assay, ESR = erythrocyte
sedimentation rate, GWG = gestational weight gain, Hgb = hemoglobin, HDL = high density lipoprotein, IL-6 = interleukin 6,
interleukin-8 = interleukin 8, IOM = Institute of Medicine, LDL = low density lipoprotein, n = number, r = correlation coefficient,
statistical significance (P < .05), TNF = alfa – tumor necrosis alfa.
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1. Introduction

Weight gain during pregnancy is influenced by both genetic and
environmental factors.[1] Despite the fact that genetic predisposi-
tion carries a great contribution in the determinism of gestational
weight gain (GWG),[2–7] genetic factors are not modifiable, at
least until now, by any external approaches. Therefore, in terms
of prevention and therapeutic strategies, environmental factors
become useful tools for decreasing the incidence of excessive
GWG since they can be externally modified. Among environ-
mental factors resulting in excessive GWG, dietary habits are
probably the most important since they are easily changeable.
Pregnant women must be aware that their inappropriate diet
could result in either malnutrition or excessive GWG. It is also
worth mentioning that inappropriate GWG results in negative
impact on both mother and offspring.
It is well-documented that malnutrition during pregnancy is

associated with multiple nutritional deficiencies. Nevertheless,
excessive GWG due to a poor-quality diet might also lead to a
wide-variety of nutritional deficiencies. Hepcidin is a hepatocyte-
derived peptide hormone involved in iron homeostasis.[8] At the
same time, hepcidin acts and an acute phase protein and
inflammation positive regulator, its bioavailability being regulat-
ed by multiple systemic stimuli like anemia and iron concentra-
tion.[9,10] Its acting mechanism is based on its binding to
ferroprotein, the essential transmembrane cellular iron efflux
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protein, resulting in its degradation, preventing iron absorption
in the bowel and its release from macrophages.[11] A study
performed on pregnant women aiming to assess the correlation
between GWG and iron serum levels proved that obese pregnant
women express a higher risk for developing iron deficiency and
that hepcidin might be a negative regulating factor of intestinal
iron absorption and macrophage iron efflux.[12] Contrariwise,
other findings revealed that serum iron is not associated with
either pre pregnancy body mass index (BMI) nor with GWG,
while interleukin (IL)-6 is positively associated with hepcidin at
delivery time, but not at midgestation.[13] Nevertheless, the
findings in the literature remain contradictory regarding this
aspect since Dosch et al pointed a reverse correlation between
ferritin and IL-6 in pregnant women with a BMI>35kg/m2.
Moreover, the authors found a positive correlation between
ferritin and hepcidin, but not between the latter one and maternal
BMI or other inflammatory markers.[14]

Recent studies performed on different populations proved
that obesity is associated with a low-grade systemic inflamma-
tory status.[15,16] Similarly, it was hypothesized that pregnant
women with excessive GWG might also express an inflamma-
tory status with multiple negative effects on birth outcomes.
Regarding this aspect, a recent study performed on 671
pregnant women assessed the correlations between the
pregnant woman’s diet, quantified through a questionnaire
during the 30th week of pregnancy, GWG and certain
inflammatory markers like C reactive protein (CRP), serum
amyloid A, IL-6, IL-8, IL-1b, and tumor necrosis factor (TNF)-
alpha. The authors underlined that a high intake of animal
proteins and excessive GWG result in higher serum concen-
trations of inflammatory markers defining the so-called
gestational inflammatory status proving that GWG was
positively correlated with CRP and serum amyloid levels and
negatively correlated with IL-8.[17] This inflammatory status
was also proved to be associated with negative delivery
outcomes since it might induce preterm labor. Thus, the same
study mentioned above, concluded also that premature
membrane rupture might be related to this systemic inflamma-
tory status showing an association between this pathology and
high levels of serum TNF-alpha and vascular endothelial
growth factor in both maternal blood flow and newborns
umbilical cord.[17] These findings suggest that newborns whose
mothers express a systemic inflammatory status during
pregnancy,might also be foundwith this systemic inflammation
at the time of birth. Contrariwise, another study reported in the
literature with a similar objective found low levels of IL-1 beta
in both mothers and newborns.[18] Moreover, Zak et al proved
a positive association between TNF alpha levels and the risk of
preeclampsia and a negative one between TNF-alpha, IL-6, IL-
10 and birthweight (BW).[19] Cao et al showed that serum leptin
along with CRP and IL-6 have higher levels in obese pregnant
women versus normal weight ones at midgestation.[13] The
same study noticed that the levels of these cytokines tend to
change during different stages of pregnancy showing that at
time of delivery, leptin levels remain high, but IL-6 levels
become similar to those of normal GWGwomen. Contrariwise,
the study of Perng et al found no correlation between IL-6, TNF-
alpha and GWG suggesting that post-partum inflammation is
not related to maternal weight or GWG.[20]

The aim of this study was to identify the relationship between
GWG at different gestational ages (after the 1st trimester and at
delivery time) and inflammatory status of both pregnant women
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and their newborns through the assessment of IL 6, IL 8 and
hepcidin in these couples.
2. Material and methods

2.1. Study sample selection

We performed a prospective observational study on 170
pregnant women aged between 19 and 40years and their
newborns, referred to an Emergency County Hospital from
Romania, between July 2017 and December 2019. The pregnant
women with the age range mentioned above were included in the
study based on the inclusion and exclusion criteria at the end of
the 1st trimester of pregnancy. Pregnant women were assessed at
the end of the 1st trimester of pregnancy and at the time of
delivery, while newborns were assessed on the 2nd or 3rd day of
life. We applied the Institute of Medicine (IOM) classification,[21]

for GWG: for BMI<18,5kg/m2 - underweight women at the
beginning of the pregnancy, the recommended GWG is 12.5–18
kg; for BMI=18, 5–24.9kg/m2 - normal weight women, the
recommended GWG is 11.5–16kg; for BMI=25–29.9kg/m2 -
overweight women, the recommended GWG is 7.00–11.5kg;
while for BMI>30kg/m2 - obese women, the recommended
GWG is 5–9 kg.[21]

The inclusion criteria consisted of full-term pregnancies and
women with a single pregnancy. The exclusion criteria were
preterm delivery, maternal underweight at the beginning of the
pregnancy, suspect or documented intrauterine infection,
chromosomal disorders, fetal congenital syndromes, maternal
history of chronic disorders such as high value of glycemia,
arterial hypertension, premature rupture of membranes (exclud-
ed by vaginal exam and ultrasound assessment), incomplete data,
and pregnant women who refused to sign the informed consent
form. All pregnant women underwent a thorough anamnesis in
order to rule out potential risk factors (drugs use, alcohol
consumption, congenital or acquired maternal hypoxia, expo-
sure to environmental toxins), and clinical exam during each
routine consult including weight, height and blood pressure
monitoring, as well as ultrasound exam. According to the
recommendation of our health care system, all pregnant women
underwent a serological screening for the most common
infections with a major negative impact on fetal development
(e.g., toxoplasmosis, cytomegalovirus, Rubella, Herpes virus,
etc.), as well as a genetic screening for the most frequent
chromosomal disorders (e.g., trisomy 13, trisomy 21, etc.).
Moreover, all newborns were clinically assessed and monitored
at the time of birth and during their hospitalization (ranging
between 3–5days) ruling out those with sings of perinatal or
postpartum infection, with clinical signs of necrotizing enteroco-
litis, and those with a positive gastric aspirate (harvested if
rupture of membranes occurred more than 24hours prior to
birth) or elevated inflammatory biomarkers (CRP, ESR).
According to the Centers for Disease Control and Prevention
(CDC), newborns with the birth weight between 2500 to 4000
grams are considered appropriate for gestational age if born at
term,[22,23] as in our study.
We assessed different laboratory parameters (Hemoglobin –

Hgb, CRP, ESR, Iron, protein, cholesterol, triglyceride, HDL –

high density lipoprotein, LDL – low density lipoprotein), and the
serum levels of IL-6, IL-8 and hepcidin in pregnant women after
the 1st trimester of pregnancy and at the time of delivery, but also
in their newborns. Cholesterol, triglycerides, and protein levels



Table 1

The descriptive analysis of laboratory parameters and cytokines
levels.

Variables (n=170) Mean±SD Median value

Pregnant women
Age of pregnant women (years) 29.35±4.28 29.00
At the end of first trimester
GWG (kg) 2.04±2.50 2.00
IL 8 (pg/ml) 36.34±33.70 28.41
Hepcidin (pg/ml) 8.11±10.04 5.15
IL 6 (pg/ml) 2.77±1.74 2.14
Hemoglobin (g/dl) 12.30±0.9048 12.30
Total proteins (g/dl) 6.829±0.3968 6.805
Cholesterol (mg/dl) 190.0±36.33 187.5
LDL cholesterol (mg/dl) 115.9±32.90 113.3
HDL cholesterol (mg/dl) 74.29±15.18 73.35
Triglycerides (mg/dl) 113.1±44.07 105.7
Iron (mg/dl) 105.9±32.88 107.9
CRP (mg/l) 5.013±4.215 3.56
ESR (mm/h) 16.82±9.595 14.00

At delivery time
GWG (kg) 15.56±4.85 15.00
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were measured by spectrophotometry on a Cobas Integra 400
plus automated analyzer for all surveyed mothers and newborns.
The IL-6 analysis was performed by chemiluminescence with the
analyzer Immulite 2000 Siemens Healthcare system (detection
limit 2pg/ml, coefficient of variation: intra-run <5% and inter-
run<7.5%). The IL-8 and Hepcidin determination were realized
by sandwich ELISA technique (enzyme Linked Immunosorbent
assay) using an automate ELISA DSX Dynex analyzer Technol-
ogies, USA (DRG Instruments GmbH Germany). The detection
limit for IL-8 was 1.1pg/ml, coefficient of variation: intra-run
<4% and inter-run <13.5% with an indicative reference value
for healthy persons about 132pg/ml, while for hepcidin the
measurement interval was 0.153 to 81ng/ml, with a coefficient of
variation: intra-run and inter-run <15% with an indicative
reference value for healthy persons about 0.25 to 47.66ng/ml.
All pregnant women signed the informed consent prior to the

inclusions in the study on their behalf and their children’s. The
study was approved by the Ethics Committee of the University of
Medicine, Pharmacy, Sciences and Technology from Târgu
Mureş (No 138/05.07.2018), and it was performed according to
the principles of the Helsinki Declaration.
IL 8 (pg/ml) 82.05±71.85 64.36
Hepcidin (pg/ml) 12.03±20.76 4.65
IL 6 (pg/ml) 10.59±11.80 7.08
Hemoglobin (g/dl) 11.80±1.149 11.90
Total proteins (g/dl) 6.187±0.5663 6.285
Cholesterol (mg/dl) 245.9±52.14 240.5
LDL cholesterol (mg/dl) 157.7±50.59 151.0
HDL cholesterol (mg/dl) 70.97±25.02 68.80
Triglycerides (mg/dl) 223.3±92.05 213.8
Iron (mg/dl) 83.87±68.31 68.77
CRP (mg/l) 37.06±50.36 16.46
ESR (mm/h) 38.76±15.25 36.50

Newborns
Birth weight (gr) 3389±331.80 3375
IL 8 at birth (pg/ml) 385.4±429.2 233.40
Hepcidin at birth (ng/ml) 41.08±20.42 37.30
IL 6 at birth (pg/ml) 19.77±20.29 13.40
2.2. Statistical analysis

The statistical analysis comprised elements of descriptive
statistics (frequency, percent, mean, median, standard deviation),
as well as inferential statistics ones. The Shapiro–Wilk test was
applied in order to assess the distribution of the analyzed series.
We applied the Pearson correlation (most appropriate for
measurements taken from an interval scale) in order to measure
the strength of association between GWG variables and cytokine
variables and the direction of the relationship and linear
regression to evaluate the impact of a unit change in the
independent variables on the dependent variables. The chosen
significance threshold for P value was .05. The statistical
analysis was performed using the program Graph Pad Prism,
trial variant.
CRP= C reactive protein, ESR= erythrocyte sedimentation rate, GWG = gestational weight gain, HDL
= high density lipoprotein, IL= interleukin, n = number, LDL = low density lipoprotein, SD= standard
deviation, statistical significance (P< .05).
3. Results

3.1. Demographic aspects and descriptive analysis of
laboratory parameters and cytokines levels

The mean age of the pregnant women included in our study was
29.35±4.28years, with a median age of 29years. Concerning the
environment, 71.76% of the pregnant women were from urban
area and 28.24% from rural area. Regarding the educational
level, we noticed that 54.71% (93) of the pregnant women had
superior level of education as compared to 45.29% (77), who
only graduated high school. Assessing the parity, our study
underlined that more than half of the pregnant women (52.94%)
were primipara, 37.65%were secundipara and only 9.41%were
tertipara. The mean GWG at the end of 1st trimester was 2.04±
2.50kg, with a median value of 2kg, while at the time of delivery;
we noticed a mean GWG of 15.56±4.85kg, with a median value
of 15kg (Table 1).
The descriptive analysis of the laboratory parameters was

detailed in Table 1. Thus, regarding the lipid profile parameters,
we noticed that both cholesterol and triglycerides increased
during gestation: the level of cholesterol increased from 190.0±
36.33mg/dl at the end of the 1st trimester to 245.9±52.14mg/dl
at the time of delivery, while the triglycerides doubled their value
3

during gestation (113.1±44.07mg/dl at the end of the 1st
trimester versus 223.3±92.05mg/dl higher at the time of
delivery). Concerning the inflammatory biomarkers, both CRP
and ESR showed an increase in value at the time of delivery when
compared to the end of the 1st trimester: CRP was 7 folds higher
at the time of delivery, 37.06±50.36mg/l vs 5.013±4.215mg/l
at the end of the 1st trimester; while ESR values were more than 2
folds higher at the end of gestation, 38.76±15.25mm/hour as
compared to 16.82±9.595mm/hour at the end of the 1st
trimester (Table 1).
We noticed a doubling of IL-8 value at the time of delivery as

compared to the end of the 1st trimester: 36.34±33.70pg/ml at
the end of the 1st trimester versus 82.05±71.85pg/ml at the end
of pregnancy. In terms of IL-6, our study pointed out a triple
value at the time of delivery as compared to the end of the 1st
trimester: 2.77±1.74pg/ml at the end of the 1st trimester and
10.59±11.80pg/ml at term. Similarly, hepcidin levels were also
higher at the time of delivery when compared to the initial
assessment: 8.11±10.04ng/ml at the end of 1st trimester vs
12.03±20.76ng/ml at delivery time (Table 1).
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Table 2

The correlations between GWG and laboratory parameters in
pregnant women.

GWG

Variables (n=170) r coefficient 95% Confidence Interval P value

At the end of first trimester
Hemoglobin (g/dl) 0.03759 �0.1136 to 0.1871 .6265
CRP (mg/l) �0.003476 �0.1539 to 0.1472 .9641
ESR (mm/h) �0.1285 �0.2737 to 0.02253 .0950
Iron (mg/dl) 0.001278 �0.1493 to 0.1518 .9868
Total proteins (g/dl) �0.09352 �0.2407 to 0.05785 .2251
Cholesterol (mg/dl) �0.01550 �0.1657 to 0.1354 .8410
LDL-Cholesterol (mg/dl) �0.05942 �0.2081 to 0.09196 .4415
HDL-Cholesterol (mg/dl) 0.1612 0.01089 to 0.3043 .0357
Triglycerides (mg/dl) �0.08072 �0.2285 to 0.07069 .2954

At delivery time
Hemoglobin (g/dl) 0.005365 �0.1453 to 0.1558 .9446
CRP (mg/l) �0.08524 �0.2328 to 0.06616 .2691
ESR (mm/h) 0.02515 �0.1259 to 0.1750 .7448
Iron (mg/dl) 0.01473 �0.1361 to 0.1649 .8488
Total proteins (g/dl) 0.003350 �0.1473 to 0.1538 .9654
Cholesterol (mg/dl) 0.1071 �0.04412 to 0.2536 .1643
LDL-Cholesterol (mg/dl) 0.07685 �0.07457 to 0.2248 .3192
HDL-Cholesterol (mg/dl) 0.04678 �0.1045 to 0.1959 .5447
Triglycerides (mg/dl) 0.1050 �0.04626 to 0.2516 .1729

CRP = C reactive protein, ESR = erythrocyte sedimentation rate, GWG = gestational weight gain, Hgb
= hemoglobin, HDL = high density lipoprotein, LDL = low density lipoprotein, n = number, r =
correlation coefficient, statistical significance (P< .05).

Table 3

The correlations between GWG at the end of 1st trimester, BW and
cytokines values.

GWG at delivery time

Variables (n=170) r coefficient 95% Confidence Interval P value

Pregnant women at the end of first trimester
IL 8 (pg/ml) �0.06807 �0.2164 to 0.08333 .3777
Hepcidin (ng/ml) �0.06838 �0.2167 to 0.08302 .3756
IL 6 (pg/ml) 0.08695 �0.06444 to 0.2344 .2595

Newborns
Birth weight (gr) 0.07502 �0.07639 to 0.2231 .3309
IL 8 (pg/ml) �0.07650 �0.2245 to 0.07491 .3214
Hepcidin (ng/ml) �0.01629 �0.1664 to 0.1346 .8330
IL 6 (pg/ml) 0.003291 �0.1473 to 0.1538 .9660

GWG = gestational weight gain, IL = interleukin, LDL = low density lipoprotein, n = number, r =
correlation coefficient, statistical significance (P< .05).
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Regarding the assessment of newborns, we noticed a mean BW
of 3389±331.80g, a mean value of IL-8 of 385.40±429.20pg/
ml, a hepcidin mean value of 41.08±20.42ng/ml, and an IL-6
mean value of 19.77±20.29pg/ml (Table 1).
Correlating laboratory parameters with GWG at the end of the

1st trimester of pregnancy and at the time of delivery, we noticed
a direct significant correlation only for HDL-cholesterol at the
end of the 1st trimester [r=0.1612, 95% CI: 0.01089–0.3043,
(P= .0357)], proving that a higher value of GWG results in a
higher value of HDL-cholesterol in mothers, i.e., for every 1kg in
GWG, HDL-cholesterol increases with 0.978mg/dl (Table 2).
The findings are described in Table 2.
Table 4

The correlations between GWG at delivery time, BW and cytokines
values.

GWG at delivery time

Variables (n=170) r coefficient 95% Confidence Interval P value

Pregnant women at delivery time
IL8 (pg/ml) 0.1835 0.03388 to 0.3251 .0166
Hepcidin (ng/ml) �0.07520 �0.2232 to 0.07622 .3298
IL6 (pg/ ml) �0.02920 �0.1790 to 0.1219 .7055

Newborns
3.2. The correlations between GWG at the end of 1st
trimester, BW and cytokines values

Weobserved a reverse dependency (negative relationship) between
theGWGat the end of the 1st trimester of pregnancy and both IL-8
and hepcidin (r=�0.06807/�0.06838), and a direct dependency
(positive relationship) between the GWG at the end of the 1st
trimester of pregnancy and IL-6 in pregnant women (r=0.08695),
but without statistical significance (P= .3777/.3756/.2595) (Ta-
ble 3). We observed a direct dependency between the GWG at the
end of the 1st trimester of pregnancy and both BW and IL-6 levels
in newborns (r=0.07502/0.003291), and a reverse dependency in
terms of GWG and both IL-8 and hepcidin levels (r=�0.07650/
�0.01629), all without statistical significance (P= .3309/.3214/
.8330/.9660) (Table 3).
Birth weight (gr) 0.2171 0.06883 to 0.3560 .0045
IL 8 (pg/ ml) 0.04028 �0.1109 to 0.1897 .6020
Hepcidin (ng/ml) �0.07510 �0.2231 to 0.07632 .3304
IL 6 (pg/ ml) �0.003123 �0.1536 to 0.1475 .9678

GWG = gestational weight gain, IL = interleukin, n = number, r = correlation coefficient, statistical
significance (P< .05).
3.3. The correlations between GWG at the time of delivery,
BW and cytokines values

We observed a direct significant correlation between the GWG at
the time of delivery and IL 8 [r=0.1835, 95% CI: 0.03388–
4

0.3251, (P= .0166)], proving that a higher value of GWG results
in a higher value of IL-8 in mothers (Table 4), and for every 1kg
in GWG values we noticed an increase in IL-8 value of 2.721pg/
ml. Contrariwise, we found a reverse dependency between GWG
and both hepcidin and IL-6 at the time of delivery in pregnant
women (r=�0.07520/�0.02920), but without statistical signifi-
cance (P= .3298/.7055) (Table 4).
Our study underlined that excessive GWG significantly

increases BW, pointing out a direct significant correlation
between GWG at the time of delivery and BW [r=0.2171,
95%CI: 0.06883–0.3560, (P= .0045)] (Table 3), and for every 1
kg in GWG values we found an increase in BW value of 14.866
grams.
Regarding the relationship between GWG at the time of

delivery and the newborns’ inflammatory status assessed in our
study, we obtained a direct correlation for IL-8 in newborns [r=
0.04028], and a reverse dependency between GWG and both
hepcidin and IL-6 at the time of delivery in newborns but without
statistical significance (P= .6020/.3304/.9678) (Table 4).
3.4. Correlations between inflammatory biomarkers, lipid
profile parameters and cytokine levels

We observed a direct significant correlation between CRP values
at the time of delivery and both hepcidin and IL-6 at the time of
delivery in pregnant women (P < .0001), showing that a higher
value of CRP results in a higher values of hepcidin, respectively
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IL-6 in mothers [r=0.5489, 95%CI: 0.4342–0.6461; r=0.3018,
95% CI: 0.1585–0.4327]. Assessing the influence of CRP at the
time of delivery on cytokine variables, we noticed that in case of
hepcidin every 1-unit increase in CRP values led to an increase in
hepcidin values of 0.226ng/ml. Similar results were obtained for
IL-6, i.e., for every 1-unit increase in CRP values, we noticed an
increase in IL-6 values of 0.071pg/ml. Nevertheless, in terms of
IL-8, we found that CRP values do not significantly predict the IL-
8 values in mother. Evaluating ESR values at the time of delivery
we observed a direct significant correlation only with hepcidin
[r=0.2605, 95% CI: 0.1144–0.3955; P= .0006], showing that
for every 1-unit increase in ESR values, hepcidin values
consecutively increase with 0.355ng/ml.
4. Discussions

Low-grade systemic inflammatory status represents the main
focus of multiple recently reported studies and it has been
associated to multiple conditions.[15,24] Nevertheless, obesity is
one of the most important conditions that induces the production
of proinflammatory cytokines resulting in a low-grade systemic
inflammation.[16] Moreover, the incidence of this condition is
increasing worldwide regardless of the age, being the most
common issue in obstetrics with negative outcomes for both
mother and her newborn.[25] The transfer of inflammation from
mother to fetus in the setting of obesity might be produced
directly through placenta, and indirect due to excessive lipid
transfer from mother to fetus inducing the fetal secretion of
proinflammatory cytokines.[26] The newborns whose mothers are
obese have a long-term risk for developing obesity and metabolic
dysfunction.[25]

Weight gain during pregnancy not only differs during the 3
trimesters, but these differences were proven to be related with
certain complications. Thus, weight gain during the 1st and 2nd
trimesters was associated with the development of excessive
GWG,[27] gestational diabetes mellitus,[28] and postpartum
weight retention.[29] It is well-known that inflammation
associated with weight gain is a result of the synthesis of
proinflammatory biomarkers from adipocytes.[16] Our study also
assessed the relationship between GWG at the end of the 1st
trimester and inflammatory status in both mothers and new-
borns. Despite the fact that we found no significant association,
we noticed that an increasedGWG is associatedwith higher levels
of IL-6, IL-8 and hepcidin in mothers. Our findings suggest that
an early gestational inflammatory status might be detected even
at the end of the 1st trimester of pregnancy providing the ideal
opportunity to intervene before further excessive GWG occurs.
Thus, we might hypothesize that proper nutritional interventions
implemented early during pregnancy might reduce the risk for
systemic inflammation in both mother and offspring.
It is a well-documented fact that IL-6 is commonly elevated in

individuals with excessive weight gain.[30] Moreover, this
cytokine was proved to be involved in the synthesis and up-
regulation of CRP.[16] IL-6 is a particular cytokine since it owns a
dichotomous role expressing both pro-inflammatory response
present in different pathologies such as obesity, triggered by a
trans-signaling mode; and an anti-inflammatory response
mediated by the classic signaling mode.[31] Our study underlined
a direct dependency between CRP levels and IL-6, proving that an
increase in CRP led to a consecutive increase in IL-6 levels in
pregnant women. These findings suggest that inflammatory
biomarkers and cytokines are strongly related in the setting of
5

low-grade inflammation associated to excessive GWG. Contrari-
wise, other studies that assessed IL-6 levels at different gestational
ages concluded that even though they might be initially high in
obese pregnant women, they were similar to those of normal
weight women at the end of pregnancy.[13] Moreover, other
authors found no relationship between IL-6 and GWG.[20]

Despite the lack of significance, our study also suggested that
GWG at term might be reversely correlated with IL-6 levels in
both mothers and newborns.
As we already mentioned above, hepcidin is a negative

regulating factor that might result in iron deficiency. In the setting
of a healthy pregnancy, this marker is low, enabling iron transfer
to the fetus.[32,33] Additionally, hepcidin might be considered a
positive regulator of inflammation,[10] fact sustained also by our
findings since we noticed that increased levels of CRP and ESR
result in elevated levels of hepcidin. Nevertheless, iron deficiency
is commonly noticed in obese pregnant women.[34] Contrariwise,
other studies found no relationship between hepcidin levels and
obesity in pregnant women.[13,35] Thus, Anelli et al noticed that
lower levels of hemoglobin were correlated with obesity in
pregnant women, but not related to the increase in hepcidin.[10]

The authors suggested a potential compensatory mechanism to
obesity-associated inflammation defined by the elevated hepcidin
levels encountered in obese mothers. Our study supports the
findings of Anelli et al[10] since we noticed a reverse dependency
between GWG at the time of delivery and hepcidin levels in both
mothers and newborns, but without statistical significance.
IL-8 is a chemokine synthesized by different tissues and blood

cells, which induces both chemotaxis and phagocytosis at the site
of inflammation.[36] This proinflammatory cytokine was related
to negative birth outcomes as it was emphasized by a recent study
performed on 160 pregnant women, which proved that IL-8
expression was positively associated with the severity of
preeclampsia.[37] Similarly, our study also revealed a significant
direct correlation between GWG and IL-8 in both mothers and
offspring suggesting that a higher weight gain during pregnancy
results in increased levels of IL-8 in these couples. Nevertheless,
the reports from the literature remain contradictory since other
studies noticed a negative correlation between GWG and IL-8
levels.[17]

The limitations of our study consist mainly in the relatively
small number of cases and the fact that we did not assess the levels
of proinflammatory cytokines before pregnancy in order to have
a more accurate comparison. Moreover, it would have been
useful to assess also different gene polymorphisms of these
cytokines in both mothers and newborns. Another potential
limitation might be represented by the fact that our sample of
pregnant women originated from a single area of Romania.
Nevertheless, our study is among the few that aimed to assess

the inflammatory status in pregnant women and their newborns.
One of the most important strengths is that we assessed this
inflammatory status in both pregnant women and newborns
taking into account GWG as the main connection between them.
Moreover, our findings might represent a strong basis for further
studies on the same topic.
5. Conclusions

Gestational inflammatory status is closely related to the neonatal
one. Our findings revealed that excessive GWG at the end of the
pregnancy might result in higher levels of IL-8 in mothers.
Moreover, we might state that excessive GWG could lead to a
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consecutively higher BW and a potential neonatal inflammatory
status revealed by elevated levels of IL-8 in newborns. Thus, our
results suggest that IL-8 might be an important indicator of
systemic inflammatory status in both mothers and newborns. We
also noticed a significant positive relationship between inflam-
matory biomarkers and IL-6 and hepcidin. Nevertheless, further
studies are needed on bigger cohorts taking into account also
other genetic and environmental parameters in order to define
precisely the determinism of both gestational and neonatal
inflammatory status.
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Elena Meliţ , Dr Viviana Modi and Dr Mărginean Claudiu
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Mărginean, Lorena Elena Meliţ , Viviana Modi, Claudiu
Mărginean.

Writing – review & editing: Cristina Oana Mărginean, Lorena
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