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Summary

Introduction. A significant proportion of women globally, consti-
tuting 38%, are obese, among whom 24.5% reside in Europe. Obe-
sity elevates the risk of premature birth due to associated maternal
conditions, such as preeclampsia. The objectives were to assess:
variations in demographic and clinical characteristics among preg-
nant women across groups; the impact of obesity on the incidence
of preeclampsia and preterm delivery; and the influence of obesity
on newborn characteristics.

Methods. One-year prospective study included 133 pregnant wom-
en gestational age 11-14 gestational week (GW), divided into two
groups: OB (41.35%) and CG (58.65%). The data were analyzed using
IBM SPSS version 23.

Results. There is statistically significant difference in average body
mass index (BMI) (22.01 + 1.83 vs. 30.26 + 4.52; p < 0.001) and de-
livery time (37.94 + 2.05 vs. 36.87 + 2.45; p = 0.003) between CG and
OB. Obese pregnant women developed preeclampsia significantly
more often than normal weight (61.82% vs. 28.21%; p < 0.001). Body
mass index has significant moderate predictive ability to predict
preeclampsia (AUC 0.696 (95% Cl: [0.601; 0.79]). Higher BMI (OR =
1.19, [1.09; 1.29], p < 0.0001) was associated with higher rates of pre-
eclampsia. Overweight (OR = 2.41, [1.07; 5.43], p = 0.0335), obesity
class |, lland Il (OR = 20.36, [4.32; 95.99], p = 0.0001) were associated
with higher rates of preeclampsia. A poor negative correlation was
found between BMI and GW of pregnancy outcome (p = -0.24; r2 =
0.104; p = 0.006). Higher BMI (3 =-0.14, [-0.21; -0.07], p = 0.0002) was
associated with lower values of GW of pregnancy outcome.

Conclusions. Presence of obesity or overweightness in the first tri-
mester of pregnancy poses a significant risk factor for preeclampsia
and preterm delivery.

Keywords: obesity in pregnancy, preeclampsia, preterm delivery

Introduction

Obesity is acknowledged by the World Health Organization (WHO) as an independent dis-
ease. Obesity is a metabolic disorder in which weight gain is achieved at the expense of fatty
tissue, so that body fat is greater than 30% in women. The World Health Organization (WHO)
has stated that obesity is the predominant chronic health concern among adults worldwide,
surpassing malnutrition and growing into a more severe issue. The incidence of obesity on
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a global scale has markedly risen over recent
decades, prompting the World Health Orga-
nization (WHO) to characterize it as a “global
epidemic.” The most recent report from the
World Health Organization (WHO) indicates
that in the European region, more than half
of adults are affected by these conditions. Al-
though approximately 54% of women expe-
rience overweight, they are more frequently
affected by obesity, with 24% of women af-
fected compared to 22% of men [1].

Fat tissue is a great source of energy, but it
is also an important endocrine organ in which
numerous adipocins are secreted. In obesity,
fat tissue produces significantly more adi-
pocytes than in normal nutrition, with much
more significant visceral fat tissue that is met-
abolically active. Adipocins in the liver trigger
the generation of acute phase reactants like
C-reactive protein (CRP) and inflammatory cy-
tokines such as PAI-1, leptin, adiponectin, IL-6,
TNEF-a, among numerous others [2, 3].

Preeclampsia is characterized by the on-
set of high blood pressure (=140 and/or >90
mmHg) occurring for the first time after the
20th week of pregnancy, with measurements
taken at least twice within a span of four to six
hours, accompanied by proteinuria exceeding
300 mg in a 24-hour urine sample [4-6]. The ex-
act mechanisms underlying preeclampsia are
still not fully understood, but it is believed to
result from a combination of factors including
stress on syncytiotrophoblasts, dysfunction of
the maternal endothelium, oxidative stress,
and systemic inflammation in the pregnant
woman [7]. In obese participants who later de-
velop preeclampsia, pro-inflammatory mark-
ers (including IL-1a, IL-1p3, IL-6, IFN-a, IFN-y,
GM-CSF, IL-12p70, IL-17a, TNF-a, and IL-8)
as well as anti-inflammatory markers (such
as IL-4, IL-10, and IL-13) are elevated during
the first and second trimesters compared to
those who do not develop preeclampsia [8].
Furthermore, there exists a robust correlation
between maternal obesity and preeclampsia,
characterized by a similar pattern of height-
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ened cytokine expression [9]. The broadening
of the preeclampsia definition by the Interna-
tional Society for the Study of Hypertension
in Pregnancy (ISSHP) in 2018 has resulted in
a greater number of women being diagnosed
with the condition. Consequently, studies sim-
ilar to those referenced above would likely
reveal an even more pronounced correlation
between maternal obesity and preeclampsia
[10]. Consequently, there has been a rise in
the prevalence of maternal obesity, emerging
as the paramount concern in pregnancy-relat-
ed health. Obesity exerts profound effects on
both the mother and her offspring, leading
to a spectrum of complications such as gesta-
tional hypertension, diabetes, preeclampsia,
premature delivery, and spontaneous abor-
tions. Moreover, it is linked with short- and
long-term repercussions for both maternal and
offspring health [11]. The results of numerous
studies indicate a link between obesity and
complications in mothers and fetuses (gesta-
tional diabetes, gestational hypertension, pre-
mature labor, preeclampsia, eclampsia, fetal
macrosomy;, stillbirth, etc.). Obesity of mothers
doubles the risk of perinatal death. Obesity,
through epigenetic alterations, also influences
future generations. Exposure to an obesogenic
environment in utero triggers developmen-
tal programming, heightening the likelihood
of obesity in offspring. Furthermore, as these
offspring encounter environmental factors
conducive to obesity, particularly high-calorie
diets and sedentary lifestyles, their susceptibil-
ity to becoming overweight or obese as adults
amplifies, thereby escalating the risk of devel-
oping diabetes and cardiovascular disease lat-
er in life [12, 13].

Research conducted in Sweden revealed
that elevated maternal pre-pregnancy body
mass index (BMI), a gauge of weight relative
to height, was linked to heightened odds of
adverse pregnancy outcomes [14]. Obesity
elevates the likelihood of a medically indicat-
ed premature birth [15, 16]. Both obese and
overweight women faced an elevated risk
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of delivering at or before 32 weeks gestation
and showed a slightly increased likelihood
of delivering prior to 37 weeks [17]. A recent
meta-analysis indicates that the occurrence of
preterm prelabor rupture of membranes and
extreme preterm birth (< 28 weeks gestation)
rises with escalating BMI. Given that over-
weight and obese (OWO) pregnant women
are more prone to pregnancy complications
such as preeclampsia and gestational diabetes,
the incidence of medically-indicated preterm
birth is also elevated [18]. The United States
Institute of Medicine (IOM) has provided
guidelines concerning ideal gestational weight
gain (GWG) during pregnancy to enhance out-
comes for both mother and infant. The IOM
recommends a total GWG range of 11 to 20
pounds (5 to 9 kg) for obese women and 15 to
25 pounds (6.8 to 11.3 kg) for women classified
as overweight [19]. Medical societies univer-
sally advocate for prompt screening for ges-
tational diabetes mellitus and early anesthesia
evaluation in obese women. They also propose
administering aspirin to prevent preeclampsia
in the presence of additional risk factors. As
a means to enhance pregnancy outcomes, as-
pirin initiation in the first trimester is recom-
mended for all patients with a BMI exceeding
35 kg/m? [20, 21].

The aims of this study were to determine:
differences in demographic and clinical char-
acteristic of pregnant women between groups
OB (obesity in pregnancy) and CG (control
group with normal weight); the effect of obe-
sity on the occurrence of preeclampsia in
pregnancy; the effect of obesity on the occur-
rence of preterm delivery; the effect of obesity
on the characteristics of the newborn (weight,
length and Apgar score).

Methods

The research spanned the one-year period and
was conducted prospectively at the Clinic for
Gynecology and Obstetrics, Clinical Center of
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Vojvodina. It involved 133 pregnant patients
aged over 18 years with singleton pregnancies
between 11+0 and 13+6 weeks of gestation.
Respondents were divided into two groups:
OB - pregnancy with obesity (N = 55); and CG
- control group without obesity (N =78). The
study included an analysis of data collected
through a questionnaire containing demo-
graphic data, clinical data, and pregnancy
completion data. Research instruments were
specially constructed questionnaires.

In this study we analyzed: the age of preg-
nant women, BMI of pregnant women, the
number of pregnancies, gestational week of
pregnancy outcome, birth length and birth
weight of the newborn, Apgar score in the
first and fifth minute, presence of preeclamp-
sia in pregnancy.

Maternal demographics, medical, and ob-
stetric history were gathered through a self-re-
port questionnaire, while body mass index was
assessed during the initial hospital visit. Gesta-
tional age at the time of serum collection (be-
tween 11+0 and 13+6 weeks) was determined
using ultrasound measurements and the first
day of the last menstrual period. Information
regarding pregnancy outcomes was extracted
from the hospital maternal records.

Statistical analysis

The data were processed in the IBM SPSS Sta-
tistical Statistics Program, version 23 (SPSS
Inc., Chicago, IL) and MedCalc for PC (Med-
Calc Software, Mariakerke, Belgium). Numeric
variables were expressed as mean (+SD), while
discrete outcomes were shown as absolute and
relative (%) frequencies. Participants were cat-
egorized into two groups based on the obesi-
ty status. Normality and heteroskedasticity
of continuous data were evaluated using the
Shapiro-Wilk and Levene’s tests, respectively.
Continuous variables were compared using
the unpaired Student t-test, Welch t-test, or
Mann-Whitney U test depending on the data
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distribution. Categorical variables were com-
pared using chi-squared test or Fisher’s exact test
as appropriate. Sensitivity, specificity, positive
predictive value and negative predictive value
for PE were determined with 2-by-2 contingen-
cy tables. We used Receiver-Operating-Char-
acteristic curves to assess the ability to predict
PE according to BMI (kg/m?). The area under
the curve and 95% confidence intervals were
calculated. A multivariate logistic regression
was performed to assess the relation between
PE and the explanatory variables: Type of OB
and BMI (kg/m?); and Gestational week of preg-
nancy outcome with BMI (kg/m?). Data were
checked for multicollinearity and heteroskedas-
ticity Spearman’s coefficient was used to assess
the correlation between BMI (kg/m?) and gesta-
tional week of pregnancy outcome. The differ-
ence between gestational weeks of pregnancy
outcome according to modalities of Type of OB
was assessed with the Kruskal-Wallis. The exis-
tence of a statistically significant difference was
taken at p <0.05. Sampling weights (except for
sample description) were used during statistical
analysis of data. The results were presented in
tables and figures.

Results

The study included 133 pregnant women in
the first trimester of pregnancy, among whom
41.35% were obese pregnant women, and
58.65% were of normal weight. Table 1 shows
the results of the examined data between the
groups. A statistically significant difference
in average BMI (22.01 + 1.83 vs. 30.26 + 4.52;
p < 0.001) and delivery time (37.94 + 2.05 vs.
36.87 + 2.45; p = 0.003) between control group
and obese pregnant women was shown. The
characteristics of the newborn differed signifi-
cantly among the studied groups. Pregnant
women who were obese developed PE sig-
nificantly more often than the control group
(61.82% vs. 28.21%; p < 0.001). The diagnos-
tic performance of examined groups (obese
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Table 1. Comparison according to group (control
group vs obesity group)

. CG OB p-Value
Variable N=78 N =55
Age 30.67 (+ 31.96 (+
5.44) 5.55)
95% CI: 95% CI: 0.182
[29.44; [30.46 ;
31.89] 33.47]
Range: Range:
(18.0; 42.0) (21.0; 43.0)
N=78 N =55
BMI (kg/m?) 22.01 (= 30.26 (+ <0.001
1.83) 4.52)
Range: Range:
(16.9; 24.9) (25.0; 41.0)
N=78 N =55
Number of 229 (+1.48) 258(+152) 0.131
pregnancies Range: (1.0, Range: (1.0;
7.0) 9.0)
N=78 N =55
Gestational 37.94 (= 36.87 (= 0.003
week of 2.05) 2.45) ’
pregnancy Range: Range:
outcome (28.0; 41.0) (32.0; 41.0)
N=78 N =55
Body weight  3182.69 (+ 2952.55 (+
of child 600.63) 621.25)
95% CI: 95% CI: 0.034
[3047.27; [2784.6;
3318.11] 3120.49]
Range: Range:
(1150.0; (1850.0;
4510.0) 4080.0)
N=78 N =55
Body length 4947 (=
of child 254) 48.2 (x2.27)  0.002
Range: Range:
(40.0; 56.0) (4?\'10;5525'0)
N=78
Apgar 877(x1.18) 831(x12) 0017
score in 1st
minute Range: (6.0; Range: (6.0;
10.0) 10.0)
N=78 N =55
Apgar 9.41 (+
score in 5th 0820) 200923500
. /. Range: (7.0;
minute Range: (7.0; 10.0)
10.0) N _ 55
N=78
PE Yes 22(2821%) 34(61.82%) <0.001
No 56 (71.79%) 21 (38.18%)
N =78 N =55

*CG - control group; OB - obesity group; BMI - body mass
index; PE - preeclampsia
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vs. non obese), as a predictor for PE, was as-
sessed. The results demonstrated a sensitivi-
ty of 60.7% and a specificity of 72.7%, while
the positive predictive value (PPV) and neg-
ative predictive value (NPV) were 61.8% and
71.8%, respectively. The area under the curve
was 0.696 (95% CI: [0.601; 0.79]) for BMI (kg/
m?) to predict PE. BMI had significant, but
moderate predictive ability to predict PE (Fig-
ure 1). In multivariate analysis, higher BMI
(kg/m?) (OR=1.19, [1.09; 1.29], p < 0.0001) was
associated with higher rates of PE. For every
1 increase in BMI, the chance of developing
PE increased 1.19 times (Table 2). The PE

—— BMI (kg/m2) (AUC=0.696)

@ Youden optimal threshold

Sensitivity

0'2 0'4 0'6 0'8 1'0
1-Specificity

Figure 1. The area under the curve for BMI to predict PE
*BMI - body mass index; AUC - area under the curve

Fisher's exact test, p<0.001
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Figure 2. Frequency of type of obesity in the occurrence

of PE
*PE - preeclampsia; OB - obesity

GodiSte 15 Jun 2024

Preeclampsia and preterm delivery risk

Table 2a. Prediction of BMI and type of OB in
occurrence of PE

Odds Ratio p-Value

BMI (kg/m?)

Risk for each

1-unit increase 1191.09;1.29]

<0.001

Type OB

Reference: normal
weight change
reference

obesity I, 1L, III

20.36 [4.32;95.99] <0.001

overweight 2.41[1.07; 5.43] 0.033

Table 2b. Prediction of BMI in occurrence of
preterm delivery

BMI (kg/m?)

Risk for each 1-unit
increase

-0.141 [-0.213;

-0.0698] <0.001

*BMI - body mass index; OB - obesity; PE - preeclampsia

Kruskal-Wallis test, p<0.001, Statistic=18.586
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Figure 3. Median values of Gestational week of pregnan-
cy outcome between obesity groups
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rates were respectively 61.82% in obese pa-
tients and 28.21% in non-obese patients (OR
= 4.12; CI [1.98 ; 8.59]; p < 0.001). Pregnant
women who developed PE had a significantly
(p < 0.001) higher percentage of overweight
(32.1% vs. 24.7%), obesity degrees I (16.1%
vs. 0%), I1 (7.1% vs 2.6%) and 111 (5.4% vs. 0%)
compared to pregnant women who did not
develop PE, where the highest percentage of
pregnant women had a normal weight (72.7%
vs. 39.3%) (Figure 2). In multivariate analysis,
overweight (OR =2.41, [1.07; 5.43], p=0.0335),
obesity I, II, IIT (OR = 20.36, [4.32; 95.99], p =
0.0001) were associated with higher rates of
PE. Pregnant women who were overweight
were 2.41 times more likely to develop PE than
those with a normal weight. Pregnant women
who were obese (grade I, II, III) had a 20.41
times greater chance of developing PE (Table
2). A significant difference in median GW was
shown between all examined groups (38 (IQR

1.0) vs. 38 (IQR 3.0) vs. 37 (IQR 2.0) vs. 35,5
(IOR 4.0) vs. 34 (IQR 1.5); p < 0.001). A sig-
nificant difference in GW between the group
of normally nourished pregnant women and
those with I (p =0.005), II (p = 0.007) and III (p
=0.016) degrees of obesity was shown, as well
as between GW in overweight and each of the
obese groups (p = 0.039; p = 0.037; p = 0.047).
There was no difference in GW between nor-
mally nourished and overweight pregnant
women (p = 0.256) (Figure 3). A poor negative
correlation was found between BMI (kg/m?)
and gestational week of pregnancy outcome
(p=-0.24; r2=0.104; p = 0.006). The higher the
pregnant woman’s BMI, the earlier the deliv-
ery ended (Figure 4). In multivariate analysis,
higher BMI (kg/m?) (8 = -0.14, [-0.21; -0.07], p
=(0.0002) was associated with lower values of
gestational week of pregnancy outcome. For
every 1 increase in BMI, delivery ended 0.14
times earlier (Table 2).

Spearman's correlation
test, p=0.006, Statistic=-0.237

40 4 $

w
4]
1

L ]

BMI (kg/m?2)
)
=1

b
4]
1

20 1

15 A

y =-0.736x + 53.033

28 30 32 34

36 38 40

Gestational week of pregnancy outcome

Figure 4. Correlation between BMI and GW
*BMI - body mass index; GW - gestational week of pregnancy outcome
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Discussion

The findings from the study conducted by
Baeten et al. reaffirmed that obesity significant-
ly increased the risk of pregnancy complica-
tions and adverse outcomes [15]. Higher ma-
ternal pre-pregnancy BMI, a measure of weight
for height, was associated with the increased
risk of adverse pregnancy outcomes [14]. In
our study preeclampsia was statistically signifi-
cantly more frequent in the OB group and there
were significant differences in type of obesity
between group of pregnant women with and
without preeclampsia. These results are con-
sistent with many studies. Mohammadi et al.
have shown that women who were overweight
or obese were at increased risk of preeclampsia
in comparison with women of normal weight
[16]. Bornard’s findings corroborate these re-
sults, indicating a remarkable escalation in the
risk of preeclampsia from BMI of 15 to 30 kg/m?.
Relative to women with BMI of 21, the adjusted
risk of preeclampsia doubled at BMI of 26 and
nearly tripled at BMI of 30. Conversely, wom-
en with BMI of 17 exhibited a 57% decrease in
the risk of preeclampsia compared to those with
BMI of 21, while BMI of 19 was linked with a
33% reduction in risk [17]. The likelihood of
developing preeclampsia was 1.4 times high-
er in overweight women and 1.8 times higher
in obese women compared with women with
a normal BMI. Furthermore, this relationship
between BMI and preeclampsia is slightly more
pronounced among mothers delivering at term
than among those delivering preterm [18]. In a
cohort study conducted by Thelma et al., it was
demonstrated that elevated pre-pregnancy BMI
served as a robust and independent risk factor
for preeclampsia [19].

In a nationwide cohort study led by Sven
et al., encompassing over 1.5 million deliveries
and including data on early pregnancy BMI,
it was discovered that maternal overweight
and obesity during pregnancy were linked to
heightened risks of preterm delivery. Particu-
larly elevated risks were noted for extremely
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preterm deliveries [20]. Several studies have
indicated an elevated risk of preterm birth in
overweight and obese women [21-23], while
others have suggested a slight reduction in
risk [24, 25]. In our study there were significant
differences between the groups with respect to
gestational week of pregnancy outcome, and
we calculated medium negative correlation
between mothers BMI and gestational week of
pregnancy outcome. These results mean that
pregnant women who have been overweight
or obese have given birth in earlier gestation-
al weeks. Women classified as obese or over-
weight faced heightened risks of delivering
at or before 32 weeks gestation and exhibited
a slightly elevated likelihood of delivering
before 37 weeks [15]. Inadequate gestational
weight gain in underweight pregnant wom-
en, excessive gestational weight gain in over-
weight/obese women, and excessive gestation-
al weight gain in the third trimester emerged
as significant predictors of preterm birth [26].
The findings from certain pooled cohort
studies [6, 22] indicated that overweight and
obese women experienced a reduced likelihood
of delivering the infant with low birth weight,
which contradicts our own results. Also, Mo-
hammadi et al. showed that infants of obese
women were more likely to be macrosomic
[16]. The study by Lima et al. corroborated the
notion that mothers with higher pre-pregnan-
cy BMI typically deliver heavier babies. Fur-
thermore, they found that greater gestational
weight gain had a more pronounced impact
on birth weight than pre-pregnancy BMI alone.
Pregnant women with higher pre-pregnancy
BMI and increased weight gain during preg-
nancy tended to have newborns with higher
birth weights. However, it was observed that
mothers with high pre-pregnancy BMI who
gained less weight during pregnancy had chil-
dren with lower birth weights [27]. We find low
negative correlation between mothers” BMI and
characteristics of newborn. The results of our re-
search are in accordance with the study of Baw-
twn et al. showing that higher BMI was inverse-
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ly associated with delivery of the small-for-ges-
tational-age infant [15]. In the study by Bogaerts
et al., it was demonstrated that women with
gestational weight gain (GWG) below the Insti-
tute of Medicine (IOM) guidelines had a higher
likelihood of being diagnosed with gestational
diabetes mellitus. Additionally, they were at
increased risk for placental abruption, deliver-
ing small-for-gestational age infants, and hav-
ing neonates with low birth weight [28]. Our
results underscore the significance of enhanc-
ing healthcare for women of reproductive age
by integrating them into family planning pro-
grams that incorporate nutritional monitoring
and education. Furthermore, our findings re-
inforce existing recommendations to mitigate
excessive weight gain during adolescence and
early adulthood, preceding the first pregnancy.
Maternal overweight stands out as one of few
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Preeklampsija i rizik od prevremenog porodaja: znacaj gojaznosti u trudnodi
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Uvod. U svetu ima 38% gojaznih trudnica, od toga 24,5% u Evropi. Gojaznost povecava rizik od
prevremenog porodaja kroz poremecaje trudnice koji su povezani sa gojaznosc¢u, ukljucujuci pree-
klampsiju. Ciljevi su bili da se utvrde razlike u demografskim i klini¢kim karakteristikama trudnica
izmedu grupa, uticaj gojaznosti na pojavu preeklampsije i prevremenog porodaja, uticaj gojaznosti
na karakteristike novorodenceta.

Metod. Jednogodisnja prospektivna studija obuhvatila je 133 trudnice gestacijske starosti 11-14
gestacionih nedelja (GN), podeljene u dve grupe: OB (41,35%) i CG (58,65%). Podaci su obradeni u
IBM SPSS verziji 23.

Rezultati. Dokazana je statisti¢ki znacajna razlika u prose¢noj vrednosti BMI (22,01 + 1,83 vs. 30,26 +
4,52; p <0,001) i vremena porodaja (37,94 + 2,05 vs. 36,87 + 2,45; p = 0,003) izmedu CG i OB. Gojazne
trudnice su cesce razvijale preeklampsiju nego normalno uhranjene trudnice (61,82% vs. 28,21%;
p < 0,001). BMI ima znacajnu slabu prediktivhu sposobnost za preeklampsiju (AUC 0,696 (95% CI:
[0,601; 0,79]). Vise vrednosti BMI (OR = 1,19, [1,09; 1,29], p < 0,0001) su povezane sa ve¢im stopama
preeklampsije. Prekomerna tezina (OR = 2,41, [1,07; 5,43], p = 0,0335), gojaznost |, Il i lll stepena (OR
= 20,36, [4,32; 95,99], p = 0,0001) su povezani sa vec¢im stopama preeklampsije. Dokazana je slaba
negativna korelacija izmedu BMI i GN porodaja (p =-0,24; r2 =0,104; p = 0,006). Vise vrednosti BMI (3
=-0,14,[-0,21;-0,07], p = 0,0002) su povezane sa ranijim porodajem.

Zakljucak. Trudnice prekomerne tezine i gojazne trudnice u prvom trimestru znacajno ¢esce imaju
preeklampsiju i prevremeni porodaj nego trudnice normalne uhranjenosti.

Kljuéne reci: gojaznost u trudnodi, preeklampsija, prevremeni porodaj
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