R

medicina

Article

Association of Gestational Hypertension with Sociodemographic
and Anthropometric Factors, Perinatal Outcomes, Breastfeeding
Practices, and Mediterranean Diet Adherence:

A Cross-Sectional Study

Eleni Pavlidou 1, Sousana K. Papadopoulou 2Q, Olga Alexatou 1 Gerasimos Tsourouflis 3, Georgios Antasouras -,

1

Aikaterini Louka !, Ioanna P. Chatziprodromidou #(, Maria Mentzelou !, Anastasia Sampani 5, Maria Chrysafi !,

Thomas Apostolou ¢, Antonios Dakanalis

check for
updates

Citation: Pavlidou, E.; Papadopoulou,
SK,; Alexatou, O.; Tsourouflis, G.;
Antasouras, G.; Louka, A.;
Chatziprodromidou, I.P,; Mentzelou,
M.; Sampani, A.; Chrysafi, M.; et al.
Association of Gestational
Hypertension with
Sociodemographic and
Anthropometric Factors, Perinatal
Outcomes, Breastfeeding Practices,
and Mediterranean Diet Adherence:
A Cross-Sectional Study. Medicina
2023, 59, 2103. https://doi.org/
10.3390/medicina59122103

Academic Editor: Antonio
Schiattarella

Received: 24 October 2023
Revised: 23 November 2023
Accepted: 29 November 2023
Published: 30 November 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

78(0, Vasiliki G. Papadopoulou % and Constantinos Giaginis 1*

Department of Food Science and Nutrition, School of the Environment, University of the Aegean,

81400 Myrina, Lemnos, Greece; elen.p.pavi@gmail.com (E.P.); rd.olga.alexatou@gmail.com (O.A.);

g.antasouras@gmail.com (G.A.); loukathy612@gmail.com (A.L.); maria.mentzelou@hotmail.com (M.M.);

m.chrisafi3@gmail.com (M.C.)

Department of Nutritional Sciences and Dietetics, School of Health Sciences, International Hellenic University,

57400 Thessaloniki, Greece; souzpapa@gmail.com (S.K.P.); sousana@the.ihu.gr (V.G.P.)

Second Department of Propedeutic Surgery, Medical School, University of Athens, 11527 Athens, Greece;

gtsourouflis@med.uoa.gr

4 Department of Public Health, Medical School, University of Patras, 26504 Patras, Greece;
ioannachatzi@med.upatras.gr

5 First Department of Pathology, Medical School, University of Athens, 11527 Athens, Greece;

gerasimos.ts@gmail.com

Department of Physiotherapy, Faculty of Health Sciences, International Hellenic University,

57400 Thessaloniki, Greece; apostolouthomas@hotmail.com

School of Medicine and Surgery, University of Milano-Bicocca, 20900 Monza, Italy;

antonios.dakanalis@unimib.it

8 Fondazione IRCCS San Gerardo dei Tintori, 20900 Monza, Italy

*  Correspondence: cgiaginis@aegean.gr

Abstract: Background and Objectives: Gestational hypertension has been associated with several preg-
nancy short-term and long-term complications, affecting both the mother and her infant’s health. The
present study aims to assess the potential association of gestational hypertension with sociodemo-
graphic and anthropometry factors, perinatal outcomes, breastfeeding habits, and Mediterranean diet
(MD) compliance. Materials and Methods: This is a cross-sectional study conducted on 5271 mothers
that was carried out after delivery. The anthropometry characteristics and perinatal outcomes were
retrieved from the mothers” medical records. Sociodemographic characteristics, MD adherence, and
breastfeeding habits were assessed via one-to-one interviews of the assigned women with quali-
fied staff. Results: Maternal older age, being employed, family history of gestational hypertension,
overweight/obesity before gestation, and abnormal gestational weight gain (GWG) independently
increased the risk of developing gestational hypertension. Moreover, gestational hypertension was
independently related with a greater incidence of abnormal childbirth body weight and preterm
birth, not exclusively breastfeeding, and lower levels of MD adherence. Conclusions: This study
highlights the importance of informing future mothers about the risk factors of gestational hyperten-
sion, underlining also that a healthy lifestyle, which simultaneously includes a healthy nutritional
pattern such as MD, may decrease the risk of developing gestational hypertension and the subsequent
pregnancy complications.

Keywords: gestational hypertension; sociodemographic characteristics; anthropometry characteristics;
overweight; obesity; gestational weight gain; preterm birth; perinatal outcomes; Mediterranean
diet; breastfeeding
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1. Introduction

Hypertensive disorders show a prevalence of 5-10% among all gestations in the world
and this incidence seems to continuously be growing worldwide [1,2]. More to the point,
hypertensive disorders during gestation consist of gestational hypertension, pre-eclampsia,
eclampsia, hemolysis, increased liver enzymes, and reduced platelets syndrome [3]. Among
them, gestational hypertension constitutes a common complication of high blood pressure,
which can result in serious health risks for both the mother and her baby, being considered
an important cause of mother and fetus mortality and morbidity. Remarkably, gestational
hypertension seems to be related with a high risk of long-term complications such as cardio-
vascular disease in women in the later stages of their life [4,5], as well as an increased risk of
developing cardiovascular dysfunction in their children [6,7]. Notably, a recent substantial
study has found an inverse correlation between cardiovascular health index scores and
gestational hypertension, with higher scores associated with lower incidences of gestational
hypertension [8]. Alarmingly enough, gestational hypertension may also lead to short-term
complications such as placental abruption, hemolysis, increased liver enzymes, decreased
platelet count syndrome, preterm birth, intrauterine growth retardation, prematurity, and
even fetus or mother mortality [9].

To date, several risk factors have been identified to be associated with high blood
pressure during gestation, including maternal pre-pregnancy overweight and obesity, older
maternal age, low physical activity levels, systematic smoking, high alcohol consump-
tion, and familial predisposition [10-12]. Moreover, several studies have demonstrated
that the increasing rates of gestational hypertension have occurred due to changes in
certain maternal characteristics and mainly due to the advanced maternal age and the
excess pre-pregnancy body weight [13]. In addition, maternal exposure to environmental
chemicals such as phthalates, bisphenols, perfluoroalkyl acids, and non-essential metals
and trace minerals have been identified as possible risk factors of hypertensive illnesses
during gestation [14,15]. There is also evidence that certain genetic risk factors may be
implicated in the renin-angiotensin system (RAS), endothelin system, inflammatory factors,
and oxidative stress, which could be highly related with gestational hypertension [16,17].
Psychological distress in women during gestation was also shown to act as a possible risk
factor for gestational hypertension [18,19]. Additionally, women having a previous history
of gestational hypertension have exhibited an increased risk of developing gestational
hypertension [20].

Although the etiology of gestational hypertension has not yet been clarified, certain
evidence has implied that the maternal nutritional habits may exert a potential role. In this
aspect, a substantial systematic review and meta-analysis of observational studies have
documented that there are some studies that have supported evidence of the advantageous
impact of nutritional habits that include a plethora of plant-based foodstuffs against ges-
tational hypertensive disorders; however, conclusive results cannot be derived yet [21].
In the MoBa survey, nutritional habits that include increased consumption of plant-based
foodstuffs and oils have been found to reduce the probability of pre-eclampsia [22]. In
contrast, nutritional habits that include an increased intake of processed meat, sweet drinks,
and salty snacks may enhance the likelihood of gestational hypertension [22]. In the US
cohort study Project Viva, pregnant women with lower age, decreased educational status,
who were multiparous, and exhibited increased body mass index (BMI) before gestation
were characterized by poorer-quality diets [23]. In the Generation R Study, it was also
shown that reduced MD compliance was related with an increased blood pressure during
gestation [24]. On the contrary, an increased compliance to a traditional nutritional model,
which includes increased consumption of meat and potatoes and reduced consumption
of fruits, nonalcoholic drinks, fish, and bread, has been associated with a higher blood
pressure during gestation [24].

A case-control study conducted on 100 women with gestational hypertension and
200 normotensive pregnant women was recently performed [25]. This study showed that
gestational hypertension was positively associated with higher energy, fat, and protein
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intake, while a lower risk of gestational hypertension was found for women whose di-
etary habits included fruits and legumes [25]. In another case-control study, the Dietary
Approaches to Stop Hypertension (DASH) diet, an established nutritional pattern, which
includes high amounts of whole grains, fruits, vegetables, low-fat dairy products, and
plant proteins from nuts and legumes but reduced consumption of red/processed meat,
sweets, and sugar-sweetened beverages, was associated with a decreased risk of developing
preeclampsia [26].

In general, the etiology and the pathophysiological mechanisms of gestational hyper-
tension have not yet been elucidated, and the specific molecular mechanisms involved
in gestational hypertension remain incompletely understood [27,28]. Currently, there are
only a few clinical studies evaluating the association of gestational hypertension with
sociodemographic and anthropometric factors, perinatal outcomes, breastfeeding practices,
and nutritional habits. Moreover, the potential risk factors for developing gestational
hypertension have not been well established yet, whereas relevant clinical studies in our
country remain extremely scarce. In this aspect, the current cross-sectional survey aims to
assess the possible association of gestational hypertension with several sociodemographic
and anthropometry factors, and perinatal outcomes. In addition, the present study intends
to assess the potential impact of MD against gestational hypertension as well as whether
gestational hypertension may affect breastfeeding practices.

2. Methods

In the present study, 7348 mothers were initially enrolled from 11 geographically
diverse regions of our country, rural, urban and islands (Athens, Thessaloniki, Larissa,
Kavala, Alexandroupolis, Ioannina, Patra, Kalamata, Crete, and South and North Aegean).
The inclusion criteria for the initial enrollment were women with a singleton birth prior
to the assignment, regardless of parity, and without any history of disease except for
gestational hypertension. In multiparous women, only the latest gestation was considered.
Enrollment to the study ranged between May 2016 and September 2020. All the enrolled
women gave birth to a child 2-5 years before the study enrollment.

A thorough description of the survey assignment as a flow chart diagram is repre-
sented in Figure 1. By using the appropriate exclusion and inclusion criteria, 5271 mothers
were contained in the ending analysis, leading to a final reply rate of 71.7%. The Ethical
Agency of the University of the Aegean gave approval for the present survey (ethical ap-
proved protocol: no 12/14.5.2016, approval date: 14 May 2016) and was in agreement with
the WHO recommendations (52nd WMA General Assembly, Edinburgh, Scotland, 2000).

All the data concerning the assigned women were confidential. All participating
mothers had no disease at the time of study, and they were informed about the aim of
the survey and signed a consent form. A simple randomization was applied, which
is simple and easy to implement in a clinical study. In large clinical studies (n > 200),
simple randomization can be trusted to generate adequate numbers of participants among
groups. The sample size estimation was carried out utilizing the PS: Power and Sample
Size calculator program. The randomization was performed utilizing a sequence of random
binary numbers (i.e., 001110110 in which 0 showed assignment and 1 no assignment to the
survey). The calculation of the power of our sample size indicated a power of 87.8%.
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7348 reproductive aged mothers

- 287 mothers refused to
participate to the study

7061 reproductive aged mothers

364 mothers with missing data
—_
from their medical records
v
6697mothers
385 mothers with incomplete data
from their given questionnaire
e
v

6312 mothers

1041 mothers with any history of disease
_— except for pregnancy-induced hypertension

5271 mothers

Figure 1. Flow chart diagram of study enrolment.

2.1. Study Design

The relevant questionnaires were utilized to gather the sociodemographic character-
istics such as age, education status, financial level, ethnicity, marital status, employment
status, smoking habits, family history of gestational hypertension, and parity of the as-
signed women via one-to one interviews of the assigned mothers with the qualified staff
to reduce recall biases. The education status was grouped into 3 classes: (a) primary
education, (b) secondary education, and (c) university studies. The economic level was clas-
sified based on the annual family income as 0 < 5000 €; 1 5000-10,000 €; 2 10,000-15,000 €;
3 15,000-20,000 €; 4 20,000-25,000 €; 5 > 25,000 €. The economic level was addition-
ally grouped as low for family annual income < 10,000 €, medium annual income for
10,000 €-20,000 €, and high annual income for >20,000 €.

The measured body weight and height of the assighed women were derived from their
medical records to determine body mass index (BMI) prior to pregnancy. The WHO recom-
mendations were used to categorize the enrolled women as normal weight, overweight, or
obese [28-30]. Perinatal outcomes such as gestational weight gain (GWG), preterm birth,
and mode of delivery (vaginal or caesarean section) were extracted from the women’s med-
ical records. Childbirth weight was also retrieved from the mothers” medical records and
was categorized as low (<2500 g), normal (25004000 g), and high (>4000 g), as suggested
by the majority of the literature [31].

According to the Institute of Medicine (IOM) recommendations, the recommended
GWG for underweight women prior to pregnancy (BMI < 18.5 kg/m?) was between 12.5
and 18.0 Kg, for normal weight women (BMI: 18.5-24.9 kg/m?) was between 11.6 and
16.0 Kg, for overweight mothers (BMI: 25.0-29.9 kg/m?) was in the range of 7.0-11.5 Kg,
and for obese women (BMI > 30.0 kg/m?) was in the range of 5-9 Kg [32]. The assigned
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women were categorized based on the aforementioned guidelines into 3 groups: those with
decreased GWG than recommended, (b) those inside the recommended range of GWG,
and (c) those with higher GWG than recommended.

In addition, the enrolled women answered whether they followed breastfeeding at
all and if they have exclusively breastfed their child for at least 4 months [33,34]. To
reduce recall biases, the enrolled mothers answered whether they have followed exclusive
breastfeeding for their child for at least 4 months. We chose this time point in which
the mothers were advised to gradually include pulp foods to the nutritional habits of
their children, and thus, they recalled with more validity the lactation period, which has
increased the responses’ consistency. In contrast, mothers attempting to breastfeed their
infant for lower intervals were not able to answer with adequate consistency regarding the
precise interval of breastfeeding [33,34].

The assigned mothers also specified if they had a preterm birth (<37th week) and their
answers were further cross-checked with their medical files to establish with more validity
the exact week of gestation in which the preterm birth occurred. Nonetheless, there were
several missing data concerning the exact week of delivery. In addition, certain medical
record data were not in line with the assigned mothers’ responses. Thus, preterm birth was
categorized as a binary variable, with birth characterized next to or prior to the 37th week
of gestation, which is considered moderate to late preterm birth [33,34].

Regarding MD evaluation, the well-recognized MedDietScore was utilized [35,36].
This questionnaire assesses the food incidence intake of 11 selected food groupings ac-
cording to the MedDietScore index. Each question includes 6 potential answers, ranking
from 0 to 5, dependent on the level of adherence for each food class. The summation of
the 11 answers leads to a score from 0 to 55; the higher score reflects elevated MD adher-
ence [35,36]. Regarding cereals, potatoes, fruits, vegetables, dairy, and olive oil, the degrees
of 6 possible answers correspond to the daily intake. Concerning legumes, fish, red meat,
and poultry, the degrees of 6 possible responses correspond to the weekly intake [35,36].
The 11th question examines wine consumption at a daily incidence with moderate intake
(<1 and <2 drinks/day for women and men, respectively; one drink = 100 mL =12 g
ethanol) being considered as the highest score [35,36].

The gestational hypertension data were retrieved from the mothers” medical records.
The blood pressure was determined from the left arm (mmHg) with a mercury sphygmo-
manometer. Three readings on separate days were performed while each mother was seated
near to resting for at least 15 min in relaxed conditions with an empty bladder, and the
average of three measurements was finally used [37]. The WHO guidelines were utilized
by the qualified personnel for the diagnosis of gestational hypertension [38]. In the current
study, gestational hypertension was classified as systolic blood pressure >140 mmHg and
diastolic blood pressure >90 mmHg at approximately 20 weeks of pregnancy [39].

The trained staff thoroughly has provided information to all the assigned mothers
how to answer the questionnaires in the one-to-one interviews to reduce recall biases.
The trained staff has systematically provided detailed information for all the questions
concerning every questionnaire to increase the accuracy of responses.

2.2. Statistical Analysis

The continuous variables, which met the criteria for normal distribution, were assessed
by Student’s t-test. The Kolmogorov-Smirnov test was used for evaluating if each contin-
uous variable was normally distributed. The Chi-square test was utilized for categorical
variables. The quantitative variables following normal distribution were stated as mean
value £ standard deviation (SD). A non-parametric analysis utilizing the Mann-Whitney
test was used for the continuous variable, which did not meet the criteria for normal
distribution. The quantitative continuous variables that did not follow normal distribution
were stated as median value (interquartile range, IQR). The qualitative variables were
expressed as absolute or relative frequencies. To assess if gestational hypertension may
be associated at an independent level with sociodemographic and anthropometry char-
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acteristics, perinatal outcomes, breastfeeding habits, and MD adherence, a multivariate
binary logistic regression analysis was used after adjusting for possible confounders. The
Statistica 10.0 software, Europe was applied to perform the statistical analysis of all the
above data (Informer Technologies, Inc., Hamburg, Germany).

3. Results
3.1. Descriptive Statistics of the Study Population

This cross-sectional survey conducted on 5271 mothers was accomplished during
the postpartum period. Descriptive statistics of the study population are included in
Table 1. The mean age of the assigned women was 33.1 £ 5.2 years old (range: 21-48 years
old). Most of the assigned women had Greek ethnicity (95.7%), and merely 4.3% of them
had another ethnicity. Moreover, 31.5% of the assigned mothers have received primary
education, 41.4% of them have completed secondary education, and 27.1% of them have
graduated from a university. Additionally, 46.2% of the enrolled women had a decreased
financial level, 44.9% of them exhibited a moderate financial level, and merely 8.9% reported
an increased financial level. Regarding their marital and employment status, 70.8% of them
were married, and 75.8% of them were employed at the time of study. In addition, 74.3% of
the assigned mothers were never smokers, whereas 25.7% of them were regular smokers.
Furthermore, 69.2% of the enrolled mothers have noted that this was their initial childbirth,
and 30.8% have reported they had another previous one or two deliveries. Of the enrolled
mothers, 8.4% had a family history of gestational hypertension.

Based on BMI classification before gestation, 72.2% were categorized as normal weight,
18.2% were classified as overweight, and 9.6% were affected by obesity. Based on IOM
guidelines, 5.0% of the assigned women exhibited lower GWG than recommended, 66.8%
of them exhibited GWG inside the normal range, and 28.2% had higher GWG compared to
the recommended. Preterm birth was noted in 18.5% of the assigned women. Moreover,
43.2% of the enrolled women gave birth via caesarean section, and 56.8% of them gave birth
via vaginal delivery. Regarding breastfeeding habits for the enrolled women, half of them
(50.9%) have followed exclusive breastfeeding for their child for at least 4 months, while
49.1% of them did not follow breastfeeding for their child at all or followed breastfeeding
for their child for merely some days or a few weeks. MD adherence did not follow the
normal distribution and was categorized into quartiles as (a) very low, (b) low, (c) moderate,
and (d) high adherence, and every quartile contained an almost equal number of the
assigned women. According to WHO criteria, 8.7% of the enrolled mothers developed
gestational hypertension.

Table 1. Descriptive statistics of the study population.

Characteristics (n = 5271) Descriptive Statistics
Age (mean = SD; years) 33.1+52
Nationality (n, %)
Greek 5042 (95.7%)
Other 229 (4.3%)
Education level (n, %)
Primary education 1662 (31.5%)
Secondary education 2181 (41.4%)
University studies 1428 (27.1%)
Family economic status (n, %)
Low 2436 (46.2%)
Medium 2364 (44.9%)

High 471 (8.9%)
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Table 1. Cont.

Characteristics (n = 5271)

Descriptive Statistics

Marital status (n, %)

Married 3734 (70.8%)

Other 1537 (29.2%)
Employment status (n, %)

Employed 3994 (75.8%)

Unemployed 1277 (24.2%)

Smoking habits (n, %)
No smokers 3919 (74.3%)
Smokers 1352 (25.7%)

Family history of gestational hypertension (n, %)

No 4830 (91.6%)
Yes 441 (8.4%)
Parity (n, %)
Nulliparity 3697 (69.2%)
Multiparity 1624 (30.8%)
Pre-pregnancy BMI status (n, %)
Normal weight 3804 (72.2%)
Overweight 962 (18.2%)
Obese 505 (9.6%)
Gestational weigh gain (n, %)
Low 264 (5.0%)
Normal 3519 (66.8%)
Excess 1488 (28.2%)
Preterm birth (<37th week, n, %)
No 4298 (81.5%)
Yes 973 (18.5%)
Mode of delivery (n, %)
Vaginal 2992 (56.8%)
Caesarean section 2279 (43.2%)

Exclusive breastfeeding (n, %)

No 2586 (49.1%)
Yes 2685 (50.9%)
Childbirth weight status (n, %)
Low newborn weight (<2500 g) 439 (8.3%)
Normal newborn weight (2500-4000 g) 4534 (86.0%)
High newborn weight (>4000 g) 298 (5.7%)
Mediterranean Diet adherence (n, %)
Very low 1282 (24.3%)
Low 1319 (25.0%)
Moderate 1353 (25.7%)
High 1317 (25.0%)

Gestational hypertension (n, %)

No

4813 (91.3%)

Yes

458 (8.7%)
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3.2. Associations of Gestational Hypertension with Sociodemographic Characteristics in the
Study Population

Gestational hypertension was considerably more usually observed in older mothers
compared to younger mothers (Table 2, p = 0.0003). Gestational hypertension was also
significantly associated with lower levels of education (Table 2, p = 0.0021). Married moth-
ers showed a significantly lower prevalence of gestational hypertension than unmarried
mothers (Table 2, p = 0.0263). Mothers having a family gestational hypertension history
exhibited a considerably higher prevalence of being diagnosed with gestational hyperten-
sion (Table 2, p < 0.0001). Multiparous women have shown a notably lower prevalence
of gestational hypertension compared to nulliparous women (Table 2, p = 0.0195). Moth-
ers’ nationality, family economic level, and smoking have not been associated with the
incidence of gestational hypertension (Table 2, p > 0.05).

Table 2. Associations of gestational hypertension with sociodemographic and anthropometry param-
eters, perinatal outcomes, breastfeeding practices, and MD adherence of the study population.

Gestational Hypertension

Characteristics (n = 5271)

No (91.3%) Yes (8.7%) p-Value
Age (mean =+ SD; years) 32.8 £4.2 33.7£45 p =0.0003
Nationality (n, %) p =0.4849
Greek 4601 (95.6%) 441 (96.3%)
Others 212 (4.4%) 17 (3.7%)
Educational level (n, %) p =0.0021
Primary education 1498 (31.1%) 164 (35.8%)
Secondary education 2008 (41.7%) 173 (37.8%)
University studies 1307 (27.2%) 121 (26.4%)
Family economic status (n, %) p =0.1347
Low 2209 (45.9%) 227 (49.5%)
Medium 2164 (45.0%) 200 (43.7%)
High 440 (9.1%) 31 (6.8%)
Marital status (n, %) p =0.0263
Married 3458 (71.8%) 276 (60.3%)
Other 1355 (28.2%) 182 (39.7%)
Employment status (n, %) p =0.0012
Employed 3603 (74.9%) 391 (85.4%)
Unemployed 1210 (25.1%) 67 (14.6%)
Smoking habits (n, %) p =0.3389
Non smokers 3587 (74.5%) 332 (72.5%)
Smokers 1226 (25.5%) 126 (27.5%)
Family history of gestational p <0.0001

hypertension (n, %)

No

4749 (98.7%)

81 (17.7%)

Yes

64 (1.3%)

377 (82.3%)
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Table 2. Cont.
Gestational Hypertension
Characteristics (n = 5271) No (91.3%) Yes (8.7%) p-Value
Parity (n, %) p=0.0195
Nulliparity 3248 (67.5%) 399 (87.1%)
Multiparity 1565 (32.5%) 59 (12.9%)
Pre-pregnancy BMI status (n, %) p <0.0001
Normal weight 3706 (77.0%) 98 (21.4%)
Overweight 818 (17.0%) 144 (31.4%)
Obese 289 (6.0%) 216 (47.2%)
Gestational weigh gain (n, %) p <0.0001
Low 208 (4.3%) 56 (12.2%)
Normal 3258 (67.7%) 261 (57.0%)
Excess 1347 (28.0%) 141 (30.8%)
Preterm birth (<37th week, n, %) p =0.0001
No 3969 (82.5%) 329 (71.8%)
Yes 844 (17.5%) 129 (28.2%)
Mode of delivery (n, %) p=0.9293
Vaginal 2733 (56.8%) 259 (56.6%)
Caesarean section 2080 (43.2%) 199 (43.4%)
Childbirth weight status (n, %) p <0.0001
Low newborn weight (<2500 g) 384 (8.0%) 55 (12.0%)
Normg;(;gm%%ro“g”;eight 4180 (86.8%) 354 (77.3%)
High newborn weight (>4000 g) 249 (5.2%) 49 (10.7%)
Exclusive breastfeeding (n, %) p = 0.0009
No 2327 (48.3%) 259 (56.6%)
Yes 2486 (51.7%) 199 (43.4%)
Mediterranean Iziet compliance p <0.0001
(n, %)
Very low 1118 (23.2%) 164 (35.8%)
Low 1147 (23.8%) 172 (37.6%)
Moderate 1299 (27.0%) 54 (11.8%)
High 1249 (26.0%) 68 (14.8%)

3.3. Associations of Gestational Hypertension with Anthropometry Characteristics and Perinatal

Outcomes in the Study Population

Gestational hypertension was substantially more commonly developed in overweight
or obese women pre-pregnancy than normal weight mothers before gestation (Table 2,
p <0.0001). In fact, 78.6% of the mothers with gestational hypertension were overweight or
obese. In contrast, this prevalence were decreased to 21.4% in mothers who did not develop
gestational hypertension (Table 2). Gestational hypertension was also significantly more
frequently observed in mothers with lower or excess GWG compared to the mothers with
normal GWG (Table 2, p < 0.0001). Gestational hypertension was significantly associated
with the newborn weight at delivery, as mothers developing gestational hypertension had
a significantly higher prevalence of delivering a child with body weight < 2500 g or body
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weight > 4000 g (Table 2, p < 0.0001). Preterm birth was also significantly more frequently
observed in mothers with gestational hypertension (Table 2, p = 0.0001). Gestational
hypertension was not associated with the type of delivery (Table 2, p > 0.05). Gestational
hypertension was significantly related with a lower prevalence of exclusive breastfeeding
for at least 4 months (Table 2, p = 0.0009). Finally, gestational hypertension was significantly
related with a lower incidence of adopting MD at higher levels (Table 2, p < 0.0001).

3.4. Multivariate Analysis for Gestational Hypertension after Adjustement for Potential
Confounding Factors

In multivariate binary logistic analysis, we have included all the collected parameters
for minimizing the potential confounding effects. Gestational hypertension was consid-
erably associated in an independent manner with the women’s age, employment status,
family history of gestational hypertension, pre-pregnancy BMI status, GWG, preterm birth,
childbirth weight status, breastfeeding habits, and MD adherence (Table 3, p < 0.05). On
the contrary, gestational hypertension was not independently associated with the women'’s
nationality, educational and financial level, married status and employment status, parity,
smoking, and type of delivery (Table 3, p > 0.05).

Table 3. Multivariate logistic regression analysis for assessing whether gestational hypertension
may independently be related with sociodemographic and anthropometry parameters, perinatal
outcomes, breastfeeding habits, and MD compliance after adjustment for potential confounders.

Gestational Hypertension

Characteristics (No/Yes)

RR * (95% CI *¥) p-Value
Age (Below/Above mean value) 1.31 (1.06-1.59) p =0.0021
Ethnicity (Greek/Other) 0.97 (0.37-1.72) p = 0.6859
(University StudieEsc}ll;E?rtriZ:; lntlg:e,;l)ndary Education) 112.(062-1.67) p=01109
Financial level (High/Low + Medium) 1.21 (0.62-1.85) p =0.2857
Marital status (Married /Other) 1.18 (0.58-1.81) p=0.3748
Employment status (Unemployed /Employed) 1.27 (0.92-1.61) p =0.0247
Smoking (Non smokers/Smokers) 1.05 (0.52-1.63) p = 0.4833
Family history of gestational hypertension (No/ Yes) 2.21 (1.98-2.45) p =0.0008
Parity (Nulliparity /Multiparity) 0.88 (0.29-1.32) p=0.1209
(Nornirlevfefgilzjg?’efxggﬁtlSé)bese) 208 (1.91-2.27) p=0.0085
Gestational weigh gain (Normal/Low + Excess) 1.85 (1.61-2.06) p =0.0105
Preterm birth (No/Yes) 1.75 (1.48-2.05) p = 0.0082
Type of delivery (Vaginal /Caesarean Section) 0.95 (0.29-1.72) p =0.8747
Childbirth weight status (normal/low + High) 1.76 (1.53-1.98) p =0.0011
Exclusive breastfeeding (Yes/No) 2.12 (0.91-2.33) p = 0.0086
Mediterranean diet compliance 2.25 (2.06-2.43) p = 0.0005

(Moderate + High/Low + Very Low)

* Relative Risk: RR. ** CI: Confidence Interval.

Older women have exhibited a 31% greater probability of being diagnosed with ges-
tational hypertension compared to younger women (Table 3, p = 0021). Employed women
exhibited a 27% higher probability of developing gestational hypertension than unemployed
women (Table 3, p = 0.0247). Mothers having a family history of gestational hypertension
showed a more than two-fold risk of developing gestational hypertension (Table 3, p = 0.0008).
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Gestational hypertension was also independently associated with a two-fold higher likelihood
of being overweight or obese pre-pregnancy (Table 3, p = 0.0085). Moreover, gestational
hypertension was considerably related with an 85% greater risk of presenting GWG outside
of the IOM recommendations (Table 3, p = 0.0105). Gestational hypertension was substantially
related with a 75% greater risk of preterm birth (Table 3, p = 0.0082). Mothers diagnosed with
gestational hypertension have shown a 76% greater probability of delivering a newborn baby
with an abnormal body weight (<2500 g or >4000 g) (Table 3, p = 0011).

Women with gestational hypertension have shown an approximately two-fold reduced
probability of exclusively breastfeeding for at least four months (Table 3, p = 0.0086).
Moreover, gestational hypertension was substantially related with a more than two-fold
reduced likelihood of greater MD compliance (Table 3, p = 0.0005).

4. Discussion

This is one of the few cross-sectional surveys that examined the possible association
of gestational hypertension with several sociodemographic and anthropometric factors,
perinatal outcomes, breastfeeding practices, and MD compliance. Maternal older age,
being employed, family history of gestational hypertension, pre-pregnancy overweight
and obesity, and abnormal GWG were found to independently enhance the probability of
being diagnosed with gestational hypertension. Moreover, gestational hypertension was
independently related with a greater incidence of abnormal newborn body weight, preterm
childbirth, not exclusively breastfeeding, and lower levels of MD adherence. A higher
education level, nulliparity, and being married were also associated with low prevalence
of gestational hypertension; however, these associations did not remain significant in the
multivariate analysis.

In accordance with our study, several studies have supported substantial evidence that
advanced maternal age has significantly increased the risk of gestational hypertension [4045].
Notably, gestational hypertension linearly increased for every 5 years age increase concern-
ing pregnant women aged from 30 to 45 years. In agreement with our findings, a ten-fold
rise in gestational hypertension risk was noted in women with a BMI > 30 Kg/m? [40].
Accordingly, another study also showed that women'’s obesity before gestation was related
to a greater probability of gestational hypertension and preeclampsia, which may result in
deleterious fetus outcomes [46]. In line with our results, certain studies have shown that
mothers having a family history of gestational hypertension or a family background of
high blood pressure had a higher risk of developing gestational hypertension [45,47-49]. In
this aspect, a case-control study showed that women diagnosed with hypertension during
gestation may be more probable to develop hypertension in the next stages of their life [50].
Moreover, a cross-sectional study showed a 2.7-fold higher risk of gestational hypertension
in pregnant women whose mothers had also developed gestational hypertension [51].
In addition, gestational hypertension was generally considered as an aggravating factor
for hypertension, hypercholesterolemia, and diabetes mellitus in the next stages of their
life [51].

Accordingly, several other clinical studies verified that overweight and obese women
before gestation have a higher probability of developing gestational hypertension [40,46,52-59].
In a case-control survey including 310 pregnant women with gestational hypertension and
930 healthy pregnant women, obese pregnant women were 1.79 times more probable to
develop gestational hypertension [60]. Moreover, nulliparous overweight or obese women
were 2.13 times more probable to develop gestational hypertension compared to women
with normal BMI [60]. In accordance with our study, excess GWG was related with visceral
adiposity that could account for 65-75% of the probability of developing gestational hyper-
tension [61]. The potential relevant mechanisms for obesity-associated hypertension may
be related to renin-angiotensin—aldosterone system/sympathetic nervous system upreg-
ulation, adipokine hyperactivation, insulin tolerance, and immune disturbances, as well
as structural and functional kidney, heart, and adipocyte alterations [61,62]. A successful
body weight decrease was associated with blood pressure reduction, being considered a
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multidisciplinary approach, including individualized nutritional interventions, consistent
physical activity, and cognitive behavioral treatment [63]. Leptin also appears to exert a
critical effect in the enhancement of hypertension in obese pregnancy [64]. A causality
impact of genetically predisposed childhood obesity with the probability of hypertension
in pregnancy has also been identified [65].

Currently, higher or lower GWG than the IOM recommended levels, is associated
with a higher risk of adverse maternal and infant outcomes [66,67]. Characteristically, a
systematic review and meta-analysis of more than 1 million pregnant women showed
that 47% of them exhibited excessive GWG, while 23% of them exhibited lower GWG
compared to IOM references [66]. In a Japanese study, excess GWG increased the risk of
early-onset and overall hypertension disorders of pregnancy, while an optimal GWG for
reducing pregnancy hypertensive disorders was estimated under 3.85 kg [68]. In addition,
above-average GWG was positively correlated with preeclampsia risk [69]. In a case-
control survey, the proportion of women having excessive GWG was considerably related
with an increased prevalence of gestational hypertension [70]. In a Polish prospective
cohort, 36.8% of the enrolled pregnant women had excessive GWG, which increased the
risk of gestational hypertension and preeclampsia [46]. In accordance with the above
studies, 28.2% of the enrolled mothers showed excessive GWG, which increased the risk of
gestational hypertension.

In line with our findings, there is evidence indicating that gestational hypertension
increased the risk of preterm birth. In fact, a prospective study including 40 pregnant
women with gestational hypertension exhibited an increased risk of preterm birth [71]. On
the other hand, in a retrospective study, preterm birth did not show any significant associa-
tion with gestational hypertension; however, a significant association with the incidence
of preeclampsia was noted [72]. In this study, preterm labor was identified as the most
common maternal complication, while prematurity was the commonest fetal complication
seen in pregnant women with gestational hypertension [72]. In a cross-sectional study
including 40,212 deliveries, pregnant women with preeclampsia exhibited a higher risk of
preterm birth [42]. Accordingly, a multicenter study showed that gestational hypertension
increased the risk of premature birth [41]. Butali et al. also indicated that a prevalence of
16.8% of singleton childbirths were preterm (<37th week of pregnancy), while gestational
hypertension was associated with increased odds of preterm birth [43]. Accordingly, an-
other clinical study showed that pregnant women with gestational hypertension exhibited
a greater likelihood of preterm delivery compared to normotensive ones [73-75].

Our study also found that childbirth body weight was also associated with maternal
gestational hypertension, as previously reported by Rahman et al. [76]. In accordance
with our findings, a prospective study showed that pregnant women with gestational
hypertension exhibited an elevated probability of decreased childbirth weight compared
to normotensive ones [74]. In a population-based, case-control study, women giving a
child with decreased body weight were 5 times more probable to develop gestational
hypertension [75]. A cross-sectional study has also shown that the weight of children
born to mothers with gestational hypertension was considerably reduced with an average
reduction of 137.45 g [77]. Moreover, in a case-control study, gestational hypertension
increased the risk of low childbirth weight [78]. In a cohort study, the mean childbirth
weight was also decreased in newborns of mothers with gestational hypertension compared
to newborns of normotensive women [79]. In our study, a 50% higher incidence of low
and an almost double prevalence of high newborn weight in women with gestational
hypertension was found.

In our study, nulliparity was related with an increased prevalence of gestational hy-
pertension. Nevertheless, this association was considerably attenuated after adjusting for
several confounding factors. In this aspect, a cross-sectional, prospective study found that
gestational hypertension was more common in nulliparous women [71]. Nulliparity was
also related with an elevated probability of preeclampsia [56]. However, the currently avail-
able data concerning parity remain conflicting, since both nulliparity and multiparity seem
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to predispose women to a greater probability of preeclampsia [69,80,81]. Accordingly, there
are conflicting results concerning the association of gestational hypertension with caesarean
section. In a prospective study, women with gestational hypertension showed a higher
caesarean delivery rate [79]. Accordingly, two other studies showed that hypertensive
mothers had higher rates of caesarean section than normotensive ones [76,82]. However, in
our study, we did not find any association or even a trend of correlation between gestational
hypertension and caesarean section deliveries.

There is also a questionable issue about smoking habits. Maternal cigarette smoking ap-
peared to decrease the likelihood of gestational hypertension and eclampsia, with a consid-
erable inverse exposure-response relation apparent for preeclampsia or eclampsia [56,83].
In the Boston Birth Cohort, Smoking during gestation was also related with a lower
probability of diverse hypertensive disorders, recognized as the “smoking-hypertension
paradox” [84]. In the above study, smoking exerted preventive effects against hypertensive
diseases among Black participants who used other substances as well, whereas null effects
for Hispanic participants were noted [84]. In addition, a US-population-based, retrospective
survey indicated that smoking was associated with decreased risk of gestational hyperten-
sion [85]. Nevertheless, the above relation was attenuated with elevating childbirth weight
centile and did not remain significant at 20th or higher centile among highly systematic
smokers, at the 60th or higher centile for moderate and 80th or higher centile for light
smokers [85]. A meta-analysis of four cohort studies also suggested the protective effect of
smoking longer, smoking more on hypertensive disorders in pregnancy and preeclampsia,
repeatedly observed among Europeans and North Americans, an association which was
not found in the Japanese [86]. In support of this view, in a Japanese study, women who
smoked more than 10 cigarettes per day during gestation exhibited a higher probability
of gestational hypertensive disorders [87]. However, a more recent meta-analysis of 13
studies revealed that smoking during pregnancy might prevent gestational hypertensive
disorders [88]. Moreover, smoking during gestation was considered a hazard factor for
gestational hypertensive disorders in Asia but it was identified as a preventing agent
in Europe and North America [88]. However, in the present survey, we did not find
any positive or negative association or even a trend of correlation between smoking and
gestational hypertension.

There are certain studies highlighting that nutrition may affect the gestational hyper-
tension risk. More to the point, maternal multiple micronutrient supplements and antenatal
assessment at the first trimester of gestation seem to exert a protecting effect on both early-
and late-onset of gestational hypertension [89]. In a case-control study, saturated fatty
acids, such as myristic and palmitic acid, were considerably related with the likelihood of
gestational hypertension [90]. In contrast, higher levels of very-long-chain saturated fatty
acids, such as arachidic, behenic, and lignoceric acid, were related with a decreased proba-
bility of gestational hypertension [90]. Another case-control survey showed that elevated
consumption of energy, monounsaturated and polyunsaturated fatty acids, and decreased
consumption of vitamin C, potassium, and magnesium were considerably associated with
gestational hypertension risk [70]. In an observational, prospective study, consumption
of elevated dosages of w-3 long-chain polyunsaturated fatty acids in the early stages of
gestation increased the likelihood of gestational hypertensive disorders [91]. Another
prospective, population-based, cohort study demonstrated that elevated consumption of
energy, sucrose, and polyunsaturated fatty acids increased the preeclampsia risk [92].

In view of the above consideration, our study found that a higher adherence to MD
may decrease the risk of developing gestational hypertension. In this aspect, there is certain
substantial evidence supporting that both MD and a dietary approach to stop hypertension
(DASH) diet can significantly decrease the risk of hypertension [93]. However, a simple,
individualized, Mediterranean-style diet during gestation did not reduce the overall risk
of adverse maternal and offspring complications but has the potential to reduce GWG
and the risk of gestational diabetes [94]. A recent systematic review and meta-analysis
on a nutritional intervention study showed that Mediterranean-style diets and sodium-
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restriction interventions did not decrease the incidence of gestational hypertension or/and
preeclampsia in healthy pregnancies; however, managed nutritional programs reduced the
risk of gestational hypertension and preeclampsia [95]. However, the data remain scarce
and conflicting so far concerning the impact of MD in the risk of gestational hypertension,
and thus, the present study is one of the few studies assessing the MD adherence impact
on gestational hypertension risk.

Moreover, the present study is the first study that showed that women presenting with
gestational hypertension had a lower probability of exclusively breastfeeding their infant
during the lactation period. In this aspect, a recent pilot study found significant differences
between milk composition in postpartum women with gestational hypertension compared
to normotensive women [96]. Human milk from women with gestational hypertension
was found to contain a higher composition of fat, carbohydrates, and energy in comparison
to healthy women [96]. Moreover, a prospective study indicated that women with gesta-
tional hypertension were at risk of using complementary milk or breastfeeding for shorter
durations [97].

The fact should be emphasized that preeclampsia and eclampsia are two of the most
serious maternal complications following pregnancy and are the main causes of death in
pregnant and delivering women [98]. Although preeclampsia affects 3-8% of pregnan-
cies, the mortality rate of young mothers ranges from 5% to 20% [98]. Thus, identifying
the potential risk factors related with sociodemographic, anthropometric, and lifestyle
characteristics, including nutritional habits and MD compliance, may exert supplemen-
tary beneficial effects in conjunction with the recommended medication treatment against
hypertensive disorders during pregnancy.

The current study exhibits specific strengths as it was performed on an adequate
sample size of 5271 women assigned from various regions of our country, enhancing the
robustness of its findings. The study population was sufficiently representative for our
country, including women living in 11 geographically different Greek areas. Another
strength of our research is that one-to-one interviews between enrolled mothers and the
trained staff were applied for reducing recall biases. The thoroughly explained information
and the detailed presentation of the questionnaires that were provided before the one-to-
one interviews could additionally minimize potential recall biases, enhancing the validity
and the consistency of the mothers” answers. In addition, our survey contained only healthy
women with no history of any serious disorder to minimize comorbidity confounding
impacts. The present study has also explored if gestational hypertension may exert an
independent impact after adjusting for several possible confounders. In fact, our study
considered a wide range of factors, including sociodemographic, anthropometric, and
lifestyle-related variables, providing a comprehensive analysis of potential contributors
to gestational hypertension. Our study also focused on clinical outcomes such as preterm
birth, childbirth weight status, and breastfeeding habits, adding practical relevance to
the research and addressing both short-term and long-term implications. Moreover, the
emphasis on the MD as a potential protective factor against gestational hypertension aligns
with broader public health recommendations for promoting healthy dietary patterns.

Our study has also certain limitations. The cross-sectional design of our study de-
creased the probability of providing conclusive findings and suffered from potential risks
of recall biases, especially regarding the self-reported questions, even if we have applied
well-organized one-to-one interviews. More to the point, the reliance on interviews and
medical records introduces the possibility of recall bias, particularly for variables depen-
dent on participant recall, such as breastfeeding habits. Nonetheless, self-reported data
have comprehensively been used in epidemiological surveys, having adequate reliability
and accuracy to estimate diverse outcomes. In addition, the cross-sectional design of our
study limits the ability to establish causality. Our study identified associations but cannot
definitively determine the cause-and-effect relationships between variables. Another limi-
tation of the present study concerns the fact that BMI was merely used for classifying the
assigned women as overweight or obese prior to pregnancy. In this context, body fat mass



Medicina 2023, 59, 2103

15 0f 19

References

and distribution could directly be assessed and used in the future studies to expand and
confirm our findings. Moreover, the probability remains still of unmeasured confounders
such as several aspects of mental health, sleep disturbances, the presence of eating diseases,
and the physical activity of the assigned mothers despite our systematic approaches to
confounder adjusting. Thus, it is still possible that residual confounding could affect our
findings, even if we have applied a thorough adjustment for multiple confounding factors.
Moreover, there were certain missing and incomplete data concerning the exact week of
delivery and some discrepancies between medical records and participant responses, which
may impact the accuracy of our results. Finally, the generalizability of our study may be
limited to the specific population studied, impacting its broader applicability.

5. Conclusions

This study is one of the few cross-sectional studies and the first study in Greece that
has examined the possible association of gestational hypertension with several sociode-
mographic and anthropometric factors, perinatal outcomes, breastfeeding habits, and MD
compliance. Several risk factors for gestational hypertension were identified. In parallel,
gestational hypertension was recognized as a risk factor for certain pregnancy complica-
tions. It was indicated for the first time that adopting a healthy dietary pattern such as MD
may reduce the risk of developing gestational hypertension. In this aspect, public strategies
and policies may inform the future mothers about the beneficial effects of MD adherence
in combination with other lifestyle factors, e.g., physical activity, against the development
of gestational hypertension. Well-organized strategies and policies should further inform
the future mothers of the potential risk factors that may lead to gestational hypertension.
Moreover, prospective clinical studies should be performed to establish causation between
gestational hypertension and the undersigned risk factors.
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