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KEYWORDS Abstract Background and objectives: A study was conducted to evaluate whether preeclampsia
Preeclampsia; in pregnant women is associated with dietary factors and antioxidant intake (vitamin C, vitamin
Dietary habits; E, vitamin A, and selenium).

Antioxidants; Methods and results: In this case—control study, a group of 79 pregnant Jordanian women (36
Blood pressure preeclamptic pregnant women and 43 healthy pregnant women aged 18—45 years with a gesta-

tional age >20th week of pregnancy) were recruited from the obstetrics and gynecology clinics
at Royal Medical Services, King Hussein Medical Center, Amman, Jordan. Information about
socio-demographics, anthropometric measurements, biochemical measurements, nutritional
intake, and dietary habits was collected through a structured interview. Three 24-hour dietary
records were also made. Data were analyzed using Statistical Package for the Social Sciences
(SPSS), and dietary intake was analyzed using ESHA software. Prepregnancy BMI, age, multiple
pregnancies, energy intake, beta-carotene, vitamin C, and sodium showed significant difference
between preeclamptic pregnant women and healthy pregnant women. The odds ratio (OR) and
the corresponding 95% confidence interval (CI) show that a strong association with preeclampsia
exists for the intake of fat (OR = 6.40, 95% CI: 1.85—22.17) and saturated fat (OR = 3.35, 95% CI:
1.0—11.54). Inverse associations with preeclampsia were found for fruit intake (OR = 0.16, 95%
Cl: 0.47—0.55) and olive oil intake (OR = 0.20, 95% CI: 0.05—0.78).

Conclusion: In this case—control study in Jordanian pregnant women, preeclampsia was associ-
ated with a high intake of fat, saturated fat, and sodium and a low intake of fruits, fiber, vitamin
C, B-carotene, and olive oil.

© 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico Il University. Published by Elsevier B.V. All rights reserved.
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Many years ago, high maternal morbidity and mortality
in middle- and low-income countries was highlighted as an
issue that needs more attention. Nevertheless, most
maternal deaths can be avoided with appropriate mater-
nity services and emergency obstetric care. Many of the
root causes of maternal morbidity and mortality are related
to poverty and the inequity of opportunities for women [1].
That is why the health of mothers and their fetus has
changed from a marital concern to public health urgency.

The diagnosis of preeclampsia involves both proteinuria
and pregnancy-induced hypertension, according to the
criteria of the American College of Obstetricians and Gy-
necologists [2]. Usually, preeclampsia starts after 20 weeks
of gestation and is characterized by high blood pressure
(140/90 mmHg) and proteinuria, that is, 300 mg or more of
protein in a 24-hour urine specimen collected from pre-
viously nonproteinuric, normotensive women [3].

The pathophysiology of preeclampsia during pregnancy
is not yet clear, but many pathophysiological elements
may exist, such as inflammation, dyslipidemia, cytokine
production [4], oxidative stress [5], and elevated homo-
cysteine. In addition, an imbalance between prostacyclin
and thromboxane is involved in the etiology of pre-
eclampsia [4]. Many years ago, the most common patho-
genetic mechanism of preeclampsia was the toxemia
theory, which suggests that the affected placenta produces
substances leading to the maternal syndrome of pre-
eclampsia [5]; therefore, it is important to understand that
the prime reason for preeclampsia is abnormal placenta-
tion. Two theories regarding the occurrence of pre-
eclampsia appear to be interlinked: an immunological
theory and a genetic theory [6].

Preeclampsia can cause fetal growth restriction, pre-
term delivery, and maternal and infant morbidity and
mortality [7], as well as an increased risk of having infants
who are born prematurely with a high risk of complica-
tions [6]. In a preeclamptic mother, the chances of car-
diovascular diseases such as ischemic heart disease,
chronic hypertension, and stroke increase later in life [8],
while children born from preeclamptic pregnancies have
an increased risk of metabolic syndrome, coronary heart
disease, and stroke in the adult life [9]. Further, they are at
a higher risk for a variety of disorders such as endocrine
and nutritional disorders throughout adolescence [10].

Disparate studies have investigated the association be-
tween the risk of preeclampsia and maternal oxidative
stress. In preeclampsia, there is an imbalance between
antioxidant defenses and pro-oxidant production [7], but
it remains unknown whether an imbalance between an-
tioxidants and prooxidants (oxidative stress) leads to
preeclampsia or occurs after preeclampsia [4]. It has been
reported that an imbalance between the antioxidant de-
fense system and free radical production may play a major
role in the pathogenesis of preeclampsia [4,5]. Further-
more, several experimental studies have reported an as-
sociation between the high intake of dietary antioxidants
(e.g., vitamin E, vitamin C, copper, and selenium) and low
levels of oxidative stress [4]. Many studies have approved
that the maternal diet is significantly associated with the

development of preeclampsia. Scholl et al. [4] found that
diets rich in polyunsaturated fats could lead to oxidative
stress associated with preeclampsia.

A meta-analysis showed that oral supplementation
with antioxidants did not show effects in the prevention of
preeclampsia [11]. Therefore, this study was designed to
evaluate whether low intake of dietary antioxidants
(vitamin C, vitamin E, vitamin A, and selenium) is a risk
factor of preeclampsia in pregnant women. Moreover, we
aimed to identify whether the daily intake of dietary fac-
tors such as macronutrients and micronutrients could
contribute to the development of preeclampsia to design
an effective educational program, in cooperation with
concerned stakeholders who target women at risk of
preeclampsia before conception. We hypothesized that
low intake of antioxidants and high intake of saturated fats
are associated with preeclampsia in pregnant women.

Methods
Institutional review board

Approval of the Institutional Review Board (IRB), Medical
School of Jordan University of Science and Technology,
Kind Abdullah University Hospital, Irbid, was obtained first
before the study was initiated.

Participants

Among 101 subjects, 88 of them accepted to participate in
our study and were included and interviewed by the
researcher for the study purpose (40 preeclamptic preg-
nant women and 48 healthy pregnant women). A group of
79 Jordanian pregnant women (36 preeclamptic pregnant
women and 43 healthy pregnant women, aged 18—45
years, with a gestational age >20th week of pregnancy)
met the inclusion criteria, and they were recruited from
the obstetrics and gynecology clinics. All women were
informed about the study while they were waiting for
their appointments in the reception (waiting room). In-
formation about socio-demographics, anthropometric
measurements, biochemical measurements, nutritional
intake, and dietary habits was collected through a struc-
tured interview.

Procedure

This was a case—control study conducted from December
2017 to April 2018 at prenatal clinics and obstetrics and
gynecology clinics. All normal pregnant women who
visited obstetrics and gynecology clinics and were of the
reproductive age (18—45 years) after the 20th week of
pregnancy, previously normotensive and nonproteinuric,
were included in the study as controls. Women who had
certain medical conditions including type 1 diabetes, type 2
diabetes, dyslipidemia, cardiovascular disease, thyroid dis-
ease, and celiac disease, and those who were previously
diagnosed with preeclampsia were excluded from the
study. In addition, women were excluded if they did not fill
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out the consent form, if they were below 18 years, and if
they had conditions that require special diets (9 women
were excluded). Three of the excluded women were
recruited in the control group, and eventually, they devel-
oped preeclampsia later on during their pregnancy and
they were included again in the case group after diagnosis.

All pregnant women were asked to visit the clinic for a
follow-up of their blood pressure measurements by nurses
in a record sheet; after that, the expectant mother was
seen by the gynecologist. Laboratory tests were ordered
using the computer program HAKEEM, wherein physi-
cians, pharmacists, medical technologists, and other cli-
nicians were able to electronically access the patients’
medical records from participating health facilities simply
by entering the patient’s national ID number.

Cases were selected after high blood pressure was
confirmed by systolic blood pressure measurements
>140 mmHg or diastolic blood pressure >90 mmHg on
two different occasions with an interval of 4 or more hours
accompanied by a protein concentration of +1. Approxi-
mately all preeclamptic women were admitted to the
department of obstetrics in the hospital and remained in
the hospital under good medical management. Pre-
eclamptic pregnant women, in their last weeks of preg-
nancy, were referred to the delivery department. The
blood pressure for all women was measured in the sitting
position after a ten-minute rest period using a wall-
mounted blood pressure device.

Ethical considerations

All participants were informed about the study and asked
to participate. The objectives, benefits, and the protocol of
the study were briefly explained by the main researcher.
After agreement, they were asked to sign a consent form.
This protocol met the criteria set by the Institutional Re-
view Board for the Protection of Human Research Partici-
pants Committee. The approval of Royal Medical Services
was also taken to facilitate the researcher’s tasks such as
filling out the questionnaire and interviewing the
participants.

Interview

All participants answered to questions given in a ques-
tionnaire through a structured interview, which was made
up of five parts. The questionnaire was circulated to three
faculty members, who are experts in this field, revised, and
modified the questions to guarantee that the questions are
clear, appropriate, and intended to measure the suggested
variables and parameters. The questionnaire was filled out
by the main researcher through a face-to-face interview. It
was composed of the following parts:

(1) Socio-demographic information about the pregnant
woman’s education level, occupation, number of current
pregnancy, number of abortions, number of children she
already has, and whether she suffered from any health
problems during her previous pregnancies, if any. (2)
Anthropometric measurements consisting of current

weight, weight before pregnancy, and height. (3) Mea-
surements and medical data were also recorded to
perform the selection criteria. (4) Information about the
general nutritional intake and dietary habits such as al-
lergies from food items, frequency of the consumption of
fast food in a week, number of meals and snacks, and many
other questions that may describe the dietary behavior.

Anthropometric Measurements. Anthropometric mea-
surements were recorded by following the World Health
Organization (WHO) procedure [12]. Current weight was
measured and recorded in kilograms using an advanced
Tanita scale BC-730 after it was checked for zero-balance
before each measurement was taken. Weight was recor-
ded to the nearest 0.1 kg, while the height was measured
and recorded in meters from the top of the head to the sole
of feet; the measurement was recorded to the nearest
0.5 cm [13].

Body mass index (BMI)

Prepregnancy weight and height data were obtained from
the patients’ records to calculate body mass index ac-
cording to Quetelet’s formula: BMI = weight (kg)/height
(meter)> [12]. The range for normal weight
is > 18.5—-24.9 kg/m?, overweight 25—29.9 kg/m?, obesity
grade I > 30—34.9 kg/m?, obesity grade Il 35—35.9 kg/m?,
and obesity grade Il >40 kg/m? [12].

Dietary intake

In the first day of recruiting the subjects and data collec-
tion (21.4 + 3 weeks of gestation), after the researcher
explained the importance of recording accuracy, patients
were given a three-day dietary record form (two weekdays
and one weekend day) to be filled out and returned to the
researcher in the next appointment. Participants were
instructed and educated about quantities, cooking
methods, adding seasoning, oil amount, spices, and time of
eating, which were divided into a number of meals and
snacks. Food, beverage models, and pictures were used as
a direct demonstration to ensure comprehension and
participant compliance in writing the records and to clarify
the size of the serving, such as a fruit serving, rice, bread,
and meat. A call or text message was sent daily to each
participant to remind them to record the intake of all food
items. All of them were told that they could send their food
record forms through WhatsApp to the researcher, as it
was more convenient for all subjects. Those records were
entered into nutrition analysis software (ESHA Food Pro-
cessor SQL, version 10.1.1; ESHA, Salem, OR, USA), with
additional data of foods consumed entered in for further
analysis [14] of daily total caloric intake, macronutrient
intake, and micronutrient intake. We used a modified
version of ESHA that contained dishes most likely to be
popular among the population. We modified ESHA by
including an Arabic food composition table based on the
most common dishes in Lebanon [14].

Biochemical Measurements. A urine sample was taken
from each participant to measure protein concentration.



Associations between macro and micronutrients and antioxidants intakes with preeclampsia 461

The normal ranges for protein in urine are nil or trace.
Blood pressure was measured with an instrument called a

sphygmomanometer. Blood pressure is measured in mil- Tab}e 1 Demographics, clinic.al characteristics, and study-related

limeters of mercury (mmHg). Diagnosis of high blood CETTEIRIES G Sy (ol eitorn ()

pressure was confirmed if systolic blood pressure was Characteristics Cases Controls P*

>140 mmHg or diastolic blood pressure >90 mmHg on (n = 36) (n = 43)

two different occasions, with an interval of 4 or more Age (years) 312 + 098 28.0+0.75 0.009

hours. Gestational age (weeks) 31.1 £ 073 29.0+ 056 0.746
Prepregnancy Body 26.7 £ 0.70 248 +£0.69 0.064

Mass Index (kg/m?)

Statistical analysis Age (years)

>30 22 (61.1) 11 (25.6) 0.001

A sample size of 38 women in each group was required for <30 14 (38.9) 32 (74.4)
a power of 0.8 according to the Browner et al. approach Body Mass Index (kg/m?)**
[15]. The level of significance between cases and controls bz Jleie alilezy Lst

. .. R Overweight 19 (52.8) 12 (28.6)
with regard to saturated fat and antioxidant concentration N — 10 (27.8) 24 (57.1)
was set at 5% (& = 0.05) with 80% power (& = 0.2) 2 times, The number of current
once for saturated fat and the second for beta-carotene. pregnancy
Accordingly, the calculated sample size showed that 1st 6 (16.7) 20 (46.5) 0.009
approximately 37 subjects were needed for each group in g?g‘ 38_1,')1) % 1(‘21%)
the first time and 32 subjects were needed in the second A GRTTTE 17 (47.2) 7 (16.3.)
time to detect a difference between the 2 groups. To Number of miscarriages
consider the dropout of the study participants and to in- Once 8(22.2) 8 (18.6) 0.506
crease the power of the analysis, the number of partici- More than once 5(13.9) 3(7)
pants was increased to 101 in both groups. SPSS (IBM No abortions BER) SRR

. . Have children before

version 20 for Windows, 2011, IBM-SPSS Inc.) was used for Yes 29 (80.6) 21 (48.8) 0.004
data processing and data analysis. The significance level No 7 (14.7) 22 (51.2)
was set at P value < 0.05. For descriptive statistics, stan- Number of children
dard deviation of the mean and percentages were used. A ;-Z ;‘t 35‘11?-3) ;‘t 2(2%)7) 0.384
chi-square test was used for categorical variables to detect o e 6(207) 2(05)

the differences in socio-demographics, dietary intake, Fanily Nistary of preeciampsia

lifestyle, and clinical parameters between cases and con- Yes 18 (50) 9 (20.9) 0.007

trols. The standard deviation of the mean was calculated No 18 (50) 34 (79.1)

for energy and total nutrient intake from the average of A$TEVi0U5 twin pregnancy Ry T 0.039

es 5 b .|
the three 24-hour records. o 29 (80.6) 41(95.3)
Educational Level

Results Basic or below 6(16.7) 3(7) 0.625
Preparatory or secondary 14 (38.9) 16 (37.2)

General characteristics of participants g;lzf erlr:i ?1(1(3'325) Zs(l(g'j,s)))
Postgraduate 0 2(4.6)

Table 1 describes the demographics, clinical characteris- Occupation

tics, and study-related variables of the study sample. The Housewife 26 (72.2) 30 (69.8) 0.821

mean values of age and gestational weeks among cases Government employee 8 (22.2) 9 (20.9)

and controls were 31.2 4+ 0.98 years and 31.1 + 0.73 weeks S rrlzlll'iitge work 2056 4093)

and 28 + 0.75 years and 29 + 0.56 weeks, respectively. Yes 8(22.2) 6 (14) 0.338

Sixty-one percent of women with preeclampsia were older No 28 (77.8) 37 (86)

than 30 years, while only 25.6% of the control women were Blood pressure measurement

older than 30 years (Table 1). The average BMI was in the current visit (mmHg)

24.8 + 4.5 kg/m? and 26.7 + 4.2 kg/m? for controls and Eis;r(;}40/>90) ?5(2(%7)2) 431(57(2)3) 0.001

cases, respectively. Fifty-three percent of cases were % IPretalin fin uiEine '

overweight, whereas 29% of the controls were overweight. Nil 1(2.8) 42 (97.7) 0.001

Approximately 72% of preeclamptic women had more than +1 16 (44.4) 0

three pregnancies compared with only 39.6% of the control +2 14(389)  1(23)

women (P = 0.009). Approximately 80.6% of preeclamptic = > (13.9) 0

pregnant women and 48.8% of healthy pregnant women Note: Values presented as mean + SD or frequencies and percent-

. . : . ages, n (%).
had children from previous pregnancies. Fifty percent of Significant at P < 0.05.

preeclamptic pregnant women compared with 29% of **Body mass index classification: normal weight (BMI 18.5—24.9 kg/
healthy pregnant women had a family history of pre- m?), overweight (BMI 25—29.9 kg/m?), and obese (BMI >30 kg/m?).
eclampsia. A previous twin pregnancy was present in

19.4% of cases and 4.7% of the controls (Table 1).
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Diet and eating habits

As indicated in Table 2, the majority of both cases and
controls did not visit a dietitian in their life. Approximately
30.6% of cases compared to 41.9% of the controls followed a
specific diet regimen at least once in their lives. For the
variables the number of basic meals eaten daily, the main
meal, number of snacks, type of snack, and daily water
consumption, there were no apparent differences between
the cases and controls.

Number of servings

Regarding daily intake from food groups and major food
items, our results indicated a higher intake of processed
meat (1 oz + 0.15) and a lower intake of olive oil (2.4
tsp + 0.32) among preeclamptic women than among
healthy women (0.50 oz 4 0.12 and 4 tsp & 0.37) (Table 3).

Energy and macronutrient intake
The daily average dietary energy and macronutrient intake
are presented in Table 4. The mean intake of energy, fat,

saturated fat, and omega-6 in women with preeclampsia
was 2782 kcal £+297.1, 108 g + 6.85, 24 g + 1.53, and

Table 2 Diet and eating habits of the study population, n (%).

Eating Habits Cases Controls P*
(n = 36) (n = 43)
Visited a nutritionist before
Yes 7 (194) 7 (16.3) 0.714
No 29 (80.6) 36 (83.7)
Followed a specific diet regimen
Yes 11 (30.6) 18 (41.9) 0.299
No 25 (69.4) 25 (58.1)
Weight lost by this diet regimen
> 2 kg/month 6 (54.5) 14 (77.8) 0.189
< 2 kg/month 5(45.5) 4(22.2)
Number of basic meals/day
1 meal 2 (5.6) 2 (4.7) 0.847
2 meals 17 (47.2) 19 (44.2)
3 meals 12 (33.3) 18 (41.9)
>3 meals 5(13.9) 4(9.3)
The main meal
Breakfast 5(13.9) 4 (9.3) 0.762
Lunch 21 (58.3) 28 (65.1)
Dinner 10 (27.8) 11 (25.6)
Number of snacks
No snack 3(8.3) 1(2.3) 0.575
1 11 (30.6) 11 (25.6)
2-3 12 (33.3) 18 (41.9)
>3 10 (27.8) 13 (30.2)
Type of snack
Salty Snacks 2(5.7) 4(9.5) 0.063
Sweets 7 (20) 13 (31)
Vegetables and Fruits 7 (20) 14 (33.3)
Salty Snacks and Sweets 7 (20) 1(24)
Mixed snacks 12 (34.3) 10 (23.8)
Daily water consumption
1-3 cups 8(22.2) 8 (18.6) 0.862
4—6 cups 10 (27.8) 15 (34.9)
7 cups or more 18 (50.0) 18 (46.6)

*Significant at P < 0.05.

Table 3 Number of servings consumed by the study population.

Food groups/food items Cases Controls P*
(n = 36) (n = 43)
Meat (ounce/d) 2.0 £0.33 2.1 £0.28 0.94
Vegetables (1 cup/d) 2.1 +£0.28 2.0 +£0.19 0.64
Fruit (1 medium/d) 1.3 +0.17 1.5+ 0.18 0.29
Milk (1 cup/d) 0.7 £ 0.15 0.7 +£0.13 0.94
Cereals and legumes 2.0 +£0.29 1.6 £ 0.27 0.31
(1/3 cup/d)

Bread (serving/d) 32+09 3.5 +0.82 0.21
Fish (servings/wk) 0.5 £ 0.15 0.7 £ 0.21 0.09
Nuts (15 g/d) 2.9 + 0.56 2.5+ 047 0.60
Processed meat (1 slice/d) 1.0 £ 0.15 0.5 + 0.12 0.02
Ready stock (1 cup/d) 2.2 + 0.08 23 +0.12 0.24
Olive oil (1 tsp/d) 24 4+ 0.32 4.0 + 0.37 0.00
Frying oil (1 tsp/d) 8.7 £ 0.76 7.0 + 0.52 0.06

Values represented as mean =+ SD.
*Significant at P < 0.05.

6.8 g £ 1.17, respectively, compared to that in healthy
pregnant women, i.e.,, 2203 kcal +£68.8, 87.7 g + 4.21,
20 g + 1.13, and 4 g + 0.49, respectively, (P < 0.05). On the
other hand, fiber intake was lower (18.6 g + 1.10) in cases
than in controls (22.5 & 1.29). There were no significant
differences between subjects in the intake of other mac-
ronutrients mentioned in the same table.

Micronutrient intake

Table 5 displays the results of the micronutrient intake of
cases and controls. It was observed that pregnant women
with preeclampsia had lower beta-carotene and vitamin C
intake (924 mcg + 162.24 and 79.5 mg + 7.88, P < 0.05,
respectively) than healthy pregnant women (1834
mcg + 388.95 and 136 mg + 12.26 (P < 0.05), respec-
tively). In contrast, preeclamptic pregnant women had a

Table 4 Daily energy and intake of macronutrients in the study
population.

Energy and Cases Controls P*
macronutrients (n = 36) (n = 43)

Energy (kcal) 2782 + 297 2203 + 68 0.04
% of Protein 13 +£ 0.57 14 + 0.42 0.29
% of Carbohydrate 49 + 1.89 51 +1.25 0.46
% of Fat 37 +1.75 35+ 1.32 0.34
Protein (g) 87 + 447 78 £3 0.12
Carbohydrate (g) 376 +76.06 283 +11.94 0.19
Fiber (g) 18 £ 1.1 22 +1.29 0.02
Sugar (g) 174 + 7476 86 + 5.95 0.20
Fat (g) 108 £ 6.85 87 + 421 0.01
Saturated Fat (g) 24 +1.53 20 £ 1.13 0.03
Monounsaturated Fat (g) 31 + 3.36 24 + 248 0.08
Polyunsaturated Fat (g) 13 +£1.49 10 +£ 0.9 0.06
Trans Fat (g) 3+08 2 +0.55 0.45
Cholesterol (mg) 212 +£18.05 199 + 204 0.62
Omega 3 (g) 0.5 + 0.07 0.3 + 0.04 0.10
Omega 6 (g) 6.8 + 1.17 4.0 + 049 0.02
Omega 3:0mega 6 0.12 + 0.01 0.11 + 0.01 0.60

Values represented as mean =+ SD.
*Significant at P < 0.05.
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Table 5 Comparison of the daily intake of micronutrients in the
study population.

Micronutrients
Vitamin A-IU (IU)

Cases (n = 36) Controls (n = 43) P*
4488 + 870.61 5817 + 1009.4 0.332

Carotene (RE) 340 + 83.88 467 + 89.27 0.308
Retinol (RE) 144 + 72.23 236 + 111.14 0.511
Beta-Carotene (mcg) 924 + 162.24 1834 + 388.95 0.047
Vitamin B1 (mg) 1.3 +£0.1 1.3 £ 0.08 0.883
Vitamin B2 (mg) 1.3 +£0.11 1.2 £ 0.08 0.477
Vitamin B3 (mg) 17 + 1.84 16 + 0.88 0.487
Vitamin B3-NE (mg) 23.5 + 2.39 222 +1.17 0.610
Vitamin B6 (mg) 0.86 + 0.09 0.98 + 0.08 0.327
Vitamin B12 (mcg) 2.1 £+ 0.39 2.5+ 0.53 0.602
Vitamin C (mg) 79 + 7.88 136 + 12.26 0.001
Vitamin D (mcg) 0.6 + 0.16 0.8 +0.18 0.534
Vitamin E (mg) 3.2 +042 3.3 +0.36 0.835
Folate (mcg) 323 + 24.89 360 + 27.56 0.325
Vitamin K (mcg) 71 + 14.46 94 + 19.94 0.363
Iron (mg) 14 + 0.93 14 + 0.79 0.786
Magnesium (mg) 196 + 21.18 174 + 10.31 0.337
Selenium (mcg) 54 + 5.16 57 +44 0.638
Sodium (mg) 3068 + 235.95 2444 + 129.64 0.018
Zinc (mg) 6.6 + 0.55 6.2 + 045 0.585
Lutein and 638 + 12832 1144 + 393.66 0.260
Zeaxanthin (mcg)
Lycopene (mcg) 311 £ 131.11 1029 + 468.73 0.176

Values represented as mean =+ SD.
*Significant at P < 0.05.

higher sodium intake (3068 mg + 235.95, P < 0.05) than
healthy pregnant women (2444 mg + 129.64). There were
no statistically significant differences among the partici-
pants in the other micronutrients listed in the same table.

Table 6 shows that there is a strong association between
the intake of fat and saturated fat with preeclampsia
(OR = 6.40, 95% CI: 1.85—22.17, above the mean, P = 0.00;
OR = 3.35, 95% CI: 1.0—11.54 above the mean, P = 0.03,
respectively). On the other hand, fruit intake (OR = 0.16,
95% CI: 0.47—0.55, above the mean P = 0.00) and olive oil
intake (OR = 0.20, 95% CI: 0.05—0.78 above the mean,

Table 6 Adjusted ORs and CIs of dietary factors and preeclampsia risk.

P = 0.00) were found to be associated with the develop-
ment of preeclampsia.

Table 7 demonstrates the number and percentage of
study population meeting or not meeting their RDA for
many dietary elements. The majority (70%) of the cases did
not meet the RDA of the total calories, which was
approximately 2740 + 200 kcal (either more or less), while
approximately one third of the control group did not meet
their RDA. However, the majority (83%) of the cases met
their requirements of omega 6 when compared to the
controls (16%). Vitamin C intake was close to the RDA in
almost 31% of the cases when compared to 67% of the
controls. Finally, only 9% of women in the case group met
the recommended servings of fruits, which is 3 servings
+1, when compared to those in the control group (91%)
(P < 0.05).

Discussion

The aims of this study were to evaluate whether dietary
antioxidant intake (vitamin C, vitamin E, vitamin A, and
selenium) was associated with preeclampsia in pregnant
women and to identify dietary factors such as daily intake
of macronutrients and micronutrients that could
contribute to the development of preeclampsia; therefore,
the main findings of this study can be summarized as
follows. The diagnosis of preeclampsia was associated with
many maternal and dietary risk factors. Obesity, being
pregnant with twins, age, number of current pregnancy,
and family history were all maternal factors.

The findings of this study also indicated many dietary
factors that are associated with preeclampsia in the study
sample. On the one hand, the consumption of processed
meat, fat, saturated fat, sodium, and omega 6 was associ-
ated with preeclampsia. On the other hand, a low intake of
olive oil, fiber, beta-carotene, and vitamin C was associated
with preeclampsia.

Variables Number of Cases Number of Controls OR (95% CI)* P
Age (years)
<30 14 32 1 0.001
>30 22 11 2.9 (0.93—-9.0)
BMI (kg/m?)
Nonobese 10 24 1 0.009
Obese 26 18 2.0 (0.67—-6.3)
Number of Current Pregnancy
1st 6 20 1 0.001
2nd 4 6 1.92 (0.31-11.9)
3rd 9 10 2.7 (0.57—-12.7)
More than that 17 7 5.3 (0.87—32.0)
Previous twin pregnancy
No 29 41 1 0.04
Yes 7 2 2.27 (0.33—15.55)
Family history of preeclampsia
No 18 34 1 0.006
Yes 18 9 3.87 (1.20—12.32)
Less than 5 (Bad feeling) 29 13 8.48 (2.44—29.50)

* OR adjusted for energy, age, BMI, # of current pregnancy, family history, and smoking.

** Significant at P < 0.05.
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Table 7 Number and percentage of subjects meeting the Recommended Dietary Allowance in the study population.

Variables Total P*
Cases (n = 36) Controls (n = 43)
n (%) n (%)

Calorie (kcal) 0.019
Meet RDA 24 (38.7) 38 (61.3) 62 (100)
Do not meet RDA 12 (70.6) 5(294) 17 (100)

Fat % 0.351
Meet RDA 13 (394) 20 (60.6) 33 (100)
Do not meet RDA 23 (50.0) 23 (50.0) 46 (100)

Fiber (g) 0.414
Meet RDA 5 (35.7) 9 (64.3) 14 (100)
Do not meet RDA 31 (47.7) 34 (52.3) 65 (100)

Omega 6 (g) 0.053
Meet RDA 5(83.3) 1(16.7) 6 (100)
Do not meet RDA 31 (42.5) 42 (57.5) 73 (100)

Beta-Carotene (mcg) 0.111
Meet RDA 24 (53.3) 21 (46.7) 45 (100)
Do not meet RDA 12 (35.3) 22 (64.7) 34 (100)

Vitamin C (mg) 0.003
Meet RDA 14 (31.1) 31 (68.9) 45 (100)
Do not meet RDA 22 (64.7) 12 (35.3) 35 (100)

Vitamin E (mg)
Meet RDA 0(0) 0(0) 0(0) —
Do not meet RDA 36 (45.6) 43 (54.4) 79 (100)

Selenium (mcg) 0.351
Meet RDA 12 (38.7) 19 (61.3) 31 (100)
Do not meet RDA 24 (50.0) 24 (50.0) 48 (100)

Sodium (mg) 0.434
Meet RDA 3(33.3) 6 (66.7) 9 (100)
Do not meet RDA 33 (47.1) 37 (52.9) 70 (100)

Fruits (servings) 0.009
Meet RDA 1(9.1) 10 (90.9) 11 (100)
Do not meet RDA 35(51.5) 33 (48.5) 68 (100)

Recommended dietary intake (RDA) for nutrients: Calorie: 2740 + 200 kcal; fat: 25—35%; fiber 28 + 2 g; Omega 6:13 + 2 g; beta-carotene:
15—180 mcg; vitamin C: 85 + 5 mg; sodium: 1500 + 500 mg; selenium: 60 + 2 mcg; vitamin E: 15 &+ 2 mg; fruits: 3 & 1 servings.

* Significant at P < 0.05.

Certain dietary factors have been advocated before by
findings from Brantseeter et al. [16] that women with a
high intake of processed meat, salty snacks, and sweet
drinks had high prevalence of preeclampsia [OR for tertile
3 vs. tertile 1: 1.21; 95% CI: 1.03, 1.42]. These findings
suggest that a dietary pattern characterized by a high
intake of plant foods, vegetables, and vegetable oils de-
creases the likelihood of preeclampsia, whereas a dietary
pattern characterized by a high consumption of processed
meat, sweet drinks, and salty snacks increases the likeli-
hood of preeclampsia. In a review paper studying the as-
sociations between dietary patterns and preeclampsia, the
author observed the same results as those in our study and
confirmed that women with preeclampsia had a lower
intake of vegetables and a higher intake of processed food
including processed meat than women who did not
develop preeclampsia [17]. Many studies confirmed this
finding and identified that vegetarians have a lower blood
pressure than nonvegetarians and that adding meat to a
vegetarian diet elevates blood pressure [18].

Similarly, results from a previous study showed that a
dietary pattern characterized by a high intake of plant
foods, vegetables, and vegetable oils including olive oil
decreases the risk of preeclampsia [19]. Bullo et al. [19]
provided an explanation for the effects of olive oil intake

on preeclampsia. Olive oil has many beneficial effects such
as high levels of antioxidant molecules; monounsaturated
fatty acids, which are more stable regarding oxidation than
polyunsaturated fatty acids (PUFA) [20]; and oleic acid,
which proved to have an inhibitory effect on the expres-
sion of VCAM-1 mRNA; the vascular monocyte cell adhe-
sion molecule and the nuclear factor-kappaB can be
stimulated by proinflammatory cytokines by reducing
peroxyl radicals [21]. Further, minor components in olive
oil, such as tocopherol, sitosterol, triterpenes, and phenolic
compounds, have been proven to have anti-inflammatory
and antiendothelial activation properties [22]. These
components in olive oil may modulate endothelial acti-
vation, thereby resulting in inflammation [19].

The intake of energy in preeclamptic pregnant women
was significantly higher than that in healthy pregnant
women. The findings reported in a previous study con-
ducted by Clausen et al. [23] were consistent with our
findings related to energy, and they found that the risk of
preeclampsia increased ORs (95% CI) with increasing levels
of energy intake; the risk is twofold for an energy intake of
2750—-3350 kcal/day increase, while the risk increases to
fivefold for an energy intake of >3350 kcal/day. Pregnancy
is considered to be an anabolic state in the first and second
trimesters [24]. In addition, these women may be
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particularly vulnerable to the harmful effects of high en-
ergy consumption such as excessive weight gain during
pregnancy [25].

In a study on preeclamptic women experiencing tissue
inflammation, fat intake was determined as a cause of
elevated cytokines such as plasma C-reactive protein,
which further aggravated inflammatory conditions [26]. In
addition, saturated fat intake has been linked to an
increased likelihood of preeclampsia three times, and this
effect is thought to be mediated primarily by increased
concentrations of LDL [27]. There was a presumption of
LDL oxidation in vivo that LDL is not protected by antiox-
idants and may be exposed more frequently to cell-derived
oxidants. The prolonged contact of endothelium with LDL
is one reason why the endothelium is likely to be prone to
oxidative disturbances [28].

A low intake of fiber among cases was reported in this
study. This finding is consistent with that reported in a
previous study by Qiu et al. [29], who found that total fiber
consumption was associated with reductions in the risk of
preeclampsia. Women who usually consumed diets rich in
fiber (>21.2 g/day) experienced a 67% reduced risk of
preeclampsia (RR = 0.33; 95% CI = 0.14—0.79). Dietary
fiber may reduce pregnancy-associated dyslipidemia [30],
an important clinical characteristic of preeclampsia, which,
in turn, increases inflammation of the arteries and may
lead to hypertension.

Our results were consistent with findings from a study
conducted by Mehendale et al. [31] that the total omega-6
fatty acids were higher in preeclamptic pregnant women
than in healthy pregnant women. It was suggested that
excess omega-6 fatty acids shift the physiological state in
the tissues toward the proinflammatory state [32]. Hence,
a maternal diet rich in omega-6 fatty acids (proin-
flammatory) may increase vasoconstriction, thereby lead-
ing to preeclampsia [31].

There are deductive data that an imbalance between
antioxidant activity and oxidants may have an important
role in the pathogenesis of preeclampsia, as free radicals
and lipid peroxides lead to endothelial cell injury. There is
also evidence that elevated plasma concentrations of free
radical oxidation products progress the development of
preeclampsia [33]. Other studies recommended supple-
mentation with vitamins C and E as beneficial strategies in
the prevention of preeclampsia in women at increased risk
of the disease [34—36]. However, all of these studies pro-
pose that preeclampsia is associated with both increased
oxidative stress and reduced antioxidant defenses.
Another study conducted by Wannamethee et al. [37]
found that dietary vitamin C intake and plasma vitamin
C were significantly and inversely associated with C-reac-
tive protein, a marker of endothelial dysfunction concen-
trations. Vitamin C works to quench free radicals [38].

Beta-carotene is a fat-soluble member of the caroten-
oids that are considered to be provitamins [38], which is
present in plant-derived foods and exhibits a great radical-
trapping antioxidant behavior [39]. It is considered to be a
strong antioxidant, and it is the best quencher of singlet
oxygen [38]. In agreement to our study findings, B-

carotene was significantly lower in pregnant women who
were diagnosed with type 1 diabetes and preeclampsia
than in those without preeclampsia [40]. Another study
revealed maternal serum levels of beta-carotene to be
significantly lower in patients with preeclampsia than in
normal women [41].

The association between sodium and preeclampsia was
studied in many studies. Results showed that 50% of cases
and approximately one-third of controls were not aware of
the role of salt in the development of preeclampsia. Morris
et al. [42] found no indication that the intake of sodium
was related to the incidence of preeclampsia or
pregnancy-associated hypertension.

Like other similar studies, this study may have many
limitations. One limitation to be mentioned is the
case—control design of this study, whose cause and effect
relationship is not clear. The blood levels of nutrient bio-
markers were also not measured in the present study. The
relatively small number of subjects and the dietary data
collected by the subjects depend on the level of compli-
ance and memory, which may affect the accuracy of the
whole results. The significantly high intake of calories in
cases may have influenced the results and caused a high
consumption of many nutrients such as fat. However, the
inclusive dietary data collected and analyzed are to be
noted and appreciated. It is suggested that a prospective
study be designed to assess nutritional intake and bio-
markers, before and during pregnancy, to detect nutri-
tional determinants for preeclampsia during pregnancy.

Conclusion

The purpose of this study, in particular, was to evaluate the
association of dietary antioxidant intake (vitamin C,
vitamin A, vitamin E, and selenium) with preeclampsia in
pregnancy. Findings of this study indicate that pre-
eclamptic women had a high intake of processed meat,
sodium, energy intake, saturated fat, and omega-6. A large
proportion of women with preeclampsia in this study did
not meet the RDA for calories and vitamin C. Moreover, a
lower intake of olive oil, fiber, and beta-carotene was re-
ported in preeclamptic pregnant women than in healthy
pregnant women.
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