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Abstract

Background The aim is to assess the levels of fatty acids (FAs) in pregnancies with small for gestational age (SGA) and
adequate for gestational age (AGA) fetuses, constituting an association between FAs and fetal growth; according to the role
of FA, lower levels were expected in SGA.

Materials and Methods This was an analytical cross-sectional study including pregnant women with gestational ages of
26-36 weeks with AGA and constitutionally SGA fetuses diagnosed by ultrasonography. The levels of saturated, trans,
monounsaturated, and polyunsaturated fatty acids were measured using centrifugation and liquid chromatography. Student’s
t test and general linear model using gestational age as covariant were used to compare the levels of FAs and the groups
(AGA and SGA). Chi-square was used to evaluate the association between groups and studied variables. Pearson correla-
tion coefficient and linear regression were used to evaluate the correlation between the levels of FAs and gestational age.
Results Peripheral blood was collected from 67 pregnant women, 3 of whom were excluded from the study. No significant
statistical differences were observed between SGA (n=40) and AGA (n=24) in relation to saturated, trans, monounsaturated,
and polyunsaturated fatty acids (p > 0.05). There was not significant correlation between saturated, trans, monounsaturated,
and polyunsaturated FAs and gestational age (p > 0.05).

Conclusion The levels of saturated, trans, monounsaturated, and polyunsaturated FAs were similar in constitutionally SGA
and AGA fetuses.
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Introduction

Fetal growth restriction (FGR) is defined as an estimated
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the progressive course of placental insufficiency. Follow-up
includes optimizing care and determining the appropriate
timing of delivery, weighing the risks inherent to prematu-
rity against those from acidemia resulting from the longer
time spent in the uterus [4]. In this context, supplementation
with fatty acids (FAs) during pregnancy has been presented
as a therapeutic option to promote fetal development and
growth.

Omega () 3 is a polyunsaturated carboxylic acid wherein
the carbon is linked to the first double bond in position 3.
These FAs are produced when fats are broken down and are
carboxylic acids with an aliphatic chain. FAs are classified
into monounsaturated, polyunsaturated, or saturated [5, 6].

Several benefits of ®-3 polyunsaturated fatty acids include
decreasing the levels of triglycerides and LDL cholesterol,
increasing the levels of HDL, playing a significant role in
allergies and inflammatory processes, increasing immune
system protection, decreasing blood pressure and coro-
nary diseases, providing benefits to the skin, and causing
improvements in depression cognitive abilities. In the field
of obstetrics, it is associated with the prevention of preterm
delivery and the promotion of intellectual development [7].

Supplementation of ®-3 in the maternal diet during preg-
nancy in the animal model reduces oxidative damage to the
placenta and increases placental levels of pro-resolution
mediators, which are effects associated with fetal growth
[8]. However, a systematic review does not support the rou-
tine supplementation of ®-3 during gestation as a means of
reducing obstetric complications such as FGR [9].

The objective of this study was to assess the blood levels
of FAs in pregnant women in constitutionally small for ges-
tational age (SGA) and adequate for gestational age (AGA)
fetuses, constituting an association between FAs and fetal
growth.

Materials and Methods

This analytical cross-sectional study was conducted between
February 2017 and May 2021. This study was approved by
the Research Ethics Committee of the Federal University
of Sao Paulo (UNIFESP), and all participants signed an
informed consent form. During this period, FAs were ana-
lyzed in mother divided into two groups: (1) AGA (con-
trol)—estimated fetal weight (EFW) between 10 and 90th
percentiles, according to the table proposed by Hadlock et al.
[10]; and (2) SGA—EFW < 10th percentile [10] and which
do not meet the Delphi criteria [11] for FGR. The Delphi
criteria for FGR are the following: EFW < 3rd percentile or
EFW between 3rd and 10th percentiles [10] and pulsatility
index (PI) of the umbilical artery Doppler > 95th percentile
[12] and/or cerebroplacental ratio (CPR) <1 [13].
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Following the diagnosis of SGA, mothers were assessed
at the Fetal Growth Restriction Outpatient Clinic of the
UNIFESP Obstetrics Department. The inclusion crite-
rion was singleton pregnancy with gestational age of
26-37 weeks and 6 days confirmed by ultrasonography
performed up to the 13th week. The exclusion criteria
were pregnant women in labor and fetuses with structural
malformations.

Women were divided into the following two groups: those
with SGA and those with AGA fetuses (control). The fol-
lowing parameters were measured: (1) saturated fatty acids
(SFAs): myristic, palmitic, and stearic acids; (2) trans fatty
acids (TFAs): elaidic acid; (3) monounsaturated fatty acids:
palmitoleic and oleic acids; (4) -6 polyunsaturated fatty
acids (PUFAs): linoleic, dihomo-gamma linoleic, arachi-
donic, and gamma-linoleic acids; (5) -3 polyunsaturated
fatty acids (PUFAs): alpha-linoleic, eicosapentaenoic, and
docosahexaenoic acids.

Blood samples were collected, centrifuged, and sent for
laboratory analysis within 24 h. Levels of FAs were assessed
according to the methodology proposed by Kolarovic and
Fournier [14] for sample centrifugation and Agren et al. [15]
and Lepage et al. [16] for liquid chromatography analysis.

To evaluate the effect of FGR and AGA fetuses on the
levels of FAs, a power analysis was performed to calculate
the sample size on the basis of the Cohen effect of 0.7 to
achieve a power of 80% and an alpha of 5% to detect the
differences in the evaluated parameters [17]. Using the soft-
ware G 3.1, the results suggested a total sample size of 62
pregnant women.

Data were collected in an Excel 2007 spreadsheet (Micro-
soft Corp., Redmond, WA, USA) and analyzed using sta-
tistical software SPSS version 15.0 (SPSS Inc., Chicago,
IL, USA) and Prisma GraphPad version 7.0 (GraphPad
Software, San Diego, CA, USA). The non-normal distribu-
tion variables were presented as medians and interquartile
ranges. The normal distribution variables were presented
as mean and standard deviation. Categorical variables were
described as absolute and percentage frequencies and rep-
resented in tables. To compare the levels of FAs between
the groups (AGA and SGA), the Student’s ¢ test and general
linear model using gestational age as covariant were used for
repetitive measurements. The correlation between the levels
of FAs and gestational age was performed using the Pearson
correlation coefficient. To study the difference between cat-
egorical variables and their proportions, Chi-square test was
used. Linear regression was performed to assess the ability
of gestational age to predict the level of FAs in maternal
blood. The level of significance (p) <0.05 was applied in
all statistical tests.
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Table 1 Comparison of maternal characteristics in with adequate for
gestational age (AGA) and small for gestational age (SGA) fetuses

Maternal Characteristic AGA (N=40) SGA (N=24) P

Age (years) 28.0 (22.2-35.5) 29.0 (18-40) 0.937°
Parity

Primipara 62.5% (25/40) 54.2% (13/24) 0.602%
Multipara 37.5% (15/40) 45.8% (11/24) 0.602%
Height (m) 1.60 (0.07) 1.55 (0.06) 0.051/
Weight (Kg) 72.6 (15.8) 63.3 (12.2) 0.092/
BMI (kg/m?) 26.9 (25.6-29.7) 24.3 (20.8-28.5) 0,069
Gestational age (weeks) 31.3 (3.0) 33.0 (2.6) 0.025/

AGA: adequate for gestational age; SGA: small for gestational age,
BMI: body mass index. Mann—Whitney

. median (interquartile range); Student’s t test /. mean (standard

deviation); Chi-square %: Percentage (n/N). p <0.05

Results

Peripheral blood samples were collected from 67 mothers
of whom three were excluded from the analysis because of
blood coagulation (n=2) and gestational age beyond the
time period (n = 1). The results regarding the maternal char-
acteristics such as weight, height, body mass index (BMI),
maternal age, and gestational age on the day of maternal
blood collection sample are explained in Table 1. There was
a significant effect of the studied group on gestational age
during the maternal blood sampling collect (p =0.025). The
mean of gestational age was higher in SGA than AGA group
(33.0 vs. 31.3 weeks, respectively, p=0.025) (Table 1).
Table 2 shows the comparison of the levels of saturated,
trans, and monounsaturated FAs in SGA and AGA fetuses.
There were no statistically significant differences between

Table2 Levels qf fatty acids Fatty acids AGA (N=40) SGA (N=24) s e
(FAs) measured in pregnant
women with adequate for Myristic acid 15-60 (ng/mL) 32.0 (15.1) 31.7 (22.4) 0.943 0.968
gestational age (AGA) and Palmitic acid 320-1075 (ng/mL) 738.0 (253.5) 748.3 (337.2) 0.892 0.700
small for gestational age (SGA)
fetuses Stearic acid 127-305 (ng/mL) 174.4 (51.1) 185.4 (70.8) 0.841 0.833
Elaidic acid < 10 (ng/mL) 4.85(2.5) 3.81(2.7) 0.277 0.851
Palmitoleic acid 33-125 (ng/mL) 55.9 (26.4) 51.8 (30.5) 0.763 0.480
Oleic acid 260-1250 (ng/mL) 540.8 (184.0) 556.2 (280.4) 0.907 0.605
AGA: adequate for gestational age; SGA: small for gestational age. Student’s t test “: mean (Standard devi-
ation); GLM with gestational age as covariate . p <0.05
A B C
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Fig. 1 Correlation between the levels of fatty acids (FAs) measured in pregnant women with adequate for gestational age (blue dots) and small
for gestational age (red dots) fetuses and gestational age (color figure online)
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Table3 Levels of Omega'6 Omega-6 polyunsaturated fatty acids AGA (N=40) SGA (N=24) P P
polyunsaturated fatty acids
measured in pregnant women Linoleic acid 576-1300 (ng/mL) 10050 317.4) 10014 (3574) 0731 0279

with adequate for gestational

Dihomo-gamma linoleic acid 38-105 (ng/mL) 65.2 (23.0) 66.6 (32.7) 0.949 0.642
age (AGA) and small for
gestational age (SGA) fetuses Arachidonic acid 108-422 (ng/mL) 257.4 (97.5) 271.4 (109.3) 0.080 0.652
Gamma-linoleic acid 442 (ng/mL) 8.4 (5.0 8.6(5.2) 0.743 0.542

AGA: adequate for gestational age; SGA: small for gestational age. Student’s t test *: mean (standard devia-
tion); GLM with gestational age as covariate ™. p <0.05

Table 4 Levels of the levels of Omega-3 polyunsaturated fatty acids measured in pregnant women with adequate for gestational age (AGA) and
small for gestational age (SGA) fetuses

sk

Omega-3 polyunsaturated fatty acids AGA (N=40) SGA (N=24) p* P

Alpha-linoleic acid 3-21 (ng/mL) 24.6 (11.80) 22.9 (8.6) 0.464 0.574
Eicosapentaenoic acid 5-73 (ng/mL) 9.8 (7.9) 9.0 (7.9) 0.818 0.590
Docosahexaenoic acid 34—160 (ng/mL) 88.8 (30.6) 97.0(50.2) 0.497 0.738

AGA: adequate for gestational age; SGA: small for gestational age. Student’s t test *: mean (standard deviation); GLM with gestational age as
covariate . p <0.05
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Fig.2 Correlation between the levels of Omega-6 polyunsaturated fatty acids measured in pregnant women with adequate for gestational age
(blue dots) and small for gestational age (red dots) fetuses and gestational age (color figure online)

the two groups (p > 0.05). There was no significant cor-  monounsaturated FAs and gestational age, considering all
relation between the levels of saturated, trans, and  participants in the study (Fig. 1).
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Fig.3 Correlation between the levels of Omega-3 polyunsaturated fatty acids measured in pregnant women with adequate for gestational age
(blue dots) and small for gestational age (red dots) fetuses and gestational age (color figure online)

Tables 3 and 4 show the comparison of the levels of w-6
and -3 PUFAs, respectively, between SGA and AGA fetuses.
There were no statistically significant differences between
the two groups (p > 0.05). There was no significant correla-
tion between the levels of the levels of w-6 (Fig. 2) and -3
PUFAs (Fig. 3) and gestational age, considering all partici-
pants in the study.

Discussion

The FAs (fatty acids) are absorbed from fetal circulation and
stored in fetal adipose tissue. As a result, toward the end of
the pregnancy, their levels are several times higher in fetal
adipose tissue than in the maternal adipose tissue [18]. FAs
are critical for normal fetal growth and development and
have several functions, including acting as energy sources
and structural components of cell membranes. Chassen et al.
[19] have observed that the expression of FAs transport pro-
teins by the placental membrane of FGR fetuses is reduced
in relation to AGA fetuses.

The metabolic pathway and the evaluation of the effects
of FAs at molecular level are critical key points in the diffi-
cult interpretation of the phenomenon occurring at placental
site. FAs are desaturated to form arachidonic acid (AA) that
cyclooxygenase (COX) enzyme further converts into prosta-
glandins (PG), thromboxanes (TXs), and leukotrienes while
lipoxygenase enzyme synthetize proinflammatory mediators
called oxylipins [20, 21]. In turn, PG and TXs may stimulate
uterine contractions enhancing the risk of preterm deliv-
ery and the risk of FGR [21, 22]. An imbalance between a
reduced production of prostacyclin, another AA metabolite
and increased level of TXs may cause placental vasocon-
striction and ischemia leading to preeclampsia (PE) and
secondary FGR [22-24].

Because ®-3 and w-6 PUFAs have antioxidant activ-
ity, dietary supplementation of these substances during
pregnancy has the potential to prevent or control placental

disorders and promote fetal growth [25]. In their experi-
mental study, Jones et al. [26] observed that supplemental
®-3 increased antioxidant defenses in the labyrinthine zone
of the placenta. However, it did not prevent the restriction
of fetal growth resulting from placental ischemia. In a sys-
tematic review involving three randomized clinical trials
with 575 single pregnancies in women with previous FGR
pregnancies, supplementation with ®-3 did not prevent the
recurrence of FGR; however, it was associated with prolon-
gation of pregnancy [27].

Bobiriski et al. [28] assessed the maternal diet regarding
to AGA, preterm birth and SGA fetuses. The diet compo-
nents were assessed by dietary questionnaire. The authors
conclude that for AGA the predicting factor is a higher con-
tent of short and medium chain FA in a woman’s diet. Mani
et al. [29] assessed the fat and FA intakes in early pregnancy
and birth outcomes in an apparent healthy normal South
Indian population. This was a prospective observational
cohort with 1838 pregnant women conducted. The results
showed that consumption of low saturated FAs was associ-
ated with decreased birthweight and an increased risk of
SGA fetuses. Similar results were seen with polyunsaturated
FA low intakes of a-linolenic and low intakes of long-chain
PUFAs were associated with increased risk of SGA.

Smits et al. [30] have demonstrated a higher risk of lower
birth weight and SGA in women with low EPA (eicosap-
entaenoic acid), DHA (docosahexaenoic acid), and DGLA
(dihomo-y-linolenic acid) during early pregnancy while high
levels of AA were associated with an increased risk of SGA
fetuses (in keeping with the results by Van Eijsden et al.
[31D.

Fetal growth is dependent by multiple patterns, such as
maternal factors and placental function. Placental function
is upregulated by epigenetic processes of DNA methylation
and microRNAs (miRNA) that influence gene expression
involved in the placental development. It has been postulated
that FAs levels (ligand of the peroxisome proliferator-acti-
vated receptor (PPAR) may play a role in miRNA regulation
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of PPAR gene in the placenta of mothers with SGA fetuses
[32].

In the present study, although the sample size was small,
we did not observe any significant statistical differences in
the levels of FAs between women with constitutionally SGA
vs. AGA fetuses. This outcome may be partly explained by
the fact that in our series, SGA were constitutionally normal,
exhibiting an estimated weight < 10th percentile but show-
ing a normal placental function (as documented by absent
PI Doppler abnormalities on the umbilical artery) and nor-
mal perinatal outcomes [33]. It may be postulated that the
absence of differences in FAs levels in SGA fetuses at a time
when ischemic hypoxia processes had not already occurred
at cellular—molecular level may prevent an unbalance con-
centration of FAs when assessed on maternal blood.

The limitation of the present study was the use a conveni-
ent sampling and size may be too small to draw definitive
conclusions. Other limitation, we did not assess a group with
FGR which shows different grades of placental insufficiency
which could interfere in the maternal—fetal placental trans-
port of FAs. As strengths, the level of ®-3 and ©-6 PUFAs
was similar in pregnant women of both SGA and AGA and
the pregnant women with SGA did not show deficient of ®-3
and w-6 PUFAs.

Further studies are needed to better define if maternal
supplementation in FAs during pregnancy will result in ben-
eficial effects on placental function thus preventing FGR and
other complications such as preterm delivery. In summary,
the levels of saturated, trans, monounsaturated, and polyun-
saturated FAs were similar between constitutionally SGA
and AGA fetuses.
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