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Abstract The present prospective study examines pro-
portions of maternal erythrocyte fatty acids across gestation
and their association with cord erythrocyte fatty acids in
normotensive control (NC) and preeclamptic pregnancies.
We hypothesize that maternal fatty acid status in early preg-
nancy influences fetal fatty acid stores in preeclampsia. 137
NC women and 58 women with preeclampsia were included
in this study. Maternal blood was collected at 3 time points
during pregnancy (16-20th weeks, 26-30th weeks and at
delivery). Cord blood was collected at delivery. Fatty acids
were analyzed using gas chromatography. The proportions
of maternal erythrocyte a-linolenic acid, docosahexaenoic
acid, nervonic acid, and monounsaturated fatty acids (MUFA)
(p < 0.05 for all) were lower while total n-6 fatty acids were
higher (p < 0.05) at 16-20th weeks of gestation in preeclamp-
sia as compared with NC. Cord 18:3n-3, 22:6n-3, 24:1n-9,
MUFA, and total n-3 fatty acids (p < 0.05 for all) were also
lower in preeclampsia as compared with NC. A positive asso-
ciation was observed between maternal erythrocyte 22:6n-3
and 24:1n-9 at 16-20th weeks with the same fatty acids in
cord erythrocytes (p < 0.05 for both) in preeclampsia. Our
study for the first time indicates alteration in maternal eryth-
rocyte fatty acids at 16th weeks of gestation which is further
reflected in cord erythrocytes at delivery in preeclampsia.
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Abbreviations

ALA, 18:3n-3 a-Linolenic acid

ARA, 20:4n-6 Arachidonic acid

BMI Body mass index

DGLA, 20:3n-6 Dihomogamma linolenic acid
DHA, 22:6n-3 Docosahexaenoic acid

EFA Essential fatty acids

EDTA Ethylenediaminetetraacetic acid
LNA, 18:2n-6 Linoleic acid

LCPUFA Long chain polyunsaturated fatty acids
MUFA Monounsaturated fatty acids
NA, 24:1n-9 Nervonic acid

NC Normotensive control

PUFA Polyunsaturated fatty acids
SFA Saturated fatty acids
Introduction

Preeclampsia, one of the most common pregnancy compli-
cations is a leading cause of maternal and perinatal mortal-
ity worldwide [1]. It is characterized by increased maternal
blood pressure, proteinuria and vascular dysfunction [2].
Preeclampsia is an independent cardiovascular risk factor
for the mother, and recent studies suggest that the offspring
also may have an increased cardiovascular and neurodevel-
opmental risk [3, 4]. Despite the severity of the problem the
exact origins of preeclampsia are still unknown [5]. It has
been suggested that poor maternal nutrition may play a key
role in the pathogenesis of preeclampsia [6].

Maternal, fetal and neonatal essential fatty acids (EFA),
linoleic acid (LNA, 18:2n-6), and a-linolenic acid (ALA,
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18:3n-3) and their long chain polyunsaturated fatty acids
(LCPUFA) derivatives, docosahexaenoic acid (DHA,
22:6n-3) and arachidonic acid (ARA, 20:4n-6) status are
key determinants of health and disease in infancy and
later in life [7]. During pregnancy there is a decrease in
the maternal LCPUFA status as the developing fetus com-
pletely depends on the maternal essential fatty acids supply
[8-10]. Studies have reported that higher intake of 22:6n-3
reduces the risk of preterm birth and increases the length of
gestation and birth weight of the newborn [11, 12]. Other
studies also support the positive association between infant
plasma 20:4n-6 and birth weight [13, 14].

Lipids are the major constituents of brain tissue (about
50 %) and it thus becomes important that adequate amounts
of high-quality fatty acids are available to the developing
fetus [15]. 22:6n-3 is highly concentrated in the brain and
confers a unique structural and functional property to cell
membrane phospholipids (in the neuronal synapses of the
brain) due to its longest side-chain and highest degree of
unsaturation [16, 17]. 22:6n-3 is associated with cognitive
functioning [18] and deficiency of 22:6n-3 in the brain is
reported to lead to memory loss [19], and increase the risk
for neurodegenerative diseases later in life [20].

20:4n-6, an LCPUFA is a major fatty acid in the brain
[21] and is known to influence neurotransmission [22].
Nervonic acid (NA, 24:1n-9), a monounsaturated n-9 fatty
acid plays an important role in the biosynthesis of myelin
and is a major constituent of the myelin sheath. It is impor-
tant for the development of the nervous system and early
myelination [23]. In humans during the 24th—42nd weeks
of gestation the growth rate of the brain is very high and
involves processes like myelination and synapse forma-
tion [24]. Disturbed LCPUFA synthesis in preeclampsia is
suggested to result in suboptimal neurodevelopment of the
infants [25].

There are a number of studies which have examined
the levels of LCPUFA in preeclampsia and reports are
inconclusive with some showing lower [26-29], others
no change [30] and still others high [31] 22:6n-3 levels.
Further all these studies have been carried out during the
third trimester of pregnancy or at the time of delivery. Our
earlier cross-sectional studies have also shown lower pro-
portions of maternal and placental 22:6n-3 in women with
preeclampsia [32-35]. However, these fatty acid propor-
tions were analyzed after the diagnosis of preeclampsia
and may be confounded by the disease [27, 29, 31]. There
is therefore a need to undertake prospective studies which
will help resolve the above issues.

We hypothesize that maternal fatty acid status in early
pregnancy influence fetal fatty acid stores in preeclampsia.
Our recent longitudinal study reports placental, cord, and
maternal plasma fatty acid levels at different points across
gestation in women with preeclampsia [36]. Erythrocyte
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fatty acids are known to reflect long-term fatty acid intake
because of less sensitivity to recent intake and a slower
turnover rate [37]. Therefore, the present study analyzes
maternal erythrocyte proportions of fatty acids at three dif-
ferent time points across gestation in women with preec-
lampsia and compares them with normotensive women.
Further, the association of maternal fatty acids with cord
fatty acids are also reported.

Materials and Methods
Study Design

This prospective study which is a part of large ongoing
departmental study recruits pregnant women in early preg-
nancy and was carried out at two hospitals, Department of
Obstetrics and Gynaecology, Bharati Hospital and Gupte
Hospital and Research Centre, Pune, India. The study pro-
tocol was approved by Bharati Vidyapeeth Medical College
Institutional Ethical Committee (Ref No.: BVDU/MC/02).

Subjects

All women gave written consent for participating in the
study and were recruited at 16-20th weeks of gestation
which were followed across gestation. Preeclampsia was
diagnosed as per the ACOG guidelines if there was pres-
ence of proteinuria (>1 + or 300 mg per 24 h) or high
blood pressure (>140 and 90 mmHg) [38]. Proteinuria was
measured on a dipstick test while blood pressure was meas-
ured with a mercury sphygmomanometer. These women
were treated with antihypertensive drugs. As per the ACOG
guidelines, it is recommended that diagnosis of hyperten-
sion requires two blood pressure determinations at least 4 h
apart [38]. The women in our cohort had two blood pres-
sure measurements in order to meet the criteria for diag-
nosis of preeclampsia. At delivery, they were classified as
normotensive control (NC) delivering at term (total gesta-
tion >37 weeks and baby weight >2.5 kg) and those that
develop preeclampsia during pregnancy. Thus, a total of
137 NC women and 58 women with preeclampsia were
included in the present study. The present study includes
women with preeclampsia delivering both at term and
preterm.

Exclusion criteria were other pregnancy complications
such as gestational diabetes, eclampsia, chronic hyperten-
sion, type I or type II diabetes mellitus, seizure disorder
and renal or liver disease. All pregnancies were single-
ton and none of the women smoked or consumed alcohol
during pregnancy. All women were routinely given iron
(60 mg per tablet) and folic acid (500 g per tablet) tablets
during the first trimester of pregnancy as per the National
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Prophylaxis Programme. Gestational age was calculated
from the last menstrual period and confirmed by routine
ultrasonography.

Demographic characteristics were recorded at the time
of recruitment i.e., 16-20th weeks of gestation, and subse-
quently at 26-30th weeks of gestation and at the time of
delivery. Details of gestational age at delivery, mode of
delivery, fetal sex, birth weight and placental weight were
recorded. The current study includes the same group of
pregnant women on whom plasma fatty acid levels were
recently reported [36].

Dietary Assessments

Pregnant women were interviewed with a food frequency
questionnaire (FFQ) during 16-20th weeks, 26—30th weeks
and at delivery to estimate the frequency of intake of foods
rich in 18:3n-3, 22:6n-3, and n-3 fatty acids. The FFQ was
administered by a nutritionist. This FFQ has been validated
for this population and has been used by us in a number of
our departmental studies [32, 36, 39, 40].

The FFQ used in the present study was used to esti-
mate the frequency of consumption of foods rich in 18:3n-
3, 22:6n-3, and n-3 fatty acids consumed during the last
1 month for which scores were calculated. For example,
an item consumed once a week has a score of 4 while that
consumed daily has a score of 30.

Sample Collection and Processing
The first blood sample was obtained between 16 and

20 weeks of gestation, the second between 26 and 30 weeks
of gestation, the third sample was taken just before going to

the labor room. At each visit maternal blood samples were
collected in tubes containing ethylenediaminetetraacetic
acid (EDTA). At delivery, a section of the umbilical cord is
clamped close to the baby and another clamp further down
the umbilical cord. The umbilical cord was cut between the
two clamps. Ten millilitres of cord blood remaining in the
vein was then collected and also been reported by us earlier
[41]. Plasma and erythrocytes were separated by centrifu-
gation at 2000 rpm for 30 min. The erythrocyte fraction
was washed 3 times with normal saline and was stored at
—80 °C until further analysis.

Fatty Acid Analysis

The procedure for fatty acid analysis has been described
in detail earlier [32-36, 39, 40, 42]. Briefly, transesterifi-
cation of the total erythrocyte fatty acids was performed
using hydrochloric acid—methanol. Methyl esters were sep-
arated using a PerkinElmer gas chromatograph (SP 2330,
30 m capillary Supelco column; PerkinElmer, Shelton, CT,
USA). Peaks were identified by comparison with standard
fatty acid methyl esters (Sigma-Aldrich). Fatty acids are
expressed in mole percent (mol %).

The number of maternal and cord erythrocyte samples
analysed for fatty acid levels at various time points during
pregnancy is shown in Fig. 1.

Statistical Methods

The data were analyzed using the SPSS/PC + package
(Version 20, Chicago, IL, USA). Values are reported as
mean £ SD (erythrocyte fatty acid proportions). Skewed
variables were transformed to normality using the following
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Fig. 1 Flow chart showing number of maternal and cord erythrocyte samples analyzed for fatty acid levels at various time points during preg-
nancy. Fatty acids are expressed in mole percent (mol %); NC normotensive control, n number
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transformations: log to the base 10. Pearson’s correlation
was used to examine the associations between fatty acid lev-
els and maternal age, body mass index (BMI), gestational
age, parity, socioeconomic status (SES) and education as
they have been shown to affect fatty acid levels [43—48].
Fatty acid levels were correlated with gestation and socio-
economic status and hence fatty acid levels were adjusted
for these variables using multiple linear regression and were
compared between NC and preeclampsia (p < 0.05) using
independent ¢ test. Mean values of fatty acid proportions
from 16th week of gestation till delivery in NC and preec-
lampsia were compared using least significance difference
estimated from one-way analysis of variance (p < 0.05).
Correlation between variables was studied using Pearson’s
correlation analysis after adjusting for gestation and socio-
economic status. Chi-square test was used for comparison
of categorical variables. To compare two proportions, Z test
of proportions was used. The variable sample number (n)
in different measures was due to insufficient sample vol-
ume available. Although the data were incomplete, they are
unlikely to have biased the results.

Results
Maternal and Neonatal Characteristics

The BMI of women with preeclampsia was higher as
compared to those of NC women at 16-20th weeks,
26-30th weeks and at delivery (p < 0.01 for all). Sys-
tolic and diastolic blood pressure was higher in women
with preeclampsia at all time points. Baby weight,
baby length and baby head circumference were lower
(p < 0.05 for all) in preeclampsia as compared with NC
(Table 1).

Frequency of Intake of ALA, DHA and n-3 Fatty Acid
Rich Foods

In our cohort, the 18:3n-3 rich foods consumed by the
women include pulses (e.g., cowpea, rajma) and green
leafy vegetables (e.g., fenugreek, spinach, colocasia leaves,
amaranth, ambat chukka) while fish consumption was con-
sidered as a 22:6n-3 rich food. The frequency of consump-
tion of 18:3n-3 rich foods was similar in both the normo-
tensive control and preeclampsia groups at 16-20th weeks
(»p = 0.908), 26-30th weeks (p = 0.382) and at delivery
(p = 0.537). Similarly, the frequency of consumption of
22:6n-3 and n-3 rich foods was similar in both the groups
at 16-20th weeks (p = 0.779, p = 0.845, respectively),
26-30th weeks (p = 0.907, p = 0.542, respectively) and
at delivery (p = 0.367, p = 0.273, respectively). The per-
cent women consuming 18:3n-3, 22:6n-3 and n-3 fatty acid
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Table 1 Maternal and neonatal characteristics

NC (n =137) Preeclampsia (n = 58)

Maternal characteristics (mean £ SD)

Maternal age (years) 25.99 +4.09 2691 £ 4.51
BMI (kg/m?)
16-20th weeks 21.8 £4.1 25.3 £ 5.0%*
26-30th weeks 239443 27.3 £ 4.9%*
At delivery 254+44 29.9 £ 5.3%*
Sys BP (mmHg)
16-20th weeks 111.32 £ 8.39 116.91 + 11.77%**
26-30th weeks 112.46 £ 8.08 121.95 £+ 12.83**
At delivery 119.69 + 8.62 142,79 + 17.56%*
Dias BP (mmHg)
16-20th weeks 72.41 £7.03 74.86 £ 8.06%*
26-30th weeks 71.91 £+ 6.89 76.18 £ 8.76%*
At delivery 77.09 £+ 6.05 94.50 £+ 12.26**
Gestation (weeks)
16-20th weeks 18.78 £ 2.15 17.77 £ 1.75%*
26-30th weeks 29.16 +£2.37 29.3 £2.86
At delivery 39.00 £ 1.15 37.55 £ 2.50%*
Parity (%)
Nulliparous 48.9 69
Multiparous 51.1 31
Education (n) Mothers’ education
Illiterate 1 0
Primary 2
Secondary 43 10
Higher 16 8
Graduation 51 26
Postgraduation 24 13
Neonatal characteristics (mean + SD)
Baby weight (kg) 2.94 £0.27 2.75 £ 0.56*
Baby length (cm) 4825 +2.74 4727 + 2.42%
Baby HC (cm) 33.75+1.20 33.27 + 1.37*
Baby CC (cm) 32.20 £ 1.57 31.64 £2.02

NC normotensive control, BMI body mass index, Sys BP systolic
blood pressure, Dias BP diastolic blood pressure, HC head circumfer-
ence, CC chest circumference, n number

** p <0.01, * p <0.05 as compared with NC

rich foods in both normotensive control and preeclampsia
groups are shown in Table 2.

Proportions of Maternal Erythrocyte Fatty Acids Over
Time During Pregnancy

Table 3 shows the maternal erythrocyte fatty acid propor-
tions at three time points during pregnancy. 18:2n-6 pro-
portions were higher (p < 0.05) in preeclampsia as com-
pared with NC at 26-30th weeks. Dihomogamma linolenic
acid (DGLA, 20:3n-6) and 20:4n-6 proportions were lower
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Table 2 Frequency of consumption of foods rich in 18:3n-3, 22:6n-3 and n-3 fatty acids at three time points during pregnancy

Food group n (%) 16-20th weeks

26-30th weeks

At delivery

NC (n = 124) Preeclampsia p

NC (n = 102) Preeclampsia P

NC (n = 116) Preeclampsia p

(n=49) (n=136) (n=139)
18:3n-3 Rich foods
Never 2(1.6) 1(2) 0.846 0(0) 1(2.8) 0.091 1(0.9) 1(2.6) 0.415
Weekly twice 69 (55.6) 26 (53.1) 0.758 48 (47.1) 16 (44.4) 0.787 44 (37.9) 15 (38.5) 0.952
Weekly 3-6 40 (32.3) 15 (30.6) 0.834 43 (42.2) 16 (44.4) 0.812 50 (43.1) 13 (33.3) 0.283
times
More than 6 13 (10.5) 7(14.3) 0.481 11(10.8) 3(8.3) 0.675 21 (18.1) 10 (25.6) 0.309
times in a
week
22:6n-3 Rich food
Never 89 (71.8) 36 (73.5) 0.823 73 (71.6) 27 (75) 0.692 78 (67.2) 24 (61.5) 0.516
Weekly once 20 (16.1) 6(12.2) 0.520 15(14.7) 5(13.9) 0.905 21 (18.1) 11 (28.2) 0.178
More than 2 15 (12.1) 7 (14.3) 0.697 14 (13.7) 4(11.1) 0.689 17 (14.7) 4(10.3) 0.487
times in a
week
n-3 Fatty acid rich foods
Never 1(0.8) 1(2) 0.494 0(0) 1(2.8) 0.091 1(0.9) 0(0) 0.561
Weekly once 68 (54.8) 25 (51) 0.650 42 (41.2) 14 (38.9) 0.810 37 (31.9) 14 (35.9) 0.646
Weekly twice 41 (33.1) 16 (32.7) 0.959 45 (44.1) 18 (50) 0.542 54 (46.6) 13 (33.3) 0.149
More than 2 14 (11.3) 7(14.3) 0.587 15(14.7) 3(8.3) 0.329 24 (20.7) 12 (30.8) 0.197
times in a
week

NC normotensive control, » number of subjects, p significance

Alpha Linolenic acid, 18:3n-3; Docosahexaenoic acid, 22:6n-3

(p < 0.05) in preeclampsia as compared with NC at deliv-
ery. Total n-6 fatty acids were higher in preeclampsia at
16-20th weeks and 26-30th weeks (p < 0.05 for both)
whereas lower (p < 0.05) at delivery as compared with NC.
Proportions of 18:3n-3 were lower (p < 0.05) in preeclamp-
sia as compared with NC at 16-20th weeks. 22:6n-3 pro-
portions were lower in preeclampsia as compared with NC
at 16-20th weeks, 26-30th weeks and at delivery (p < 0.05
for all). Total n-3 fatty acids were lower in preeclamp-
sia at 26-30th weeks and at delivery (p < 0.05 for both).
n-6:n-3 Fatty acid ratio was higher in preeclampsia at
26-30th weeks and at delivery (p < 0.05 for both). Satu-
rated fatty acids (SFA) were higher (p < 0.05) in preeclamp-
sia at delivery. Monounsaturated fatty acids (MUFA) were
lower in preeclampsia at 16-20th weeks, 26-30th weeks
and at delivery (p < 0.05 for all). 24:1n-9 Proportions were
lower in preeclampsia at 16-20th weeks, 26-30th weeks
and at delivery (p < 0.05 for all) in preeclampsia.

Proportions of Cord Erythrocyte Fatty Acids
Table 3 shows proportions of cord erythrocyte fatty acids.

Cord erythrocyte 18:2n-6, 20:4n-6, and total n-6 fatty acid
proportions were comparable between the two groups.

Cord erythrocyte 18:3n-3 and 22:6n-3 proportions were
lower (p < 0.05 for both) in preeclampsia as compared to
NC. Total n-3 fatty acids were lower (p < 0.05) in preec-
lampsia as compared to NC. n-6:n-3 fatty acid ratio was
higher in preeclampsia (p < 0.05). There was no change in
the proportions of SFA between the two groups whereas
proportions of MUFA were lower (p < 0.05) in preeclamp-
sia as compared to NC. 24:1n-9 proportions were lower in
preeclampsia (p < 0.05) as compared to NC.

Changes in Erythrocyte Fatty Acid Proportions
From 16th Week of Gestation till Delivery in NC
and Preeclampsia

Table 3 reports changes in fatty acid proportions from
16th week of gestation till delivery in NC and preec-
lampsia. The proportions of cord erythrocyte 18:3n-3 and
22:6n-3 were higher than the maternal values at all time
points (p < 0.05 for all) in NC. The proportions of cord
erythrocyte 22:6n-3 were higher than the maternal values
at 26-30th weeks and at delivery (p < 0.05 for both) in
preeclampsia.

The proportions of cord erythrocyte 18:2n-6 were lower
whereas those of cord erythrocyte 20:4n-6 were higher
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Table 3 Changes in the erythrocyte fatty acid proportions from 16th week of gestation till delivery in normotensive control and preeclampsia

Fatty acids Normotensive Control Group (mean £ SD) Preeclampsia (mean & SD)

(mol %) - -

16-20th 26-30th Atdelivery  Cord 16-20th 26-30th At delivery Cord

weeks weeks weeks weeks

NC(n=137) NC(n=123) NC((n =129) NC (n=128) Preeclampsia Preeclampsia Preeclampsia Preeclampsia

(n=158) (n = 45) (n=48) (n=>57)
14:0 0.6+0.2 0.6+0.3 0.6+0.3 0.6+0.3 0.5+0.2! 0.6 +0.2! 0.74+0.2 0.74+0.2
14:1n-5 0.1 £02 0.1 £02 02+03 0.1 £0.1%** 0.1 £1.0 0.1+£03 0.1 £0.1! 0.1+0.1
16:0 30.6 + 2.4 317425 329432  34943.0>* 31.0+1.5 326428  3524+40'  36.1+£36
16:1n-7 04+09 04+04 05+03 0.5+0.2* 04+05 0.3+0.1! 0.5+0.3 0.6 £+ 0.3%?
18:0 19.1£15 1944252 194422 219+22%% 198+ 1.1 199+1.5 203+23" 22.1+24%
18:1n-9 117+£25 117413 120+1.8 100+ 1.9%* 108+ 1.4 11.0+14"  11.7+19 9.2 + 1.41234
18:2n-6 129+19 128 £2.1 122432 57 +£3.1%%* 132415 129+23" 121427 5.4 +2.6%%
18:3n-6 0.1+0.1 0.1+03 0.1+04 0.1+0.1 0.1+0.1 0.1+0.0 0.1+0.1 0.1+0.1
18:3n-3 02404 0.1+0.1 0.2+0.1 03+03%%*  0.1+02' 0.2+0.1 02405 0.1+0.2!
20:3n-6 1.7+04 1.8+05 1.8+ 0.6 25406 1.8+04 1.8+05 1.6 £ 0.6' 2.5 4+ 0.6
20:4n-6 162425 151425 146+34 179 +£38%* 169421 156 +2.6 133 +£4.7" 187 + 43>
20:5n-3 05408 05405 0.6+0.38 0.5+0.6 0.7+06 04403 04404 0.6 &+ 0.7
24:1n-9 21+1.1 21+1.0 21+1.0 1.7+08%* 14+1.1' 1.5+0.8! 1.5+£0.8! 1.3 +£0.7!
22:5n-6 0.9+04 0.8+04 0.6+0.3 02+02%%* 08403 08404 0.5+03%  0340.3>3
22:6n-3 29409 2.84+0.9 25410 31+ 112 26+08! 23+0.7! 2.0+ 1.0 2.4 40813
SFA 503+£32  51.7+45 529+45 5761464 513+£1.7 53.0+£3.8 562458 588+53
MUFA 143+£29 143418 147422  123+22%* 127+ 1.6 129+15"  137+21" 112+ 1.6">3%
Total n-3 fatty 3.6 £ 1.4 34411 32413 394+ 14%4 33412 2.9 409! 2.6+ 13! 3.1 4120234
acids
Total n-6 fatty 31.8 +2.9 306439  292+40° 264+3.9%% 327424 312+42' 275460' 269 +49?
acids

n-6:n-3 10.0 £ 4.0 10.1 £3.6 104 + 4.1 7.6 £3.3%%% 11.0+£3.9 11.7+3.0"  13.0+5.6' 9.5 £ 291234

Fatty acids are expressed in mole percent (mol %)

Myristic acid, 14:0; Myristoleic acid, 14:1n-5; Palmitic acid, 16:0; Palmitoleic acid, 16:1n-7; Stearic acid, 18:0; Oleic acid, 18:1n-9; Linoleic
acid, 18:2n-6; Gamma linolenic acid, 18:3n-6; Alpha linolenic acid, 18:3n-3; Dihomogamma linolenic acid, 20:3n-6; Arachidonic acid, 20:4n-6;
Eicosapentaenoic acid, 20:5n-3; Nervonic acid, 24:1n-9; DPA, n-6; Docosapentaenoic acid, 22:5n-6; Docosahexaenoic acid, 22:6n-3

Saturated fatty acids (SFA): (14:0 + 16:0 + 18:0), Monounsaturated fatty acids (MUFA): (14:1n-5 4+ 16:1n-7 + 18:1n-9 + 24:1n-9), Total n-3:
(18:3n-3 + 20:5n-3 + 22:6n-3), Total n-6: (18:2n-6 + 18:3n-6 + 20:3n-6 + 20:4n-6 + 22:5n-6)

NC normotensive control, n number

' p < 0.05 as compared with NC at the corresponding time points, >p < 0.05 as compared with 16-20th weeks, *p < 0.05 as compared with
26-30th weeks, *p < 0.05 as compared with at delivery

than the maternal values at all time points (p < 0.05 for
all) both in NC and preeclampsia. The cord erythrocyte
n-6:n-3 fatty acid ratio were lower than the maternal val-
ues at all time points (p < 0.05 for all) both in NC and
preeclampsia.

The proportions of cord erythrocyte 24:1n-9 were lower
than the maternal values at all time points (p < 0.05 for
all) only in NC; however in preeclampsia the proportions
of cord erythrocyte 24:1n-9 were lower at than the mater-
nal values at all time points but were not statistically sig-
nificant. The proportions of cord erythrocyte MUFA were
lower than the maternal values at all time points (p < 0.05
for all) both in NC and preeclampsia.
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Associations Between Cord Erythrocyte Fatty Acids
and Maternal Erythrocyte Fatty Acids

There was a positive association between cord erythrocyte
22:6n-3, total n-3 fatty acids, MUFA and maternal eryth-
rocyte 22:6n-3, total n-3 fatty acids and MUFA (r = 0.361,
p<0.001,n=128; r=0.283,p = 0.002, n = 128; r = 0.267,
p = 0.004, n = 128 respectively) at 16-20th weeks in NC.

A positive association was seen between cord erythro-
cyte 24:1n-9, 22:6n-3, SFA and maternal erythrocyte 24:1n-
9, 22:6n-3, SFA respectively (r = 0.276, p = 0.050, n = 56;
r=10.292, p =0.040, n = 56; r = 0.280, p = 0.049, n = 56
respectively) at 16-20th weeks in preeclampsia.
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There was a positive association of cord erythrocyte
24:1n-9, 22:6n-3, total n-3 fatty acids, 20:4n-6, total n-6
fatty acids, SFA, MUFA with respective maternal erythro-
cyte fatty acids respectively (r = 0.334, p = 0.001, n = 123;
r=0.581,p<0.001,n=123;r=0.417,p < 0.001, n = 123;
r = 0352, p < 0.001, n = 123; r = 0.329, p = 0.001,
n = 123; r = 0336, p < 0.001, n = 123; r = 0.288,
p = 0.003, n = 123 respectively) at 26-30th weeks in NC
whereas a negative association was observed between cord
erythrocyte 18:3n-3 and maternal erythrocyte 18:3n-3
(r=—-0.200, p = 0.042, n = 123) at 26-30th weeks in NC.

Cord erythrocyte 22:6n-3, total n-3 fatty acids were posi-
tively associated with maternal erythrocyte 22:6n-3, total
n-3 fatty acids respectively (r = 0.332, p = 0.042, n = 43;
r=0.382, p = 0.018, n = 43, respectively) in preeclampsia
at 26-30th weeks.

There was a negative association between cord erythro-
cyte 18:2n-6 and maternal erythrocyte 18:2n-6 (r = —0.489,
p < 0.001, n = 128) whereas a positive association was
observed between cord erythrocyte 22:6n-3, total n-3 fatty
acids and maternal erythrocyte 22:6n-3, total n-3 fatty
acids (r = 0.331, p < 0.001, n = 128; r = 0.388, p < 0.001,
n = 128, respectively) in NC at delivery.

Cord erythrocyte 18:2n-6 proportions were negatively
associated with maternal erythrocyte 18:2n-6 proportions
(r = —0.326, p = 0.037, n = 48) whereas a positive asso-
ciation was observed between cord erythrocyte 24:1n-
9, 22:6n-3 and maternal erythrocyte 24:1n-9, 22:6n-3
(r=0.340, p = 0.030,n =48; r =0.379, p = 0.015, n = 48,
respectively) in preeclampsia at delivery.

Discussion

The current study reports erythrocyte fatty acid proportions
in both NC women and women with preeclampsia since
they are considered be a better measure reflecting intake
over the past months as compared to fatty acids meas-
ured in plasma which reflect a short-term intake [37, 49].
Our recent studies on this cohort report an association of
cord plasma fatty acids with maternal plasma fatty acids
across gestation in a NC pregnancy [42] and alterations in
plasma fatty acids across gestation in preeclampsia as com-
pared with NC women [36]. However, since plasma fatty
acid profile is influenced by the intake over the past weeks
and is known to vary considerably [50, 51] it is necessary
to examine changes in erythrocyte fatty acid proportions
across gestation especially in pregnancy complications
like preeclampsia. Reports indicate that cord erythrocyte
fatty acids are a good surrogate measure for fetal fatty acid
stores since they do not cross the placenta and would not
be affected by changes in transport during parturition [52].
The current study therefore also reports the association of

maternal erythrocyte fatty acids with cord erythrocyte fatty
acids.

In the current study we observed lower proportions of
maternal erythrocyte 18:3n-3, 22:6n-3 and total n-3 fatty
acids at 16-20th weeks of gestation. We and few others
have reported lower erythrocyte n-3 fatty acids in preec-
lampsia during the third trimester or at the end of preg-
nancy [27, 29, 32, 35]. There is only one prospective study
that has examined maternal plasma phospholipid LCPUFA
levels in pregnancy induced hypertension [8]. In contrast,
to the above study our study suggests that erythrocyte n-3
fatty acid proportions are altered right from 16-20th weeks
of gestation in preeclampsia. Our earlier study suggests that
increased oxidative stress observed in women with preec-
lampsia is negatively associated with LCPUFA levels [35].

In the current study higher proportions of maternal eryth-
rocyte total n-6 fatty acids were seen at 16-20th weeks,
26-30th weeks and at delivery in preeclampsia. Although
18:2n-6 and total n-6 fatty acid proportions were found
higher in preeclampsia, proportions of 20:4n-6 were lower
at delivery. These findings are in contrast with few other
studies that have reported higher erythrocyte 20:4n-6 levels
in preeclampsia in the third trimester [26, 31]. This reduc-
tion in 20:4n-6 levels could be due to the fact that it is fur-
ther metabolized to thromboxane in preeclampsia [53].

It is well known that n-3 fatty acids interact with fatty
acids in the n-6 family in eicosanoid biosynthesis, and
n-3 fatty acids are rapidly and reversibly incorporated
into membranes of erythrocytes, largely at the expense
of n-6 fatty acids [30]. n-6 PUFA derived eicosanoids are
pro-inflammatory whereas the n-3 PUFA derived eicosa-
noids mostly promote anti-inflammatory activities and are
known to be regulated by the n-6:n-3 ratio [54, 55]. The
ratio of n-6 to n-3 fatty acids is considered to be an impor-
tant determinant of health [56]. The increased n-6:n-3 ratio
will trigger enhanced activation of the immune system and
result in increased production of pro-inflammatory eicosa-
noids and cytokines [57]. In the present study we observed
higher n-6:n-3 fatty acids at 26-30th weeks and at deliv-
ery in preeclampsia as compared with NC group. Higher
levels of erythrocyte n-6 fatty acids and lower n-3 fatty
acids are known to be associated with an increased risk of
preeclampsia [29]. Further a recent report indicates that an
increased n-6:n-3 ratio negatively affects fetal development
[58].

Further proportions of MUFA were lower in maternal
erythrocytes at all time points and were also lower in the
cord erythrocyte in women with preeclampsia. 24:1n-9
is important for white matter development and its incor-
poration increases rapidly in the last trimester [59]. In
preeclampsia, we observed lower proportions of 24:1n-9
across gestation and further proportions lowered in cord
erythrocyte.
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Cord erythrocyte proportions of 18:3n-3, 22:6n-3, and
total n-3 fatty acids were lower in preeclampsia in the cur-
rent study. However, there was no difference observed in
the cord erythrocyte 18:2n-6, 20:4n-6 and total n-6 fatty
acid proportions in both the groups. Thus, the lower levels
of n-3 fatty acids observed in cord erythrocytes could be
either due to a disturbed LCPUFA metabolism or decreased
release from maternal stores [26].This study also examined
an association between proportions of maternal erythrocyte
fatty acids across gestation and proportions of cord erythro-
cyte fatty acids. There was a positive association between
cord and maternal erythrocyte 22:6n-3 at 16-20th weeks,
26-30th weeks and at delivery both in NC and preeclamp-
sia. These findings suggest that the maternal fatty acid stores
at 16-20th weeks of gestation are reflective of the fetal
stores. Therefore, an optimal n-3 fatty acid intake in early
pregnancy may positively influence fetal fatty acid stores.

Further there was a negative association between cord
and maternal erythrocyte 18:2n-6 at delivery in NC and
preeclampsia. This is similar to our earlier results on
plasma fatty acid proportions in normotensive women
[42]. We also observed a positive association between
cord erythrocyte and maternal erythrocyte 24:1n-9 at
16-20th weeks and at delivery in preeclampsia. Reports
indicate lower levels of 24:1n-9 in plasma and erythro-
cytes of major depressive disorder patients [60]. Thus,
lower levels of 22:6n-3 and 24:1n-9 may lead to poor
fetal brain development in children born to mothers with
preeclampsia.

When changes in the erythrocyte fatty acid proportions
were analyzed from 16th week of gestation till delivery, it
was observed that proportions of cord erythrocyte 22:6n-3
and 20:4n-6 were higher than the maternal values both in
NC and preeclampsia. These results are in accordance with
our previously published data on plasma fatty acid levels
in NC and preeclampsia [36]. The higher proportions of
cord erythrocyte 22:6n-3 and 20:4n-6 than the maternal
values may be explained by ‘biomagnification’ of these
fatty acids i.e., selective transfer of these LCPUFA by the
placenta [61]. Further the lower levels of 18:2n-6 in cord
erythrocytes as compared to maternal values both in NC
and preeclampsia which may be due to the lower placental
transfer of 18:2n-6 so as to prevent inhibition of A6 desatu-
rase activity and enable higher rates of synthesis of 20:4n-6
and 22:6n-3 in fetal tissues [62].

In our earlier study, we observed lower levels of mater-
nal plasma 20:4n-6 at 16-20th weeks of gestation in preec-
lampsia as compared with NC [36], however this reduc-
tion was observed at delivery for erythrocyte fatty acids.
However, both plasma and erythrocyte 22:6n-3 levels were
lower at 16-20th weeks of gestation in preeclampsia as
compared with NC. This is in line with earlier reports indi-
cating a strong correlation between plasma and erythrocyte
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22:6n-3 content [63]. The changes in the levels of erythro-
cyte 22:6n-3 was consistent in preeclampsia across gestation.
Cord levels of 22:6n-3 was lower both in plasma [36] and
erythrocyte while 20:4n-6 levels were lower only in plasma
in preeclampsia as compared with NC [36]. In case of 24:1n-
9, no differences were seen in maternal and cord plasma in
preeclampsia and NC [36], however a reduction in 24:1n-9
levels was seen in maternal erythrocytes from 16th week till
delivery, and was further lower in cord erythrocytes in preec-
lampsia as compared with NC. The discrepancies observed
between plasma and erythrocytes need further investigation.

Thus, the present study carried out on erythrocytes
showed more pronounced differences in the 22:6n-3 and
24:1n-9 levels from early pregnancy and continued across
gestation till delivery in preeclampsia as compared with
NC. However, as mentioned above, at this stage it is dif-
ficult to comment on the effect of increased erythropoeisis
during pregnancy on LCPUFA levels in the erythrocytes
as compared to our recently published results on fatty acid
levels in plasma [36].

The role of maternal diet in the etiology of preeclampsia
has recently received increased attention [64]. A number of
studies have reported the involvement of certain nutrients
in the pathogenesis of preeclampsia particularly n-3 fatty
acids, which modulate endothelial function [65]. The die-
tary intake of NC women and women with preeclampsia
were similar in the current study. We have recently reported
a disturbed placental fatty acid metabolism in preeclamp-
sia [36].The altered levels of erythrocyte LCPUFA levels
observed in preeclampsia may be due to a disturbed fatty
acid metabolism or release from maternal stores.

Our study for the first time reports lower proportions of
maternal erythrocyte 18:3n-3, 22:6n-3, 24:1n-9, and MUFA
in preeclampsia right from early pregnancy. Further these
fatty acid proportions were also lower in the cord samples
in preeclampsia. Our findings are of significance since
22:6n-3 and 24:1n-9 are involved in brain development and
function and may influence risk for neurodevelopmental
disorders in children born to mothers with preeclampsia.
Our findings suggest that optimal LCPUFA stores in early
pregnancy may be useful in improving fetal growth and
development.
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