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Abstract Objective: This case—control study was con-
ducted in Lima, Peru, from June 1997 through January
1998 to assess whether alteration in maternal erythro-
cyte omega-3 (n-3) and omega-6 (n-6) fatty acids was
associated with increased risk of preeclampsia. Methods:
A total of 99 preeclampsia and 100 normotensive preg-
nant women were included. Maternal erythrocyte n-3
and n-6 fatty acids were determined using capillary gas
chromatography/mass spectrometry and expressed as
micromolar (mM) concentrations. We employed logistic
regression procedures to estimate odds ratios (ORs) and
95% confidence intervals (CIs). Result: n-3 fatty acids
were consistently lower in preeclampsia cases than con-
trols. After adjusting for confounders, the correspond-
ing ORs for preeclampsia across decreasing quartiles of
sum of long-chain n-3 fatty acids were 1.0, 3.3, 2.4, and
3.3, respectively (P=0.07 for trend). A similar pattern
was observed for eicosapentenoic acid (20:5n-3, EPA)
and docosahexenoic acid (22:6n-3, DHA). There was no
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clear evidence of an association between arachidonic
acid (20:4n-6, AA) and preeclampsia risk, the ORs in
successively lower quartiles were 1.0, 1.1, 1.0, and 1.5
(P=0.48 for trend). A similar pattern was seen for the
sum of long-chain n-6 fatty acids. Conclusion: In Peru-
vian women, low erythrocyte n-3 fatty acids appeared to
be associated with an increased risk of preeclampsia.

Keywords n-3 Fatty acids - n-6 Fatty acids -
Preeclampsia

Introduction

Preeclampsia complicates approximately 6% of preg-
nancies in the United States and it is the third leading
cause of maternal mortality, as well as an important
cause of high perinatal mortality resulting from fetal
growth restriction and preterm delivery [1]. Clinical
symptom of preeclampsia is characterized by hyperten-
sion, proteinuria, and edema. The pathogenesis of pre-
eclampsia remains a mystery, though several
investigators speculate genetic, immunologic, and die-
tary factors that may be important etiological compo-
nents [13, 22]. Endothelial dysfunction appears to be the
common pathological features of the disorder [28].
Preeclampsia is also associated with altered synthesis of
the eicosanoids thromboxane (TX) and prostacyclin
(PG). Importantly, an elevated ratio of thromboxane A,
(TXA,) to prostacyclin I, (PGI,) is evident in maternal
plasma and placental tissue of patients with pre-
eclampsia [2, 27].

Long-chain polyunsaturated fatty acids (PUFAs) are
fatty acids with >20 carbon atoms and >3 double bonds.
They are structural components of membrane phos-
pholipids and are precursors of eicosanoids. Long-chain
PUFAs are derived from the dietary essential fatty acids,
linoleic acid (18:2n-6, LA), and o-linoleic acid (18:3n-3,
ALA). The quantitatively most important long-chain
PUFAs from 18:2n-6 is arachidonic acid (20:4n-6, AA),
where 18:3n-3 is converted into eicosapentenoic acid
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(20:5n-3, EPA) and docosahexaenoic acid (22:6n-3,
DHA). Where ALA, LA, and AA are essential fatty
acids (yet they are not produced by the body cells) and
must be acquired via consumption of foods such as flax
seed, fish, vegetable oils, nuts seeds, and meats [24]. AA
is the precursor of series-2 eicosanoids (TXA, in plate-
lets and PGI, in vascular endothelium). EPA, on the
other hand, is the precursor of series-3 eicosanoids
(TXAj; in platelets and of PGI; in vascular endothe-
lium). TXA,, derived from the AA series 2-metabolic
pathway, is a much more potent vasoconstrictor and
platelet aggregator than the TXAj; that is derived from
the EPA series 3-metabolic pathway [9]. PGI, and PGI;
are equipotent vasodilators and inhibitors of platelet
aggregation. Hence, a balance between the actions of
TXA, and prostacyclin (PGI, or PGI;) maintains vas-
cular function, platelet stability, and uteroplacental
perfusion during pregnancy. Notably, dietary intake of
n-3 and n-6 fatty acid determines, to a large extent, the
ratio of AA to EPA; and can therefore, influence
eicosanoid-mediated effects [11].

It has been suggested that supplementing the diet of
pregnant women with n-3 fatty acid-rich fish oil may
lead to a reduced risk of preeclampsia [11, 20, 23].
Numerous studies have also documented the association
between the alteration of dietary maternal blood n-6
fatty acids and the risk of preeclampsia [3, 21, 25].
However, not all studies reported similar results.

We use the data from a case—control study of pre-
eclampsia risk factors conducted in Lima, Peru, from
June 1997 through January 1998 to assess whether
alteration in maternal erythrocyte omega-3 and omega-6
fatty acids is associated with increased risk of pre-
eclampsia. We elected to test fatty acids in erythrocytes
since erythrocyte turnover is approximately 120 days
and erythrocyte fatty acid profiles might reflect relative
patterns of dietary fat intake over a 2- or 3-month
period.

Methods
Study population and data collection

Potential study participants were recruited between June
1997 and January 1998 as part of a case—control study
designed to examine the epidemiology of preeclampsia
among Peruvian women. Details regarding data collec-
tion methods have been previously described [18]. Cases
eligible for inclusion were those women with a diagnosis
of preeclampsia. Using the then-current American Col-
lege of Obstetricians and Gynecologists [1] diagnostic
criteria, preeclampsia was defined as a persistent (i.e.,
lasting more than 6 h) 15 mm Hg diastolic rise or a
30 mm Hg rise in systolic blood pressure, or a persistent
blood pressure of at least 140/90 mm Hg, and urine
protein concentration =30 mg/dl (or 1+ on a urine
dipstick). Potential preeclampsia cases were identified
during the regular work hours of research nursing staff

and recruited from Labor and Delivery wards at the
Materno-Perinatal Institute and the Dos de Mayo
Hospital in Lima, Peru. Of eligible cases were ap-
proached and asked to participate in the study, 97%
elected to do so (193 of 199). Controls were selected
among women with pregnancies uncomplicated by
pregnancy-induced hypertension or proteinuria. Of the
204 controls approached, 196 (96%) agreed to partici-
pate in the study. We randomly selected 100 cases and
100 controls for the blood analysis. The power and
sample size estimates indicated that a study of 100 pre-
eclampsia cases and 100 controls gave sufficient power to
test our study hypotheses. The Ethical Committee of the
Dos De Mayo Hospital, the Materno-Perinatal Institute
of Lima, and the Human Subjects Committee of the
University of Washington Medical Center approved this
investigation.

A standardized structured interview questionnaire
was used to collect information regarding maternal so-
ciodemographic, medical, reproductive, and lifestyle
characteristics during in-person interviews. Maternal
and infant records were reviewed after delivery to collect
detailed information concerning antepartum, labor and
delivery characteristics, and conditions of the newborn.

Laboratory analysis

Nonfasting, prelabor blood samples collected in EDTA
tubes were immediately transported, in a cooler with ice,
to the Blood Bank Laboratory of Dos de Mayo Hos-
pital. Upon arrival at the laboratory, plasma was sepa-
rated by centrifugation and erythrocytes were washed in
a standard manner [16]. Washed erythrocytes and plas-
ma were divided into 1.0-ml cryovials and were kept
frozen at —70°C until analysis.

Maternal erythrocytes were shipped with frozen packs
by overnight express to Metametrix Clinical Laboratory
(Norcross, GA, USA). Fatty acids were measured by
performing total transesterification reactions in anhy-
drous acidic methanol as described by Lepage [10]. Fatty
acid methyl esters in the extract were analyzed by GC/
MS (capillary gas chromatography/mass spectropho-
tometer, model 6890 GC with model 5972 MSD under
Chemstation Software control from Hewlett-Packard
Instruments, Palo Alto, CA, USA). The software con-
verted peak areas into micromolar (mM) concentrations
of individual fatty acids by comparison to known
amounts of pure standards for calibration. The quanti-
tative fatty acid assay avoids shortcomings of previous
methods of reporting percentage that can obscure sig-
nificant fatty acid relationships due to large variations in
other major fatty acid components such as palmitic and
oleic acids. Molar concentrations also allow for direct
comparisons of amounts of fatty acid molecules present
in the tissues, as opposed to quantization by weight. All
analyses were performed without the knowledge of case
or control status. There was insufficient blood for fatty
acid determination for one preeclampsia case; hence,



only 99 cases and 100 controls were available for statis-
tical analyses.

Statistical analytical procedures

Frequency distributions of maternal sociodemographic
characteristics, medical, and reproductive histories
according to case and control statuses were examined.
Comparisons of categorical variables were made be-
tween case and control subjects using Chi-square or
Fisher’s exact tests. Nonpaired two-sample Student’s ¢
test was used to compare the continuous variable in two
groups if it was normally distributed.

To estimate the relative association between pre-
eclampsia and concentrations of erythrocyte fatty acids,
we categorized each subject according to quartiles
determined by its distribution in normotensive control
subjects [6]. We used the highest quartile category of each
fatty acid as the reference group and calculated odds
ratios (ORs) and 95% confidence intervals (Cls). Logistic
regression procedures were used to calculate ORs and
95% Cls, adjusted for confounders [17]. In multivariable
logistic regression models, significance for linear trend
was assessed by treating the four quartiles as a continu-
ous variable after assigning a score (i.e., 1, 2, 3, and 4) as
its value. To assess confounding, we entered variables
into a logistic regression model one at a time; we then
compared the adjusted and unadjusted ORs. Final lo-
gistic regression models included covariates that altered
unadjusted ORs by at least 10%, as well as those a priori.

All analyses were performed using Stata 7.0 statisti-
cal software (Stata, College Station, TX, USA). All re-
ported P values are two-tailed, and all ClIs were
calculated at the 95% level. We considered that it was
statistically significant if P <0.05.
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Results

We present sociodemographic, medical, and reproduc-
tive characteristics of study subjects in Table 1. There
were no statistically significant differences between pre-
eclampsia cases and controls for covariates such as
maternal age, race/ethnicity, or prepregnancy body mass
index (BMI). Women with preeclampsia, however, were
more likely to have delivered by cesarean section (63.6
vs. 37%; P<0.01) than normotensive control subjects.
As expected, preeclampsia cases tended to deliver at
earlier gestational ages, on average, as compared with
controls (P <0.001).

We present unadjusted and adjusted ORs of pre-
eclampsia for each quartile of n-3 fatty acids in Table 2.
For most n-3 fatty acids, as well as for the aggregate
variable (i.e., sum of long-chain n-3 fatty acids), we
observed evidence of an inverse linear trend in the risk of
preeclampsia with increasing concentrations of maternal
erythrocyte fatty acids. After adjusting for possible
confounding by parity, prepregnancy BMI, and gesta-
tional age at blood collection, we noted that pre-
eclampsia risk increased for each successively lower
quartile of ALA (18:3n-3) (ORs for successively lower
quartile with the highest quartile as the referent group
were as follows: 1.0, 1.5, 2.7, and 4.2, P value for
trend = 0.004). Hence, in this study population, women
with erythrocyte ALA concentrations that were
<0.96 mM had a 4.2-fold increased risk of preeclampsia
(95% CI 1.5-12.1) as compared with those women who
had concentrations that were >1.17 mM.

We also noted that the risk of preeclampsia was in-
creased among women with the lowest concentrations of
erythrocyte EPA concentrations (< 3.13 mM, the lowest
quartile) (OR=2.3; 95% CI 0.8-6.5) as compared to

Table 1 Distribution of

preeclampsia cases and controls Maternal characteristics Preeclampsia Control subjects P value*
according to selected cases (N=99) (NV'=100)
characteristics, Lima, Peru, Number Number
1997-1998
Maternal age (years)
<19 17 16 0.88
19-34 64 68
235 18 16
Maternal age (years) 27.1+£0.7% 26.1+£.0.6 0.29
Unmarried 66 65 0.80
<12 years of education 15 16 0.87
Nulliparous 43 30 0.11
No prenatal vitamin use 47 43 0.53
Smoked during pregnancy 1 1 -
C-section delivery 63 37 <0.001
Prepregnancy body
mass index (kg/m?)
<19.9 10 12 0.38
20-24.9 51 61
25-29.9 23 20
) 230 8 4
"Mean + standard error (SE) Prepregnancy body 24.2+0.4% 23.3+0.3 0.10
*P value from Chi-square test mass index (kg/m?)
(categorical variables) or from  Gestational age 37.340.3° 38.840.3 <0.001

Student ¢ test (continuous

at delivery (weeks
variables) y ¢ )
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Table 2 Odds ratio (OR) and 95% confidence intervals (CI) of preeclampsia according to quartile of n-3 fatty acids in maternal

erythrocytes, Lima, Peru, 1997-1998

Erythrocyte fatty acids content (mM)

Quartiles of erythrocyte fatty acids

Trend P value*

1 (Low) 2 3 4 (High)
Omega-3 fatty acids
Alpha linolenic acid (18:3n-3, ALA)
Interval <0.96 0.96-1.01 1.02-1.16 >1.17
No. of cases/controls 36/22 31/26 21/27 11/25
Unadjusted OR (95% CI) 3.7 (1.5-9.0) 2.7 (1.1-6.5) 1.8 (0.7-4.4) 1.0 (referent) 0.002
*Adjusted OR (95% CI) 4.2 (1.5-12.1) 2.7 (0.9-7.2) 1.5 (0.5-4.3) 1.0 (referent) 0.004
Eicosapentaenoic acid (20:5n-3, EPA)
Interval <3.13 3.13-3.85 3.86-5.38 >5.39
No. of cases/controls 23/24 39/26 24/24 13/26
Unadjusted OR (95% CI) 1.9 (0.8-4.6) 3.0 (1.3-6.9) 2.0 (0.8-4.8) 1.0 (referent) 0.10
?Adjusted OR (95% CI) 2.3 (0.8-6.5) 3.2 (1.2-8.5) 1.8 (0.7-5.0) 1.0 (referent) 0.06
Docosapentaenoic acid (22:5n-3)
Interval <7.21 7.21-12.23 12.24-23.44 >23.45
No. of cases 23/24 38/26 27/25 11/25
Unadjusted OR (95% CI) 2.2 (0.9-5.4) 3.3 (1.4-7.9) 2.5 (1.0-6.0) 1.0 (referent) 0.09
?Adjusted OR (95% CI) 2.8 (0.9-8.1) 3.4 (1.39.2) 2.8 (1.0-7.9) 1.0 (referent) 0.06
Docosahexaenoic acid (22:6n-3, DHA)
Interval <795 7.95-14.49 14.50-39.39 236.40
No. of cases/controls 23/25 32/24 32/26 12/25
Unadjusted OR (95% CI) 1.9 (0.8-4.7) 2.8 (1.2-6.6) 2.6 (1.1-6.1) 1.0 (referent) 0.24
?Adjusted OR (95% CI) 1.8 (0.9-8.1) 2.8 (1.0-7.5) 3.1 (1.1-8.4) 1.0 (referent) 0.11
2 long-chain n-3 fatty acids
Interval <19.3 19.3-30.0 30.1-67.0 267.0
No. of cases/controls 29/25 26/25 33/25 11/25
Unadjusted OR (95% CI) 2.6 (1.1-6.4) 2.4 (0.9-5.8) 3.0 (1.2-7.2) 1.0 (referent) 0.12
?Adjusted OR (95% CI) 3.3 (1.2-9.5) 2.4 (0.9-6.5) 3.3(1.2-9.1) 1.0 (referent) 0.07

“Adjusted for parity, prepregnancy body mass index and gestational age at delivery

*P value for linear trend

women who had concentrations that were >5.39 mM.
The test statistic for a linear trend in preeclampsia risk in
relation to declining concentrations of EPA did not
reach statistical significance. A similar pattern of risk
was noted for DHA (adjusted P value for trend =0.11).
For the sum of long-chain n-3 fatty acids, women in the
lowest quartile (<19.3 mM), as compared to those in
the highest quartile (=67.0 mM) had a 3.3-fold increased
risk of preeclampsia (OR=3.3, 95% CI 1.2-9.5).

The findings regarding preeclampsia risk in relation
to n-6 fatty acid concentrations in maternal erythrocytes
are presented in Table 3. With the exception of AA, for
each other individual fatty acids, we noted an inverse
linear trend in the risk of preeclampsia with decreasing
concentrations of n-6 fatty acids. For instance, women
with the lowest concentrations of LA (<34.13 mM) had
a 2.7-fold increased risk of preeclampsia (95% CI 1.0-
7.1) as compared to women who had concentrations in
the upper quartile (=55.12 mM).

We also observed a moderate inverse linear compo-
nent of trend in increased risk of preeclampsia with
decreasing concentrations of maternal erythrocyte do-
cosatetranoic acid (22:4n6). The corresponding ORs for
decreasing quartiles were 1.4, 1.7, and 2.6, respectively
(P for trend=0.05). Dihomo-y-linolenic acid (20:3n6,
DGLA) was also inversely associated with preeclampsia
risk in this population. The OR for extreme quartiles
was 3.5 (95% CI 1.3-9.4). Eicosanoids derived from the

DGLA series 1 metabolic pathway share biochemical
properties and has physiological effects that are similar
to those of eicosanoids derived from the EPA series 3
metabolic pathways [24].

However, no clear evidence of an association was
observed between preeclampsia risk and variations in
concentrations of AA, the most abundant n-6 fatty acid
noted in maternal erythrocyte in this study population.
The OR and 95% confidence for extreme quartiles of
erythrocyte AA in this population was 1.5 (95% CI 0.6—
3.7). Given the abundance of AA, we observed a similar
pattern of risk when preeclampsia risk was evaluated in
relation to the sum of long-chain n-6 fatty acids. The
ORs for successive lower quartiles for the sum of long-
chain n-6 fatty acids were 1.0, 1.0, 1.2, and 1.5, respec-
tively, with the highest quartile as the referent group (P
value for linear trend =0.35).

Discussion

Among Peruvian women, we noted that n-3 fatty acids
were consistently lower in preeclampsia cases than con-
trols. After adjusting for confounders, the correspond-
ing ORs for preeclampsia across decreasing quartiles of
sum of long-chain n-3 fatty acids were 1.0, 3.3, 2.4, and
3.3, respectively (P=0.07 for trend). A similar pattern
was observed for EPA (20:5n-3) and DHA (22:6n-3).



101

Table 3 Odds ratio (OR) and 95% confidence intervals (CI) of preeclampsia according to quartiles of percentage of n-6 fatty acids in
maternal erythrocytes, Lima, Peru, 1997-1998

Erythrocyte fatty acids content (mM)

Quartiles of erythrocyte fatty acids

Trend P value”

1 (Low) 2 3 4 (High)
Omega-6 fatty acids
Linoleic acid (18:2n-6, LA)
Interval <34.13 34.13-45.41 45.42-55.11 >55.12
No. of cases/controls 35/25 34/25 15/25 15/25
Unadjusted OR (95% CI) 2.3 (1.0-5.3) 2.3 (0.9-5.2) 1.0 (0.4-2.5) 1.0 (referent) 0.01
*Adjusted OR (95% CI) 2.7 (1.0-7.1) 2.0 (0.8-5.0) 0.8 (0.3-2.3) 1.0 (referent) 0.01
Eicosadienoic acids (20:2n-6)
Interval <8.64 8.64-11.14 11.15-14.37 >14.38
No. of cases/controls 35/25 33/25 19/25 12/25
Unadjusted OR (95% CI) 2.9 (1.2-6.9) 2.8 (1.2-6.5) 1.6 (0.6-3.9) 1.0 (referent) 0.007
?Adjusted OR (95% CI) 3.9 (1.4-11.3) 2.9 (1.0-8.1) 2.3 (0.8-6.7) 1.0 (referent) 0.01
Dihomo-y linolenic acids (20:3n-6)
Interval <3.90 3.90-5.95 5.96-8.27 >28.28
No. of cases/controls 34/24 32/26 21/24 12/26
Unadjusted RR (95% CI) 3.0 (1.2-7.0) 2.6 (1.1-6.1) 1.8 (0.71-4.3) 1.0 (referent) 0.007
?Adjusted RR (95% CI) 3.5(1.3-94) 2.3 (0.9-6.0) 1.9 (0.7-5.3) 1.0 (referent) 0.01
Arachidonic acid (20:4n-6, AA)
Interval <148.6 148.6-220.1 220.2-374.7 >374.8
No. of cases/controls 30/25 23/25 26/25 20/25
Unadjusted RR (95% CI) 1.5 (0.7-3.3) 1.2 (0.5-2.6) 1.3 (0.6-2.9) 1.0 (referent) 0.39
?Adjusted RR (95% CI) 1.5 (0.6-3.7) 1.0 (0.4-2.7) 1.1 (0.4-2.8) 1.0 (referent) 0.48
Docosadienoic acid (22:2n-6)
Interval <3.04 3.043.27 3.28-3.67 >23.68
No. of cases/controls 50/25 18/25 16/25 15/25
Unadjusted RR (95% CI) 33(1.5-7.4) 1.2 (0.5-2.9) 1.1 (0.4-2.6) 1.0 (referent) 0.001
?Adjusted RR (95% CI) 3.9 (1.5-10.0) 1.2 (0.4-3.5) 1.1 (0.4-3.3) 1.0 (referent) 0.002
Docosatetranoic acid (22:4n-6)
Interval <7.35 7.35-11.47 11.48-18.29 2>18.30
No. of cases/controls 32/24 29/26 21/24 17/26
Unadjusted RR (95% CI) 2.0 (0.9-4.6) 1.7 (0.8-3.8) 1.3 (0.6-3.1) 1.0 (referent) 0.07
*Adjusted RR (95% CI) 2.6 (0.9-6.8) 1.7 (0.7-4.2) 1.4 (0.5-3.8) 1.0 (referent) 0.05
2 long-chain n-6 fatty acids
Interval <172.0 172.0-257.5 257.6-422.4 >422.5
No. of cases/controls 30/25 26/25 23/25 20/25
Unadjusted OR (95% CI) 1.5 (0.7-3.3) 1.3 (0.6-2.9) 1.2 (0.5-2.6) 1.0 (referent) 0.29
?Adjusted OR (95% CI) 1.5 (0.6-3.8) 1.2 (0.5-3.1) 1.0 (0.4-2.6) 1.0 (referent) 0.35

#Adjusted for parity, prepregnancy body mass index and gestational age at delivery

*P value for linear trend

Our results of association between maternal n-3
fatty acid concentrations (biochemical markers of
habitual dietary intake of foods rich in n-3 fatty acids)
and the risk of preeclampsia are generally consistent
with other previous studies [12, 29, 30]. In a study
including 22 preeclamptic cases and 20 controls, Wil-
liams et al. [30] reported that women in the lowest
tertile of n-3 fatty acids in erythrocytes (median of the
tertile=6.23%) were 7.6 times (95% CI. 1.4-40.6)
more likely to have preeclampsia than those in the
highest tertile (median of the tertile=8.50%). In an-
other case—control study, Wang and colleagues [29]
reported that plasma levels of n-3 fatty acids tended to
be lower in women with preeclampsia as compared to
controls. Importantly, the authors reported that plas-
ma EPA concentrations were 90% lower in cases than
controls. Plasma DHA concentrations were noted to
be 14% lower in preeclampsia cases versus control
subjects. However, results from previous studies were
not consistent. Kesmodel et al. [7] observed no asso-

ciation between dietary n-3 fatty acid levels and risk of
preeclampsia. In recent years controlled intervention
studies have failed to show any protective effect of
marine fatty acids on the risk of preeclampsia [26].
Although the precise reasons for conflicting are not
known, some have speculated that differences in study
population characteristics including base-line or prer-
andomization fatty acid levels may vary across studies.
Others have speculated that the timing and dose of
fatty acids offered in treatment arms were not uniform
and may account for variations in results across
studies.

Although there is increasing consensus that moderate
intake of long-chain n-3 PUFAs are associated with
reductions in the risk of cardiovascular diseases in men
and nonpregnant women [5], there are indications that
excessive intake of both n-3 and n-6 PUFAs may be
harmful [3]. Clausen and his colleagues [3], in their
prospective study of 3,133 subjects, reported that women
with high (>7.5% of total energy intake) fatty acid in-
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take (both n-3 and n-6 as measured by food frequency
questionnaire) had a 2.6-fold increased preeclampsia
risk (95% CI: 1.3-5.4) as compared to women with fatty
acid intake that accounted for < 5.2% their total energy
intake.

No association could be detected in these data be-
tween maternal erythrocyte n-6 fatty acids and pre-
eclampsia. Our result is in disagreement with previous
studies [3, 21]. Those investigators have noted that wo-
men with preeclampsia, as compared to normotensive
pregnant women, had higher n-6 PUFAs. Other inves-
tigators, however, have reported there lower plasma AA
levels in preeclampsia cases than in normotensive preg-
nant women [29].

Our study had several important strengths. The rel-
ative large sample size of our study allowed us to assess
relative risk estimates with varying concentrations of
fatty acids while adjusted for potential confounders.
Nevertheless, we cannot exclude the possibility that
residual confounding may still have affected the reported
ORs. Differential misclassification of maternal erythro-
cyte fatty concentrations is unlikely, since all laboratory
analyses were conducted without the knowledge of
participants’ pregnancy outcome.

Potential limitations of our research, however, must
be considered when interpreting our results. First,
because of the cross-sectional design of our study, we
cannot determine whether the observed case—control
differences preceded preeclampsia, or whether the dif-
ferences may be attributed to preeclampsia-related
alterations in n-3 and n-6 fatty acid metabolism.
Second, lack of information pertaining to maternal
dietary habits limited our ability to assess maternal
habitual dietary intake of these fatty acids and other
nutrients and the risk of preeclampsia. Otto et al. [15],
in an international comparative study, showed that the
reduction in maternal essential fatty acid status during
pregnancy is a general phenomenon, and is largely
independent of differences in dietary habits and ethnic
origin. Future studies that include collection of infor-
mation about maternal dietary habits and which in-
clude assessment of measures of maternal erythrocyte
fatty acids from blood samples collected in early
pregnancy will overcome these important limitations.

Our cross-sectional studies of Peruvian women sug-
gest that maternal dietary intake of n-3 fatty acids may
be protective against preeclampsia. The biochemical
roles that n-3 fatty acids play in reducing triglyceride
[19] and decreasing platelet and leukocyte reactivity [4,
8], and their likely ability to reduce blood pressure [14]
are consistent with these observations. An intervention
trial of n-3 fatty acid supplementation in the pre-
eclamptic group would also help clarify this cause or
effect issue.
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