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Background: Few studies have explored whether fetal 
exposure to trans fatty acids (TFAs) influences the inception 
of atopic diseases. The aim of this study was to investigate 
the relationship between the concentration of specific TFAs 
(elaidic, vaccenic, and rumenic acids) in maternal plasma and 
the risk of developing atopic manifestations in the first year of 
life.
Methods: A subsample from a population-based pregnancy 
cohort of the INMA Project was analyzed. Maternal intake of 
fatty acids was assessed by a food-frequency questionnaire 
(75.5% of the cohort). TFAs and n-3 and n-6 long-chain poly-
unsaturated fatty acids were measured in samples of plasmatic 
phospholipids at 12 wk of pregnancy. Information regarding 
eczema and wheeze in offspring was obtained through ques-
tionnaires at ages 6 and 14 mo.
results: Elaidic acid correlated negatively with n-3 long-
chain polyunsaturated fatty acids (total, eicosapentaenoic 
acid, and docosahexaenoic acid), and rumenic acid positively 
with both n-3 and n-6 long-chain polyunsaturated fatty acids 
in maternal plasma. Neither of these two fatty acids was associ-
ated with the risk of atopic eczema or wheeze in offspring in 
the first year of life. However, a higher vaccenic acid level was 
found to be linked to a lower risk of atopic eczema.
conclusion: High vaccenic acid concentrations in mater-
nal plasma may protect offspring against atopic eczema in 
infancy.

the prevalence of atopic diseases (atopic eczema, allergic 
rhinoconjunctivitis, and asthma) in young children has 

increased rapidly in recent decades. Currently, a third of chil-
dren in Western countries have confirmed symptoms of these 
conditions (1). Epidemiological and clinical studies indicate 
that changes in fatty acid (FA) intake by expectant mothers 
may contribute to the development of atopic disorders during 

infancy and early childhood. Prenatal exposure to n-6 and n-3 
essential fatty acids (linoleic acid (LA, C18:2 n-6), α-linolenic 
acid (ALA, C18:3 n-3)) and long-chain polyunsaturated fatty 
acids (LC-PUFAs) has been studied extensively. It has been 
shown that n-3 LC-PUFAs, such as eicosapentaenoic acid 
(EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C20:6 
n-3) exert protective effects against atopic eczema, while the 
opposite is true for n-6 LC-PUFAs, such as arachidonic acid 
(AA, C20:4 n-6) (2–7). Nevertheless, little attention has been 
devoted to evaluating the effects of maternal intake of trans 
fatty acids (TFAs) on the prevalence of atopic diseases in early 
infancy. It has been proposed that TFAs contribute to allergic 
response by altering lipid metabolism and the phospholipid 
composition of cell membranes. These effects alter membrane 
permeability, eicosanoid production (by modifications of sub-
strate levels, such as AA and DHA, which are substrates in the 
production of proinflammatory and anti-inflammatory eico-
sanoids, respectively), and gene expression (8–10).

TFAs include unsaturated and polyunsaturated fatty acids 
with at least one double bond in the trans configuration. Dietary 
TFAs come from two sources: those derived from industrial 
production by partial hydrogenation of vegetable oils (e.g., 
elaidic acid, t9-C18:1) and those from natural sources, such 
as ruminant-derived foods (e.g., vaccenic acid (t11-C18:1) 
and rumenic acid (c9t11-CLA)) (11). Clinical evidence indi-
cates that natural TFAs have distinct properties from those of 
synthetically produced partially hydrogenated vegetable oils. 
The inclusion of vaccenic and rumenic acids in the diet has 
beneficial effects for conditions such as cardiovascular disease, 
metabolic syndrome, and cancer (12,13).

Dairy fat is rich in vaccenic and rumenic acids. Convergent 
lines of research on dairy product consumption have indi-
rectly evaluated the link between ruminant TFAs and atopic 
diseases. As an example, dairy products have been found to 
show a good correlation with blood concentrations of rumenic 
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acid, thus making these concentrations an appropriate marker 
of rumenic acid intake (14). Studies addressing the relation-
ship between TFA consumption in pregnant women and the 
prevalence of atopic diseases in newborns remain contro-
versial. On the one hand, the consumption of organic dairy 
products has been associated with a lower risk of eczema in 
a Dutch cohort (15). Moreover, a study in a Danish cohort 
identified a link between the intake of low-fat yoghurt and 
an increased risk of asthma and allergic rhinitis, while whole 
milk appeared protective for early-life outcomes (16). Other 
studies have revealed that a high intake of dairy products by 
expectant mothers may decrease the risk of wheeze in the first 
year of life (17). On the other hand, high maternal intake of 
butter and butter spreads during pregnancy were associated 
with an increased risk of allergic rhinitis in offspring at 5 y of 
age (3). The latter observation is interesting given that previ-
ous studies in an Italian cohort did not find an association 
between the maternal intake of butter or margarine and atopy 
in offspring (18).

Animal models have been used to evaluate the real influence 
of the consumption of dairy products, such as fat-enriched 
milk, on atopy. Those studies revealed that the two major 
TFAs, vaccenic acid and rumenic acid, attenuate allergic der-
matitis and suppress airway inflammation (19,20); however, no 
data about specific TFAs have been reported for humans yet.

To better understand the contribution of individual TFAs 
during pregnancy to the development of atopic disease in 
infants, here we studied whether relative concentrations of 
elaidic, vaccenic, and rumenic FAs in maternal plasma are 
associated with risk of eczema and wheeze in offspring during 
the first year of life.

RESULTS
Study Population Characteristics
The distribution of baseline characteristics of mother–infant 
pairs participating in the INMA-Sabadell cohort study is 
given in Table 1. A total of 496 women (75.5%) answered the 
questions about dietary intake. Most women had an average 
educational level (42.5%), and the mean maternal age at birth 
was 31.4 y. Of the participants, 14.8% reported smoking dur-
ing pregnancy. The prevalence of maternal allergy and atopic 
manifestations was 30.2 and 38.5%, respectively. Of the babies 
born to the participants, 49.1% were males, and the predomi-
nant breastfeeding period lasted between 16 and 24 wk. The 
prevalence of atopic eczema and wheezing in the first year of 
life was 20.8 and 35.8%, respectively.

For the determination of maternal plasma phospholipids 
composition, a subset of maternal plasma (n = 274) was used. 
This subsample was representative since no statistically signifi-
cant differences were found with general population for any of 
the studied characteristics (data not shown).

Maternal Fatty Acid Intake
The food-frequency questionnaire (FFQ) was developed to esti-
mate the intake of fat. Using this information, we determined 
the FAs most consumed. The intake of the FAs is expressed in 

gram per day (Table 1). Oleic acid (C18:1 n-9, 42.1 g/d) was the 
most abundant FA in the diet of pregnant women, followed by 
the saturated FAs palmitic (C16:0, 16.0 g/d) and stearic (C18:0, 
6.38 g/d) acids. The predominant n-6 FA in the diet was LA 
(11.54 g/d), followed by AA (0.16g/d). Within the n-3 series, the 
main FA was ALA (1.10 g/d), followed by DHA (0.27 g/d) and 
EPA (0.15 g/d). The dietary intake of total TFAs and total n-3 
and total n-6 PUFAs was 1.32, 1.52, and 11.72 g/d, respectively.

Relationship Between Maternal Fatty Acid Intake and Plasma 
Fatty Acid Status
The predominant n-6 FA in maternal plasma was LA (22.94%), 
while the dominant n-3 FA was DHA (4.56%). The main 

table1. Characteristics of the INMA-Sabadell cohort study

Characteristics

Maternal characteristics

  Allergy (IgE > 0.35 Uk/l)a, yes (%) 30.2

  Maternal history of atopic manifestationsb, yes (%) 38.5

  Education (%)

    Low (primary or less) 28.2

    Medium (secondary) 42.5

    High (university or more) 29.4

  Smoking in pregnancy, yes (%) 14.8

  Age at delivery (mean ± SD) 31.4 (4.37)

Children characteristics

  Sex, male (%) 49.1

  Predominant breastfeeding, weeks (%)

    0 21.1

    >0–16 29.8

    16–24 40.4

    >24 8.7

  Atopic eczema (%) 20.8

  Wheeze (%) 35.8

Fatty acid intake (g/d) (mean ± SD)c

  C16:0 16.00 ± 2.53

  C18:0 6.38 ± 1.28

  C18:1 n-9 42.14 ± 8.35

  C18:2 n-6 (LA) 11.54 ± 2.60

  C18:3 n-3 (ALA) 1.10 ± 0.19

  C20:4 n-6 (AA) 0.16 ± 0.05

  C20:5 n-3 (EPA) 0.15 ± 0.09

  C22:6 n-3 (DHA) 0.27 ± 0.17

  ΣTrans 1.32 ± 0.58

  Σn-3 1.52 ± 0.33

  Σn-6 11.70 ± 2.61

AA, arachidonic acid; ALA, α-linolenic acid; DHA, docosahexaenoic acid; EPA, 
eicosapentaenoic acid; IgE, immunoglobulin E; LA, linoleic acid.
aIgE antibodies against mite, cat dander, and Poaceae plants (one or more positive 
responses). bAtopic dermatitis, allergic asthma, or allergic rhinitis (one or more positive 
responses). cNutrient intakes were naturally log transformed (n = 496).
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saturated FA was palmitic acid (C16:0, 30.34%) followed by 
stearic acid (C18:0, 12.11%). Higher plasma concentrations of 
vaccenic (C18:1 t11, 0.18%) acid were found relative to elaidic 
(C18:1 t9, 0.14%) and rumenic (C18.2 c9t11, 0.08%) acids 
(Table 2).

Pearson’s correlation coefficients between FA intake esti-
mated by the FFQ and maternal FA in plasma phospholipids 
showed a positive correlation between the intake of stearic 
acid, LA, EPA, and DHA during first trimester of pregnancy 
and the concentrations of these FAs in maternal plasma (P < 
0.01; Table 3). The same behavior was observed for the sum of 
total n-3 and n-6 FAs (P < 0.01).

No association was found between maternal intake of 
total TFAs and the concentrations of total TFAs (r = −0.010; 
P = 0.865), elaidic acid (r =104; P = 0.086), or vaccenic acid  
(r = −0.065; P = 0.286) in maternal plasma. However, a nega-
tive correlation between maternal intake of total TFAs and 

rumenic acid concentration in maternal plasma was observed 
(r = −0.160; P < 0.01).

Relationship Between TFAs and Long-Chain Polyunsaturated 
Fatty Acids in Maternal Plasma
Negative correlations were found between elaidic acid and 
n-3 LC-PUFAs (total, EPA, and DHA; P < 0.01). Nevertheless, 
rumenic acid was positively correlated with EPA, DPA, and 
n-3 LC-PUFAs. No correlations between vaccenic acid and 
either n-6 or n-3 LC-PUFAs were found (Table 4). Within 
TFAs, rumenic and vaccenic acid were positively associated in 
maternal plasma (r = 0.488; P < 0.01) (data not shown).

Maternal Plasma TFAs and Infant Atopic Outcomes
Risk of atopic eczema in 1-y-old children decreased with 
increased vaccenic acid in maternal plasma (Table 5). The 
lowest risk was observed in the highest tertile (odds ratio = 
0.373; IC-95 (0.171–0.818); P for trend = 0.035). We found 
no association between elaidic acid (odds ratio = 0.841; IC-95 
(0.396–1.788); P for trend = 0.901) and rumenic acid (odds 
ratio = 0.963; IC-95 (0.456–2.032); P for trend = 0.981) and 
atopic eczema in early life.

Furthermore, wheeze in the first year of life was not associ-
ated with maternal levels of elaidic, vaccenic, or rumenic acids 
during pregnancy (Table 6).

DISCUSSION
During pregnancy, the transport of TFAs across the placenta is 
determined by maternal dietary intake (21). First, we evaluated 
the FA intake of pregnant women during the first trimester of 

table 2. Fatty acid concentrations in maternal plasma phospholipids

Fatty acid Maternal plasmaa (mean ± SD)

C16:0 30.34 ± 1.80

C18:0 12.11 ± 1.23

C18:1 n-9 9.20 ± 1.61

C18:2 n-6 (LA) 22.94 ± 3.41

C18:3 n-6 (GLA) 0.05 ± 0.03

C20:2 n-6 (EDA) 0.46 ± 0.10

C20:3 n-6 (DGLA) 3.50 ± 0.87

C20:4 n-6 (AA) 11.36 ± 1.96

C22:4 n-6 (DTA) 0.38 ± 0.14

C22:5 n-6 (DPA) 0.40 ± 0.17

C18:3 n-3 (ALA) 0.12 ± 0.04

C20:5 n-3 (EPA) 0.41 ± 0.33

C22:5 n-3 (DPA) 0.47 ± 0.12

C22:6 n-3 (DHA) 4.56 ± 0.90

C18:1 t9 0.14 ± 0.05

C18:1 t11 0.18 ± 0.06

CLA c9t11 0.08 ± 0.03

ΣTransb 0.80 ± 0.20

Σn-3c 5.55 ± 1.16

LC-PUFA n-3d 5.43 ± 1.16

Σn-6e 39.10 ± 2.35

LC-PUFA n-6f 16.10 ± 2.32

SFAg 43.14 ± 1.44

MFAh 11.11 ± 1.73

PUFAi 44.87 ± 1.92

AA, arachidonic acid; ALA, α-linolenic acid; DGLA, dihomo-gamma-linolenic acid; DHA, 
docosahexaenoic acid; DPA, docosapentaenoic acid; DTA, docosatetraenoic acid; EDA, 
eicosadienoic acid; EPA, eicosapentaenoic acid; GLA, gamma linolenic acid; LA, linoleic 
acid; LC-PUFA, long-chain polyunsaturated fatty acid.
aMaternal plasma (n = 274). bΣTrans (ΣC16:1t+ΣC18:1t+ΣC18:2t). 
cΣn-3 (ALA+EPA+DPA+DHA). dLC-PUFA n-3 (EPA+DPA+DHA). eΣn-6 
(LA+GLA+EDA+DGLA+AA+DTA+DPA). fLC-PUFA n-6 (EDA+DGLA+AA+DTA+DPA). 
gSFA (C14:0+C16+C17:0+C18:0+C20:0). hMFA (C16:1 n-9+C16:1 n-7+C18:1 n-9+C18:1 
n-7+C20:1 n-9). iPUFA (C20:3n-9+ALA+EPA+DPA+DHA+LA+GLA+EDA+DGLA+AA+D
TA+DPA).

table 3. Pearson correlations between plasma fatty acid 
concentrations and dietary intake in pregnant women of the INMA-
Sabadell cohort study

Fatty acid (diet) r P value

C16:0 −0.168 **

C18:0 0.150 *

C18:1 n-9 0.115 0.058

C18:2 n-6 (LA) 0.150 *

C18:3 n-3 (ALA) 0.046 0.451

C20:4 n-6 (AA) −0.089 0.142

C20:5 n-3 (EPA) 0.334 **

C22:6 n-3 (DHA) 0.279 **

ΣTrans −0.010 0.865

Σn-3 0.190 **

Σn-6 0.133 *

ΣTrans

  C18:1 t9 0.104 0.086

  C18:1 t11 −0.065 0.286

  CLA c9t11 −0.160 **

AA, arachidonic acid; ALA, α-linolenic acid; DHA, docosahexaenoic acid; EPA, 
eicosapentaenoic acid; LA, linoleic acid.
Associations are presented as Pearson’s rank correlation coefficients (*P < 0.05; **P < 
0.01).
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pregnancy by means of FFQs. The FFQ used in this study was 
validated and is suitable for the assessment of dietary intake 
(22). The dietary intakes of FAs in this cohort were similar 
to those observed in several other populations in Belgium, 
Canada, the United States, and the United Kingdom (23–26). 
In our study, the consumption of LA (11.54 g/d) and ALA 
(1.10 g/d) was higher than recommended for pregnant women 
(27). However, the mean DHA intake in early pregnancy did 
not differ from the current recommendation of 0.20 to 0.30 g/d 
for pregnant women (27,28). The average consumption of total 
TFAs in pregnant women was 1.32 g/d. This value is lower 
than that reported in other groups of the Spanish population 
(2.1 g/d) (29).

In general, the fatty acid profile of plasma phospholipids 
in our study was similar to those observed in other popula-
tions of pregnant women (23,30). Dietary intake of the most 
important n-3 LC-PUFAs, such as EPA and DHA, directly cor-
related with respective FA concentrations in maternal plasma 

phospholipids. These results are consistent with those reported 
by other authors and confirm that n-3 LC-PUFA concentra-
tions in plasma depend more on maternal dietary intake than 
on endogenous conversion (26,31). However, no correlation 
between AA intake and AA in plasma phospholipids was 
found. This observation could be attributed to the endogenous 
conversion of LA to AA and the high AA nutritional require-
ments of the fetus.

The total TFA concentrations in maternal lipids (0.80% of 
total FAs) are in concordance with the amounts reported in 
several other studies (range from 0.50 to 2.5%) (21,30). We 
found that the correlation between the FFQ estimates of total 
TFAs and the total TFA content of maternal plasma was close 
to zero. The weak correlation may reflect differences in the 
metabolic pathways of TFAs compared with those of n-3 or 
n-6 LC-PUFAs. A possible explanation for this finding is that 
TFA deposition in tissues is selective, thus adipose tissue and 
liver generally contain higher concentrations of these FAs than 

table 4. Pearson correlations between trans fatty acids and LC-PUFAs in maternal plasma phospholipids

Fatty acid
C20:3 n-6 

(DGLA)
C20:4 

n-6 (AA)
C22:4 n-6 

(DTA)
C22:5 n-6 

(DPA)
C20:5 n-3 

(EPA)
C22:5 n-3 

(DPA)
C22:6 n-3 

(DHA)
LC-PUFA  

n-6
LC-PUFA  

n-3

C18:1 t9 0.017 -0.010 0.178** 0.122* −0.256** −0.124* −0.265** 0.024 −0.278**

C18:1 t11 −0.208** 0.058 0.096 0.031 0.025 0.082 −0.032 −0.019 −0.003

CLA c9t11 0.232** 0.048 0.315** 0.323** 0.125* 0.267** 0.153** 0.178** 0.177**

ΣTrans −0.089 0.038 0.156* 0.109 −0.005 0.094 −0.052 0.019 −0.031

C18:1 t9 + C18:1 t6 −0.046 0.039 0.127* 0.120* −0.249** −0.135* −0.238** 0.034 −0.249**

C18:1 t11 + CLA c9t11 −0.062 0.056 0.197** 0.154* 0.065 0.172** 0.033 0.051 0.064

AA, arachidonic acid; DGLA, dihomo-gamma-linolenic acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; DTA, docosatetraenoic acid; EPA, eicosapentaenoic acid; 
LC-PUFA, long-chain polyunsaturated fatty acid.
Pearson correlation coefficient between the respective fatty acid in maternal plasma phospholipids (*P < 0.05; **P < 0.01).

table 5. Association between the concentration of specific TFAs in maternal plasma phospholipids and atopic eczema of the infant

Fatty acid

OR unadjusted (95% CI) OR adjusted (95% CI)

Reference 2 3
P for 

trend Reference 2 3
P for 

trenda

C18:1 t9 1 0.984 (0.499–1.940) 0.791 (0.395–1.582) 0.762 1 0.894 (0.424–1.882) 0.841 (0.396–1.788) 0.901

C18:1 t11 1 0.613 (0.315–1.193) 0.453 (0.223–0.918) 0.077 1 0.528 (0.254–1.098) 0.373 (0.171–0.811) 0.035

CLA c9t11 1 0.966 (0.489–1.908) 0.970 (0.484–1.947) 0.994 1 1.041 (0.495–2.189) 0.963 (0.456–2.032) 0.980

ΣTrans 1 1.356 (0.695–2.646) 0.748 (0.361–1.550) 0.243 1 1.285 (0.621–2.661) 0.702 (0.319–1.543) 0.279

CI, confidence interval; OR, odds ratio; TFA, trans fatty acid.
aAll values were adjusted for maternal allergy, maternal atopic manifestations, maternal education, maternal smoking, sex of child, and predominant breastfeeding. The first tertile was 
set as the reference group.

table 6. Association between the concentration of specific TFAs in maternal plasma phospholipids and wheeze of the infant

Fatty acid

OR unadjusted (95% CI) OR adjusted (95% CI)

Reference 2 3
P for 

trend Reference 2 3
P for 

trenda

C18:1 t9 1 1.029 (0.558–1.895) 0.865 (0.471–1.591) 0.836 1 1.042 (0.543–1.999) 0.814 (0.421–1.574) 0.726

C18:1 t11 1 0.810 (0.442–1.485) 0.802 (0.436–1.474) 0.722 1 0.893 (0.467–1.709) 0.888 (0.460–1.714) 0.922

CLA c9t11 1 1.479 (0.800–2.735) 1.462 (0.785–2.721) 0.375 1 1.432 (0.740–2.770) 1.398 (0.724–2.701) 0.494

ΣTrans 1 0.815 (0.442–1.502) 0.941 (0.513–1.727) 0.797 1 1.424 (0.734–2.759) 1.722 (0.867–3.421) 0.287

CI, confidence interval; OR, odds ratio; TFA, trans fatty acid.
aAll values were adjusted for maternal allergy, maternal atopic manifestations, maternal education, maternal smoking, sex of child, and predominant breastfeeding. The first tertile was 
set as the reference group.
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blood or other tissues (32). On the other hand, negative cor-
relation between maternal intake of total TFA and rumenic 
acid concentration in maternal plasma indicates rumenic 
acid metabolized better than other TFA isomers and may be 
required more amount during first trimester of fetus develop-
ment compared to vaccenic acid. The present results are rel-
evant because they provide additional information about the 
relationships between dietary and plasma measures of TFA 
status among a relatively large population of women with a 
modest intake of TFAs.

In this population-based birth cohort study, we analyzed 
the FA composition of plasma in pregnant women, focusing 
on specific trans C18:1 isomers (elaidic and vaccenic acid), 
rumenic acid (c9t11-CLA), and total TFAs. To elucidate the 
potentially different relations of specific TFA isomers with 
atopic outcomes, the major dietary sources of each isomer in 
the population need to be explained. To our knowledge, elaidic 
acid is a marker of TFAs of industrial origin (partial hydroge-
nation of vegetable oils), while vaccenic acid and rumenic acid 
are the major markers of ruminant fat (11,33). It has been pro-
posed that TFA isomers (e.g., from oleic acid and LA) inhibit 
the enzymes involved in n-6 and n-3 LC-PUFA synthesis (Δ5- 
and Δ6-desaturase). Thus, these isomers appear to impair the 
desaturation of LA and ALA to AA and DHA, respectively. 
These LC-PUFAs play central roles in infant growth, neural 
development, and immune function (eicosanoid metabolism) 
(34,35). Therefore, TFAs may produce intrauterine changes 
during the normal fetal development.

Many studies have reported negative associations between 
total TFAs and n-6 and n-3 LC-PUFA concentrations in vari-
ous compartments (e.g., plasma and erythrocytes) (8,21,36). 
However, no data are available on the relationships between 
industrial and ruminant TFAs (as separate groups) and 
LC-PUFAs. In a small study population (55 mother–child 
pairs), Enke et al. (37) found a negative correlation between 
elaidic acid and n-3 LC-PUFA (total, DPA, and DHA) in fetal 
but not in maternal plasma, while no correlations between vac-
cenic acid and LC-PUFAs in either maternal or fetal plasma 
were found. Our data are in disagreement with those find-
ings as we observed that elaidic acid correlated negatively 
and vaccenic acid positively with n-6 (total and AA) and n-3 
LC-PUFA (total, EPA, and DHA) concentrations in the plasma 
phospholipids of pregnant women; in addition, we detected a 
direct correlation between rumenic acid and n-3 LC-PUFA in 
maternal plasma, thereby confirming the various adverse and 
beneficial effects of industrial and ruminant TFAs on plasmatic 
LC-PUFA concentrations. Thus, rumenic acid could have pro-
tective effect since this FA is positively correlated with n-3 
LC-PUFA, which has an anti-inflammatory mode of action. 
The differences between our findings and those of Enke et al. 
could be attributed to numerous factors, including the sample 
size, the method of analysis applied, as well as the plasma frac-
tions examined (phospholipids vs. total plasma).

Our results also show that higher maternal vaccenic acid con-
centrations at 12 wk of gestation were associated with a decreased 
risk of atopic eczema in 1-y-old infants. The anti-inflammatory 

properties of vaccenic acid have not been extensively inves-
tigated. Thus, only one recent study, using animal models, 
has demonstrated the protective effect of high vaccenic and 
rumenic acid on allergic dermatitis. These FAs independently 
and/or jointly inhibit several facets of dermatitis (including skin 
leukocytosis and eosinophilia) and  allergen-specific immuno-
globulin E production (19). In a Dutch cohort of mother–infant 
pairs, Thijs et al. (38) found that high concentrations of vac-
cenic and rumenic acids in human breast milk were associated 
with a lower risk of atopic eczema and allergic sensitization in 
children. Accordingly, ours is the first study in a Spanish cohort 
to analyze prenatal exposure to vaccenic acid and the risk of 
atopic eczema in infants. The mother’s intake of vaccenic acid 
during pregnancy and lactation may protect against the devel-
opment of atopic eczema in early infancy. In contrast, no asso-
ciations were confirmed between maternal elaidic and rumenic 
levels and the development of atopic eczema in 1-y-old infants. 
Further research involving a larger sample is required to con-
firm our findings.

With regard to wheeze, we did not find an association with 
prenatal exposure to elaidic, vaccenic, or rumenic acid concen-
trations through maternal plasma. In this context, the wheeze 
phenotype at 1-y-old is complex. Only in a minority of infants 
are early wheezing episodes related to a predisposition to 
asthma, and many infants have episodes of wheezing that are 
linked to viral respiratory illness (17,39). These considerations 
may explain why we found no associations. Chatzi et al. (17) 
suggested that a high intake of dairy products, especially milk, 
during pregnancy was significantly associated with a decreased 
risk of wheeze in the first year of life. However, we did not find 
evidence of associations between ruminant TFAs and risk of 
wheeze. Further research involving a larger sample is needed 
in this field.

Our study has some limitations. We acknowledge the rela-
tively small sample size used and recognize that a large-scale 
multicenter trial would be appropriate. However, it is impor-
tant to note that this subsample is representative of general 
population with regard to FAs levels. Although comprehen-
sive data on diet, lifestyle, and other risk factors allowed us to 
adjusted our statistical models for potential confounders, we 
cannot rule out residual confounding. This lack of data may 
influence relationships of interest.

To our knowledge, no previous studies have evaluated the 
contribution of early exposure to specific TFAs of distinct ori-
gin to the development of atopic diseases. Our findings suggest 
that high maternal concentrations of vaccenic acid during first 
trimester of pregnancy may protect against the development of 
atopic eczema in 1-y-old infants. Further analysis will be car-
ried out to assess relationships of maternal TFA exposure with 
atopic outcomes in early childhood.

METHODS
Study Population and Design
Data for this study were obtained from a population-based pregnancy 
cohort set up in Sabadell (Spain) as part of the INMA-INfancia y 
Medio Ambiente Project (40). This study was approved by the Clinical 
Research Ethics Committee of the Municipal Institute of Health Care 
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and the Hospital of Sabadell (Spain). Written informed consent was 
obtained from all the women who participated in the cohort study.

A detailed description of the Sabadell cohort has been provided 
elsewhere (41,42). A total of 657 pregnant women were enrolled 
between July 2004 and July 2006 during their visits to the public health 
center in the first trimester of pregnancy. In this study, we included 
only women who had completed a FFQ in the first trimester and those 
for whom their babies’ data on atopic outcomes were available (75.5%; 
n = 496). During pregnancy and the first year postpartum, informa-
tion on maternal characteristics and atopic outcome were obtained 
through questionnaires administered to the mothers at various time 
points (12 and 32 wk of gestation and at 6 and 14 mo postpartum).

Maternal blood samples were extracted at 12 wk of gestation. 
Plasmatic phospholipid FAs of a subset of 274 samples were analyzed 
for this study.

Dietary Assessment During Pregnancy
A detailed description of the dietary assessment has been published 
elsewhere (17). In the INMA-Sabadell cohort, a FFQ was administered 
by trained interviewers to assess common food and nutrient intake 
during the first trimester of pregnancy. That FFQ was previously vali-
dated in a group of pregnant women of the INMA Project in Valencia 
and included 100 food items (22). The response to each food item was 
converted into the average consumption in grams per day. Thus, nutri-
ent intake was calculated by multiplying the frequency of consump-
tion of each food item by the nutrient composition of the portion size 
specified in the FFQ and by summing across all foods to obtain a total 
nutrient intake per each participant. We used the residual method to 
estimate calorie-adjusted values for nutrient intake (43).

Atopic Manifestations Definition
Maternal atopy was defined as a positive response (levels ≥ 0.35 KU/l) 
to any of the following three allergens: cat dander, dust mite, and 
mixed grass pollen (Poaceae plants), which are the most common 
allergens in Spain. These criteria were used in previous studies (7,42).

Information about the outcomes of interest (atopic eczema and 
wheezing) was obtained from parents through two questionnaires 
completed when the child was 6 and 14 mo old. Wheezing was defined 
as a positive answer to the question “Has ever your child experienced 
whistling or wheezing from the chest, but not noisy breathing from 
the nose since birth to six months, and from 7 to 14 months?”.

Atopic eczema was defined as a positive response to the question 
“Has your child ever experienced atopic eczema since birth to six 
months, and from 7 to 14 months?”. Thus, children whose parents 
reported that they had been diagnosed with eczema during both peri-
ods (recurrent eczema) were classified as atopic cases.

Fatty Acid Composition of Plasma Phospholipids in Mothers
The blood samples from the pregnant women were centrifuged, and 
plasma samples were stored at −80 °C until analysis. The FA com-
position of plasma phospholipids was determined using the method 
developed in our laboratory and described elsewhere (44). Plasma 
lipids were extracted using dichloromethane:methanol (2:1), and 
phospholipids were separated by solid-phase extraction (100 mg ami-
nopropyl, 96-well plates). Phospholipids were converted to FA methyl 
esters by heating with sodium methylate in methanol 0.5 mol/l and 
boron trifluoride methanol solution (14% v/v). FA methyl esters were 
separated and quantified by fast gas chromatography with flame ion-
ization detection. The identities of FA methyl ester peaks were deter-
mined by comparison of their relative retention times with those of 
standard FA methyl ester mix solutions (Sigma Aldrich, St Louis, 
MO). We focused our attention on n-3 and n-6 PUFAs and individual 
TFAs from C18:1 and C18:2. The results were expressed in relative 
amounts (% of total FAs).

Statistical Analysis
Means and SDs were used to describe continuous variables. The 
Kolmogorov–Smirnov test was used to study the normal distribu-
tion of data, and nonnormally distributed data were naturally log 
transformed. Correlations between FA intake and maternal FA sta-
tus, namely, TFAs and LC-PUFAs, were determined using Pearson’s 
rank correlation coefficient. The FAs of interest were classified into 
three categories on the basis of the tertile distribution within the total 

cohort. Multivariable regression models were used to examine the 
association of specific TFAs in maternal plasma (using the first ter-
tile as a reference) and atopic outcomes in infants after adjusting for 
potential confounders. These confounders included characteristics 
that have an established or potential associations with eczema and 
wheezing in the first year of life and include the following: mater-
nal age; maternal educational level (primary schooling or lower, sec-
ondary schooling, and higher education); maternal smoking during 
pregnancy (yes/no); maternal history of atopic manifestations (yes/
no); maternal allergy (yes/no); infant gender (male or female); and 
duration of predominant breastfeeding (weeks). All statistical analy-
ses were performed on SPSS 20.0 for Windows (SPSS, Chicago, IL).
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