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Abstract 

Objective: To investigate selected fatty acid (FA) profiles 

in maternal whole blood during normal pregnancy and to 

evaluate their associations with term birth dimensions. 

Methods: We characterized nine major maternal blood 

FAs representing four FA families during the second and 

third trimester of pregnancy, and explored their associa-

tions with birth weight, length, and chest or head cir-

cumferences by multivariate regression models, using 

data from 318 mother-newborn pairs of the Hokkaido 

Study. 

Results: The absolute and/or relative contents of mater-

nal blood docosahexaenoic acid and arachidonic acid 

were lowest at 35-41 gestational weeks during pregnancy, 

as was the essential FA status index. Different from pal-

mitic and stearic acids, palmitoleic and oleic acid con-

tents were higher at 35-41 gestational weeks than those 

*Corresponding author: Tamie Nakajima, PhD, College of Life and 
Health Sciences, Chubu University, Kasugai 487-8501, Japan, 
Tel.: +81568 519655, Fax: +81568 515370, 
E-mail: tnasu23@med.nagoya-u.ac.jp; and Department of 
Occupational and Environmental Health, Nagoya University 
Graduate School of Medicine, Nagoya, Japan 
Xlaofang)la: Department of Occupational and Environmental 
Health, Nagoya University Graduate School of Medicine, Nagoya, 
Japan; and National Institute for Nutrition and Health (former 
National Institute for Nutrition and Food Safety), Chinese Center for 
Disease Control and Prevention, Beijing, China 
Masahl『oTagawa, Hlsao Naito and Husna Yettl: Department 
of Occupational and Environmental Health, Nagoya University 
Graduate School of Medicine, Nagoya, Japan 
Hiroshi Yatsuya: Department of Public Health, Fujita Health 
University School of Medicine, Toyoake, Japan 
Yuml Hayashi: Department of Pathophysiological Laboratory Sciences, 
Nagoya University Graduate School of Medicine, Nagoya, Japan 
Seiko Sasaki: Department of Public Health Sciences, Hokkaido 
University Graduate School of Medicine, Sapporo, Japan 
Atsuko A『akl,Chlhlro Miyashita, Tamiko I keno and Reiko Kishi: 
Center for Environmental Health and Sciences, Hokkaido University, 
Sapporo, Japan 

at 23-31 gestational weeks. Three FA components were 

identified through principal component analysis, and 

were used in association analysis. Component 3, which 

was positively and significantly loaded by eicosapentae-

noic acid (EPA), was associated with chest circumference 

[~=0.281, 95o/o confidence interval (CI): 0.006, 0.556] at 
35-41 gestational weeks (P=0.046). No significant asso-

ciations were observed for Component 1 and 2 loaded by 

FAs except EPA. 

Conclusion: Maternal blood EPA content may have an 

important influence on infant chest circumference. 
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Introduction 

Fatty acids (FAs) are essential for life as major sources of 

energy and structural components of cell membranes [1]. 

In the human body, long chain saturated FAs (SFAs) and 

unsaturated FAs of the n-7 and nー9series can be synthe-

sized from palmitic acid (16:0) [1]. Essential FAs (EFAs) 

are vital for human health, but cannot be synthesized by 

humans. Therefore, they have to be consumed with food. 

There are two families (n-6 and n-3) of EFAs: the parent 

EFAs linoleic acid (LA, 18:2n-6) and a-linolenic acid (ALA, 

18:3n-3), and their long chain polyunsaturated FA (LC-

PUFA) derivatives, such as arachidonic acid (AA, 20:4n-6), 

eicosapentaenoic acid (EPA, 20:Sn-3), and docosahexae-

noic acid (DHA, 22:6n-3), respectively [1, 2]. 

The maternal FA status, especially of polyunsaturated 

FAs (PUFAs), during normal pregnancy is under active 
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investigation [3-5]. A longitudinal study using repeated 

blood samples of pregnant women from the tenth week 

of gestation until delivery indicated that the relative 

amount of LA in plasma phospholipids did not change 

during pregnancy, whereas that of AA decreased. The 

DHA steadily declined after a temporary increase until 18 

weeks of gestation. The overall maternal EFA status also 

progressively decreased during pregnancy [3]. Several 

studies investigated the changes in total plasma FA pro-

files during pregnancy. There was a significant decrease 

in the proportion of n-3 PUFAs in plasma from the first to 

third trimester in a longitudinal study [6]. Several cross-

sectional studies also reported changes in the composi-

tion of total plasmatic FAs during pregnancy: a significant 

increase in the proportion of palmitic acid and a signifi-

cant decrease in AA occurred between the first and second 

trimesters, which were more marked between the second 

trimester and at delivery [7]. 

The human fetus is dependent on adequate placen-

tal transport of FAs from the maternal circulation, in 

addition to many other nutrients, for normal develop-

ment and growth [2]. As birth dimensions have prog-

nostic potential for later development and health [8], 

associations between neonatal birth dimensions at 

term birth and selected FA contents in phospholipids 

of maternal plasma throughout gestation have been 

increasingly investigated [9-11]. Lower concentrations of 

most n-3 PUFAs and higher concentrations of AA early 

in pregnancy were associated with lower birth weight, 

after adjustment for confounders [9]. Similarly, sig-

nificant positive associations were observed between 

the proportion of DHA (especially early in pregnancy) 

and birth weight and head circumference [10], while 

the proportion of AA at late pregnancy and at delivery 

was negatively associated with birth weight and birth 

length [10]. These studies suggested that unlike AA, 

the proportion of DHA in maternal blood during early 

pregnancy may be positively associated with fetal 

growth. As FAs are metabolized in the body by the same 

enzymes, metabolic interactions are often observed [10]. 

Associations of birth outcomes with individual FA may 

be affected by metabolic interactions with other FAs. 

Taken together, to investigate the influence of mater-

nal blood various FA statuses on infant birth outcomes, 

under the consideration of metabolic interaction of FAs, 

is required. 

The present study aimed to investigate selected FA 

profiles in maternal whole blood during normal preg-

nancy and to evaluate their associations with term 

birth dimensions using a Japanese cohort of pregnant 

women. 

Methods 

General design of the study 

This study was part of the "Hokkaido Study on Environment and 
Children's Health", a hospital-based prospective cohort study con-
ducted by the Hokkaido University Graduate School of Medicine 
[12—14]. Briefly, this cohort study is based on pregnant women who 
delivered at the Sapporo Toho Hospital in Sapporo, Hokkaido, 
Japan. From July 2002 to October 2005, we approached pregnant 
women who were between 23 and 35 weeks of gestation, and had no 
serious illnesses and medical complications. All potential subjects 
were native Japanese living in Sapporo and the surrounding indus-
trialized areas. The following were the exclusion criteria for study 
subjects: women with incomplete information regarding their part-
ner, women who had decided to enroll in the Japanese cord blood 
bank, and women who had decided to deliver their baby at another 
hospital. Some of the women we approached did not express inter-
est in our study, and some were unable or unwilling to participate 
in the study. Ultimately, 514 pregnant women were enrolled in the 
Sapporo cohort study by providing w出teninformed consent. All the 
women took antenatal and perinatal examinations at the hospital. 
Medical records of the hospital were utilized to obtain maternal and 
infant medical information, including multiple births, infant gen-
der, gestational age, birth weight, birth length, birth chest or head 
circumference, maternal age, maternal height, maternal weight 
before pregnancy, parity, and medical history during pregnancy. 
Participants also completed a self-administered questionnaire 
survey after the second trimester about potential confounders in 
relation tp the past medical history of the mothers and their part-

ners, demographic characteristics, health status during pregnancy, 
dietary intake during pregnancy, work history during pregnancy, 
smoking habits, alcohol intake, caffeine intake, household income, 
education level, and exposure to chemical compounds in their daily 
life, as described in detail elsewhere [12-14]. All this information 
was collected to form the Hokkaido study database. 

The present study extracted relevant data of eligible mothers 
and their infants from the database. Measurements of selected FA 
contents in maternal whole blood were conducted for 493 maternal 
blood samples in Nagoya University. Approval for this study was 
obtained from the Institutional Ethical Board for Epidemiologic 
Studies of Hokkaido University Graduate School of Medicine and 
from the Ethics Review Committee of Nagoya University Graduate 
School of Medicine. 

Blood sampling 

A 40-mL blood sample was taken from the maternal peripheral vein 
during the antenatal hospital examinations following enrollment. If 
the blood could not be taken during pregnancy because of maternal 
anemia, it was obtained during a 1-week hospitalization after deliv-
ery. Blood was obtained once from each woman. All samples were 

stored at -80°C until analysis. Consistent with published reports of 
the "Hokkaido Study on Environment and Children's Health" [13], the 
blood sampling period was categorized into four groups: 23-31 weeks 
of gestation, 32-34 weeks of gestation, 35-41 weeks of gestation, and 
within a week after delivery. 
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FA profiles in maternal whole blood 

FA levels in maternal blood were determined by GC-MS as described 

in detail in our earlier study [15] after extracting lipids according to 

the method of Folch et al. [16]. Nine FA species targeted for meas-

urement included palmitic and stearic acids of SFAs, palmitoleic 
and oleic acids of monounsaturated F位 (MUFAs),LA and AA of n-6 

PUFAs, and ALA, EPA and DHA of n-3 PUFAs. Under the experimental 

conditions, the detection limits were 2.4μg/mL for palmitic acid, 1.3 

μg/mL for stearic acid, 0.69μg/mL for palmitoleic acid, 3.6μg/mL 

for oleic acid, and 2.0μg/mL for each of the others. The data of FAs 

were also included in the unpublished results of one of our previous 

studies. 

Inclusion of participants 

Ten women were excluded from the study because of miscarriage, 

stillbirth, moving away before delivery, or voluntary withdrawal from 

the study. Forty-three mother-infant pairs were excluded because: 

the mothers had developed pregnancy-induced hypertension (n=11) 

or gestational diabetes mellitus (n=l); the mothers had delivered 

multiple infants (n=7); infants had heart failure (n=l); or infants 

were born preterm (gestational age<37 weeks, n=23). One hundred 

and thirty-four mother-infant pairs were further excluded as mater-

nal blood had been collected after delivery. Out of the remaining 327 

mothers, we obtained whole blood FA levels from 318 subjects, as a 

result, leaving 318 pairs for the analysis. 

Cova『iates

Maternal age, height, pre-pregnancy weight, parity, smoking habit 

and alcohol intake during pregnancy, annual household income 

as the socio-economic status, and the blood sampling period (ges-

tational age at blood sampling) were maternal covariates [9, 10, 13, 

14]. In addition, gestational age at birth, delivery type, and the sex 

of newborns were neonatal covariates [9, 10, 13, 14]. The blood sam-

piing period was used to control variations in FA concentrations that 

normally occur during the course of pregnancy [3, 9]. Parity was clas-

sifted into two groups: primiparous and multiparous. Both smoking 

and alcohol intake statuses during pregnancy were dichotomized 

(yes/no). Information on annual household income was obtained 

from a self-reported questionnaire. It was divided into four catego-

ries: ~3 million yen, 3-5 million yen, 5-7 million yen, and~7 mil-
lion yen. The delivery type was dichotomized: vaginal or cesarean 

section. 

Statistical analysis 

First, mean FA levels in maternal blood were calculated according 

to the blood sampling period in order to simulate maternal blood FA 

changes during pregnancy by one-way ANOVA, followed by Tukey's 

test for multiple comparisons. Next, the associations of maternal 

blood FA levels with neonatal birth dimensions such as birth weight, 

birth length, and chest or head circumferences were studied by lin-

ear regression analyses, including the aforementioned covariates as 

potential confounding factors. 

We refer to the sum of the nine measured FAs as the total FA 

concentration. The relative proportion of a given FA to total FAs 

was calculated by dividing its concentration by the total concen-

tration of FAs. The EFA status index was calculated, defined as the 

ratio of the sum of the n-3 and n-6 FAs to the sum of the n-7 and 

n-9 FAs [3]. Data of variables were presented as the mean士SEM.If 

the distribution of a variable was not normal, a logarithm or square 

root transformation was performed before analysis. Otherwise, a 

Kruskal-Wallis test was used if parametric test assumptions were 

not satisfied. 

As the nine FAs were highly correlated with one another 

(Spearman correlation coefficient range: 0.112-0.919), princi-

pal component analysis (PCA) was performed on the correlation 

matrix of the nine measured FAs. Briefly, PCA is a data reduc-

tion technique that forms linear combinations of original vari-

ables into groups of correlated variables, each accounting for as 

much of the remaining variance of all of the FAs as possible, as 

reported elsewhere [17, 18]. Varimax rotations were used to obtain 

an orthogonal solution. The first three components were extracted 

from the present dataset depending on cumulatively explained 

total variance (>BOo/o), whereas the rest accounted for a fraction 

of total variance and were excluded from the remaining analysis. 

The factor loadings of the nine FAs for the three components were 

outputted, representing the correlations of each component with 

its corresponding FA, and were used to calculate factor scores for 

each participant. Individuals with a higher score were indicated 

to have an FA pattern described by the component more com-

monly than those with a lower score. Factor scores for each com-

ponent were treated as continuous variables with a nearly normal 

distribution. The associations of the three components and birth 

outcome measures were examined by simple linear regression 

analyses. Then, multivariate analyses were performed by consecu-

lively including predefined seお ofcovariates. First, we included 

factor scores for other components and covariates for maternal 

physiological characteristics, and neonatal characteristics (Model 

1). The delivery type was also included, but only for head circum-

ference. Subsequently, we further added covariates for maternal 

lifestyle and socio-economic factors (Model 2). Linear regression 

analyses were also stratified by gestational age at blood sampling 

to examine the interaction with gestational age. No variables 

included in the multivariate models had a problem with multicol-

linearity according to a variance inflation factor > 10. All statisti-

cal analyses were performed using SPSS 17.0 software (Chicago, 

IL, USA). Results were statistically significant if P<0.05. 

Results 

Characteristics of mothers and neonates 

We included 318 mother-infant pairs in the study (Table 1). 

The differences in smoking status during pregnancy were 

significant among three blood sampling groups, and 

no differences were observed for other characteristics 

of mothers and neonates, which indicated that women 

with different blood sampling periods were almost 

homogenous. 
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Table 1 Characteristics of mothers and neonates by blood sampling period (n=318). 

Characte『istics Blood sampling pe『lod(gestational weeks) P-value 

23-31 32-34 35-41 

(n=l35) (n=81) (n=102) 

Maternal characteristics 
Age (years)• 30.3士0.4 29,7士0.5 29.4土0.5 0.219 

Height (cm)• 159.0士0.4 157.9土0.6 158.2士0.5 0.242 

Pre-pregnancy body weight (kg)•,h 53.7土0.7 53.2土0.9 51.7士0.7 0.259 
Pre-pregnancy BMI (kg/mりa,b 21.2土0.3 21.3士0.3 20.7士0.3 0,245 

Parity (times)h 

゜
72 (53.3) 41 (50.6) 52 (51.0) 0.925 

~1 63 (46.7) 39 (48.1) 50 (49.0) 

Past conception (times) 

゜
52 (38.5) 30 (37.0) 37 (36.3) 0.944 

1 45 (33.3) 26 (32.1) 31 (30.4) 

~2 38 (28.1) 25 (30.9) 34 (33.3) 

Education level {years) 

~12 58 (43.0) 35 (43.2) 49 (48.0) 0.706 

<!13 77 (57.0) 46 (56.8) 53 (52.0) 

Annual household income (million yen)b 

く3 26 (19.3) 20 (24.7) 22 (21.6) 0.880 

3-5 69 (51.1) 37 (45.7) 47 (46.1) 

5-7 26 (19.3) 14(17.3) 23 (22.5) 

;c:7 13 (9.6) 10 (12.3) 9 (8,8) 

History of smoking 

Yes 79 (58.5) 49 (60,5) 57 (55.9) 0.816 

No 56 (41.5) 32 (39.5) 45 (44.1) 

Smoking during pregnancy 

Yes 21 (15.6) 25 (30.9) 22 (21.6) 0.029' 

No 114 (84.4) 56 (69.1) 80 (78.4) 

Alcohol intake during pregnancy 

Yes 49 (36.3) 26 (32.1) 31 (30.4) 0.611 

No 86 (63.7) 55 (67.9) 71 (69.6) 

Alcohol intake among drinkers during pregnancy (g/day)• 3.7土0.7 8.0土5.8 7.2士3.4 0.737 

Type of delivery 

Vaginal 113 (83,7) 67 (82,7) 93 (91.2) 0.170 

Cesarean section 22 (16.3) 14 (17.3) 9 (8,8) 

Infant characteristics 

Sex 

Male 68(5o.4) 42 (51.9) 41 (40.2) 0.198 

Female 67 (49.6) 39 (48.1) 61 (59.8) 

Gestational age (weeks)• 39.2士0.1 39,4士0.1 39.5士0.1 0.227 

Birth weight (g)• 3097.0士31.0 3076.8士37.3 3156.8士33.2 0.277 

Birth length (cm)• 48.2土0.2 48.3土0.2 48.4士0,2 0.771 

Chest circumference (cm)• 31.6土0,1 31.5士0,1 31.9土0.1 0.098 
Head circumference {cm)• 33.3士0.1 33.3士0.1 33.3土0.1 0.774 

•Mean士SEM, otherwise n (%). 

•rhe number of missing data: pre-pregnancy body weight (1 and 2 at 23-31 and 35-41 gestational weeks of blood sampling, respectively), 

pre-pregnancy BMI (1 and 2 at 23-31 and 35-41 gestational weeks of blood sampling, respectively), parity (1 at 32-34 gestational weeks of 

blood sampling), annual household income (1 at 23-31 and 35-41 gestational weeks of blood sampling, respectively). 

'Indicates significant difference, P<0.05. 

Maternal blood FA status according to 
different blood sampling periods 

Pronounced differences in absolute FA concentrations 

in maternal blood were observed throughout pregnancy. 

Maternal blood stearic acid content at 35-41 weeks of ges-

tation (532士18μg/mL)was lower than that at 32-34 ges-

tational weeks (629士24μg/mL,P=0.011, Figure 1B). Both 

palmitoleic and oleic acid levels were significantly higher 

at 35-41 gestational weeks (143士9μg/mL,P=0.007 and 
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Figure 1 Concentrations of SFAs and MUFAs in maternal blood according to gestational age at blood sampling. Palmltic (A), stearlc (B), 
palmitoleic (C) and oleic (D) acids were measured. *P<0.05. SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids. 

1350士70μg/mL,P=0.010, respectively) compared to those 

at 23-31 weeks of gestation (109士5μg/mLand 1095士39

μg/mL, respectively, Figure lC and D). The DHA content at 

35-41 weeks of pregnancy (25士2.0μg/mL)was lower than 

that at 23-31 weeks of gestation (32士2.0μg/mL,P=0.029, 

Figure 2E). Differences in the EFA status index of mothers 

were concordant with those observed for DHA content 

(Figure 2F). We also calculated FA families including SF As, 

MUFAs, and n-6/n-3 PUFAs from individual FA (data not 

shown). The differences observed for total MUFA levels 

were comparable to those observed for palmitoleic and 

oleic acids. No significant differences were detected in the 

total levels of SFAs and of n-6 and n-3 PUFAs. 

FA composition (o/o total FAs) in maternal blood 

during pregnancy is presented in Figures 3 and 4. The pro-

portions of stearic acid in total FAs at 35-41 gestational 

weeks (11士0.3o/o)were lower than those at 23-31 (13士0.3o/o,

P<0.001) and at 32-34 (13士0.4o/o,P<0.001) weeks of ges-

tation (Figure 3B). Interestingly, differences in the pro-

portion of palmitoleic acid were completely opposite to 

those of stearic acid concentrations in total FAs (Figure 

3C). Similar to palmitoleic acid, the proportion of oleic 

acid was significantly higher at 35-41 weeks of gesta-

tion (26士0.3o/o)compared to the value at 23-31 weeks of 

gestation (24士0.3o/o,P<0.001, Figure 3D). The proportion 

of AA was lower at 35-41 weeks of gestation (1.2±0.lo/o) 

than at 23-31 (1.6士O.lo/o,P=0.006) and at 32-34 (1.6士O.lo/o,

P=0.049) gestational weeks (Figure 4B). The proportion of 

DHA was lower at 35-41 weeks of gestation (0.49士0.03o/o)

thanat23-31 (0.73士0.04o/o,P<0.001) or 32-34 (0.66士0.05o/o,

P=0.021) gestational weeks (Figure 4E). We also studied 

changes in the proportions of FA families (data not 

shown). The proportion of total MUFAs sharply increased 

(28士0.3o/o,P=0.001) and was similar to the differences 

observed in oleic acid. The proportion of total n-3 PUFAs 

was lower at 35-41 weeks of gestation (0.91士0.04o/o)than 

at 23-31 gestational weeks (1.20土0.05o/o,P=0.002). 

PCA-derived maternal blood FA components 

Considering that total FA concentration was derived from 

the sum of all measured individual FA, rather than actu-

ally determined, the association study used absolute FA 

contents, not FA proportions, as independent variables. 

As there were strong correlations among the nine FA 

contents (Spearman correlation coefficient range: 0.112-

0.919, data not shown), we performed PCA and identified 

three components which together represented 83.99o/o of 

the total variation in blood FA concentrations (Table 2). 

According to the factor loadings of the nine FAs for the 

three components, strong positive correlations (factor 

loadings;c;approximately 0.70) were observed for Compo-

nent 1 with palmitic, stearic, palmitoleic and oleic acids, 
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Figure 2 N-6 and n-3 PUFA concentrations in maternal blood according to gestational age at blood sampling. LA (A), AA (B), ALA (C), EPA (D) 
and DHA (E), and EFA status index (F) were included. *P<0.05. LA, linoleic acid; AA, arachidonic acid; ALA, a-linolenic acid; EPA, eicosapen-
taenoic acid; DHA, docosahexaenoic acid; EFA, essential fatty acid. 

for Component2 with LA, AA, ALA and DHA, and for Com-

ponent 3 with EPA. 

Associations between term birth dimensions 

and PCA-derived maternal blood FA 

components 

No significant associations were observed between any 

birth dimensions and FA components in maternal blood 

when considering mothers with various blood sampling 

periods as a whole (data not shown). After stratifying 

mothers by gestational age at blood sampling, signifi-

cant associations were detected (Table 3). At 35-41 weeks 

of gestation, Component 3, which had strong positive 

correlation with EPA, was significantly and positively 

associated with chest circumference in the univariate 

model [~=0.285; 95o/o confidence interval (CI): O.Dl5, 0.554; 

P=0.039] and in multivariate Model 1 (~=0.281; 95o/o CI: 

0.006, 0.556; P=0.046). The association was marginally 

significant in multivariate Model 2 (~=0.264; 95o/o CI: 

-0.006, 0.534; P=0.055). No significant associations were 

found between birth weight, birth length or head circum-

ference and maternal blood FA components at each blood 

sampling period (all P>0.05, data not shown). 

Discussion 

Whole blood lipids are representative of the FA composi-

tion of all the circulating lipid classes, lipoproteins and 
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[[[[[ Figure 3 Compositions ofSFAs and MUFAs in maternal blood according to gestational age at blood sampling. Palmitic (A), stearic (B), pal-
mitoleic (C) and oleic (D) acids were included. *P<0.05. SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids. 

cells [19]. Unlike previous studies [3-5], the present study 

investigated the nine FAs in maternal whole blood at dif-

ferent gestational ages using blood samples from a Japa-

nese pregnancy cohort. Several significant differences in 

absolute and relative contents of blood FAs were observed 

during the course of pregnancy. In contrast to stearic acid, 

levels of palmitoleic and oleic acids were considerably 

higher at 35-41 gestational weeks relative to 23-31 weeks 

of gestation. Interestingly, DHA content was lower at 

35-41 gestational weeks than at 23-31 weeks of gestation, 

as was the EFA status index. Taken together, the mater-

nal blood EFA status and DHA level seem to decrease as 

gestation progresses into the later period of pregnancy, 

which has also been demonstrated in an earlier longitu-

dinal study [3]. We also explored potential associations 

between term birth dimensions, i.e., weight, length, and 

chest and head circumferences, and maternal blood FA 

status during pregnancy. At 35-41 gestational weeks, FA 

Component 3 was significantly and positively associated 

with chest circumference, suggesting a possible novel role 

of EPA in fetal growth. 

Human brain structure, in large part, is composed of 

lipids (about 50-60o/o of dry matter) and includes high 

proportions of LC-PUFAs, especially DHA and AA [20]. 

During the last trimester of gestation, a brain growth spurt, 

accompanied by considerable lipid accretion, occurs in 

the human fetus [21]. Therefore, it is critical to preferen-

tially transfer LC-PUFAs across the human placenta to 

support the rapid accretion of LC-PUFAs in nervous tissue 

during the period of brain growth spurt [4]. Similarly, the 

present study found that the absolute and relative con-

tents of maternal blood DHA at 35-41 gestational weeks 

were lowest during pregnancy, as was the proportion of 

AA. EFA status index also indicated a lower EFA status 

in maternal blood in this period. Our findings were quite 

similar to the percentage differences found in total plasma 

DHA and AA during pregnancy in a cross-sectional study 

[7], as well as the patterns of maternal plasma phospho-

lipid-associated DHA and AA in longitudinal studies of 

pregnant women [3, 4]. We interpreted that these changes 

in blood FA contents indicated their increased demands in 

later periods of pregnancy when the nervous system sig-

nificantly develops. 

The differences in relative SFA and MUFA compositions 

in the course of normal pregnancy have been examined 

in total plasma, or plasma phospholipids and cholesteryl 

esters. Relative contents of palmitic acid in maternal total 

plasma or plasma phospholipids were higher, while those 

of stearic acid were lower at delivery compared to early and 

middle pregnancy [4, 7, 22]. Maternal blood stearic acid 

content and its proportion in our study also were signifi-

cantly lowered at 35-41 gestational weeks during the course 
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Figu『e4 N-6 and n-3 PUFA Compositions in maternal blood according to gestational age at blood sampling. LA (A), AA (B), ALA (C), EPA 

(D) and DHA (E), were included. *P<0.05. LA, linoleic acid; AA, arachidonic acid; ALA, a-linolenic acid; EPA, eicosapentaenoic acid; DHA, 

docosahexaenoic acid; FAs, fatty acids. 

Table 2 Factor loadings of the nine fatty acids (FAs) for the three principal components of FA combinations identified. 

Component 1 Component 2 Component 3 

Variance explained{%) 
Eigenvalue 

Fatty acids 
Palmitic acid 

Stearic acid 

Palmitoleic acid 
Oleic acid 

Linoleic acid 

Arachidonic acid 

叫 inolenicacid 
EPA 

DHA 

57,15 

5.14 

0.95 

0.70 

0.88 
0.91 

0.57 
0,21 

0.52 
0,06 
0,07 

18.35 
1.65 

Factor loadings• 
0,25 

0.27 
0.10 
0,26 

0.72 

0,89 

0.68 
0.21 
0.85 

8.49 
0,76 

0,02 

0.22 

0.03 
_。,02 

-0.05 

0.20 
-0.04 

0.94 
0,42 

'Factor loading denotes coefficient of the corresponding fatty acid (FA) in the linear combinations of nine FAs for the principal component, 
and represents the correlation of the component with the corresponding FA. 

EPA=eicosapentaenoic acid, DHA=docosahexaenoic acid. 
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Table 3 Associations between fatty acid principal components and chest circumference. 

Gestational age at Independent Unlva『latemodel• Multivariate model• 
blood sampling va『lable

Model 1b Model2' 

23-31 weeks Component 1 0.057 (-0.270, 0.383) 0.060 (-0.240, 0.360) 0.068 (-0.238, 0.373) 
Component 2 -0.057 (-0.344, 0.229) -0.048 (-0.315, 0.218) -0.089 (-0.365, 0,187) 
Component 3 0.002 (-0.279, 0.284) -0.142 (-0.407, 0.122) -0.149 (-0.419, 0,121) 

32-34 weeks Component 1 -0,077 (-0.381, 0,227) -0.068 (-0.380, 0.245) -0.076 (-0.376, 0.224) 
Component 2 0,118 (-0.128, 0,365) 0.106 (-0.150, 0,362) 0.156 (-0.092, 0.405) 
Component 3 -0.216 (-0.477, 0.045) -0.185 (-0.475, 0,105) -0,201 (-0.481, 0,079) 

35-41 weeks Component 1 -0.133 (-0.359, 0.092) -0.128 (-0.347, 0.092) -0,096 (-0.320, 0,127) 
Component 2 -0.212 (-0.499, 0.075) -0.226 (-0.530, 0.079) -0.174 (-0.475, 0.126) 
Component 3 0,285 (0.015, 0.554)d 0.281 (0,006, 0,556)d 0.264 (-0.006, 0.534) 

'Linear regression analysis with chest circumference as dependent variable and principal component as independent variable. All values 
are partial regression coefficients p (95% Cl), representing the expected change in chest circumference as a result of a unit change in 
component score. 

hAdjusted for maternal age, height, weight before pregnancy, parity, gestational age at birth, gestational age at blood sampling, and infant 
gender. 

'As in Model 1 with additional adjustment for smoking and alcohol intake during pregnancy, and annual household income. 
dlndicates significant associations, P<0.05. 

of pregnancy. Unlike aforementioned studies [4, 7, 22], no 

significant increment was observed in absolute and relative 

contents of palmitic acid during pregnancy. Additionally, 

the proportions of plasma cholesteryl ester-associated and 

total plasma oleic acid increased as gestation progressed 

[4, 7]. In the present study, absolute and relative amounts 

of blood oleic and palmitoleic acids were higher at 35-41 

gestational weeks compared to 23-31 and/or 32-34 weeks 

of gestation. Thus, a loss ofLC-PUFAs such as DHA and AA 

in maternal blood at 35-41 weeks of gestation might have 

been replaced by MUFAs rather than SFAs [4, 22]. 

The observed differences in maternal blood FA status 

during pregnancy could be related to changes in dietary 

intake of FAs. However, this would be unlikely as others 

reported that dietary habits remained unaltered during 

pregnancy. Neither the amount and type of fat nor the FA 

composition of the maternal diet changed during pregnancy 

until 1 month postpartum [23, 24]. Other previous studies 

indicated changes in estrogen levels and intrahepatic 

cholestasis during normal pregnancy possibly explained 

the altered patterns of palmitic, stearic, and oleic acids, 

LA and AA in maternal plasma phospholipids during preg-

nancy [4, 5]. This speculation remains to be clarified as we 

did not measure estrogen levels or markers for cholestasis. 

The associations of maternal plasma EFAs and their 

LC-PUFA derivatives in the course of pregnancy with 

anthropometric parameters of newborns have been exten-

sively investigated, especially for DHA and AA in terms of 

birth weight, birth length and head circumference [3, 9-11, 

25]. It would be worth emphasizing that our study exam-

ined nine FAs representative for SFAs, MUFAs and PUFAs 

simultaneously in relation to the anthropometric param-

eters. Namely, in an attempt to control potential con-

founding of metabolic interactions among these nine FAs, 

multivariate association analysis using principal com-

ponents derived from the nine FAs was performed. One 

novel finding that a unit increase in the Component 3 at 

35-41 gestational weeks was associated with an increase 

in chest circumference might indicate potential influence 

of falling EPA in maternal blood as gestation processes 

on fetal chest circumference. The finding may be con-

sistent with an earlier studies that low maternal plasma 

phospholipid-associated EPA during early pregnancy was 

associated with lower birth weight [9, 25]. However, caveat 

is needed to interpret the present finding as there could 

be a possibility of chance finding as a result of multiple 

tests done in the present study, although the comparisons 

had been determined before conducting the study. Also, 

we did not solely rely on the statistical significance of the 

findings, but on biological plausibility and consistency. 

Meanwhile, it is not clear why only associations with 

chest circumference, without other birth dimensions, 

were observed in the present study. One speculation 

may be our use of PCA-derived components in the mul-

tivariate analysis instead of absolute FA levels. Another 

reason may be related to the fact that the present study 

was carried out in Japanese whose fish consumption is 

generally much higher than other ethnicities. Indeed, a 

previous study indicated that blood n-3 PUFA level was 

much higher in Korean people -who eat a lot of marine 

products, as do Japanese people -than in Americans [26]. 

There may be a threshold in the association between n-3 
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PUFA and anthropometric parameters. Finally, statistical 

power might have been insufficient to detect small effect 

so larger studies would be needed in future. 

There are some limitations in this study. First, although 

this is a part of the established Hokkaido Cohort Study, the 

analyses of maternal blood FA status in the course of ges-

tation are cross-sectional in nature. Second, this study has 

a small sample size that may limit its statistical efficiency. 

Third, selection bias may have occurred because this 

cohort was based in a single hospital that treated pregnant 

women in Sapporo and the surrounding areas. Fourth, this 

study lacks dietary assessment of pregnant women. 

Conclusions 

In conclusion, several significant differences in blood FA 

status were observed during normal pregnancy. In par-

ticular, the absolute and/or relative contents of DHA and 

AA in maternal blood were lower at 35-41 weeks of ges-

tation, while those of MUFAs were higher. Moreover, the 

blood FA Component 3 representing a strong positive cor-

relation with EPA was significantly and positively associ-

ated with chest circumference at 35-41 gestational weeks 

after adjustment for confounders. These results may well 

suggest that PUPA intake during pregnancy should be 

increased to meet the fetal requirement for growth and 

development, and that maternal blood EPA content may 

be involved in fetal grow出．
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