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Summary

Polyunsaturated fatty acids (PUFA) are essential for offspring development, but it is unclear 

whether pregnancy PUFA status affects growth and adiposity. In 985 mothers from the 

Singaporean GUSTO cohort, we measured plasma phosphatidylcholine PUFAs at 26-28 weeks’ 

gestation, including linoleic (LA) and docosahexaenoic (DHA) acid. We assessed the associations 

with fetal growth, neonatal body composition, abdominal adipose tissue volume, and postnatal 

growth and skinfold thicknesses. Regression coefficients were presented for 5% increase in PUFA 

levels. LA levels were positively associated with birthweight (β (95% CI): 0.04 (0.01, 0.08) kg), 

body mass index (0.13 (0.02, 0.25) kg/m2), and abdominal adipose tissue volume, but not with 

later outcomes. DHA levels, although not associated with birth outcomes, were related to higher 

length/height: 0.63 (0.09, 1.16) cm at 12 months and 1.29 (0.34, 2.24) at 5 years. LA was 

positively associated with neonatal body size, and DHA with child height. Pregnancy PUFA status 

may influence offspring growth and adiposity.

Keywords

Polyunsaturated fatty acids; fetal growth; infant growth; adiposity; body composition; growth 
modelling

1 Introduction

Polyunsaturated fatty acids (PUFAs) are classified into two series, omega-6 (n 6) and 

omega-3 (n 3). The most studied are the long-chain PUFAs (LCPUFAs) arachidonic (AA, 

20:4 n 6), eicosapentaenoic (EPA, 20:5 n-3) and docosahexaenoic (DHA, 22:6 n 3) acids, 

because of their pleiotropic roles, especially in cell membrane structure, cell signaling and 

gene expression [1]. LCPUFAs can be ingested in the diet (mainly from animal sources) or 

synthetized from their essential precursors, linoleic (LA, 18:2 n-6) and α-linolenic (ALA, 

18:3 n-3) acids, which can only be provided in the diet (mainly from plant sources). 

LCPUFAs are needed for the normal development of the fetus and the infant, including 

visual and cognitive development and the immune and cardiovascular systems, but less is 

known concerning growth and body composition [1, 2]. Yet, adipose tissue accretion begins 

in utero, and early-life growth plays a role in the life-course risk of obesity and its associated 

consequences [3, 4].

In randomized controlled trials (RCTs), the supplementation of LCPUFAs or of fish oil (rich 

in n-3 LCPUFAs) during pregnancy has shown inconclusive effects on offspring birth size, 

postnatal growth, and adiposity (body mass index (BMI) or body fat percentage) [5, 6]. The 

supplementation in n-3 LCPUFAs modestly increases birth weight (47 g) and length (0.48 

cm), mainly owing to longer gestation [7]. Some RCTs reported that LCPUFA 

supplementation during pregnancy and/or lactation lowers adiposity later in childhood, but 

most showed no effect [6]. It remains difficult to draw any firm conclusions, however, 
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because of differences in trial design, especially the amounts, balance and type of LCPUFA 

given (DHA, EPA+DHA or AA+DHA). Furthermore, the potential effects of their metabolic 

precursors LA and ALA have rarely been examined.

The results from observational studies are also mixed regarding the association of maternal n 

3 or n-6 PUFA exposure with birth size [8, 9], or postnatal adiposity [6, 10, 11]. Again, 

differences in study design may explain this, particularly the type of outcomes and the age at 

which they were assessed. Longitudinal studies are scarce but repeated measures of growth 

and adiposity should help understand whether associations track from the prenatal period to 

childhood, or whether and when they increase or lessen with age.

Using data from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) cohort, 

we assessed longitudinally the associations of maternal plasma phosphatidylcholine (PC) 

PUFA levels during pregnancy with fetal and postnatal growth, and body composition from 

the third trimester of gestation to 5 years.

2 Material and Methods

2.1 Study design

The GUSTO study is a Singaporean mother-offspring cohort focused on child health and 

development [12]. Between June 2009 and September 2010, 3751 pregnant women of 

Chinese, Malay or Indian ethnicity who attended their first antenatal ultrasound scan in two 

public maternity units (National University Hospital and KK Women’s and Children’s 

Hospital) were approached, of whom 2034 met eligibility criteria. The main exclusion 

criteria were intention to deliver out of the study centers, intention to move away from 

Singapore in the next 5 years, first visit after the first trimester and non-homogeneous ethnic 

background (including the unborn infant grandparents). The reasons for ineligibility of non-

participants have been published [12]. Overall, 1247 pregnant women consented to 

participate, yielding 1171 singleton births. The study received ethical approval from the 

National Healthcare Group Domain Specific Review Board and the SingHealth Centralised 

Institutional Review Board.

2.2 Data collection

Maternal age, pre-pregnancy weight, highest education level (primary/secondary/post-

secondary/university), parity (primiparous/multiparous) and monthly household income 

(<1000/1000-1999/2000-3999/4000-5999/≥6000 Singapore dollars) were obtained by self-

administered questionnaire at enrolment. At 26-28 weeks’ gestation, maternal height and 

weight were measured and blood samples were collected. Fasting glucose and vitamin D 

levels were determined. Gestational age (determined by ultrasound) at delivery and child sex 

were obtained from birth records. Paternal weight and height were measured when fathers 

attended postnatal visits with their children, or were reported by mothers. BMI was 

calculated from weight (kg) divided by height squared (m2). Child fish consumption at 18 

months and fish oil supplementation at 24 and 36 months were obtained by interviewer-

administered questionnaires.
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2.3 Fatty acid analysis

Plasma PC fatty acids were prepared from fasting blood samples collected at 26-28 week’ 

gestation and stored at -80°C, as previously described [13]. Briefly, lipid extraction was 

carried out with chloroform/methanol (Fisher Scientific). PC was separated by solid-phase 

extraction. PC fatty acid methyl esters were prepared by incubation with methanolic 

sulphuric acid. They were then separated by gas chromatography (BPX-70 column mounted 

on a Hewlett-Packard HP6890) and detected by flame ionization before quantification in 

µg/mL of plasma. For the eleven PUFAs identified, inter- and intra-assay variation 

coefficients were <6% and <3%, respectively. PUFAs were expressed in percentage of total 

fatty acids in plasma PC; we focused on five of interest (LA, ALA, AA, EPA and DHA) 

based on the literature [6]. The other PUFAs, mostly intermediates in the PUFA metabolic 

pathway, were nevertheless accounted for when summing the levels of PUFAs (≥18 carbons) 

and LCPUFAs (≥20 carbons) for each series (n-6 and n-3), as markers of the overall 

nutritional status. Ratios of n-6 to n-3 PUFAs were also analyzed.

2.4 Offspring outcomes

2.4.1 Fetal anthropometric measurements—Ultrasound scans were performed at 

26-28 and 32-34 weeks’ gestation by trained ultrasonographers (n = 924 assessed at both 

visits and with PUFA data). Biparietal diameter, head (HC) and abdominal (AC) 

circumferences, and femoral length were measured. Fetal weight was estimated using the 

Hadlock’s four-parameter formula [14].

2.4.2 Postnatal anthropometric measurements—At each visit between birth and 5 

years (birth, week 3, month 3, 6, 9, 12, 15, 18, 24, 36, 48, 54 and 60), offspring weight, 

length/height, HC and AC were measured in duplicate (and averaged) by trained clinic staff 

using Seca instruments (Seca GmBH & Co Kg, Hamburg, Germany) following standardized 

procedures [15]. Weight until 18 months was measured to the nearest 1 g using a calibrated 

mobile digital scale Seca 334, and after 18 months to the nearest 10 g using a digital scale 

Seca 813. Length (recumbent) and height (standing) were measured to the nearest 1 mm 

using a mobile infant mat Seca 210 and a stadiometer Seca 213, respectively. At 18 and 24 

months, both length and height were measured.

2.4.3 Adiposity and body composition—Skinfold thicknesses were measured (in 

triplicate, the two closest were averaged) to the nearest 2 mm with skinfold calipers (Holtain 

Ltd, Crymych, UK): triceps and subscapular (at birth, 18, 24, 36, 48, 54 and 60 months), 

biceps (from 18 months onward), and suprailiac (from 48 months onward).

Whole body fat and fat-free mass at birth (n = 302 with PUFA data, age range 0-3 days) and 

age 10 days (n = 252 with PUFA data, age range 5-18 days) were measured with the PEA 

POD air displacement plethysmograph (COSMED USA Inc, Concord, CA), among the 

eligible participants (born at ≥34 weeks of gestation, birthweight ≥2000 g, no neonatal 

complications) who consented.

Neonatal abdominal adipose tissue volumes (n = 317 with PUFA data, age range 0-20 days) 

were assessed by magnetic resonance imaging (MRI) (Signa HDxt 1.5T, GE Healthcare, 
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Wauwatosa, WI) among the eligible and consenting participants, as previously described 

[16]. Briefly, neonates were placed in an immobilization bag in supine position and their 

abdomen was scanned from the diaphragm to the pubic symphysis. Adipose tissue was 

categorized into three compartments (superficial subcutaneous, deep subcutaneous and 

internal) by a semi-automated algorithm using MATLAB (version 7.13; The MathWorks 

Inc., Natick, MA): it performed initial segmentation of subcutaneous and internal 

compartments which were further analyzed and optimized by two trained image analysts 

using anatomical judgement. Deep subcutaneous compartment was defined manually. 

Volumes of each compartment were generated by multiplying the number of voxels within 

each image slice by the voxel dimensions (except the voxels located at tissue boundaries 

tallied as half a voxel), and by summing the volumes in each slice. The unit of each 

compartment volume was expressed both in mL and % of total abdominal volume.

2.5 Postnatal growth modelling

Postnatal growth trajectories in length/height, weight, HC and AC were fitted using the 

Jenss-Bayley model, a parametric equation designed for child growth [17]. Using a mixed-

effect approach, it accounts for heterogeneity in age at measurement, accommodates with 

missing data, and smooths measurement error. A study among US children showed that the 

Jenss-Bayley model provides better fit statistics and residual diagnostics than the Reed 

model, another commonly used parametric model for this period of age [18], a finding also 

observed with our data (not shown). As described elsewhere [19, 20], the Jenss-Bayley 

model fits growth from birth to age 6-8 years by assuming that growth increases 

monotonically following a four-parameter mathematical equation (a, b, c and d). It combines 

a straight line (a + b ⋅ t) corresponding to growth from 2-3 to 6-8 years, and a negatively 

accelerated exponential (−ec+d⋅t) allowing fitting growth from birth to 2-3 years. The full 

equation is interpreted as the jth growth measure of the ith subject; where y is the predicted 

measure and t is the child age (in days):

Unlike non-structural models, the Jenss-Bayley model provides four interpretable 

parameters: a is the predicted measure at birth; b is the growth velocity beyond 2-3 years; 

and c and d are the infant growth spurt magnitude and the decelerating growth rate (the 

curvature) over the first 2-3 years, respectively. Random effects were added on each 

parameter, allowing to estimate for each child, the four parameters and the size at any age. 

Since this model assumes weight increases monotonically, it does not fit the neonatal weight 

loss; to improve its fit, we did not include the birthweight measure into the modelling, as 

suggested by Botton et al. [19]. For length/height modelling, we used both length and height 

measured at 18 and 24 months to smooth the gap caused by the change in measuring 

method. The equation being non-linear in parameters, the mixed-effect modelling was 

realized using the R package saemix (version 1.2) [21]. Finally, BMI was derived in two 

steps using weight (kg) and length/height squared (m2), as predicted by their respective 

models. Growth modelling was performed in 1107 children, of whom 978 had PUFA data. 

Supplemental Table 1 shows the number of anthropometric measures and subjects modelled 
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between birth and 5 years. Supplemental Table 2 and 3 show the descriptive statistics of the 

four parameters, and the fit statistics of the modelling, respectively. Goodness of fit (i.e., 

residuals according to age) is displayed in Supplemental Fig. 1.

2.6 Statistical Analysis

Flow diagram of mother-offspring pairs is shown in Fig. 1. Associations between maternal 

plasma PC PUFA levels and standardized Jenss-Bayley parameters were estimated by 

multivariable linear regression, with a single PUFA per model. Based on the literature and 

associations observed on our dataset, models were adjusted for the following potential 

confounders: study center, ethnicity, child sex, familial income, maternal education and age, 

parity, maternal height and pre-pregnancy BMI, gestational weight gain at 26-28 weeks’ 

gestation, fasting glucose and vitamin D levels. Models were also adjusted for paternal 

height and BMI, both predictive of the outcomes, to improve precision of estimates. We did 

not adjust for gestational age at birth and breast feeding which may be on the causal 

pathway: LCPUFA supplementation may increase birth size through a longer gestation, and 

breast milk contains PUFA whose levels depend on maternal status [22]. We tested the 

interactions of each PUFA with ethnicity and child sex by introducing the appropriate 

multiplicative terms into our models.

Based on our results for the period-specific Jenss-Bayley parameters, we further examined 

two consistent findings. First, we used multivariable linear regression to examine the 

associations of LA with outcomes near the birth period, namely fetal growth (ultrasound), 

neonatal adiposity (skinfold thicknesses), body composition (PEA POD and MRI), and 

growth till age 1 year. Second, we assessed the associations of DHA with postnatal growth 

(prediction by Jenss-Bayley modelling at the same ages for all the children) and adiposity 

(skinfold thicknesses) over the period from birth to 5 years, using generalized estimating 

equations (GEE) to account for within-subject repeated measurements. GEE covariance 

matrix structures were selected based on AIC and BIC criteria: first-order ante-dependence 

matrix for weight, length/height and BMI, and heterogeneous autoregressive matrix for HC 

and AC, and unstructured matrix for skinfold thicknesses. GEE models with skinfold 

thicknesses as outcomes were additionally adjusted for exact age. GEE models with weight, 

HC and AC, and skinfold thicknesses as outcomes were performed with and without 

adjustment for length/height.

Finally, we performed sensitivity analyses to evaluate whether i) excluding preterm infants, 

ii) excluding PUFA levels beyond ±4 SD from the mean, and iii) further adjusting for 

postnatal exposure to dietary n-3 LCPUFAs (fish consumption at 18 months, and fish oil 

supplementation at 24 and 36 months) had an influence on the estimates.

Statistical analyses were carried out using SAS 9.4 (SAS Institute Inc, Cary, NC) using 

PROC GLM for linear regressions and PROC MIXED with repeated statement for GEEs. 

Multiple imputation method (PROC MI) was used to deal with missing paternal height (n = 

174) and BMI (n = 181). Regression coefficients (averaged across 10 imputed datasets) were 

reported for a 5% increase in PUFA levels to achieve a balance between biological 

plausibility and the number of decimals. We did no adjust for multiple comparisons [23]; the 
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“significance” of our findings was evaluated based on the strength and the consistency of the 

associations we observed.

3 Results

Characteristics of participants with data both on fatty acids and at least one outcome are 

described in Supplemental Table 4. Average maternal levels (mean ± SD) of total n-6 and 

n-3 PUFA in plasma PC were 34.2 ± 3.3% and 6.2 ± 1.9%, respectively (Table 1). LA (21.8 

± 3.4%) and DHA (4.7 ± 1.4%) were the most prominent PUFAs within each series and 

were negatively correlated (r = -0.10) with each other. Main offspring outcomes from 26 

weeks’ gestation to 5 years are summarized in Supplemental Table 5. Mothers who 

consented for body composition assessments were younger, less educated, and more likely 

to be Malay; their neonates had thicker skinfolds (not shown). PUFA levels, offspring birth 

size and parents’ height and BMI were however not differing between participants and non-

participants.

Total plasma PC n-6 PUFA levels, driven by LA (the most abundant n-6 PUFA), were 

positively related to weight, length and HC at birth (Jenss-Bayley parameter a) and 

negatively with HC growth spurt in infancy (parameter c) (Table 2). DHA, but not the other 

n-3 PUFAs, was positively associated with length/height at birth (parameter a), growth 

velocity in weight, height and AC after 2-3 years (parameter b), and earlier weight growth 

deceleration in infancy (parameter d, more curved trajectory). Higher total n-6 LCPUFA 

levels were associated with a flatter AC growth rate (parameter d) between birth and 2-3 

years. These results were overall consistent when considering ratios of n-6 to n-3 PUFAs 

(Supplemental Table 6).

LA levels were positively associated with all measures of fetal growth at 26 and 32 weeks’ 

gestation, and at birth, with the exception of birth length and AC (Table 3). However, LA 

was not associated with overall postnatal growth over the first year, since the associations 

observed at birth faded after 1 month. LA was positively associated with skinfold 

thicknesses among the infants who attended the 10-day visit, but not in the full sample 

assessed shortly after birth. LA was positively associated with neonates’ fat-free mass (PEA 

POD) and abdominal adipose tissue volumes (MRI), especially superficial subcutaneous and 

internal tissues (Table 3, and Supplemental Table 7 and 8).

DHA was associated with postnatal length/height over the entire period from birth to 5 years 

(global P = 0.01) with no evidence of change of the effect over time (P for interaction with 

age = 0.29): for a 5% level increase, length/height was 0.63 (0.09, 1.16) cm and 1.29 (0.34, 

2.24) cm higher at 1 and 5 years, respectively (Table 4). No associations were found with 

weight, BMI or HC. DHA levels were associated with larger AC and thicker triceps and 

biceps skinfolds (not shown), but no longer after adjusting for length/height (Table 4).

AA, ALA, EPA and DHA levels were not associated with neonatal body composition 

(Supplemental Table 7 and 8). No interactions were found between PUFA levels and 

offspring sex or ethnicity. Our sensitivity analyses demonstrated a similar direction and 
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strength of associations (not shown). In models further adjusted for postnatal n-3 LCPUFA 

exposure, this was not associated with offspring outcomes.

4 Discussion

We found positive associations of maternal plasma PC LA levels with fetal growth, birth 

size, fat-free mass and abdominal adipose tissue volumes. Higher maternal plasma PC DHA 

levels were associated with greater length/height on the overall period from birth to 5 years, 

without age-dependent effect modification. Higher DHA levels were also associated with 

larger AC and thicker skinfolds, but this was attributable to bigger body size. DHA status 

was not associated with other fetal or postnatal growth outcomes. The associations did not 

differ by sex or ethnicity and were robust to sensitivity analyses.

Our study has several strengths. First, we investigated a wide range of growth and body 

composition outcomes in mother-offspring dyads followed from early gestation to 5 years, 

with a relatively low attrition. Second, repeated growth and adiposity measures allowed us to 

analyze the data in a longitudinal way with the Jenss-Bayley model and GEEs. These 

methods account for multicollinearity and incomplete data and decrease measurement error, 

leading to more accurate estimates, an optimized sample size and improved statistical power. 

Lastly, the assessment of neonatal body composition by PEA POD and abdominal MRI is 

uncommon in birth cohorts and showed a novel in link with PUFA exposure.

Our main study limitation is that the neonatal body composition assessment was limited (for 

feasibility reasons) to a subsample which slightly differed from the non-participants; this 

might explain stronger effect sizes observed for the skinfold measures at 10 days 

(subsample) compared to birth (full sample). Another limitation concerns the goodness of fit 

for length/height, HC and AC modelling, which was not as great as for weight, since we 

observed a dependency in the residuals across time. In length/height modelling, residuals 

were wider at early ages than at older ones, and for AC, the overall systematic error was 

relatively high (1.9 cm). This may be due to a lower precision in measures. Nonetheless, this 

is unlikely to have affected our results to an important extent, since we obtained similar 

effect sizes (but on less subjects) using growth data as measured instead of model 

predictions.

The measurement of PUFA exposure from maternal plasma PC level at 26-28 weeks’ 

gestation may not fully capture fetal exposure throughout pregnancy, and PC fatty acid 

composition reflects only 75% of plasma phospholipids, which in turn reflect only a portion 

of overall fatty acids in plasma. To overcome this limitation, we expressed fatty acids in 

percentage instead of absolute concentration. Moreover, maternal PUFA status is moderately 

correlated with fetal levels, since the placenta transfers maternal PUFAs to the fetal 

circulation not only through passive diffusion, but also through selective mechanisms 

targeting LCPUFAs, especially DHA [24]. Using cord blood PUFA, not available in our 

study, could result in different findings, as shown in another study [10]. Nonetheless, our 

exposure variable remains an objective measure collected when the fetal need for LCPUFAs 

is high [25].
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We found positive associations between LA and fetal growth, neonatal body composition 

and postnatal growth until 1-2 months, but not at later ages. Animal studies have shown that 

high LA intake during pregnancy and lactation promotes weight gain and adipose tissue 

accretion [26–28]. These studies also suggest that LA intake may increase the placental 

uptake of the LA metabolite AA, which then stimulates the pro-inflammatory prostacyclin 

pathway in the fetus, thereby increasing weight gain and adipose tissue accretion. The 

absence of association with postnatal growth in our study, however, suggests a short-term 

effect of prenatal LA exposure on fetal growth and birth outcomes, which diminishes 

postnatally owing to variation in postnatal LA intake. The relationship between DHA and 

offspring growth has been more investigated in the literature. RCTs suggest that prenatal 

DHA may have a marginal effect on birth size [29], and no effect on postnatal growth [30–

32]. Nevertheless, RCTs have often been underpowered to detect modest effect sizes, and 

variability in their designs calls for cautious interpretation. For instance, the placebos used 

often contain vegetable oil with high LA concentrations (soybean and corn oil) and may 

have other effects than a real placebo [30, 32]. Baseline maternal PUFA status is also rarely 

accounted for, and the efficiency of the supplements is not always assessed. In line with the 

findings of the current study and those of another cohort study, a RCT observed a positive 

correlation of the increase in DHA status over gestation with postnatal growth [11, 33]. How 

DHA might promote growth remains unclear. A study in adolescents has observed that DHA 

supplementation increases the level of insulin-like growth factor-1, a mediator of growth 

hormone [34]. It could also involve bone growth mechanisms, since DHA inhibits 

osteoclastogenesis [35]. Adult height in Greenland and European populations has been 

related to genetic variants in the fatty acid desaturase genes [36], which encode for 

desaturases that catalyze DHA synthesis from ALA. Together with our findings, this 

suggests that enhanced endogenous synthesis of DHA, but not of other n-3 PUFAs, may 

stimulate statural growth. Whether prenatal DHA exposure can have a long-lasting effect on 

growth remains unknown. Maternal status may actually reflect shared dietary habits and 

genetic inheritance, and thus be a proxy for offspring status. In our study, this latter measure 

was not available, which constitutes a further limitation. Although in sensitivity analyses 

adjusting for postnatal exposure to dietary n-3 LCPUFA did not change our results, residual 

confounding may remain.

We measured fatty acids in maternal plasma PC. DHA in plasma PC may originate either 

from the diet, from pre-existing maternal stores of DHA, or from endogenous synthesis from 

ALA. It is well described that alterations in intake of DHA are reflected in changes in DHA 

in plasma PC [37]. LA is an essential fatty acid and must come from the diet. Thus, LA in 

plasma PC must originate from the diet or from pre-existing maternal stores of LA. The 

relationship between variation in dietary LA intake and plasma PC LA is, however, not well 

described in the literature.

5 Conclusions

To conclude, we found associations between plasma LA status during pregnancy and fetal 

growth, neonatal body size and body composition, and between DHA status and child 

height. No consistent associations were found with the other PUFAs studied. Although 

replication is needed, our findings suggest that maternal PUFA intake and/or metabolism 
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during pregnancy may influence fetal and later child growth. Our study may help refine 

current dietary recommendations on LA and DHA intakes for pregnant women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow diagram of the participants assessed for growth and adiposity between 26th weeks’ 

gestation and age 5 years in the GUSTO cohort.
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Table 1

Maternal plasma PC PUFA levels and ratios during pregnancy in the GUSTO cohort among participants with a 

least one outcome assessed (n = 985)1

Fatty acids Mean SD Range

18:2 n-6 (LA) 21.752 3.39 11.67, 41.32

20:4 n-6 (AA) 7.91 1.67 2.66, 22.87

Σ n-6 PUFA 34.22 3.34 22.56, 51.29

Σ n-6 LCPUFA 12.41 2.25 6.52, 25.83

18:3 n-3 (ALA) 0.21 0.14 0.01, 1.19

20:5 n-3 (EPA) 0.69 0.59 0.06, 6.41

22:6 n-3 (DHA) 4.69 1.42 1.30, 10.14

Σ n-3 PUFAs 6.36 1.85 2.22, 13.97

Σ n-3 LCPUFAs 6.15 1.83 2.03, 13.82

LA/ALA 157.26 109.43 15.39, 543.7

AA/DHA 1.84 0.67 0.63, 5.06

Σ n-6 PUFAs/Σ n-3 PUFAs 5.90 2.02 1.93, 16.56

Σ n-6 LCPUFAs/Σ n-3 LCPUFAs 2.21 0.83 0.80, 6.39

1
AA, arachidonic acid; ALA, α-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid; LCPUFAs, long-chain 

polyunsaturated fatty acids; PUFAs, polyunsaturated fatty acids.

2
Values are expressed in % of total fatty acids.
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Table 2

Adjusted associations of maternal plasma PC PUFA levels during pregnancy with the standardized parameters 

a, b, c and d resulting from the Jenss-Bayley growth modelling of weight, length/height, head circumference 

and abdominal circumference between birth and 5 years in children from the GUSTO cohort. (n = 979)1

Fatty acids Weight Length/Height HC AC

Parameter a (model-predicted measure at birth2)

18:2 n-6 (LA) 0.05 (0.01, 0.09) 0.10 (0.02, 0.18) 0.12 (0.03, 0.20) 0.03 (-0.07, 0.12)

20:4 n-6 (AA) 0.02 (-0.07, 0.10) 0.07 (-0.10, 0.25) -0.04 (-0.22, 0.15) 0.16 (-0.04, 0.37)

Σ n-6 PUFAs 0.05 (0.01, 0.09) 0.10 (0.01, 0.18) 0.08 (-0.01, 0.17) 0.08 (-0.02, 0.18)

Σ n-6 LCPUFAs -0.02 (-0.08, 0.04) -0.01 (-0.14, 0.12) -0.10 (-0.23, 0.04) 0.13 (-0.02, 0.28)

18:3 n-3 (ALA) 0.06 (-0.90, 1.01) -0.75 (-2.73, 1.22) -0.51 (-2.58, 1.56) 0.98 (-1.32, 3.27)

20:5 n-3 (EPA) -0.21 (-0.44, 0.02) -0.48 (-0.95, -0.01) -0.09 (-0.59, 0.40) 0.24 (-0.31, 0.79)

22:6 n-3 (DHA) 0.08 (-0.02, 0.17) 0.22 (0.02, 0.42) 0.09 (-0.11, 0.30) -0.11 (-0.34, 0.12)

Σ n-3 PUFAs 0.03 (-0.05, 0.10) 0.09 (-0.06, 0.24) 0.06 (-0.10, 0.22) -0.02 (-0.20, 0.15)

Σ n-3 LCPUFAs 0.03 (-0.05, 0.10) 0.10 (-0.06, 0.25) 0.06 (-0.10, 0.23) -0.03 (-0.21, 0.15)

Parameter b (growth velocity beyond 2-3 years)

18:2 n-6 (LA) -0.01 (-0.10, 0.08) 0.00 (-0.09, 0.09) 0.00 (-0.09, 0.10) -0.09 (-0.18, 0.00)

20:4 n-6 (AA) -0.14 (-0.34, 0.05) -0.01 (-0.20, 0.19) -0.10 (-0.31, 0.11) -0.09 (-0.29, 0.11)

Σ n-6 PUFAs -0.07 (-0.16, 0.02) 0.00 (-0.10, 0.09) -0.04 (-0.14, 0.06) -0.13 (-0.23, -0.04)

Σ n-6 LCPUFAs -0.15 (-0.29, 0.00) -0.04 (-0.18, 0.11) -0.11 (-0.27, 0.04) -0.10 (-0.25, 0.04)

18:3 n-3 (ALA) 0.23 (-1.95, 2.40) 1.21 (-0.95, 3.37) 0.14 (-2.21, 2.50) -0.63 (-2.86, 1.60)

20:5 n-3 (EPA) -0.55 (-1.07, -0.03) -0.21 (-0.72, 0.31) -0.02 (-0.58, 0.55) -0.08 (-0.62, 0.45)

22:6 n-3 (DHA) 0.28 (0.07, 0.50) 0.27 (0.06, 0.49) 0.07 (-0.17, 0.30) 0.35 (0.12, 0.57)

Σ n-3 PUFAs 0.13 (-0.04, 0.29) 0.15 (-0.02, 0.32) 0.05 (-0.14, 0.23) 0.20 (0.03, 0.37)

Σ n-3 LCPUFAs 0.13 (-0.04, 0.30) 0.15 (-0.02, 0.32) 0.05 (-0.14, 0.23) 0.21 (0.03, 0.38)

Parameter c (growth spurt before 2-3 years)

18:2 n-6 (LA) 0.03 (-0.06, 0.12) -0.03 (-0.13, 0.06) -0.11 (-0.21, -0.02) 0.08 (-0.01, 0.17)

20:4 n-6 (AA) 0.04 (-0.16, 0.23) 0.01 (-0.19, 0.22) 0.03 (-0.17, 0.24) -0.17 (-0.37, 0.02)

Σ n-6PUFAs 0.04 (-0.05, 0.14) -0.06 (-0.15, 0.04) -0.10 (-0.20, 0.00) 0.06 (-0.04, 0.15)

Σ n-6 LCPUFAs 0.03 (-0.11, 0.18) -0.03 (-0.18, 0.12) 0.05 (-0.10, 0.20) -0.09 (-0.23, 0.06)

18:3 n-3 (ALA) 0.57 (-1.65, 2.80) -2.07 (-4.33, 0.20) -0.65 (-2.94, 1.64) 3.44 (1.24, 5.63)

20:5 n-3 (EPA) 0.52 (-0.01, 1.05) 0.40 (-0.14, 0.95) -0.09 (-0.64, 0.45) 0.04 (-0.49, 0.56)

22:6 n-3 (DHA) -0.07 (-0.29, 0.16) 0.01 (-0.22, 0.24) -0.12 (-0.35, 0.11) -0.01 (-0.23, 0.21)

Σ n-3 PUFAs 0.05 (-0.13, 0.22) 0.05 (-0.12, 0.23) -0.09 (-0.27, 0.09) 0.05 (-0.12, 0.22)

Σ n-3 LCPUFAs 0.04 (-0.13, 0.22) 0.07 (-0.11, 0.25) -0.09 (-0.27, 0.09) 0.03 (-0.14, 0.21)

Parameter d (deceleration rate before 2-3 years)

18:2 n-6 (LA) 0.05 (-0.04, 0.14) 0.06 (-0.03, 0.16) 0.02 (-0.07, 0.11) 0.04 (-0.05, 0.13)

20:4 n-6 (AA) -0.14 (-0.34, 0.06) -0.02 (-0.22, 0.19) -0.07 (-0.27, 0.13) -0.19 (-0.39, 0.01)

Σ n-6 PUFAs 0.00 (-0.10, 0.09) 0.09 (0.00, 0.19) 0.02 (-0.08, 0.11) -0.04 (-0.14, 0.05)

Σ n-6 LCPUFAs -0.14 (-0.29, 0.01) 0.03 (-0.12, 0.18) 0.00 (-0.15, 0.14) -0.21 (-0.35, -0.06)

18:3 n-3 (ALA) 0.36 (-1.89, 2.62) 2.43 (0.15, 4.71) -0.76 (-3.00, 1.48) -1.08 (-3.34, 1.19)

20:5 n-3 (EPA) -0.85 (-1.39, -0.31) -0.16 (-0.71, 0.39) -0.10 (-0.63, 0.44) -0.39 (-0.93, 0.15)
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Fatty acids Weight Length/Height HC AC

22:6 n-3 (DHA) 0.23 (0.00, 0.45) -0.07 (-0.30, 0.16) -0.04 (-0.27, 0.18) 0.20 (-0.03, 0.43)

Σ n-3 PUFAs 0.03 (-0.14, 0.21) -0.05 (-0.22, 0.13) -0.03 (-0.21, 0.14) 0.07 (-0.11, 0.25)

Σ n-3 LCPUFAs 0.03 (-0.14, 0.21) -0.06 (-0.24, 0.12) -0.03 (-0.21, 0.15) 0.08 (-0.10, 0.26)

1
Models were adjusted for study center, ethnicity, child's sex, familial income, maternal education and age, parity, fasting glucose levels, vitamin D 

levels, gestational weight gain at 26-28 weeks’ gestation, maternal height and pre-pregnancy BMI, paternal height and BMI. AA, arachidonic acid; 
AC, abdominal circumference; ALA, α-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HC, head circumference; LA, 
linoleic acid; PUFAs, polyunsaturated fatty acids.

2
Except for parameter a for weight which is not interpretable (see Methods), and was replaced by measured birthweight.

3
β coefficient (95% CI) are expressed in SD unit per 5% change in PUFA level.
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