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  Abstract
  Adolescents are at a greater risk of adverse pregnancy outcome, including spontaneous preterm delivery and fetal growth restriction, and typically have a poorer-quality diet than adults have. In the present study, we addressed the hypothesis that low maternal dietary intake of n-3 long-chain PUFA (LCP) status adversely influences pregnancy outcome. A total of 500 adolescents (14–18 years) were recruited at ≤ 20 weeks' gestation. The frequency of consumption of oily fish was determined by questionnaire (at recruitment and during the third trimester). The fatty acid composition of plasma lipids during the third trimester was determined in 283 subjects. Principal components analysis (PCA) was used to derive components, which were divided into tertiles. The pregnancy outcomes were then compared by tertile, adjusting for potentially confounding variables. Of the participants, 69 % reported never eating oily fish during pregnancy, although consumption was not associated with a shorter duration of gestation (P = 0·33), lower customised birth weight (P = 0·82) or higher incidence of small-for-gestational age (SGA) birth (P = 0·55). PCA of the fatty acid composition of maternal plasma lipids identified a ‘low PUFA:SFA (P:S) ratio’ component and a ‘high n-3 LCP’ component. There were no differences between tertiles of the ‘high n-3 LCP’ component and gestational age at delivery (P = 0·62), customised birth weight (P = 0·38) or incidence of SGA birth (P = 0·25), nor were there any associations between the ‘low P:S’ ratio component and pregnancy outcome. Lower proportions of n-3 LCP in plasma lipids are not associated with greater risk of adverse pregnancy outcomes in UK adolescents.
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   Pregnancy during adolescence carries a greater risk of preterm delivery and small-for-gestational age (SGA) birth compared with pregnancy during adulthood(Reference Jolly, Sebire and Harris1, Reference Hediger, Scholl and Schall2) and this has been attributed in part to poorer maternal nutritional status(Reference Scholl, Hediger and Schall3). Recent meta-analyses of randomised controlled trials in adults have suggested that supplementation with n-3 long-chain PUFA (LCP) extends the duration of gestation(Reference Makrides, Duley and Olsen4–Reference Horvath, Koletzko and Szajewska6) and observational data have also suggested a protective effect on fetal growth(Reference van Eijsden, Hornstra and van der Wal7–Reference Oken, Kleinman and Olsen10).
 During the third trimester of pregnancy, fetal accretion of LCP increases greatly due to the accelerated development of the central nervous system and deposition of adipose tissue(Reference Al, van Houwelingen and Hornstra11). Fetal demand for LCP, mostly as arachidonic acid (20 : 4n-6) and DHA (22 : 6n-3), can be met by maternal–fetal transfer of these fatty acids and additionally by fetal conversion of the parent fatty acids, linoleic acid (LA; 18 : 2n-6) and α-linolenic acid (ALA; 18 : 3n-3)(Reference Innis12, Reference Su, Huang and Saad13). The essentiality of LA and ALA has been established and the physiological requirement for n-6 PUFA is met by the LA content of most mixed diets(Reference Hibbeln, Nieminen and Blasbalg14). However, intakes of ALA are more variable and depend largely upon the types of culinary fats and cooking oils used in food preparation. In some countries such as the USA, partial hydrogenation of cooking oils substantially decreases the availability of ALA, whereas in the UK, most vegetable oils used in food processing are not partially hydrogenated and two of the most widely used oils, rapeseed and soyabean oil, contain 10 and 7 wt% ALA, respectively(Reference Minihane and Harland15). A small amount of pre-formed n-3 LCP is typically provided in the diet, primarily by seafood and particularly oily fish, which supplies EPA (20 : 5n-3), docosapentaenoic acid (22 : 5n-3) and DHA. Eggs, poultry and other meats also contribute to DHA intake(Reference Hibbeln, Nieminen and Blasbalg14).
 It has been argued that the fetal demand for DHA during late gestation cannot be met by biosynthesis alone and that optimal fetal development requires either a sufficient dietary intake of pre-formed DHA or adequate maternal reserves(Reference de Groot, Hornstra and van Houwelingen16). Endogenous conversion of ALA to DHA and the incorporation of DHA in membranes may be inhibited by a high LA intake, since both parent fatty acids compete for access to Δ-6 desaturase, and this may markedly increase reliance upon dietary pre-formed DHA to meet fetal requirements(Reference Brenna, Salem and Sinclair17). A typical UK diet supplies only a small amount of DHA (50–100 mg/d) since oily fish is not widely consumed, particularly by adolescents. The UK Diet and Nutrition Survey found that only 33 % of 15–18-year-old girls consumed oily fish during the course of a 7 d weighed food record(Reference Gregory, Lowe and Bates18). A more recent survey in low-income households found only 3 % of adolescent girls (aged 11–18 years) to be the consumers of oily fish(Reference Nelson, Erens and Bates19). While limited assessment periods may have underestimated consumption to some extent, these reports suggest that the majority of adolescents, especially those in low-income groups most likely to become pregnant as adolescents, derive little or no dietary n-3 LCP from oily fish. Adolescents are therefore potentially at greater risk of sub-optimal n-3 LCP status, which may in turn affect pregnancy outcome.
 The About Teenage Eating (ATE) study prospectively assessed the diet and nutritional status of pregnant adolescents from London and Manchester, UK, and determined their relationships with pregnancy outcome. A previous report from this study described the associations between maternal micronutrient status and SGA birth(Reference Baker, Wheeler and Sanders20). Here, we report the relationships between maternal plasma fatty acid composition measured during the third trimester and pregnancy outcomes.
 Subjects and methods
 Subjects
 From 2004 to 2007, study-specific midwives recruited 500 pregnant adolescents from antenatal clinics at four hospitals in London and Manchester, UK. The criteria for inclusion were singleton pregnancy, age 14–18 years and gestational age (GA) ≤ 20 weeks. The exclusion criteria were inability to provide informed consent, previous pre-eclampsia, clotting disorders, HIV/AIDS, haemoglobinopathies, pre-existing diabetes, renal disease, hypertension, multiple gestations or a history of three or more previous miscarriages. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects/patients were approved by the Central Manchester Local Research Ethics Committee (local reference no: 03/CM/032). A written consent was obtained from all the participants, with those aged < 16 years being assessed for capacity to provide informed consent according to accepted UK criteria(21).

 Blood samples and analyses
 During the early third trimester (median GA 29·9 weeks; interquartile ranges (IQR) 29·1, 30·6 weeks), a 30 ml venous blood sample was collected into EDTA. After centrifugation (1500 g, 10 min, 5°C), plasma was stored in aliquots at − 40°C until analysis. For ethical reasons, subjects were not fasted, but instead were asked not to eat fatty foods before blood collection, which was confirmed at interview by self-report. Time of blood sample collection ranged from 09.30 to 17.30 hours and was determined largely by subject availability. The samples were checked for evidence of lipaemia by measurement of plasma TAG concentration using an enzymatic assay on an ILab 650 analyser (Instrumentation Laboratory UK, Warrington, Cheshire, UK).
 The fatty acid composition of plasma total lipids was determined by GLC as described previously(Reference Lepage and Roy22) with minor modification. Fatty acid methyl esters were analysed on a 25 m × 22 mm internal diameter silica column (BP70X; SGE, Melbourne, VIC, Australia) using H2 as a carrier gas on an Agilent chromatograph 6890 (Agilent, Stockport, Cheshire, UK) in split mode (50:1) and integrated using ChemStation (revision B4.01) software. Fatty acids were identified by comparison with reference standards (Sigma, Poole, Dorset, UK). Minor components, for which standards were not available, were identified by individual mass spectra on a similar column by electron impact mass-spectroscopy on an Agilent gas-chromatograph/mass spectrometer 6872. Tobacco exposure was determined by the measurement of plasma cotinine concentration using a solid-phase competitive chemiluminescence immunoassay (DPC, Caernarfon, Gwynedd, UK).

 Assessment of frequency of oily fish consumption
 Frequency of oily fish consumption was assessed twice by eating behaviour questionnaire; first, during early pregnancy ( ≤ 20 weeks' GA) and again during the third trimester alongside blood sample collection. The subjects were asked how often during the previous 3 months they had eaten oily fish, to which there were seven possible responses: ‘more than once a day’, ‘once a day’, ‘most days’, ‘at least once a week’, ‘at least once a month’, ‘less than once a month’ or ‘never’. Examples of oily and non-oily fish were provided for clarification. Frequency of non-oily fish consumption was also assessed, with the subjects being asked how often they ate white fish, such as cod or haddock, and canned tuna, which were not classified as oily fish.

 Maternal BMI and sociodemographic data
 Maternal height and weight were measured at the first interview (median 13·7 weeks' GA; IQR 12·3, 16·2 weeks) and BMI z-score was calculated using age-adjusted methods(Reference Cole, Bellizzi and Flegal23, Reference Cole, Flegal and Nicholls24). Socio-economic status was assessed using the Index of Multiple Deprivation 2004, which ranks areas of residence by affluence(Reference Noble, Wright and Dibben25), and head of household occupation(26). Tobacco use was assessed twice: by self-report at first interview; by measurement of plasma cotinine concentration during the third trimester (see above). Maternal ethnicity was assessed by self-report using categories from the most recent UK national census, which were then condensed into ‘white’, ‘black’ and ‘mixed black–white’ and ‘other ethnicity’, the latter incorporating the subjects of South Asian, Far-East Asian and any other ethnicities.

 Pregnancy outcome
 Pregnancy outcome data were obtained from patient records. Gestational age was confirmed by ultrasound assessment during early pregnancy (median GA 12·4 weeks; IQR 11·3, 13·7 weeks). Customised birth weight percentiles were calculated using GROW-CENTILE software version 6.2 (Gestation Network, Birmingham, UK), which predicts birth weight based upon maternal height, weight, ethnicity, parity, infant sex and GA, using coefficients derived from a large UK reference sample(Reference Gardosi, Chang and Kalyan27). The program generates a birth weight z-score that reflects actual relative to predicted birth weight and converts this into a percentile value. SGA birth was defined as < 10th birth weight centile and preterm birth as delivery at < 37 weeks' GA.

 Statistical analyses
 Statistical analyses were performed using STATA 9.2 (StataCorp LP, College Station, TX, USA). A total of 280 subjects had complete data relating to plasma fatty acid composition, oily fish consumption, confounding variables and pregnancy outcomes. Comparisons of relevant parameters between the entire ATE cohort and the subgroup providing samples for plasma fatty acid analysis were made by unpaired t test for continuous variables and χ2 test for proportions. Differences in plasma fatty acid proportions between ethnic groups were assessed by one-way ANOVA. Linear trends in plasma proportions of LCP were determined by χ2 test for trend. Differences in the consumption of oily fish were determined by χ2 test.
 The distributions of plasma fatty acids were log-transformed where appropriate (14 : 0, 16 : 0, 16 : 1n-7, 18 : 0, 18 : 1trans, 18 : 3n-3, 20 : 5n-3 and 22 : 6n-3) to improve normality. Principal components analysis on the correlations of plasma fatty acids reduced the data into clusters, as reported previously(Reference Anderson, Sanders and Cruickshank28). Principal components analysis forms linear combinations of original variables into groups of correlated variables, which in turn identify underlying dimensions in the data. Fatty acids were selected for inclusion if they were essential fatty acids or their metabolites (18 : 2n-6, 18 : 3n-3, 18 : 3n-6, 20 : 3n-6, 20 : 4n-6, 20 : 5n-3, 22 : 5n-3 and 22 : 6n-3), constituted >2 % of total plasma fatty acids (16 : 0, 16 : 1n-7, 18 : 0 and 18 : 1n-9) or were relevant biomarkers of dietary intake (14 : 0, trans 18 : 1). Components were subjected to varimax rotation to obtain an orthogonal solution and scores were calculated for each participant. These scores were then converted to three categories by quantile (Q) for comparison of pregnancy outcomes.
 Differences in pregnancy outcome between tertiles were determined by multiple regression using robust standard errors and adjusting for potentially confounding variables, including maternal underweight and obesity (adjusted for age), ethnicity, smoking, maternal age, socio-economic deprivation (by Index of Multiple Deprivation ranking and head of household occupation) and GA at blood sampling. Adjustment for maternal smoking used self-reported smoking and plasma cotinine concentration, the latter divided into three ordinal categories: < 10 ng/ml, 10–99 ng/ml and ≥ 100 ng/ml. The inclusion of these factors was based on well-documented a priori evidence of an independent association with the duration of gestation or fetal growth(Reference Kramer29). Kruskal–Wallis tests were used to determine the associations between frequency of oily fish consumption and pregnancy outcome. Pregnancies not resulting in liveborn infants were excluded from the analyses. Significant P-values were two sided at α < 0·05, with the exception of comparisons between multiple ethnic groups, for which significance was deemed to be two sided at α < 0·001.


 Results
 Sample description
 Detailed characteristics of the ATE study cohort have been described previously(Reference Baker, Wheeler and Sanders20). Of the 500 participants initially recruited, 497 (99 %) participants completed the first questionnaire during early pregnancy. During the third trimester, 377 (75 %) participants completed the questionnaire and 283 (58 %) provided blood samples for the analysis of plasma fatty acids, of which 280 (56 %) had complete pregnancy outcome data. Five pregnancies resulted in fetal death, either in utero or at delivery. The baseline characteristics of the subjects providing samples for fatty acids analysis did not differ significantly from those of the main cohort, as shown in Table 1. More than a quarter (28 %) of the subjects reported smoking during early pregnancy and 35 % had a plasma cotinine concentration indicative of exposure to tobacco smoke (>15 μg/l) during the third trimester. Between the white and black subjects, there was a marked difference in BMI z-score (0·43, sd 0·10 v. 1·00, sd 0·12, respectively; P < 0·001) and in the proportions who smoked (44 v. 9 %, respectively; P < 0·001). All the subjects reported consuming either meat or fish at some point during pregnancy. Most of them lived in areas of high social deprivation and had low levels of educational attainment.

Table 1 Baseline characteristics of the About Teenage Eating Study cohort and sub-cohort with plasma fatty acid data*
 (Median values and interquartile ranges)



* All the comparisons between main cohort and sub-cohort were not significantly different (P>0·10).

† Age-adjusted BMI classification(21, Reference Lepage and Roy22).

‡ Self-reported at recruitment.

§ Categorised according to the UK National Statistics Socio-Economic Classification criteria(Reference Cole, Flegal and Nicholls24).

∥ Higher values indicate greater affluence(Reference Cole, Bellizzi and Flegal23).

¶ Self-reported during the third trimester.




 Maternal plasma TAG concentrations
 The median plasma TAG concentration was 1·58 (IQR 1·28, 2·15 mmol/l). The black subjects had a significantly lower mean TAG concentration (1·42 (sd 0·50) mmol/l; P < 0·001) than the white subjects (1·93 (sd 0·70) mmol/l; P < 0·001), the mixed black–white subjects (1·67 (sd 0·59) mmol/l; P = 0·024) and those of other ethnicity (2·10 (sd 0·88) mmol/l; P < 0·001). There were no other significant differences between the ethnic groups.

 Frequency of oily fish consumption
 More than two-thirds of participants (69 %; n 498) reported never consuming oily fish during early pregnancy, while 14 % consumed it at least once a week. There was a marked difference in frequency of consumption between the ethnic groups. In the white subjects, 81 % reported never eating oily fish compared with 44 % of the black subjects (P < 0·001), 68 % of the mixed black–white subjects (P = 0·042) and 77 % of subjects of other ethnicity (P = 0·51). Of the black subjects, 31 % consumed oily fish frequently (at least once a week) compared with 7 % of the white subjects (P < 0·001), 7 % of the mixed black–white subjects (P < 0·001) and 4 % of the subjects from other ethnic groups (P = 0·006). The proportion of frequent consumers did not differ between early pregnancy and the third trimester (14 v. 16 %; P = 0·68). Of those subjects with plasma fatty acid composition data, only one reported taking fish oil supplements at both interviews, while 2 % reported taking them only during the third trimester.

 Maternal plasma fatty acids
 Plasma fatty acid data were available for 283 participants. Compared with those of white ethnicity, the black subjects had significantly higher plasma proportions of 18 : 0, 18 : 2n-6, 20 : 4n-6, 20 : 5n-3, 22 : 5n-3 and 22 : 6n-3 and lower proportions of 14 : 0, 16 : 0, 16 : 1n-7, 18 : 1n-9, 18 : 3n-6 and 20 : 3n-6 (P < 0·001) (Table 2). Trans- fatty acids were only present in trace amounts, consistent with the virtual absence of partially hydrogenated vegetable fats from the UK food supply. There was no association between plasma fatty acids and socio-economic deprivation, as assessed either by Indices of Multiple Deprivation (IMD) ranking or by head of household occupation. Pronounced differences in absolute plasma fatty acid concentrations were observed between the ethnic groups (Table 3). The black subjects had lower concentrations of most fatty acids compared with those of white ethnicity, with the exceptions of 20 : 5n-3 and 22 : 6n-3 which were greater. There were no differences in the LA:ALA ratio between ethnic groups. However, the black subjects had a lower 18 : 3n-3 concentration compared with the other ethnic groups. The proportion of n-3 LCP in plasma lipids was higher in frequent consumers of oily fish (P < 0·001) (Table 4).

Table 2 Plasma fatty acid composition (% total fatty acids) in pregnant adolescents during the third trimester(Reference Jolly, Sebire and Harris1)
 (Mean values with their standard errors)



 LCP, long-chain PUFA; LA, linoleic acid; ALA, α-linolenic acid; AA, arachidonic acid.

 Mean values were significantly different compared with the white subjects (by one-way ANOVA): *P < 0·001, **P < 0·01, ***P < 0·05.

 Mean values were significantly different compared with the black subjects (by one-way ANOVA): †P < 0·001, ††P < 0·01, †††P < 0·05.



Table 3 Plasma fatty acid concentrations (mg/l) in pregnant adolescents during the third trimester(Reference Jolly, Sebire and Harris1)
 (Mean values with their standard errors)



 LCP, long-chain PUFA; LA, linoleic acid; ALA, α-linolenic acid; AA, arachidonic acid.

 Mean values were significantly different compared with the white subjects (by one-way ANOVA): *P < 0·001, **P < 0·01, ***P < 0·05.

 Mean values were significantly different compared with the black subjects (by one-way ANOVA): †P < 0·001, ††P < 0·01, †††P < 0·05.



Table 4 Relationships between frequency of consumption of oily fish and mean proportions of long-chain PUFA in plasma lipids (% total fatty acids) during the third trimester(Reference Jolly, Sebire and Harris1)
 (Number, percentage, mean values and 95 % confidence intervals)



 AA, arachidonic acid; DPA, n-3 docosapentaenoic acid.

 Mean values were significantly different for linear trend by frequency of consumption of oily fish: *P < 0·038, **P < 0·001.




 Plasma fatty acid components
 Principal components analysis clearly identified two components, which together represented 47 % of the total variance in plasma fatty acid proportions (Table 5). The ‘low PUFA:SFA (P:S) ratio’ component was determined mainly by higher proportions of 14 : 0, 16 : 0, 16 : 1n-7 and 18 : 1n-9 and lower proportions of 18 : 2n-6, 20 : 4n-6 and 22 : 6n-3. It was positively correlated with the plasma TAG concentration, although it was not associated with oily fish consumption. The ‘high n-3 LCP’ component was associated with higher plasma proportions of 20 : 5n-3, 22 : 5n-3 and 22 : 6n-3 and lower proportions of 16 : 0, 16 : 1n-7 and 18 : 1n-9. It was positively correlated with frequency of oily fish consumption and negatively correlated with plasma TAG concentration.

Table 5 Correlations between plasma fatty acids (w/w %), related variables and principal components in About Teenage Eating Study participants(Reference Jolly, Sebire and Harris1)



 P:S, PUFA:SFA ratio; LCP, long-chain PUFA.

 *P < 0·001 (Pearson correlation).




 Pregnancy outcome in the About Teenage Eating cohort and sub-sample
 In the cohort as a whole, 18 % delivered SGA infants and 10 % were preterm. Of the 280 subjects with both plasma fatty acids and pregnancy outcome data, 16 % delivered SGA infants and 8 % were preterm. The median GA at delivery for both the main cohort and the sub-cohort was 40·0 (IQR 38·9, 41·0) weeks. Compared with the white subjects, the duration of gestation was shorter in the black subjects (difference: − 0·71 (95 % CI − 1·29, − 0·14) d; P = 0·015) and mixed black–white subjects (difference: − 1·42 (95 % CI − 2·63, − 0·21) d; P = 0·022) and was non-significantly shorter in the subjects of other ethnicity (difference: − 0·81 (95 % CI − 1·74, 0·10) d; P = 0·08).

 Consumption of oily fish and pregnancy outcome
 There was no association between pregnancy outcome and the frequency of oily fish consumption as measured by questionnaire, either during early pregnancy (duration of gestation: P = 0·33, n 480; customised birth weight: P = 0·82, n 475; SGA birth: P = 0·55, n 475) or during the third trimester (duration of gestation: P = 0·33, n 373; customised birth weight: P = 0·80, n 373; SGA birth: P = 0·58, n 373).

 Principal components and pregnancy outcome
 There was no difference in the mean duration of gestation between the top and bottom tertiles of the ‘high n-3 LCP’ component (Q3: 39·8 (95 % CI 39·4, 40·1) weeks v. Q1: 39·9 (95 % CI 39·5, 40·2) weeks; P = 0·62, n 280, by multiple linear regression). Restriction of the analyses to spontaneous deliveries did not alter this finding (P = 0·59; n 221). There was no difference in duration of gestation between tertiles of the ‘low P:S’ component (P = 0·39).
 There was no difference in customised birth weight between tertiles of the ‘high n-3 LCP’ component (n 280). The mean customised birth weight percentile in the highest Q was 42·0 (95 % CI 32·9, 51·5) % compared with 38·7 (95 % CI 29·7, 48·3) % in the lowest tertile (P = 0·086, by simple linear regression). Adjustment for confounding variables did not alter this finding (P = 0·38, by multiple linear regression). There was no difference in customised birth weight between tertiles of the ‘low P:S’ component (P = 0·44).
 The incidence of SGA birth in the highest tertile of the ‘high n-3 LCP’ component appeared lower than those of Q1 and Q2, although these differences were NS (Q1: 18·1 (95 % CI 11·5, 27·2) %; Q2: 19·1 (95 % CI 12·4, 28·3) %; Q3: 10·8 (95 % CI 5·9, 19·0) %; P = 0·17, by simple logistic regression) (n 280). Adjustment for confounding variables did not alter this finding (P = 0·25), nor did comparison of the highest tertile with Q1 and Q2 combined (P = 0·095, by multiple logistic regression). There was a marginally significant reduction in the incidence of SGA birth with increasing tertiles of the ‘low P:S’ component (Q1: 22·6 (95 % CI 13·9, 31·2) %; Q2: 13·8 (95 % CI 6·7, 20·9) %; Q3: 11·8 (95 % CI 5·1, 18·5) %; P = 0·054, by simple logistic regression), although this did not persist after adjustment for confounding variables (P = 0·16, by multiple logistic regression).


 Discussion
 The present study assessed the relationships between maternal n-3 LCP status, as assessed by the fatty acid composition of plasma lipids, and pregnancy outcome in an inner-city cohort of adolescents. Less than one-third of the participants reported consuming any oily fish during pregnancy and the remainder presumably deriving n-3 LCP from other dietary sources and from endogenous conversion of essential fatty acids. Supplements containing marine oils did not materially contribute to n-3 LCP intake since only 2 % of the participants reported taking them during pregnancy. Although white fish and canned tuna may have made a small but significant contribution to DHA intake (approximately 0·1 g/serving), the present study did not attempt to assess intake from less rich dietary sources of DHA, such as eggs, offal and meat because of a lack of reliable data in the UK food composition database.
 Although an absolute requirement for DHA has not been demonstrated during pregnancy, recent guidelines have recommended intakes ranging from 100 to 300 mg/d based upon levels found to be protective across a broad range of infant outcomes in randomised controlled trials(Reference Koletzko, Cetin and Brenna30, Reference Akabas and Deckelbaum31). The present UK dietary guidelines for pregnant women recommend consumption of one to two portions of fish/week, of which at least one should be oily(32). This amount agrees with other guidelines(Reference Kris-Etherton, Grieger and Etherton33) and is calculated to provide 100–250 mg of pre-formed DHA/d. While an intake of 100 mg/d may be attainable without consumption of oily fish, 200 mg/d is more challenging(32). In this cohort, the mean plasma DHA proportion was 2·4 (sd 0·7) %, similar to healthy Italian pregnant women assessed using similar methods (2·3 (sd 0·6) %; n 19; GA 33·6 (sd 2·1) weeks)(Reference Alvino, Cozzi and Radaelli34) and Spanish pregnant women (2·3 (sd 0·5) %; n 36)(Reference Matorras, Ruiz and Perteagudo35). These data do not suggest that adolescents are at additional risk of sub-optimal DHA status, as compared with adults.
 In the present study, only 14 % of the participants met the recommendation to eat at least one portion/week of oily fish, although this proportion was substantially lower in the white subjects (7 %) compared with those of black ethnicity (31 %). Higher plasma proportions of n-3 LCP have been reported previously in black subjects in both the UK(Reference Anderson, Sanders and Cruickshank28) and the Netherlands(Reference van Eijsden, Hornstra and van der Wal36) and the present study indicates that this difference is attributable to a higher consumption of oily fish by the black subjects rather than to any genetic cause.
 A previous study found that UK pregnant women of South Asian ethnicity consuming a vegetarian diet had a significantly reduced duration of gestation ( − 5·6 d) compared with white, omnivorous women, and it was suggested that this may have been due to a lower consumption of n-3 LCP and a higher intake of LA(Reference Reddy, Sanders and Obeid37). In the present study, the mean duration of gestation in the black adolescents, mostly of African and Caribbean ethnicity, was slightly shorter than that of the white subjects ( − 0·7 d), yet in this case, they had a higher n-3 LCP status. This finding suggests that n-3 LCP is unlikely to mediate these ethnic differences in duration of gestation. Pregnancy in black and South Asian women has been observed previously to be slightly shorter compared with white Europeans, although importantly this has not been associated with a higher risk of adverse clinical outcome(Reference Patel, Steer and Doyle38).
 We used principal components analysis to identify the patterns of maternal PUFA intake since it provides a means of summarising common patterns of variation among groups of inter-related variables. In agreement with the previous reports(Reference Anderson, Sanders and Cruickshank28, Reference Warensjo, Sundstrom and Lind39), two components were clearly identified, the first characterised by a low P:S ratio, which was higher in the white participants, and the other associated with greater intakes of n-3 LCP, this being higher in the black participants. No association was noted between the ‘low P:S’ component and pregnancy outcome after adjustment for confounding factors.
 No associations were found in this cohort between either oily fish intake or maternal n-3 LCP status and pregnancy outcome. The lack of association with the duration of gestation agrees with some(Reference Oken, Kleinman and Olsen10, Reference Olsen, Hansen and Secher40, Reference Halldorsson, Meltzer and Thorsdottir41), although not all(Reference Olsen, Hansen and Sommer42–Reference Olsen and Secher44), previous observational studies. Insufficient sampling power was unlikely to have caused this finding, since associations between maternal plasma proportions of PUFA and pregnancy outcome have been observed previously in cohort studies using smaller sample sizes(Reference Grandjean, Bjerve and Weihe43, Reference Elias and Innis45) and in case–control studies with markedly fewer cases(Reference Cetin, Giovannini and Alvino46, Reference Reece, McGregor and Allen47) than that of the present study. Moreover, there was no indication of any emergent non-significant trend between maternal n-3 LCP status and pregnancy outcome. A recent Danish study reported higher consumption of oily fish to be associated with a greater risk of fetal growth restriction, which in that instance was attributed to the persistent pollutants occurring in fish from the Baltic Sea(Reference Halldorsson, Meltzer and Thorsdottir41). In randomised controlled trials where a longer gestation has been found, intakes of n-3 LCP have tended to be markedly higher than those normally achieved by diet, ranging from 2 to 4 g/d, approximately tenfold the amount in the typical UK diet(Reference Szajewska, Horvath and Koletzko5, Reference Horvath, Koletzko and Szajewska6, Reference Olsen, Osterdal and Salvig48). One exception to this is a randomised controlled trial of eggs fortified with approximately 133 mg DHA, which was claimed to increase the duration of gestation by 6 d(Reference Smuts, Huang and Mundy49). Meta-analyses of these trials(Reference Makrides, Duley and Olsen4–Reference Horvath, Koletzko and Szajewska6) reported a slightly longer duration of pregnancy and a marginal increase in birth weight of questionable clinical significance. More recently, a randomised controlled trial designed to assess whether supplementation with 1200 mg/d EPA and 800 mg/d DHA prevents recurrence of preterm birth in women with ≥ 1 prior spontaneous preterm delivery already receiving 17-α-hydroxyprogesterone caproate found no additional benefit of supplementation(Reference Harper, Thom and Klebanoff50). The present study provides no further evidence to support an association between maternal DHA status and pregnancy outcome in adolescents.
 The strong negative association between maternal smoking use and plasma n-3 LCP fatty acids shows the strong potential for confounding in observational studies with fetal outcomes, particularly birth weight, since smoking data are often prone to misreporting bias. However, the present study combined self-reported and biochemical data and, while neither in itself provides a truly reliable reflection of maternal smoking behaviour over the entire duration of pregnancy, together they provide a robust indicator of tobacco use.
 The present study has some limitations. Our sample was broadly reflective of the pregnant adolescent populations living in inner-city areas of London and Manchester and was not intended to be representative of UK adolescents as a whole. Our subjects were drawn entirely from metropolitan areas with some of the highest rates of adolescent pregnancy and social deprivation in the UK and therefore the results may not be generalisable to those living in less densely populated areas where demographic, social and cultural influences may differ. Additionally, ethical considerations prevented collection of fasted plasma, which may, in some cases, have led to the fatty acid composition reflecting very recent dietary intake. We took various steps to prevent this by confirmation of recently eaten foods at interview as well as by measurement of plasma TAG concentration. Although plasma TAG rises during late gestation as fatty acids are mobilised from adipose tissue, no subjects in the present study had concentrations indicative of postprandial lipaemia. Furthermore, most plasma LCP are carried on cholesteryl esters and phospholipids, rather than the TAG fraction(Reference Hodson, Skeaff and Fielding51).
 Conclusion
 Maternal plasma n-3 LCP status during the third trimester is not associated with the duration of gestation or fetal growth in pregnant adolescents deriving little or no n-3 LCP from oily fish.
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