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Abstract   

Polyunsaturated fatty acids (PUFA) are necessary for cell membrane structure and 

function, have a role in cognition and are important for the inflammatory response. PUFA 

are also essential during pregnancy for child development. The biological status of PUFA 

can be influenced by factors such as dietary intake and genetics. This thesis aims to (1) 

review current evidence relating to fatty acid desaturase (FADS) genotype and its 

influence on PUFA status and child health outcomes, (2) investigate associations between 

dietary patterns and maternal PUFA status, (3) examine the influence of maternal and 

child FADS genotype on cord blood PUFA status, and (4) investigate the effect of fish 

consumption on PUFA status in women of childbearing age while stratifying by FADS 

genotype.  

A review of the literature within this thesis highlights the influence of FADS genotype 

on PUFA status during pregnancy and in children, breastmilk PUFA concentrations and 

child health outcomes.  

The association between dietary intake and biological PUFA status of pregnant women 

in the Seychelles Child Development Study (SCDS), a high fish eating cohort, was 

investigated through dietary pattern analysis. Higher n-3 PUFA concentrations were 

associated with a dietary pattern high in fatty fish, fruit and vegetables, highlighting the 

importance of dietary intake for PUFA status.  

In addition to dietary intake, FADS genotype influences PUFA status. Maternal and child 

FADS genotype were observed to have an impact on cord blood PUFA status in this high 

fish eating cohort, with the minor allele homozygous genotype in the mothers being 

associated with lower cord blood DHA and total n-3 concentrations, whereas in the 

children the heterozygous genotype was associated with lower AA concentrations.  

Given the influence of diet and FADS genotype on PUFA status, a randomised control 

trial was completed in women of childbearing age to investigate the effect of fish 
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consumption on PUFA status while stratifying by FADS genotype. Results from this 

intervention study indicate higher n-3 PUFA status at post intervention in those 

consuming two portions of fish per week compared to those consuming no fish or one 

portion per week. This finding demonstrates the importance of following current 

international guidelines to consume two portions of fish per week. The increase in n-3 

PUFA status was more pronounced in FADS major allele homozygotes, suggesting 

carriers of the minor allele may need to consume a greater amount of fish to see a similar 

increase in PUFA status; however further research is needed to determine if this outcome 

is correct.  

Overall, this thesis demonstrates the importance of dietary intake of PUFA from fish 

during pregnancy, and highlights that genetic variation in FADS also has an influence on 

PUFA status of cord blood and women of childbearing age. Given the importance of 

PUFA during pregnancy, future studies investigating PUFA status should consider FADS 

genotype.  
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Fatty acids consist of a hydrocarbon chain with a carboxyl group at one end of this chain, 

and a methyl group at the other end. When the hydrocarbon chain contains double bonds 

the fatty acid is referred to as being an unsaturated fatty acid (Calder & Yaqoob, 2009). 

Polyunsaturated fatty acids (PUFA) contain two or more double bonds in their 

hydrocarbon chain, and can be classed as either n-3, n-6 or n-9 depending on the position 

of the first double bond. For the n-3 family of PUFA, the first double bond is located at 

carbon number 3 from the methyl end. The n-6 and n-9 families have the first double 

bond located at carbon number 6 and 9 from the methyl end respectively (Glaser et al., 

2011).  

Linoleic acid (LA, 18:2n-6) and α-linolenic acid (ALA, 18:3n-3) are the simplest 

fatty acids of the n-6 and n-3 families respectively. In plants, ALA can be synthesised 

from LA by desaturation which is catalysed by Δ15 desaturase (D15D) enzymes, 

however, animals do not have the D15D enzyme and thus ALA cannot be synthesised 

endogenously (Calder & Yaqoob). LA and ALA are essential fatty acids which must be 

provided by the diet as the mammalian body cannot produce these (Brenna, 2002; Glaser 

et al., 2011). Dietary sources of LA include oils such as sunflower, safflower, coconut 

and pumpkin seed oil (Orsavova et al., 2015), whereas dietary sources of ALA include 

flaxseed, rapeseed oil and walnuts (Calder & Yacoob, 2009).   

These PUFA are precursors from which long chain (LC) PUFA can be synthesised 

endogenously (Brenna, 2002). Following a series of elongation and desaturation steps, 

the n-6 LCPUFA arachidonic acid (AA, 20:4n-6) is synthesised from LA, and the n-3 

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

3) are synthesised from ALA (Figure 1). This endogenous synthesis involves the ∆5 

desaturase (D5D) and ∆6 desaturase (D6D) enzymes. It is known that there is competition 

between the n-6 and n-3 families for these enzymes with these having a preference for n-

3 PUFA, albeit the high intake of LA in the diet results in higher desaturation to the n-6 
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LCPUFA (Simopoulos, 2010).  

PUFA have many roles in the body including an essential role in cell membrane 

structure and function (Calder & Yaqoob, 2009; Calder, 2015), and in the optimal 

functioning of the nervous system (Singh, 2005). PUFA are also important for the 

immune system via their involvement in the inflammatory process and through the actions 

of eicosanoids and docosanoids, which are derived from PUFA (Calder, 2015; Massey & 

Nicolaou, 2013). The 20 carbon LCPUFA DGLA, AA and EPA are precursors for these 

biologically active eicosanoids which include the prostaglandins, leukotrienes and 

thromboxanes, and the 22 carbon LCPUFA DHA is a precursor for resolvins and 

protectins which are known as docosanoids (Calder, 2010). AA has widely been 

considered to be pro-inflammatory, however, the eicosanoids produced from AA are 

known to be both mediators and regulators of inflammation, with not all the 

prostaglandins being pro-inflammatory (Calder, 2006; Hadley et al., 2016). Furthermore, 

PUFA are essential during pregnancy for foetal development. The long chain (LC) PUFA, 

specifically arachidonic acid (AA, n-6) and docosahexaenoic acid (DHA, n-3), are needed 

for brain growth and development (Hadley et al., 2016; Innis, 2007; Akerele et al., 2016), 

and DHA is necessary for the development of the retina (Molloy et al., 2012). The foetus 

relies solely on maternal status for PUFA supply and it is reported that preferential 

transfer of DHA and AA from the mother to the foetus occurs, particularly in the third 

trimester when accumulation of DHA in the foetal brain is highest (Shahidi et al., 2017; 

Makrides et al., 2011). Optimal maternal PUFA status during pregnancy is of key 

importance for child development, therefore understanding factors, which may influence 

maternal PUFA status, and ultimately foetal PUFA status, is also essential.  

Dietary intake and genetics are two such factors that have been proposed to 

influence biological PUFA status, with fish being the main dietary source of n-3 

LCPUFA. Research to date has provided inconsistent results for associations between fish 
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consumption and PUFA status in both pregnant and non-pregnant cohorts  Studies in 

pregnant women have found no association between increased fish consumption and 

PUFA status (Bonham et al., 2009: Garcia-Rodriguez et al., 2017) which may be owing 

to the preferential transfer of LCPUFA from mother to foetus. These studies examined 

associations between fish and PUFA; however, diet as a whole will also influence nutrient 

status. Previous studies involving dietary pattern analysis and associations with PUFA 

status concluded dietary patterns including foods not regarded as a source of PUFA, such 

as dairy products, fruit and vegetables, were associated with increased biological PUFA 

status (Benaim et al., 2018; Pounis et al., 2014). This suggests that there may be 

interactions between constituents of foods which could increase PUFA status in a food 

matrix effect. There is a need to examine the diet in a high fish-eating cohort to determine 

if dietary patterns are associated with PUFA status.  

The fatty acid desaturase (FADS) genes have an important role in influencing 

PUFA status. The FADS1 and FADS2 genes encode the D5D and D6D enzymes 

respectively which are involved in the endogenous synthesis of LCPUFA from the 

precursor molecules LA (n-6) and ALA (n-3). These precursor molecules are essential 

fatty acids which must be provided by the diet and will then go through a series of 

elongation and desaturation steps. Variation in FADS genotype leads to a reduction in 

desaturase enzyme functionality, thus resulting in lower concentrations of LCPUFA 

products. The influence of FADS genotype on PUFA status is an emerging area of 

research, which may explain some of the variation in studies investigating PUFA status 

to date.  

 Variation in FADS genotype, specifically the minor allele homozygous genotype, 

has previously been linked to increased concentrations of the precursor molecules linoleic 

acid (LA) and α-linolenic acid (ALA), and lower concentrations of LCPUFA products 

AA and DHA. The minor allele genotype for various FADS1 and FADS2 SNPs including 
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rs174575, rs174561 and rs174556 has been associated with child cognition, allergy 

development and birth weight (Steer et al., 2010; Standl et al., 2011; Gonzalez-Casanova 

et al., 2016). Limited research exists on how FADS genes are associated with PUFA 

status especially in high fish eating populations. Previous research in pregnant women 

from a high fish eating cohort in the Republic of Seychelles indicated that despite the high 

consumption of fish, associations between FADS genotype and LCPUFA status were still 

evident (Yeates et al., 2015). There is a need for further studies in this area to assess the 

influence of increased dietary intake on PUFA status according to genotype. The majority 

of research completed in this area to date has been observational. Some intervention 

studies with n-3 PUFA supplements have been conducted (Al-Hilal et al., 2013; Meldrum 

et al., 2017; Meldrum et al., 2012; Scholtz et al., 2015) and indicate that supplementation 

with EPA and DHA will increase LCPUFA status across all genotypes, however, the 

increase was greatest in individuals who were major allele homozygotes. To date, dietary 

intervention studies with fish have not taken account of FADS genotype when 

determining whether fish consumption increases PUFA status.  

 During pregnancy, PUFA status of the developing child may be influenced by 

both maternal and child FADS genotype (Lattka et al., 2013; Steer et al., 2012). There 

have been a limited number of studies investigating the influence of maternal or child 

FADS genotype on cord PUFA status. Research has identified that mothers with the 

minor allele of various FADS1 and FADS2 SNPs gave birth to children with lower cord 

blood LA and higher AA concentrations (Steer et al., 2012; Lattka et al., 2013). 

Furthermore, children with the minor allele for FADS genotype had lower cord blood AA 

concentrations (Steer et al., 2012; Lattka et al., 2013; Barman et al., 2015). The 

product:precursor ratio is an indicator of desaturase enzyme activity (Vessby et al., 2013) 

and has been associated with FADS genotype, albeit differing results have been observed 

between populations. European children who were minor allele carriers had lower 
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product:precursor ratios (Steer et al., 2012; Lattka et al., 2013; Barman et al., 2015), 

whereas Indonesian children who were carriers of the minor allele had higher AA:LA 

ratio indicating higher desaturase activity (Tanjung et al., 2018). A high fish eating cohort 

in the Republic of Seychelles has previously reported maternal FADS genotype, 

specifically being a carrier of the minor allele, is associated with lower maternal AA 

concentrations (Yeates et al., 2015). Further research is needed in high fish consuming 

mother-child pairs to investigate the influence of both mother and child genotype on cord 

PUFA status.  

PUFA are essential during pregnancy for foetal development and the benefits of 

optimal PUFA status during foetal development can have lasting effects in later life. Fish 

is a rich source of LCPUFA, however, previous studies have not conclusively found 

associations between fish intake and higher LCPUFA status (Amiano et al., 2001; 

Philibert et al., 2006; Bonham et al., 2008). Attaining a clear understanding of factors 

such as diet and genetic polymorphisms which impact PUFA status will add to the 

literature with respect to the interpretation of the health benefits of PUFA during 

pregnancy and for optimal child development. 
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Thesis aims:  

The overall aim of this thesis was to investigate factors which may influence the 

biological status of PUFA in women of childbearing age, pregnant women and cord blood 

samples. The objectives of the thesis were to provide:  

1. A systematic review discussing the influence of genetic variation in FADS 

genotype on maternal PUFA status in pregnancy, breastmilk PUFA 

concentrations, and PUFA status of children from birth to adolescence. The 

influence of FADS genotype on child health outcomes was also reviewed. 

(Chapter 2)  

2. An investigation of the associations between dietary patterns and maternal PUFA 

status in a high fish eating cohort of pregnant women. (Chapter 3)  

3. An investigation of the influence of maternal and child genetic variation in FADS 

genotype on cord blood PUFA status in a high fish eating cohort of pregnant 

women. (Chapter 4)  

4. An intervention study to investigate the effect of fish consumption on PUFA status 

in women of childbearing age while stratifying by FADS genotype. (Chapter 5)  
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Figure 1: Endogenous synthesis of long chain polyunsaturated fatty acids (LC-PUFA) (Amended from Yeates et al., 2015) 
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Abstract   

Context: Long chain polyunsaturated fatty acids (LCPUFA) are important during 

pregnancy for foetal development, and child health outcomes. The fatty acid desaturase 

(FADS) genes also influence PUFA status, with minor allele carriers having lower 

biological concentrations of arachidonic acid (AA) and docosahexaenoic acid (DHA), 

and higher concentrations of the precursors linoleic acid (LA) and α-linolenic acid (ALA). 

Objective: The current review discusses the influence of FADS genotype on PUFA status 

of pregnant women, breastmilk, and children, and also how FADS may influence child 

health outcomes. Data sources and extraction: Electronic databases were searched from 

their inception to September 2018. Eligible studies reported FADS genotype and blood 

concentrations of PUFA during pregnancy, in childhood, breast milk concentrations of 

PUFA or child health outcomes. Results: In pregnant and lactating women minor allele 

carriers have higher concentrations of LA and ALA, and lower concentrations of AA in 

blood and breastmilk respectively. In children, FADS genotype influences PUFA status 

in the same manner, and may impact child outcomes such as cognition and allergies. 

Conclusion: Further studies are needed to further investigate associations between FADS 

and outcomes, as well as the diet-gene interaction.   

 

 

 

 

Keywords: fatty acid desaturase, FADS, polyunsaturated fatty acids, PUFA, pregnancy, 

child outcomes  
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Introduction  

Long chain polyunsaturated fatty acids (LCPUFA) have many important roles in 

physiological processes in the body, including cell membrane function, response to 

inflammation (Calder, 2015), and foetal development (Calder, 2015; Lattka et al., 2010).  

As the developing foetus relies solely on maternal supply for nutrition, maternal status of 

LCPUFA during pregnancy is of particular importance. LCPUFA include arachidonic 

acid (AA) and docosahexaenoic acid (DHA) of the n-6 and n-3 pathways respectively. 

DHA is required for brain and retinal development, and AA is essential for brain growth 

(Uauy et al., 1990; Xiang et al., 2000; Tallima & Ridi, 2017). DHA and AA are found in 

high concentrations in the grey matter of the brain and membranes of the retina (Ryan et 

al., 2010). AA has a role in cell signalling and division (Katsuki & Okuda, 1995), and 

accumulates in the brain during development, particularly from the third trimester to 2 

years of age (Dobbing & Sands, 1979). Animal studies have shown that AA is involved 

in maintenance and functioning of the hippocampus (Fukaya et al., 2007) and also has a 

protective role against oxidative stress (Wang et al., 2006).  

In the latter stages of pregnancy, levels of DHA and AA in the developing foetal 

brain rise while levels of the precursors ALA and LA remain stable (Uauy et al., 1990).  

A recent systematic review highlighted the effects of n-3 LCPUFA supplementation 

during pregnancy resulting in a lower incidence of preterm birth (Middleton et al., 2018). 

LCPUFA supplementation during pregnancy has also been linked to a reduction in 

childhood allergic diseases (Best et al., 2016), and cognitive and visual development 

(Gould et al., 2013); however the evidence has not shown a conclusive benefit. DHA and 

AA are also required postnatally for child development. Both DHA and AA have been 

found to be associated with child cognitive and visual function outcomes (Hoffman et al., 

2009). Supplementation of infant formula with DHA+AA being associated with higher 
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scores on the Mental Development Index (MDI) or the Bayley Scales of Infant 

Development, 2nd Edition (BSID-II) (Birch et al., 2000).  

Increasing evidence suggests that genetic variation in fatty acid desaturase 

(FADS) genes is associated with biological LCPUFA concentrations. The FADS1 and 

FADS2 genes are found on chromosome 11q12-q13.1 in head-to-head orientation, and 

together with FADS3 form the FADS gene cluster (Lattka et al., 2009). These FADS 

genes are involved in the PUFA elongation pathway (Figure 1). The rate-limiting 

desaturase enzymes involved in this pathway include Δ-5 desaturase (D5D) and Δ-6 

desaturase (D6D), which are encoded by the FADS1 and FADS2 genes respectively 

(Yeates et al., 2015 Ameur et al., 2012). D5D and D6D enzyme activity can be estimated 

as fatty acid product:precursor ratios (Vessby et al., 2013). Genetic variation in FADS 

genotype is commonly observed with single nucleotide polymorphisms resulting in 

modifications to biological status and ability to synthesise LCPUFA. Results from 7 

observational studies indicate that pregnant women who are carriers of the minor allele 

of various FADS single nucleotide polymorphisms (SNPs) have higher blood 

concentrations of the precursors LA and ALA and lower concentrations of LCPUFA, in 

particular AA (de la Garza Puentes et al., 2017; Gonzalez-Casanova et al., 2016; Yeates 

et al., 2015; Scholtz et al., 2015; Koletzko et al., 2011; Xie & Innis, 2010; Moltó-

Puigmartí et al., 2010; Xie & Innis, 2008). Studies also indicate that minor allele carriers 

have lower desaturase activity as indicated by reduced product:precursor ratios (de la 

Garza Puentes et al., 2017; Koletzko et al., 2011). This reduction in enzyme activity may 

be due to a decrease in functional enzymes apparent with the presence of the variant allele.  

There are other possible mechanisms of action of FADS SNPS on PUFA status via 

changes in FADS gene expression. Such mechanisms include altered promoter or 

enhancer region of the FADS gene, transcript degradation (Brenna et al., 2010; Rahbar et 

al., 2017) and low expression of protein (Ralston et al., 2015).  
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FADS genotype variation has also been shown to have an effect on breast milk 

PUFA concentrations in lactating women. A total of 7 observational studies have 

investigated the relationship between maternal FADS genotype and breastmilk PUFA 

composition. Minor allele carriage in a range of FADS SNPs was associated with lower 

AA breastmilk concentrations (Ding et al., 2016; Muc et al., 2015; Lattka et al., 2011; 

Morales et al., 2011; Moltó-Puigmartí et al., 2010; Xie & Innis, 2008). Lower 

concentrations of eicosapentaenoic acid (EPA) (Xie & Innis, 2008; Moltó-Puigmartí et 

al., 2010; Muc et al., 2015) and DHA (Xie & Innis, 2008; Moltó-Puigmartí et al., 2010) 

have been reported in some but not all studies in this area.  

Child PUFA status is also influenced by FADS genotype with a total of 12 

relevant studies in this area. PUFA status of children as measured in cord blood according 

to genotype has been investigated in 3 studies (Barman et al., 2015; Lattka et al., 2013; 

Steer et al., 2012), and in children aged 2 to 13 years old in 4 studies (Barman et al., 2015; 

Fahmida et al., 2015; Rzehak et al., 2010; Lauritzen et al., 2017). Children who were 

minor allele carriers for FADS SNPs generally had decreased circulating AA 

concentrations. Associations of child FADS genotype and child DHA status have not 

been as consistent, with minor allele carriers of some SNPs having increased DHA 

concentrations, whilst others FADS SNPs are associated with decreased DHA 

concentrations (Harslof et al., 2013). Other studies have reported no association between 

DHA status and FADS genotype in children aged 8 years old and over (Lauritzen et al., 

2017; Andersen et al., 2017). Maternal FADS genotype has also been found to influence 

child PUFA status. Maternal genotype has been associated with increased cord blood LA 

concentrations, as well as decreased AA and DHA (Steer et al., 2012), AA:DGLA and 

EPA:ALA ratios (Lattka et al., 2013).  

In addition to influencing PUFA status, FADS genotype variation and 

associations with clinical endpoints has also been examined. One of the most commonly 
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investigated outcomes in relation to child FADS genotype is child cognition. No direct 

association between child FADS genotype and cognitive outcomes has been reported 

(Morales et al., 2011; Fahmida et al., 2015; Andersen et al., 2017; Martin et al., 2011; 

Groen-Blokhuis et al., 2013). The influence of child FADS on allergy development has 

also been investigated, similarly with no conclusive relationship observed (Barman et al., 

2015; Rzehak et al., 2010; Standl et al., 2011). Other child health outcomes that are 

known to be associated with PUFA status such as inflammatory marker status (Muc et 

al., 2015), asthma (Standl et al., 2012a) and  lipid profile (Standl et al., 2012b; Molto-

Puigmarti et al., 2013) have also been investigated but the research in these areas to date 

is limited.  

To date, there has been no systematic review assessing the effects of maternal and 

child FADS genotype on PUFA status in both mother and infant, and how this might 

impact on child outcomes. The current review has discussed the existing evidence in 

relation to the influence of genetic variation in FADS genotype on PUFA status of 

pregnant women, breastmilk and children, and on child outcomes including, but not 

limited to, cognition, allergy development and asthma. The need for further studies in 

relation to FADS genotype and PUFA status and child outcomes is highlighted.  

 

Objectives  

To review current scientific literature on FADS genotype and its influence on 

polyunsaturated fatty acid (PUFA) status in pregnancy, lactation and in the child. The 

influence of FADS genotype on child outcomes will also be reviewed.  
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Methods  

Search methods for identification of studies  

Searches were completed in Ovid MEDLINE, Embase, Scopus, Cochrane Library, 

CINAHL Plus, Pubmed and Web of Science from their inception until September 2018. 

Search terms included truncation and Medical Subject Headings where appropriate. The 

search strategy consisted of several elements: FADS, PUFA, and either pregnancy, 

lactation and breast milk, children, or child outcomes (Supplementary file S1: Appendix 

1). Searches were modified as required for each database. A secondary search of reference 

lists of studies viewed as eligible for inclusion was also completed whereby potentially 

relevant articles were identified.  

 

Eligibility criteria  

Articles were viewed as eligible if they reported FADS genotype and at least one of the 

following outcomes: blood concentrations of PUFA during pregnancy, lactation, 

childhood; breast milk concentrations of PUFA and any child health outcomes (including 

cognition, birth outcomes, allergy development, or other relevant outcomes. Studies 

completed in pregnant women, lactating women or children were eligible for inclusion. 

Observational studies were included if they examined FADS genotype and PUFA status 

in the previously mentioned population groups, or if they examined FADS genotype and 

child outcomes. A PICO strategy (Participants, Intervention, Comparison, Outcomes) 

was developed to define inclusion and exclusion criteria for intervention studies (Table 

1). Only articles published in the English language were viewed as eligible.  

 

Study selection and data extraction  

All database search results were exported to RefWorks and duplicate records removed. 

Titles were screened for eligibility using the above predefined eligibility screening 
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criteria. Following title and abstract screening, full texts for each article were obtained. 

Full text articles were subsequently assessed for eligibility. Reference lists of relevant 

studies were also searched for potentially eligible papers; these were then screened as 

described previously. Relevant data was extracted from individual studies including 

country, study participants, study type, sample size, FADS SNP, and study findings.  

 

Quality assessment  

As a means of assessing the quality of eligible studies, the Newcastle-Ottawa scale was 

used for assessing observational studies (Wells et al., 2011). Studies were scored 

according to a predefined star scoring system, where a higher star rating indicated better 

quality study, with the maximum score possible being 9 stars. The Cochrane 

Collaboration’s tool for assessing risk of bias was used for quality assessment of 

intervention studies (Higgins et al., 2011). This risk of bias tool assessed the areas of 

sequence generation, allocation concealment, blinding, incomplete data and selective 

reporting. Studies were given a rating of “low”, “high” or “unclear” risk of bias in each 

of these areas.  

 

Results  

A total of 10,860 papers were identified from database searches (Figure 2). Of these 7,286 

were excluded as they were duplicates, leaving 3,574 references. Following title and 

abstract screening, 271 full text articles were assessed for eligibility. A further 226 

references were excluded following full text screening; 9 were not in English, 80 were 

not suitable study type (reviews/conference proceedings/abstract only/meta-

analysis/book chapter) or the full text was not available. A further 55 did not include 

FADS genotype, 18 were not human studies, and 64 were studies completed in a 

population outside the scope of this review (e.g. studies in men, or women who were not 
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pregnant). This gave a final number of 45 articles for inclusion in the current review. The 

majority of observational studies were of good quality, with scores for selection generally 

being high. For comparability, studies did not score as highly due to studies not 

controlling for important confounders. The majority of studies scored highly in the 

outcome or exposure category when assessing risk of bias, indicating that statistical 

analysis completed was appropriate and fully described. Two of the three intervention 

studies included in this review had an unclear risk of selection bias. Overall there was a 

low risk of performance and detection bias. Attrition bias was varied in each study, with 

one having a high risk of bias, one having an unclear risk of bias, and the final intervention 

study included being considered to have a low risk of bias. The majority of studies were 

deemed as being unclear as to whether there was reporting bias. Forest plots were not 

undertaken in this review as there was not adequate data to do so.  

 

Discussion  

FADS genotype and PUFA status during pregnancy  

During pregnancy, the developing foetus relies solely on maternal supply for nutrients, 

which are transferred from mother to foetus via placental transfer. A total of 8 papers 

investigated the influence of FADS genotype on PUFA status during pregnancy (Table 

2). All studies, reported increased concentrations of the n-6 precursor molecule LA and 

the n-3 ALA in minor allele carriers of various FADS SNPs. Minor allele carriers for 

rs174545, rs174537, rs174546 and rs174553 of the FADS1 gene had lower AA:DGLA 

ratio, indicative of decreased functionality of the desaturase enzymes (de la Garza Puentes 

et al., 2017). Similarly, others have shown a negative association between minor allele 

carriers of a range of SNPs and product:substrate ratios (Table 2), further suggestive of 

decreased enzyme activity in the presence of FADS genotype SNPs. An intervention 

study in pregnant women investigated the association between the FADS1 SNP rs174533 
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and FADS2 SNP rs174575 and AA and DHA status following DHA supplementation 

(Scholtz et al., 2013). At baseline minor allele carriers for rs174533 had lower AA and 

DHA status; however, following supplementation with DHA the minor allele 

homozygotes had increased DHA status from baseline. This finding is suggestive that 

genotype influences the effect of dietary intake on PUFA status. As these data are from 

an RCT it provides an insight into the influence of supplements on LCPUFA status, rather 

than being observational data looking at one point in time. Pregnant women who are 

minor allele carriers of FADS SNPs may therefore benefit from increased dietary intake 

of preformed LCPUFA for improved circulating LCPUFA concentrations important for 

foetal development. Of these studies, 6 reported PUFA status as determined in the 

phospholipid fraction of either plasma or red blood cells (RBCs), while 2 report total 

PUFA concentrations from serum or plasma. During pregnancy, maternal PUFA are 

transferred from the mother to the foetus via the placenta. These PUFA arise from 

maternal triglycerides and free fatty acids rather than phospholipids (Dutta-Roy, 2000; 

Herrera, 2002; Bonham et al., 2008). Consideration of the blood fraction being used for 

analysis should be carefully considered to ensure the appropriate fraction is chosen. Given 

the importance of LCPUFA for foetal development, optimal maternal status is crucial and 

future dietary intervention studies are needed to further investigate the influence of 

dietary intake on LCPUFA status according to genotype.  

 

FADS genotype and PUFA status of breastmilk  

Breastmilk provides the optimum nutritional composition for infants, furthermore, it is a 

rich source of PUFA, with the maternal diet influencing the PUFA profile of breast milk 

(Ballard et al., 2013). The lactating mammary gland has both D5D and D6D enzymes 

present (Xie & Innis, 2008), and therefore the FADS genotype may influence PUFA 

concentrations of breastmilk. A total of 7 studies, all of which were observational, were 
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identified and these studies investigated the relationship between maternal FADS 

genotype and breastmilk PUFA composition (Table 3). Lower breastmilk AA 

concentrations in carriers of the minor allele were seen in the studies identified, with the 

SNPs rs174547, rs174556, rs174537, rs174570, rs2072114, rs174602, rs526126, 

rs174626 and rs174464, rs174546, rs174553, rs99780, rs174583, rs174547 and rs174556 

showing such associations. Higher precursor fatty acid concentrations were also 

commonly found in minor allele carriers. Similar to blood PUFA status during pregnancy, 

the presence of the minor allele was associated with lower AA, and higher PUFA 

precursor concentrations as well as lower product:substrate ratios in breastmilk. The 

lower product:substrate ratios also suggests  impaired functionality of the desaturase 

enzymes as a result of FADS genotype variation. LCPUFA composition of breastmilk 

appears to be influenced by FADS genotype. The evidence, however, for increased 

dietary intake of preformed LCPUFA for increasing breastmilk LCPUFA is not as clear. 

Of the 7 relevant studies included in this review, only one reported the influence of diet 

on breastmilk PUFA according to genotype and this study investigated the effect of 

maternal fish and fish oil intake on DHA proportions in plasma and breastmilk (Moltó-

Puigmartí et al., 2010). In women who were homozygous for the minor allele, lower 

proportions of DHA were observed in milk and DHA concentrations were not 

compensated for by increased fish or fish-oil intake; however, an increase in DHA was 

seen in major allele homozygotes (Moltó-Puigmartí et al., 2010). Further studies designed 

to take FADS genotype into account are needed to investigate the impact of maternal 

dietary PUFA on breastmilk concentrations according to FADS genotype, and whether 

minor allele carriers would benefit from increased LCPUFA intake.   
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FADS genotype and child PUFA status  

A total of 12 studies investigating child FADS genotype and PUFA status were identified 

(Table 4) and included children from a range of ages, from cord blood at birth to age 13 

years. At birth, PUFA status of cord blood was measured by Barman et al. (2015), Lattka 

et al. (2013) and Steer et al. (2012). It was consistently found that children with the minor 

allele for FADS SNPs had decreased circulating AA concentrations. Similarly, in children 

aged 2 to 13 years, children with a minor allele homozygosity for FADS SNPs were 

observed to have lower AA concentrations (Barman et al., 2015, Fahmida et al., 2015; 

Rzehak et al., 2010; Lauritzen et al., 2017). An association of minor allele homozygosity 

with DHA status, specifically an increase in DHA status for rs1535, and a decrease for 

rs174448 and rs174575 when compared with major allele homozygotes has also been 

reported (Harslof et al., 2013). These associations with DHA have not been consistently 

shown in other studies (Lauritzen et al., 2017; Andersen et al., 2017).  

During infancy, desaturase activity decreases with age resulting in reduced 

synthesis of AA and DHA (Carnielli et al., 2007).  Four studies investigated the role of 

child FADS genotype on PUFA product:precursor ratios. Of these studies, 3 studies 

reported that the presence of the minor allele for a range of SNPs was associated with a 

lower AA:DGLA ratio (Lattka et al., 2013; Harslof et al., 2013; Wolters et al., 2017). 

Conversely, Fahmida et al. (2015) found that heterozyogotes for SNP 174468 had a 

higher AA:DGLA ratio compared to major allele homozygotes, indicating desaturase 

enzyme activity increased in the presence of genetic variation. This contrary finding may 

be owing to the smaller sample size, and possibly also to a lower incidence of the minor 

allele in the Indonesian population (MAF=0.19 for rs174468) compared to the minor 

allele frequency of the SNPs assessed in the European populations (MAF 0.14 to 0.81 

depending on SNP) (dbSNP, 2018).   
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Three studies investigated the influence of maternal genotype on child PUFA 

status (Lattka et al., 2013; Steer et al., 2012; Lupu et al., 2015). Maternal genotype was 

associated with increased LA cord blood concentrations (Lattka et al., 2013; Steer et al., 

2012). Maternal genotype was also associated with decreased cord blood LCPUFA 

concentrations, specifically AA and DHA (Steer et al., 2012) and lower AA:DGLA and 

EPA:ALA ratios (Lattka et al., 2013). Interestingly, child PUFA status at age 7 years was 

also found to be associated with maternal genotype with minor allele carrier mothers 

being associated with increased LA and decreased AA, EPA, DPA and DHA status in 

offspring aged 7 years old (Steer et al., 2012). The associations observed between 

maternal genotype and child PUFA status may suggest that maternal genotype has a 

lasting influence on child PUFA status. There may be sex differences in the interaction 

between FADS genotype and PUFA status. Both boys and girls were found to have 

similar PUFA concentrations when they were major allele homozygotes; however, in 

minor allele homozygotes girls had lower DHA status than boys, and conversely minor 

allele homozygous boys had lower AA than girls (Steer et al., 2012). It has previously 

been noted that women can synthesise more DHA from ALA than men (Lohner et al., 

2013); therefore indicating sex and FADS genotype may interact. Future studies 

investigating the influence of FADS genotype on child PUFA status should consider the 

potential influence of sex. One randomised controlled trial investigated the influence of 

FADS genotype on child LCPUFA status following supplementation with either fish oil 

or placebo from birth to six months old (Meldrum et al., 2017). Children in the fish oil 

supplemented group had significantly higher DHA status in minor allele homozygotes for 

all FADS1 SNPs compared to heterozygous and homozygous major allele carriers. This 

finding was not observed in children of the placebo group, suggesting that increased 

intake of preformed LCPUFA is beneficial for biological status of these LCPUFA in 

minor allele homozygotes. DHA and AA are both known to be essential postnatally, 
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particularly for cognition (Birch et al., 2000), vision (Hoffman et al., 2009), brain growth 

(Hadley et al., 2016; Tallima & Ridi, 2017) and also have a role in the inflammatory 

response (Calder, 2010). DHA is known to be anti-inflammatory (Calder, 2010), and AA 

is a component of lymphocyte membrane phospholipids and CD4+ T cells which are 

essential for immunoregulation (Harbige, 2003). Given these vital roles for the immune 

and inflammatory response, optimal DHA and AA status in children is important, and 

therefore further understanding of the influence of FADS SNPs on these LCPUFA is 

required.  Further research in the form of intervention studies are required to investigate 

whether increased LCPUFA intake will have a resultant increase in child biological status 

according to genotype.  

 

FADS genotype and child health outcomes  

PUFA status is linked to several health outcomes, with increased LCPUFA having 

beneficial effects on health. Given the influence of FADS genotype on PUFA 

concentrations, this impact of genotype has the potential to influence health outcomes. A 

total of 30 studies were identified with regard to the influence of FADS genotype on child 

health outcomes (Table 5). These outcomes included cognition, allergies, asthma, as well 

as various others which have not been as widely studied to date.  

 One of the most commonly investigated outcomes in relation to child FADS 

genotype is child cognition, with the current review identifying 13 relevant studies. All 

the included studies relating to cognition are observational in study design. Of these 

studies, some have reported no association between child FADS genotype and cognitive 

outcomes (Morales et al., 2011; Fahmida et al., 2015; Andersen et al., 2017; Martin et 

al., 2011; Groen-Blokhuis et al., 2013). Nevertheless, when breastfeeding was also taken 

into consideration, being breastfed was shown to modify the effect of genotype on child 

cognition. Children who were major allele carriers and breastfed had higher IQ scores 

28



than major allele children who were not breastfed (Caspi et al., 2007; Rizzi et al., 2013). 

In addition to interactions with child PUFA status, sex of the child has also been found to 

be involved in the interaction between child genotype and child cognition. Carriage of the 

minor allele for rs174448 was associated with lower reading scores in boys, but improved 

reading scores in girls (Lauritzen et al., 2017). Furthermore, in girls, minor allele carriage 

of rs174575 was associated with increased fine motor skills scores compared to major 

allele carriers, whilst in boys no difference in scores was observed between major and 

minor allele carriers.  

 The association between FADS genotype and allergy development in children has 

also been investigated. Observational evidence to date has had varied outcomes. Minor 

alleles of FADS SNPs were associated with an increase in eczema in children aged 2 

years old in the LISA study (Rzehak et al., 2010), but a decreased risk of eczema in a 

study conducted in 13 year olds in Sweden (Barman et al., 2015). When the children of 

the LISA study were followed up again at age 10 years old an association between FADS 

minor alleles and eczema was no longer reported (Standl et al., 2011). Some studies have 

found no overall association between FADS genotype and allergy development; however, 

when diet-gene interactions are taken into consideration an association between genotype 

and allergies has been shown. In major allele homozygotes, an increased n-6:n-3 dietary 

intake has been associated with increased risk of hay-fever and higher margarine 

consumption associated with increased risk of asthma (Standl et al., 2011). Furthermore, 

children with the minor allele for FADS SNPs who were exclusively breastfed had a 

reduced prevalence of asthma, whereas no association of breastfeeding was observed in 

major allele homozygotes (Standl et al., 2012a). This observation highlights that dietary 

intake may also play an important role in the association between FADS genotype and 

allergies. Further studies are required to investigate this association, perhaps in 

populations with a high PUFA status.  
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 Whilst some studies have examined the influence of maternal FADS genotype on 

child outcomes, the research to date has not shown a conclusive association between 

maternal FADS genotype and child cognition. Maternal minor allele carriage for a range 

of FADS SNPs has been found to be associated with improved cognitive scores, with both 

positive (Morales et al., 2011; Steer et al., 2013) and negative associations being reported 

(Morales et al., 2011; Steer et al., 2013; Cheatham et al., 2015) depending on the FADS 

SNP being investigated. In contrast to this observation, others have found no associations 

between maternal FADS and child cognition having controlled for other confounders 

(Yeates et al., 2015; Groen-Blokhuis et al., 2013; Steer et al., 2010). Maternal FADS 

genotype has been linked to birthweight and preterm delivery with observational studies 

indicating minor allele carriers had lighter babies and shorter pregnancies. In order to 

determine conclusively the influence of FADS genotype, both maternal and child, on 

child outcomes further observational and intervention studies are required specifically 

designed to assess this in different populations. Such future studies should also take into 

consideration maternal PUFA status and FADS, as well as child PUFA status, FADS and 

sex as these too may have an influence on outcomes.  

 

Conclusion  

In conclusion, FADS genotype has an influence on the PUFA status of pregnant women, 

breastmilk, and children, as well as being linked to some child development and health 

outcomes. Minor allele carriers have consistently been shown to have lower PUFA status 

than major allele homozygotes, likely owing to the impaired efficiency of the elongation 

pathway observed with FADS genotype variation. It is not clear whether increased dietary 

intake of preformed LCPUFA will increase biological status and so further studies are 

needed to investigate the diet-gene interaction. Future studies should also focus on the 

influence of FADS on child health outcomes to explore the role genotype has on this, 
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taking into consideration all factors, including PUFA status and FADS genotype of both 

the mother and child, as well as sex of the child, which may impact outcomes.   
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Figure 1: Endogenous synthesis of long chain polyunsaturated fatty acids (LC-PUFA) (Amended from Yeates et al., 2015) 
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Table 1: PICOS criteria for inclusion and exclusion of studies  

 Inclusion criteria Exclusion criteria  

Population  Pregnant or lactating women, women 

of childbearing age, children  

 

Studies including adult males only will be 

excluded  

Intervention  Fish oil supplements, intervention 

with fish, fatty acid supplements   

Study does not take into consideration fish 

oil supplements, intervention with fish, 

fatty acid supplements   

 

Comparison  Studies with different FADS genotype 

groups  

 

Studies without comparison of FADS 

genotype groups  

Outcomes  PUFA status of women during 

pregnancy, PUFA status of lactating 

mothers, PUFA status of breastmilk 

composition, child PUFA status, child 

development outcomes such as 

cognition, ADHD, allergies, immunity 

etc.  

 

Studies that measured outcomes other than 

PUFA status, or child health outcomes  

Study Design  Observational studies, randomised 

controlled trials (RCTs), non-RCTs  

Animal study, in vitro study, drug study, 

chemical interaction study, laboratory 

study, food technology study, cell culture 

study, method development paper, 

research policy/ policy making, proof of 

concept, letters, editorials, commentaries, 

studies not published in the English 

language  

FADS: fatty acid desaturase; PUFA: polyunsaturated fatty acids; ADHD: attention deficit hyperactivity disorder 
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Figure 2: Prisma flow diagram *studies considered to be not suitable included reviews, conference 
proceedings, abstract only, meta-analysis, book chapter, or the full text was not available   
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Table 2: Associations between maternal FADS genotype and maternal PUFA status during pregnancy 
Reference, (Country)  Participants, blood 

fraction for PUFA analysis 
(Study type, n) 

FADS gene, SNP Findings 

de la Garza Puentes et al., 
2017 (Spain) 

Pregnant women, plasma 
phospholipids; 24 wks 
gestation 
(Cohort study, n=180) 

FADS1 rs174537, rs174545, 
rs174546, rs174553, rs174547, 
rs174548, rs174561; FADS2 
rs1535, rs174575, rs174583, 
rs99780, rs174602  
 

Minor allele carriers of rs174545, rs174537, rs174546 and rs174553 were 
negatively associated with AA:DGLA ratio. Minor allele carriers of rs174545, 
rs174546, and rs174553 had significantly lower AA concentrations than major 
allele carriers  
 
 

Koletzko et al., 2011  
(England) 

Pregnant women, red blood 
cell (RBC) phospholipids; 4-
44wks gestation  
(Longitudinal study, 
n=4457)  

FADS1 rs174548, rs174556, 
rs174561; Intergenic rs3834458, 
rs968567; FADS2 rs174570, 
rs174574, rs2727271, rs174576, 
rs174578, rs174579, rs174602, 
rs498793,  rs526126; Intergenic 
rs174448, rs174449; FADS3 
rs174455 
 

Positive association between minor allele carriers and precursor FAs and a 
negative association with LCPUFA products. Minor allele carriers of 
rs174548, rs174556, rs174561, rs3834458, rs968567, rs174570, rs174574, 
rs2727271, rs174576, rs174579, rs174602, rs526126, rs174448, rs174449, 
rs174455 were negatively associated with product:substrate ratios for n-6 and 
n-3 pathways. Significant association of minor allele carriers with lower RBC 
DHA 

Xie & Innis, 2008 
(Canada) 

Pregnant women, plasma 
phospholipids, RBC 
ethanolamine 
phosphoglycerides; 16 & 
36wks gestation  
(Observational study, n=69)  
 

FADS1 intergenic rs174553; 
FADS2 rs99780,  rs174575, 
rs174583 

Minor allele homozygotes of rs174553, rs99780, and rs174583 had lower 
plasma phospholipid and erythrocyte concentrations of AA but higher 
concentrations of LA. Minor allele carriers also had decreased n-6 and n-3 
product:precursor ratios at both 16 and 36 weeks gestation. 
 

Xie & Innis, 2010  
(Canada) 

Pregnant women, plasma 
phospholipids, RBC 
ethanolamine 
phosphoglycerides;  16wks 
gestation (Observational 
study, n=69)  
 

FADS1 intergenic rs174553; 
FADS1 rs99780; FADS2 rs174575, 
rs174583 

Minor allele carriers of rs174553, rs99780 and rs174583 had lower AA and 
higher concentrations of LA and lower AA than major allele carriers. 
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Moltó-Puigmartí et al., 
2010  
(The Netherlands) 

Pregnant women, plasma 
phospholipids; 36wks 
gestation  
(Observational study, 
n=309)  
 

FADS1 rs174561; FADS2 
rs174575; Intergenic rs3834458 
 

Minor allele homozygotes had significantly higher LA  and lower AA. For the 
n-3 fatty acids, higher ALA and lower EPA and DPA concentrations were 
observed, however these associations did not meet the same level of 
significance as the n-6 fatty acids.  

Yeates et al., 2015  
(Seychelles) 

Pregnant women and their 
offspring, total serum; 
28wks gestation 
(Longitudinal study, 
n=1622)  

FADS1 rs174537, rs174561; 
FADS1-FADS2 rs3834458; FADS2 
rs174575 

rs3834458 was significantly associated with AA and LA:AA ratio where an 
increasing number of variant alleles resulted in decreased AA concentrations. 
rs174575 minor allele carriers had a higher LA:AA ratio compared to major 
allele carriers, and lower AA concentrations. No significant associations were 
seen between genotype and EPA, DHA or ratio of ALA:EPA.  
 

Gonzalez-Casanova et al., 
2016  
(Mexico) 

Pregnant women and their 
offspring, total plasma; 18 to 
22wks gestation (RCT – 
baseline data only for 
PUFA, n=654)  

FADS1 rs174556; FADS2 
rs174602, rs498793; FADS3 
rs174455 

Maternal rs174455, rs174556 and rs174602 were positively associated with 
maternal AA concentrations. rs174556 was positively associated with DHA 
whereas rs174602 was inversely associated with DHA.  
 
 

Scholtz et al., 2015 (USA) Pregnant women, red blood 
cell phospholipid; 8 to 
20wks gestation 
(Intervention study, n=205)  

FADS1 rs174553; FADS2 
rs174575 

At enrolment, minor allele homozygotes for rs174553 was associated with 
significantly lower AA and DHA. rs174575 was not significantly associated 
with DHA or AA.  
At post intervention, for the placebo group associations did not change from 
enrolment. For those in the DHA supplemented group, minor allele 
homozygotes had lower AA concentrations than at enrolment. DHA 
concentrations increased from enrolment with supplementation for all 
genotypes.  
 

   Minor allele frequency (MAF) for each SNP shown in Table S1  
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Table 3: Associations between FADS genotype and breast milk PUFA status 
Reference, (Country) Participants  

(Study type,  n) 
FADS, SNP Findings 

Lattka  et al., 2011 
(Germany) 

Lactating mothers 
(Observational study, 
n=772) 

FADS1 rs174547, rs174556; FADS2 
rs174602, rs498793, rs526126; 
Intergenic FADS2/3 rs174626; 
FADS3 rs1000778, rs174455  

Minor allele carriers for rs174547 and rs174556 had lower concentrations of 
AA and AA:DGLA ratio in breastmilk compared to major allele carriers.  

Moltó-Puigmartí  et al., 
2010 (The Netherlands) 

Lactating mothers 
(Observational study, 
n=309)  

FADS1 rs174561; FADS2 rs174575; 
Intergenic rs3834458 
 

Higher LA and ALA, and lower AA and DHA proportions in breast milk in 
minor allele carriers than major allele carriers.   

Mychaleckyj  et al., 2018 
(Bangladesh) 

Mothers (Observational 
study, n=1142)  

FADS1 rs174556 Major allele carriers had increased AA concentrations compared to minor 
allele carriers.  

Morales et al., 2011 
(Spain) 

Mother-child pairs (Birth 
cohort study, n=270) 

FADS1 rs174537; FADS2 rs968567, 
rs2072114, rs526126, rs174626, 
rs174627; FADS3 rs174464, 
rs174468 

Mothers who were minor allele carriers had lower levels of AA in colostrum 
for SNPs rs174537, rs174570, rs2072114, rs174602, rs526126, rs174626, 
rs174464. Major allele carriers for SNP rs174468 related to lower levels of 
AA. Minor allele carriers for rs174602 and rs174464 were associated with 
lower levels of DHA in colostrum.  

Muc et al., 2015 
(Denmark)  

Mother-child pairs (Birth 
cohort study, n=109)  

FADS1 rs174546, rs174556 Mothers who were minor allele carriers for rs174546 and rs174556 had lower 
breastmilk AA concentrations. Breastmilk EPA concentrations were also 
lower in minor allele carriers for rs174546.  

Xie & Innis, 2008 
(Canada) 

Lactating women 
(Observational study, 
n=54)  

FADS1 intergenic rs174553; FADS2 
rs99780, rs174575, rs174583 

Minor allele homozygote mothers for rs174553, rs99780, and rs174583 had 
lower AA, EPA and DPA breastmilk concentrations. Minor allele 
homozygotes for rs174575, rs99780 and rs174583 also had lower DHA 
breastmilk concentrations.  
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   Minor allele frequency (MAF) for each SNP shown in Table S1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ding et al., 2016 (China)  Lactating women 
(Observational study, 
n=209)  

FADS1 rs174547, rs174553; FADS2 
rs3834458, rs1535, rs174575, 
rs174602, rs498793; FADS3 
rs174450, rs1000778, rs7115739 

Minor allele homozygotes for rs174547 and rs1535 had lower AA 
concentrations than major allele homozygotes. Rs1535 minor allele 
homozygotes also had lower GLA concentrations compared to major allele 
homozygotes. Higher concentrations of LA and ALA were reported in 
heterozygotes for rs1000778 compared to homozygous major allele carriers. 
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Table 4: Associations between FADS genotype and child PUFA status 
Reference, (Country) Participants, blood fraction 

for PUFA analysis  
(Study type, n) 

Maternal or child genotype; FADS, 
SNP  

Findings  

Andersen et al., 2017 
(Denmark) 

 

Children, erythrocyte DHA; 9 
months old (Prospective cohort 
study, n=166)  
 

Child; FADS2 rs1535, rs174575; 
Intergenic rs174448 

No association between DHA status and FADS genotype  

Barman et al., 2015 
(Sweden) 

 

Children, serum phospholipids;  
birth & 13 years old (Birth 
cohort study, n=211)  
  

Child; Intergenic rs102275, rs174448  rs102275 and rs174448 minor allele carriers had decreased AA and increased 
DGLA proportions at birth. The ratio of AA:DGLA was also associated with 
minor alleles for both SNPs. At age 13 years, lower AA proportions were 
reported for minor allele carriers of rs102275, and a decrease in the 
AA:DGLA ratio was also reported for minor allele carriers of rs102275 and 
rs174448.  
 

Fahmida et al., 2015 
(Indonesia) 

 

Children, plasma; 2 years old 
(Baseline data from RCT, 
n=206)  

Child: FADS3 rs174468 Rs174468 heterozygous carriage significantly associated with increased 
concentrations of AA, total n-6 LCPUFA, ETA and AA:DGLA ratio 
compared to major allele homozygotes  
 

Glaser et al., 2011 
(Germany) 

Children, serum 
glycerophospholipids; aged 2 
and 6 years (Birth cohort study, 
n=331)   

Child; FADS1 rs174545, rs174546,  
rs174556, rs174561; FADS2 
rs3834458 

Higher AA and DPA (n-6) concentrations in heterozygotes and minor allele 
homozygotes  compared to major allele homozygotes for the SNPs analysed.  
Minor allele carriers had lower concentrations of n-3 LCPUFA compared to 
those who were major allele homozygotes, however, there was no consistent 
trend for individual n-3 LCPUFA.  
 

Harslof et al., 2013 
(Denmark) 

Infants, RBC; aged 9 months, 
and 3 years (Cross-sectional 
study, n=409)  

Child; FADS2 rs1535, rs174575; 
Intergenic FADS2-FADS3 rs174448; 
Intergenic FADS1-FADS2 rs3834458 

At 9 months old, minor allele homozygosity for rs1535 was associated with 
increased DHA status, whereas homozygosity for minor alleles of rs174448 
and rs174575 was associated with decreased DHA status when compared with 
major allele homozygotes. For all SNPs there was increased DGLA in 
homozygous minor allele carriers. Minor allele carriage of rs1535 associated 
with increased ALA concentrations. The AA:DGLA ratio lowered with 
increasing number of minor alleles for all SNPs. When children were aged 3 
years old, there were no associations between DHA and any of the FADS 
SNPs genotyped.  
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Lattka et al., 2013 
(England) 

Infants, plasma; cord blood 
collected at delivery 
(Longitudinal study, n=2035)  

Mother and child; FADS1 rs174548, 
rs174556, rs174561; Intergenic 
rs3834458, rs968567; FADS2 
rs174570, rs174574, rs2727271, 
rs174576, rs174578, rs174579, 
rs174602, rs498793, rs526126; 
Intergenic rs174448, rs174449; FADS3 
rs174455 
 

Minor allele significantly associated with higher amounts of cord blood LA 
for all SNPs for both mothers and children, except for rs498793 where this did 
not reach significance, and child rs526126 was also not significant. Higher 
cord levels of eicosadienoic acid and DGLA, and lower amounts of AA, 
adrenic acid, and DPA were also reported for maternal minor allele carriers 
for rs174548, rs174556, rs174561, rs3834458, rs174574, rs174576, rs174578 
and rs526126. This was also found in children who were minor allele carriers 
for SNPs rs174548, rs174556, rs174561, rs3834458, rs174570, rs174574, 
rs2727271, rs174576, rs174578, rs174448, rs174449, rs174455. Presence of 
the minor allele in mothers was generally associated with lower 
concentrations of DHA in cord blood except for rs498793 which was 
associated with higher levels of DHA in cord blood. Children who were 
carriers of the minor allele for rs498793 had lower ALA concentrations, 
whereas results for all other SNPs showed associations with increased ALA. 
In both mothers and children, minor allele carriage for all SNPs were 
associated with lower cord PUFA AA:DGLA and EPA: ALA ratios, except 
for rs498793 where the minor allele was associated with increased cord ratios.  
 

Lupu et al., 2015 
(USA) 

Toddlers, plasma; 16 months 
old (Observational study, n=65)  

Mother and child; FADS2 rs174575 Maternal genotype correlated with toddler plasma ALA and AA. ALA was 
associated with maternal genotype in girls only, whereas AA was only 
associated with maternal genotype in boys. Toddler PUFA status was not 
correlated with toddler genotype  
 

Steer et al., 2012 
(England) 

Children, plasma; cord blood at 
delivery, and aged 7 years old 
(Longitudinal study, n=5632)  

Mother and child FADS2 rs174575, 
rs1535 

rs174575 and rs1535 minor allele carriage in both mothers and children was  
associated with increased LA, and decreased AA and DHA in cord plasma. 
Maternal minor allele carriers of both SNPs associated with increased LA, and 
decreased AA, EPA, DPA, DHA in plasma from children aged 7 years old. 
Child minor allele carriage for both SNPs was associated with increased LA, 
EDA, DGLA, and decreased GLA, AA, DTA, BDPA, EPA, DPA, DHA in 
plasma of children when they were 7 years old. Interactions with gender were 
also examined. Similar fatty acid levels in homozygous minor allele boys and 
girls, but differences were seen between boys and girls for major allele 
carriers. Minor allele homozygote girls for rs174575 had lower DHA status 
than boys who were homozygous for the minor allele.  
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Rzehak et al., 2010 
(The Netherlands, 
Germany)  
 

Children, plasma phospholipid, 
plasma glycerophospholipids 
(Cohort study, n=879) 
 

Child; FADS1 rs174545, rs174546, 
rs174556, rs174561; FADS2 
rs3834458 

All SNPs significantly associated with all fatty acids except for ALA and 
EPA.  

Wolters et al., 2017 
(Belgium, Cyprus, 
Estonia, Germany, 
Hungary, Italy, Spain, 
Sweden) 

 

Children, whole blood; aged 2-
10 years (Observational study, 
n=520)  

Child; FADS1 rs174546 Higher DGLA and lower AA and EPA levels were reported for minor allele 
carriers of rs174546 as well as a lower D5D activity as indicated by D5D 
index.  

Lauritzen et al., 2017 
(Denmark) 

Children, whole blood; aged 8-
11 years old (Cross-sectional 
study, n=765)  

Child; FADS2 rs1535, rs174448; 
FADS3 rs174468 

No significant associations between whole blood DHA in school children. 
Minor allele carriage of rs1535 was associated with significantly lower AA 
concentrations compared to those who were major allele homozygous. For 
rs174448, minor allele carriers showed a trend towards decreased DHA status 
compared to major allele carriers.  
 

Meldrum et al., 2017 
(Australia)  

Children, plasma, erythrocyte 
membrane; 6 months old (RCT, 
n=259)  

Child; FADS1 rs174545, rs174546, 
rs174548, rs174553, rs174556, 
rs174537; Intergenic - FADS1/FADS2 
rs174448, rs174449; FADS3 rs174455 
 

Participants in the fish oil intervention who had FADS1 minor allele 
haplotype were associated with higher erythrocyte DHA concentrations. 
Minor allele homozygotes of all SNPs of the FADS1 gene had significantly 
higher DHA concentrations for those in the fish oil group only.  
 

Minor allele frequency (MAF) for each SNP shown in Table S1 
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Table 5: Associations between FADS genotype and child outcomes 
Reference, (Country) Participants 

(Study type, n) 
Maternal or child genotype; 
FADS, SNP 

Child outcome 
measured 

Findings 

Caspi et al., 2007 (New 
Zealand & England) 

Children (Birth cohort 
study, n=3269) 

Child; FADS2 rs174575, 
rs1535 

IQ No associations between genotype and IQ. rs174575 and rs1535 
interact with breastfeeding to influence IQ, with major allele 
carriers who were breastfed having higher IQ scores than 
children who were not breastfed.  
 

Cheatham et al., 2015 
(USA) 

Mother-child pairs; 
children aged 16 months 
(Observational, n=71)  

Maternal; FADS2 rs174575 Declarative memory 
abilities  

Minor allele carrier mothers for rs174575 SNP had toddlers 
who scored poorer in memory assessments than toddlers of 
homozygous major or heterozygous mothers.   

Jensen et al., 2014 
(Denmark) 

Children; 36 months old 
(Prospective cohort 
study, n=268) 

Child; FADS2 rs1535, 
rs174575; Intergenic 
rs174448,   

Communication, gross 
motor, fine motor, 
problem solving, and 
personal/social skills  

There were no overall associations seen between FADS SNPs 
and outcomes. There were some FADS-sex interactions 
observed with the minor allele of rs1535 being associated with 
lower communication and problem solving scores in girls 
compared to boys. A minor allele of rs174448 and rs174575 had 
the opposite effect.  
 

Lauritzen et al., 2017 
(Denmark) 

Children; 8-11 years old 
(Cross-sectional study, 
n=765)  

Child; FADS2 rs1535, 
rs174448; FADS3 rs174468 

Reading test, d2 test of 
attention, concentration 
performance 

rs174448 minor allele carriage was associated with lower 
attention and also lower reading scores in boys, but in girls the 
minor allele was associated with better reading scores in girls. 
In girls, rs174448 the minor allele was associated with higher 
reading scores, higher concentration performance and lower 
attention scores compared to those who were homozygous 
major allele carriers. In boys, minor allele carriers for rs174448 
had higher attention, lower reading scores and lower 
concentration. For rs1535 minor allele carrying girls had higher 
attention scores, whereas minor allele carrying boys had lower 
scores.  
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Martin et al., 2011 
(Australia) 

Adolescent twins; 16 
years old (Observational 
study, n=1431) 

Adolescent and maternal; 
FADS2 rs174575, rs174583, 
rs1535  

IQ No association between FADS2 alleles and adolescent IQ. No 
significant interaction between FADS genotype and 
breastfeeding on IQ for any of the SNPs. There was no 
association between maternal FADS2 and child IQ at 16 years 
old.  

Morales et al., 2011 
(Spain) 

Mother-child pairs; 
children aged 14 months 
and 4 years (Birth cohort 
study, n=740) 

Maternal and child; FADS1 
rs174537; FADS2 rs968567, 
rs2072114, rs526126, 
rs174626, rs174627; FADS3 
rs174464, rs174468  

Cognition  Maternal minor allele carriage for SNPs rs968567, rs174627 
and rs174464 was associated with higher child cognitive scores 
compared to major allele homozygotes. For rs174602, maternal 
minor allele carriers for rs174602 associated with lower 
cognitive scores in children compared to children of major allele 
homozygous mothers. There were no significant associations 
between child FADS genotype and cognition. An interaction 
between genotype and breastfeeding was observed, with those 
children who were major allele homozygotes for rs174468 and 
had not been breastfed having lower scores for cognition . This 
effect was not seen in minor allele carriers for rs174468. 
 

Rizzi et al., 2013 
(Belgium) 

Children; twins aged 10 
years old (Prospective 
study, n=534)  

Child; FADS2 rs174575, 
rs1535  

IQ For rs174575 there was a trend towards higher IQ scores in 
breast-fed children than in not breastfed children who were 
major allele carriers. An interaction between genotype and 
breastfeeding indicated that rs1535 and breastfeeding were not 
significantly related to IQ, however a larger effect was seen in 
minor allele carriers compared to major allele homozygotes.   
 

Steer et al., 2010 
(England) 

Children; 8 years old 
(Longitudinal study, 
n=5934)  

Maternal and child; FADS2 
rs174575, rs1535 

IQ An interaction between breastfeeding and child genotype was 
associated with child IQ at 8 years of age. Minor allele carriers 
who were formula fed scored lowest whereas their breastfed 
counterparts scored similarly to breastfed children who were 
heterozygous or homozygous major allele carriers for both 
SNPs. No associations were seen between maternal genotype 
and child IQ, and no interaction with breastfeeding was found.  
 

Steer et al., 2013 
(England) 

Mother-child pairs; 
Children aged 8 years 
old (Longitudinal study, 
n=2839)  

Maternal; FADS1 rs174548, 
rs174556,  rs174561; 
Intergenic rs3834458, 
rs968567 FADS2 rs174570, 

IQ Minor allele carriage of rs3834458 was positively associated 
with verbal, performance and full scale measures of IQ. There 
was a positive association between rs498793 and verbal 
measures for minor allele carriers, and also positive associations 
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rs174574, rs2727271, 
rs174576, rs174578, 
rs174579, rs174602, 
rs498793, rs526126 Intergenic 
rs174448 rs174449; FADS3 
rs174455 
 

between rs968567 and performance in minor allele carriers. 
Negative associations were found between rs174578 and verbal 
measures, rs174548 and rs174455 and performance measures, 
and also between rs174574 and full scale measures for those 
with the minor allele. The minor allele for rs968567 was 
associated with increased scores for performance and full scale 
IQ measures.  
 

Yeates et al., 2015 
(Seychelles) 

Mothers and children  
(Longitudinal study, 
n=1622)  

Maternal; FADS1 rs174537, 
rs174561; FADS1-FADS2 
rs3834458; FADS2 rs174575 

Neurodevelopmental 
outcomes  

No significant associations between maternal FADS genotype 
and child developmental outcomes were found. There was a 
trend for infants of rs3834458 minor allele carrying mothers to 
score higher on Psychomotor Developmental Index (PDI).  
 

Andersen et al., 2017 
(Denmark) 

Children, 9 months old 
(Prospective cohort 
study, n=166)  

Child; FADS2 rs1535, 
rs174575; Intergenic rs174448 

 
Gross motor, 
Communication,   
Problem Solving,  
Fine motor,  
Personal-social skills  
 

No significant associations between FADS SNPs and 
developmental outcomes. There was a trend towards a 
significant negative association between personal and social 
skill score and presence of the minor allele carriage for rs1535 
and rs174575. For rs174575, minor allele carrying girls had 
significantly higher fine motor scores compared to major allele 
homozygotes. Scores for boys did not differ between minor 
allele and major allele homozygous carriers.  
 

Fahmida et al., 2015 
(Indonesia) 

Children; 2 years old 
(Baseline data from 
RCT, n=206)  

Child; FADS3 rs174468 Cognition  No significant difference in developmental scores between 
major allele homozygotes and minor allele carriers.   

Groen-Blokhuis et al., 
2013 (The Netherlands) 

Children; twins 
(Longitudinal study, 
n=1313)   

Child; FADS2 rs174575 IQ, educational 
attainment, overactive 
behaviour,  
attention problems  
 

FADS gene polymorphisms not associated with any of the 
cognitive outcomes, and the relationship between breastfeeding 
and cognitive outcomes was not moderated by FADS gene 
SNPs.  
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Rzehak et al., 2010 
(The Netherlands and 
Germany) 

Children; 2 years old  
(Cohort study, n=879) 

Child; FADS1 rs174545, 
rs174546, rs174556, 
rs174561; FADS1-FADS2 
rs3834458 

Eczema  No significant associations between SNPs and parental reported 
eczema in children aged 2 years old. The KOALA study found 
no significant associations between genotype and eczema. In the 
LISA study all FADS1 FADS2 SNPs were significantly 
associated with eczema reported by parents in their children up 
to age 2.  
 

Standl et al., 2011 
(Germany) 

Children; aged 10 years 
old (Prospective cohort 
study, n=2000)  

Child; FADS1 rs174545, 
rs174546, rs174556, 
rs174561, FADS1-FADS2 
rs3834458; FADS2 rs174575 

Atopic diseases  No significant association between FADS SNPs and prevalence 
of atopic diseases or allergic sensitization. There was an 
association between n-6:n-3 ratio and  increased risk of hayfever 
in major allele homozygotes for the 6 SNPs included in this 
study. Asthma was significantly positively associated with daily 
margarine intake in major allele homozygotes for each SNP.  
 

Barman et al., 2015 
(Sweden) 

Children; birth and 13 
years of age (Birth 
cohort study, n=211)  

Child; Intergenic rs102275, 
rs174448,  

Allergies  
 

Minor allele carriers of rs102275 and rs174448 had reduced risk 
of developing atopic eczema at age 13 compared to major allele 
homozygotes. No associations were found between FADS SNPs 
and respiratory allergy.  

Standl et al., 2012a 
(Germany) 

Children; age 10 years 
old (Prospective cohort 
study, n=2245)  

Child; FADS1 rs174545, 
rs174546, rs174556, 
rs174561, FADS1-FADS2 
rs3834458; FADS2 rs174575 

Asthma  There was a lower prevalence of asthma in minor allele carriers 
than major allele homozygotes, however, this effect was not 
significant. For all SNPs, children with the minor allele who 
were exclusively breastfed for a minimum of 3 months had a 
reduced prevalence of asthma, however there was no effect in 
major allele homozygotes. For SNPs rs174545, rs174546, 
rs174556, rs174561 and rs3834458 reduction in asthma risk was 
greatest in those who were heterozygous or homozygous for the 
minor allele and who were exclusively breastfed for 3 or 4 
months after birth. The asthma risk was further reduced with 
longer exclusive breastfeeding for minor allele carriers of 
rs174575 only.  
  

Standl et al., 2012b 
(Germany) 

Children; aged 10 years 
old (Prospective birth 
cohort study, n=2006) 

Child; FADS1 rs174545, 
rs174546, rs174556, 
rs174561, FADS1-FADS2 
rs3834458; FADS2 rs174575 

Serum lipids and 
lipoproteins  

Minor allele homozygotes had lower total cholesterol and LDL 
compared to major allele homozygotes. Heterozygotes had 
lower HDL levels and higher triglyceride concentrations 
compared to major allele homozygotes.  
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Moltó-Puigmartí et al., 
2013 (The Netherlands) 

Children; 2 years old 
(Prospective birth cohort 
study, n=521) 

Child; FADS1 rs174545, 
rs174546; rs174556, 
rs174561; FADS1-FADS2 
rs3834458 
 

Plasma cholesterol 
concentrations  

For all FADS SNPs minor allele carriers had lower total 
cholesterol compared to major allele homozygotes. Minor allele 
homozygotes for rs174546 and rs3834458 also had significantly 
lower HDLc concentrations than those who were homozygous 
for the major allele.  

Costea et al., 2014 
(Canada) 

Children; aged under 19 
years old (Case control, 
n=432)  

Child; FADS2 rs11230815, 
rs17831757, rs968567, 
rs174627 

Crohns disease (CD)  Children with higher dietary intake of n-6:n-3 ratio who were 
carriers of minor allele for FADS2 SNPs were more susceptible 
for Crohns disease  
 

Hovsepian et al., 2018 
(Iran) 

Children (Case control, 
n=528)  

Child; FADS1 rs174547 Metabolic Syndrome  In children with metabolic syndrome, there was a significantly 
higher prevalence of the minor allele for rs174547 than in those 
children without metabolic syndrome.  
 

Sun et al., 2018 
(China) 

 

Children (Case control, 
n=486) 

Child; FADS2 rs526126 Autism spectrum 
disorder (ASD)  

The minor allele for FADS2 rs526126 was associated with 
decreased risk of ASD.  
 

Wolters et al., 2017 
(Belgium, Cyprus, 
Estonia, Germany, 
Hungary, Italy, Spain, 
Sweden)  
  

Children; aged 2-10 
years (Observational 
study, n=520)  

Child; FADS1 rs174546 Blood pressure  The presence of the minor allele had a lowering effect on blood 
pressure via an interaction with AA and BMI. There was no 
direct effect of the minor allele on blood pressure.   

Brookes et al., 2006 
(England) 

Children and adolescents 
(Case control, n=360)  

Child; FADS1 rs174545, 
rs174548 FADS2 rs498793 
 

ADHD  FADS2 rs498793 was associated with ADHD.   

Golding et al., 2012 
(England) 

Children; 8 years old 
(Case control, n=7831)  

Child; FADS1 rs174548, 
rs174556, rs174561 Intergenic 
FADS1-FADS2 rs3834458, 
rs968567 FADS2 rs174570, 
rs1535, rs174574, rs174575, 
rs2727271, rs174576, 

Growing pains  No associations between FADS genotype and incidence of 
reported growing pains.   
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rs174578, rs174579, 
rs174602, rs498793, rs526126 
Intergenic FADS2-FADS2 
rs174448, rs174449 FADS3 
rs174455 
 

Muc et al., 2015 
(Denmark) 

Mother-child pairs (Birth 
cohort study, n=109) 

Maternal and child; FADS1 
rs174546, rs174556 

Inflammatory markers Maternal FADS SNP was negatively correlated with all 
cytokines analysed in infants with correlations being significant 
for IL-17 for rs174546.There was no significant correlations 
between any of the cytokines and child FADS genotype.    
 

Moltó-Puigmartí et al., 
2014 (The Netherlands) 

Mother-child pairs 
(Prospective birth cohort 
study, n=2669) 

Maternal and child; FADS1 
rs174556 

Pregnancy duration and 
birthweight 

Women who were minor allele homozygotes had significantly 
shorter pregnancies. There was no association between 
pregnancy duration and foetal genotype. Minor allele 
homozygous mothers had lighter children than major allele 
homozygote mothers. There was no significant association 
between foetal genotype and birthweight.  
 

Bernard et al., 2018 
(Singapore) 

Mothers and their 
offspring (Birth cohort 
study, n=898 mothers, 
n=1103 children)  

Maternal and child; FADS1 
rs174546, rs174547, 
rs174548, rs174550; FADS2 
rs174570, rs1535, rs2727270, 
rs174576, rs174577, 
rs174583, rs2851682, 
rs174593,  rs498793, 
rs174611, rs174618, 
rs17156506; FADS3 
rs174450, rs1000778, 
rs174455  
 

Gestation duration and 
birth size  

Both offspring and maternal FADS3 SNPs were associated with 
gestation duration. The minor allele for rs174450 in both 
mothers and offspring was associated with shorter gestation. 
Minor allele homozygote mothers for rs174450 also had quicker 
delivery after spontaneous labour compared with major allele 
homozygotes.   
 

Liu et al., 2012 (USA) Mothers (Observational 
study, n=1110)  
 

Maternal; FADS1 rs2072114, 
rs7119667 

Preterm delivery  Minor allele carriers of rs2072114 and rs7119667 were more 
likely to have a  preterm delivery. 
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Gonzalez-Casanova et 
al., 2016 (Mexico) 

Women and their 
offspring (RCT, n=654)   

Maternal; FADS1 rs174556 
FADS2 rs174602, rs498793; 
FADS3 rs174455 

Birth weight Children who had mothers who were minor allele carriers for 
rs174602 and were in the DHA supplemented group were 
heavier than children whose mothers were in the placebo group. 
There were no associations between birthweight and any of the 
other SNPs.   
 

Minor allele frequency (MAF) for each SNP shown in Table S1
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Supplementary file S1  
 

Appendix 1 

 

Keywords/ search terms for influence of FADS on PUFA status during pregnancy:  

“fatty acid desaturase*”or FADS or “delta-5 desaturase*” or “delta 5 desaturase*” or 

“delta-6 desaturase*” or “delta 6 desaturase*” or desaturase* or FADS1 or FADS2 or 

FADS3 or FADS* 

 

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentaenoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “?linolenic acid*” or “?-linolenic acid*” or “α-linolenic acid*” or “α 

linolenic acid*” or “a-linolenic acid*” or “a linolenic acid*” or “linolenic acid*”or 

“linoleic acid*” or “omega 3” or “omega-3” or “omega 6” or “omega-6” or “n-3” or “n-

6” or “n 3” or “n 6” or “n3” or “n6” or “20:5n-3” or “22:6n-3” or “20:4n-6” or “18:3n-

3” or “18:2n-6” or “20:5 n-3” or “22:6 n-3” or “20:4 n-6” or “18:3 n-3” or “18:2 n-6” or 

“essential fatty acid*” or LCPUFA or “LC-PUFA” or “long-chain PUFA*” or “long 

chain PUFA*” or “long-chain polyunsaturated fatty acid*” or “fatty acid*” or “n-3 fatty 

acid*” or “n 3 fatty acid*” or “n-6 fatty acid*” or “n 6 fatty acid*” or “long* chain 

polyunsaturated fatty acid*” or “long*-chain polyunsaturated fatty acid*” or “long* 

chain fatty acid*” or “long*-chain fatty acid*” 

 

AND pregnan* or “pregnant wom#n” or childbearing or mother* or matern* or gestat* 

or “child bearing”  
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Keywords/ search terms for influence of FADS on breast milk PUFA composition  

“fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta 5 desaturase” or 

“delta-6 desaturase” or “delta 6 desaturase” or “desaturase” or FADS1 or FADS2 or 

FADS3 or FADS* 

 

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or 

“a linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” 

or “omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or 

“20:5n-3” or “22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 

n-3” or “20:4 n-6” or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or 

“LC-PUFA” or “long-chain PUFA*” or “long chain PUFA*” or “long-chain 

polyunsaturated fatty acid*” or “fatty acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or 

“n-6 fatty acid*” or “n 6 fatty acid*” or “long* chain polyunsaturated fatty acid*” or 

“long* chain fatty acid*”  

 

AND breastmilk or “breast milk” or breastfeeding or “human milk” or “breast feed*” or 

breastfed or “breast fed” or lactat* or “lactat* wom#n”  

 

Keywords/ search terms for influence of FADS on child PUFA status:  

“fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta 5 desaturase” or 

“delta-6 desaturase” or “delta 6 desaturase” or “desaturase” or FADS1 or FADS2 or 

FADS3 or FADS* 
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AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or 

“a linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” 

or “omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or 

“20:5n-3” or “22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 

n-3” or “20:4 n-6” or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or 

“LC-PUFA” or “long-chain PUFA*” or “long chain PUFA*” or “long-chain 

polyunsaturated fatty acid*” or “fatty acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or 

“n-6 fatty acid*” or “n 6 fatty acid*” or “long* chain polyunsaturated fatty acid*” or 

“long* chain fatty acid*”  

 

AND child* or infan* or toddler* or baby or newborn* or “new born*” or paediatric* or 

pediatric* or neonat* or boy* or girl* or minor or minor* or underage* or “under age” 

or juvenile* or youth* or offspring* or “preschool child*” or “pre school child” or “fetal 

blood” or “foetal blood” or “cord blood” or babies  

 

 

Keywords/ search terms for influence of FADS on child outcomes:  

AND “fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta-6 desaturase”  

 

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or 

“a linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” 

or “omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or 
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“20:5n-3” or “22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 

n-3” or “20:4 n-6” or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or 

“LC-PUFA” or “long-chain PUFA*” or “long chain PUFA*” or “long-chain 

polyunsaturated fatty acid*” or “fatty acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or 

“n-6 fatty acid*” or “n 6 fatty acid*” or “long* chain polyunsaturated fatty acid*” or 

“long* chain fatty acid*”  

 

AND “child* outcome*” or “child* develop*” or “child* IQ” or “child* intelligen*” or 

“child* cognit*” or “child* allerg*” or “child* ADHD*” or “attention deficit 

hyperactivity disorder”or “immun*” or “birth weight” or birthweight or “child* 

behavio*” or childhood or “child* growth” or “cogniti* develop*” or cogniti* or 

asthma* or immunity or “immun* function*” or “immun* system*” or “immun* 

response*” or child adj1 (outcome* or develop* or IQ or intelligen* or allerg* or 

ADHD or “attention deficit hyperactivity disorder” or immun* or behavio* or growth)  
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Supplementary files  

Table S1: Global minor allele frequency (MAF) for SNPs included in current review  

SNP Global MAF 
rs1000778 0.523 
rs102275 0.493 
rs11230815 0.932 
rs1474553 0.455 
rs1535 0.322 
rs17156506 0.057 
rs174448 0.596 
rs174449 0.515 
rs174450 0.435 
rs174455 0.407 
rs174464 0.519 
rs174468 0.163 
rs174537 0.303 
rs174545 0.298 
rs174546 0.298 
rs174547 0.298 
rs174548 0.327 
rs174550 0.298 
rs174553 0.297 
rs174556 0.72 
rs174561 0.28 
rs174570 0.228 
rs174574 0.53 
rs174575 0.209 
rs174576 0.363 
rs174577 0.392 
rs174578 0.393 
rs174579 0.135 
rs174583 0.369 
rs174593 0.207 
rs174602 0.423 
rs174611 0.116 
rs174618 0.349 
rs174626 0.481 
rs174627 0.054 
rs17831757 0.057 
rs2072114 0.195 
rs2727270 0.163 
rs2727271 0.163 
rs2851682 0.149 
rs3834458 0.296 
rs498793 0.687 
rs526126 0.68 
rs7115739 0.759 
rs7119667 0.024 
rs968567 0.053 
rs99780 0.397 

Global MAF according to “1000Genomes” data available from dbSNP at www.ncbi.nlm.nih.gov  
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Dietary determinants of polyunsaturated fatty acid (PUFA) 
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Abstract: Polyunsaturated fatty acids (PUFA) are essential for neurodevelopment and 

the developing foetus depends on an optimal maternal status. Fish is a rich source of 

PUFA. The current study investigated dietary patterns, and associations with PUFA status 

in a high-fish consuming cohort of pregnant women in the Seychelles. At 28 weeks’ 

gestation, pregnant women provided a blood sample, from which serum total PUFA 

concentrations were measured, A Food Frequency Questionnaire (FFQ) and Fish Use 

Questionnaire (FUQ) were also completed. Principal component analysis (PCA) of 

dietary information identified four patterns. Regression analyses found dietary pattern 2, 

containing foods traditionally eaten in the Seychelles e.g., fish, fruit and vegetables was 

positively associated with serum docosahexaenoic acid (DHA) (β = 0.134; CI = 0.001, 

0.022), and serum total n-3 PUFA (β = 0.139; CI = 0.001, 0.023) concentrations. Dietary 

pattern 1, high in processed foods, snacks, white meat and eggs, was not significantly 

associated with any of the serum PUFA concentrations. The FUQ indicated that fatty fish 

was associated with EPA status (β = 0.180; CI = 0.001, 0.005) in high consumers. The 

second dietary pattern, consisting of higher consumption of fish and fruit, was positively 

associated with n-3 PUFA status during pregnancy. 

 

 

 

Keywords: pregnancy; dietary patterns; polyunsaturated fatty acids; PUFA; fish 
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Introduction 

Optimal nutrition is important for pregnant women as the developing foetus relies on 

maternal intake of nutrients critical for foetal growth and development (Meher et al., 

2016; Freita-Viela et al., 2008). The n-3 long chain PUFA (LCPUFA) docosahexaenoic 

acid (DHA) and the n-6 LCPUFA, arachidonic acid (AA), are required for growth and 

development of the brain (Innis, 2007; Calder, 2015; Akerele et al., 2016). These 

LCPUFA are preferentially transferred from the mother to the developing foetus (Hadley 

et al., 2016). DHA is found in high concentrations in the brain; however, the human body 

manufactures less than 10% of the requirement (Domenichiello et al., 2015). AA is not 

so prominent in the brain but is important for growth (Hadley et al., 2016). The n-3 and 

n-6 precursors both compete for the enzymes that metabolise them to AA or DHA (Stark 

et al., 2008). Evolutionarily, the ratio of n-6 to n-3 PUFA was 1:1; however, the modern 

diet has a ratio of approximately 15:1 (Stark et al., 2008). Consequently, the majority of 

DHA must be obtained preformed and fish is the primary source, as most other foods 

regarded as containing n-3 PUFA, (e.g., walnuts and flaxseed), contain the n-3 precursor 

α-linolenic acid (ALA).  

LCPUFA requirements are highest during the third trimester, a point in pregnancy 

when there are increased needs of the foetus (Garcia-Rodriquez et al., 2017). Higher 

maternal n-3 PUFA status during pregnancy has been associated with lower systolic blood 

pressure in offspring (Vidakovic et al., 2015a), increased child height (Bernard et al., 

2017), and better language development (Strain et al., 2012; Stain et al.,2015). However, 

n-3 PUFA supplementation studies in pregnant women have not consistently supported 

improved child neurodevelopmental outcomes (Meldrum & Simmer, 2016). Given the 

possible influence of maternal PUFA status on child outcomes, it is important that the 

maternal diet has an optimal balance of PUFA intake during pregnancy to maximise 

benefits in children. 
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Although there is no definitive recommended amount of total LCPUFA or their 

individual components to obtain daily during pregnancy, the European Food Safety 

Authority (EFSA) determined that 250 mg DHA plus EPA, as well as an additional 100 

to 200 mg preformed DHA should be consumed (EFSA, 2010). Fish is a rich source of 

n-3 LCPUFA and its consumption is regarded as a major determinant of n-3 PUFA status 

in the body (Amiano et al., 2001; Weaver et al., 2008; Weichselbaum et al., 2013). The 

association between fish consumption and PUFA status has been investigated previously 

in both pregnant and non-pregnant cohorts. Several studies have indicated increased fish 

consumption was associated with higher n-3 PUFA (Amiano et al., 2001; Bonaa et al., 

1992; Bulliyya et al., 1997; Parks et al., 2017; Fisk et al., 2018; Hautero et al., 2017), 

however, others have found no association (Philibert et al., 2006; Bonham et al., 2008). 

The lack of association between fish consumption and PUFA status during pregnancy 

might be owing to the increased biological transfer of PUFA from mother to foetus during 

the third trimester. 

It is likely that not only fish intake but also other dietary components influence 

biomarker status. Dietary patterns reflect combinations of foods eaten together. Previous 

research has demonstrated that dietary patterns are associated with biomarkers for vitamin 

B12, folate (Richter et al., 2017), and PUFA (Benaim et al., 2018). The use of dietary 

pattern analysis allows dietary habits to be identified, giving an insight into the entire diet, 

rather than only single foods (Freitas-Vilela et al., 2018; Loy et al., 2013, Ax et al., 2016, 

Sotres-Alvarez et al., 2013). Recent studies suggest that foods not considered to be a 

source of PUFA, such as vegetables, fruits and fruit juice, dairy products and tea, were 

associated with PUFA status, highlighting that the food matrix effect may influence 

PUFA status (Benaim et al., 2018, Pounis et al., 2014). Although this could be a chance 

finding, this research suggests that PUFA status may be influenced by interactions 

between constituents of these food items. The aim of the current study is to investigate 
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associations between dietary patterns and maternal PUFA status in a high fish eating 

cohort of pregnant women. 

 

Materials and Methods  

Study Characteristics 

The Seychelles Child Development Study (SCDS) is an ongoing longitudinal 

observational study in the Republic of Seychelles, an archipelago of islands in the Indian 

Ocean. The overall aim of the SCDS is to investigate the influence of prenatal methyl 

mercury (MeHg) exposure from maternal fish consumption during pregnancy on child 

development outcomes in a high fish eating cohort (Strain et al., 2015, Davidson et al., 

2008). Recruitment for Nutrition Cohort 2 (NC2) took place between January 2008 and 

2011 on Mahé, the main island of Seychelles. A total of 1535 pregnant women were 

recruited during their first antenatal visit (from 14 weeks’ gestation) at 8 health centres 

across the island.  

 

Dietary Assessment 

At approximately 28 weeks’ gestation a food frequency questionnaire (FFQ) was 

completed to assess dietary intakes, with participants asked to specify the average 

frequency of consumption for each food item over the previous 6 months (Supplementary 

file 1). The FFQ was specifically designed for the Seychellois population and was 

available in English as well as the native Kreol. It included 137 questions on a wide range 

of food items including local foods and foods commonly eaten in western areas. A subset 

of participants (n = 401) recruited to NC2 completed this FFQ. Frequencies listed on the 

FFQ ranged from selecting 4–5 times per day, to never consuming the food item. Where 

appropriate, standard portion sizes were used to describe serving sizes included on the 

questionnaire, for example, 1 slice of pizza, 1 cup, 1 mug. Completed FFQs were entered 
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on QBuilder software (Tinuviel, version 4.0, Anglesey, UK), which had an updated food 

and nutrient database which included Seychellois specific foods, allowing for the food 

and nutrient intake to be analysed. The output from QBuilder converted the frequency 

scores for each food item to a weekly intake. From this output, g/day was manually 

calculated by multiplying the frequency score by an average portion size and dividing by 

7. Participants also completed a retrospective fish use questionnaire (FUQ) 

(Supplementary file 2) at 28 weeks’ gestation where they indicated the number of times 

per week during pregnancy they consumed specific types of fish. The FFQ allows for the 

estimation of frequency and portion size of food items consumed, including fish. The 

FUQ supplements this by estimating the number of times per week a variety of fish are 

eaten.  

 

Anthropometry 

The mothers’ weight and height measurements were recorded by trained nurses when 

their children were approximately 20 months old. From these anthropometric 

measurements, body mass index (BMI) (kg/m2) was calculated. In a previous cohort 

(Nutrition Cohort 1) maternal BMI at 20 months was highly correlated (r = 0.9) with 

preconception BMI. To ensure accuracy of measurements all equipment was calibrated 

by the Seychelles Bureau of Standards prior to the study starting and throughout the 

duration of the study.  

 

Under/Over Reporting of Energy Intake  

Energy intake (MJ/d) for each participant was calculated using FFQ data. The accuracy 

of the estimated energy intake for each participant was assessed to determine the number 

of under reporters, over reporters, and plausible reporters. Basal metabolic rate (BMR) 

(MJ/day) was calculated using the Henry equations (Henry et al., 2005). A total of 19 
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participants had missing weight and height values. The mean weights and heights of the 

study population were used for those participants in order for their BMR to be determined, 

and their energy intake subsequently assessed for plausible reporting or misreporting. 

There were no significant differences in participant characteristics between the full cohort 

(with mean imputation for missing values, n = 401 and the subcohort for which no data 

were missing (n = 382) when comparing food group intakes, nutrient intakes and PUFA 

status (data not shown). The validity of participants reported energy intake, as calculated 

from the FFQ, was assessed using Goldberg et al. (1991) cut offs as outlined by Black 

(2000). A Physical Activity Level (PAL) of 1.4 was used as recommended by Prentice et 

al. (1996) for pregnant women. Using the calculated cut-offs, participants were labelled 

as under, over or plausible reporters.  

 

Dietary Pattern Analysis: Principal Component Analysis  

A total of 18 food groups and their daily consumption (g/day) were manually created. 

Foods were grouped according to the types of food or by similarities in nutrient content 

(see Table 1 for food items included in each food group) (Loy et al., 2013). Principal 

component analysis (PCA) with varimax rotation was performed on the 18 food groups. 

This procedure allowed for the identification of the principal directions in which the data 

varied, and thus similarities and differences between food groups. The criterion for 

retaining factors included those with an eigenvalue greater than 1, and on the basis of 

where the scree plot showed a break or “elbow” (Supplementary Figure S1). Varimax 

rotation was used to rotate factors, redistributing the explained variance for the individual 

components and thus enabling interpretation. Dietary pattern scores were then calculated 

by multiplying the factor loadings generated by PCA by each participant’s food group 

total and then adding these. These scores were subsequently used as a continuous variable 

75



to determine associations with dietary patterns. Food groups with factor loadings greater 

than 0.3 were considered to significantly contribute to a dietary pattern.  

 

Blood Sampling and PUFA analysis 

At 28 weeks’ gestation, non-fasting maternal blood samples (30 mL) were collected and 

analysed as previously described (Strain et al., 2008). Briefly, blood samples were 

processed by centrifuging at 2500 rpm for 15 min. Aliquots of serum were stored at −80 

°C until analysis. Samples were shipped at −80 °C to Ulster University where serum total 

PUFA analysis was completed using an adapted method by Folch et al., (1957). PUFA 

were subsequently detected and quantified by gas chromatography-mass spectrometry 

(7890A-5975C; Agilent, UK city, state, USA), using Heptadecanoic acid (C17:0) as an 

internal standard, as described previously (Strain et al., 2015). Individual PUFA’s were 

measured including linoleic acid (LA) (18:2n-6), α-linolenic acid (ALA) (18:3n-3), AA 

(20:4n-6), EPA (20:5n-3) and DHA (22:6n-3) and results were presented as mg/mL. Total 

n-6 (LA + AA), total n-3 (ALA + EPA + DHA), and the n-6:n-3 ratio (total n-6: total n-

3) were also calculated. 

 

Statistical Analysis 

Statistical analysis was completed using Statistical Package for Social Sciences (SPSS, 

version 24, IBM, Chicago, IL, USA). Data for all variables were tested for normality. 

Normality tests indicated food group, nutrient intake, and PUFA data were not normally 

distributed. Descriptive analysis was performed and all data expressed as median and 

interquartile range. Non-parametric statistical tests, specifically Mann Whitney U, were 

completed for comparison of differences between all participants (n = 401) and plausible 

reporters only (n = 268). Multiple linear regression analysis was used to examine 

relationships between dietary patterns and PUFA status while controlling for factors also 
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known to influence PUFA status (maternal age and BMI). Following calculation of 

energy misreporting, PCA analysis was completed on plausible reporters only (n = 268). 

Fish intake was further assessed using grams per day (g/day) data from the FFQ 

(n = 268), and also frequency of consumption data from the FUQ (n = 260). Participants 

with FFQ data were ID matched with those with FUQ data. Fish intake was split into 

tertiles of fish consumption to assess whether low, medium, or high fish intake is 

associated with PUFA status. Dummy variables were created where tertile 1 (low intake) 

acted as the reference to which tertile 2 (medium intake) and tertile 3 (high intake) were 

compared. Regression analysis of fish intake tertile and associations with PUFA status 

was completed. BMI is known to correlate with PUFA status, with increased BMI being 

associated with increased n-6 PUFA, and decreased n-3 PUFA concentrations (Vidakovic 

et al., 2015b). Therefore, BMI was considered a potential confounder and was controlled 

for in our regression analyses. Socioeconomic status was collected using Hollingshead 4-

Factor Social Status Index, modified for use in the Seychelles, and was also included as 

a covariate. Statistically significant results were considered as those with p-value < 0.05. 

 

Results 

Subject Characteristics  

A total of 401 participants had complete FFQ and PUFA status data. Characteristics of 

the participants are presented in Table 2. It was determined that 8 (2.0%) participants 

were classified as under reporters, 125 (31.2%) as over reporters, and 268 (66.8%) were 

considered to be plausible reporters. Differences in general characteristics of all 

participants (n = 401) and plausible reporters (n = 268) are shown in Table 2.When 

comparing mean reported intakes of fish for all participants with plausible energy 

reporters only, intake of “Fatty fish” and “Other fish and fish products” was significantly 
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lower for plausible energy reporters. Nutrient intakes for all participants, and plausible 

reporters only, as determined from FFQ data, are included in Supplementary Table S1. 

 

Identification of Dietary Patterns  

PCA was completed on plausible reporters only (n = 268) because misreporting has 

previously been suggested to influence study outcomes (Bailey et al., 2007). Factor 

loadings for dietary patterns are shown in Table 3. Using the 18 food groups, PCA 

extracted a total of 4 components with an eigenvalue greater than 1. The scree plot 

(Supplementary Figure S1) also allowed for the identification of the break point of dietary 

patterns to be retained. A total of four dietary patterns were identified, explaining in total 

36.68% of the variance in the cohort’s diet. The first dietary pattern identified was high 

in foods considered to be common in a western diet including snacks such as chocolate 

and crisps, white fish, chicken and eggs and explained 13.45% of the variance. The 

second dietary pattern accounted for 8.46% of the variance and contained foods 

traditionally eaten in the Seychelles including fatty fish, other fish and fish dishes, 

beverages and fruit. The third dietary pattern was characterized by high amounts of 

crustaceans, molluscs and white fish. This third pattern accounted for 7.61% of the total 

variance. The fourth dietary pattern explained 7.16% of the total variance and contained 

red meat, meat products and dishes, and eggs. 

 

Multiple Linear Regression  

Table 4 shows results for multiple regression analysis. Dietary pattern 1, was not 

significantly associated with PUFA status. The second dietary pattern was significantly 

positively associated with serum DHA (β = 0.134; CI = 0.001, 0.022), and serum total n-

3 PUFA (β = 0.139; CI = 0.001, 0.023). The third dietary pattern was not significantly 

associated with PUFA status. Dietary pattern 4 showed a significant positive association 
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with serum ALA (β = 0.290; CI = 0.001, 0.002), and a significant negative association 

with serum DHA (β = −0.157; CI = −0.023, −0.003), and total n-3 PUFA (β = −0.138; CI 

= −0.022, −0.002).  

 

Examining Tertiles of Fish Intake  

Fish intake for fatty, white and total groups based on the FFQ (n = 268) and FUQ (n = 

260) data were categorised by tertiles and regressed against PUFA status using multiple 

linear regression analyses. For both the FFQ and FUQ data, fish intake was separated into 

the appropriate fish group. Using the FFQ in g/day intake there were no significant 

associations between tertiles of fish intake and PUFA status (Table 5). Using frequency 

of fish intake data from the FUQ, fatty fish intake in the high consumers tertile (Tertile 

3) was positively associated with EPA status (β = 0.180; CI = 0.001, 0.005) only. 

 

Discussion 

Dietary pattern analysis in this cohort of pregnant Seychellois women identified four main 

patterns. Dietary pattern 2, described pregnant women with a high intake of fatty fish 

(e.g., mackerel, tuna, and red snapper), fish dishes (e.g., bouillon blan—a fish soup 

traditional in the Seychelles), and fruits and beverages. This dietary pattern was 

significantly associated with serum DHA and total n-3 PUFA concentrations. When FUQ 

data were categorised by tertiles of fish consumption and PUFA, fatty fish intake was 

associated with EPA status (β = 0.180; CI = 0.001, 0.005) in the highest level of fish 

consumption (tertile 3). These findings indicate that a diet rich in fish, particularly oily 

fish, is associated with higher maternal concentrations of n-3 LCPUFA at 28 weeks’ 

gestation. Dietary intake of n-3 PUFA is especially important during pregnancy because 

of their role in foetal neurodevelopment (Makrides, 2011). 
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Dietary pattern 1 was the most commonly followed pattern in the study 

population, but did not show any associations with PUFA status. This pattern is high in 

foods commonly eaten in a “Westernised” diet including processed foods, white meat and 

eggs. This finding is in line with the transitioning of the Seychelles diet towards a more 

Westernised diet between 1989 and 2011 (Cardoso et al., 2012). Given that dietary pattern 

1 does not appear to be associated with higher PUFA status, there is the potential that n-

3 PUFA status may be compromised if dietary trends continue to shift in this way. The 

third dietary pattern did not show any associations with PUFA. The negative association 

of the fourth dietary pattern, with DHA and total n-3 PUFA is similar to that reported 

previously (Lenighan et al., 2017), and is likely owing to a diet high in meat and meat 

products being associated with higher n-6 PUFA than n-3 PUFA (Strobel et al., 2012). 

Previous research investigating the associations between blood PUFA 

concentrations and fish consumption during pregnancy has been inconclusive. Some 

authors report positive associations in non-pregnant (Hjartaker et al., 1997) and pregnant 

cohorts (Bosaeus et al., 2015) while others have found no association (Garcia-Rodriguez 

et al., 2017) between increased fish consumption and PUFA status. Previous research 

completed as part of the SCDS found that habitual fish intake was not associated with 

LCPUFA status in pregnant women (Bonham et al., 2008). Multiple factors may account 

for the varied results, including cohorts studied and methodological factors. Additionally, 

pregnancy itself is a complex biological process with preferential transfer of PUFA in the 

third trimester (Bonham et al., 2008). Nevertheless, none of these studies analysed for 

dietary patterns. 

Evaluation of dietary patterns allows for the investigation of foods eaten 

commonly in combinations rather than examining the influence of individual foods 

(Starling et al., 2017). The findings reported here indicate that dietary patterns loading 

high for fatty fish, fish dishes, fruit and beverages are associated with increased DHA and 
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total n-3 status. This dietary pattern approach may be viewed as more representative of 

how the diet as a whole influences PUFA status. A limited number of such studies during 

pregnancy are reported. In a cohort of 154 women, Benaim et al. (2018) found that pre-

pregnancy dietary patterns, as assessed by an FFQ six months prior to gestation, loading 

high for “healthy” foods were associated with increased n-3 fatty acid status during 

pregnancy. This “healthy” dietary pattern included foods such as vegetables, fruits, fruit 

juices, fish and dairy products. This finding is consistent with the results of the current 

study as we concluded a dietary pattern loading high for fish and fruit was associated with 

increased DHA and total n-3 PUFA concentrations. It has been suggested that in a varied 

diet, foods not regarded to be a rich source of a certain nutrient may increase nutrient 

bioavailability, with nutrients interacting to increase or decrease bioavailability of one 

another, alluding to a food matrix effect (Benaim et al., 2018; Pounis et al., 2014). They 

found that dietary patterns containing foods that do not have a significant PUFA content 

such as cabbages, root vegetables, coffee and tea were associated with increased plasma 

and red blood cell n-3 PUFA. This increase in n-3 PUFA status may be owing to the 

phytochemical and antioxidant vitamin content of these foods (Pounis et al., 2014). 

It is well established that maternal dietary intake during pregnancy is important 

for the developing foetus, and subsequent child outcomes (Starling et al., 2017; Pace et 

al., 2018). Dietary pattern analysis during pregnancy has mainly focused on pregnancy 

and child outcomes rather than on associations with maternal nutrient status. dos Santos 

Vaz et al., (2013) focused on dietary patterns during pregnancy and anxiety symptoms, 

while also accounting for n-3 fatty acid intake from seafood. They concluded that “health-

conscious” and “traditional” dietary patterns showed protective associations for anxiety 

levels. The influence of maternal dietary patterns on newborn adiposity has also been 

examined. A dietary pattern with high intakes of potatoes, fats, non-wholegrain foods and 

vegetables and found it associated with increased newborn adiposity and increased 
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maternal fasting glucose (Starling et al., 2017). However, these studies did not analyse 

blood PUFA concentrations (Starling et al., 2017; dos Santos Vaz et al., 2013), and thus 

could not examine associations between the dietary patterns they identified and PUFA 

status. 

This study has numerous strengths. Dietary assessment included the use of both a 

FFQ and FUQ to estimate the frequency of consumption of a range of food. The use of 

these together allowed for a detailed assessment of dietary intakes to be completed. The 

biological measurement of PUFA rather than solely dietary intake is a further strength. 

Furthermore, PCA is regarded as the most commonly used method for obtaining dietary 

patterns. The study also has some limitations. FFQs are reported to be prone to 

misreporting of intakes, particularly over reporting. The FFQ used here was designed 

specifically for this study of the Seychellois population, but it has not been validated. A 

7 day weighed food diary would have provided more detailed dietary information, 

however, this also would have been more laborious for participants. The dietary data and 

blood samples were only collected at one-time point in this study, and may not represent 

what is happening across the different stages of pregnancy.  

This study’s finding of a dietary pattern consisting of foods traditional to a 

Seychellois diet being associated with n-3 PUFA status is important for public health 

reasons. The diet in the Seychelles, and likely other developing nations, has been 

changing over time to become more “Westernised” (Cardoso et al., 2012) with a reported 

decrease in fish consumption (Shamlaye et al., 2004). We have previously reported a 

decline in fish meals per week from 12 meals per week in the Main Cohort (Shamlaye et 

al., 1995) to 9 meals per week in NC1 (Strain et al., 2008) to 8.5 meals per week as 

reported more recently for the NC2 cohort (Strain et al., 2015). Given the importance of 

n-3 PUFA for health, including cardiovascular and immune function and 
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neurodevelopment, following a diet of fish consumption should be optimal for n-3 PUFA 

status.  

Conclusions 

Among the four dietary patterns identified, only dietary pattern 2 was associated with 

DHA and total n-3 PUFA status. Women with greater adherence to this dietary pattern 

had higher fish intake and higher DHA and total n-3 PUFA status. The high amounts of 

fruit and beverages in this pattern may also allude to the potential influence of the food 

matrix effect on biomarker status. Considering the importance of n-3 PUFA to 

neurodevelopment and other health benefits for the child throughout life such as improved 

cardiac and immune function, dietary recommendations for fish consumption during 

pregnancy should consider the importance of fish consumption and its association with 

increased PUFA status.   
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Table 1. Food groups used for dietary pattern analysis 
 
Food Group Food Items in Food Group 
Beverages Fruit juice, water, fizzy drinks, hot drinks (including tea, coffee, hot 

chocolate, Ovaltine, Milo, Horlicks, Bournvita, Nesquik) 
Alcoholic beverages All alcoholic beverages 
Fruit All fruits, including dried and canned varieties 
Vegetables All vegetables, including potatoes and legumes 
Other foods Other foods, including nuts, herbs and spices, soups, sauces and 

condiments, and miscellaneous foods such as pizza, biscuits, and cake 
Sugars, snacks and preserves Typical Seychellois snacks: corn snacks, chilli cakes, cassava, as well as 

other snacks including crisps, chocolate, and sweets 
Milk and milk products All varieties of milk and milk products (yogurt, cheese, milk, ice cream) 
Meat products and dishes Bacon, sausages, frankfurters, burgers, ham, pate, processed meat, black 

pudding, meat patties, meat organs, pasta with meat, noodles with meat 
Fats and oils Fat and oils used for frying foods 
White meat Chicken 
Eggs Eggs 
Red meat Beef, pork, lamb 
Cereals and cereal products All cereals, including porridge, oatmeal, cornflakes, other breakfast 

cereals, white bread, brown bread, rice 
White fish All white fish including red snapper, grouper, parrot fish, emperor fish, 

job, shark, salted fish and spinefoot shoemaker 
Fatty fish/oily fish All fatty fish, including mackerel, tinned tuna, tinned sardines, tuna, 

karang, bonito, barracuda 
Crustaceans All crustaceans, including prawns, crab and lobster 
Other fish and fish products All other varieties of fish and fish dishes including other fish, bouillon 

bred with fish, bouillon blan with fish, fish chutney 
Molluscs Octopus 
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Table 2. Characteristics of all participants and plausible reporters only 
 
 Median (IQR)  

 All Participants 
n = 401 

Plausible Reporters Only 
n = 268 

p-
Value 

Age (years) 26.00 (9.00) 26.00 (8.00) 0.361 
Weight (kg) 70.80 (23.10) 72.17 (23.28) 0.188 
Height (m) 1.62 (0.08) 1.62 (0.08) 0.725 
BMI (kg/m2) 27.05 (8.40) 27.49 (7.87) 0.205 
Hollingshead SES 32.00 (16.50) 33.00 (16.50) 0.187 
Energy intake (kcal/day) 2763.00 (1794.00) 2326.50 (983.25) <0.001 
Energy intake (MJ/day) 11.57 (7.51) 9.74 (4.12) <0.001 
Fish intake (g/day)    
   White fish 62.57 (84.86) 57.43 (73.71) 0.089 
   Fatty fish 108.86 (117.71) 98.43 (92.57) 0.027 
   Crustaceans 1.71 (4.14) 1.71 (4.14) 0.628 
   Other fish and fish products 52.14 (58.93) 43.64 (39.86) 0.008 
   Molluscs 5.14 (5.14) 5.14 (5.14) 0.941 
Total serum PUFA (mg/mL)    
   LA 0.92 (0.34) 0.93 (0.32) 0.699 
   ALA 0.04 (0.00) 0.04 (0.00) 0.943 
   AA 0.22 (0.10) 0.23 (0.11) 0.639 
   EPA 0.05 (0.00) 0.05 (0.00) 0.809 
   DHA 0.20 (0.11) 0.20 (0.11) 0.959 
   Total n-6 1.14 (0.41) 1.14 (0.40) 0.648 
   Total n-3 0.29 (0.11) 0.29 (0.12) 0.940 
   Mothers n-6: n-3 ratio 3.90 (1.21) 3.94 (1.25) 0.698 
SES: Socioeconomic status; LA: Linoleic acid; ALA: α-linolenic acid; AA: arachidonic acid; EPA: eicosapentaenoic 
acid; DHA: docosahexaenoic acid; Differences between groups determined by Mann Whitney U, p < 0.05 considered 
statistically significant. 
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Table 3. Factor loadings for dietary patterns identified by principal component analysis 
(PCA) for n = 268 (plausible reporters only) 
 

Food Group 
Dietary Pattern 

1 
Dietary Pattern 

2 
Dietary Pattern 

3 
Dietary Pattern 

4 
Other foods 0.653 - - - 
White fish 0.615 - 0.317 - 
Sugars, snacks, preserves 0.544 - - - 
White meat 0.516 −0.344 - - 
Eggs 0.465 - - 0.341 
Other fish and fish-products - 0.697 - - 
Fatty fish - 0.695 - - 
Beverages - 0.361 - - 
Crustaceans - - 0.760 - 
Molluscs - - 0.746 - 
Red meat - - - 0.746 
Meat products and dishes - - - 0.643 
Vegetables - - - - 
Fruit - 0.352 - - 
Cereals and cereal products - - - - 
Fats and oils - - - - 
Alcoholic beverages - - - - 
Milk and milk-products - - - - 
% of variance explained 13.45 8.46 7.61 7.16 

Only food groups with factor loading values of ≤−0.3 or ≥0.3 were included, some food groups were excluded as they 
did not load onto any factor retained. 
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Table 4. Multiple regression analysis of dietary patterns as predictors of total serum PUFA status (mg/mL) (n = 268) total g/day 
 
 Dietary Pattern 1 Dietary Pattern 2 Dietary Pattern 3 Dietary Pattern 4 
PUFA (mg/mL) β 95% CI β 95% CI β 95% CI β 95% CI 
LA −0.045 (−0.049, 0.026) 0.089 (−0.011, 0.057) −0.033 (−0.041, 0.024) −0.081 (−0.053, 0.011) 
AA −0.001 (−0.010, 0.010) 0.067 (−0.004, 0.014) −0.006 (−0.009, 0.009) −0.030 (−0.011, 0.007) 
ALA −0.054 (−0.001, 0.000) 0.106 (0.000, 0.001) −0.119 (−0.001, 0.000) 0.290 (0.001, 0.002)* 
EPA −0.069 (−0.002, 0.001) 0.045 (−0.001, 0.001) 0.088 (0.000, 0.002) −0.025 (−0.001, 0.001) 
DHA −0.103 (−0.020, 0.003) 0.134 (0.001, 0.022)* −0.031 (−0.013, 0.007) −0.157 (−0.023, −0.003)* 
Total n-6 −0.039 (−0.054, 0.030) 0.095 (−0.010, 0.067) −0.031 (−0.046, 0.027) −0.078 (−0.060, 0.013) 
Total n-3 −0.108 (−0.021, 0.003) 0.139 (0.001, 0.023)* −0.028 (−0.013, 0.008) −0.138 (−0.022, −0.002)* 
n-6:n-3 ratio 0.058 (−0.144, 0.340) −0.059 (−0.320, 0.121) 0.018 (−0.179, 0.240) 0.055 (−0.116, 0.301) 

Multiple linear regression adjusting for age, BMI, energy intake, and Hollingshead socioeconomic status; *significant results p <0.05. 
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Table 5. Association between serum PUFA status and tertiles (T) of fish intake (grams per day) for all reporters and plausible reporter  
 
 FFQ g/day Intake (Plausible Reporters n = 268) FUQ Frequency of Fish Intake (Plausible Reporters n = 260) 
 T1 (Low) T2 (Medium) T3 (High) T1 (Low) T2 (Medium) T3 (High) 
  Beta 95% CI Beta 95% CI  Beta 95% CI Beta 95% CI 
White fish           
LA Ref −0.117 (−0.132, 0.002) −0.030 (−0.084, 0.051) Ref −0.016 (−0.078, 0.060) 0.030 (−0.054, 0.089) 
AA Ref −0.039 (−0.025, 0.013) 0.009 (−0.017, 0.020) Ref 0.041 (−0.013, 0.026) 0.032 (−0.015, 0.025) 
ALA Ref 0.032 (−0.001, 0.002) −0.097 (−0.002, 0.000) Ref 0.016 (−0.001, 0.001) 0.110 (0.000, 0.002) 
EPA Ref 0.006 (−0.002, 0.002) 0.033 (−0.001, 0.002) Ref 0.010 (−0.002, 0.002) 0.032 (−0.001, 0.002) 
DHA Ref −0.027 (−0.026, 0.016) −0.037 (−0.027, 0.015) Ref 0.026 (−0.017, 0.026) 0.056 (−0.012, 0.033) 
total n-6 Ref −0.112 (−0.147, 0.005) −0.024 (−0.092, 0.061) Ref −0.004 (−0.081, 0.075) 0.034 (−0.058, 0.104) 
total n-3 Ref −0.023 (−0.026, 0.017) −0.038 (−0.029, 0.015) Ref 0.026 (−0.017, 0.027) 0.064 (−0.011, 0.035) 
n6:n-3 ratio Ref −0.041 (−0.580, 0.288) 0.009 (−0.401, 0.468) Ref −0.031 (−0.555, 0.334) −0.022 (−0.544, 0.381) 
Fatty fish           
LA Ref −0.008 (−0.072, 0.063) −0.021 (−0.079, 0.056) Ref 0.024 (−0.054, 0.078) −0.060 (−0.116, 0.041) 
AA Ref 0.011 (−0.017, 0.020) 0.001 (−0.019, 0.019) Ref 0.022 (−0.015, 0.022) 0.024 (−0.018, 0.026) 
ALA Ref −0.027 (−0.001, 0.001) 0.075 (0.000, 0.002) Ref −0.091 (−0.002, 0.000) 0.064 (−0.001, 0.002) 
EPA Ref −0.050 (−0.003, 0.001) −0.012 (−0.002, 0.002) Ref −0.113 (−0.003, 0.000) 0.180 (0.001, 0.005) * 
DHA Ref 0.010 (−0.019, 0.023) −0.012 (−0.023, 0.019) Ref −0.006 (−0.022, 0.020) 0.018 (−0.021, 0.028) 
total n-6 Ref −0.005 (−0.079, 0.073) −0.018 (−0.088, 0.065) Ref 0.026 (−0.059, 0.090) −0.046 (−0.122, 0.055) 
total n-3 Ref 0.004 (−0.021, 0.022) −0.009 (−0.023, 0.020) Ref −0.020 (−0.025, 0.018) 0.036 (−0.018, 0.033) 
n6:n-3 ratio Ref −0.056 (−0.636, 0.234) −0.018 (−0.499, 0.374) Ref 0.002 (−0.421, 0.432) −0.014 (−0.564, 0.452) 
Total all fish           
LA Ref −0.048 (−0.094, 0.041) −0.038 (−0.088, 0.046) Ref 0.023 (−0.057, 0.082) −0.077 (−0.119, 0.028) 
AA Ref −0.010 (−0.021, 0.017) 0.020 (−0.016, 0.022) Ref 0.019 (−0.016, 0.022) 0.029 (−0.016, 0.026) 
ALA Ref 0.001 (−0.001, 0.001) 0.034 (−0.001, 0.002) Ref −0.027 (−0.001, 0.001) 0.109 (0.000, 0.002) 
EPA Ref −0.045 (−0.003, 0.001) 0.044 (−0.001, 0.003) Ref −0.014 (−0.002, 0.002) 0.095 (0.000, 0.004) 
DHA Ref −0.050 (−0.030, 0.012) −0.005 (−0.022, 0.020) Ref −0.076 (−0.035, 0.008) 0.077 (−0.008, 0.038) 
total n-6 Ref −0.044 (−0.105, 0.049) −0.028 (−0.094, 0.058) Ref 0.024 (−0.063, 0.094) −0.060 (−0.124, 0.043) 
total n-3 Ref −0.052 (−0.031, 0.012) 0.001 (−0.022, 0.022) Ref −0.076 (−0.036, 0.008) 0.089 (−0.006, 0.041) 
n6:n-3 ratio Ref 0.031 (−0.325, 0.548) −0.043 (−0.588, 0.283) Ref 0.117 (−0.022, 0.867) −0.121 (−0.933, 0.012) 

T1 = tertile 1, T2 = tertile 2, T3 = tertile 3; T1 was reference to which T2 and T3 were compared; regression models adjusted for maternal age at enrolment, maternal BMI, and Hollingshead socioeconomic 
status; *, significant results p < 0.05.
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Supplementary Figure 1. Scree plot for identifying dietary patterns from principal 
component analysis  
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Supplementary Table 1. Comparison of daily energy and nutrient intakes with UK DRV 
for all participants (n=401) and plausible reporters only (n=268) 
 
  Median (IQR)    

  All participants 
n=401 

Plausible 
reporters only 

n=268 

p-
value 

UK 
RNI UK EAR 

Energy (kcal) 2763.00 (1794.00) 2326.50 (983.25) <0.001   

Energy (MJ) 11.57 (7.51) 9.74 (4.12) <0.001  9.90 
Protein (g) 122.50 (78.90) 102.95 (47.05) <0.001 51.00  

Protein (% energy) 17.37 (4.11) 17.51 (3.96) 0.955   

Fat (g) 106.70 (69.20) 88.70 (44.58) <0.001   

Fat (% energy) 35.18 (6.27) 34.69 (6.47) 0.404  35.00(DRV) 
Carbohydrates (g) 353.40 (236.65) 298.25 (136.23) <0.001   

CHO (% energy) 50.34 (7.70) 50.71 (7.53) 0.482  50.00(DRV) 
Saturated fat (g) 44.80 (32.35) 36.55 (19.83) <0.001   

Saturated fat (% energy) 14.70 (4.54) 14.54 (4.32) 0.262  10(DRV) 
Monounsaturated fat (g) 35.20 (22.55) 29.10 (13.80) <0.001   

Polyunsaturated fat (g) 16.80 (11.20) 14.15 (7.25) <0.001   

Sugar (g)  176.30 (141.80) 141.75 (77.15) <0.001   

Sodium (mg) 3106.00 (2081.00) 2614.00 (1307.25) <0.001 1600.00  

Potassium (mg) 3922.00 (2974.00) 3315.00 (1681.25) <0.001 3500.00  

Calcium (mg) 1411.00 (1353.50) 1139.00 (751.25) <0.001 700.00 525.00 
Magnesium (mg) 343.00 (252.50) 280.00 (132.75) <0.001 270.00 200.00 
Iron (mg) 14.40 (10.40) 12.45 (5.95) <0.001 14.80 11.40 
Zinc (mg) 12.00 (8.10) 10.00 (4.78) <0.001 7.00 5.50 
Selenium (µg) 154.00 (90.50) 137.00 (73.25) <0.001 60.00  

Iodine (µg) 232.00 (226.50) 181.50 (134.75) <0.001 140.00  

Vitamin A (µg) 753.00 (700.00) 609.50 (502.25) <0.001 700.00  

Vitamin B6 (mg) 2.70 (1.93) 2.25 (1.20) <0.001  1.20 
Vitamin B12 (µg) 9.30 (7.30) 8.20 (4.88) <0.001  1.20 
Vitamin C (mg)  231.00 (250.50) 186.50 (161.25) <0.001 50.00  

Vitamin D (µg) 5.30 (4.75) 4.70 (3.10) <0.001 10.00  

Vitamin E (mg) 13.74 (9.35) 11.62 (6.22) <0.001   
Thiamin (mg) 1.90 (1.30) 1.55 (0.70) <0.001 0.90  

Riboflavin (mg) 2.50 (2.25) 2.00 (1.28) <0.001 1.40  

Niacin (mg) 22.90 (15.95) 19.80 (11.35) <0.001 12.00  

Folate (µg) 354.00 (275.50) 292.00 (159.25) <0.001 300.00  
p-value for differences between all participants and plausible reporters only determined by Mann Whitney U test; p<0.05 
considered statistically significant; DRV: Dietary Reference Value; RNI: Reference Nutrient Intake, EAR: Estimated 
Average Requirement; CHO: Carbohydrates. 
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Abstract  

Background: Optimal maternal polyunsaturated fatty acid (PUFA) status is essential for 

foetal development.  The desaturase enzymes, encoded by the fatty acid desaturase 

(FADS) genes, are involved in the endogenous synthesis of long chain (LC) PUFA and 

have been shown to influence maternal LCPUFA concentrations. The minor allele of 

various FADS SNPs has been associated with increased maternal concentrations of the 

precursors linoleic acid (LA) and α-linolenic acid (ALA), and lower concentrations of the 

LCPUFA arachidonic acid (AA) and docosahexaenoic acid (DHA); however, there is 

limited research to date on the influence of FADS genotype on cord PUFA status.  

Aim: The aim of the current study was to investigate the influence of maternal and child 

genetic variation on cord blood PUFA status in a high fish eating cohort.  

Methods: Analysis of total serum PUFA was completed for cord blood samples collected 

from mother-child pairs taking part in the Seychelles Child Development Study (SCDS) 

Nutrition Cohort 2 (NC2). Maternal and child genotype were determined for the FADS 

SNPs rs174537, rs174561, rs174575, and rs3834458. Regression analysis determined 

associations between maternal and child FADS genotype and cord PUFA status.  

Results: Minor allele homozygote mothers had lower cord blood concentrations of 

docosahexaenoic acid (DHA) and total n-3 PUFA than major allele homozygotes. 

Heterozygous children had lower cord blood AA concentrations, a lower n-6:n-3 ratio 

and a decreased cord blood AA:LA ratio compared to those who had the major allele 

homozygous genotype.  

Conclusion: Both maternal and child FADS genotype were associated with lower cord 

PUFA concentrations in a high fish eating cohort. The influence of variation in FADS 

genotype was still observed despite the high intake of preformed dietary LCPUFA from 

fish in this population. 
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Introduction  

Polyunsaturated fatty acids (PUFA) have an essential role in foetal development (Innis, 

2005). The long chain (LC) PUFA docosahexaenoic acid (DHA) and arachidonic acid 

(AA) are of particular importance owing to their role in central nervous system 

development (Crawford, 1993; Brenna & Diau, 2007; Drover et al., 2011; Ding et al., 

2016; Lauritzen et al., 2001) and DHA has been shown to accumulate in the foetal brain 

during the third trimester (Shahidi & Ambigaipalan, 2018; Hurtado et al., 2015; 

Makrides, 2011). AA is essential for foetal brain growth during gestation (Crawford, 

1993; Crawford et al., 1997; Ryan et al., 2010; Hadley et al., 2016; Tallima & Ridi, 2018), 

whilst DHA is required for the growth and function of nervous tissue and the retina (Uauy 

et al., 1990; Birch et al., 2007; Innis, 2007; Molloy et al., 2012).  Placental transfer is the 

sole source of PUFA for the developing foetus (Jones et al., 2014); therefore, optimal 

maternal status is essential.  

DHA and AA can be supplied directly to the mother from dietary intake and also 

synthesised endogenously from the essential fatty acids linoleic acid (LA) and α-linolenic 

acid (ALA) respectively via a series of elongation and desaturation steps (Figure 1). The 

elongation and desaturation pathway involves the ∆ 5 desaturase (D5D) and ∆ 6 

desaturase (D6D) enzymes which are encoded by the fatty acid desaturase (FADS) genes 

– FADS1 and FADS2 respectively (Minihane, 2016). Single nucleotide polymorphisms 

(SNPs) in the FADS gene cluster are associated with LCPUFA concentrations (Minihane, 

2016). The minor allele homozygous genotype for FADS1 and FADS2 SNPs has been 

associated with increased concentrations of the PUFA precursor molecules LA and ALA 

and lower concentrations of LCPUFA products, particularly AA in pregnant women (de 

la Garza Puentes et al., 2017; Yeates et al., 2015; Moltó-Puigmartí et al., 2010). Higher 

cord blood LA concentrations, and lower concentrations of AA and DHA have been 

reported in mothers who are carriers of the minor allele of FADS2 SNPs compared with 
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those with the major allele (Steer et al., 2012; Lattka et al., 2013). The genotype of the 

child has also been shown to influence cord n-6 PUFA concentrations, with increased 

dihomo-γ-linolenic acid (DGLA) which is a prostaglandin like n-6 PUFA, and decreased 

AA being reported for minor allele carriers (Steer et al., 2012; Lattka et al., 2013; Barman 

et al., 2015). In a high fish eating cohort in the Seychelles Child Development Study 

(SCDS), mothers who were minor allele carriers for the FADS SNP rs3834458 had 

significantly higher concentrations of LA and ALA compared to major allele 

homozygotes, and both rs3834458 and rs174575 were associated with significantly lower 

concentrations of AA (Yeates et al., 2015).  

The FADS genotype, therefore, may be a determinant of circulating 

concentrations of PUFA in pregnant women even in high fish eating populations. Given 

that the developing foetus relies on maternal supply, it is possible that both maternal and 

child FADS genotype will influence cord PUFA status, albeit this has not been 

investigated in a high fish eating cohort. The aim of the current study is to investigate the 

influence of maternal and child genetic variation in FADS genotype on cord blood PUFA 

status in the SCDS. It is hypothesised that carriers of minor alleles in FADS1 and FADS2 

in either the mother or the child will have lower cord concentrations of the LCPUFA 

products AA and DHA. Both AA and DHA are particularly important for foetal 

development, particularly for the brain and nervous system, therefore optimal 

concentrations of cord AA and DHA are beneficial.  

 

Methods  

Study design and participants 

The Seychelles Child Development Study (SCDS) is a longitudinal study based in the 

Republic of Seychelles. The SCDS has the overall aim to investigate the effects of 

methylmercury (MeHg) exposure from maternal fish consumption on child 
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developmental outcomes. The current study is part of Nutrition Cohort 2 (NC2). 

Recruitment for NC2 took place between 2008 and 2011 on the island of Mahé. Pregnant 

women were recruited at their first antenatal visit from 8 health centres located on the 

island. Ethical approval was granted by the Seychelles Ethics Boards, the Research 

Subjects Review Board at the University of Rochester, and the Regional Ethics committee 

at Lund University, Sweden. The study was conducted in accordance with the Declaration 

of Helsinki.  

 

Blood sampling and analyses  

Maternal non-fasting blood samples, collected at 28 weeks’ gestation were processed and 

stored at -80°C. Cord blood samples were collected at delivery, processed to obtain serum 

samples and stored at -80°C. Aliquots of serum were shipped to Ulster University, 

Coleraine for fatty acid analysis. Total serum PUFA was assessed in cord blood samples 

as PUFA transferred from the mother to the developing foetus via the placenta originate 

from maternal triglycerides and free fatty acids, and not from phospholipids (Dutta-Roy, 

2000; Herrera, 2002; Bonham et al., 2008). Total PUFA analysis was completed in cord 

blood serum samples using an adaptation of the Folch et al. (1957). Total lipids were 

extracted and methylated to fatty acid methyl esters (FAME) using boron trifluroide 

methanol (BF3) (Sigma Aldrich, UK). Heptadecaenoic acid (C17:0) was used as the 

internal standard. FAME were quantified by gas chromatography mass spectrometry 

(GC-MS) (Agilent 7890A-5975C, UK). Analysis was completed in split mode, with a 

BPX70 capillary GC column (SGE Analytical Science) (length 30m, internal diameter 

250µm and film thickness 0.25µm), using helium as the carrier gas (constant flow at 

1.0ml/min). Samples were injected using an automatic liquid sampler (ALS) (injection 

volume 1µl) at a temperature of 130°C, this was then ramped at 15°C/min to 200°C and 

then at 30°C/min to 250°C where it was held for 5 min. Mass spectrometry was operated 
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in positive ion mode using an electron ionisation (EI) source. Mass range was set to 50-

500Da and acquisition was performed by total ion chromatogram (TIC). The PUFA 

analysed included linoleic acid (LA) (18:n-6), α-linolenic acid (ALA) (18:3n), 

arachidonic acid (AA) (20:4n-6), eicosapentaenoic acid (EPA) (20:5n-3), and DHA 

(22:6n-3). PUFA were identified using their retention time and corresponding qualifier 

ions with reference to those of commercially available PUFA standards (Sigma Aldrich, 

UK), and the internal standard (C17:0) used to quantify PUFA. The total n-6 (LA + AA), 

total n-3 (ALA + EPA + DHA), n-6:n-3 ratio (total n-6:totaln-3), and product:precursor 

ratios (AA:LA, EPA:ALA, DHA:ALA) were also calculated. Undetectable values for 

ALA and EPA were seen in 85% and 57% of samples respectively. These samples had 

values below the lower limit of detection (LLOD). For undetectable values the LLOD/√2 

was inputted (Ogden, 2010).  

 

Genotyping  

Aliquots of maternal blood were shipped to Lund University, Sweden for genotyping as 

described previously (Yeates et al., 2015). A total of four FADS SNPs were chosen based 

on the impact they have previously been found to have on LCPUFA concentrations 

(Yeates et al., 2015), including FADS1 rs174537, FADS1 rs174561, FADS1-FADS2 

rs3834458, and FADS2 rs174575. A Qiagen DNA Blood Mini Kit (Qiagen, Hilden, 

Germany) was used to extract DNA from maternal blood samples. Genotyping of SNPs 

was completed using the Iplex® Gold assay on the MassARRAY platform (Sequenom™, 

San Diego, USA) and by TaqMan allelic discrimination assay on an ABI 7900 instrument 

(Applied Biosciences, Foster City, CA, USA).  

Children provided a saliva sample when aged 7 years old. Saliva samples were 

also shipped to Lund University, Sweden for DNA extraction and genotyping. DNA 

extraction was completed using The E.N.Z.A. blood DNA mini kit (Omega Bio-Tel, 
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Norcross, GA) according to the manufacturer’s instructions. The same four SNPS 

genotyped for maternal samples were genotyped in child saliva samples (FADS1 

rs174537, FADS1 rs174561, FADS1-FADS2 rs3834458, and FADS2 rs174575). 

Genotyping of SNPs was completed using TaqMan realtime PCR using custom assays 

from Thermo Fisher Scientific. To analyse the chosen SNPs, ABI 7900HT Fast Real Time 

PCR System (Applied Biosystems, Thermo Fisher, Waltham, USA) was used according 

to the manufacturer’s instructions. Primers and probes were predesigned and validated by 

the manufacturer (Thermo Fischer Scientific, Waltham, USA). Quality control was 

checked by reanalysing >5% of random samples, with there being a resultant 100% 

agreement between original and duplicate samples. Hardy-Weinberg equilibrium was 

also evaluated using Chi-square test.  

 

Statistics  

Differences in PUFA status across genotypes were assessed using ANOVA. Unadjusted 

linear regression was used to estimate the effect of maternal and child FADS SNPs on 

cord blood PUFA status, where child FADS and maternal FADS genotype were analysed 

in separate models. A further regression model was completed to include both maternal 

and child FADS genotype. Product:precursor ratios were also included in regression 

analyses (AA:LA, EPA:ALA, DHA:ALA). In all regression models, the major allele 

homozygote genotype for each SNP was used as the reference group. 

 

Results  

A total of 1535 mothers were recruited onto NC2. Of these mothers, 1433 had PUFA 

concentrations measured at 28 weeks’ gestation. A total of 1088 of these mothers had a 

cord blood sample collected at delivery. Of those with cord blood data, 1088 had maternal 

FADS genotype and 592 had child FADS genotype data available at this stage. Descriptive 
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characteristics of the mothers along with PUFA data for both mothers and children are 

included in Table 1. Fish consumption in this cohort of pregnant women was an average 

of 8.5 fish meals per week. The genotype distributions for mothers and children are shown 

in Table 2. Both mother and child genotypes were in Hardy Weinberg equilibrium. The 

minor allele frequency of each SNP in NC2 mothers and children is shown in Table 3 

with comparison to other populations. The minor allele frequencies for rs174537, 

rs174561 and rs3834458 were lower in the Seychellois populations compared to 

European and global frequencies. The MAF for rs174575 was similar to that seen for 

European and African populations.  

Differences in cord PUFA concentrations according to child genotype were 

assessed using ANOVA and are shown in Table 4. Children who were heterozygotes 

consistently had significantly lower AA (P=0.001) concentrations, and a significantly 

lower AA:LA ratio (P=0.041) compared to those who were major allele homozygotes for 

all SNPs. Heterozygotes had significantly lower total n-6 compared to those who were 

homozygous for the major allele for rs174537 (P=0.021) and rs3834458 (P=0.047).  

Regression analysis investigated associations between maternal FADS genotype 

and cord PUFA concentrations (Table 5). In mothers, minor allele homozygotes for the 

SNPs rs174537, rs174561 and r3834458 were associated with lower cord DHA (P<0.05 

for all) and lower total n-3 PUFA when compared to the reference genotype. The 

heterozygous genotype was associated with increased concentrations of precursor 

molecules, specifically LA, when compared to the major allele homozygous genotype for 

rs174561 (P=0.021) and rs3834458 (P=0.023). Significant associations observed 

between maternal FADS genotype and cord PUFA concentrations were all quite weak.  

Associations between child FADS genotype and cord PUFA concentrations are 

shown in Table 6. Heterozygous genotype was consistently associated with lower AA 

concentrations and lower cord n-6:n-3 ratio for all SNPs (P<0.05 for all). The strength of 
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association was stronger for AA than for the n-6:n-3 ratio. A lower cord AA:LA ratio was 

also observed for children heterozygous for FADS rs174537, rs174561 and rs174575 

(P<0.05 for all), albeit this association was quite weak.  

To determine the influence of both maternal and child FADS genotype on cord 

PUFA concentrations, both genotypes were included in regression models. As shown in 

Table 7, when both maternal and child were heterozygotes for rs174537, rs174561 and 

rs3834458, they had significantly lower cord AA concentrations and lower n-6:n-3 ratio 

compared to the major allele homozygous genotype. Minor allele homozygotes for 

rs3834458 had increased DHA:ALA ratio (P=0.038).  

 

Discussion  

The current study indicates that both maternal and child FADS genotype are associated 

with cord PUFA status in a high fish eating cohort. Maternal genotype was found to 

influence n-3 PUFA concentrations in cord blood, specifically lower cord DHA and total 

n-3 concentrations were observed in children born to minor allele rs174537, rs175561 

and rs3834458 homozygous mothers. The genotype of the child was associated with 

lower AA cord blood concentrations and a lower n-6:n-3 ratio in heterozygotes for all 

SNPs. A lower cord blood AA:LA ratio for children with the heterozygous genotype for 

SNPs rs174537, rs174561 and rs3834458 was also observed. Lower AA concentrations 

and a lower n-6:n3 ratio were observed when both mother and child genotype were 

heterozygous for rs174537, rs174561 and rs3834458.  

The current study found that the presence of the minor allele in the maternal 

genotype was associated with lower cord blood DHA and total n-3 concentrations.  

Previous research in a cohort of mother-child pairs in England examined the influence of 

maternal FADS on cord PUFA concentrations and also reported lower cord blood DHA 

concentrations in children born to mothers who were carriers of the minor allele for 
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various FADS SNPs (Lattka et al., 2013; Steer et al., 2012). LCPUFA status of cord blood 

has been found to be higher than maternal LCPUFA status in what is known as 

“biomagnification” (Crawford et al., 1976). The placenta has the ability to select and 

transfer AA and DHA from the maternal supply to the foetus (Crawford et al., 1997; 

Crawford, 2000), while also retaining the precursor molecules LA and ALA (Crawford 

et al., 1997). In the current analysis, cord DHA was shown to be lower in children whose 

mothers were minor allele carriers, suggesting that although there is a preferential transfer 

and biomagnification of DHA, maternal FADS genotype may influence the quantity of 

DHA present in foetal cord blood. The order of transfer of LCPUFA is dependent on 

maternal status. When maternal AA status is low, the placenta will retain AA and transfer 

PUFA to the foetus in the order DHA, ALA, LA and lastly AA. If, however, maternal 

status of AA is high, the order of selectivity and thus transfer to the foetus is DHA, AA, 

ALA followed by LA (Haggarty, 2010). Given that maternal PUFA status of this cohort 

has previously been shown to be influenced by FADS genotype (Yeates et al., 2015), the 

preferential transfer of PUFA across the placenta to the foetus may also be affected, which 

may in turn impact on cord blood PUFA status. It is worth noting that cord blood has high 

levels of mead acid (20:3n-9) which is considered a marker of essential fatty acid 

deficiency (EFAD) as it only accumulates if insufficient amounts of LA and ALA are 

present (Crawford, 1989; Hornstra et al., 1989). Mead acid has been reported to increase 

prior to a 20:4n-6 decrease, since the body tends to conserve 20:4n-6 if there is an EFAD. 

As mead acid and AA have the same chain length, further care and consideration may be 

needed in PUFA analysis to ensure each fatty acid is discriminated by the GC-MS and 

identified correctly.  

In the developing foetus, the synthesis of AA is known to be greater than the 

synthesis of DHA (Lapillonne & Moltu, 2016; Haggarty, 2010). Variation in child FADS 

genotype influences the endogenous synthesis of LCPUFA, with lower cord blood 
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concentrations of AA in those with the minor allele (Steer et al., 2012; Lattka et al., 2013; 

Barman et al., 2015). The four child SNPs included in the current analysis were 

consistently associated with lower cord blood AA concentrations; this has been observed 

previously in the limited research relating to the influence of FADS on cord PUFA status 

(Steer et al., 2012; Lattka et al., 2013; Barman et al., 2015). This finding suggests that 

the heterozygous genotype may impair the developing foetus’ ability to endogenously 

synthesise LCPUFA, leading to lower cord AA concentrations. No associations were 

observed between cord PUFA concentrations and children with the minor allele 

homozygous genotype. It is likely the sample size for minor allele homozygotes in the 

current study was too small to observe any statistically significant effects. Child genotype 

was shown to be associated with product:precursor ratios, with a decreased cord blood 

AA:LA ratio in children who were heterozygous for SNPs rs174537, rs174561, and 

rs3834458, indicating decreased activity of the desaturase enzymes and thus leading to 

lower concentrations of AA in cord blood compared to LA. The presence of the variant 

allele is known to be associated with increased LCPUFA precursor and lower product 

concentrations. Given the inefficiency of the endogenous synthesis pathway for 

LCPUFA, dietary intake of preformed LCPUFA is preferred. The current study was 

completed in a high fish eating cohort, with a diet rich in preformed LCPUFA; however, 

associations between maternal and child FADS genotype and cord PUFA were observed 

despite the higher dietary LCPUFA intake.  

When both the mother and child are heterozygous for rs174537, rs174561 and 

rs3834458 SNPs, lower AA concentrations and a lower n-6:n3 ratio were observed. As 

this finding was observed when only the child’s genotype was taken into consideration, 

it suggests that the child genotype could potentially have a stronger influence on cord 

PUFA status than maternal genotype. Further investigation involving haplotype analysis 

would allow for genetic associations with cord blood PUFA to be examined in more 
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detail. Dietary intake of fish is high in this cohort, with an average of 8.5 fish meals per 

week being consumed. It has been reported that a diet high in fatty fish, and fish products 

and dishes is associated with higher circulating n-3 PUFA concentrations in this cohort 

of mothers (Conway et al., 2018). As maternal status is influenced by dietary intake, this 

may in turn influence the order of PUFA transfer across the placenta, and thus maternal 

PUFA status could be controlled for in further analyses.  

To our knowledge, this is the first study to investigate the influence of both 

maternal and child FADS genotype on cord PUFA status in a high fish eating cohort. The 

current study has some limitations. Hardy Weinberg equilibrium was assessed using chi-

squared, however, the MAF for the SNPs included in the current analysis were below the 

European and global MAF. Collection and genotype analysis of child saliva samples is 

incomplete resulting in reduced numbers for the current statistical analysis.  It is expected 

that when data are available for the full cohort the number of minor allele homozygote 

children may be increased and associations observed may be stronger. It may also be 

possible there are other underlying population substructures in the population which are 

influencing the MAF of the Seychellois population. Parity is also known to influence 

maternal PUFA status (Al et al., 1997), therefore, future analysis should consider 

examining PUFA status and genotype according to parity. EPA and AA compete for the 

same desaturase enzymes (Simpoulos, 2010), thus in future analyses investigating EPA 

and AA status together in relation to associations with FADS genotype could be 

considered. There are other potential mechanisms by which FADS SNPs have an 

influence on PUFA status due to changes in FADS gene expression. These mechanisms 

include altered promoter region of the FADS gene (Brenna et al., 2010; Rahbar et al., 

2017) and low expression of protein (Ralston et al., 2015), and thus these other potential 

mechanisms should be considered in future studies. Further investigation such as 
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variation in ELOVL genes, which are involved in the elongation steps of the endogenous 

synthesis of LCPUFA, should also be considered. 

 

Conclusion  

In conclusion, the current study indicates that, in a high fish eating cohort, variation in 

maternal and child FADS genotype influences cord PUFA concentrations, with maternal 

genotype being associated with lower DHA and total n-3 concentrations, whereas child 

genotype was associated with lower concentrations of AA of the n-6 family. The cohort 

included here have high fish consumption, however, despite the high dietary intake of 

preformed LCPUFA, associations between FADS genotype and cord PUFA status were 

still observed. Given the importance of PUFA for child development, it is necessary to 

understand factors which impact PUFA concentrations, and to use this knowledge to 

improve PUFA status. Further research is needed to determine whether increased dietary 

intake can compensate for lower PUFA status as a result of FADS genotype.  
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Figure 1: Endogenous synthesis of long chain polyunsaturated fatty acids (LC-PUFA) (Amended from Yeates et al., 2015)
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Table 1: Descriptive statistics for maternal and cord PUFA  
 
  n Mean ± SD Median (IQR) Min Max 
Maternal age (yrs)  1432 26.90 ± 6.31 25.94 (21.88, 31.37) 16.03 45.56 

Maternal BMI (kg/m2) 1432 26.91 ± 6.25 26.90 (22.21, 30.22) 14.67 49.60 
Fish consumption 
(meals/week)  1376 8.58 ± 4.59 8.00 (6.00, 11.00) 0.00 37.00 

Hollingshead (SES)  1409 32.01 ± 10.36 31.50 (24.00, 39.50) 11.00 63.00 

Maternal PUFA (mg/ml)      

   LA 1433 0.900 ± 0.254 0.879 (0.721, 1.047) 0.309 2.339 

   ALA 1433 0.037 ± 0.006 0.035 (0.035, 0.038) 0.000 0.114 

   AA 1433 0.203 ± 0.082 0.206 (0.149, 0.262) 0.040 0.383 

   EPA 1433 0.052 ± 0.008 0.049 (0.049, 0.051) 0.049 0.116 

   DHA 1433 0.185 ± 0.085 0.180 (0.116, 0.244) 0.040 0.520 

   Total n-6  1433 1.103 ± 0.294 1.091 (0.896, 1.295) 0.426 2.707 

   Total n-3 1433 0.275 ± 0.091 0.266 (0.201, 0.337) 0.123 0.636 

   n-6:n-3 ratio 1433 4.351 ± 1.634 3.930 (3.264, 4.983) 1.556 15.810 

   AA:LA  1433 0.233 ± 0.090 0.244 (0.181, 0.291) 0.022 0.524 

   EPA:ALA 1430 1.416 ± 0.211 1.400 (1.389, 1.418) 0.428 2.834 

   DHA:ALA  1430 4.946 ± 2.229 4.869 (3.138, 6.385) 0.831 14.898 

Cord PUFA (mg/ml)      

   LA 1088 0.167 ± 0.131 0.148 (0.115, 0.189) 0.012 1.999 

   ALA 1088 0.001 ± 0.003 0.000 (0.000, 0.000) 0.000 0.026 

   AA 1088 0.283 ± 0.233 0.191 (0.144, 0.269) 0.030 1.179 

   EPA 1088 0.006 ± 0.007 0.000 (0.000, 0.011) 0.000 0.051 

   DHA 1088 0.103 ± 0.049 0.097 (0.072, 0.126) 0.007 0.497 

   Total n-6  1088 0.451 ± 0.273 0.365 (0.277, 0.518) 0.099 2.464 

   Total n-3 1088 0.109 ± 0.052 0.104 (0.077, 0.134) 0.007 0.549 

   n-6:n-3 ratio 1088 5.424 ± 5.703 3.350 (2.601, 5.527) 1.020 47.707 

   AA:LA  1088 2.083 ± 2.490 1.193 (1.000, 1.516) 0.167 42.167 

   EPA:ALA 1087 82.128 ± 130.358 0.571 (0.571, 187.143) 0.002 660.000 

   DHA:ALA  1087 1769.52 ± 1081.283 1787.143 (1131.857, 2442.429) 1.169 6493.286 
Data are median (IQR), where IQR is 25th and 75th centile; or n (%) where appropriate; BMI: body mass index; SES: socioeconomic 
status; LA: linoleic acid; ALA: α-linolenic acid; AA: arachidonic acid; EPA: eicosapentaenoic acid; DHA docosahexaenoic acid  
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Table 2: Maternal and child genotype distribution in Seychellois NC2 participants  
 

   n (%) 

SNP n Homozygous major Heterozygous Homozygous minor 

Maternal FADS     

   FADS1 rs174537 1062 723 (68.1) GG 303 (28.5) GT 36 (3.4) TT 

   FADS1 rs174561 1062 762 (71.8) TT 268 (25.2) TC 32 (3.0) CC 

   FADS2 rs174575 1062 663 (62.4) CC 346 (32.6) CG 53 (5.0) GG 

   FADS1-FADS2 rs3834458 1062 746 (70.2) TT 285 (26.8) Tdel 31 (2.9) deldel 

Child FADS     

   FADS1 rs174537 592 386 (65.2) GG 180 (30.4) GT 26 (4.4) TT 

   FADS1 rs174561 592 405 (68.4) TT 167 (28.2) TC 20 (3.4) CC 

   FADS2 rs174575 592 361 (61.0) CC 206 (34.8) CG 25 (4.2) GG 

   FADS1-FADS2 rs3834458 592 395 (66.7) TT 175 (29.6) Tdel 22 (3.7) deldel 
n for maternal FADS according to those participants with both genotyping and cord PUFA data; n for child FADS according to 
those participants with both genotyping and cord PUFA data  
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Table 3: Minor allele frequency (MAF) of single nucleotide polymorphisms (SNPs) 
genotyped in Seychellois NC2 participants and other populations  
 
      Population  

SNP  Gene  Allele NC2 Mothers  NC2 Children  European  African  Global  

rs174537  FADS1 G/T 0.177 0.196 0.349 0.025 0.303 

rs174561 FADS1 T/C 0.156 0.175 0.303 0.02 0.28 

rs174575 FADS2 C/G 0.213 0.216 0.209 0.21 0.166 

rs3834458 FADS1-2 T/del 0.163 0.185 0.346 0.021 0.296 
MAF according to “1000Genomes” data available from dbSNP at www.ncbi.nlm.nih.gov 
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Table 4: Cord PUFA (mg/ml) according to child FADS genotype expressed as median (IQR) 
 
 FADS1 rs174537  FADS1 rs174561 

  GG (n=385) GT (n=180) TT (n=26) P-
value  TT (n=405) TC (n=167) CC (n=32) P-

value 
LA 0.146 (0.114, 0.187) 0.147 (0.116, 0.182) 0.174 (0.125, 0.217) 0.815  1.460 (0.113, 0.187) 0.147 (0.118, 0.184) 0.174 (0.127, 0.228) 0.770 

ALA 0.000 (0.000, 0.000) 0.000 (0.000, 0.000) 0.000 (0.000, 000) 0.140  0.000 (0.000, 0.000) 0.000 (0.000, 0.000) 0.000 (0.000, 0.000) 0.209 

AA 0.211 (0.159, 0.491)a 0.186 (0.139, 0.237)b 0.174 (0.140, 0.240)ab 0.001  0.210 (0.158, 0.413)a 0.185 (0.139, 0.237)b 0.170 (0.143, 0.233)ab 0.006 

EPA 0.000 (0.000, 0.011) 0.000 (0.000, 0.011) 0.000 (0.000, 0.009) 0.309  0.000 (0.000, 0.011) 0.000 (0.000, 0.011) 0.000 (0.000, 0.009) 0.587 

DHA 0.100 (0.077, 0.126) 0.097 (0.075, 0.130) 0.106 (0.070, 0.127) 0.994  0.099 (0.076, 0.125) 0.098 (0.076, 0.133) 0.106 (0.073, 0.132) 0.681 

Total n-6  0.398 (0.291, 0.643)a 0.349 (0.262, 0.452)b 0.339 (0.302, 0.493)ab 0.021  0.394 (0.291, 0.626) 0.347 (0.262, 0.458) 0.332 (0.286, 0.468) 0.059 

Total n-3 0.106 (0.080, 0.135) 0.103 (0.077, 0.136) 0.109 (0.070, 0.131) 0.972  0.105 (0.079, 0.134) 0.106 (0.079, 0.140) 0.110 (0.076, 0.132) 0.720 

n-6:n-3  3.441 (2.568, 7.524) 3.106 (2.414, 4.248) 3.178 (2.475, 4.423) 0.093  3.445 (2.574, 7.541)a 3.040 (2.399, 4.071)b 3.108 (2.310, 4.070)ab 0.019 

AA:LA  1.251 (1.072, 3.765) 1.171 (0.967, 1.370) 0.991 (0.826, 1.143) 0.041  1.250 (1.068, 3.652) 1.165 (0.964, 1.369) 0.991 (0.845, 1.107) 0.079 

EPA:ALA 0.571  (0.571, 192.857) 0.571 (0.571, 191.429) 0.571 (0.571, 171.786) 0.877  0.571 (0.571, 187.857) 0.571 (0.571, 192.857) 0.571 (0.571, 183.929) 0.971 

DHA:ALA  1866.571 (1191.429, 2432.500) 1727.571 (1116.964, 2382.857) 2094.929  (1380.071, 2516.893) 0.175  1826.857 (1156.679, 2382.857) 1747.429 (1171.571, 2442.429) 2094.929(1449.571, 2626.107) 0.216 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant 
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Table 4: Cord PUFA (mg/ml) according to child FADS genotype expressed as median (IQR) (continued) 
 
 FADS2 rs174575   FADS1-FADS2 rs3834458  

  CC (n=361) CG (n=206) GG (n=25) P-
value  TT (n=395) Tdel (n=175) deldel (n=31) P-

value 
LA 0.147 (0.114, 0.187) 0.144 (0.117, 0.187) 0.155 (0.124, 0.187) 0.861  0.146 (0.113, 0.187) 0.147 (0.118, 0.184) 0.177 (0.130, 0.234) 0.753 

ALA 0.000 (0.000, 0.000) 0.000 (0.000, 0.000) 0.000 (0.000, 0.000) 0.075  0.000 (0.000, 0.000) 0.001 (0.000, 0.000) 0.000 (0.000, 0.000) 0.181 

AA 0.208 (0.158, 0.467)a 0.190 (0.143, 0.253)b 0.183 (0.145, 0.235)ab 0.015  0.208 (0.158, 0.465)a 0.188 (0.139, 0.245)b 0.170 (0.140, 0.235)ab 0.004 

EPA 0.000 (0.000, 0.011) 0.000 (0.000, 0.011) 0.000 (0.000, 0.012) 0.656  0.000 (0.000, 0.011) 0.000 (0.000, 0.011) 0.000 (0.000, 0.009) 0.398 

DHA 0.099 (0.076, 0.127) 0.096 (0.076, 0.125) 0.108 (0.089, 0.135) 0.879  0.100 (0.077, 0.126) 0.097 (0.075, 0.130) 0.106 (0.077, 0.136) 0.854 

Total n-6  0.392 (0.292, 0.628) 0.363 (0.274, 0.496) 0.347 (0.302, 0.456) 0.056  0.394 (0.291, 0.628) 0.350 (0.262, 0.478) 0.332 (0.302, 0.484) 0.047 

Total n-3 0.106 (0.078, 0.136) 0.103 (0.079, 0.132) 0.113 (0.093, 0.144) 0.863  0.105 (0.080, 0.134) 0.104 (0.077, 0.136) 0.110 (0.077, 0.136) 0.950 

n-6:n-3  3.324 (2.549, 7.877) 3.355 (2.497, 4.903) 3.053 (2.281, 4.046) 0.095  3.437 (2.568, 7.419) 3.098 (2.410, 4.248) 3.172 (2.391, 4.094) 0.130 

AA:LA  1.280 (1.052, 3.727) 1.183 (1.000, 1.385) 1.118 (0.934, 1.333) 0.056  1.251 (1.068, 3.731) 1.177 (0.970, 1.371) 0.961 (0.804, 1.093) 0.057 

EPA:ALA 0.571 (0.571, 185.000) 0.571 (0.571, 191.786) 0.571 (0.571, 228.571) 0.985  0.571 (0.571, 189.643) 0.571 (0.571, 192.857) 0.571 (0.571, 171.786) 0.888 

DHA:ALA  1767.28 (1097.107, 2417.607) 1826.857 (1285.750, 2402.714) 2065.143 (824.071, 2511.929) 0.610  1866.571 (1191.429, 2402.714) 1727.571 (1112.000, 2422.571) 2094.929 (1529.000, 2690.643) 0.125 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant  
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Table 5: Associations between cord PUFA concentrations (mg/ml) and maternal FADS genotype 
 
 FADS1 rs174537  FADS1 rs174561 
 GG GT TT  TT TC CC 

  β 95% CI P-
value β 95% CI P-

value   β 95% CI P-
value β 95% CI P-

value 
LA Ref 0.052 (-0.002, 0.033) 0.090 0.009 (-0.038, 0.050) 0.779  Ref 0.071 (0.003, 0.040) 0.021 0.003 (-0.045, 0.048) 0.935 

ALA Ref 0.038 (0.000, 0.001) 0.214 -0.010 (-0.001, 0.001) 0.742  Ref 0.050 (0.000, 0.001) 0.106 -0.004 (-0.001, 0.001) 0.892 

AA Ref -0.044 (-0.054, 0.008) 0.151 0.021 (-0.051, 0.104) 0.497  Ref -0.039 (-0.053, 0.011) 0.203 0.018 (-0.057, 0.107) 0.551 

EPA Ref 0.037 (0.000, 0.002) 0.232 0.036 (-0.001, 0.004) 0.247  Ref 0.031 (0.000, 0.002) 0.311 0.037 (-0.001, 0.004) 0.228 
DHA Ref -0.013 (-0.008, 0.005) 0.666 -0.075 (-0.037, -0.004) 0.014  Ref -0.005 (-0.007, 0.006) 0.881 -0.079 (-0.040, -0.005) 0.010 
total n-6 Ref -0.015 (-0.046, 0.027) 0.615 0.022 (-0.057, 0.124) 0.468  Ref -0.003 (-0.040, 0.036) 0.929 0.017 (-0.069, 0.124) 0.574 
total n-3 Ref -0.006 (-0.008, 0.006) 0.846 -0.067 (-0.037, -0.002) 0.030  Ref 0.002 (-0.007, 0.007) 0.951 -0.070 (-0.040, -0.003) 0.023 
n-6:n-3  Ref -0.002 (-0.783, 0.738) 0.953 0.065 (0.163, 3.951) 0.033  Ref 0.018 (-0.553, 1.029) 0.555 0.039 (-0.695, 3.321) 0.200 

AA:LA  Ref -0.039 (-0.544, 0.119) 0.209 0.003 (-0.790, 0.868) 0.927  Ref -0.039 (-0.570, 0.120) 0.201 0.005 (-0.812, 0.943) 0.884 

EPA:ALA Ref 0.011 (-14.180, 20.615) 0.717 0.042 (-13.072, 73.679) 0.171  Ref 0.008 (-15.792, 20.382) 0.803 0.040 (-15.802, 76.042) 0.198 

DHA:ALA  Ref -0.019 (-190.799, 97.77) 0.527 -0.051 (-662.659, 56.628) 0.099  Ref -0.008 (-169.057, 130.995) 0.803 -0.058 (-749.194, 11.927) 0.058 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant 
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Table 5: Associations between cord PUFA concentrations (mg/ml) and maternal FADS genotype (continued) 
 

 FADS2 rs174575  FADS1-FADS2 rs3834458 

CC CG GG  TT Tdel deldel 

  β 95% CI P-
value β 95% CI P-

value 
  β 95% CI P-

value β 95% CI P-
value 

LA Ref -0.001 (-0.017, 0.017) 0.977 0.096 (0.022, 0.095) 0.002  Ref 0.070 (0.003, 0.039) 0.023 0.004 (-0.044, 0.050) 0.909 

ALA Ref 0.022 (0.000, 0.000) 0.474 0.053 (0.000, 0.001) 0.084  Ref 0.048 (0.000, 0.001) 0.120 -0.003 (-0.001, 0.001) 0.934 

AA Ref -0.054 (-0.057, 0.003) 0.077 0.020 (-0.043, 0.086) 0.517  Ref -0.037 (-0.051, 0.012) 0.232 0.013 (-0.066, 0.101) 0.683 

EPA Ref 0.056 (0.000, 0.002) 0.070 0.058 (0.000, 0.004) 0.061  Ref 0.040 (0.000, 0.002) 0.197 0.029 (-0.001, 0.004) 0.353 

DHA Ref 0.017 (-0.005, 0.008) 0.582 0.033 (-0.006, 0.021) 0.276  Ref -0.001 (-0.007, 0.007) 0.974 -0.082 (-0.042, -0.006) 0.007 

total n-6 Ref -0.048 (-0.063, 0.007) 0.117 0.060 (0.000, 0.151) 0.049  Ref -0.001 (-0.038, 0.036) 0.972 0.013 (-0.077, 0.118) 0.683 

total n-3 Ref 0.025 (-0.004, 0.010) 0.417 0.043 (-0.004, 0.025) 0.166  Ref 0.006 (-0.006, 0.008) 0.833 -0.074 (-0.042, -0.004) 0.016 

n-6:n-3  Ref -0.034 (-1.149, 0.316) 0.264 -0.019 (-2.076, 1.079) 0.535  Ref 0.023 (-0.483, 1.067) 0.460 0.040 (-0.670, 3.40/) 0.188 

AA:LA  Ref 0.002 (-0.309, 0.332) 0.944 -0.020 (-0.923, 0.455) 0.505  Ref -0.040 (-0.560, 0.116) 0.198 0.001 (-0.877, 0.905) 0.976 

EPA:ALA Ref 0.049 (-3.167, 30.319) 0.112 0.013 (-28.464, 43.691) 0.679  Ref 0.011 (-14.416, 21.043) 0.714 0.029 (-24.279, 69.023) 0.347 

DHA:ALA  Ref 0.014 (-106.258, 171.809) 0.644 -0.033 (-461.316, 136.917) 0.288  Ref -0.012 (-175.567, 118.553) 0.704 -0.062 (-786.757, -14.023) 0.042 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant 
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Table 6: Associations between cord PUFA concentrations (mg/ml) and child FADS genotype 
 
  FADS1 rs174537  FADS1 rs174561 
 GG GT TT  TT TC CC 

  β 95% CI P-
value β 95% CI P-

value 
  β 95% CI P-

value β 95% CI P-
value 

LA Ref 0.024 (-0.017, 0.032) 0.563 0.008 (-0.050, 0.061) 0.848  Ref 0.028 (-0.016, 0.034) 0.490 0.006 (-0.059, 0.068) 0.892 

ALA Ref 0.052 (0.000, 0.001) 0.210 -0.070 (-0.002, 0.000) 0.089  Ref 0.047 (0.000, 0.001) 0.257 -0.061 (-0.002, 0.000) 0.138 

AA Ref -0.125 (-0.110, -0.024) 0.002 -0.060 (-0.170, 0.024) 0.142  Ref -0.106 (-0.103, -0.014) 0.010 -0.063 (-0.198, 0.025) 0.129 

EPA Ref 0.024 (-0.001, 0.002) 0.560 -0.061 (-0.005, 0.001) 0.137  Ref 0.011 (-0.001, 0.002) 0.797 -0.042 (-0.005, 0.002) 0.306 

DHA Ref -0.004 (-0.009, 0.008) 0.928 0.003 (-0.019, 0.020) 0.941  Ref 0.028 (-0.006, 0.012) 0.495 0.019 (-0.017, 0.027) 0.641 

total n-6 Ref -0.096 (-0.111, -0.010) 0.020 -0.048 (-0.180, 0.047) 0.248  Ref -0.077 (-0.101, 0.002) 0.061 -0.051 (-0.212, 0.049) 0.220 

total n-3 Ref 0.003 (-0.009, 0.009) 0.942 -0.010 (-0.023, 0.018) 0.816  Ref 0.031 (-0.006, 0.013) 0.451 0.009 (-0.021, 0.026) 0.835 

n-6:n-3 Ref -0.089 (-2.038, -0.099) 0.031 0.025 (-1.498, 2.860) 0.540  Ref -0.115 (-2.401, -0.425) 0.005 0.024 (-1.766, 3.239) 0.563 

AA:LA  Ref -0.089 (-1.079, -0.055) 0.030 -0.040 (-1.717, 0.584) 0.334  Ref -0.081 (-1.052, -0.006) 0.048 -0.034 (-1.878, 0.763) 0.408 

EPA:ALA Ref 0.008 (-20.528, 25.312) 0.838 -0.020 (-64.230, 38.404) 0.621  Ref 0.009 (-20.769, 26.060) 0.824 -0.005 (-62.493, 55.371) 0.906 

DHA:ALA  Ref -0.049 (-306.111, 75.432) 0.236 0.066 (-79.788, 773.787) 0.111  Ref -0.010 (-218.970, 171.248) 0.810 0.072 (-52.216, 927.396) 0.080 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant 
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Table 6: Associations between cord PUFA concentrations (mg/ml) and child FADS genotype (continued) 
 
  FADS2 rs174575  FADS1-FADS2 rs3834458 
 CC CG GG  TT Tdel deldel 

  β 95% CI P-
value β 95% CI P-

value 
  β 95% CI P-

value β 95% CI P-
value 

LA Ref 0.018 (-0.018, 0.029) 0.658 -0.016 (-0.064, 0.043) 0.699  Ref 0.025 (-0.017, 0.033) 0.549 0.016 (-0.048, 0.071) 0.706 

ALA Ref -0.062 (-0.001, 0.000) 0.132 0.079 (0.000, 0.002) 0.056  Ref 0.049 (0.000, 0.001) 0.235 -0.064 (-0.002, 0.000) 0.119 

AA Ref -0.095 (-0.091, -0.008) 0.021 -0.056 (-0.158, 0.029) 0.177  Ref -0.108 (-0.103, -0.015) 0.008 -0.069 (-0.193, 0.016) 0.096 

EPA Ref -0.022 (-0.002, 0.001) 0.595 -0.027 (-0.004, 0.002) 0.510  Ref 0.023 (-0.001, 0.002) 0.580 -0.054 (-0.005, 0.001) 0.193 

DHA Ref -0.007 (-0.009, 0.008) 0.858 0.021 (-0.014, 0.023) 0.618  Ref 0.001 (-0.009, 0.009) 0.990 0.023 (-0.015, 0.027) 0.578 

total n-6 Ref -0.073 (-0.093, 0.005) 0.078 -0.055 (-0.184, 0.035) 0.181  Ref -0.081 (-0.103, 0.000) 0.050 -0.051 (-0.199, 0.045) 0.216 

total n-3 Ref -0.014 (-0.010, 0.007) 0.740 0.020 (-0.015, 0.024) 0.635  Ref 0.007 (-0.008, 0.010) 0.869 0.010 (-0.019, 0.025) 0.801 

n-6:n-3  Ref -0.084 (-1.916, -0.045) 0.040 -0.015 (-2.494, 1.703) 0.711  Ref -0.083 (-1.994, -0.027) 0.044 0.017 (-1.840, 2.842) 0.674 

AA:LA  Ref -0.076 (-0.958, 0.031) 0.066 0.074 (-0.087, 2.123) 0.071  Ref -0.083 (-1.052, -0.014) 0.044 -0.042 (-1.882, 0.589) 0.304 

EPA:ALA Ref 0.007 (-20.317, 23.895) 0.874 -0.004 (-51.685, 47.131) 0.928  Ref 0.014 (-19.114, 27.344) 0.728 -0.016 (-65.879, 44.383) 0.702 

DHA:ALA  Ref 0.041 (-90.847, 277.266) 0.320 -0.009 (-455.908, 367.489) 0.833  Ref -0.040 (-289.723, 97.141) 0.329 0.078 (-13.902, 902.203) 0.057 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant 
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Table 7: Associations between cord PUFA concentrations (mg/ml) and both maternal and child FADS genotype 
 
 FADS1 rs174537  FADS1 rs174561 
 GG GT TT  TT TC CC 

  β 95% CI P-
value β 95% CI P-

value 
  β 95% CI P-

value β 95% CI P-
value 

LA Ref 0.001 (-0.026, 0.026) 0.989 0.006 (-0.054, 0.062) 0.892  Ref -0.002 (-0.027, 0.026) 0.972 0.006 (-0.061, 0.071) 0.882 

ALA Ref 0.045 (0.000, 0.001) 0.306 -0.069 (-0.002, 0.000) 0.114  Ref 0.040 (0.000, 0.001) 0.370 -0.060 (-0.002, 0.000) 0.159 

AA Ref -0.118 (-0.109, -0.017) 0.007 -0.053 (-0.166, 0.039) 0.224  Ref -0.093 (-0.099, -0.004) 0.034 -0.059 (-0.197, 0.035) 0.170 

EPA Ref 0.020 (-0.001, 0.002) 0.646 -0.063 (-0.005, 0.001) 0.148  Ref 0.013 (-0.001, 0.002) 0.777 -0.046 (-0.005, 0.002) 0.286 

DHA Ref 0.004 (-0.009, 0.010) 0.930 0.029 (-0.013, 0.027) 0.496  Ref 0.037 (-0.005, 0.013) 0.403 0.038 (-0.012, 0.033) 0.367 

total n-6 Ref -0.098 (-0.115, -0.008) 0.025 -0.041 (-0.178, 0.062) 0.341  Ref -0.077 (-0.105, 0.006) 0.080 -0.047 (-0.211, 0.060) 0.276 

total n-3 Ref 0.009 (-0.009, 0.011) 0.831 0.015 (-0.018, 0.025) 0.723  Ref 0.040 (-0.005, 0.015) 0.371 0.026 (-0.017, 0.032) 0.536 

n-6:n-3  Ref -0.112 (-2.377, -0.320) 0.010 0.009 (-2.055, 2.536) 0.837  Ref -0.150 (-2.898, -0.786) 0.001 0.020 (-1.980, 3.225) 0.639 

AA:LA Ref -0.085 (-1.085, 0.005) 0.052 -0.035 (-1.713, 0.715) 0.420  Ref -0.074 (-1.046, 0.079) 0.092 -0.032 (-1.904, 0.845) 0.450 

EPA:ALA Ref 0.013 (-20.770, 28.010) 0.771 -0.026 (-70.785, 37.533) 0.547  Ref 0.019 (-19.675, 30.656) 0.668 -0.012 (-69.751, 52.794) 0.786 

DHA:ALA Ref -0.040 (-297.401, 108.457) 0.361 0.082 (-18.122, 881.132) 0.060  Ref -0.003 (-217.829, 201.680) 0.940 0.084 (0.007, 1017.090) 0.050 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant  
 

 
 
 
 
 
 
 
 

131



 
 
 
Table 7: Associations between cord PUFA concentrations (mg/ml) and both maternal and child FADS genotype (continued) 
 
 FADS2 rs174575  FADS1-FADS2 rs3834458 
 CC CG GG  TT Tdel deldel 

  β 95% CI P-
value β 95% CI P-

value 
  β 95% CI P-

value β 95% CI P-
value 

LA Ref 0.009 (-0.022, 0.028) 0.831 -0.032 (-0.077, 0.035) 0.461  Ref -0.004 (-0.028, 0.025) 0.921 0.016 (-0.049, 0.074) 0.700 

ALA Ref -0.083 (-0.001, 0.000) 0.052 0.076 (0.000, 0.002) 0.079  Ref 0.040 (0.000, 0.001) 0.359 -0.063 (-0.002, 0.000) 0.137 

AA Ref -0.081 (-0.085, 0.002) 0.059 -0.058 (-0.166, 0.031) 0.177  Ref -0.097 (-0.100, -0.006) 0.026 -0.065 (-0.192, 0.024) 0.126 

EPA Ref -0.035 (-0.002, 0.001) 0.419 -0.032 (-0.004, 0.002) 0.462  Ref 0.022 (-0.001, 0.002) 0.619 -0.057 (-0.006, 0.001) 0.183 

DHA Ref -0.006 (-0.009, 0.008) 0.894 0.020 (-0.015, 0.024) 0.647  Ref 0.005 (-0.009, 0.010) 0.900 0.040 (-0.011, 0.032) 0.348 

total n-6 Ref -0.063 (-0.089, 0.013) 0.141 -0.064 (-0.201, 0.028) 0.138  Ref -0.082 (-0.107, 0.002) 0.061 -0.047 (-0.198, 0.055) 0.267 

total n-3 Ref -0.015 (-0.011, 0.008) 0.725 0.018 (-0.016, 0.025) 0.675  Ref 0.011 (-0.009, 0.011) 0.801 0.026 (-0.016, 0.030) 0.540 

n-6:n-3  Ref -0.090 (-2.097, -0.071) 0.036 -0.013 (-2.528, 1.878) 0.772  Ref -0.112 (-2.408, -0.321) 0.010 0.014 (-2.026, 2.827) 0.746 

AA:LA  Ref -0.083 (-1.025, 0.009) 0.054 0.089 (0.055, 2.371) 0.040  Ref -0.076 (-1.043, 0.064) 0.083 -0.041 (-1.906, 0.656) 0.338 

EPA:ALA Ref 0.002 (-22.566, 23.667) 0.963 -0.004 (-54.177, 49.585) 0.931  Ref 0.023 (-18.109, 31.433) 0.598 -0.022 (-72.066, 42.156) 0.607 

DHA:ALA  Ref 0.053 (-72.627, 311.815) 0.222 -0.004 (-450.392, 414.012) 0.934  Ref -0.033 (-284.744, 127.843) 0.455 0.088 (27.925, 975.697) 0.038 
Homozygous major allele genotype was reference to which heterozygous and minor allele homozygous were compared; P < 0.05 considered statistically significant  
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Chapter 5:  

The influence of fish consumption on n-3 polyunsaturated 

fatty acid (PUFA) status in women of childbearing age - a 

randomized controlled trial (the iFish Study)  
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Abstract  

Background: Fish contains n-3 long chain polyunsaturated fatty acids (LCPUFA) 

including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) which are 

important for the immune system and foetal development. LCPUFA can be synthesised 

endogenously from linoleic acid (LA) and α-linolenic acid (ALA) via elongation and 

desaturation steps. The desaturase enzymes, encoded by the fatty acid desaturase (FADS) 

genes, are involved in this pathway. LCPUFA endogenous synthesis is inefficient; 

therefore, dietary intake of preformed LCPUFA is preferred.  

Objective: This study investigated the effect of fish consumption on PUFA status in 

women of childbearing age while stratifying by FADS genotype.  

Design: Healthy women (n=49) provided a buccal swab which was analysed for FADS2 

genotype (rs3834458; T/deletion). Participants were stratified according to genotype and 

randomized to an intervention group to receive either no fish, 1 portion or 2 portions 

(140g per portion) of fish per week for a period of 8 weeks. Serum PUFA was analysed 

at baseline and post-intervention.  

Results: Participants consuming 2 portions of fish per week had significantly higher 

concentrations of the n-3 LCPUFA EPA, DHA and higher total n-3 PUFA, and a lower 

n-6:n-3 ratio compared to those in the no fish or 1 portion per week group (all p<0.05). 

Secondary analyses in carriers homozygous for the major allele (TT), identified that 

consumption of 2 portions of fish per week resulted in significantly higher EPA 

(p=0.013), DHA (p=0.001) and total n-3 (p=0.014) compared to consumption of no fish. 

Within carriers of the minor allele (Tdel or deldel), consumption of 2 portions of fish 

resulted in higher total n-3 concentrations (p=0.013) compared to consumption of no fish.  

Conclusions: Consumption of 2 portions of fish per week has beneficial effects on 

biological n-3 PUFA status in women of childbearing age. FADS genotype influences the 

impact of fish consumption on PUFA status.  
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Introduction  

Polyunsaturated fatty acids (PUFA) have important roles in health, including a role in the 

inflammatory response and cell membrane structure and function, and are particularly 

important during pregnancy (Calder, 2015). Arachidonic acid (AA) and docosahexaenoic 

acid (DHA) are essential for brain development (Innis, 2007; Brenna & Diau, 2007; 

Singh, 2005), particularly during the third trimester when DHA accumulation in the brain 

is most rapid (Makrides et al., 2011; Shahidi & Ambigaipalan, 2018).  Higher LCPUFA 

status in pregnant women has also been linked to improved child cognitive outcomes 

(Judge et al., 2007; Dunstan et al., 2008; Strain et al., 2008; Strain et al., 2012; Strain et 

al., 2015) and has been found to have a role in reducing inflammation, oxidative stress 

and lipid profile (Calder, 2017; Fan et al., 2013; Leslie et al., 2015).  PUFA include the 

n-6 and n-3 fatty acids, which can be obtained directly from the diet. They can also be 

synthesised in the body from the n-6 PUFA precursor linoleic acid (LA) and the n-3 

PUFA precursor α-linolenic acid (ALA). LA and ALA are essential fatty acids which 

cannot be synthesised in-vivo and must be provided by the diet (Glaser et al., 2010). These 

precursor molecules go through a series of elongation and desaturation steps (Figure 1) 

to produce long chain (LC) PUFA including n-6 arachidonic acid (AA), and 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) of the n-3 family. The 

fatty acid desaturase 1 (FADS1) and FADS2 genes are located on chromosome 11q12-

q13.1 and encode the Δ-5 and Δ-6 desaturase enzymes (D5D and D6D respectively) 

involved in the elongation and desaturation pathway (Mathias et al., 2014). This 

endogenous synthesis pathway, however, is regarded as being inefficient (Murff & 

Edwards, 2014), and thus dietary intake of preformed LCPUFA is preferred to meet 

requirements.  

Variation in FADS genotype also influences PUFA status (Ameur et al., 2012). 

Single nucleotide polymorphisms (SNPs) in FADS1 and FADS2 have been reported to 
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influence LCPUFA status, with minor allele carriers having lower concentrations of the 

LCPUFA, DHA, EPA and AA (Yeates et al., 2015; Tanaka et al., 2009; Malerba et al., 

2008; Li et al., 2018; Molto-Puigmarti et al., 2010; Schaeffer et al., 2006). Even in 

individuals with high LCPUFA intake, with increasing number of minor alleles of FADS2 

rs3834458, the concentrations of AA were significantly decreased (Yeates et al., 2015). 

This SNP is in strong linkage disequilibrium (Ensembl, 2018) with other FADS SNPs, 

e.g. rs174537 and rs174545, that have been linked to LCPUFA status (Yeates et al., 2015; 

Malerba et al., 2008; Molto-Puigmarti et al., 2010; Schaeffer et al., 2006). Thus, 

rs3834458 tags functional variation of the FADS region.  

Fish is a rich source of many nutrients including PUFA. Fish consumption in the 

UK is below the current recommendations of two portions of oily fish per week (NDNS, 

2016).  Increased fish consumption is hypothesised to improve biological status of 

LCPUFA (Amiano et al., 2001); nevertheless, there are conflicting findings with regard 

to LCPUFA dietary intake from fish and biological LCPUFA status. Research to date has 

not conclusively shown an increase in LCPUFA following increased dietary intake, with 

some researchers reporting no association between fish consumption and LCPUFA status 

(Philibert et al., 2006; Bonham et al., 2008; Garcia-Rodriguez et al., 2017). Studies have 

focused on fish consumption of pregnant women (Bonham et al., 2008), and in mothers 

and their newborns (Garcia-Rodriguez et al., 2017) in observational and intervention 

studies respectively. These studies may have lacked associations due to physiological 

factors of pregnancy, such as the transfer of PUFA from mother to foetus. An 

observational study in adults who are not pregnant concluded associations between fish 

consumption and biological PUFA status cannot be generalised to all fish intakes, with 

fatty fish influencing biological LCPUFA status, whereas the consumption of lean fish 

does not. The authors suggest this may be due to EPA and DHA being metabolised into 

plasma in different manners (Philibert et al., 2006). The role of genetics was not 

137



controlled for in these studies, and thus FADS SNPs may account in part for these 

discrepancies.  Research in women of childbearing age is of importance owing to the key 

role of PUFA during pregnancy and for child development. 

Further, to our knowledge, no randomized controlled trials (RCTs) intervening 

with fish have considered confounding by FADS genotype. Therefore, the primary aim 

of the current study was to investigate whether fish consumption influences n-3 PUFA 

status in women of childbearing age while stratifying by FADS genotype. It was 

hypothesised that fish consumption will increase concentrations of n-3 LCPUFA in a dose 

response manner when allowing for a major confounding factor of genetic variation in 

FADS2 (rs3834458, T/deletion). Secondary analyses investigated the influence of fish 

consumption on PUFA status within genotype groups for carriers of the rs3834458 (TT) 

and for carriers of the minor allele (Tdel or deldel). Fish consumption has been shown to 

influence biomarkers of inflammation (Zampelas et al., 2005), oxidative stress (Hansson 

et al., 2015) and lipid profile (Zibaeenezhad et al., 2017). The effect of fish intervention 

on these markers was also assessed in the current study.  

 

Methods  

Study design and population  

The ‘’iFish Study” (registered at www.clinicaltrials.gov (NCT03765580)) was an 8 week 

RCT with the overall aim of investigating whether fish consumption influences PUFA 

status in women of childbearing age when accounting for FADS genotype. Female 

participants were recruited within Ulster University, Coleraine, UK and the surrounding 

area. All those interested in taking part in the study completed a screening questionnaire. 

Inclusion criteria were: being a healthy female of childbearing age (aged between 18 and 

45 years old), premenopausal, and not planning on becoming pregnant during the course 

of the study. Furthermore, suitable participants had to be low consumers of fish (<2 
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portions of fish per week), willing to consume 1, 2 or no portions of fish per week, non-

consumers of fish oil or protein supplements, and not allergic to seafood. All participants 

provided written informed consent and the study was approved by Ulster University 

Research Ethics Committee (REC/16/0077). 

 

SNP selection and genotype determination 

Eligible participants provided a buccal swab. Buccal swab samples were stored at -80°C 

and shipped to Lund University, Sweden for DNA extractions and genotyping. DNA was 

isolated using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s protocol. Rs3834458 was genotyped by on a ABI 7900HT Fast Real Time 

PCR System (Applied Biosystems, Thermo Fisher, Waltham, Massachusetts, USA) using 

a custom TaqMan assay (Thermo Fisher Scientific) according to the manufacturer’s 

instructions. As mentioned, rs3834458 was selected based on its strong associations with 

PUFA status (Yeates et al., 2015; Harslof et al., 2013). This SNP is referred to as an 

intronic variant and has a minor allele frequency (MAF) of 35% in European populations 

(Ensembl, 2018).  As a quality control measure, approximately 5% of samples were 

randomly selected and reanalysed. There was 100% agreement between original and 

duplicate samples. Further quality assessment of the data was completed by evaluating 

Hardy-Weinberg equilibrium using Chi-Square test.  

 

Recruitment and randomization  

Recruitment of participants involved the distribution of information emails, posters and 

leaflets within Ulster University, Coleraine, UK and the surrounding area. A total of 124 

women expressed interest in the study while 89 completed the screening questionnaire, 

of which 66 were deemed eligible and were recruited. Power calculations were based on 

observing a difference in PUFA status with an effect size of 1.8 (Al-Hilal et al., 2013) in 
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a within-between ANOVA using G-Power with a power level of 80% and significance 

level of 0.05. It was determined that a total of 10 people were required for each of the 

three intervention groups (no fish, 1 portion and 2 portions of fish per week). Participants 

were stratified based on rs3834458 genotype and randomized into an intervention group 

of either no fish, 1 portion or 2 portions of fish per week by an independent Clinical Trials 

Manager using MINIM software (MINIM, UK). Of the eligible participants randomized, 

17 individuals did not commence the study (n=7 did not wish to take part any longer; and 

n=10 were not contactable to arrange a baseline appointment). These 17 individuals were 

equally distributed across the intervention groups and there were no significant 

differences in age or fish consumption between those who took part and those who did 

not commence the study. Forty-nine apparently healthy females began the study.  

 

Intervention period  

Participants were invited to attend two sampling appointments at the Human Intervention 

Study Unit (HISU) at Ulster University at baseline and post intervention. At each time 

point participants provided biological samples including blood, and information on 

habitual dietary intake, anthropometric measurements and general health and lifestyle 

information was also recorded. Study participants were provided with a lunch dish either 

once or twice a week (depending on their intervention group) in the HISU. Those 

randomised to the no fish group also received a lunchtime meal with no fish once per 

week. Each lunch contained a 140g portion of oily fish according to the intervention group 

they were randomised to (either tuna or sardines for the duration of the study). Participants 

were given the option of choosing between a salad, baked potato or sandwich lunch. Each 

lunchtime option was entered on Nutritics dietary analysis software (Nutritics Ltd, 

Swords, Dublin) to calculate calorie and macronutrient composition to ensure similar 

amounts were provided across each of the intervention groups. Leftovers were weighed 
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and recorded to measure compliance. The same batch numbers were used throughout the 

study for the tinned tuna and sardines, and samples of the fish were analysed for PUFA 

concentrations (ALS Life Sciences, UK) prior to the study commencing. Total n-3 

concentrations (g/100g) were 4.57 for tuna, and 6.47 for sardines.  

 

Blood sampling and anthropometric measurements  

Fasting blood samples collected at baseline and post-intervention were processed to 

obtain serum and plasma by centrifugation at 3500rpm for 15 min at 4°C.  An aliquot of 

plasma had 0.005% butylated hydroxytoluene (BHT) added as an antioxidant at the time 

of blood processing. All aliquots were subsequently frozen and stored at -80°C until batch 

analysis. Body weight (to the nearest 0.1kg) was measured using TANITA digital scales 

(TANITA Europe, The Netherlands). Height was measured to the nearest centimetre 

using a stadiometer and body mass index (BMI, kg/m2) was then calculated. 

 

PUFA analysis  

Serum samples were analysed for total PUFA, using a method adapted from Folch et al. 

(1957). This involved extraction of total lipids followed by methylation to fatty acid 

methyl esters (FAME) using boron trifluoride methanol (BF3) (Sigma Aldrich, UK). 

FAME were quantified using gas chromatography mass spectrometry (GC-MS) (7890A-

5975C; Agilent Technologies UK Ltd, UK). Analysis was completed in split mode, with 

a BPX70 capillary GC column (SGE Analytical Science) (length 30m, internal diameter 

250µm and film thickness 0.25µm), using helium as the carrier gas (constant flow at 

1.0ml/min). Samples were injected using an automatic liquid sampler (ALS) (injection 

volume 1µl) at a temperature of 130°C, this was then ramped at 15°C/min to 200°C and 

then at 30°C/min to 250°C where it was held for 5 min. Mass spectrometry was operated 

in positive ion mode using an electron ionisation (EI) source. Mass range was set to 50-
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500Da and acquisition was performed by total ion chromatogram (TIC). LA, ALA, AA, 

EPA and DHA were identified by their retention time and corresponding qualifier ions 

reference to those of commercially available fatty acid standards (Sigma Aldrich, UK), 

and were quantified by use of an internal standard, heptadecanoic acid (C17:0) (Sigma 

Aldrich, UK) and corresponding PUFA target ions (quantifiers). For the current study, 

total n-6 (mg/ml) was calculated by the addition of LA and AA concentrations, and ALA, 

EPA and DHA were summed to calculate total n-3 (mg/ml). The n-6:n-3 ratio was 

calculated.  

 

Biomarker analyses  

Biomarkers known to be influenced by n-3 PUFA were analysed. Serum lipids were 

analysed using the I-LAB 650 Chemical Analyser (Instrumentation Laboratories, 

Warrington, Cheshire, UK). LDL cholesterol was calculated using the Friedewald 

formula (Total cholesterol – HDL – (triglycerides/2.2)). The I-LAB 650 Chemical 

Analyser was also used to measure high sensitivity C-reactive protein (hsCRP) in serum 

samples. The inflammatory markers interleukin (IL)-5, IL-10, IL-1β, IL-6 and tumour 

necrosis factor-alpha (TNF-α) were measured using an immunoassay from Meso Scale 

Discovery (MSD, Meso Scale Diagnostics, LLC, Maryland, USA). Samples of whole 

blood were analysed for glutathione peroxidase (GPx), a marker of oxidative stress, using 

the Ransal Assay (Randox, UK) on the I-LAB 650 Chemical Analyser. At the time of 

processing, an aliquot of plasma had 0.005% BHT to allow for analysis of 8-isoprostanes. 

The plasma samples were then purified using 8-isoprostane affinity sorbent (Cayman, 

Chemical, Ann Arbor, MI, USA), and analysed using an 8-isoprostane ELISA kit 

supplied by Cayman Chemical.  
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Dietary intake and general health  

Participants completed a 24h recall of all foods and beverages consumed in the previous 

24h at both baseline and post intervention appointments. Dietary intakes were quantified 

using Nutritics software (Nutritics Ltd, 2018). Participants also completed a health and 

lifestyle questionnaire to provide information on general health, including supplement 

usage, personal medical history and smoking and alcohol drinking habits, as well as 

demographic and socioeconomic data. At each lunch time meal participants were asked 

if they had eaten any fish in addition to the study portion. If additional fish was eaten, 

details including the type and quantity eaten were obtained from the participant.  

 

Statistical analysis  

Statistical analyses of the data were completed using SPSS (Statistical Package for Social 

Sciences, Version 24.0. SPSS UK Ltd., Chertsey, UK). All statistical analyses were 

completed per protocol, and also using intention to treat (ITT). For ITT analyses, baseline 

values of subjects lost to follow-up were entered as post intervention values (Moher et 

al., 2010). All data were tested for normality, and skewed data were log transformed to 

approximate normality. Descriptive analyses were performed and all data are expressed 

as median and interquartile range (25th, 75th percentile). Differences in baseline 

characteristics between the three intervention groups were analysed using one-way 

analysis of variance (ANOVA).  

In the primary analysis, analysis of covariance (ANCOVA), with LSD for post-

hoc comparison controlling for age, BMI and baseline PUFA status, was used to 

investigate the effect of fish intervention on PUFA status in the cohort stratified by 

genotype. In secondary analyses, participants within each treatment group were assigned 

into one of two genotype groups  the ANCOVA was repeated for homozygous carriers of 

the rs3834458 major allele (TT n=21) and for carriers of the minor allele (Tdel or deldel, 
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n=28) to assess the effect of intervention within genotype. Furthermore, ANCOVA 

analyses, controlling for age, BMI and relevant baseline concentrations were conducted 

to assess the effect of intervention on biomarkers of oxidative stress, inflammation and 

on lipid profile.  

 

Results  

The CONSORT flow diagram outlines the number of people screened and recruited on 

to the study, and those who subsequently completed the intervention (Figure 2). A total 

of 66 eligible participants for which buccal swabs were provided were randomized to 3 

intervention groups. Of the 66 participants randomized, 49 completed a baseline 

appointment and began intervention. Three participants (1 from each intervention group) 

were dropouts from the study and were therefore absent at a follow-up post intervention 

appointment (Figure 2). Overall compliance was high (98%) as determined using the 

weight of lunchtime meals consumed. Compliance for each intervention group was 99%, 

98% and 97% for no fish, 1 portion, and 2 portions groups respectively. The median (IQR) 

age for this cohort was 23 (20, 30 years), with all participants being low consumers of 

fish (<2 portions per week) at baseline. There were no significant differences in baseline 

characteristics between intervention groups (Table 1). FADS2 rs3834458 was in Hardy 

Weinberg equilibrium (χ2 p value=0.660). Genotype distribution among the intervention 

groups for rs3834458 is shown in Table 1.  

Results from ITT and per protocol analyses did not differ and; ITT analysis is 

reported. The effect of intervention on PUFA status at week 8, adjusting for covariates, 

is shown in Table 2. Intervention with 2 portions of fish per week significantly increased 

concentrations of EPA, DHA and total-n3 PUFA compared to consumption of no fish or 

one portion per week (all p<0.05). The n-6:n-3 ratio was significantly lower for those in 

the two portions per week group compared to those in the no fish (p=0.002) and one 
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portion groups (p=0.012). There was no significant difference in PUFA status at post 

intervention between those consuming no fish and those consuming 1 portion per week. 

There were no significant differences in n-6 PUFA (LA, AA, total n-6) concentrations 

between intervention groups consuming different amounts of fish.  

Following secondary analyses, Two way ANCOVA showed no interaction with 

genotype when investigating effects of intervention. The effect of intervention within 

genotype was investigated (Table 3). Homozygous carriers of the major allele (TT), who 

consumed two portions of fish per week had significantly higher concentrations of EPA 

(p=0.013), DHA (p=0.001) and total n-3 PUFA (p=0.014) compared to those in the no 

fish group. Post-intervention AA concentrations were significantly higher in the no fish 

group compared to the 1 portion of fish group (p=0.016). For TT carriers, 55.1%, 36.5% 

and 34.2% of the variance in DHA, EPA and total n-3 concentrations respectively was 

explained by the amount of fish consumed. The major allele homozygous genotype (TT) 

showed no significant effect of intervention on the n-6:n-3 ratio.  

Carriers of the minor allele (Tdel or deldel), who consumed two portions of fish 

per week had significantly higher total n-3 PUFA concentrations (p=0.013) compared to 

those in the no fish group, but in contrast to the TT carriers, there was no significant 

increase in EPA or DHA. Some 25.9% of the variance for total n-3 PUFA was explained 

by the amount of fish consumed in this group. Further, the minor allele carriers showed 

no significant effect of intervention on n-6 PUFA concentrations, or on the n-6:n-3 ratio.  

No significant effects of intervention were found on concentrations of biomarkers 

of oxidative stress, inflammation or lipid profile analysed in the current study (Table 4).    

Post intervention dietary intake data indicates that there was no significant difference in 

dietary intake of PUFA between the genotype groups (Table 5).  
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Discussion  

To our knowledge, this is the first RCT investigating the effects of increasing fish 

consumption on PUFA status taking account of FADS genotype. Findings from this study 

indicate that consumption of two portions of fish per week significantly increases serum 

total PUFA concentrations of EPA, DHA and total n-3 compared to those consuming no 

fish or 1 portion per week. There was also a significant decrease in the n-6:n-3 ratio for 

those in the 2 portion group compared to the other intervention groups. Following 

secondary analyses, when the effect of intervention was examined within FADS 

genotype, there was a significant increase in EPA, DHA and total n-3 concentrations for 

homozygous carriers of the major allele (TT). For carriers of the minor allele (Tdel or 

deldel), there was a significant increase in total n-3 PUFA concentrations only for those 

consuming two portions of fish when compared to the no fish group. These findings 

suggest that consuming 2 portions of fish per week will result in higher circulating PUFA 

concentrations depending on genotype; i.e. the FADS genetics has a role in determining 

how much an individual benefits from LCPUFA in fish. Inefficiency of the endogenous 

synthesis pathway (Murff et al., 2014; Burdge, 2006), may explain why individuals who 

are carriers of the minor allele (Tdel or deldel) had lower concentrations of PUFA than 

the homozygous major allele group. The additive effect of unimpaired endogenous 

synthesis in major allele homozygotes along with dietary intake of preformed EPA and 

DHA is likely to result in the increased PUFA concentrations in these individuals. In 

contrast to this, those who are carriers of the minor allele will have impaired endogenous 

synthesis of EPA and DHA and thus higher dietary intakes of preformed LCPUFA may 

be required.  

There was no interaction between fish intervention and genotype. Response to fish 

intake did, however, seem to differ within the genotype groups. Participants consuming 

2 portions of fish per week who were carriers of the minor allele had increased total n-3 
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PUFA compared to those consuming no fish, whereas major allele homozygotes 

consuming 2 portions of fish had significantly higher EPA, DHA and total n-3 PUFA 

compared to those consuming no fish. The lack of a fish intervention x genotype 

interaction may be due to insufficient statistical power to test this. 

The current UK and USA dietary recommendations are to consume between two 

to three portions of fish per week, with at least one of these being oily fish (SACN, 2004; 

Food & Drug Administration, 2017). This study supports these recommendations as two 

portions of fish per week significantly increased n-3 LCPUFA status by 0.012mg/ml over 

8 weeks. Based on the findings from the current study, recommendations for fish intake 

may need to be higher to take into account the influence of genetics for carriers of the 

minor allele. Previous studies investigating the influence of fish consumption on PUFA 

status have not consistently found positive associations between fish intake and PUFA 

concentrations. Some studies have concluded that fish intake is not associated with n-3 

PUFA status in pregnant (Bonham et al., 2008; Garcia-Rodriguez et al., 2017) and non-

pregnant populations (Philibert et al., 2006). In studies of pregnant women, the lack of an 

association was suggested to be owing to the increased transfer of n-3 LCPUFA to the 

developing foetus in the third trimester (Bonham et al., 2008; Garcia-Rodriguez et al., 

2017). In an observational study in non-pregnant adults, it was suggested that the 

metabolism of EPA and DHA from different fish oils may vary, and a high dietary intake 

of n-6 LCPUFA may also have a resultant decrease in n-3 LCPUFA absorption owing to 

competition for desaturase enzymes (Philibert et al., 2006). None of these studies have 

taken account of FADS genotype, which may have influenced associations. Addressing 

the disparities amongst studies, we stratified intervention groups by FADS genotype and 

confirmed that higher fish consumption will result in increased n-3 PUFA status.   

The decrease in the n-6:n-3 ratio in this study is also of interest. This ratio is 

regarded as a biological marker with a higher n-6:n-3 ratio associated with increased risk 
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of obesity (Simopoulos, 2016), cardiovascular disease and inflammatory diseases 

(Simopoulos, 2011). Also, an increased maternal n-6:n-3 fatty acid ratio is associated with 

poorer child development (Bernard et al., 2013). The current study reports a significant 

decrease in n-6:n-3 ratio from 7.174 to 6.199 in those consuming two portions of fish per 

week. A ratio of 3 to 4 has been suggested to be potentially beneficial in preventing early 

neurodegeneration, cancer and cardiovascular disease (Simopoulos, 2010). With a longer 

intervention period the consumption of fish may further decrease the n-6:n-3 ratio. This 

finding suggests that even a small change in fish intake can improve n-3 LCPUFA status.   

Carriers of minor alleles of FADS polymorphisms (here exemplified by 

rs3834458) may need higher dietary intakes of EPA and DHA to give similar proportions 

as seen in homozygotes of the major allele, and thus the effect of genotype on dietary 

guidelines requires further study (Juan et al., 2018). The presence of the minor allele has 

been linked to decreased synthesis of LCPUFA via the elongation pathway (Glaser et al., 

2010; Al-Hilal et al., 2013). Some intervention studies have investigated the influence of 

PUFA supplementation on biological PUFA status according to FADS genotype, and 

reported that n-3 PUFA supplements increase DHA in minor allele carriers (Meldrum et 

al., 2017). A previous intervention study investigated whether fish oil supplementation 

was associated with desaturase enzyme activity according to FADS genotype. Following 

supplementation there was an association between FADS genotype and increased D5D 

activity, suggesting n-3 PUFA supplementation may influence PUFA metabolism when 

genetic variation is present (Cormier et al., 2014). The current study found that those in 

the two portions of fish group carrying the minor allele had significantly higher total n-3 

PUFA concentrations post intervention compared to those in the no fish group. Major 

allele homozygotes in the two portion per week group had higher total n-3 PUFA, EPA 

and DHA status following the intervention period compared to those in the no fish group. 

Therefore, increased fish intake was found to increase n-3 PUFA status in both genotype 
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groups, albeit this increase was more pronounced in individuals homozygous for the 

major allele. Dietary intake data collected at post intervention appointments show that 

there was no significant difference in dietary intake of PUFA in the genotype groups 

(Table 5). Major allele homozygotes may synthesise LCPUFA more efficiently in the 

body from precursor molecules, which coupled with increased dietary intake could 

explain the increased biological status at post intervention. The omega-6 dietary intake of 

participants in the current study at post intervention was 6.92g/day and 7.87g/day for 

those with the Tdel and deldel genotypes respectively. This intake is lower than 

previously reported n-6 intakes of 8.6g/day in the UK, and the European average of 

11.9g/day (Rippin et al., 2017). The lower intakes reported in the current study may in 

part be due to the dietary assessment method used. A 24 hour recall was used in the current 

study to record habitual food intake data, however, a food frequency questionnaire (FFQ) 

or weighed food dairy may have provided more accurate dietary data.   

  N-3 LCPUFA are associated with reduced inflammation (Calder, 2012) and a 

lowering of lipid profile, specifically triglycerides and low-density lipoprotein (Adkins & 

Kelle, 2010). As fish is a rich source of LCPUFA it has been suggested that an increase 

in fish consumption may be beneficial for inflammation (Zampelas et al., 2005), oxidative 

stress (Hansson et al., 2015) and lipid profile (Zibaeenezhad et al., 2017). However, the 

current study did not see any significant change for any of the biomarkers analysed. The 

absence of a change may be owing to the inclusion of healthy participants, the relatively 

short intervention period and small sample size in that the study was not powered to 

determine an effect on these biomarkers. A further limitation of this study was the 

maximum amount of fish given (2 portions, equivalent to 280g) as higher consumption 

of fish may further improve PUFA status and warrants further investigation. The 

intervention period for the current study was 8 weeks as this was deemed suitable to see 

a change in PUFA status, and also ensured all participants who were students at the 
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University could complete intervention during term time. Other FADS SNPs not in 

linkage disequilibrium with rs3834458 could also be considered. Genetic variation in the 

ELOVL genes which encode the elongase enzymes has also been found to influence 

PUFA status (Cormier et al., 2014) and therefore should also be considered in future 

studies.  

 

Conclusion  

This is the first intervention study to show that consumption of 2 portions of fish per week 

resulted in a significant increase in serum n-3 PUFA concentrations and a decrease in the 

n-6:n-3 ratio in women of childbearing age. This supports the current international public 

health guidelines to consume 2 portions of fish per week. Secondary analyses assessing 

the effect of intervention within the FADS genotype indicates that increases in n-3 PUFA 

concentrations were greater in homozygote carriers of the major allele (TT). This finding 

suggests that carriers of the minor allele (Tdel or deldel) may require higher fish intake 

than TT carriers to give a similar increase in LCPUFA status. Future research in this area 

should investigate the effects of higher intakes of fish on PUFA status taking into 

consideration FADS genotype.  

 

 

 

 

 

 

 

 

 

150



References  

Adkins, Y. and Kelley, D.S. (2010) Mechanisms underlying the cardioprotective effects 

of omega-3 polyunsaturated fatty acids. Journal of Nutritional Biochemistry, 21, 781-792 

 

Al-Hilal M., AlSaleh A., Maniou Z., Lewis F.J., Hall W.L., Sanders T.A.B. and O'Dell, 

S.D. (2013) Genetic variation at the FADS1-FADS2 gene locus influences delta-5 

desaturase activity and LC-PUFA proportions after fish oil supplement. Journal of Lipid 

Research, 54(2), 542-551.  

 

Ameur, A., Enroth, S., Johansson, A., Zaboli, G., Igl, W., Johansson, A.C., Rivas, M.A., 

Daly, M.J., Schmitz, G., Hicks, A.A, Meitinger, T., Feuk, L., van Duijn, C., Oostra, B., 

Pramstaller, P.P., Rudan, I., Wright, A.F., Wilson, J.F., Campbell, H. and Gyllensten, U. 

(2012) Genetic adaptation of fatty-acid metabolism: a human-specific haplotype 

increasing the biosynthesis of long-chain omega-3 and omega-6 fatty acids. American 

Journal of Human Genetics, 90(5), 809-820.  

 

Amiano, P., Dorronsoro, M., de Renobales, M., Ruiz de Gordoa, J.C., Irigoien, I. and 

EPIC Group of Spain. (2001) Very-long-chain omega-3 fatty acids as markers for 

habitual fish intake in a population consuming mainly lean fish: the EPIC cohort of 

Gipuzkoa. European Prospective Investigation into Cancer and Nutrition. European 

Journal of Clinical Nutrition, 55(10), 827-832.  

 

Bernard, J.Y., De Agostini, M., Forhan, A., de Lauzon-Guillain, B., Charles, M.A., 

Heude, B. and EDEN Mother-Child Cohort Study Group. (2013) The dietary n6:n3 fatty 

acid ratio during pregnancy is inversely associated with child neurodevelopment in the 

EDEN mother-child cohort. The Journal of Nutrition, 143(9), 1481-1488. 

151



Bonham, M.P., Duffy, E.M., Wallace, J.M.W., Robson, P.J., Myers, G.J., Davidson, 

P.W., Clarkson, T.W., Shamlaye, C.F. and Strain, J.J. (2008) Habitual fish consumption 

does not prevent a decrease in LCPUFA status in pregnant women (the Seychelles Child 

Development Nutrition Study). Prostaglandins, Leukotrienes and Essential Fatty Acids, 

78(6), 343-350.  

 

Brenna, J.T. and Diau, G.Y. (2007) The influence of dietary docosahexaenoic acid and 

arachidonic acid on central nervous system polyunsaturated fatty acid composition. 

Prostaglandins, Leukotrienes, and Essential Fatty Acids, 77(5-6), 247-250.  

 

Burdge, G.C. (2006) Metabolism of alpha-linolenic acid in humans. Prostaglandins, 

Leukotrienes, and Essential Fatty Acids, 75(3), 161-168. 

 

Calder, P.C. (2012) Mechanisms of action of (n-3) fatty acids. The Journal of Nutrition, 

142(3), 592S-599S.  

 

Calder, P.C. (2015) Functional Roles of Fatty Acids and Their Effects on Human Health. 

Journal of Parenteral and Enteral Nutrition, 39(1 suppl), 18S-32S.  

 

Calder, P.C. (2017) Omega-3 fatty acids and inflammatory processes: from molecules to 

man. Biochemical Society Transactions, 45(5), 1105-1115. 

 

Cormier, H., Rudkowska, I., Lemieux, S., Couture, P., Julien, P. and Vohl, M.C. (2014) 

Effects of FADS and ELOVL polymorphisms on indexes of desaturase and elongase 

activities: results from a pre-post fish oil supplementation. Genes & Nutrition, 9, 437. 

 

152



Dunstan, J.A., Simmer, K., Dixon, G. and Prescott, S.L. (2008) Cognitive assessment of 

children at age 2 1/2 years after maternal fish oil supplementation in pregnancy: a 

randomised controlled trial. Archives of Disease in Childhood-Fetal and Neonatal 

Edition, 93(1), F45-F50.  

 

Ensembl (2018) Available from: www.ensembl.org [Accessed January 2018] 

 

Fan, C., Zirpoli, H. and Qi, K. (2013) N-3 Fatty Acids Modulate Adipose Tissue 

Inflammation and Oxidative Stress. Current Opinion in Clinical Nutrition and 

Metabolic Care, 16(2), 124-132 

 

Folch. J., Lees, M. and Stanley, G.H.S. (1957) A simple method for the isolation and 

purification of total lipides from animal tissues. J. Biological Chem. The Journal of 

biological chemistry, 226, 497–509. 

 

Food & Drug Administration (2017) Eating Fish: What Pregnant Women and Parents 

Should Know. FDA. Available at: https://www.fda.gov/ [Accessed 28th November 2018] 

 

Garcia-Rodriguez, C.E., Olza, J., Mesa, M.D., Aguilera, C.M., Miles, E.A., Noakes, P.S., 

Vlachava, M., Kremmyda, L.S., Diaper, N.D., Godfrey, K.M., Calder, P.C. and Gil, A. 

(2017) Fatty acid status and antioxidant defense system in mothers and their newborns 

after salmon intake during late pregnancy. Nutrition 33, 157-162. 

 

Glaser, C., Heinrich, J. and Koletzko, B. (2010) Role of FADS1 and FADS2 

polymorphisms in polyunsaturated fatty acid metabolism. Metabolism: Clinical and 

Experimental, 59(7), 993-999. 

153

http://www.ensembl.org)/


Hansson, P., Barregard, L., Halltorp, M., Sibthorpe, S., Svelander, C., Sandberg, A.S., 

Basu, S., Hoppe, M.R. and Hulthen, L. (2015) Habitual high intake of fatty fish is related 

to lower levels of F(2)-isoprostane in healthy women. Nutrition, 31(6), 847-852.  

 

Harslof, L.B., Larsen, L.H., Ritz, C., Hellgren, L.I., Michaelsen, K.F., Vogel, U. and 

Lauritzen, L. (2013) FADS genotype and diet are important determinants of DHA 

status: a cross-sectional study in Danish infants. American Journal of Clinical Nutrition 

97(6), 1403-1410.  

 

Innis, S.M. (2007) Dietary (n-3) fatty acids and brain development. The Journal of 

Nutrition, 137, 855–859. 

 

Juan, J., Huang, H., Jiang, X., Ardisson Korat, A.V., Song, M., Sun, Q., Willett, W.C., 

Jensen, M.K. and Kraft, P. (2018) Joint effects of fatty acid desaturase 1 polymorphisms 

and dietary polyunsaturated fatty acid intake on circulating fatty acid proportions. The 

American Journal of Clinical Nutrition, 107(5), 826-833. 

 

Judge, M.P., Harel, O. and Lammi-Keefe, C.J. (2007) Maternal consumption of a 

docosahexaenoic acid-containing functional food during pregnancy: benefit for infant 

performance on problem-solving but not on recognition memory tasks at age 9 mo. The 

American Journal of Clinical Nutrition, 85(6), 1572-1577.  

 

Leslie, M.A., Cohen, D.J., Liddle, D.M., Robinson, L.E. and Ma, D.W. (2015) A review 

of the effect of omega-3 polyunsaturated fatty acids on blood triacylglycerol levels in 

normolipidemic and borderline hyperlipidemic individuals. Lipids in Health and 

Disease, 14, 53. 

154



Li, P., Zhao, J., Kothapalli, K.S.D., Li, X., Li, H., Han, Y., Mi, S., Zhao, W., Li, Q., 

Zhang, H., Song, Y., Brenna, J.T. and Gao, Y. (2018) A regulatory insertion-deletion 

polymorphism in the FADS gene cluster influences PUFA and lipid profiles among 

Chinese adults: a population-based study. The American Journal of Clinical Nutrition, 

107(6), 867-875. 

 

Makrides, M. (2011) The role of n-3 LCPUFA in pregnancy. OCL – Oilseeds and fats, 

Crops and Lipids, 18, 255–258. 

 

Malerba, G., Schaeffer, L., Xumerle, L., Klopp, N., Trabetti, E., Biscuola, M., Cavallari, 

U., Galavotti, R., Martinelli, N., Guarini, P., Girelli, D., Olivieri, O., Corrocher, R., 

Heinrich, J., Pignatti, P.F. and Illig, T. (2008) SNPs of the FADS gene cluster are 

associated with polyunsaturated fatty acids in a cohort of patients with cardiovascular 

disease. Lipids, 43(4), 289-299. 

 

Mathias, R.A., Pani, V. and Chilton, F.H. (2014) Genetic Variants in the FADS Gene: 

Implications for Dietary Recommendations for Fatty Acid Intake. Current Nutrition 

Reports, 3(2), 139-148. 

 

Meldrum S.J., Li Y., Zhang G., Heaton A.E.M., D'Vaz N., Manz J., Reischl E., Koletzko 

B.V., Prescott S.L. and Simmer, K. (2017) Can polymorphisms in the fatty acid 

desaturase (FADS) gene cluster alter the effects of fish oil supplementation on plasma 

and erythrocyte fatty acid profiles? An exploratory study. European Journal of Nutrition, 

1-12.  

 

155



Moher, D., Hopewell, S., Schulz, K.F., Montori, V., Gotzsche, P.C., Devereaux, P.J., 

Elbourne, D., Egger, M. and Altman, D.G. (2010) CONSORT 2010 explanation and 

elaboration: updated guidelines for reporting parallel group randomised trials. BMJ 

(Clinical Research Ed.), 340, c869.  

 

Molto-Puigmarti, C., Plat, J., Mensink, R.P., Muller, A., Jansen, E., Zeegers, M.P. and 

Thijs, C. (2010) FADS1 FADS2 gene variants modify the association between fish intake 

and the docosahexaenoic acid proportions in human milk. The American Journal of 

Clinical Nutrition, 91(5), 1368-1376.  

 

Murff, H.J. and Edwards, T.L. (2014) Endogenous Production of Long-Chain 

Polyunsaturated Fatty Acids and Metabolic Disease Risk. Current Cardiovascular Risk 

Reports, 8(12).  

 

NDNS (2016) National Diet and Nutrition Survey. Results from Years 5 and 6 

(combined) of the Rolling Programme (2012/2013 – 2013/2014). London: PHE  

 

Philibert, A., Vanier, C., Abdelouahab, N., Chan, H.M. and Mergler, D. (2006) Fish 

intake and serum fatty acid profiles from freshwater fish. The American Journal of 

Clinical Nutrition, 84(6), 1299-1307.  

 

Rippin, H.L., Hutchinson, J., Jewell, J., Breda, J.J. and Cade, J.E. (2017) Adult Nutrient 

Intakes from Current National Dietary Surveys of European Populations. Nutrients, 

9(12), 10.3390/nu9121288. 

 

156



SACN (2004) Advice on fish consumption: benefits & risks. United Kingdom: TSO (The 

Stationary Office  

 

Schaeffer, L., Gohlke, H., Muller, M., Heid, I.M., Palmer, L.J., Kompauer, I., 

Demmelmair, H., Illig, T., Koletzko, B. and Heinrich, J. (2006) Common genetic variants 

of the FADS1 FADS2 gene cluster and their reconstructed haplotypes are associated with 

the fatty acid composition in phospholipids. Human Molecular Genetics 15(11), 1745-

1756. 

 

Shahidi, F. and Ambigaipalan, P. (2018) Omega-3 Polyunsaturated Fatty Acids and Their 

Health Benefits. Annual Review of Food Science and Technology, 9, 345-381. 

 

Simopoulos, A.P. (2010) The omega-6/omega-3 fatty acid ratio: health implications. 

Oilseeds and fats, Crops and Lipids, 17(5) 267-275. 

 

Simopoulos, A.P. (2011) Evolutionary aspects of diet: the omega-6/omega-3 ratio and 

the brain. Molecular Neurobiology, 44, 203-215.  

 

Simopoulos, A.P. (2016) An Increase in the Omega-6/Omega-3 Fatty Acid Ratio 

Increases the Risk for Obesity. Nutrients, 8(3), 128.  

 

Singh, M. (2005) Essential fatty acids, DHA and human brain. Indian Journal of 

Pediatrics, 72(3), 239-242. 

 

Strain, J.J., Davidson, P.W., Bonham, M.P., Duffy, E.M., Stokes-Riner, A., Thurston, 

S.W., Wallace, J.M.W., Robson, P.J., Shamlaye, C.F., Georger,.; Sloane-Reeves, J., 

157



Cernichiari, E., Canfield, R.L., Cox, C., Huang, L.S., Janciuras, J., Myers, G.J. and 

Clarkson, T.W. (2008) Associations of maternal long-chain polyunsaturated fatty acids, 

methyl mercury, and infant development in the Seychelles Child Development Nutrition 

Study. Neurotoxicology, 29(5), 776-782.  

 

Strain, J.J., Davidson, P.W., Thurston, S.W., Harrington, D., Mulhern, M.S., McAfee, 

A.J., van Wijngaarden, E., Shamlaye, C.F., Henderson, J., Watson, G.E.,; Zareba, G., 

Cory-Slechta, D.A., Lynch, M., Wallace, J.M.W., McSorley, E.M., Bonham, M.P., 

Stokes-Riner, A., Sloane-Reeves, J., Janciuras, J., Wong, R., Clarkson, T.W. and Myers, 

G.J. (2012) Maternal PUFA status but not prenatal methylmercury exposure is associated 

with children's language functions at age five years in the Seychelles. The Journal of 

Nutrition, 142(11), 1943-1949.  

 

Strain, J.J., Yeates, A.J., van Wijngaarden, E., Thurston, S.W., Mulhern, M.S., McSorley, 

E.M., Watson, G.E., Love, T.M., Smith, T.H., Yost, K., Harrington, D., Shamlaye, C.F., 

Henderson, J., Myers, G.J. and Davidson, P.W. (2015) Prenatal exposure to methyl 

mercury from fish consumption and polyunsaturated fatty acids: associations with child 

development at 20 mo of age in an observational study in the Republic of Seychelles. The 

American Journal of Clinical Nutrition, 101(3), 530-537. 

 

Tanaka, T., Shen, J., Abecasis, G.R., Kisialiou, A., Ordovas, J.M., Guralnik, J.M., 

Singleton, A., Bandinelli, S., Cherubini, A., Arnett, D., Tsai, M.Y. and Ferrucci, L. (2009) 

Genome-wide association study of plasma polyunsaturated fatty acids in the InCHIANTI 

Study. PLoS Genetics 5(1), e1000338.  

 

158



Yeates A.J., Love T.M., Engstrom K., Mulhern M.S., McSorley E.M., Grzesik K., 

Alhamdow A., Wahlberg K., Thurston S.W., Davidson P.W., van Wijngaarden E., 

Watson G.E., Shamlaye C.F., Myers G.J., Strain J.J. and Broberg, K. (2015) Genetic 

variation in FADS genes is associated with maternal long-chain PUFA status but not with 

cognitive development of infants in a high fish-eating observational study. 

Prostaglandins, Leukotrienes and Essential Fatty Acids, 102-103, 13-20  

 

Zampelas, A., Panagiotakos, D.B., Pitsavos, C., Das, U.N., Chrysohoou, C., Skoumas, Y. 

and Stefanadis, C. (2005) Fish Consumption Among Healthy Adults Is Associated With 

Decreased Levels of Inflammatory Markers Related to Cardiovascular Disease: The 

ATTICA Study. Journal of the American College of Cardiology, 46(1) 120-124  

 

Zibaeenezhad, M.J., Ghavipisheh, M., Attar, A. and Aslani, A. (2017) Comparison of the 

effect of omega-3 supplements and fresh fish on lipid profile: a randomized, open-labeled 

trial. Nutrition & Diabetes, 7(12), 1-017-0007-8.  

 

 
 
 

 

 

 

 

 

 

159



Table 1: Characteristics of iFish study participants at baseline for the whole cohort, and also split by intervention group 
 

Whole group (n=49) No fish (n=18) 1 portion (n=14) 2 portions (n=17) P-value* 
Age (years) 23.0 (20.0, 30.0) 25.5 (21.0, 33.0) 23.0 (19.0, 31.8) 22.0 (20.0, 25.0) 0.766 
Weight (kg) 62.7 (57.1, 74.3) 68.0 (55.9, 75.2) 61.0 (55.3, 69.4) 64.2 (57.3, 74.1) 0.513 
Height (m) 1.7 (1.63, 1.70) 1.64 (1.62, 1.71) 1.67 (1.62, 1.69) 1.67 (1.64, 1.71) 0.676 
BMI (kg/m2)  22.7 (20.7, 26.4) 23.5 (21.4, 26.9) 21.9 (20.3, 24.3) 23.3 (20.2, 25.5) 0.394 
Fish consumption (portions/wk) 1.00 (0.50, 1.00) 0.75 (0.00, 1.00) 1.00 (0.50, 1.25) 1.00 (0.50, 1.00) 0.516 
Consumes alcohol      
       Yes  41 (83.7) 17 (94.4) 10 (71.4) 14 (82.4) 0.214        No  8 (16.3) 1 (5.6) 4 (28.6) 3 (17.6) 
Smoker      
       Yes  5.0 (10.2) 2 (11.1) 3 (21.4) 0 (0) 0.144        No 44 (89.8) 16 (88.9) 11 (78.6) 17 (100) 
Education      
       Secondary education  18 (36.7) 7 (38.9) 5 (35.7) 6 (35.3)  
       FE college 5 (10.2) 0 (0.0) 3 (21.4) 2 (11.8)  
       Undergraduate (BSc)  11 (22.4) 3 (16.7) 4 (28.6) 4 (23.5) 0.257 
       Postgraduate (MSc, PhD)  12 (24.5) 6 (33.3) 1 (7.1) 5 (29.4)  
       Other  2 (4.1) 2 (11.1) 0 (0.0) 0 (0.0)  
Employment      
       Work part time  11 (22.4) 1 (5.6) 5 (35.7) 5 (29.4)  
       Work full time  8 (16.3) 2 (11.1) 2 (14.3) 4 (23.5) 0.141 
       Student  30 (61.2) 15 (83.3) 7 (50.0) 8 (27.1)  
Genotype (n)      
       TT 21 (42.9) 8 (44.4) 7 (50.0) 6 (35.3)  
       T/del 22 (44.9) 8 (44.4) 6 (42.9) 8 (47.1) 0.884 
       del 6 (12.2) 2 (11.1) 1 (7.1) 3 (17.6)  
Baseline PUFA status      
       LA (mg/ml) 0.263 (0.233, 0.304) 0.247 (0.212, 0.305) 0.258 (0.224, 0.310) 0.273 (0.253, 0.301) 0.559 
      ALA (mg/ml) 0.012 (0.012, 0.014) 0.012 (0.011, 0.013) 0.012 (0.012, 0.013) 0.013 (0.012, 0.014) 0.142 
      AA (mg/ml) 0.066 (0.054, 0.077) 0.067 (0.052, 0.075) 0.062 (0.052, 0.076) 0.070 (0.056, 0.082) 0.778 
      EPA (mg/ml) 0.012 (0.011, 0.014) 0.012 (0.011, 0.015) 0.012 (0.010, 0.013) 0.013 (0.011, 0.014) 0.108 
      DHA (mg/ml) 0.021 (0.018, 0.025) 0.024 (0.018, 0.026) 0.020 (0.017, 0.024) 0.020 (0.018, 0.026) 0.485 
      Total n-6 (mg/ml) 0.324 (0.295, 0.375) 0.318 (0.271, 0.366) 0.312 (0.286, 0.374) 0.343 (0.310, 0.375) 0.563 
      Total n-3 (mg/ml) 0.045 (0.041, 0.052) 0.049 (0.041, 0.053) 0.042 (0.040, 0.048) 0.046 (0.042, 0.053) 0.232 
      n-6:n-3 ratio  6.979 (6.457, 7.810) 6.579 (5.688, 7.279) 7.342 (6.554, 8.181) 7.174 (6.558, 7.916) 0.126 
      AA:LA ratio  0.255 (0.217, 0.295) 0.262 (0.216, 0.307) 0.257 (0.216, 0.284) 0.247 (0.216, 0.292) 0.843 
      EPA:ALA ratio  0.990 (0.909, 1.098) 0.991 (0.930, 1.145) 0.974 (0.839, 1.012) 0.994 (0.906, 1.114) 0.427 
      DHA:ALA ratio  1.696 (1.456, 2.044) 1.778 (1.575, 2.115) 1.553 (1.445, 1.895) 1.696 (1.340, 2.049) 0.429 
Data are median (IQR), where IQR is 25th, 75th centile; or n (%) where appropriate; BMI: body mass index; FE college: Further education college; LA: linoleic acid; ALA: α-linolenic acid; AA: 
arachidonic acid; EPA: eicosapentaenoic acid; DHA docosahexaenoic acid; *p-value for significant difference between intervention groups at baseline as determined using ANOVA, or Chi square as 
appropriate; p<0.05 considered significant 
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Table 2: The effect of intervention with fish on post intervention PUFA status  

 

 

 

 

 

 

 

 

 

 

 

 

PUFA (mg/ml) No fish  
(n=18) 

1 portion 
(n=14) 

2 portions 
(n=17) 

P-
value 

Partial 
Eta 

squared 
LA  0.272 (0.232, 0.300) 0.261 (0.246, 0.322) 0.294 (0.258, 0.322) 0.377 0.044 

ALA  0.013 (0.012, 0.014) 0.012 (0.012, 0.013) 0.013 (0.012, 0.015) 0.375 0.045 

AA  0.065 (0.055, 0.075) 0.070 (0.058, 0.086) 0.069 (0.059, 0.079) 0.375 0.045 

EPA  0.012 (0.011, 0.013)a 0.014 (0.011, 0.015)a 0.014 (0.013, 0.025)b <0.001 0.311 

DHA  0.021 (0.016, 0.024)a 0.022 (0.020, 0.029)a 0.028 (0.024, 0.034)b <0.001 0.347 

Total n-6  0.343 (0.295, 0.364) 0.329 (0.317, 0.406) 0.375 (0.318, 0.392) 0.396 0.042 

Total n-3  0.045 (0.042, 0.052)a 0.046 (0.038, 0.054)a 0.058 (0.051, 0.068)b <0.001 0.348 

n6:n3 ratio 7.284 (6.586, 8.122)a 7.388 (6.992, 7.963)a 6.199 (4.897, 7.071)b 0.003 0.234 

AA:LA ratio  0.243 (0.217, 0.297) 0.241 (0.218, 0.278) 0.234 (0.214, 0.276) 0.411 0.040 

EPA:ALA ratio  0.933 (0.846, 1.058) 1.056 (0.889, 1.201) 1.043 (0.981, 1.993) 0.416 0.040 

DHA:ALA ratio  1.590 (1.345, 1.934) 1.823 (1.599, 2.451) 2.168 (1.689, 2.603) 0.345 0.048 
Data are median (IQR), where IQR is 25th, 75th centile; ANCOVA for effect of intervention, adjusting for baseline PUFA, baseline age, 
baseline BMI;  p<0.05 considered significant; different superscript letters represent significant differences between groups (LSD post 
hoc tests) 
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Table 3: The effect of intervention with fish on post intervention PUFA status according to FADS2 rs3834458 genotype 
 

 TT (homozygotes of the major allele )  Tdel, deldel (carriers of the minor allele) 

PUFA (mg/ml) No fish  
(n=8) 

1 portion 
(n=7) 

2 portions 
(n=6) 

P-
value 

Partial 
Eta 

squared 

 No fish  
(n=10) 

1 portion 
(n=7) 

2 portions 
(n=11) 

P-
value 

Partial 
Eta 

squared 
LA  0.256 (0.226, 0.283) 0.263 (0.246, 0.286) 0.285 (0.252, 0.310) 0.073 0.295  0.295 (0.238, 0.308) 0.258 (0.244, 0.347) 0.310 (0.263, 0.341) 0.760 0.025 
ALA  0.013 (0.012, 0.015) 0.012 (0.012, 0.013) 0.012 (0.011, 0.013) 0.851 0.021  0.013 (0.012, 0.014) 0.012 (0.011, 0.013) 0.013 (0.013, 0.016) 0.206 0.134 
AA  0.074 (0.058, 0.077)a 0.072 (0.064, 0.086)b 0.075 (0.068, 0.082)ab 0.049 0.331  0.061 (0.054, 0.072) 0.063 (0.040, 0.086) 0.068 (0.057, 0.077) 0.975 0.002 
EPA  0.012 (0.011, 0.015)a 0.014 (0.012, 0.015)a 0.017 (0.014, 0.027)b 0.033 0.365  0.012 (0.009, 0.013) 0.014 (0.010, 0.015) 0.014 (0.013, 0.025) 0.055 0.231 
DHA  0.021 (0.016, 0.026)a 0.022 (0.021, 0.026)a 0.032 (0.027, 0.036)b 0.002 0.551  0.021 (0.016, 0.023) 0.021 (0.018, 0.032) 0.027 (0.022, 0.030) 0.072 0.213 
Total n-6  0.329 (0.293, 0.360) 0.332 (0.324, 0.354) 0.366 (0.320, 0.392) 0.057 0.318  0.350 (0.288, 0.379) 0.321 (0.284, 0.429) 0.378 (0.023, 0.030) 0.821 0.018 
Total n-3  0.048 (0.042, 0.052)a 0.047 (0.043, 0.054)ab 0.061 (0.053, 0.076)b 0.043 0.342  0.045 (0.039, 0.050)a 0.044 (0.036, 0.055)ab 0.054 (0.050, 0.064)b 0.037 0.259 
n6:n3 ratio 6.860 (6.287, 8.115) 7.319 (7.286, 7.527) 5.624 (4.948, 6.420) 0.090 0.274  7.570 (7.222, 8.323) 7.838 (6.110, 8.268) 6.617 (4.720, 7.085) 0.102 0.187 
AA:LA ratio  0.267 (0.235, 0.305) 0.273 (0.233, 0.328) 0.276 (0.249, 0.281) 0.715 0.044  0.232 (0.191, 0.286) 0.223 (0.187, 0.274) 0.225 (0.186, 0.258) 0.660 0.037 
EPA:ALA ratio  0.945 (0.822, 1.283) 1.053 (0.951, 1.153) 0.276 (0.249, 0.281) 0.850 0.021  0.922 (0.674, 1.005) 1.059 (0.855, 1.342) 1.000 (0.943, 1.991) 0.359 0.089 
DHA:ALA ratio  1.590 (1.266, 2.215) 1.820 (1.637, 2.074) 2.570 (2.135, 3.018) 0.690 0.048  1.607 (1.344, 1.842) 2.104 (1.483, 2.629) 1.900 (1.663, 2.523) 0.279 0.110 
Data expressed as median (IQR), where IQR is the 25th and 75th centile; ANCOVA for effect of intervention, adjusting for baseline PUFA, age, BMI; P-value ≤0.05 considered significant; different letters represent significant differences from each 
other from LSD post hoc 
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Table 4: The effect of intervention with fish on biomarker status at post intervention 
expressed as Median (IQR) 
 
  Median (IQR)    

 No fish  1 portion 2 portions   

Biomarker (n=18 ) (n=14 ) (n=17 ) P-
value 

Partial 
Eta 

squared 
Lipids (mmol/L)      

Trigs  0.753 (0.590, 0.890) 0.695 (0.478, 1.075) 0.625 (0.445, 0.828) 0.409 0.041 
Total chol  4.300 (3.500, 4.625) 3.925 (3.500, 4.675) 4.200 (3.725, 4.500) 0.865 0.007 
HDL  1.485 (1.353, 1.655) 1.405 (1.340, 1.470) 1.530 (1.335, 1.720) 0.902 0.005 
LDL  2.300 (1.809, 2.688) 2.018 (1.896, 2.818) 2.147 (1.903, 2.751) 0.607 0.023 
TC:HDL  2.632 (2.393, 2.943) 2.744 (2.518, 3.463) 2.685 (2.299, 2.971) 0.881 0.006 
non-HDL  2.625 (2.205, 2.975) 2.440 (2.165, 3.325) 2.510 (2.140, 3.020) 0.777 0.012 

Inflammatory 
markers (pg/ml) 

     

IL-5 4.074 (1.362, 11.160) 1.773 (1.027, 4.278) 2.412 (1.149, 5.125) 0.368 0.050 
IL-10 0.318 (0.204, 0.637) 0.380 (0.234, 0.520) 0.517 (0.290, 0.750) 0.229 0.094 
IL-1β 0.131 (0.082, 0.190) 0.103 (0.041, 0.159) 0.167 (0.136, 0.323) 0.489 0.036 
IL-6 0.627 (0.337, 1.391) 0.619 (0.377, 0.805) 0.490 (0.365, 0.814) 0.679 0.018 
TNF-α 2.634 (2.385, 3.391) 2.873 (1.488, 3.785) 2.933 (2.346, 3.624) 0.983 0.001 
CRP (µg/dL) 127.500 (39.250, 392.750) 68.500 (32.000, 219.250) 75.000 (32.500, 281.500) 0.899 0.005 

Oxidative stress      

GPx (U/L) 9563.250  
(7907.875, 10398.625) 

8620.250  
(6959.750, 10439.625) 

9655.500  
(7697.705, 11326.250) 0.343 0.048 

8-iso (pg/nl) 44.666 (35.527, 65.207) 29.412 (22.026, 70.417) 37.762 (30.384, 49.739) 0.496 0.032 
Data expressed as median (IQR), where IQR is the 25th and 75th centile; Trigs: Triglycerides; Total chol: Total cholesterol; HDL: 
High Density Lipoprotein; LDL: Low Density Lipoprotein; TC: Total cholesterol; IL: Interleukin; TNF-α: Tumour necrosis factor-
alpha; CRP: C-reactive protein; GPx: Glutathione peroxidase;8-iso: 8-isoprostanes; ANCOVA for effect of intervention, adjusting 
for baseline age, BMI, baseline biomarker status); P-value ≤0.05 considered significant; different letters represent significant 
differences from each other from LSD post hoc; logged variables for those not normally distributed   
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Table 5: Dietary intake of polyunsaturated fatty acids (PUFA) at post intervention 
  
PUFA (g/day)  TT (n=21) Tdel, deldel (n=28) P-value 
Omega-6 (Total)  6.92 (4.33, 9.98) 7.87 (4.06, 9.79) 0.868 
Omega-3 (Total)  1.42 (0.87, 2.23) 1.56 (0.75, 2.52) 0.684 
PUFA Polyunsaturated Fat  11.42 (7.71, 15.35) 12.81 (8.62, 18.38) 0.666 
C18:2 Linoleic Acid (LA) 0.64 (0.03, 1.38) 1.06 (0.53, 2.00) 0.091 
C18:3 Linolenic Acid (ALA) 0.07 (0.02, 0.14) 0.13 (0.05, 0.32) 0.193 
C20:4cn6 Arachidonic Acid (AA)  0.01 (0.01, 0.04) 0.02 (0.01, 0.05) 0.387 
C20:5cn3  Eicosapentaenoic Acid (EPA) 0.00 (0.00, 0.01) 0.01 (0.00, 0.02) 0.150 
C22:6cn3 Docosahexaenoic Acid (DHA)  0.00 (0.00, 0.04) 0.01 (0.00, 0.04) 0.836 
Data expressed as median (IQR), where IQR is the 25th and 75th centile; Independent sample t test for differences between TT 
and Tdel, deldel genotype groups; P-value ≤0.05 considered significant 
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Figure 1: Endogenous synthesis of long chain polyunsaturated fatty acids (LC-PUFA) (Amended from Yeates et al., 2015) 
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Figure 2. CONSORT flow diagram for study design 
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Declined to participate (n= 7) 
Did not provide a buccal swab (n= 5) 

Completed per protocol (n=13) 
Intention to treat analysis (n=14) 
 

Lost to follow up (n= 1) 

Completed per protocol (n=16) 
Intention to treat analysis (n=17) 
 

Analysis 

Follow-Up 

Lost to follow up (n= 1) 

Enrollment 

Eligible buccal swabs sent for genotyping (n= 71) 

Excluded  (n=  5 ) 
Genotype not determined (n= 1) 
Fish consumption >2 portions per week (n= 4)  

Allocation 

Completed per protocol (n=17) 
Intention to treat analysis (n=18) 
 

Lost to follow up (n= 1) 

Assessed for eligibility (n= 89) 

Randomized (n= 66) 

1 portion per week (n= 22) 
Received allocated intervention (n= 14) 
Did not receive allocated intervention – no 
longer wished to participate (n= 8) 

No fish (n= 22) 
Received allocated intervention (n=18) 
Did not receive allocated intervention – no 
longer wished to participate) (n= 4) 

2 portion per week (n= 22) 
Received allocated intervention (n= 17) 
Did not receive allocated intervention – no 
longer wished to participate (n= 5) 

166



 

 

Chapter 6  

General discussion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

167



The overall aim of this thesis was to investigate how diet, fish intake and the fatty acid 

desaturase (FADS) genotype are associated with maternal and cord biological status of 

polyunsaturated fatty acids (PUFA). In order to fulfil this aim, several objectives were 

addressed in four interrelated studies. Firstly, a systematic review was completed 

discussing the influence of genetic variation in FADS genotype on maternal, breastmilk 

and child PUFA status, and on child health outcomes (Chapter 2). Observational studies 

were also completed as part of this thesis including an investigation of the associations 

between dietary patterns and maternal PUFA status (Chapter 3) and an investigation of 

the influence of maternal and child genetic variation on cord blood PUFA status (Chapter 

4). Both Chapter 3 and Chapter 4 were completed in a high fish eating cohort of pregnant 

women. Finally, a randomised controlled trial was conducted to investigate the effect of 

fish consumption on PUFA status in women of childbearing age, while stratifying by 

FADS genotype (Chapter 5).  

 

The major findings of this thesis are as follows. In Chapter 2, a systematic review 

focused on the influence of (FADS) genotype on PUFA status in pregnant women, 

breastmilk and children, as well as its influence on child health outcomes. Genetic 

variation in FADS genotype, specifically the presence of the minor allele, has consistently 

been shown to be associated with increased concentrations of linoleic acid (LA) and α-

linolenic acid (ALA), and lower concentrations of LCPUFA products, mainly arachidonic 

acid (AA), compared to major allele homozygotes (Lattka et al., 2013; de la Garza 

Puentes et al., 2017; Yeates et al., 2015; Moltó-Puigmartí et al., 2010). The findings of 

Chapter 4 of this thesis support this observation in cord blood samples, nevertheless, this 

review of the literature identified that there is a need for further investigation into this 

diet-gene interaction, as well as the influence of FADS genotype on child health outcomes 

through specifically designed studies taking into account all factors which may influence 

168



child health outcomes, for example PUFA status, sex of the child and maternal and child 

FADS genotype.  

Chapter 3 focused on the influence of dietary intake on PUFA status (Conway et 

al., 2018). This involved dietary pattern analysis for pregnant women in a high fish eating 

population, recruited as part of Nutrition Cohort 2 of the Seychelles Child Development 

Study, and found that the most commonly consumed dietary pattern in the Seychelles 

contained foods typical of a “Western” diet was not associated with PUFA status. Other 

patterns identified in this analysis included a dietary pattern high in foods traditional to a 

Seychellois diet including fish, fruit and vegetables; this dietary pattern was found to be 

associated with increased n-3 PUFA circulating concentrations.  The findings from 

Chapter 3 support the hypothesis that a diet high in fish is beneficial for n-3 PUFA status, 

but also indicate that the diet as a whole should be considered as other foods, which are 

not necessarily a source of PUFA, also contribute to PUFA status via the food matrix 

effect (Benaim et al., 2018; Pounis et al., 2014). The food frequency questionnaire (FFQ) 

used for this study was completed in a subset of NC2 which is a limitation of this study; 

if the FFQ had been completed in the full cohort the results would have had further 

strength. The findings of this chapter are important for public health reasons highlighting 

a shift from a traditional Seychellois diet to a more “westernised” diet may have 

implications for PUFA status and thereby health within Seychelles.  

From the evidence reviewed in Chapter 2, it is apparent that FADS genotype 

influences PUFA status of various population groups, including children. The dietary 

pattern analysis results of Chapter 3 highlight that dietary intake is associated with PUFA 

status. The FADS genotype has previously been shown to play a role in determining 

biological concentrations in these pregnant women in the Seychelles, despite the fact they 

have high fish consumption (Yeates et al., 2015). Given that maternal FADS genotype 

has been found to influence maternal PUFA status (Yeates et al., 2015), the influence of 
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maternal and child genetic variation in FADS genotype on cord blood PUFA status in the 

SCDS required investigation (Chapter 4). The minor allele homozygous genotype in 

mothers was found to be associated with lower cord blood DHA and total n-3 

concentrations, whereas the heterozygous genotype of children was associated with lower 

AA concentrations. The findings in Chapter 4 are similar to previously completed studies 

which also found that FADS genotype, of both mother (Lattka et al., 2013; Steer et al., 

2012) and child, have an influence on cord PUFA status (Barman et al., 2015; Lattka et 

al., 2013; Steer et al., 2012). The research in Chapter 4 is, to our knowledge, the first to 

date to investigate FADS genotype and cord PUFA status in a high fish eating cohort, and 

indicates that FADS genotype has a role in determining cord blood PUFA concentrations, 

even with high maternal fish consumption during pregnancy. Given the importance of 

PUFA during pregnancy for child development, knowledge of how genotype influences 

PUFA status could have important public health implications, allowing for personalised, 

targeted dietary advice to ensure optimal PUFA status for both mothers and children.  

The observational studies in Chapter 3 and Chapter 4 highlight that both dietary 

intake and FADS genotype are associated with PUFA status. The “iFish Study” was an 

8-week intervention study conducted in women of childbearing age to investigate the 

influence of fish consumption on PUFA status while stratifying by FADS genotype 

(Chapter 5). The results of this study indicate that 2 portions of fish per week 

significantly increased n-3 PUFA concentrations, therefore supporting current 

international fish consumption guidelines to consume 2 portions of fish per week. When 

the effect of fish consumption was examined within genotypes, n-3 PUFA status was 

increased in both major allele homozygotes and in carriers of the minor allele, albeit this 

increase was more pronounced in major allele homozygotes. This research suggests that 

carriers of the minor allele of FADS genotype may require higher fish intake to see a 

similar increase in PUFA status, however, it is not known what quantity should be 
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consumed to achieve increased PUFA status of a similar magnitude to those with the 

major allele homozygous genotype.  The majority of intervention studies to date are 

supplementation studies in pregnant women. The research completed in Chapter 5 is 

novel as it intervened with fish in a cohort of women of childbearing age. Determining 

the effect of dietary intake in these women is important as maternal stores will be 

influenced before pregnancy. Further research is required to investigate the effects of 

higher intakes of fish on PUFA status taking FADS genotype into consideration. Other 

genes may also influence PUFA status, for example the ELOVL genes required for the 

elongase enzymes, and these should also be considered in future studies.  

Determination of FADS genotype in individuals would also be beneficial to 

further improve dietary recommendations. As shown in Chapter 5, genetic variation in 

FADS genotype has an impact on n-3 PUFA concentrations. PUFA are essential during 

pregnancy, therefore, it is important to understand how FADS genotype will have an 

impact on cord blood PUFA concentrations. Chapter 4 indicates that both maternal and 

child FADS genotype influence cord blood PUFA concentrations. It may be the case that, 

depending on FADS genotype, pregnant women could benefit from consuming more fish 

as this is a rich source of preformed LCPUFA. Genotyping of FADS is therefore 

something to consider as a means of further improving dietary recommendations.  

The findings of the thesis confirm the importance of current international fish 

consumption guidelines to consume 2 portions of fish per week, especially for women of 

childbearing age or during pregnancy. Fish is a rich source of many nutrients including 

iodine, selenium, protein, vitamin D, and PUFA; with all these nutrients being particularly 

important during pregnancy for foetal development (Weichselbaum et al., 2013). 

Chapter 3 highlights that the diet in Seychelles is becoming more “westernised”, 

containing foods such as snack foods, white fish and chicken (Dietary Pattern 1), and thus 

is moving away from the traditional Seychellois diet rich in foods such as fatty fish, fruit 
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and vegetables. A dietary pattern high in “western” foods did not show any associations 

with PUFA status, whereas a dietary pattern high in fatty fish, other fish and fish dishes 

(Dietary Pattern 2) was associated with higher DHA and total n-3 PUFA concentrations. 

Continued dietary monitoring is important to determine changes in dietary intakes, 

alongside public health recommendations to follow a traditional diet. Current UK and 

USA recommendations for fish consumption state 2 portions of fish should be consumed 

per week (SACN, 2004; Food & Drug Administration, 2017). The results of the “iFish 

Study” (Chapter 5) further highlight the importance of fish consumption for increased 

biological PUFA status, specifically highlighting that consumption of 2 portions of fish 

per week has beneficial effects on PUFA compared to those consuming less fish. This 

RCT also indicates that FADS genotype has an impact on PUFA status; however, a larger 

sample size would be needed to investigate the effect of intervention in those with the 

minor allele homozygous genotype. With further knowledge of the diet-gene interaction, 

dietary recommendations could be tailored to meet PUFA requirements in accordance 

with genotype.  

 The findings of this thesis will have important implications for public health 

policies and dietary guidelines, highlighting the importance of promoting n-3 dietary 

intake from fish, and the need to consider FADS genotyping in individuals, especially 

pregnant women who require PUFA for a healthy pregnancy and development of the 

foetus.  
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Conclusions and future work  

In summary, this thesis provides evidence of the following:  

1. A dietary pattern high in fatty fish was associated with higher DHA and total n-3 

PUFA status in pregnant women in the Seychelles, highlighting the importance of 

fish consumption for increased PUFA status. From a public health perspective, 

dietary recommendations should highlight the association between a traditional 

Seychellois diet and increased PUFA status at a time when the diet is transitioning 

towards a more westernised diet.  

2. Genetic variation in FADS genotype influences cord blood PUFA status even in 

a population with high fish consumption; mothers who were homozygous for the 

minor allele had children with lower DHA cord blood PUFA status, whereas 

lower concentrations of AA were seen in cord blood in children who were minor 

allele heterozygotes. The influence of FADS genotype on PUFA status should be 

considered in public health dietary recommendations, potentially allowing for 

specific dietary advice according to genotype to ensure optimal PUFA status for 

both mothers and children. 

3. Consumption of 2 portions of fish per week for a period of 8 weeks increases n-3 

PUFA status in women of childbearing age when stratified by FADS genotype. 

This confirms the importance of following current international dietary 

recommendations to consume 2 portions of fish per week as a means of increasing 

n-3 PUFA status.  

4. FADS genotype has an impact on PUFA status following fish consumption, with 

the increase in n-3 PUFA status being more pronounced in major allele 

homozygotes. Individuals who are carriers of the minor allele may need a higher 

dietary intake of LCPUFA to see an increase in PUFA of the same magnitude as 

in major allele homozygotes.  
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This thesis also highlights a number of areas for future research  

1. Traditional high-fish eating populations should consider the effect of transitions 

to a more westernised diet could have on PUFA status. Dietary intake should be 

monitored through the collection of dietary intake data, and associations with 

PUFA status and other nutrients investigated to determine any dietary changes 

and how these may influence PUFA status and subsequent health outcomes.  

2. Further observational studies are needed to investigate the influence of FADS 

genotype and child PUFA status in high and low fish consumers to determine 

whether higher dietary intake results in higher PUFA status in carriers of the minor 

allele.  

3. There is a need for further intervention studies investigating fish consumption and 

PUFA status according to FADS genotype that include a higher number of 

portions per week than included in the “iFish Study” in order to determine whether 

PUFA status would increase further or if there is a plateau effect after which no 

further increase is apparent.   

4. Observation and intervention studies are required to investigate the influence of 

other genes involved in the endogenous synthesis of PUFA, such as the ELOVL 

genes.  
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Appendix 1: SCDS food frequency questionnaire (FFQ) (Chapter 3) 
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SEYCHELLES CHILD DEVELOPMENT STUDY NC2 

DIET QUESTIONNAIRE 
 

Surname  ........................................................... Subject ID ………………..  
First Name(s)  ....................................................  1-8 

Address  ............................................................. Questionnaire No ………. 9 

........................................................................... Group Code …………….. 10 

........................................................................... Survey …………………... 11-12 

Phone ……………………………………………... Female 13 

Date of Birth  ........................      Date of Survey  ........................ 14-15 
  16-17 
  18-21 
  22-23 
  24-25 
  26-29 

 
 
 
 
 

 

  
 
 

BEVERAGES 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
beverage  

1. Pure fruit juice bought  9  Never 4  5-6 times per week  30 

    from shop e.g. Liquifruit,  8  1 time per month or less  3  1 time per day  

    Ceres or homemade juice  7  2-3 times per month  2  2-3 times per day  

    e.g.lime, orange, mango.. 6  1 time per week  1  4-5 times per day  
  5  2-4 times per week  

Each time you drink pure fruit juice, how much do you usually drink?  31 

      1. Less than one glass                                          
      2. One glass                                                    
      3. One carton (250ml)                                           
      4. One can (330 ml)                                                            
 

2. Water (tap water,  9  Never 4  5-6 times per week  32 

    bottled water) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 

Each time you drink water, how much do you usually drink?  33 

      1. Less than one glass                                          
      2. One glass                                                    
      3. One bottle                                                   

The following questions are about the foods you usually eat. 
Please indicate how often you had each food/drink, on average, 
DURING THE PAST 6 MONTHS.  Circle the answer as in this 
example:    

 9  Never                                           4  5-6 times per week   

8  1 time per month or less              3  1 time per day  

7  2-3 times per month                     2  2-3 times per day  

6  1 time per week                            1  4-5 times per day  

5  2-4 times per week  

 
 

If your answer is 2-4 times per week, circle '5', as shown. 

 
PLEASE ANSWER EVERY QUESTION 
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3. Fizzy drinks e.g. cola,  9  Never 4  5-6 times per week  34 

    lemonade, soda, sprite 8  1 time per month or less  3  1 time per day  

    (diet or non-diet) 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

Each time you have a fizzy drink, how much do you usually drink?  35 

      1. Less than one glass                                          
      2. One glass                                                    
      3. One small bottle (300ml)                                     
      4. One can (330ml)     
      5. One small pet bottle (500ml)                                     

4. Tea/Coffee 9  Never 4  5-6 times per week  36 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

When you drink tea/coffee, how much do you have at a time?  37 

      1. One cup                                                      
      2. One mug                                                      
      3. Two or more cups                                             
      4. Two or more mugs              

5. What milk would you usually add to your tea/coffee (please choose one)?  38 

           1. None 
           2. Semi-skimmed liquid milk e.g. Slimilk (SMB), Rainbow 
           3. Full cream liquid milk 
           4. Skimmed powdered (Anlene) 
           5. Semi-skimmed powdered (Anmum) 
           6. Full cream powdered (Nido, Melody, Anchor, Coast) 
           7. Evaporated milk 
           8. Condensed milk 
           9. Skimmed (non-fat) liquid milk 

 6. How much sugar would you usually add to your tea/coffee?    ................. teaspoons  39 

 

7. Drinking chocolate/ovaltine/milo/horlicks/bournvita/nesquik (cup)   40 
  
 9  Never 4  5-6 times per week  
 8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

8. What milk would you usually add to your chocolate (please choose one)?  41 

           1. None 
           2. Semi-skimmed liquid milk e.g. Slimilk (SMB), Rainbow 
           3. Full cream liquid milk 
           4. Skimmed powdered (Anlene) 
           5. Semi-skimmed powdered (Anmum) 
           6. Full cream powdered (Nido, Melody, Anchor, Coast) 
           7. Evaporated milk 
           8. Condensed milk 
           9. Skimmed (non-fat) liquid milk 
 

9. How much sugar would you usually add to your chocolate?................. teaspoons  42 
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10. Milk 9  Never 4  5-6 times per week  43 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

Each time you drink milk, how much do you usually drink (glasses)?...............................  44 

What type of milk would you usually drink?   45 

     1. Semi skimmed milk e.g. Slimilk (SMB) 
     2. Full cream liquid milk 
     3. Skimmed powdered, made up with water e.g. Anlene 
     4. Semi skimmed powdered, made up with water 
     5. Full cream powdered made up with water e.g. Nido, Melody, An 
     6. Flavoured milk e.g. perette, milo 
     7. Other (please specify) …………………………………………….. 

11. Alcohol  9  Never 4  5-6 times per week  46 

     (bottle/can/glass) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

Each time you drink alcohol, how much do you usually drink?  47 

      1. Less than one glass                                          
      2. One glass                                                    
      3. One bottle/can                                               
      4. Two bottles/cans                                             
      5. Three bottles/cans                                           
      6. Four bottles/cans                                            
      7. Five or more bottles/cans                                    

State the type(s) of alcohol that you USUALLY consume? .................................................  48 
 

FRUITS 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
fruit  

12. Mangoes 9  Never 4  5-6 times per week  49 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

13. Bananas 9  Never 4  5-6 times per week  50 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

14. Apples 9  Never 4  5-6 times per week  51 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

15. Custard apple/sweetsop/ox-heart  9  Never 4  5-6 times per week  52 

     (zat, serimolya, ker-d-bef) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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16. Oranges/mandarin/grapefruit/citron 9  Never 4  5-6 times per week  53 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

17. Guava 9  Never 4  5-6 times per week  54 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week   

18. Papaya  9  Never 4  5-6 times per week  55 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

19. Jamalac 9  Never 4  5-6 times per week  56 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

20. Passion fruit 9  Never 4  5-6 times per week  57 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

21. Star fruit 9  Never 4  5-6 times per week  58 

     (karanbol) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

22. Melon  9  Never 4  5-6 times per week  59 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

23. Jackfruit (zak) 9  Never 4  5-6 times per week  60 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

24. Canned fruit cocktail  9  Never 4  5-6 times per week  61 

      (fri-o-zi dan bwat)  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

25. Dried fruits, e.g. sultanas,  9  Never 4  5-6 times per week  62 

      raisins, dates  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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26. Other fruit e.g.kiwi, apricots,  9  Never 4  5-6 times per week  63 

      peaches 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

27. In summary, how often  9  Never 4  5-6 times per week  64 

     do you eat fruit? 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

  

VEGETABLES 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
vegetable  

28. Bilimbi (bilenbi) 9  Never 4  5-6 times per week  65 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

29. Margoz, patol, kalbas,  9  Never 4  5-6 times per week  66 

     pousinika  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 30. Cabbage  9  Never 4  5-6 times per week  67 

      (sou) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

31. Carrots  9  Never 4  5-6 times per week  68 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

32. Courgettes  9  Never 4  5-6 times per week  69 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

33. Cucumber  9  Never 4  5-6 times per week  70 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

34. Green beans  9  Never 4  5-6 times per week  71 

      (zariko) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 
 
 

183



35. Lentils, cooked  9  Never 4  5-6 times per week  72 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

36. Other pulses e.g. kidney  9  Never 4  5-6 times per week  73 

       beans, chick peas  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

37. Lettuce 9  Never 4  5-6 times per week  74 
       8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

38. Onions  9  Never 4  5-6 times per week  75 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

39. Peas  9  Never 4  5-6 times per week  76 

      (pti pwa) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week 

40. Capsicums   9  Never 4  5-6 times per week  77 

     (gro piman) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

41. Pumpkin  9  Never 4  5-6 times per week  78 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

42. Sousout  9  Never 4  5-6 times per week  79 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

43. Sweetcorn  9  Never 4  5-6 times per week  80 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

44. Tomatoes  9  Never 4  5-6 times per week  81 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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45. Tomato sauce/ketchup  9  Never 4  5-6 times per week  82 
       8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

46. Chilli sauce, bottled  9  Never 4  5-6 times per week  83 
       8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

47. Mixed vegetables 9  Never 4  5-6 times per week  84 
       8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

48. Watercress  9  Never 4  5-6 times per week  85 

      (kreson) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

49. Other vegetables eg. mushrooms,  9  Never 4  5-6 times per week  86 

      beetroot, okra, broccoli… 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

50. In summary, how often  9  Never 4  5-6 times per week  87 

      do you eat vegetables? 8  1 time per month or less  3  1 time per day  
       7  2-3 times per month  2  2-3 times per day  
  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

  
 

FRICASSE/CHUTNEY DISHES 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
dish  

51. Fricasse (pumpkin, 9  Never 4  5-6 times per week  88 

      ‘kalbas, pousinika’, lantiy) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

52. Chutney   9  Never 4  5-6 times per week  89 

      (golden apple, mango, ‘sousout’, 8  1 time per month or less  3  1 time per day  

       pawpaw, radish, eggplant, 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

53. Fish chutney (includes  9  Never 4  5-6 times per week  90 

      salted fish chutney) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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POTATOES 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
dish 

54. Potato chips (home-made, 9  Never 4  5-6 times per week  91 

     Take-away...) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

55. Potato salad, boiled/roast potato, 9  Never 4  5-6 times per week  92 

      potato cooked in dishes 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

56. Potato crisps 9  Never 4  5-6 times per week  93 

      e.g. Jacker, Pringles... 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 

SNACKS 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
snack 

57. Corn snacks e.g. twisties, 9  Never 4  5-6 times per week  94 

      NikNaks (packet) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

58. Nuts e.g peanuts, cashews,  9  Never 4  5-6 times per week  95 

      macademia nuts 8  1 time per month or less  3  1 time per day  
       7  2-3 times per month  2  2-3 times per day  
  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

59. Chilli cakes (one) 9  Never 4  5-6 times per week  96 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

60. Meat patties (one) 9  Never 4  5-6 times per week  97 

      (pate/boulet pwason) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

61. Local chips (cassava, breadfruit, 9  Never 4  5-6 times per week  98 

      banana (homemade/bought)  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

62. Moutay 9  Never 4  5-6 times per week  99 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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63. Moulouk 9  Never 4  5-6 times per week  100 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

64. Samosa 9  Never 4  5-6 times per week  101 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

What would usually be in the samosa (please select one)?   102 

      1. Meat                                                         
      2. Fish                                                         
      3. Vegetables only                                              
  

DAIRY 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
item  

65. Custard  9  Never 4  5-6 times per week  103 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 66. What milk would you usually use to make custard?    104 

           1. None 
           2. Semi-skimmed liquid milk e.g. Slimilk (SMB), Rainbow 
           3. Full cream liquid milk 
           4. Skimmed powdered (Anlene) 
           5. Semi-skimmed powdered (Anmum) 
           6. Full cream powdered (Nido, Melody, Anchor, Coast) 
           7. Evaporated milk 
           8. Condensed milk 
           9. Skimmed (non-fat) liquid milk 

67. Ice cream  9  Never 4  5-6 times per week  105 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

68. Yogurt  9  Never 4  5-6 times per week  106 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

69. Cheese 9  Never 4  5-6 times per week  107 
 8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

70. Mayonnaise  9  Never 4  5-6 times per week  108 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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EGGS and MEAT 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
item  

71. Eggs (one whole) 9  Never 4  5-6 times per week  109 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

72. Bacon (two slices) 9  Never 4  5-6 times per week  110 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

73. Sausages - meat  9  Never 4  5-6 times per week  111 

       (one) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

74. Creole sausages or frankfurters  9  Never 4  5-6 times per week  112 

        (one) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

75. Burgers – meat  9  Never 4  5-6 times per week  113 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

76. Presack/ham/salami  9  Never 4  5-6 times per week  114 

       (one slice) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

77. Pate (spread on bread/rolls/ 9  Never 4  5-6 times per week  115 
        biscuits) 8  1 time per month or less  3  1 time per day 
` 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week 

78. Processed meat, e.g.  9  Never 4  5-6 times per week  116 

        corned beef/luncheon meat 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week 

79. Chicken 9  Never 4  5-6 times per week  117 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

80. If you eat chicken, do you eat the skin? Yes / No  118  
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81. Beef  9  Never 4  5-6 times per week  119 
         8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

82. Pork   9  Never 4  5-6 times per week  120 
         8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

83. Lamb  9  Never 4  5-6 times per week  121 
        8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

84. Pasta (macaroni, spaghetti, 9  Never 4  5-6 times per week  122 

     lasagne) cooked with meat/meat 8  1 time per month or less  3  1 time per day  

     products e.g.minced meat, 7  2-3 times per month  2  2-3 times per day  

     corned beef, ham, bacon... 6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

85. Noodles cooked 9  Never 4  5-6 times per week  123 

      with meat/meat products 8  1 time per month or less  3  1 time per day  
 7  2-3 times per month  2  2-3 times per day  
  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

86. Meat organs 9  Never 4  5-6 times per week  124 

  (eg. liver, heart, kidneys, giblets) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

87. Black pudding 9  Never 4  5-6 times per week  125 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 

CEREALS and BREADS 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
item  

88. Oatmeal/porridge (bowl) 9  Never 4  5-6 times per week  126 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

How much would you usually eat?   127 

      1. Small                                                        
      2. Medium                                                       
      3. Large         
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89. What do you usually add to your oatmeal (please choose one)? 

           1. None   128 

           2. Semi-skimmed liquid milk e.g. Slimilk (SMB), Rainbow 
           3. Full cream liquid milk 
           4. Skimmed powdered (Anlene) 
           5. Semi-skimmed powdered (Anmum) 
           6. Full cream powdered (Nido, Melody, Anchor, Coast) 
           7. Evaporated milk 
           8. Condensed milk 
           9. Skimmed (non-fat) liquid milk 

90. Other cereal e.g. cornflakes,             9  Never           4  5-6 times per week  129 
        weetabix, muesli, rice krispies,  8  1 time per month or less  3  1 time per day  

        cerelac 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 91. Which other type of cereal would you have? ...............................  130 

 
 92. What type of milk would you usually add (please choose one)?  

           1. None   131  

           2. Semi-skimmed liquid milk e.g. Slimilk (SMB), Rainbow 
           3. Full cream liquid milk 
           4. Skimmed powdered (Anlene) 
           5. Semi-skimmed powdered (Anmum) 
           6. Full cream powdered (Nido, Melody, Anchor, Coast) 
           7. Evaporated milk 
           8. Condensed milk 
           9. Skimmed (non-fat) liquid milk 

93. White bread 9  Never 4  5-6 times per week  132 

 (slice, roll, baguette) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

94. Brown/granary bread  9  Never 4  5-6 times per week  133 
        8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

95. Plain rice 9  Never 4  5-6 times per week  134 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

How many spoons would you have?   135 

1.   2-3 tablespoons                  5.   1 rice cooker spoon                                          

2.   4-5 tablespoons                  6.   2 rice cooker spoons                                         

3.   6-8 tablespoons                  7.   3 rice cooker spoons                                         

4.   more than 8 tablespoons    8.   4 or more rice cooker spoons                                     

96. Fried rice 9  Never 4  5-6 times per week  136 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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How many spoons of fried rice would you have?   137 

1.   2-3 tablespoons                  5.   1 rice cooker spoon                                          

2.   4-5 tablespoons                  6.   2 rice cooker spoons                                         

3.   6-8 tablespoons                  7.   3 rice cooker spoons                                         

4.   more than 8 tablespoons    8.   4 or more rice cooker spoons                                     

97. Pizza  9  Never 4  5-6 times per week  138 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

98. When you have pizza, how many slices would you usually eat?   139 

           1. One 
           2. Two 
           3. Three 
           4. Four 
           5. Five 
           6. Six or more 
 

BOUILLON DISHES 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
dish 

99. Bouillon bred with fish 9  Never 4  5-6 times per week  140 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

100. For your bouillon bred, which fish do you mostly have and which oil do you   141 

         generally use? (please select one option only) 
    
           1. Shoemaker (kordonnyen), use palm oil e.g. turkey 
           2. Red snapper (bourzwa), use palm oil  e.g turkey 
           3. Grouper (vyey), use palm oil e.g turkey 
           4. Other fish, use palm oil e.g turkey 
           5. Shoemaker (kordonnyen), use other oil e.g sunflower, olive 
           6. Red snapper (bourzwa), use other oil e.g. sunflower, olive 
           7. Grouper (vyey), use other oil e.g. sunflower, olive 
           8. Other fish, use other oil e.g sunflower, olive 

101. Bouillon bred (no fish) 9  Never 4  5-6 times per week  142 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

102. When you have bouillon bred (no fish), which oil do you generally use?  143 

           1. Palm oil e.g. turkey oil 
           2. Other oil e.g sunflower/olive 
           3. No oil 

103. Bouillon blan 9  Never 4  5-6 times per week  144 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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104. For your bouillon blan, which fish do you mostly have and which oil do you  145 

        generally use? (please select one option only) 
 
           1. shoemaker (kordonnyen), palm oil e.g turkey 
           2. red snapper (bourzwa), palm oil e.g turkey 
           3. grouper (vyey), palm oil e.g turkey oil 
           4. other fish, palm oil e.g. turkey oil 
           5. shoemaker (kordonnyen), other oil e.g sunflower, olive 
           6. red snapper (bourzwa), other oil e.g. sunflower, olive 
           7. grouper (vyey), other oil e.g. sunflower, olive 
           8. other fish, other oil e.g. sunflower, olive 
 
  

FISH 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
fish   (one fillet fried/grilled)  

105. Karang 9  Never 4  5-6 times per week  146 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

106. Barracuda (Bekin, Tazar) 9  Never 4  5-6 times per week  147 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

107. Tuna (Ton) fresh, not canned 9  Never 4  5-6 times per week  148 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

108. Red snapper (Bourzwa, Etelis, 9  Never 4  5-6 times per week  149 

        Varavara, Terez 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 

109. Grouper (Vyey) 9  Never 4  5-6 times per week  150 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

110. Parrot fish (Kakatwa, Marar) 9  Never 4  5-6 times per week  151 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

111. Spinefoot shoemaker  9  Never 4  5-6 times per week  152 

       (Kordonyen) 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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112. Mackerel (Makro) 9  Never 4  5-6 times per week  153 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

113. Emperor fish (Baksou, 9  Never 4  5-6 times per week  154 

        Madanm Beri, Kaptenn, 8  1 time per month or less  3  1 time per day  

        Gel long, Zekler, Ziblo) 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

114. Job (Zob) 9  Never 4  5-6 times per week  155 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

115. Bonito (Bonit) 9  Never 4  5-6 times per week  156 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

116. Octopus  9  Never 4  5-6 times per week  157 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

117. Tinned tuna  9  Never 4  5-6 times per week  158 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

118. Tinned sardines  9  Never 4  5-6 times per week  159 
         8  1 time per month or less  3  1 time per day  
  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

119. Shark (reken) 9  Never 4  5-6 times per week  160 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

120. Salted fish  9  Never 4  5-6 times per week  161 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

121. Prawns  9  Never 4  5-6 times per week  162 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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122. Crab/lobster  9  Never 4  5-6 times per week  163 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 123. Other fish, e.g.swordfish 9  Never 4  5-6 times per week  164 

        sirizyen, madanm beri,sardin, 8  1 time per month or less  3  1 time per day  

        rouze, dorad,galate,marlin 7  2-3 times per month  2  2-3 times per day  

        kingfish, etc.. 6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 

SWEETS, CAKES, DESSERTS and OTHER FOODS 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified   
food  

124. Chocolate (bar or packet)  9  Never 4  5-6 times per week  165 

        e.g. dairy milk, wonder bar 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

125. Sweets (packet) e.g.  9  Never 4  5-6 times per week  166 

        boiled sweets, pastilles 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

126. Biscuits 9  Never 4  5-6 times per week  167 

        ,  8  1 time per month or less  3  1 time per day  
         7  2-3 times per month  2  2-3 times per day  
  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

127. When you have biscuits, how many would you have each time?   168 

           1. one - two 
           2. three  - four 
           3. five - six 
           4. seven - eight 
           5. nine or more 

128. Feyte/tourt/danish  9  Never 4  5-6 times per week  169 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

129. Fruit cake/sponge cake/vanilla  9  Never 4  5-6 times per week  170 

        slice/other cake  8  1 time per month or less  3  1 time per day  
         7  2-3 times per month  2  2-3 times per day  
  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

130. Trifle  9  Never 4  5-6 times per week  171 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  
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131. Ladob 9  Never 4  5-6 times per week  172 

  8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

132. Creme brulee  9  Never 4  5-6 times per week  173 

        /crème caramel 8  1 time per month or less  3  1 time per day  

  7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

  
 

FATS AND OILS 

Please enter your AVERAGE total use, DURING THE PAST 6 MONTHS, of each specified 
item 
 
 133. What do you usually spread on your bread (e.g. butter, margarine..)? 

         Type  …............................................       Brand …..........................................   174 

134. How often do you have  9  Never 4  5-6 times per week  175 

         fried foods, e.g. chips, fish,  8  1 time per month or less  3  1 time per day  

         bacon, sausages, eggs? 7  2-3 times per month  2  2-3 times per day  

  6  1 time per week  1  4-5 times per day  

  5  2-4 times per week  

 135. What oil do you use for frying foods in?    176 

           1. Palm oil e.g. turkey oil 
           2. Other oil e.g sunflower/olive oil/soyabean oil 
 
 136. What oil do you use for cooking other than frying e.g curries/stews? 

 ...............................  177 

 137. What oil do you use for salads? ...............................  178 

 
 
 
 
 

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE 
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SEYCHELLES CHILD DEVELOPMENT STUDY NC2 

FISH USE QUESTIONNAIRE 

 

Surname ………………………………………………        Subject ID …………………………….…….         

First Name(s) …………………………………………        Date of birth ……………………..…..…….. 

Address ……………………………………………….   Phone ………………………….…..………. 

………………………………………………………….   Date of survey …………………………….. 

………………………………………………………….   Date of delivery if applicable ...……...…… 

 

Please tell us about the types of fish and fish products that you have eaten in the last week.  Please fill in 

the table below.  If you had fish in a curry or another mixed dish and you don’t know its name, please just 

write “fish curry” in a blank space at the bottom of the “Name of fish” column. 

 

Name of fish How many times did you eat it in the last week? 

Karang  

Barracuda (bekin)  

Fresh Tuna (ton)  

Red snapper (bourzwa)  

Grouper (vyey)  

Parrot fish (kakatwa)  

Spinefoot shoemaker (kordonnyen)  

Mackerel (makro)  

Emperor fish (baksou)  

Job (zob)  

Bonito (bonit)  

Octopus (zourit)  

Tinned tuna (ton dan bwat)  

Tinned sardines  

(sardine dan bwat) 

 

Shark (reken)  

Salted fish (pwason sale)  

Prawns (kanmaron)  

Crab/lobster (krab/oumar)  

Other fish - Please specify:   

Other fish - Please specify:   

 

If you are not currently pregnant, does this fish consumption reflect what you ate when you were pregnant?

 Yes   

No 

 

If no, please say how much more or less fish you ate per week when you were pregnant. 

…………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………

………………………………………………………………………………………………………………… 
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Study Protocol  
 
Study title: The influence of fish consumption on polyunsaturated fatty acid (PUFA) status (iFish 
Study)  
 
Research question: Does fish consumption influence polyunsaturated fatty acid status?   
 
 
Background  
N-3 and n-6 polyunsaturated fatty acids (PUFA) are a family of fatty acids with important roles in 
cardiovascular health (Minnihane, 2016), immune function (Lattka et al, 2010; Calder, 2015) and a 
particularly crucial role in foetal development, particularly in relation to the retina and brain (Lattka 
et al, 2010; Calder, 2015). The n-3 fatty acid α-linolenic acid (ALA) and the n-6 fatty acid linoleic acid 
(LA) are the precursors of long chain PUFA (LC PUFA) in the n-3 and n-6 groups (Patterson et al, 
2012; Yeates et al, 2015). Both LA and ALA are considered essential fatty acids and must be present 
in the diet, as the body cannot produce these (Glaser et al, 2010; Ameur et al, 2012). Via a series of 
desaturation and elongation steps (Glaser et al, 2010; Ameur et al, 2012), eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) are synthesised from ALA (Lattka et al, 2010) and arachidonic 
acid (AA) from LA (Lattka et al, 2010; Mathias et al, 2011). The rate-limiting desaturase enzymes 
involved in this pathway include Δ-5 desaturase (Δ5D) and Δ-6 desaturase (Δ6D), which are encoded 
by the FADS1 and FADS2 genes respectively (Lattka et al, 2010; Ameur et al, 2012; Yeates et al, 
2015). It is important to note that the synthesis of LC PUFA is inefficient (Pawlowsky et al, 2011; 
Yeates et al, 2015), therefore obtaining these directly from dietary sources is preferred. However 
owing to the abundance of LA-rich oils in the Western diet and low consumption of oily fish, LC n-6 
PUFA are preferentially synthesised and subsequently incorporated into tissues over LC n-3 PUFA 
with implications for health (Gibson et al, 2011).  

Fish consumption is the major determinant of LC n-3 PUFA status in the body (Amiano et al, 
2001; Weaver et al, 2008; Weichselbaum et al, 2013). However previous studies investigating 
associations between fish consumption and PUFA status have shown differing results. Amiano et al 
(2001) found that status of EPA and DHA in the serum was positively associated with fish 
consumption. Conversely, Philibert et al (2006) and Bonham et al (2008) concluded that fish intake 
was not associated with concentrations of n-3 PUFA in serum. Genetic variation might explain these 
inconsistent results. Increasing evidence suggests that genetic variation in fatty acid desaturase 
(FADS) genes is associated with PUFA status of blood (Moltó-Puigmartí et al, 2010; Koletzko et al, 
2011; Ameur et al, 2012; Lattka et al, 2013) and of breast milk (Moltó-Puigmartí et al, 2010). 
Consistent results from observational studies show that individuals with genetic variation in FADS1 
and FADS2 genotype have  lower levels of EPA and AA, and higher concentrations of their precursors 
ALA and LA respectively due to a reduction in the functional enzymes (Koletzko et al, 2011; Yeates et 
al, 2015).  One single nucleotide polymorphism (SNP) of the FADS1 gene which has frequently been 
associated with PUFA status in European studies is rs174537, which has a relatively large minor allele 
frequency (MAF) of 30% in European populations (db SNP NCBI). This SNP has specifically been 
associated with decreased AA (Tanaka et al, 2009; Chilton et al, 2014; Vernekar & Amarapurkar, 
2016). In terms of wider health implications, genetic variation in FADS has been found to be 
associated with clinical endpoints such as asthma (Mac et al, 2015), attention-deficit/hyperactivity 
disorder (Brookes et al, 2006), allergies (Standl et al, 2011) and child IQ (Fahmida et al, 2015).  

Although a growing number of observational studies have reported associations between 
FADS genotype and PUFA status, no randomised controlled trials (RCTs) have been conducted to 
measure the response to fish consumption by genotype on PUFA status.  

As well as being a source of LC PUFA, fish are the primary human exposure source of methyl 
mercury (MeHg), a neurotoxin to which the developing brain is especially sensitive. The Seychelles 
Child Development Study (SCDS) is an ongoing observational study which has consistently found no 
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harmful effects of MeHg exposure, through eating up to 12 fish meals per week during pregnancy, 
on child development (Davidson et al, 2008; Strain et al, 2008; 2015). Yet government advisories 
have cautioned pregnant women to limit their consumption of fish, especially of those with a high 
MeHg content (EPA/FDA, 2004).   

Similar to many epidemiological studies (Petzke et al, 2005a; 2005b), the SCDS has used 
maternal hair MeHg as its biomarker for fish consumption and in turn, MeHg exposure. However the 
major limitation of this marker is that it cannot distinguish between individuals who consume 
regular meals of low MeHg fish species (such as sardines) and individuals who consume less regular 
meals of high MeHg fish species (such as shark). Such imprecision could potentially affect the 
accuracy of risk assessment when examining associations between fish consumption and child 
neurodevelopment.  

Furthermore, in the SCDS, we did not see a correlation between hair MeHg with either fish 
consumption data (from dietary assessment) or LC PUFA status. Dietary data are widely associated 
with reporting error and bias and often do not correlate well with biochemical markers, which can 
be influenced by factors such as bioavailability and genetics. Uncertainties surrounding the validity 
of LC PUFA as a biomarker of fish consumption and the lack of a robust methodology for dietary 
assessment warrant the investigation of an alternative physiological maker of fish consumption 
which would encompass fish as a whole food, containing both toxins and nutrients that can affect 
neurodevelopment in different ways. An ideal biomarker would be one which reflects the amount of 
fish consumed and gives an estimate of the average MeHg content of the fish consumed.  It is 
important to develop such a biomarker of fish consumption in order to provide data to support (or 
dispute) current advisories on the avoidance of predatory fish with higher MeHg concentrations 
during pregnancy.   

There is some confirmatory work to show that isotope ratios in human hair (δ 13C, δ 15N and 

δ34S) are affected by controlled dietary changes in humans, with sulphur isotope ratios (δ34S) having 
the potential to provide a specific biomarker for the quantity of marine fish protein consumed. Used 
together with hair MeHg to create a novel biomarker (MeHg: δ34S) it may be possible to more 
accurately estimate both the quantity of fish consumed and the type of fish consumed, with respect 
to MeHg content.  
 
Aims:  
The aim of this study is to investigate whether fish consumption influences PUFA status in women of 
childbearing age when accounting for FADS genotype and to explore the potential of a novel 
biomarker, using hair MeHg:δ34S values, to accurately predict fish consumption.  
 
 
Hypotheses:  
PUFA status following fish consumption is influenced by genetic variation in FADS genes. We 
hypothesise that fish consumption will increase concentrations of long chain PUFA in a dose 
response manner when allowing for a major confounding factor of genetic variation in the FADS1 
gene (SNP rs174537).  
 
We hypothesise that hair MeHg:S34 will vary according to the amount and type of fish consumed, 
with lower ratios indicating a lower degree of risk (as purported in fish advisories) as this would 
suggest higher consumption of low MeHg fish species. In contrast, a greater ratio would indicate 
higher consumption of high MeHg fish species and higher risk (as purported in fish advisories). 
 
Methods  
This study will address the question of whether fish consumption can influence PUFA status by 
conducting a controlled human intervention study where participants will be stratified by FADS1 
genotype (rs174537) to consume either one or two portions of oily fish per week for 8 weeks and 
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their response in PUFA status measured. This study will also use hair samples collected from the 
intervention study to test the effect of fish consumption on stable isotope ratios including the hair 
ratio of MeHg:δ34S. In order to understand more on the toxicokinetics of MeHg when the amount of 
fish ingested is known and controlled for, we will measure MeHg in blood, urine and faeces in 
addition to other biomarkers of fish consumption (nutrients and immune markers). 
 
Recruitment:  
Female participants of childbearing age (18-45 years) will be recruited from within Ulster University, 
Coleraine, and the surrounding area. We wish to recruit those with habitually low fish consumption 
(less than 2 portions of oily fish, such as tuna, salmon or sardines per month) in order to see an 
effect of fish intervention. Further inclusion and exclusion criteria are listed below. An email with 
details of the study will be sent to staff and students at the university (Appendix 1). Posters 
(Appendix 2) and leaflets (Appendix 3) will be distributed around the university, and within classes 
with permission of lecturers. We will also use social media (e.g. Facebook and Twitter) to advertise 
the study.  

Interested participants will be requested to contact the researcher via email or phone 
number provided, the researcher will also take details of participants interested in taking part. The 
researcher will provide and explain verbally a participant information sheet (Appendix 4) and a 
screening questionnaire (Appendix 5) to assess eligibility based on inclusion and exclusion criteria 
shown below. The screening questionnaire can also be completed electronically or given as a paper 
copy to the potential participant where appropriate. If eligible, a buccal swab (including instructions 
of use) will be provided to the participant (Appendix 6). Following genotype analysis, those who are 
deemed eligible to participate based on both genotyping and screening questionnaires will be 
contacted and asked to provide written informed consent (Appendix 7).  
 
Eligible participants for this study will be those who are:  

- Healthy females – premenopausal, child-bearing age, not planning to become pregnant  
- Age 18-45years old  
- Low consumers of fish (<2 portions/ week) or those willing to reduce their fish consumption 

one month prior to commencing the study to the equivalent of 2 portions per month or less  
- Willing to eat 1 or 2 portions (140 grams or 280 grams) of either tuna or sardines per week 

for a period of 8 weeks  
- Not consuming fish oil supplements  
- Not consuming protein supplements  
- Within a BMI of 18-30kg/m2  
- Not allergic to seafood  

 
Potential participants regarded as not being suitable for inclusion in this study include those who:  

- Regularly eat fish or not willing to do washout period where they reduce fish consumption  
- Are allergic to seafood  
- Are taking fish oil supplements or are taking protein supplements  
- Are pregnant or menopausal  
- Have very short hair (a small section of hair, approximately 200 strands, will be taken at the 

nap of the neck for analysis purposes) 
 
Sample size 
A total sample size on 60 participants (20 per group) was calculated based on seeing a difference in 
PUFA status in a within-between groups ANOVA using G-Power with a power level of 80%, 
significance level of 0.05 and an effect size of 1.8 (Al-Hilal et al, 2013). A total of 66 participants will 
be recruited to account for a 10% drop out rate. Based on the MAF of 30%, it is envisaged that 
screening up to 100 people will provide approximately 30 participants with the minor allele (i.e. 10 
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per group (GT + TT) vs 10 reference genotype (GG)). Participants will be stratified to one of the three 
groups depending on genotype, to allow representative numbers of each genotype (GG, GT and TT) 
in each group. Participants will also be allocated to either tuna or sardines so that there will be equal 
numbers of participants eating tuna and sardines in each intervention group.  
 
Randomisation and intervention  
Participants will be randomised to receive either tuna or sardines. There will be a total of three 
intervention groups to consume either 1 (140 grams), 2 (280 grams) or 0 (0 grams) portions of fish 
per week for a period of 8 weeks. Participants will be stratified by genotype into one of three groups 
as shown in Figure 1. The chosen quantities are based on SACN dietary advice that UK adults 
consume at least two portions of fish (140g each) per week, of which one should be oily (SACN, 
2004).  This advice also applies to women who are pregnant or breastfeeding. The PUFA composition 
of the fish will be determined prior to consumption (ALS, Life Sciences Division). The same batch will 
be used throughout the intervention to control as tightly as possible the amount of mercury (Hg) 
and PUFA given. Participants will be invited to the HISU once or twice a week, depending on the 
intervention group they are in, where they will receive a lunchtime meal with the appropriate 
portion of fish, and the rest of the meal will be standardised throughout the intervention. All dishes 
will be prepared by one of the research team who has a certificate in Basic Food Hygiene. 
Participants will be asked not to consume any other fish during the intervention period. The control 
group will be asked to not consume any fish, but otherwise will continue to follow their normal diet. 
The control group will be provided with a fish free equivalent lunchtime meal once a week. For 
example, those in the fish intervention groups will receive a baked potato with either tuna or 
sardines, and those in the control group receiving no fish will be given a baked potato with beans 
and cheese. Those participants in the control group will be asked if they have eaten any fish during 
the intervention period at this occasion (Appendix 8). All participants will be asked to continue to 
follow their normal diet.  
 
 
Figure 1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appointments and measurements  
Participants will attend a baseline and post intervention appointment at the Human Intervention 
Studies Unit (HISU) at Ulster University. Weight, body composition and height measurements will be 
taken at this appointment. Weight and body composition will be measured using TANITA digital 
scales. The researcher will record the participant’s weight to the nearest 0.1kg. Height will be 
measured using a stadiometer, with height being recorded to the nearest cm. % Muscle mass will be 
recorded from TANITA to the nearest 0.1kg muscle mass. A health and lifestyle questionnaire 
(Appendix 9) and a 24 hour dietary recall (Appendix 10) will also be completed in order to collect 

1 portion (140g) of fish per week (10 
participants eating tuna; 10 
participants eating sardines)  

• 10 reference genotype (GG) 
• 10 homo (TT) + 

heterozygous (GT) 

2 portions (2 x 140g) of fish per week 
(10 participants eating tuna; 10 
participants eating sardines) 

• 10 reference genotype (GG) 
• 10 homo (TT) +heterozygous 

(GT)  
 
 

Control group – no fish  
• 10 reference genotype (GG)  
• 10 homo (TT) 

+heterozygous (GT)  
 

100 people screened;  
60 participants recruited 
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data on general health and habitual dietary intake respectively. The 24 hour recall will involve 
recalling food and beverage consumption from the previous 24 hours.  
 
At the final lunchtime appointment, participants will also be asked to complete a brief “iFish lunches 
feedback questionnaire” for feedback on the lunches they received during the intervention period 
(Appendix 16). This questionnaire will not be mandatory so participants do not have to complete if 
they do not wish to do so.  
 
 
Sample collection 
At the baseline and post intervention time-points participants will also be asked to provide a sample 
of hair, urine, faeces and a blood sample.  A trained phlebotomist will collect a maximum of 27ml 
whole blood from participants through the antecubital vein, in the HISU. Participants will be asked to 
adhere to an overnight fast. One 9ml serum tubes will be collected and processed. Aliquots (0.5ml) 
of serum will be stored at -80⁰C until batch analysis (see below). Two 9ml EDTA tube will be 
collected, from which whole blood (WB), buffy coat, red blood cells (RBCs) and plasma will be 
obtained and processed into 0.5ml aliquots. A small sample (50ul) of WB will also be transferred 
onto a dried blood spot (DBS) card. All blood samples will be processed at the HISU and moved to -
80oC freezer storage (see RG1d - Appendix 11). 
 
A spot urine sample will be collected at week 0 and week 8. As all participants will be female, they 
will be asked to commence the study when not menstruating so that this does not coincide with 
providing urine samples. Participants will be provided with a collection container for the collection of 
urine. Participants will be provided with full instructions on the collection of a spot urine sample 
(Appendix 4).  
 
A hair sample of approximately 200 strands will be taken at week 0 and week 8 from each 
participant. Stainless steel scissors will be used to cut a sample of hair as close to the scalp as 
possible from the back of the head. The samples will be stored in high quality paper envelopes and 
labelled appropriately to indicate the end that was nearest to the scalp. Participants will also be 
asked to provide a third hair sample which will be taken 8 weeks after the intervention study has 
been completed (week 16). This will include a sample of approximately 200 strands, which will be 
cut as close to the scalp as possible at the nape of the neck. As well as this, each participant will be 
asked to provide approximately 10 strands of hair pulled directly from the root. Participants will also 
be asked to complete a short “Fish Feedback Questionnaire” (Appendix 15) at this appointment.   
 
Each participant will also be asked to provide a faecal sample at week 0 and week 8. Faecal samples 
will be analysed for total Hg concentration and microbiota to measure the effect of fish consumption 
on Hg excretion and gut microflora. The faecal sample must be processed within 2 hours of being 
provided. Therefore, it will be necessary to give the sample to the researcher within 2 hours. If the 
participant is not able to provide the sample as the scheduled appointment, they will be asked to 
continue their normal daily activities and diet until they feel ready to provide a sample. Once the 
participant is ready to provide a sample, they should inform the researcher to ensure the researcher 
has sufficient time to collect the sample within 2 hours of the sample being provided. Participants 
will be provided with instructions on providing a faecal sample (Appendix 4)  
 
All biological samples will be collected, processed, stored, transported and disposed of according to 
HTA legislation. Storage of samples will be dependent upon the level of consent provided. On 
completion of the study, participants will be asked to provide their bank details so that an 
inducement of up to £50 can be transferred to them.  
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Sample analysis/ Biochemical analysis:   
 
Genotyping  
The FADS genotype (rs174537) of each participant will be determined by collecting DNA using a 
buccal swab. Analysis of buccal swabs will be carried out in Lund University, Sweden. Genotyping of 
other single nucleotide polymorphisms associated with mercury metabolism will also be carried out 
by Lund University, Sweden.  
 
Biomarker analyses  
PUFA  
Gas Chromatography with Mass Spectrometry (GC-MS) will be used to determine PUFA 
concentrations for C18:2, C18:3, C20:4, C20:5, C22:5, C22:6 at Ulster University, Coleraine. In 
addition, product:substrate ratios will be used to determine desaturase activity. This will include 
ratios of LA:AA, ALA:EPA and ALA:DHA, which are used to represent desaturase activity (Bokor et al, 
2010).   
 
Iodine status 
Urinary iodine concentrations (UIC) will be measured to assess the effect of fish consumption on 
iodine status. Samples of urine will be shipped to the University of Southampton for the analysis of 
iodine and creatinine concentrations. A ratio of I:Cr will be used to adjust for urinary volume. 
A dried blood spot (DBS) will be sent to Helsinki for the analysis of thyroglobulin, a further marker of 
iodine status. 
 
Status of other nutrients associated with fish consumption will also be measured in blood sample 
e.g. vitamin D, selenium and choline using mass spectrometry.  
 
Thyroid hormones  
One aliquot of serum will be shipped to Antrim Hospital, Northern Health and Social Care Trust for 
analysis of thyroid hormones including thyroid stimulating hormone (TSH), free thyroxine (T4) and 
triiodothyronine (T3) (fT4 and fT3).  
 
Immune markers  
Immune markers 
A range of immune markers will be measured in serum samples e.g. c-reactive protein (CRP), tumour 
necrosis factor alpha (TNF-α), interferon gamma (IFN-γ), interleukins (IL-1β, IL-2, IL-4, IL-6, IL-10, 
MCP-1, TARC, sFlt-1, VEGF-D using validated immunoassays and analysed with the Meso Scale 
Discovery (MSD) plate reader at Clinical Translational Research and Innovation Centre (C-TRIC), 
Altnagelvin. 
 
8-Isoprostane 
One aliquot of plasma will have 0.005% butylated hydroxytoluene (BHT) added prior to freezing as a 
preservative to prevent ex vivo degradation of lipids within the sample. 8-isoprostane will be 
measured as a marker of oxidative stress by ELISA (Cayman Chemical) at Ulster University. 
 
Mercury analysis 
Hair, whole blood and aliquots of urine and faecal samples will be shipped to the University of 
Rochester, New York for quantification of total Hg concentrations by absorption spectrometry to 
determine the effect of fish consumption and in turn, MeHg ingestion, on MeHg toxicokinetics 
(deposition in the hair and excretion by kidney and gut). 
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Microbiota analysis 
Faecal samples will be processed at Ulster University and shipped to University College Cork for 
microbiological analysis.  
 
Oxidative stress will be measured in samples of faecal water.  
 
Other markers  
Lipid profile 
One serum aliquot will also be analysed for lipid profile at Ulster University, Coleraine.  
 
Stable isotopes 
Hair samples and representative samples of tuna and sardines used in the intervention will be 
shipped to the University of Rochester for isotopic composition analyses using isotope-ratio mass 
spectrometry. These ratios will be expressed as δ values in per mil relative to the appropriate 
analytical standard. 
 
Participants will be informed via letter (Appendix 12) of any abnormal results detected and a copy of 
this letter will be sent to their GP with their consent (Appendix 7)  
 

Statistical analysis (Appendix 13)  
Sample size  
A total sample size on 60 participants (20 per group) was calculated based on seeing a difference in 
PUFA status in a within-between groups ANOVA using G-Power with a power level of 80%, 
significance level of 0.05 and an effect size of 1.8 (Al-Hilal et al, 2013). A total of 66 participants will 
be recruited to account for a 10% drop out rate. 
 
Method of analysis  
Changes in biomarkers of fish consumption over an 8 week intervention period will be assessed at 2 
time points. Statistical analysis will be completed using SPSS (Statistical Package for Social Sciences, 
Version 22.0. SPSS UK Ltd., Chertsey, United Kingdom). Descriptive statistics will be used to describe 
the study population. Both pre- and post-intervention data will be summarised in both graphical and 
tabular form. Intervention effects will be assessed using intention to treat analysis. To determine if 
there are any significant changes in anthropometric or biochemical data between the 3 intervention 
groups (no fish, 1 portion of fish, 2 portions of fish) at each time point and from baseline to 
completion of study repeated measures ANOVA will be used. A p value of <0.05 will indicate 
statistical significance. In addition, product:substrate ratios will be used to determine desaturase 
activity. This will include ratios of LA:AA, ALA:EPA and ALA:DHA, which are used to represent 
desaturase activity (Bokor et al, 2010).   
 
 
See Appendix 14 for diagrammatic protocol  
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The influence of fish consumption on polyunsaturated fatty 

acid (PUFA) status (iFish Study) 
 
 
 
 
 
 
 
 
 
 
Invitation paragraph  
You are being invited to participate in research at Ulster University as part of a PhD research study. 
Before you decide whether or not you wish to participate in this study, it is important that you 
understand why the research is being completed and what it will involve. Please read the following 
information and do not hesitate to contact us with any questions you may have. If there is anything 
that is unclear or if you would like further information, please feel free to contact us.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Thank you for your time 
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What is the purpose of the study?  
Polyunsaturated fatty acids (PUFA) are important for health, for example for the immune system, 
heart health and the brain. PUFA are found in fish, nuts and oils; including these foods in the diet 
provides the body with PUFA. The body can also produce some PUFA in a series of steps. It has been 
found that certain genes influence the levels of PUFA produced in the body. The purpose of this study 
is to find out more about the effect of eating fish on levels of PUFA and other markers in the blood. 
 
Study Aim  
The primary aim of this study is to investigate if fish consumption influences PUFA status. The 
secondary aim of this study is to explore other markers which may predict fish consumption. 
 
Why have I been chosen?  
You have been invited to participate in this study as you responded to an advertisement relating to 
the recruitment of participants for this study, and you have met the inclusion criteria.  
 
Do I have to take part?  
It is your decision whether or not you wish to take part in this study. You are under no obligation to 
participate and are free to withdraw at any time without providing a reason. If you do decide to take 
part in this study you will be given this information sheet to keep, and will also be asked to sign a 
consent form.  
 
What will happen to me if I take part?  
The study will initially involve providing a buccal swab sample which will investigate genes which are 
related to fatty acids. The researcher will provide you with cotton buds which you will use to swab 
along the inside of your cheek and gums. You will then return these to the researcher in the container 
provided. Shortly after this, you will be contacted by the researcher who will arrange your first 
appointment if you meet the inclusion criteria. 

The study will involve attending the Human Intervention Studies Unit (HISU, Level 3, Centre 
for Molecular Biosciences, Ulster University, Cromore Road, Coleraine, BT52 1SA) either once or twice 
weekly, depending on which group you are allocated to, for a period of 8 weeks where you will receive 
a free lunch meal.  

This lunch will contain either tuna, sardines, or no fish depending on the intervention group 
you will be allocated to. Examples of lunch time meals you may receive include sandwiches or baked 
potato, which will incorporate the fish you have been allocated to consume. Those who have been 
allocated to the 1 portion of fish group will be asked to consume 1 standard size tin of tuna, or 2 small 
tins of sardines per week (both of which equate to 140g each, the average fish portion size for adults). 
Those who have been allocated to the 2 portions of fish group will be asked to consume 2 standard 
size tins of tuna, or 4 small tins of sardines per week (both of which equate to 280g each).  
The UK advice for adults is to consume at least two portions of fish per week, one of which should be 
oily, for optimal health. This study will provide either one or two of these portions to participants in 
the fish groups, as both tuna and sardines are oily fish. For those allocated to the no fish group, you 
will receive a fish free alternative lunch. During the intervention period you will be asked to continue 
to follow your normal diet and lifestyle over the intervention period of 8 weeks.  
 
What do I have to do?  
At two time points (before and after 8 weeks of intervention) you will be asked to attend an 
appointment at the HISU at a time convenient to you to complete the following assessments. 
Following conclusion of the study you will be able to return to your normal diet and lifestyle. However 
we will ask you to return to the HISU for a final brief appointment (week 16) to provide a hair sample 
and complete a Fish Feedback Questionnaire asking you how you found the study. 
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Health and lifestyle questionnaire  
You will be asked to complete a questionnaire at the beginning of the study to collect information on 
your general health and lifestyle.  
 
Dietary assessment 
A 24 hour recall will be used to assess habitual dietary intake. This will involve recalling food and 
beverage consumption of the previous day. A researcher will complete this with you. This will take no 
longer than 10 minutes to complete. During the intervention period you will be asked to continue to 
follow your normal diet and lifestyle over the intervention period of 8 weeks.   
 
Physical measurements  
At each time point you will be asked to provide measurements of weight, height and body 
composition. It is advisable to wear light and loose fitting clothing for these measurements to be 
carried out. A stadiometer will be used to measure height. Digital scales will be used to measure 
weight. This should only take a few minutes.  
 
Samples to be provided:  
Blood  
A trained phlebotomist will take a 27ml blood sample after an overnight fast at both time points. The 
blood samples you provide will be used to measure the concentration of polyunsaturated fatty acids 
(PUFA) in your blood before and after the intervention period. Blood samples will also be analysed for 
other markers of fish consumption including iodine and mercury.  
 
Urine  
You will be asked to provide a small urine sample (10ml) at both time points. The researcher will 
provide you with a container for collecting this. Urine samples will be analysed for iodine and mercury 
status.  
 
Hair  
A sample of approximately 200 strands of hair will be taken at week 0 and week 8, with the sample 
being cut as close to the scalp as possible and taken from the nape of the neck. This sample will be 
analysed to determine mercury concentrations as a marker of fish consumption.  
You will also be asked to provide a third hair sample 8 weeks after the intervention period has been 
completed (week 16). At this appointment, in addition to the sample of hair being cut from the scalp 
we will take a sample of no more than 10 hairs from the root.   
 
Faeces  
A faecal sample will also be required at each time point. A container will be provided by the researcher. 
The faecal sample must be processed within 2 hours of being provided. Therefore, it will be necessary 
to give the sample to the researcher within 2 hours. If you are unable to provide a sample for the 
appointment, you will be asked to continue with your normal daily activities (including your normal 
diet) until you feel ready to provide a sample. It is important that you inform the researcher when you 
are ready to provide a faecal sample to ensure the researcher has sufficient time to collect the sample 
from you within the 2 hour duration.  
 
Directions for providing faecal sample:  
The sample should be provided directly into the provided pot. It is very important that you DO NOT 
let water touch the sample. It is advisable not to pass urine into the collection container prior to 
providing the stool sample to minimise complications. The sample should be kept cool until it is 
collected by the researcher. A separate urine collection tube will be provided for the collection of a 
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urine sample (as indicated above). Collected samples will be used for analysis of gut bacteria as fish 
consumption has been shown to favourably alter bacteria concentrations in the gut.  
 
What are the side effects of the treatment received when taking part?  
The collection of blood may be a little painful when the needle is inserted, and there is also a slight 
risk of bruising. A fully trained phlebotomist will be taking all blood samples, and will aim to keep 
discomfort and risk of bruising to a minimum. At the final study appointment (week 16) up to 10 hairs 
will be taken from the scalp to include the hair root, which may cause momentary minor discomfort. 
 

Are there any risks or disadvantages of taking part in this research?  
Before deciding to take part in the intervention, you should be aware that you will be asked to 
consume either tuna or sardines for the 8 week study period if you are allocated to the intervention 
group and this will be provided to you as lunch at the University. If you are allergic to fish, it is not 
advisable to take part in this study. It is also possible that during the study we may uncover some 
abnormal results. If this is the case, we will forward this information to your GP with your permission 
and a copy of this letter will be sent to you. We will ask for your consent for this prior to commencing 
the study.  
 
Are there any possible benefits in taking part?  
There are no direct benefits involved in taking part in this study. However, at the end of the study, you 
will be informed of the outcome. You will receive a free lunch either once or twice a week for a period 
of 8 weeks and if allocated to a treatment group, will receive either one or two of your recommended 
fish portions per week. Results of this study will provide valuable data to the scientific community on 
how fish consumption influences PUFA status when accounting for genetics; the results of which will 
contribute to a PhD research project. Secondary aims of this study to explore other biomarkers of fish 
consumption will inform an associated wider project, the Seychelles Child Development Study at 
Ulster. On completion of the study you will also receive up to £50 for taking part in this research study.  

What if new information becomes available?  
If new information becomes available during the course of the study, the researcher will keep you 
informed, and any new options or requirements/requests fully explained to all participants. There is 
the possibility that new information could result in termination of the study, withdrawal of certain 
participants, or modification/amendment to the study.  
 
What happens when the study ends?  
Once the study has ended, participants will resume their normal eating pattern. They may be 
contacted in the future, if they have provided consent for the researcher to do so, regarding 
participating in future studies being carried out by the research team.  
 
What if something goes wrong?  
It is very unlikely that something will go wrong while participating in this study. However, if something 
does go wrong, please make one of the researchers aware of this who will ensure that your problem 
is resolved as soon as possible. Any complaints will be taken seriously and should be made to the 
appropriate persons. In the case of you wishing to make a complaint, please initially contact Dr Alison 
Yeates (contact details provided at the end of this document). The University has procedures in place 
for reporting, investigating, recording and handling adverse events.  
 
Will my taking part in this study be kept confidential?  
All information you provide will be treated with the strictest confidence. You will be assigned a unique 
study ID which will ensure all samples, files and data collected as part of this study are kept 
anonymous. Electronic data files will be kept on a password protected computer server, and any hard 
copy data files will be kept securely under lock and key. Your personal details (for example, name, 
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address, date of birth) will not be released to any other organisations or body. Only those researchers 
listed on the Ethical Approval for this study will be granted access to data relating to this study. Your 
samples may be used in future research studies depending on the consent you have provided. All 
records and samples will be disposed of as required by the Data Protection and Human Tissue Act, 
respectively. It should be noted that that Freedom of Information legislation will allow access to 
certain non-personal or generalised data.  
 
What will happen to the results of the study?  
The results collected for this study will be written up as part of a PhD research project and as part of 
the wider study at Ulster, the Seychelles Child Development Study. They will also be published in 
scientific publications, and presented at scientific conferences. You will not be identified in any reports 
or publications relating to this study.  
 
Who is organising and funding this research?  
The National Institutes of Health (NIH) and Department of Education and Learning (DEL), Northern 
Ireland are funding this research study.  
 
Who has reviewed this study?  
This study has been reviewed by Biomedical Sciences Ethics Filter Committee and Ulster University 
Research Ethics Committee.  
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Names of investigators and contact details  
 
Miss Marie Conway       
PhD Student  
Tel: +44 (0) 28 701 23067  
Study mobile: 07464391973 
Email: conway-m7@email.ulster.ac.uk  
 
Dr Alison Yeates  
Research Fellow  
Chief Investigator 
Tel: +44 (028) 701 23147  
Email: a.yeates@ulster.ac.uk  
 
Dr Emeir McSorley  
Senior Lecturer in Human Nutrition  
 
Dr Maria Mulhern  
Lecturer in Food Science  
 
Prof Sean Strain  
Professor of Human Nutrition  
 
Miss Sarah Wallace  
NICHE Intern  
 
Miss Chloe Patton  
NICHE Intern  
 
Miss Holly Neill  
Undergraduate student  
 
 
 
 

 
 
 
 

Thank you for your interest in this study and for taking the time to read this information sheet 
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ULSTER UNIVERSITY           RESEARCH GOVERNANCE 
 

Consent Form for studies involving the use of human tissue  
 
Title of Study   
 
 
Chief Investigator 
 
Please confirm, by marking the boxes provided, that you agree with the following statements:   
 
1. 

 
I have been given and have read and understood the information sheet (Participant 
information sheet – version 6) for the above study and have asked and received answers 
to any questions raised 

 
 

 
2. 

 
I understand that my participation is voluntary and that I am free to withdraw at any time 
without giving any reason  

 
 

 
3. 
 
 
 

 
I understand that the researchers will hold all information and data collected during the 
study securely and in confidence and that all efforts will be made to ensure that I cannot 
be identified as a participant in the study (except as might be required by law) and I give 
permission for the researchers to hold relevant personal data  
 

 
 

4. I consent for any results, if abnormal, to be sent to my G.P. 
 

 

 
5. 

 
I understand that my blood or other tissues are required for the purposes of this study and 
confirm that I have been given details of the amount(s) to be taken and how it will be 
stored, used and the method of disposal   

 
 

 
6. 

 
I agree to take part in the above study 

 

 
7. 

 
I agree to be contacted  by the research team regarding opportunities for future studies 

 

 
8. 

 
The potential benefits of keeping my blood or other tissues for future research  
studies have been explained to me and: (Mark ONE box only) 
 
a. I consent to their indefinite storage and use in any future study, or 
 
b. I consent to their indefinite storage and use in any future study that does not  
    involve the isolation of my genetic material, or 
 
c.  I do not wish my blood or tissues to be used for any purpose other than 
     this study 
 

 
 
 
 
 
 

 

     

Name of Participant (please print)  Signature  Date (dd/mm/yy) 
 

     

     

Name of Researcher  Signature  Date (dd/mm/yy) 

 

The influence of fish consumption on polyunsaturated fatty acid (PUFA) 
status (iFish Study) 

Dr Alison Yeates   
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Health and lifestyle questionnaire  

 

 

The influence of fish consumption on polyunsaturated fatty acid (PUFA) status (iFish Study) 

 

 

 

Participant ID: ____________    Todays Date: _ _ / _ _ / _ _ _ _ 

Time point: Baseline/ Post intervention  
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Q1. Do you smoke?  

Yes  

No  

If yes, how many cigarettes do you smoke in a day? ______  

If you are an ex-smoker when did you stop? _______ 

 

Q2. Do you consume alcohol?  

Yes  

No  

If yes, how much do you consume per week? (Please provide amount and type): 
__________________________________________________________________________________ 

 

Q3. Do you suffer from any allergies?  

Yes  

No  

If yes, please state any allergies you have: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________ 

 

Q4. Do you have any special dietary requirements?  

Yes  

No  

If yes, please state the special dietary requirements you have: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________ 

 

Q5. Do you have any dental fillings?  

Yes  

No  

If yes, please provide an estimate of the number of dental fillings you have: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________  
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Q6. Have you ever been diagnosed with any of the following? (please tick all that apply) 

Overactive Thyroid / Hyperthyroid  Thyroid Cancer  

Goitre  Thyroid Eye Disease  

Grave’s Disease  Thyroid Nodules / Thyroid Swelling  

Ulcerative Colitis  Underactive Thyroid / Hypothyroid  

Other (please specify)     

 

Q7. Are you taking any of the supplements below? Please tick appropriate box.  

 Yes No 
Fish oil supplements    
Fatty acid supplements (e.g. GLA, evening primrose oil)    
Protein supplements    
Probiotics (either in supplements of foods)    

 

If you are taking supplements, but are unsure if they contain fish oil, please give the name of the 
supplement: _______________________________________________________________________ 

 

Q8. Are you taking any medication? Please provide details below  

Name of medication  Dosage  When started  
   
   
   
   

 

 

Q9. GP Details 

GP name: ___________________________________ 

GP address: 
__________________________________________________________________________________
__________________________________________________________________________________ 

GP telephone number: _________________________ 
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Q10. Which ethnic group best describes you?  

Caucasian – British/ Irish  

Caucasian – Other  

Asian – Chinese  

Asian – Indian  

Asian – Other  

Black  

Other – please state_____________________________ 

 

Q11. What is the highest level of education qualification you have achieved to date?  

Secondary education – GCSE or equivalent  

Secondary education – A-level or equivalent  

Further education – BTEC or equivalent  

Higher education – Undergraduate degree (BSc)  

Higher education – Postgraduate degree (MSc, PhD)  

Other – please state__________________________________________  

 

Q12. What is your employment status?  

Work part-time  

Work full-time  

Unemployed  

Student  

Self-employed  

Retired  

Other – please state_________________________________________________  

 

Please state your job title: ____________________________________________________________ 

 

 

Many thanks for completing this questionnaire. Please return this to the researcher. 
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Abstract: Polyunsaturated fatty acids (PUFA) are essential for neurodevelopment and the developing
foetus depends on an optimal maternal status. Fish is a rich source of PUFA. The current study
investigated dietary patterns, and associations with PUFA status in a high-fish consuming cohort of
pregnant women in the Seychelles. At 28 weeks’ gestation, pregnant women provided a blood sample,
from which serum total PUFA concentrations were measured, A Food Frequency Questionnaire (FFQ)
and Fish Use Questionnaire (FUQ) were also completed. Principal component analysis (PCA) of
dietary information identified four patterns. Regression analyses found dietary pattern 2, containing
foods traditionally eaten in the Seychelles e.g., fish, fruit and vegetables was positively associated
with serum docosahexaenoic acid (DHA) (β = 0.134; CI = 0.001, 0.022), and serum total n-3 PUFA
(β = 0.139; CI = 0.001, 0.023) concentrations. Dietary pattern 1, high in processed foods, snacks,
white meat and eggs, was not significantly associated with any of the serum PUFA concentrations.
The FUQ indicated that fatty fish was associated with EPA status (β = 0.180; CI = 0.001, 0.005) in
high consumers. The second dietary pattern, consisting of higher consumption of fish and fruit,
was positively associated with n-3 PUFA status during pregnancy.

Keywords: pregnancy; dietary patterns; polyunsaturated fatty acids; PUFA; fish

1. Introduction

Optimal nutrition is important for pregnant women as the developing foetus relies on maternal
intake of nutrients critical for foetal growth and development [1,2]. The n-3 long chain PUFA (LCPUFA)
docosahexaenoic acid (DHA) and the n-6 LCPUFA, arachidonic acid (AA), are required for growth
and development of the brain [3–5]. These LCPUFA are preferentially transferred from the mother
to the developing foetus [6]. DHA is found in high concentrations in the brain; however, the human
body manufactures less than 10% of the requirement [7]. AA is not so prominent in the brain but is
important for growth [6]. The n-3 and n-6 precursors both compete for the enzymes that metabolise
them to AA or DHA [8]. Evolutionarily, the ratio of n-6 to n-3 PUFA was 1:1; however, the modern diet
has a ratio of approximately 15:1 [8]. Consequently, the majority of DHA must be obtained preformed
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and fish is the primary source, as most other foods regarded as containing n-3 PUFA, (e.g., walnuts
and flaxseed), contain the n-3 precursor α-linolenic acid (ALA).

LCPUFA requirements are highest during the third trimester, a point in pregnancy when there
are increased needs of the foetus [9]. Higher maternal n-3 PUFA status during pregnancy has been
associated with lower systolic blood pressure in offspring [10], increased child height [11], and better
language development [12,13]. However, n-3 PUFA supplementation studies in pregnant women have
not consistently supported improved child neurodevelopmental outcomes [14]. Given the possible
influence of maternal PUFA status on child outcomes, it is important that the maternal diet has an
optimal balance of PUFA intake during pregnancy to maximise benefits in children.

Although there is no definitive recommended amount of total LCPUFA or their individual
components to obtain daily during pregnancy, the European Food Safety Authority (EFSA) determined
that 250 mg DHA plus EPA, as well as an additional 100 to 200 mg preformed DHA should be
consumed [15]. Fish is a rich source of n-3 LCPUFA and its consumption is regarded as a major
determinant of n-3 PUFA status in the body [16–18]. The association between fish consumption and
PUFA status has been investigated previously in both pregnant and non-pregnant cohorts. Several
studies have indicated increased fish consumption was associated with higher n-3 PUFA [16,19–23],
however, others have found no association [24,25]. The lack of association between fish consumption
and PUFA status during pregnancy might be owing to the increased biological transfer of PUFA from
mother to foetus during the third trimester.

It is likely that not only fish intake but also other dietary components influence biomarker status.
Dietary patterns reflect combinations of foods eaten together. Previous research has demonstrated that
dietary patterns are associated with biomarkers for vitamin B12, folate [26], and PUFA [27]. The use of
dietary pattern analysis allows dietary habits to be identified, giving an insight into the entire diet,
rather than only single foods [2,28–30]. Recent studies suggest that foods not considered to be a source
of PUFA, such as vegetables, fruits and fruit juice, dairy products and tea, were associated with PUFA
status, highlighting that the food matrix effect may influence PUFA status [27,31]. Although this could
be a chance finding, this research suggests that PUFA status may be influenced by interactions between
constituents of these food items. The aim of the current study is to investigate associations between
dietary patterns and maternal PUFA status in a high fish eating cohort of pregnant women.

2. Materials and Methods

2.1. Study Characteristics

The Seychelles Child Development Study (SCDS) is an ongoing longitudinal observational study
in the Republic of Seychelles, an archipelago of islands in the Indian Ocean. The overall aim of the
SCDS is to investigate the influence of prenatal methyl mercury (MeHg) exposure from maternal fish
consumption during pregnancy on child development outcomes in a high fish eating cohort [13,32].
Recruitment for Nutrition Cohort 2 (NC2) took place between January 2008 and 2011 on Mahé, the
main island of Seychelles. A total of 1535 pregnant women were recruited during their first antenatal
visit (from 14 weeks’ gestation) at 8 health centres across the island.

2.2. Dietary Assessment

At approximately 28 weeks’ gestation a food frequency questionnaire (FFQ) was completed to
assess dietary intakes, with participants asked to specify the average frequency of consumption for
each food item over the previous 6 months (Supplementary file 1). The FFQ was specifically designed
for the Seychellois population and was available in English as well as the native Kreol. It included
137 questions on a wide range of food items including local foods and foods commonly eaten in western
areas. A subset of participants (n = 401) recruited to NC2 completed this FFQ. Frequencies listed on the
FFQ ranged from selecting 4–5 times per day, to never consuming the food item. Where appropriate,
standard portion sizes were used to describe serving sizes included on the questionnaire, for example,
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1 slice of pizza, 1 cup, 1 mug. Completed FFQs were entered on QBuilder software (Tinuviel, version
4.0, Anglesey, UK), which had an updated food and nutrient database which included Seychellois
specific foods, allowing for the food and nutrient intake to be analysed. The output from QBuilder
converted the frequency scores for each food item to a weekly intake. From this output, g/day was
manually calculated by multiplying the frequency score by an average portion size and dividing by
7. Participants also completed a retrospective fish use questionnaire (FUQ) (Supplementary file 2)
at 28 weeks’ gestation where they indicated the number of times per week during pregnancy they
consumed specific types of fish. The FFQ allows for the estimation of frequency and portion size of
food items consumed, including fish. The FUQ supplements this by estimating the number of times
per week a variety of fish are eaten.

2.3. Anthropometry

The mothers’ weight and height measurements were recorded by trained nurses when their
children were approximately 20 months old. From these anthropometric measurements, body mass
index (BMI) (kg/m2) was calculated. In a previous cohort (Nutrition Cohort 1) maternal BMI at
20 months was highly correlated (r = 0.9) with preconception BMI. To ensure accuracy of measurements
all equipment was calibrated by the Seychelles Bureau of Standards prior to the study starting and
throughout the duration of the study.

2.4. Under/Over Reporting of Energy Intake

Energy intake (MJ/d) for each participant was calculated using FFQ data. The accuracy of the
estimated energy intake for each participant was assessed to determine the number of under reporters,
over reporters, and plausible reporters. Basal metabolic rate (BMR) (MJ/day) was calculated using
the Henry equations [33]. A total of 19 participants had missing weight and height values. The mean
weights and heights of the study population were used for those participants in order for their BMR to
be determined, and their energy intake subsequently assessed for plausible reporting or misreporting.
There were no significant differences in participant characteristics between the full cohort (with mean
imputation for missing values, n = 401 and the subcohort for which no data were missing (n = 382) when
comparing food group intakes, nutrient intakes and PUFA status (data not shown). The validity of
participants reported energy intake, as calculated from the FFQ, was assessed using Goldberg et al. [34]
cut offs as outlined by Black [35]. A Physical Activity Level (PAL) of 1.4 was used as recommended by
Prentice et al. [36] for pregnant women. Using the calculated cut-offs, participants were labelled as
under, over or plausible reporters.

2.5. Dietary Pattern Analysis: Principal Component Analysis

A total of 18 food groups and their daily consumption (g/day) were manually created. Foods
were grouped according to the types of food or by similarities in nutrient content (see Table 1 for
food items included in each food group) [28]. Principal component analysis (PCA) with varimax
rotation was performed on the 18 food groups. This procedure allowed for the identification of the
principal directions in which the data varied, and thus similarities and differences between food
groups. The criterion for retaining factors included those with an eigenvalue greater than 1, and on the
basis of where the scree plot showed a break or “elbow” (Supplementary Figure S1). Varimax rotation
was used to rotate factors, redistributing the explained variance for the individual components and
thus enabling interpretation. Dietary pattern scores were then calculated by multiplying the factor
loadings generated by PCA by each participant’s food group total and then adding these. These scores
were subsequently used as a continuous variable to determine associations with dietary patterns.
Food groups with factor loadings greater than 0.3 were considered to significantly contribute to a
dietary pattern.
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Table 1. Food groups used for dietary pattern analysis.

Food Group Food Items in Food Group

Beverages Fruit juice, water, fizzy drinks, hot drinks (including tea, coffee, hot
chocolate, Ovaltine, Milo, Horlicks, Bournvita, Nesquik)

Alcoholic beverages All alcoholic beverages

Fruit All fruits, including dried and canned varieties

Vegetables All vegetables, including potatoes and legumes

Other foods Other foods, including nuts, herbs and spices, soups, sauces and
condiments, and miscellaneous foods such as pizza, biscuits, and cake

Sugars, snacks and preserves Typical Seychellois snacks: corn snacks, chilli cakes, cassava, as well as
other snacks including crisps, chocolate, and sweets

Milk and milk products All varieties of milk and milk products (yogurt, cheese, milk, ice cream)

Meat products and dishes Bacon, sausages, frankfurters, burgers, ham, pate, processed meat, black
pudding, meat patties, meat organs, pasta with meat, noodles with meat

Fats and oils Fat and oils used for frying foods

White meat Chicken

Eggs Eggs

Red meat Beef, pork, lamb

Cereals and cereal products All cereals, including porridge, oatmeal, cornflakes, other breakfast cereals,
white bread, brown bread, rice

White fish All white fish including red snapper, grouper, parrot fish, emperor fish, job,
shark, salted fish and spinefoot shoemaker

Fatty fish/oily fish All fatty fish, including mackerel, tinned tuna, tinned sardines, tuna,
karang, bonito, barracuda

Crustaceans All crustaceans, including prawns, crab and lobster

Other fish and fish products All other varieties of fish and fish dishes including other fish, bouillon bred
with fish, bouillon blan with fish, fish chutney

Molluscs Octopus

2.6. Blood Sampling and PUFA Analysis

At 28 weeks’ gestation, non-fasting maternal blood samples (30 mL) were collected and analysed
as previously described [37]. Briefly, blood samples were processed by centrifuging at 2500 rpm for
15 min. Aliquots of serum were stored at −80 ◦C until analysis. Samples were shipped at −80 ◦C
to Ulster University where serum total PUFA analysis was completed using an adapted method by
Folch et al. [38]. PUFA were subsequently detected and quantified by gas chromatography-mass
spectrometry (7890A-5975C; Agilent, UK), using Heptadecanoic acid (C17:0) as an internal standard,
as described previously [13]. Individual PUFA’s were measured including linoleic acid (LA) (18:2n-6),
α-linolenic acid (ALA) (18:3n-3), AA (20:4n-6), EPA (20:5n-3) and DHA (22:6n-3) and results were
presented as mg/mL. Total n-6, total n-3, and the n-6:n-3 ratio were also calculated.

2.7. Statistical Analysis

Statistical analysis was completed using Statistical Package for Social Sciences (SPSS, version 24,
IBM, Chicago, IL, USA). Data for all variables were tested for normality. Normality tests indicated
food group, nutrient intake, and PUFA data were not normally distributed. Descriptive analysis was
performed and all data expressed as median and interquartile range. Non-parametric statistical tests
were completed for comparison of differences between all participants (n = 401) and plausible reporters
only (n = 268). Multiple linear regression analysis was used to examine relationships between dietary

232



Nutrients 2018, 10, 927 5 of 14

patterns and PUFA status while controlling for factors also known to influence PUFA status (maternal
age and BMI). Following calculation of energy misreporting, PCA analysis was completed on plausible
reporters only (n = 268).

Fish intake was further assessed using grams per day (g/day) data from the FFQ (n = 268),
and also frequency of consumption data from the FUQ (n = 260). Participants with FFQ data were ID
matched with those with FUQ data. Fish intake was split into tertiles of fish consumption to assess
whether low, medium, or high fish intake is associated with PUFA status. Dummy variables were
created where tertile 1 (low intake) acted as the reference to which tertile 2 (medium intake) and
tertile 3 (high intake) were compared. Regression analysis of fish intake tertile and associations with
PUFA status was completed. BMI is known to correlate with PUFA status, with increased BMI being
associated with increased n-6 PUFA, and decreased n-3 PUFA concentrations [39]. Therefore, BMI was
considered a potential confounder and was controlled for in our regression analyses. Socioeconomic
status was collected using Hollingshead 4-Factor Social Status Index, modified for use in the Seychelles,
and was also included as a covariate. Statistically significant results were considered as those with
p-value < 0.05.

3. Results

3.1. Subject Characteristics

A total of 401 participants had complete FFQ and PUFA status data. Characteristics of the
participants are presented in Table 2. It was determined that 8 (2.0%) participants were classified
as under reporters, 125 (31.2%) as over reporters, and 268 (66.8%) were considered to be plausible
reporters. Differences in general characteristics of all participants (n = 401) and plausible reporters
(n = 268) are shown in Table 2. When comparing mean reported intakes of fish for all participants
with plausible energy reporters only, intake of “Fatty fish” and “Other fish and fish products” was
significantly lower for plausible energy reporters. Nutrient intakes for all participants, and plausible
reporters only, as determined from FFQ data, are included in Supplementary Table S1.

Table 2. Characteristics of all participants and plausible reporters only.

Median (IQR)

All Participants
n = 401

Plausible Reporters Only
n = 268 p-Value

Age (years) 26.00 (9.00) 26.00 (8.00) 0.361
Weight (kg) 70.80 (23.10) 72.17 (23.28) 0.188
Height (m) 1.62 (0.08) 1.62 (0.08) 0.725

BMI (kg/m2) 27.05 (8.40) 27.49 (7.87) 0.205
Hollingshead SES 32.00 (16.50) 33.00 (16.50) 0.187

Energy intake (kcal/day) 2763.00 (1794.00) 2326.50 (983.25) <0.001
Energy intake (MJ/day) 11.57 (7.51) 9.74 (4.12) <0.001

Fish intake (g/day)
White fish 62.57 (84.86) 57.43 (73.71) 0.089
Fatty fish 108.86 (117.71) 98.43 (92.57) 0.027

Crustaceans 1.71 (4.14) 1.71 (4.14) 0.628
Other fish and fish products 52.14 (58.93) 43.64 (39.86) 0.008

Molluscs 5.14 (5.14) 5.14 (5.14) 0.941
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Table 2. Cont.

Median (IQR)

All Participants
n = 401

Plausible Reporters Only
n = 268 p-Value

Total serum PUFA (mg/mL)
LA 0.92 (0.34) 0.93 (0.32) 0.699

ALA 0.04 (0.00) 0.04 (0.00) 0.943
AA 0.22 (0.10) 0.23 (0.11) 0.639
EPA 0.05 (0.00) 0.05 (0.00) 0.809

DHA 0.20 (0.11) 0.20 (0.11) 0.959
Total n-6 1.14 (0.41) 1.14 (0.40) 0.648
Total n-3 0.29 (0.11) 0.29 (0.12) 0.940

Mothers n-6:n-3 ratio 3.90 (1.21) 3.94 (1.25) 0.698

SES: Socioeconomic status; LA: Linoleic acid; ALA: α-linolenic acid; AA: arachidonic acid; EPA: eicosapentaenoic
acid; DHA: docosahexaenoic acid; Differences between groups determined by Mann Whitney U, p < 0.05 considered
statistically significant.

3.2. Identification of Dietary Patterns

PCA was completed on plausible reporters only (n = 268) because misreporting has previously
been suggested to influence study outcomes [40]. Factor loadings for dietary patterns are shown in
Table 3. Using the 18 food groups, PCA extracted a total of 4 components with an eigenvalue greater
than 1. The scree plot (Supplementary Figure S1) also allowed for the identification of the break point
of dietary patterns to be retained. A total of four dietary patterns were identified, explaining in total
36.68% of the variance in the cohort’s diet. The first dietary pattern identified was high in foods
considered to be common in a western diet including snacks such as chocolate and crisps, white fish,
chicken and eggs and explained 13.45% of the variance. The second dietary pattern accounted for
8.46% of the variance and contained foods traditionally eaten in the Seychelles including fatty fish,
other fish and fish dishes, beverages and fruit. The third dietary pattern was characterized by high
amounts of crustaceans, molluscs and white fish. This third pattern accounted for 7.61% of the total
variance. The fourth dietary pattern explained 7.16% of the total variance and contained red meat,
meat products and dishes, and eggs.

Table 3. Factor loadings for dietary patterns identified by principal component analysis (PCA) for
n = 268 (plausible reporters only).

Food Group Dietary
Pattern 1

Dietary
Pattern 2

Dietary
Pattern 3

Dietary
Pattern 4

Other foods 0.653 - - -
White fish 0.615 - 0.317 -

Sugars, snacks, preserves 0.544 - - -
White meat 0.516 −0.344 - -

Eggs 0.465 - - 0.341
Other fish and fish-products - 0.697 - -

Fatty fish - 0.695 - -
Beverages - 0.361 - -

Crustaceans - - 0.760 -
Molluscs - - 0.746 -
Red meat - - - 0.746

Meat products and dishes - - - 0.643

234



Nutrients 2018, 10, 927 7 of 14

Table 3. Cont.

Food Group Dietary
Pattern 1

Dietary
Pattern 2

Dietary
Pattern 3

Dietary
Pattern 4

Vegetables - - - -
Fruit - 0.352 - -

Cereals and cereal products - - - -
Fats and oils - - - -

Alcoholic beverages - - - -
Milk and milk-products - - - -

% of variance explained 13.45 8.46 7.61 7.16

Only food groups with factor loading values of ≤−0.3 or ≥0.3 were included, some food groups were excluded as
they did not load onto any factor retained.

3.3. Multiple Linear Regression

Table 4 shows results for multiple regression analysis. Dietary pattern 1, was not significantly
associated with PUFA status. The second dietary pattern was significantly positively associated with
serum DHA (β = 0.134; CI = 0.001, 0.022), and serum total n-3 PUFA (β = 0.139; CI = 0.001, 0.023).
The third dietary pattern was not significantly associated with PUFA status. Dietary pattern 4 showed a
significant positive association with serum ALA (β = 0.290; CI = 0.001, 0.002), and a significant negative
association with serum DHA (β = −0.157; CI = −0.023, −0.003), and total n-3 PUFA (β = −0.138;
CI = −0.022, −0.002).

3.4. Examining Tertiles of Fish Intake

Fish intake for fatty, white and total groups based on the FFQ (n = 268) and FUQ (n = 260)
data were categorised by tertiles and regressed against PUFA status using multiple linear regression
analyses. For both the FFQ and FUQ data, fish intake was separated into the appropriate fish group.
Using the FFQ g/day intake there were no significant associations between tertiles of fish intake and
PUFA status (Table 5). Using frequency of fish intake data from the FUQ, fatty fish intake in the high
consumers tertile (Tertile 3) was positively associated with EPA status (β = 0.180; CI = 0.001, 0.005) only.

4. Discussion

Dietary pattern analysis in this cohort of pregnant Seychellois women identified four main
patterns. Dietary pattern 2, described pregnant women with a high intake of fatty fish (e.g., mackerel,
tuna, and red snapper), fish dishes (e.g., bouillon blan—a fish soup traditional in the Seychelles),
and fruits and beverages. This dietary pattern was significantly associated with serum DHA and
total n-3 PUFA concentrations. When FUQ data were categorised by tertiles of fish consumption and
PUFA, fatty fish intake was associated with EPA status (β = 0.180; CI = 0.001, 0.005) in the highest
level of fish consumption (tertile 3). These findings indicate that a diet rich in fish, particularly
oily fish, is associated with higher maternal concentrations of n-3 LC-PUFA at 28 weeks’ gestation.
Dietary intake of n-3 PUFA is especially important during pregnancy because of their role in foetal
neurodevelopment [41].

Dietary pattern 1 was the most commonly followed pattern in the study population, but did
not show any associations with PUFA status. This pattern is high in foods commonly eaten in a
“Westernised” diet including processed foods, white meat and eggs. This finding is in line with the
transitioning of the Seychelles diet towards a more Westernised diet between 1989 and 2011 [42].
Given that dietary pattern 1 does not appear to be associated with higher PUFA status, there is the
potential that n-3 PUFA status may be compromised if dietary trends continue to shift in this way.
The third dietary pattern did not show any associations with PUFA. The negative association of the
fourth dietary pattern, with DHA and total n-3 PUFA is similar to that reported previously [43], and is
likely owing to a diet high in meat and meat products being associated with higher n-6 PUFA than n-3
PUFA [44].
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Table 4. Multiple regression analysis of dietary patterns as predictors of total serum PUFA status (mg/mL) (n = 268) total g/day.

Dietary Pattern 1 Dietary Pattern 2 Dietary Pattern 3 Dietary Pattern 4

PUFA (mg/mL) β 95% CI β 95% CI β 95% CI β 95% CI

LA −0.045 (−0.049, 0.026) 0.089 (−0.011, 0.057) −0.033 (−0.041, 0.024) −0.081 (−0.053, 0.011)
AA −0.001 (−0.010, 0.010) 0.067 (−0.004, 0.014) −0.006 (−0.009, 0.009) −0.030 (−0.011, 0.007)

ALA −0.054 (−0.001, 0.000) 0.106 (0.000, 0.001) −0.119 (−0.001, 0.000) 0.290 (0.001, 0.002) *
EPA −0.069 (−0.002, 0.001) 0.045 (−0.001, 0.001) 0.088 (0.000, 0.002) −0.025 (−0.001, 0.001)

DHA −0.103 (−0.020, 0.003) 0.134 (0.001, 0.022) * −0.031 (−0.013, 0.007) −0.157 (−0.023, −0.003) *
Total n-6 −0.039 (−0.054, 0.030) 0.095 (−0.010, 0.067) −0.031 (−0.046, 0.027) −0.078 (−0.060, 0.013)
Total n-3 −0.108 (−0.021, 0.003) 0.139 (0.001, 0.023) * −0.028 (−0.013, 0.008) −0.138 (−0.022, −0.002) *

n-6:n-3 ratio 0.058 (−0.144, 0.340) −0.059 (−0.320, 0.121) 0.018 (−0.179, 0.240) 0.055 (−0.116, 0.301)

Multiple linear regression adjusting for age, BMI, energy intake, and Hollingshead socioeconomic status; * significant results p < 0.05.

Table 5. Association between serum PUFA status and tertiles (T) of fish intake (grams per day) for all reporters and plausible reporter.

FFQ g/day Intake (Plausible Reporters n = 268) FUQ Frequency of Fish Intake (Plausible Reporters n = 260)

T1 (Low)
T2 (Medium) T3 (High)

T1 (Low)
T2 (Medium) T3 (High)

Beta 95% CI Beta 95% CI Beta 95% CI Beta 95% CI

White fish
LA Ref −0.117 (−0.132, 0.002) −0.030 (−0.084, 0.051) Ref −0.016 (−0.078, 0.060) 0.030 (−0.054, 0.089)
AA Ref −0.039 (−0.025, 0.013) 0.009 (−0.017, 0.020) Ref 0.041 (−0.013, 0.026) 0.032 (−0.015, 0.025)

ALA Ref 0.032 (−0.001, 0.002) −0.097 (−0.002, 0.000) Ref 0.016 (−0.001, 0.001) 0.110 (0.000, 0.002)
EPA Ref 0.006 (−0.002, 0.002) 0.033 (−0.001, 0.002) Ref 0.010 (−0.002, 0.002) 0.032 (−0.001, 0.002)

DHA Ref −0.027 (−0.026, 0.016) −0.037 (−0.027, 0.015) Ref 0.026 (−0.017, 0.026) 0.056 (−0.012, 0.033)
total n-6 Ref −0.112 (−0.147, 0.005) −0.024 (−0.092, 0.061) Ref −0.004 (−0.081, 0.075) 0.034 (−0.058, 0.104)
total n-3 Ref −0.023 (−0.026, 0.017) −0.038 (−0.029, 0.015) Ref 0.026 (−0.017, 0.027) 0.064 (−0.011, 0.035)

n6:n-3 ratio Ref −0.041 (−0.580, 0.288) 0.009 (−0.401, 0.468) Ref −0.031 (−0.555, 0.334) −0.022 (−0.544, 0.381)
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Table 5. Cont.

FFQ g/day Intake (Plausible Reporters n = 268) FUQ Frequency of Fish Intake (Plausible Reporters n = 260)

T1 (Low)
T2 (Medium) T3 (High)

T1 (Low)
T2 (Medium) T3 (High)

Beta 95% CI Beta 95% CI Beta 95% CI Beta 95% CI

Fatty fish
LA Ref −0.008 (−0.072, 0.063) −0.021 (−0.079, 0.056) Ref 0.024 (−0.054, 0.078) −0.060 (−0.116, 0.041)
AA Ref 0.011 (−0.017, 0.020) 0.001 (−0.019, 0.019) Ref 0.022 (−0.015, 0.022) 0.024 (−0.018, 0.026)

ALA Ref −0.027 (−0.001, 0.001) 0.075 (0.000, 0.002) Ref −0.091 (−0.002, 0.000) 0.064 (−0.001, 0.002)
EPA Ref −0.050 (−0.003, 0.001) −0.012 (−0.002, 0.002) Ref −0.113 (−0.003, 0.000) 0.180 (0.001, 0.005) *

DHA Ref 0.010 (−0.019, 0.023) −0.012 (−0.023, 0.019) Ref −0.006 (−0.022, 0.020) 0.018 (−0.021, 0.028)
total n-6 Ref −0.005 (−0.079, 0.073) −0.018 (−0.088, 0.065) Ref 0.026 (−0.059, 0.090) −0.046 (−0.122, 0.055)
total n-3 Ref 0.004 (−0.021, 0.022) −0.009 (−0.023, 0.020) Ref −0.020 (−0.025, 0.018) 0.036 (−0.018, 0.033)

n6:n-3 ratio Ref −0.056 (−0.636, 0.234) −0.018 (−0.499, 0.374) Ref 0.002 (−0.421, 0.432) −0.014 (−0.564, 0.452)

Total all fish
LA Ref −0.048 (−0.094, 0.041) −0.038 (−0.088, 0.046) Ref 0.023 (−0.057, 0.082) −0.077 (−0.119, 0.028)
AA Ref −0.010 (−0.021, 0.017) 0.020 (−0.016, 0.022) Ref 0.019 (−0.016, 0.022) 0.029 (−0.016, 0.026)

ALA Ref 0.001 (−0.001, 0.001) 0.034 (−0.001, 0.002) Ref −0.027 (−0.001, 0.001) 0.109 (0.000, 0.002)
EPA Ref −0.045 (−0.003, 0.001) 0.044 (−0.001, 0.003) Ref −0.014 (−0.002, 0.002) 0.095 (0.000, 0.004)

DHA Ref −0.050 (−0.030, 0.012) −0.005 (−0.022, 0.020) Ref −0.076 (−0.035, 0.008) 0.077 (−0.008, 0.038)
total n-6 Ref −0.044 (−0.105, 0.049) −0.028 (−0.094, 0.058) Ref 0.024 (−0.063, 0.094) −0.060 (−0.124, 0.043)
total n-3 Ref −0.052 (−0.031, 0.012) 0.001 (−0.022, 0.022) Ref −0.076 (−0.036, 0.008) 0.089 (−0.006, 0.041)

n6:n-3 ratio Ref 0.031 (−0.325, 0.548) −0.043 (−0.588, 0.283) Ref 0.117 (−0.022, 0.867) −0.121 (−0.933, 0.012)

T1 = tertile 1, T2 = tertile 2, T3 = tertile 3; T1 was reference to which T2 and T3 were compared; regression models adjusted for maternal age at enrolment, maternal BMI, and Hollingshead
socioeconomic status; * significant results p < 0.05.
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Previous research investigating the associations between blood PUFA concentrations and fish
consumption has been inconclusive. Some authors report positive associations in non-pregnant [45]
and pregnant cohorts [46] while others have found no association [9] between increased fish
consumption and PUFA status. Previous research completed as part of the SCDS found that habitual
fish intake was not associated with LCPUFA status in pregnant women [25]. Multiple factors may
account for the varied results, including cohorts studied and methodological factors. Additionally,
pregnancy itself is a complex biological process with preferential transfer of PUFA in the third
trimester [25]. Nevertheless, none of these studies analysed for dietary patterns.

Evaluation of dietary patterns allows for the investigation of foods eaten commonly in
combinations rather than examining the influence of individual foods [47]. The findings reported here
indicate that dietary patterns loading high for fatty fish, fish dishes, fruit and beverages are associated
with increased DHA and total n-3 status. This dietary pattern approach may be viewed as more
representative of how the diet as a whole influences PUFA status. A limited number of such studies
during pregnancy are reported. In a cohort of 154 women, Benaim et al. [27] found that pre-pregnancy
dietary patterns, as assessed by an FFQ six months prior to gestation, loading high for “healthy”
foods were associated with increased n-3 fatty acid status during pregnancy. This “healthy” dietary
pattern included foods such as vegetables, fruits, fruit juices, fish and dairy products. This finding
is consistent with the results of the current study as we concluded a dietary pattern loading high for
fish and fruit was associated with increased DHA and total n-3 PUFA concentrations. It has been
suggested that in a varied diet, foods not regarded to be a rich source of a certain nutrient may increase
nutrient bioavailability, with nutrients interacting to increase or decrease bioavailability of one another,
alluding to a food matrix effect [27,31]. They found that dietary patterns containing foods that do not
have a significant PUFA content such as cabbages, root vegetables, coffee and tea were associated with
increased plasma and red blood cell n-3 PUFA. This increase in n-3 PUFA status may be owing to the
phytochemical and antioxidant vitamin content of these foods [31].

It is well established that maternal dietary intake during pregnancy is important for the developing
foetus, and subsequent child outcomes [47,48]. Dietary pattern analysis during pregnancy has mainly
focused on pregnancy and child outcomes rather than on associations with maternal nutrient status.
dos Santos Vaz et al. [49] focused on dietary patterns during pregnancy and anxiety symptoms, while
also accounting for n-3 fatty acid intake from seafood. They concluded that “health-conscious” and
“traditional” dietary patterns showed protective associations for anxiety levels. The influence of
maternal dietary patterns on newborn adiposity has also been examined. A dietary pattern with
high intakes of potatoes, fats, non-wholegrain foods and vegetables and found it associated with
increased newborn adiposity and increased maternal fasting glucose [47]. However, these studies did
not analyse blood PUFA concentrations [47,49], and thus could not examine associations between the
dietary patterns they identified and PUFA status.

This study has numerous strengths. Dietary assessment included the use of both a FFQ and FUQ
to estimate the frequency of consumption of a range of food. The use of these together allowed for a
detailed assessment of dietary intakes to be completed. The biological measurement of PUFA rather
than solely dietary intake is a further strength. Furthermore, PCA is regarded as the most commonly
used method for obtaining dietary patterns. The study also has some limitations. FFQs are reported
to be prone to misreporting of intakes, particularly over reporting. The FFQ used here was designed
specifically for this study of the Seychellois population, but it has not been validated. The dietary data
and blood samples were only collected at one-time point in this study, and may not represent what is
happening across the different stages of pregnancy.

This study’s finding of a dietary pattern consisting of foods traditional to a Seychellois diet being
associated with n-3 PUFA status is important for public health reasons. The diet in the Seychelles, and
likely other developing nations, has been changing over time to become more “Westernised” [42] with
a reported decrease in fish consumption [50]. We have previously reported a decline in fish meals per
week from 12 meals per week in the Main Cohort [51] to 9 meals per week in NC1 [37] to 8.5 meals
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per week as reported more recently for the NC2 cohort [13]. Given the importance of n-3 PUFA for
health, including cardiovascular and immune function and neurodevelopment, following a diet of fish
consumption should be optimal for n-3 PUFA status.

5. Conclusions

Among the four dietary patterns identified, only dietary pattern 2 was associated with DHA and
total n-3 PUFA status. Women with greater adherence to this dietary pattern had higher fish intake and
higher DHA and total n-3 PUFA status. The high amounts of fruit and beverages in this pattern may
also allude to the potential influence of the food matrix effect on biomarker status. Considering the
importance of n-3 PUFA to neurodevelopment and other health benefits for the child throughout life
such as improved cardiac and immune function, dietary recommendations for fish consumption during
pregnancy should consider the importance of fish consumption and its association with increased
PUFA status.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/7/927/s1,
Figure S1: Scree plot for identifying dietary patterns from principal component analysis, Table S1: Comparison
of daily energy and nutrient intakes with UK DRV for all participants (n = 401) and plausible reporters only
(n = 268), File S1: Seychelles child development study NC2 diet, File S2: Seychelles child development study NC2
fish use questionnaire.
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The influence of fish consumption on polyunsaturated fatty acid status

M.C. Conway1, E.M. McSorley1, M.S. Mulhern1, J.J. Strain1, K. Broberg2,
E. van Wijngaarden3 and A.J. Yeates1

1Nutrition Innovation Centre for Food and Health, Ulster University Coleraine, Cromore Road, Coleraine, Northern
Ireland BT52 1SA, 2Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden and 3University of

Rochester, School of Medicine and Dentistry, United States.

Polyunsaturated fatty acids (PUFA) have an important role in immune function(1), cardiovascular health(2) and foetal development(3).
Fish consumption is a major determinant of improved long chain (LC) n-3 PUFA status(4). Genetic variation in the fatty acid
desaturase (FADS) genotype also has an influence on PUFA status(5). The aim of the current study was to investigate whether
fish consumption influences PUFA status in women of childbearing age.

Female participants of childbearing age (n = 49) were recruited to take part in an 8-week intervention trial. Participants provided a
buccal swab, which was analysed for FADS genotype, on which participants were stratified (SNP rs3834458) and randomised to con-
sume zero (control), one, or two portions (140 g/portion) of oily fish (tuna or sardines) per week. Blood samples were taken pre- and
post-intervention and analysed for serum total PUFA status using GC-MS. Statistical analysis was completed using IBM SPSS
Statistics v24.

The median (IQR) age of participants was 23 (20, 30) years. ANCOVA with post-hoc comparison was used to assess the effect of
intervention on PUFA status (Table 1). Participants consuming two portions of fish per week had significantly higher concentrations
of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and total n-3 PUFA than those consuming one portion or zero
portions. The n-6:n-3 ratio was also significantly influenced by fish intake with consumption of two portions of fish per week resulting
in a significantly lower n-6:n-3 ratio when compared to the other intervention groups. The median (IQR) n-6:n-3 ratio for those
consuming 2 portions of fish per week was lower for those with the homozygous TT genotype (5·394 (4·822, 6·026) compared to
those with genetic variation of Tdel, or del genotype (6·617 (4·720, 7·085).

In conclusion, consumption of two portions of fish per week was shown to have beneficial effects on n-3 PUFA status and the n-6:
n-3 ratio. The n-6:n-3 ratio was lower in those with the TT compared to those with Tdel or del genotype, indicating genetic variation
may also influence PUFA status.

1. Calder (2015) J Parenter Enteral Nutr 39, (1 Suppl): 18S–32S.
2. Manuelli et al. (2017) Int J Mol Sci 18(7).
3. Coletta et al. (2010) Rev Obstet Gynecol 3(4), 163–171.
4. Weichselbaum E et al. (2013) Nutr Bull 38, 128–177.
5. Minihane (2016) Nutrients 8, 123.

Table 1. The effect of intervention on PUFA status (mg/ml) at post intervention expressed as Median (IQR)

Median (IQR)
PUFA Control (n = 18) 1 portion (n = 14) 2 portions (n = 17) P Partial eta squared

LA 0·275 (0·229, 0·301) 0·260 (0·245, 0·300) 0·291 (0·255, 0·322) 0·597 0·026
ALA 0·013 (0·012, 0·014) 0·012 (0·012, 0·0130 0·013 (0·012, 0·016) 0·912 0·005
AA 0·064 (0·055, 0·075) 0·068 (0·055, 0·083) 0·069 (0·059, 0·078) 0·532 0·032
EPA 0·013 (0·012, 0·013)a 0·014 (0·013, 0·015)a 0·015 (0·013, 0·025)b 0·001 0·327
DHA 0·021 (0·016, 0·023)a 0·022 (0·020, 0·027)a 0·028 (0·024, 0·034)b <0·001 0·346
Total n-6 0·347 (0·294, 0·364) 0·327 (0·312, 0·376) 0·367 (0·316, 0·392) 0·640 0·023
Total n-3 0·045 (0·041, 0·052)a 0·046 (0·037, 0·054)a 0·059 (0·051, 0·070)b <0·001 0·359
n6:n3 ratio 7·293 (6·860, 8·173)a 7·340 (6·699, 7·855)a 6·026 (4·809, 6·969)b 0·001 0·289

LA, linoleic acid; ALA, alpha-linolenic acid; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; all variables log transformed, P value
is for between intervention group change from baseline (ANCOVA, adjusting for age, weight, BMI and baseline PUFA); different letters represent significant
difference from each other p < 0·05; IQR expressed as 25th, 75th percentile
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15 Abstract  

16 Context: Long chain polyunsaturated fatty acids (LCPUFA) are important during pregnancy 

17 for foetal development, and child health outcomes. The fatty acid desaturase (FADS) genes 

18 also influence PUFA status, with minor allele carriers having lower biological concentrations 

19 of  arachidonic acid (AA) and docosahexaenoic acid (DHA), and higher concentrations of the 

20 precursors linoleic acid (LA) and α-linolenic acid (ALA). Objective: The current review 

21 discusses the influence of FADS genotype on PUFA status of pregnant women, breastmilk, 

22 and children, and also how FADS may influence child health outcomes. Data sources and 

23 extraction: Electronic databases were searched from their inception to September 2018. 

24 Eligible studies reported FADS genotype and blood concentrations of PUFA during pregnancy, 

25 in childhood, breast milk concentrations of PUFA or child health outcomes. Results: In 
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26 pregnant and lactating women minor allele carriers have higher concentrations of LA and ALA, 

27 and lower concentrations of AA in blood and breastmilk respectively. In children, FADS 

28 genotype influences PUFA status in the same manner, and may impact child outcomes such as 

29 cognition and allergies. Conclusion: Further studies are needed to further investigate 

30 associations between FADS and outcomes, as well as the diet-gene interaction.  

31

32 Keywords: fatty acid desaturase, FADS, polyunsaturated fatty acids, PUFA, pregnancy, child 

33 outcomes 

34

35 Introduction 

36 Long chain polyunsaturated fatty acids (LCPUFA) have many important roles in physiological 

37 processes in the body, including cell membrane function, response to inflammation1, and foetal 

38 development1,2.  As the developing foetus relies solely on maternal supply for nutrition, 

39 maternal status of LCPUFA during pregnancy is of particular importance. LCPUFA include 

40 arachidonic acid (AA) and docosahexaenoic acid (DHA) of the n-6 and n-3 pathways 

41 respectively. DHA is required for brain and retinal development, and AA is essential for brain 

42 growth3. A recent systematic review highlighted the effects of n-3 LCPUFA supplementation 

43 during pregnancy resulting in a lower incidence of preterm birth4. LCPUFA supplementation 

44 during pregnancy has also been linked to a reduction in childhood allergic diseases5, and 

45 cognitive and visual development6; however the evidence has not shown a conclusive benefit. 

46 Increasing evidence suggests that genetic variation in fatty acid desaturase (FADS) 

47 genes is associated with biological LCPUFA concentrations. The FADS1 and FADS2 genes 

48 are found on chromosome 11q12-q13.1 in head-to-head orientation, and together with FADS3 

49 form the FADS gene cluster7. These FADS genes are involved in the PUFA elongation pathway 

50 (Figure 1). The rate-limiting desaturase enzymes involved in this pathway include Δ-5 
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51 desaturase (D5D) and Δ-6 desaturase (D6D), which are encoded by the FADS1 and FADS2 

52 genes respectively8, 9. D5D and D6D enzyme activity can be estimated as fatty acid 

53 product:precursor ratios10. Genetic variation in FADS genotype is commonly observed with 

54 single nucleotide polymorphisms resulting in modifications to biological status and ability to 

55 synthesise LCPUFA. Results from 7 observational studies indicate that pregnant women who 

56 are carriers of the minor allele of various FADS single nucleotide polymorphisms (SNPs) have 

57 higher blood concentrations of the precursors LA and ALA and lower concentrations of 

58 LCPUFA, in particular AA9, 11-17. Studies also indicate that minor allele carriers have lower 

59 desaturase activity as indicated by reduced product:precursor ratios11, 12. This reduction in 

60 enzyme activity is a direct result of the decrease in functional enzymes apparent with the 

61 presence of the variant allele.  

62 FADS genotype variation has also been shown to have an effect on breast milk PUFA 

63 concentrations in lactating women. A total of 7 observational studies have investigated the 

64 relationship between maternal FADS genotype and breastmilk PUFA composition. Minor 

65 allele carriage in a range of FADS SNPs was associated with lower AA breastmilk 

66 concentrations13, 15, 18-21. Lower concentrations of eicosapentaenoic acid (EPA)13, 15, 20 and 

67 DHA13, 15 have been reported in some but not all studies in this area. 

68 Child PUFA status is also influenced by FADS genotype with a total of 12 relevant 

69 studies in this area. PUFA status of children as measured in cord blood according to genotype 

70 has been investigated in 3 studies22-24, and in children aged 2 to 13 years old in 4 studies22, 25-

71 27. Children who were minor allele carriers for FADS SNPs generally had decreased circulating 

72 AA concentrations. Associations of child FADS genotype and child DHA status have not been 

73 as consistent, with minor allele carriers of some SNPs having increased DHA concentrations, 

74 whilst others FADS SNPs are associated with decreased DHA concentrations28. Other studies 

75 have reported no association between DHA status and FADS genotype in children aged 8 years 
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76 old and over27, 29. Maternal FADS genotype has also been found to influence child PUFA status. 

77 Maternal genotype has been associated with increased cord blood LA concentrations, as well 

78 as decreased AA and DHA24, AA:DGLA and EPA:ALA ratios23. 

79 In addition to influencing PUFA status, FADS genotype variation and associations with 

80 clinical endpoints has also been examined. One of the most commonly investigated outcomes 

81 in relation to child FADS genotype is child cognition. No direct association between child 

82 FADS genotype and cognitive outcomes has been reported19, 25, 29-31. The influence of child 

83 FADS on allergy development has also been investigated, similarly with no conclusive 

84 relationship observed22, 26, 32. 

85 To date, there has been no systematic review assessing the effects of maternal and child 

86 FADS genotype on PUFA status in both mother and infant, and how this might impact on child 

87 developmental outcomes. The current review has discussed the existing evidence in relation to 

88 the influence of genetic variation in FADS genotype on PUFA status of pregnant women, 

89 breastmilk and children, and on child outcomes. The need for further studies in relation to 

90 FADS genotype and PUFA status and child outcomes is highlighted 

91

92 Objectives 

93 To review current scientific literature on FADS genotype and its influence on polyunsaturated 

94 fatty acid (PUFA) status in pregnancy, lactation and in the child. The influence of FADS 

95 genotype on child development outcomes will also be reviewed. 

96

97 Methods 

98 Search methods for identification of studies 

99 Searches were completed in Ovid MEDLINE, Embase, Scopus, Cochrane Library, CINAHL 

100 Plus, Pubmed and Web of Science from their inception until September 2018. Search terms 
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101 included truncation and Medical Subject Headings where appropriate. The search strategy 

102 consisted of several elements: FADS, PUFA, and either pregnancy, lactation and breast milk, 

103 children, or child outcomes (Supplementary file S1: Appendix 1). Searches were modified as 

104 required for each database. A secondary search of reference lists of studies viewed as eligible 

105 for conclusion was also completed whereby potentially relevant articles were identified. 

106

107 Eligibility criteria 

108 Articles were viewed as eligible if they reported FADS genotype and at least one of the 

109 following outcomes: blood concentrations of PUFA during pregnancy, lactation, childhood; 

110 breast milk concentrations of PUFA and any child health outcomes (including cognition, birth 

111 outcomes, allergy development, or other relevant outcomes. Studies completed in pregnant 

112 women, lactating women or children were eligible for inclusion. Observational studies were 

113 included if they examined FADS genotype and PUFA status in the previously mentioned 

114 population groups, or if they examined FADS genotype and child outcomes. A PICO strategy 

115 (Participants, Intervention, Comparison, Outcomes) was developed to define inclusion and 

116 exclusion criteria for intervention studies (Table 1). Only articles published in the English 

117 language were viewed as eligible. 

118

119 Study selection and data extraction 

120 All database search results were exported to RefWorks and duplicate records removed. Titles 

121 were screened for eligibility using the above predefined eligibility screening criteria. Following 

122 title and abstract screening, full texts for each article were obtained. Full text articles were 

123 subsequently assessed for eligibility. Reference lists of relevant studies were also searched for 

124 potentially eligible papers; these were then screened as described previously. Relevant data 
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125 was extracted from individual studies including country, study participants, study type, sample 

126 size, FADS SNP, and study findings. 

127

128 Quality assessment 

129 As a means of assessing the quality of eligible studies, the Newcastle-Ottawa scale was used 

130 for assessing observational studies33. Studies were scored according to a predefined star scoring 

131 system, where a higher star rating indicated better quality study, with the maximum score 

132 possible being 9 stars. The Cochrane Collaboration’s tool for assessing risk of bias was used 

133 for quality assessment of intervention studies34. This risk of bias tool assessed the areas of 

134 sequence generation, allocation concealment, blinding, incomplete data and selective 

135 reporting. Studies were given a rating of “low”, “high” or “unclear” risk of bias in each of these 

136 areas. 

137

138 Results 

139 A total of 10,860 papers were identified from database searches (Figure 2). Of these 7,276 were 

140 excluded as they were duplicates, leaving 3,584 references. Following title and abstract 

141 screening, 267 full text articles were assessed for eligibility. A further 220 references were 

142 excluded following full text screening; 9 were not in English, 53 were reviews/conference 

143 proceedings/abstract only/meta-analysis/book chapter. A further 54 did not include FADS 

144 genotype, 16 were not human studies, 20 did not have the full text available, and 62 were 

145 studies completed in a population outside the scope of this review (e.g. studies in men, 

146 adolescents, or not pregnant women). This gave a final number of 47 articles for inclusion in 

147 the current review. The majority of observational studies were of good quality, with scores for 

148 selection generally being high. For comparability, studies did not score as highly due to studies 

149 not controlling for important confounders. The majority of studies scored highly in the outcome 
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150 or exposure category when assessing risk of bias, indicating that statistical analysis completed 

151 was appropriate and fully described. Two of the three intervention studies included in this 

152 review had an unclear risk of selection bias. Overall there was a low risk of performance and 

153 detection bias. Attrition bias was varied in each study, with one having a high risk of bias, one 

154 having an unclear risk of bias, and the final intervention study included being considered to 

155 have a low risk of bias. The majority of studies were deemed as being unclear as to whether 

156 there was reporting bias. 

157

158 Discussion 

159 FADS genotype and PUFA status during pregnancy 

160 During pregnancy, the developing foetus relies solely on maternal supply for nutrients, which 

161 are transferred from mother to foetus via placental transfer. A total of 8 papers investigated the 

162 influence of FADS genotype on PUFA status during pregnancy (Table 2). All studies, reported 

163 increased concentrations of the n-6 precursor molecule LA and the n-3 ALA in minor allele 

164 carriers of various FADS SNPs. Minor allele carriers for rs174545, rs174537, rs174546 and 

165 rs174553 of the FADS1 gene had lower AA:DGLA ratio, indicative of decreased functionality 

166 of the desaturase enzymes11. Similarly, others have shown a negative association between 

167 minor allele carriers of a range of SNPs and product:substrate ratios (Table 2), further 

168 suggestive of decreased enzyme activity in the presence of FADS genotype SNPs. An 

169 intervention study in pregnant women investigated the association between the FADS1 SNP 

170 rs174533 and FADS2 SNP rs174575 and AA and DHA status following DHA 

171 supplementation35. At baseline minor allele carriers for rs174533 had lower AA and DHA 

172 status; however, following supplementation with DHA the minor allele homozygotes had 

173 increased DHA status from baseline. This finding is suggestive that genotype influences the 

174 effect of dietary intake on PUFA status. As these data are from an RCT it provides an insight 
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175 into the influence of supplements on LCPUFA status, rather than being observational data 

176 looking at one point in time. Pregnant women who are minor allele carriers of FADS SNPs 

177 may therefore benefit from increased dietary intake of preformed LCPUFA for improved 

178 circulating LCPUFA concentrations important for foetal development. Given the importance 

179 of LCPUFA for foetal development, optimal maternal status is crucial and future dietary 

180 intervention studies are needed to further investigate the influence of dietary intake on 

181 LCPUFA status according to genotype. 

182

183 FADS genotype and PUFA status of breastmilk 

184 Breastmilk provides the optimum nutritional composition for infants, furthermore, it is a rich 

185 source of PUFA, with the maternal diet influencing the PUFA profile of breast milk36. The 

186 lactating mammary gland has both ∆-5 and ∆-6 desaturase enzymes present13, and therefore 

187 the FADS genotype may influence PUFA concentrations of breastmilk. A total of 7 studies, all 

188 of which were observational, were identified and these studies investigated the relationship 

189 between maternal FADS genotype and breastmilk PUFA composition (Table 3). Lower 

190 breastmilk AA concentrations in carriers of the minor allele were seen in the studies identified, 

191 with the SNPs rs174547, rs174556, rs174537, rs174570, rs2072114, rs174602, rs526126, 

192 rs174626 and rs174464, rs174546, rs174553, rs99780, rs174583, rs174547 and rs174556 

193 showing such associations. Higher precursor fatty acid concentrations were also commonly 

194 found in minor allele carriers. Similar to blood PUFA status during pregnancy, the presence of 

195 the minor allele was associated with lower AA, and higher PUFA precursor concentrations as 

196 well as lower product:substrate ratios in breastmilk. The lower product:substrate ratios also 

197 suggests  impaired functionality of the desaturase enzymes as a result of FADS genotype 

198 variation. LCPUFA composition of breastmilk appears to be influenced by FADS genotype. 

199 The evidence, however, for increased dietary intake of preformed LCPUFA for increasing 
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200 breastmilk LCPUFA is not as clear. Of the 7 relevant studies included in this review, only one 

201 reported the influence of diet on breastmilk PUFA according to genotype and this study 

202 investigated the effect of maternal fish and fish oil intake on DHA proportions in plasma and 

203 breastmilk15. In women who were homozygous for the minor allele, lower proportions of DHA 

204 were observed in milk and DHA concentrations were not compensated for by increased fish or 

205 fish-oil intake; however, an increase in DHA was seen in major allele homozygotes15. Further 

206 studies designed to take FADS genotype into account are needed to investigate the impact of 

207 maternal dietary PUFA on breastmilk concentrations according to FADS genotype, and 

208 whether minor allele carriers would benefit from increased LCPUFA intake.  

209

210 FADS genotype and child PUFA status 

211 A total of 12 studies investigating child FADS genotype and PUFA status were identified 

212 (Table 4) and included children from a range of ages, from cord blood at birth to age 13 years. 

213 At birth, PUFA status of cord blood was measured by Barman et al22, Lattka et al23 and Steer 

214 et al24. It was consistently found that children with the minor allele for FADS SNPs had 

215 decreased circulating AA concentrations. Similarly, in children aged 2 to 13 years, children 

216 with a minor allele homozygosity for FADS SNPs were observed to have lower AA 

217 concentrations22, 25-27. An association of minor allele homozygosity with DHA status, 

218 specifically an increase in DHA status for rs1535, and a decrease for rs174448 and rs174575 

219 when compared with major allele homozygotes has also been reported28. These associations 

220 with DHA have not been consistently shown in other studies27, 29. 

221 During infancy, desaturase activity decreases with age resulting in reduced synthesis of 

222 AA and DHA37.  Four studies investigated the role of child FADS genotype on PUFA 

223 product:precursor ratios. Of these studies, 3 studies reported that the presence of the minor 

224 allele for a range of SNPs was associated with a lower AA:DGLA ratio23, 28,38. Conversely, 
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225 Fahmida et al25 found that heterozyogotes for SNP 174468 had a higher AA:DGLA ratio 

226 compared to major allele homozygotes, indicating desaturase enzyme activity increased in the 

227 presence of genetic variation. This contrary finding may be owing to the smaller sample size, 

228 and possibly also to a lower incidence of the minor allele in the Indonesian population 

229 (MAF=0.19 for rs174468) compared to the minor allele frequency of the SNPs assessed in the 

230 European populations (MAF 0.14 to 0.81 depending on SNP)39.  

231 Three studies investigated the influence of maternal genotype on child PUFA status23, 

232 24, 40. Maternal genotype was associated with increased LA cord blood concentrations23, 24. 

233 Maternal genotype was also associated with decreased cord blood LCPUFA concentrations, 

234 specifically AA and DHA24 and lower AA:DGLA and EPA:ALA ratios23. Interestingly, child 

235 PUFA status at age 7 years was also found to be associated with maternal genotype with minor 

236 allele carrier mothers being associated with increased LA and decreased AA, EPA, DPA and 

237 DHA status in offspring aged 7 years old24. The associations observed between maternal 

238 genotype and child PUFA status may suggest that maternal genotype has a lasting influence on 

239 child PUFA status. There may be sex differences in the interaction between FADS genotype 

240 and PUFA status. Both boys and girls were found to have similar PUFA concentrations when 

241 they were major allele homozygotes; however, in minor allele homozygotes girls had lower 

242 DHA status than boys, and conversely minor allele homozygous boys had lower AA than 

243 girls24. It has previously been noted that women can synthesise more DHA from ALA than 

244 men41; therefore indicating sex and FADS genotype may interact. Future studies investigating 

245 the influence of FADS genotype on child PUFA status should consider the potential influence 

246 of sex. One randomised controlled trial investigated the influence of FADS genotype on child 

247 LCPUFA status following supplementation with either fish oil or placebo from birth to six 

248 months old42. Children in the fish oil supplemented group had significantly higher DHA status 

249 in minor allele homozygotes for all FADS1 SNPs compared to heterozygous and homozygous 
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250 major allele carriers. This finding was not observed in children of the placebo group, suggesting 

251 that increased intake of preformed LCPUFA is beneficial for biological status of these 

252 LCPUFA in minor allele homozygotes. Further research in the form of intervention studies are 

253 required to investigate whether increased LCPUFA intake will have a resultant increase in child 

254 biological status according to genotype. 

255

256

257 FADS genotype and child health outcomes 

258 PUFA status is linked to several health outcomes, with increased LCPUFA having beneficial 

259 effects on health. Given the influence of FADS genotype on PUFA concentrations, this impact 

260 of genotype has the potential to influence health outcomes. A total of 30 studies were identified 

261 with regard to the influence of FADS genotype on child health outcomes (Table 5). 

262 One of the most commonly investigated outcomes in relation to child FADS genotype 

263 is child cognition, with the current review identifying 13 relevant studies. All the included 

264 studies relating to cognition are observational in study design. Of these studies, some have 

265 reported no association between child FADS genotype and cognitive outcomes19, 25, 29-31. 

266 Nevertheless, when breastfeeding was also taken into consideration, being breastfed was shown 

267 to modify the effect of genotype on child cognition. Children who were major allele carriers 

268 and breastfed had higher IQ scores than major allele children who were not breastfed43, 44. In 

269 addition to interactions with child PUFA status, child sex has also been found to be involved 

270 in the interaction between child genotype and child cognition. Carriage of the minor allele for 

271 rs174448 was associated with lower reading scores in boys, but improved reading scores in 

272 girls27. Furthermore, in girls, minor allele carriage of rs174575 was associated with increased 

273 fine motor skills scores compared to major allele carriers, whilst in boys no difference in scores 

274 was observed between major and minor allele carriers. 
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275 The association between FADS genotype and allergy development in children has also 

276 been investigated. Observational evidence to date has had varied outcomes. Minor alleles of 

277 FADS SNPs were associated with an increase in eczema in children aged 2 years old in the 

278 LISA study26, but a decreased risk of eczema in a study conducted in 13 year olds in Sweden22. 

279 When the children of the LISA study were followed up again at age 10 years old an association 

280 between FADS minor alleles and eczema was no longer reported32. Some studies have found 

281 no overall association between FADS genotype and allergy development; however, when diet-

282 gene interactions are taken into consideration an association between genotype and allergies 

283 has been shown. In major allele homozygotes, an increased n-6:n-3 dietary intake has been 

284 associated with increased risk of hay-fever and higher margarine consumption associated with 

285 increased risk of asthma32. Furthermore, children with the minor allele for FADS SNPs who 

286 were exclusively breastfed had a reduced prevalence of asthma, whereas no association of 

287 breastfeeding was observed in major allele homozygotes45. This observation highlights that 

288 dietary intake may also play an important role in the association between FADS genotype and 

289 allergies. Further studies are required to investigate this association, perhaps in populations 

290 with a high PUFA status. 

291 Whilst some studies have examined the influence of maternal FADS genotype on child 

292 outcomes, the research to date has not shown a conclusive association between maternal FADS 

293 genotype and child cognition. Maternal minor allele carriage for a range of FADS SNPs has 

294 been found to be associated with improved cognitive scores, with both positive19, 46 and 

295 negative associations being reported19, 46, 47 depending on the FADS SNP being investigated. 

296 In contrast to this observation, others have found no associations between maternal FADS and 

297 child cognition having controlled for other confounders9, 31, 48. Maternal FADS genotype has 

298 been linked to birthweight and preterm delivery with observational studies indicating minor 

299 allele carriers had lighter babies and shorter pregnancies. In order to determine conclusively 
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300 the influence of FADS genotype, both maternal and child, on child outcomes further 

301 observational and intervention studies are required specifically designed to assess this in 

302 different populations. Such future studies should also take into consideration maternal PUFA 

303 status and FADS, as well as child PUFA status, FADS and sex as these too may have an 

304 influence on outcomes. 

305

306 Conclusion 

307 In conclusion, FADS genotype has an influence on the PUFA status of pregnant women, 

308 breastmilk, and children, as well as being linked to some child development and health 

309 outcomes. Minor allele carriers have consistently been shown to have lower PUFA status than 

310 major allele homozygotes, likely owing to the impaired efficiency of the elongation pathway 

311 observed with FADS genotype variation. It is not clear whether increased dietary intake of 

312 preformed LCPUFA will increase biological status and so further studies are needed to 

313 investigate the diet-gene interaction. Future studies should also focus on the influence of FADS 

314 on child health outcomes to explore the role genotype has on this, taking into consideration all 

315 factors, including PUFA status and FADS genotype of both the mother and child, as well as 

316 child sex, which may impact outcomes.  

317
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544 Table 1: PICOS criteria for inclusion and exclusion of studies 

Inclusion criteria Exclusion criteria 

Population Pregnant or lactating women, women of 

child bearing age, children 

Studies including adult males only will be 

excluded 

Intervention Fish oil supplements, intervention with 

fish, fatty acid supplements  

Study does not take into consideration fish oil 

supplements, intervention with fish, fatty acid 

supplements  

Comparison Studies with different FADS genotype 

groups 

Studies without comparison of FADS 

genotype groups 

Outcomes PUFA status of women during 

pregnancy, PUFA status of lactating 

mothers, PUFA status of breastmilk 

composition, child PUFA status, child 

development outcomes such as 

cognition, ADHD, allergies, immunity 

etc. 

Studies that measured outcomes other than 

PUFA status, or child health outcomes 

Study Design Observational studies, randomised 

controlled trials (RCTs), non-RCTs 

Animal study, in vitro study, drug study, 

chemical interaction study, laboratory study, 

food technology study, cell culture study, 

method development paper, research policy/ 

policy making, proof of concept, letters, 

editorials, commentaries, studies not 

published in the English language 

545 FADS: fatty acid desaturase; PUFA: polyunsaturated fatty acids; ADHD: attention deficit hyperactivity disorder

546

547
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Table 2: Associations between maternal FADS genotype and maternal PUFA status during pregnancy

Reference, (Country) Participants (Study type, 

n)

FADS gene, SNP Findings

de la Garza Puentes et al, 

2017 (Spain)11

Pregnant women; 24 wks 

gestation

(Cohort study, n=180)

FADS1 rs174537, rs174545, 

rs174546, rs174553, rs174547, 

rs174548, rs174561; FADS2 rs1535, 

rs174575, rs174583, rs99780, 

rs174602 

Minor allele carriers of rs174545, rs174537, rs174546 and rs174553 were negatively 

associated with AA:DGLA ratio. Minor allele carriers of rs174545, rs174546, and 

rs174553had significantly lower AA concentrations than major allele carriers 

Koletzko et al, 2011 

(England)12

Pregnant women; 4-44wks 

gestation 

(Longitudinal study, 

n=4457) 

FADS1 rs174548, rs174556, 

rs174561; Intergenic rs3834458, 

rs968567; FADS2 rs174570, 

rs174574, rs2727271, rs174576, 

rs174578, rs174579, rs174602, 

rs498793,  rs526126; Intergenic 

rs174448, rs174449; FADS3 

rs174455

Positive association between minor allele carriers and precursor FAs and a negative 

association with LCPUFA products. Minor allele carriers of rs174548, rs174556, 

rs174561, rs3834458, rs968567, rs174570, rs174574, rs2727271, rs174576, rs174579, 

rs174602, rs526126, rs174448, rs174449, rs174455 were negatively associated with 

product:substrate ratios for n-6 and n-3 pathways. Significant association of minor allele 

carriers with lower RBC DHA

Xie & Innis, 2008

(Canada)13 

Pregnant women; 16 & 

36wks gestation 

FADS1 intergenic rs174553; FADS2 

rs99780,  rs174575, rs174583

Minor allele homozygotes of rs174553, rs99780, and rs174583 had lower plasma 

phospholipid and erythrocyte concentrations of AA but higher concentrations of LA. 
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(Observational study, 

n=69) 

Minor allele carriers also had decreased n-6 and n-3 product:precursor ratios at both16 

and 36 weeks gestation.

Xie & Innis, 2010 

(Canada)14

Pregnant women;  16wks 

gestation (Observational 

study, n=69) 

FADS1 intergenic rs174553; FADS1 

rs99780; FADS2 rs174575, rs174583

Minor allele carriers of rs174553, rs99780 and rs174583 had lower AA and higher 

concentrations of LA and lower AA than major allele carriers.

Moltó-Puigmartí et al, 

2010 

(The Netherlands)15

Pregnant women; 36wks 

gestation 

(Observational study, 

n=309) 

FADS1 rs174561; FADS2 rs174575; 

Intergenic rs3834458

Minor allele homozygotes had significantly higher LA  and lower AA. For the n-3 fatty 

acids, higher ALA and lower EPA and DPA concentrations were observed, however 

these associations did not meet the same level of significance as the n-6 fatty acids. 

Yeates et al, 2015 

(Seychelles)9

Pregnant women and their 

offspring; 28wks gestation 

(Longitudinal study, 

n=1622) 

FADS1 rs174537, rs174561; FADS1-

FADS2 rs3834458; FADS2 rs174575

rs3834458 was significantly associated with AA and LA:AA ratio where an increasing 

number of variant alleles resulted in decreased AA concentrations. rs174575 minor allele 

carriers had a higher LA:AA ratio compared to major allele carriers, and lower AA 

concentrations. No significant associations were seen between genotype and EPA, DHA 

or ratio of ALA:EPA. 

Gonzalez-Casanova et al, 

2016 

(Mexico)17

Pregnant women and their 

offspring; 18 to 22wks 

gestation (RCT – baseline 

FADS1 rs174556; FADS2 rs174602, 

rs498793; FADS3 rs174455

Maternal rs174455, rs17456 and rs174602 were positively associated with maternal AA 

concentrations. rs174556 was positively associated with DHA whereas rs174602 was 

inversely associated with DHA. 
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data only for PUFA, 

n=654) 

Scholtz et al, 2015 

(USA)16

Pregnant women; 8 to 

20wks gestation 

(Intervention study, 

n=205) 

FADS1 rs174553; FADS2 rs174575 At enrolment, minor allele homozygotes for rs174553 was associated with significantly 

lower AA and DHA. rs174575 was not significantly associated with DHA or AA. 

At post intervention, for the placebo group associations did not change from enrolment. 

For those in the DHA supplemented group, minor allele homozygotes had lower AA 

concentrations than at enrolment. DHA concentrations increased from enrolment with 

supplementation for all genotypes. 

   Minor allele frequency (MAF) for each SNP shown in Table S1 

Page 27 of 59 Nutrition Reviews
270



For Review Only

28

Table 3: Associations between FADS genotype and breast milk PUFA status

Reference, (Country) Participants (Study type, 

n)

FADS, SNP Findings

Lattka et al, 2011 

(Germany)18

Lactating mothers 

(Observational study, 

n=772)

FADS1 rs174547, rs174556; FADS2 

rs174602, rs498793, rs526126; 

Intergenic FADS2/3 rs174626; 

FADS3 rs1000778, rs174455 

Minor allele carriers for rs174547 and rs174556 had lower concentrations of AA and 

AA:DGLA ratio in breastmilk compared to major allele carriers. 

Moltó-Puigmartí et al, 

2010 (The Netherlands)15

Lactating mothers 

(Observational study, 

n=309) 

FADS1 rs174561; FADS2 rs174575; 

Intergenic rs3834458

Higher LA and ALA, and lower AA and DHA proportions in breast milk in minor allele 

carriers than major allele carriers  

Myhaleckyj et al, 2018 

(Bangladesh)49

Mothers (Observational 

study, n=1142) 

FADS1 rs174556 Major allele carriers had increased AA concentrations compared to minor allele carriers. 

Morales et al, 2011 

(Spain)19 

Mother-child pairs (Birth 

cohort study, n=270)

FADS1 rs174537; FADS2 rs968567, 

rs2072114, rs526126, rs174626, 

rs174627; FADS3 rs174464, 

rs174468

Mothers who were minor allele carriers had lower levels of AA in colostrum for SNPs 

rs174537, rs174570, rs2072114, rs174602, rs526126, rs174626, rs174464. Major allele 

carriers for SNP rs174468 related to lower levels of AA. Minor allele carriers for 

rs174602 and rs174464 were associated with lower levels of DHA in colostrum. 

Muc et al, 2015 

(Denmark)20 

Mother-child pairs (Birth 

cohort study, n=109) 

FADS1 rs174546, rs174556 Mothers who were minor allele carriers for rs174546 and rs174556 had lower breastmilk 

AA concentrations. Breastmilk EPA concentrations were also lower in minor allele 

carriers for rs174546. 
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   Minor allele frequency (MAF) for each SNP shown in Table S1

Xie & Innis, 2008 

(Canada)13

Lactating women 

(Observational study, 

n=54) 

FADS1 intergenic rs174553; FADS2 

rs99780, rs174575, rs174583

Minor allele homozygote mothers for rs174553, rs99780, and rs174583 had lower AA, 

EPA and DPA breastmilk concentrations. Minor allele homozygotes for rs174575, 

rs99780 and rs174583 also had lower DHA breastmilk concentrations. 

Ding et al, 2016 (China)21 Lactating women 

(Observational study, 

n=209) 

FADS1 rs174547, rs174553; FADS2 

rs3834458, rs1535, rs174575, 

rs174602, rs498793; FADS3 

rs174450, rs1000778, rs7115739

Minor allele homozygotes for rs174547 and rs1535 had lower AA concentrations than 

major allele homozygotes. Rs1535 minor allele homozygotes also had lower GLA 

concentrations compared to major allele homozygotes. Higher concentrations of LA and 

ALA were reported in heterozygotes for rs1000778 compared to homozygous major 

allele carriers.
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Table 4: Associations between FADS genotype and child PUFA status

Reference, 

(Country)

Participants 

(Study type, n)

Maternal or child genotype; FADS, 

SNP 

Findings 

Anderson et al, 

2017 (Denmark)29

Children; 9 months old 

(Prospective cohort study, n=166) 

Child; FADS2 rs1535, rs174575; 

Intergenic rs174448

No association between DHA status and FADS genotype 

Barman et al, 2015 

(Sweden)22

Children;  birth & 13 years old 

(Birth cohort study, n=211) 

 

Child; Intergenic rs102275, rs174448 rs102275 and rs174448 minor allele carriers had decreased AA and increased DGLA 

proportions at birth. The ratio of AA:DGLA was also associated with minor alleles for 

both SNPs. At age 13 years, lower AA proportions were reported for minor allele 

carriers of rs102275, and a decrease in the AA:DGLA ratio was also reported for minor 

allele carriers of rs102275 and rs174448. 

Fahmida et al, 2015 

(Indonesia)25

Children; 2 years old (Baseline 

data from RCT, n=206) 

Child: FADS3 rs174468 Rs174468 heterozygous carriage significantly associated with increased concentrations 

of AA, total n-6 LCPUFA, ETA and AA:DGLA ratio compared to major allele 

homozygotes 

Glaser et al, 2011 

(Germany)50

Children; aged 2 and 6 years 

(Birth cohort study, n=331)  

Child; FADS1 rs174545, rs174546,  

rs174556, rs174561; FADS2 

rs3834458

Higher AA and DPA(n-6) concentrations in heterozygotes and minor allele homozygotes  

compared to major allele homozygotes for the SNPs analysed.  Minor allele carriers had 

lower concentrations of n-3 LCPUFA compared to those who were major allele 

homozygotes, however, there was no consistent trend for individual n-3 LCPUFA. 
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Harslof et al, 2013 

(Denmark)28

Infants; aged 9 months, and 3 

years (Cross-sectional study, 

n=409) 

Child; FADS2 rs1535, rs174575; 

Intergenic FADS2-FADS3 rs174448; 

Intergenic FADS1-FADS2 rs3834458

At 9 months old, minor allele homozygosity for rs1535 was associated with increased 

DHA status, whereas homozygosity for minor alleles of rs174448 and rs174575 was 

associated with decreased DHA status when compared with major allele homozygotes. 

For all SNPs there was increased DGLA in homozygous minor allele carriers. Minor 

allele carriage of rs1535 associated with increased ALA concentrations. The AA:DGLA 

ratio lowered with increasing number of minor alleles for all SNPs. When children were 

aged 3 years old, there were no associations between DHA and any of the FADS SNPs 

genotyped. 

Lattka et al, 2013 

(England)23

Infants; cord blood collected at 

delivery (Longitudinal study, 

n=2035) 

Mother and child; FADS1 rs174548, 

rs174556, rs174561; Intergenic 

rs3834458, rs968567; FADS2 

rs174570, rs174574, rs2727271, 

rs174576, rs174578, rs174579, 

rs174602, rs498793, rs526126; 

Intergenic rs174448, rs174449; FADS3 

rs174455

Minor allele significantly associated with higher amounts of cord blood LA for all SNPs 

for both mothers and children, except for rs498793 where this did not reach significance, 

and child rs526126 was also not significant. Higher cord levels of eicosadienoic acid and 

DGLA, and lower amounts of AA, adrenic acid, and DPA were also reported for 

maternal minor allele carriers for rs174548, rs174556, rs174561, rs3834458, rs174574, 

rs174576, rs174578 and rs526126. This was also found in children who were minor 

allele carriers for SNPs rs174548, rs174556, rs174561, rs3834458, rs174570, rs174574, 

rs2727271, rs174576, rs174578, rs174448, rs174449, rs174455. Presence of the minor 

allele in mothers was generally associated with lower concentrations of DHA in cord 

blood except for rs498793 which was associated with higher levels of DHA in cord 

blood. Children who were carriers of the minor allele for rs498793 had lower ALA 

concentrations, whereas results for all other SNPs showed associations with increased 
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ALA. In both mothers and children, minor allele carriage for all SNPs were associated 

with lower cord PUFA AA:DGLA and EPA: ALA ratios, except for rs498793 where the 

minor allele was associated with increased cord ratios. 

Lupu et al, 2015 

(USA)40

Toddlers; 16 months old 

(Observational study, n=65) 

Mother and child; FADS2 rs174575 Maternal genotype correlated with toddler plasma ALA and AA. ALA was associated 

with maternal genotype in girls only, whereas AA was only associated with maternal 

genotype in boys. Toddler PUFA status was not correlated with toddler genotype 

Steer et al, 2012 

(England)24

Children; cord blood at delivery, 

and aged 7 years old 

(Longitudinal study, n=5632) 

Mother and child FADS2 rs174575, 

rs1535

rs174575 and rs1535 minor allele carriage in both mothers and children was  associated 

with increased LA, and decreased AA and DHA in cord plasma. Maternal minor allele 

carriers of both SNPs associated with increased LA, and decreased AA, EPA, DPA, 

DHA in plasma from children aged 7 years old. Child minor allele carriage for both 

SNPs was associated with increased LA, EDA, DGLA, and decreased GLA, AA, DTA, 

BDPA, EPA, DPA, DHA in plasma of children when they were 7 years old. Interactions 

with gender were also examined. Similar fatty acid levels in homozygous minor allele 

boys and girls, but differences were seen between boys and girls for major allele carriers. 

Minor allele homozygote girls for rs174575 had lower DHA status than boys who were 

homozygous for the minor allele. 
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Rzehak et al, 2010 

(The Netherlands, 

Germany)26 

Children (Cohort study, n=879) Child; FADS1 rs174545, rs174546, 

rs174556, rs174561; FADS2 

rs3834458

All SNPs significantly associated with all fatty acids except for ALA and EPA. 

Wolters et al, 2017 

(Belgium, Cyprus, 

Estonia, Germany, 

Hungary, Italy, 

Spain, Sweden)38

Children; aged 2-10 years 

(Observational study, n=520) 

Child; FADS1 rs174546 Higher DGLA and lower AA and EPA levels were reported for minor allele carriers of 

rs174546 as well as a lower D5D activity as indicated by D5D index. 

Lauritzen et al, 

2017 (Denmark)27

Children; aged 8-11 years old 

(Cross-sectional study, n=765) 

Child; FADS2 rs1535, rs174448; 

FADS3 rs174468

No significant associations between whole blood DHA in school children. Minor allele 

carriage of rs1535 was associated with significantly lower AA concentrations compared 

to those who were major allele homozygous. For rs174448, minor allele carriers showed 

a trend towards decreased DHA status compared to major allele carriers. 

Meldrum et al, 

2017 (Australia)42 

Children; 6 months old (RCT, 

n=259) 

Child; FADS1 rs174545, rs174546, 

rs174548, rs174553, rs174556, 

rs174537; Intergenic - FADS1/FADS2 

rs174448, rs174449; FADS3 rs174455

Participants in the fish oil intervention who had FADS1 minor allele haplotype were 

associated with higher erythrocyte DHA concentrations. Minor allele homozygotes of all 

SNPs of the FADS1 gene had significantly higher DHA concentrations for those in the 

fish oil group only. 

Minor allele frequency (MAF) for each SNP shown in Table S1
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Table 5: Associations between FADS genotype and child outcomes

Reference, 

(Country)

Participants 

(Study type, n)

Maternal or child genotype; FADS, SNP Child outcome 

measured 

Findings  

Caspi et al, 2007 

(New Zealand & 

England)43

Children (Birth cohort 

study, n=3269)

Child; FADS2 rs174575, rs1535 IQ No associations between genotype and IQ. rs174575 and rs1535 

interact with breastfeeding to influence IQ, with major allele 

carriers who were breastfed having higher IQ scores than 

children who were not breastfed. 

Cheatham et al, 

2015 (USA)47

Mother-child pairs; 

children aged 16 

months 

(Observational, n=71) 

Maternal; FADS2 rs174575 Declarative memory 

abilities 

Minor allele carrier mothers for rs174575 SNP had toddlers who 

scored poorer in memory assessments than toddlers of 

homozygous major or heterozygous mothers.  

Jensen et al, 2014 

(Denmark)51

Children; 36 months 

old (Prospective 

cohort study, n=268)

Child; FADS2 rs1535, rs174575; Intergenic 

rs174448,  

Communication, 

gross motor, fine 

motor, problem 

solving, and 

personal/social skills 

There were no overall associations seen between FADS SNPs 

and outcomes. There were some FADS-sex interactions observed 

with the minor allele of rs1535 being associated with lower 

communication and problem solving scores in girls compared to 

boys. A minor allele of rs174448 and rs174575 had the opposite 

effect. 
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Lauritzen et al, 2017 

(Denmark)27

Children; 8-11 years 

old (Cross-sectional 

study, n=765) 

Child; FADS2 rs1535, rs174448; FADS3 rs174468 Reading test, d2 test 

of attention, 

concentration 

performance

rs174448 minor allele carriage was associated with lower 

attention and also lower reading scores in boys, but in girls the 

minor allele was associated with better reading scores in girls. In 

girls, rs174448 the minor allele was associated with higher 

reading scores, higher concentration performance and lower 

attention scores compared to those who were homozygous major 

allele carriers. In boys, minor allele carriers for rs174448 had 

higher attention, lower reading scores and lower concentration. 

For rs1535 minor allele carrying girls had higher attention 

scores, whereas minor allele carrying boys had lower scores. 

Martin et al, 2011 

(Australia)30

Adolescent twins; 16 

years old 

(Observational study, 

n=1431)

Adolescent and maternal; FADS2 rs174575, 

rs174583, rs1535 

IQ No association between FADS2 alleles and adolescent IQ. No 

significant interaction between FADS genotype and 

breastfeeding on IQ for any of the SNPs. There was no 

association between maternal FADS2 and child IQ at 16 years 

old. 

Morales et al, 2011 

(Spain)19

Mother-child pairs; 

children aged 14 

months and 4 years 

(Birth cohort study, 

n=740)

Maternal and child; FADS1 rs174537; FADS2 

rs968567, rs2072114, rs526126, rs174626, 

rs174627; FADS3 rs174464, rs174468 

Cognition Maternal minor allele carriage for SNPs rs968567, rs174627 and 

rs174464 was associated with higher child cognitive scores 

compared to major allele homozygotes. For rs174602, maternal 

minor allele carriers for rs174602 associated with lower 

cognitive scores in children compared to children of major allele 
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homozygous mothers. There were no significant associations 

between child FADS genotype and cognition. An interaction 

between genotype and breastfeeding was observed, with those 

children who were major allele homozygotes for rs174468 and 

had not been breastfed having lower scores for cognition . This 

effect was not seen in minor allele carriers for rs174468.

Rizzi et al, 2013 

(Belgium)44

Children; twins aged 

10 years old 

(Prospective study, 

n=534) 

Child; FADS2 rs174575, rs1535 IQ For rs174575 there was a trend towards higher IQ scores in 

breast-fed children than in not breastfed children who were 

major allele carriers. An interaction between genotype and 

breastfeeding indicated that rs1535 and breastfeeding were not 

significantly related to IQ, however a larger effect was seen in 

minor allele carriers compared to major allele homozygotes.  

Steer et al, 2010 

(England)48

Children; 8 years old 

(Longitudinal study, 

n=5934) 

Maternal and child; FADS2 rs174575, rs1535 IQ An interaction between breastfeeding and child genotype was 

associated with child IQ at 8 years of age. Minor allele carriers 

who were formula fed scored lowest whereas their breastfed 

counterparts scored similarly to breastfed children who were 

heterozygous or homozygous major allele carriers for both SNPs. 

No associations were seen between maternal genotype and child 

IQ, and no interaction with breastfeeding was found. 
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Steer et al, 2013 

(England)46

Mother-child pairs; 

Children aged 8 years 

old (Longitudinal 

study, n=2839) 

Maternal; FADS1 rs174548, rs174556,  rs174561; 

Intergenic rs3834458, rs968567 FADS2 rs174570, 

rs174574, rs2727271, rs174576, rs174578, 

rs174579, rs174602, rs498793, rs526126 Intergenic 

rs174448 rs174449; FADS3 rs174455

IQ Minor allele carriage of rs3834458 was positively associated 

with verbal, performance and full scale measures of IQ. There 

was a positive association between rs498793 and verbal 

measures for minor allele carriers, and also positive associations 

between rs968567 and performance in minor allele carriers. 

Negative associations were found between rs174578 and verbal 

measures, rs174548 and rs174455 and performance measures, 

and also between rs174574 and full scale measures for those with 

the minor allele. The minor allele for rs968567 was associated 

with increased scores for performance and full scale IQ 

measures. 

Yeates et al, 2015 

(Seychelles)9

Mothers and children  

(Longitudinal study, 

n=1622) 

Maternal; FADS1 rs174537, rs174561; FADS1-

FADS2 rs3834458; FADS2 rs174575

Neurodevelopmental 

outcomes 

No significant associations between maternal FADS genotype 

and child developmental outcomes were found. There was a 

trend for infants of rs3834458 minor allele carrying mothers to 

score higher on Psychomotor Developmental Index (PDI). 
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Anderson et al, 2017 

(Denmark)29

Children, 9 months 

old (Prospective 

cohort study, n=166) 

Child; FADS2 rs1535, rs174575; Intergenic 

rs174448 Gross motor,

Communication,  

Problem Solving, 

Fine motor, 

Personal-social 

skills 

No significant associations between FADS SNPs and 

developmental outcomes. There was a trend towards a significant 

negative association between personal and social skill score and 

presence of the minor allele carriage for rs1535 and rs174575. 

For rs174575, minor allele carrying girls had significantly higher 

fine motor scores compared to major allele homozygotes. Scores 

for boys did not differ between minor allele and major allele 

homozygous carriers. 

Fahmida et al, 2015 

(Indonesia)25

Children; 2 years old 

(Baseline data from 

RCT, n=206) 

Child; FADS3 rs174468 Cognition No significant difference in developmental scores between major 

allele homozygotes and minor allele carriers.  

Groen-Blokhuis et 

al, 2013 (The 

Netherlands)31

Children; twins 

(Longitudinal study, 

n=1313)  

Child; FADS2 rs174575 IQ, educational 

attainment, 

overactive 

behaviour, 

attention problems 

FADS gene polymorphisms not associated with any of the 

cognitive outcomes, and the relationship between breastfeeding 

and cognitive outcomes was not moderated by FADS gene SNPs. 

Rzehak et al, 2010 

(The Netherlands 

and Germany)26

Children; 2 years old  

(Cohort study, n=879)

Child; FADS1 rs174545, rs174546, rs174556, 

rs174561; FADS1-FADS2 rs3834458

Eczema No significant associations between SNPs and parental reported 

eczema in children aged 2 years old. The KOALA study found 

no significant associations between genotype and eczema. In the 
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LISA study all FADS1 FADS2 SNPs were significantly 

associated with eczema reported by parents in their children up 

to age 2. 

Standl et al, 2011 

(Germany)32

Children; aged 10 

years old (Prospective 

cohort study, n=2000) 

Child; FADS1 rs174545, rs174546, rs174556, 

rs174561, FADS1-FADS2 rs3834458; FADS2 

rs174575

Atopic diseases No significant association between FADS SNPs and prevalence 

of atopic diseases or allergic sensitization. There was an 

association between n-6:n-3 ratio and  increased risk of hayfever 

in major allele homozygotes for the 6 SNPs included in this 

study. Asthma was significantly positively associated with daily 

margarine intake in major allele homozygotes for each SNP. 

Barman et al, 2015 

(Sweden)22

Children; birth and 13 

years of age (Birth 

cohort study, n=211) 

Child; Intergenic rs102275, rs174448, Allergies Minor allele carriers of rs102275 and rs174448 had reduced risk 

of developing atopic eczema at age 13 compared to major allele 

homozygotes. No associations were found between FADS SNPs 

and respiratory allergy. 

Standl et al, 2012 

(Germany)45

Children; age 10 

years old (Prospective 

cohort study, n=2245) 

Child; FADS1 rs174545, rs174546, rs174556, 

rs174561, FADS1-FADS2 rs3834458; FADS2 

rs174575

Asthma There was a lower prevalence of asthma in minor allele carriers 

than major allele homozygotes, however, this effect was not 

significant. For all SNPs, children with the minor allele who 

were exclusively breastfed for a minimum of 3 months had a 

reduced prevalence of asthma, however there was no effect in 

major allele homozygotes. For SNPs rs174545, rs174546, 
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rs174556, rs174561 and rs3834458 reduction in asthma risk was 

greatest in those who were heterozygous or homozygous for the 

minor allele and who were exclusively breastfed for 3 or 4 

months after birth. The asthma risk was further reduced with 

longer exclusive breastfeeding for minor allele carriers of 

rs174575 only. 

 

Standl et al, 2012 

(Germany)52

Children; aged 10 

years old (Prospective 

birth cohort study, 

n=2006)

Child; FADS1 rs174545, rs174546, rs174556, 

rs174561, FADS1-FADS2 rs3834458; FADS2 

rs174575

Serum lipids and 

lipoproteins 

Minor allele homozygotes had lower total cholesterol and LDL 

compared to major allele homozygotes. Heterozygotes had lower 

HDL levels and higher triglyceride concentrations compared to 

major allele homozygotes. 

Moltó-Puigmarti et 

al, 2013 (The 

Netherlands)53

Children; 2 years old 

(Prospective birth 

cohort study, n=521)

Child; FADS1 rs174545, rs174546; rs174556, 

rs174561; FADS1-FADS2 rs3834458

Plasma cholesterol 

concentrations 

For all FADS SNPs minor allele carriers had lower total 

cholesterol compared to major allele homozygotes. Minor allele 

homozygotes for rs174546 and rs3834458 also had significantly 

lower HDLc concentrations than those who were homozygous 

for the major allele. 

Costea et al, 2014 

(Canada)54

Children; aged under 

19 years old (Case 

control, n=432) 

Child; FADS2 rs11230815, rs17831757, rs968567, 

rs174627

Crohns disease (CD) Children with higher dietary intake of n-6:n-3 ratio who were 

carriers of minor allele for FADS2 SNPs were more susceptible 

for Crohns disease 
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Hovsepian et al, 

2018 (Iran)55

Children (Case 

control, n=528) 

Child; FADS1 rs174547 Metabolic 

Syndrome 

In children with metabolic syndrome, there was a significantly 

higher prevalence of the minor allele for rs174547 than in those 

children without metabolic syndrome. 

Sun et al, 2018 

(China)56

Children (Case 

control, n=486)

Child; FADS2 rs526126 Autism spectrum 

disorder (ASD) 

The minor allele for FADS2 rs526126 was associated with 

decreased risk of ASD. 

Wolters et al, 2017 

(Belgium, Cyprus, 

Estonia, Germany, 

Hungary, Italy, 

Spain, Sweden)38 

 

Children; aged 2-10 

years (Observational 

study, n=520) 

Child; FADS1 rs174546 Blood pressure The presence of the minor allele had a lowering effect on blood 

pressure via an interaction with AA and BMI. There was no 

direct effect of the minor allele on blood pressure.  

Brookes et al, 2006 

(England)57

Children and 

adolescents (Case 

control, n=360) 

Child; FADS1 rs174545, rs174548 FADS2 rs498793 ADHD FADS2 rs498793 was associated with ADHD  

Golding et al, 2012 

(England)58

Children; 8 years old 

(Case control, 

n=7831) 

Child; FADS1 rs174548, rs174556, rs174561 

Intergenic FADS1-FADS2 rs3834458, rs968567 

FADS2 rs174570, rs1535, rs174574, rs174575, 

rs2727271, rs174576, rs174578, rs174579, 

Growing pains No associations between FADS genotype and incidence of 

reported growing pains.  
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rs174602, rs498793, rs526126 Intergenic FADS2-

FADS2 rs174448, rs174449 FADS3 rs174455

Muc et al, 2015 

(Denmark)20 

Mother-child pairs 

(Birth cohort study, 

n=109

Maternal and child; FADS1 rs174546, rs174556 Inflammatory 

markers

Maternal FADS SNP was negatively correlated with all 

cytokines analysed in infants with correlations being significant 

for IL-17 for both SNPs, and also for IL-10, IL-5 and PC1 for 

rs174556. There was no significant correlations between any of 

the cytokines and child FADS genotype.   

Moltó-Puigmarti et 

al, 2014 (The 

Netherlands)59

Mother-child pairs 

(Prospective birth 

cohort study, n=2669)

Maternal and child; FADS1 rs174556 Pregnancy duration 

and birthweight

Women who were minor allele homozygotes had significantly 

shorter pregnancies. There was no association between 

pregnancy duration and foetal genotype. Minor allele 

homozygous mothers had lighter children than major allele 

homozygote mothers. There was no significant association 

between foetal genotype and birthweight. 

Bernard et al, 2018 

(Singapore)60

Mothers and their 

offspring (Birth 

cohort study, n=898 

mothers, n=1103 

children) 

Maternal and child; FADS1 rs174546, rs174547, 

rs174548, rs174550; FADS2 rs174570, rs1535, 

rs2727270, rs174576, rs174577, rs174583, 

rs2851682, rs174593,  rs498793, rs174611, 

Gestation duration 

and birth size 

Both offspring and maternal FADS3 SNPs were associated with 

gestation duration. The minor allele for rs174450 in both mothers 

and offspring was associated with shorter gestation. Minor allele 

homozygote mothers for rs174450 also had quicker delivery after 

spontaneous labour compared with major allele homozygotes.  
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rs174618, rs17156506; FADS3 rs174450, 

rs1000778, rs174455 

Liu et al, 2012 

(USA)61

Mothers 

(Observational study, 

n=1110) 

Maternal; FADS1 rs2072114, rs7119667 Preterm delivery Minor allele carriers of rs2072114 and rs7119667 were more 

likely to have a  preterm delivery.

Gonzalez-Casanova 

et al, 2016 

(Mexico)17 

Women and their 

offspring (RCT, 

n=654)  

Maternal; FADS1 rs174556 FADS2 rs174602, 

rs498793; FADS3 rs174455

Birth weight Children who had mothers who were minor allele carriers for 

rs174602 and were in the DHA supplemented group were 

heavier than children whose mothers were in the placebo group. 

There were no associations between birthweight and any of the 

other SNPs.  

Minor allele frequency (MAF) for each SNP shown in Table S1
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Figure 1: Endogenous synthesis of long chain polyunsaturated fatty acids (LC-PUFA) 

(Amended from Yeates et al9). †FADS2 SNPs include: rs174537, rs174545, rs174546, rs174547, rs174548, 

rs174550, rs174553, rs174556, rs174561, rs2072114, rs7119667; *FADS2 SNPs include: rs11230815, rs1535, rs17156506, 

rs174570, rs174574, rs174575, rs174576, rs174577, rs174578, rs174579, rs174583, rs174602, rs174611, rs174618, 

rs174627, rs17831757, rs2727270, rs2727271, rs2851682, rs498793, rs526126; Intergenic SNPs include: rs102275, 

rs174448, rs174449, rs14626, rs3834458, rs968567
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Figure 2: Prisma flow diagram *studies considered to be not suitable included reviews, conference 

proceedings, abstract only, meta-analysis, book chapter, or the full text was not available  

Records identified through database searching;
Medline n=1315
PubMed n=1231
Embase n=1461

Cochrane Library n=53
CINAHL Plus n=99

Scopus n=2470
Web of Science n=1309

(Total n = 10860  )

Records screened after removal of 
duplicates 
(n = 3574 )

Full-text articles assessed for 
eligibility
(n = 271  )

Full-text articles excluded
Not in English n=9 

Not suitable type of study* n=80
Did not include FADS genotype 

n=55
Not human studies n=18 

Not suitable population n=64
(n = 226  )

Studies included in review
(n = 45  )

Duplicates removed 
(n = 7286)
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Supplementary files 

Table S1: Global minor allele frequency (MAF) for SNPs included in current review 

SNP Global MAF
rs1000778 0.523
rs102275 0.493
rs11230815 0.932
rs1474553 0.455
rs1535 0.322
rs17156506 0.057
rs174448 0.596
rs174449 0.515
rs174450 0.435
rs174455 0.407
rs174464 0.519
rs174468 0.163
rs174537 0.303
rs174545 0.298
rs174546 0.298
rs174547 0.298
rs174548 0.327
rs174550 0.298
rs174553 0.297
rs174556 0.72
rs174561 0.28
rs174570 0.228
rs174574 0.53
rs174575 0.209
rs174576 0.363
rs174577 0.392
rs174578 0.393
rs174579 0.135
rs174583 0.369
rs174593 0.207
rs174602 0.423
rs174611 0.116
rs174618 0.349
rs174626 0.481
rs174627 0.054
rs17831757 0.057
rs2072114 0.195
rs2727270 0.163
rs2727271 0.163
rs2851682 0.149
rs3834458 0.296
rs498793 0.687
rs526126 0.68
rs7115739 0.759
rs7119667 0.024
rs968567 0.053
rs99780 0.397

Global MAF according to “1000Genomes” data available from dbSNP at www.ncbi.nlm.nih.gov
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Supplementary file S1 

Appendix 1

Keywords/ search terms for influence of FADS on PUFA status during pregnancy: 

“fatty acid desaturase*”or FADS or “delta-5 desaturase*” or “delta 5 desaturase*” or “delta-6 

desaturase*” or “delta 6 desaturase*” or desaturase* or FADS1 or FADS2 or FADS3 or 

FADS*

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentaenoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “?linolenic acid*” or “?-linolenic acid*” or “α-linolenic acid*” or “α 

linolenic acid*” or “a-linolenic acid*” or “a linolenic acid*” or “linolenic acid*”or “linoleic 

acid*” or “omega 3” or “omega-3” or “omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or 

“n 6” or “n3” or “n6” or “20:5n-3” or “22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or 

“20:5 n-3” or “22:6 n-3” or “20:4 n-6” or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” 

or LCPUFA or “LC-PUFA” or “long-chain PUFA*” or “long chain PUFA*” or “long-chain 

polyunsaturated fatty acid*” or “fatty acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or “n-6 

fatty acid*” or “n 6 fatty acid*” or “long* chain polyunsaturated fatty acid*” or “long*-chain 

polyunsaturated fatty acid*” or “long* chain fatty acid*” or “long*-chain fatty acid*”

AND pregnan* or “pregnant wom#n” or childbearing or mother* or matern* or gestat* or 

“child bearing” 
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Keywords/ search terms for influence of FADS on breast milk PUFA composition 

“fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta 5 desaturase” or “delta-6 

desaturase” or “delta 6 desaturase” or “desaturase” or FADS1 or FADS2 or FADS3 or 

FADS*

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or “a 

linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” or 

“omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or “20:5n-3” or 

“22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 n-3” or “20:4 n-6” 

or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or “LC-PUFA” or “long-

chain PUFA*” or “long chain PUFA*” or “long-chain polyunsaturated fatty acid*” or “fatty 

acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or “n-6 fatty acid*” or “n 6 fatty acid*” or 

“long* chain polyunsaturated fatty acid*” or “long* chain fatty acid*” 

AND breastmilk or “breast milk” or breastfeeding or “human milk” or “breast feed*” or 

breastfed or “breast fed” or lactat* or “lactat* wom#n” 

Keywords/ search terms for influence of FADS on child PUFA status: 

“fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta 5 desaturase” or “delta-6 

desaturase” or “delta 6 desaturase” or “desaturase” or FADS1 or FADS2 or FADS3 or 

FADS*
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AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or “a 

linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” or 

“omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or “20:5n-3” or 

“22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 n-3” or “20:4 n-6” 

or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or “LC-PUFA” or “long-

chain PUFA*” or “long chain PUFA*” or “long-chain polyunsaturated fatty acid*” or “fatty 

acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or “n-6 fatty acid*” or “n 6 fatty acid*” or 

“long* chain polyunsaturated fatty acid*” or “long* chain fatty acid*” 

AND child* or infan* or toddler* or baby or newborn* or “new born*” or paediatric* or 

pediatric* or neonat* or boy* or girl* or minor or minor* or underage* or “under age” or 

juvenile* or youth* or offspring* or “preschool child*” or “pre school child” or “fetal blood” 

or “foetal blood” or “cord blood” or babies 

Keywords/ search terms for influence of FADS on child outcomes: 

AND “fatty acid desaturase*”or FADS or “delta-5 desaturase” or “delta-6 desaturase” 

AND “polyunsaturated fatty acid*” or PUFA or EPA or DHA or AA or ALA or LA or 

“eicosapentanoic acid*” or “docosahexaenoic acid*” or “arachidonic acid*” or “alpha-

linolenic acid*” or “#-linolenic acid*” or “α-linolenic acid*” or “a-linolenic acid*” or “a 

linolenic acid*” or “linolenic acid*”or “linoleic acid*” or “omega 3” or “omega-3” or 

“omega 6” or “omega-6” or “n-3” or “n-6” or “n 3” or “n 6” or “n3” or “n6” or “20:5n-3” or 
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“22:6n-3” or “20:4n-6” or “18:3n-3” or “18:2n-6” or “20:5 n-3” or “22:6 n-3” or “20:4 n-6” 

or “18:3 n-3” or “18:2 n-6” or “essential fatty acid*” or LCPUFA or “LC-PUFA” or “long-

chain PUFA*” or “long chain PUFA*” or “long-chain polyunsaturated fatty acid*” or “fatty 

acid*” or “n-3 fatty acid*” or “n 3 fatty acid*” or “n-6 fatty acid*” or “n 6 fatty acid*” or 

“long* chain polyunsaturated fatty acid*” or “long* chain fatty acid*” 

AND “child* outcome*” or “child* develop*” or “child* IQ” or “child* intelligen*” or 

“child* cognit*” or “child* allerg*” or “child* ADHD*” or “attention deficit hyperactivity 

disorder”or “immun*” or “birth weight” or birthweight or “child* behavio*” or childhood or 

“child* growth” or “cogniti* develop*” or cogniti* or asthma* or immunity or “immun* 

function*” or “immun* system*” or “immun* response*” or child adj1 (outcome* or 

develop* or IQ or intelligen* or allerg* or ADHD or “attention deficit hyperactivity disorder” 

or immun* or behavio* or growth) 
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PRISMA 2009 Checklist

Section/topic # Checklist item Reported on 
page # 

TITLE 
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions 
and implications of key findings; systematic review registration number. 

1

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. 4

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS). 

4-5

METHODS 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number. 
Protocol not 
registered

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale. 

4-5

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

4-5

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

Supplementary 
files, 
Appendix 1

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

5-6

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators. 

5

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

5

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis. 

6

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). N/A

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis. 

N/A
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PRISMA 2009 Checklist

Page 1 of 2 

Section/topic # Checklist item Reported 
on page # 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 

6

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 

N/A

RESULTS 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram. 
Figure 2

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 

25-43

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). N/A

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 

25-43

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. N/A

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 6-7

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers). 
7-13

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 

6-7

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 13

FUNDING 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review. 
14

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097 

For more information, visit: www.prisma-statement.org. 
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List of presentations 

June 2018 

OC 

“The influence of fish consumption on polyunsaturated fatty acid 

status” Nutrition Society Irish Section Summer Meeting, Ulster 

University, Coleraine, Northern Ireland  

June 2018 

P 

“The influence of fish consumption on biomarkers of inflammation 

and oxidative stress” PhD Festival of Research, Ulster University, 

Coleraine, Northern Ireland   

May 2018 

P 

“The influence of fish consumption on polyunsaturated fatty acid 

status” International Society for the Study of Fatty Acids and 

Lipids (ISSFAL) Conference, MGM Grand Hotel, Las Vegas, 

USA  

February 

2018 

OC 

“Dietary patterns as predictors of polyunsaturated fatty acid status 

(PUFA) in a high fish eating cohort” Nutrition Society Irish 

Section Postgraduate Conference, Stormont Hotel, Belfast, 

Northern Ireland  

October 2017 

P 

“Fish consumption as a predictor of polyunsaturated fatty acid 

(PUFA) status in a cohort of pregnant women in the Republic of 

Seychelles” Max-Rubner Conference, Karlsruhe, Germany   

February 

2016 

OC 

“Factors influencing the biological status of polyunsaturated fatty 

acids (PUFA): Implications for pregnancy and child development” 

Nutrition Society Irish Section Postgraduate Conference, 

Radisson Blu Hotel, Little Island, Cork, Ireland  

OC, Oral Communication 

P, Poster  
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