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Abstract: Fish is a source of several nutrients that are important for healthy foetal 

development. Guidelines from Australia, Europe and the USA encourage fish consumption 

during pregnancy. The potential for contamination by heavy metals, as well as risk of 

listeriosis requires careful consideration of the shaping of dietary messages related to fish 

intake during pregnancy. This review critically evaluates literature on fish intake in pregnant 

women, with a focus on the association between neurodevelopmental outcomes in the 

offspring and maternal fish intake during pregnancy. Peer-reviewed journal articles 

published between January 2000 and March 2014 were included. Eligible studies included 

those of healthy pregnant women who had experienced full term births and those that had 

measured fish or seafood intake and assessed neurodevelopmental outcomes in offspring. 

Medline, Scopus, Web of Science, ScienceDirect and the Cochrane Library were searched 

using the search terms: pregnant, neurodevelopment, cognition, fish and seafood. Of  

279 papers sourced, eight were included in the final review. Due to heterogeneity in 

methodology and measured outcomes, a qualitative comparison of study findings was 

conducted. This review indicates that the benefits of diets providing moderate amounts of 

fish during pregnancy outweigh potential detrimental effects in regards to offspring 

neurodevelopment. It is important that the type of fish consumed is low in mercury. 
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1. Introduction 

Fish is a source of several nutrients that are important during pregnancy for healthy foetal 

development including iodine, long chain omega-3 polyunsaturated fatty acids (LCn-3PUFAs), and 

vitamins A, D and B12 [1]. Guidelines from Australia [2], Europe [3] and the USA [4] encourage the 

consumption of fish during pregnancy. Recent studies indicate that pregnant women lack sufficient 

knowledge regarding the importance of iodine and LCn-3 PUFAs [5,6], nutrients that are present in fish 

and seafood. In addition, it appears Australian women are falling short of LCn-3PUFA intake 

recommendations during pregnancy [6,7]. On average, Australian women are consuming 33 g of fish 

per day and pregnant women an average of 28 g of fish per day, below Food Standards Australia New 

Zealand (FSANZ) recommended intakes [8]. As well as being a source of essential nutrients, fish are 

also a potential source of contaminants including mercury, polychlorinated biphenyls and dioxins [9]. 

Guidelines emphasising the health risks of methyl-mercury, with little mention of important nutrients 

found in fish, may be contributing to women consuming less than the recommended fish servings during 

pregnancy [10]. Thus the risks and benefits resulting from fish consumption need to be considered and 

scientific evidence should direct advice given to pregnant women to help them make the safest choice.  

There are many documented health benefits from fish consumption with regard to foetal health, 

including improved neurodevelopment, increased birth weight and a reduced risk of spontaneous 

abortion [11,12]. This review focuses on neurodevelopmental outcomes for the foetus as much of the 

published research into fish consumption during pregnancy has focused on methyl-mercury,  

LCn-3PUFAs and iodine, all known to impact foetal neurodevelopment [13,14]. The aim of this review 

was to critically appraise literature investigating fish intake in pregnant women to assess the hypothesis 

that fish consumption during pregnancy positively influences foetal neurodevelopment. This review 

concludes with a discussion highlighting some of the methodological issues in researching associations 

between diet and infant neurodevelopment.  

2. Experimental Section  

2.1. Eligibility Criteria  

Articles published in peer-reviewed journals between January 2000 and March 2014 were included 

in this review. Eligible studies were those with healthy pregnant women, full term births and offspring 

with no anomalies or diseases. Articles that investigated the relationship between the maternal 

consumption of fish or seafood and neurodevelopmental outcomes in offspring were included. Animal 

studies, studies not reported in English, and studies of populations exposed to contaminants were 

excluded. Articles directed at identifying suitable models to explain the relationship between 

components in fish or developing tools to analyse the risk-benefit of fish consumption without measuring 

neurodevelopmental outcomes were not deemed eligible for this review.  

2.2. Search Strategy 

Medline, Scopus, Web of Science, ScienceDirect and the Cochrane Library were searched using 

terms outlined in Table 1.  
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Table 1. Database search strategy. 

 Search terms Keywords searched BOOLEAN operator 

Term 1 Pregnant or pregnancy Pregnan* AND 

Term 2 Fish or seafood 
Fish  

seafood 

OR 

AND 

Term 3 

Neurodevelopment or 

neurodevelopmental or 

cognition or cognitive 

Neurodevelopment* 

cogniti* 
OR 

The Dietitians Association of Australia Process Manual for review of the Australian Dietary 

Guidelines [15] was the basis for reviewing the articles and guided the concluding evidence statement. 

The quality rating of the studies eligible for review was assessed based on the NHMRC guidelines for 

review of scientific literature [16]. 

3. Results  

The initial search identified 279 articles after duplicates were removed, eight of which were suitable 

for inclusion. The PRISMA statement process was followed [17] as shown in Figure 1. 

 

Figure 1. Flow diagram for inclusion of journal articles [17]. 

The search strategy did not yield any randomised controlled trials of fish intake in pregnant women 

and associated foetal neurodevelopmental outcomes. All eight studies included in the final review were 

observational in design. A summary of these articles and their quality rating is presented in Table 2.
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Table 2. Summary and quality rating for reviewed articles. 

Reference Daniels et al., 2004 [18] Oken et al., 2005 [19] Hibbeln et al., 2007 [20] Gale et al., 2008 [21] 

Type of study 

Observational cohort (Avon 

Longitudinal Study of Parents and 

Children-ALSPAC) 

Prospective cohort 

(Project Viva) 
Observational cohort (ALSPAC) Observational cohort 

NHMRC Level 

of evidence [20] 
Level III-3 Level III-3 Level III-3 Level III-3 

Population 
Pregnant women living in Bristol & 

surrounds, United Kingdom (UK). 

Pregnant women recruited in 

Massachusetts, United States of 

America (USA) 

Pregnant women in Bristol & 

surrounds, UK. 

Pregnant women recruited in 

Southampton, UK. 

N—sample size 7421 mother-child pairs. 135 mother-child pairs 5449 children assessed. 217 mother-child pairs. 

Method 

Measured fish intake during at 32 

weeks gestation by Food Frequency 

Questionnaire (FFQ) during. 

Breastfeeding, child fish consumption, 

maternal dental & lifestyle 

questionnaires. 

Neurodevelopmental testing of child 

completed by mother using ALSPAC 

adaption of the MacArthur 

Communicative Development 

Inventory (MCDI) at 15 months and 

Denver Developmental Screening Test 

(DDST) at 18 months of age. 

Fish and seafood intake measured via 

a validated FFQ (calibrated for  

LCn-3PUFAs in blood) at 28 weeks 

gestation. 

Infant cognition measured using 

Visual Recognition Memory (VRM) 

paradigm at 6 months of age. 

  

Seafood consumption assessed at 

32 weeks gestation via FFQ. 

Postal questionnaires on diet, 

education, social, behavioural and 

developmental outcomes at child 

age: 6, 18, 30, 42, and 81 months. 

Wechsler Intelligence Scale for 

Children III used to assess 

Intelligence Quotient (IQ) at  

8 years and Strengths and 

Difficulties Questionnaire (SDQ) 

conducted. Presented as 

percentage of children in the 

lowest quartile for WISC-III and 

ALSPAC development test 

subscales or in the suboptimum 

range of behavioural scores for the 

SDQ. Tested at 42 months, 7 and 

8 years. 

Two FFQs during pregnancy (at 15 

weeks and 32 weeks) were used to 

estimate fish intake in early and late 

pregnancy. 

Cognitive & behavioural outcomes in 

offspring at 9 years using the Wechsler 

Abbreviated Scale of Intelligence. The 

SDQ was used to measure maladaptive 

behaviour. 

  



Nutrients 2015, 7 2005 

 

Table 2. Cont. 

Intervention/ 

comparator 

Fish intake: rarely/never, once a 

fortnight, 1–3 times per week, 4 or 

more times per week. 

Assumed each fish serve was 4.5 

ounces (~0 g, 64 g, 255 g and 510 g  

per week). 

Second trimester fish servings: more 

than 2 weekly fish servings compared 

to 2 or less. 

Did not convert servings to grams. 

Comparing no seafood intake and 

1–340 g per week with more than 

340 g per week 

(3 servings is estimated as 340 g). 

  

Fish servings per week in early and 

late pregnancy: 

never, less than 1, 1–2 times, 3 or 

more times. 

Oily fish servings in both early and 

late pregnancy: never, less than 1, 1 or 

more. 

Amount not specified in grams 

Outcome 

 

 

Fish consumption during pregnancy 

resulted in modest but significant 

improvement in developmental scores 

for language & social activity at  

15–18 months age. 

Odds ratio (OR) and 95% confidence 

interval (CI) for high test score for 

MCDI: 

Vocabulary comprehension = 1.5  

(1.1–2.0) for one or more serves 

compared to no serves. 

Social activity = 1.6 (1.2–2.2) for 

1/fortnight, 1.7 (1.3–2.2) for 1–3/week 

and 1.8 (1.4–2.4) for 4+ serves/week 

compared to no serves. 

Non-significant increase in VRM of 

2.8 points for each additional weekly 

fish serving (95% CI = 0.2 to 5.4). 

When mercury confounder was 

adjusted for, this association became 

significant: 4.0 (1.3 to 6.7). 

  

Mothers consuming greater than 2 

fish serves per week had infants with 

the greatest VRM scores. 

Seafood intake during pregnancy 

was associated with a significant 

reduction in percentage of children 

with suboptimal IQ and behaviour 

test scores in 9 of 23 outcomes. 

Non-seafood consumers during 

pregnancy had children who 

scored lower on tests of verbal IQ 

at 8 years: OR (CI) for no seafood 

= 1.48 (1.16–1.90); some seafood 

1.09 (0.92–1.20) compared with 

>340 g per week [overall trend:  

p = 0.004]. 

  

Oily fish consumption more than once 

per week versus no oily fish reduced 

the risk of hyperactivity. 

No association with fish consumption 

in early pregnancy and full scale IQ, 

however, total fish intake in late 

pregnancy of 1 to 2 serves per week 

was associated with having a child 

with higher IQ at age 9 years. 

Higher intakes (3 or more serves per 

week) did not show a statistically 

significant improvement. 

Regression coefficients (95% CI) for 

fish consumption and full scale IQ: 

less than once per week vs. no fish = 

7.76 (0.38 to 15.1), once or twice per 

week vs. no fish = 6.91 (0.19 to 13.6). 

Verbal IQ & fish consumption: 

Increase of 7.32 (0.26 to 14.4) with 

fish consumption once or twice per 

week. 8.07 (0.28 to 15.9) with three or 

more serves per week. 

Quality Neutral Positive Neutral Positive 



Nutrients 2015, 7 2006 

 

Table 2. Cont. 

Reference Oken et al., 2008 [22] Oken et al., 2008 [23] Mendez et al., 2009 [24] Suzuki et al., 2010 [25] 

Type of study Prospective population-based cohort Prospective cohort (Project Viva) Prospective birth cohort Birth cohort study 

NHMRC Level 

of evidence [20] 
Level III-3 Level III-3 Level III-3 Level III-3 

Population 
Pregnant women recruited throughout 

Denmark. 

Pregnant women recruited in 

Massachusetts, USA. 

Pregnant women living in Menorca, 

Spain. 

Pregnant women recruited in 

Japan. 

N—sample size 25,446 mothers-child pairs. 341 mother-child pairs. 392 mother-child pairs 498 mother-infant pairs 

Method 

Validated FFQ conducted at 25 weeks 

gestation to estimate fish intake. 

Standardised interview with mother 

used to assess child neurodevelopment 

at 6 and 18 months. Measured the odds 

of improved development scores due to 

fish intake. No individual comparison 

for each category— 

pooled estimate only. 

Fish intake during pregnancy 

estimated via semi-quantitative FFQ. 

Peabody Picture Vocabulary Test 

(PPVT) and Wide Range Assessment 

of Visual Motor Abilities 

(WRAVMA) tested at ~38 months 

age of child and analysed for 

association with fish intake. 

  

  

  

FFQ of typical diet during pregnancy 

completed 3 months after delivery and 

fish and shellfish/squid intake 

estimated. 

Neurodevelopment (as well as diet and 

physical activity) assessed when child 

was 4 years of age using the McCarthy 

Scales of Children’s Abilities (MCSA) 

tests—global cognitive scale & 5 

subscales (perceptive-performance, 

memory, verbal, quantitative and 

motor). 

Fish intake measured via FFQ 4 

days after birth of child. Trained 

examiners conducted 

Neurodevelopmental testing of 

child was completed via a 

Neonatal Behavioural Assessment 

3 days post birth (28 behavioural 

& 18 reflex items). 

Comparator 

and 

Comparison 

Fish intake in quintiles 

Weekly servings 

Categories: no fish (0 g), 1–2 servings 

(1–340 g per week), or 3 or more 

servings per week (over 340 g). 

Fish consumption: 

No fish serves, less than or equal to 2 

servings per week, greater than 2 

servings per week. 

  

Maternal fish intake of more than 2–3 

times per week compared to up to once 

per week. 

No mention of intake in grams. 

  

Maternal seafood intake in grams 

(average intake = 300–360 g  

per week). 
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Table 2. Cont. 

Outcome 

  

  

Highest 3 quintiles of fish intake 

resulted in improved motor, 

social/cognitive and total development 

scores at 18 months: 

OR (95%CI) = 1.28 (1.20, 1.38) for 

highest versus lowest quintile. 

  

This association was less obvious at 6 

months (only the highest quintile 

showed significant improvement). 

  

Offspring of women who ate fish 

more than twice a week scored 

significantly higher on WRAVMA 

drawing and total scores compared 

with no serves. 

OR (95%CI) for WRAVMA drawing 

= 6.0 (1.8, 10.2) for more than two 

serves per week compared with  

no serves. 

WRAVMA total score = 5.3 (0.9, 

9.6) for more than two serves per 

week compared to no serves. 

Pregnant women fish consumption 

greater than 2–3 times per week had 

children with significantly higher 

cognition and motor development 

scores compared to women consuming 

fish less than once a week. This 

association was only significant in 

children breastfed for up to 6 months. 

Greater than 3 serves per week was not 

associated with improved outcomes. 

Seafood intake weakly (p = 0.1) 

correlated with motor 

development. Other measures of 

neurodevelopment not significant 

in either direction. 

  

  

Quality Neutral Positive Positive Neutral 
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Studies were heterogeneous in methodology in regard to the covariates, neurological assessment 

tools, length of follow up statistical analyses. In addition, the type and amounts of fish consumed differed 

across study locations. Due to this heterogeneity a qualitative rather than quantitative approach was 

deemed appropriate for comparison and presentation of findings. 

A study by Oken et al. tested children at six months of age using Visual Recognition Memory (VRM) 

paradigm and found a significant improvement of 2.8 points for each additional serving of fish (85–140 g) 

consumed by the mother during pregnancy [19]. Mendez et al. found that the length of breastfeeding 

influenced whether a significant difference was found in offspring neurodevelopment when comparing 

high and low fish intakes during pregnancy [24]. Authors reported that fish consumption two to three 

times per week during pregnancy was beneficial for children who were breastfed for less than six 

months. However, no statistical improvement was indicated for those children who were breastfed for 

longer than six months [24]. Gale et al. demonstrated no adverse effects on offspring neurodevelopment 

with maternal fish consumption during pregnancy equal to or greater than once per week. This study 

reported an improved verbal Intelligence Quotient (IQ) in offspring aged nine years in children born to 

mothers who consumed up to two servings of fish per week compared with children born to mothers 

who had not consumed any fish during late pregnancy (32 weeks gestation). This association was not 

significant for fish consumption in early pregnancy (15 weeks gestation) suggesting that fish 

consumption may be of more benefit during the third trimester [21].  

A report from the Avon Longitudinal Study of Parents and Children (ALSPAC) found that fish 

consumption during pregnancy of one to three servings per week was shown to provide a modest but 

significant improvement in developmental scores of the offspring for language and social activity at 

fifteen to eighteen months of age [18]. A longer follow up of the ALSPAC cohort demonstrated a 

reduction in the percentage of children with suboptimal IQ at eight years of age amongst mothers with 

a high seafood intake (greater than 340 g) during pregnancy [20].  

A smaller (n = 498) Japanese study did not demonstrate a positive or negative association between 

maternal fish intake during pregnancy and neurodevelopment as measured by the Neonatal Behavioural 

Assessment tool in infants at three days of age [25]. Conversely, results from a US cohort study 

demonstrated a significant improvement in IQ with consumption of more than two maternal servings of 

fish intake per week as assessed via ‘milestone’ achievement in children aged six months and eighteen 

months [23]. Results from a large Danish national birth cohort (n = 25,446) indicated a significant 

improvement in motor, cognitive and total developmental scores for eighteen month old children who 

were born to women within the highest three quintiles of fish intake during pregnancy. At six months, 

this improvement was only significant for children of women in the highest quintile of fish consumption, 

suggesting that age of testing may be relevant [22]. 

The overall quality rating score for the reviewed studies are presented in Table 2. The eight eligible 

studies were graded as negative, neutral or positive overall based on NHMRC guidelines for scientific 

literature reviews [16]. All studies were found to be either positive or neutral in regards to quality rating. 

Seven of the eight reviewed articles showed a beneficial impact on certain measures of offspring 

neurodevelopment with fish intake ranging from less than one to three or more servings of fish per week. 

Thus, the evidence in these cohort studies supports the current recommendations for fish consumption 

during pregnancy [2–4]. The level of this evidence is Grade C as per the ratings outlined in Table 3, 
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adapted from Williams et al. [15] indicating that the body of evidence is supportive of fish intake  

during pregnancy.  

Table 3. Evidence Rating Table [13]. 

Component Rating Comments 

Evidence Base Satisfactory NHMRC Level III (cohort studies) with moderate risk of bias [20]. 

Consistency Good 
Seven out of eight studies demonstrated a positive association between 

fish intake and foetal neurodevelopment. 

Clinical impact Satisfactory 
Trend towards improved neurodevelopment with significant results in 

several domains. 

Generalisability Good All studies in pregnant women. 

Applicability Poor 
A variety of populations studied from different countries where type of 

fish and the level of contaminants would likely vary. 

4. Discussion  

This systematic review of observational cohort studies demonstrates an association between 

consumption of one or more servings of fish per week during pregnancy and better offspring 

neurodevelopment outcomes. Suzuki et al. [21] was the only study to report a neutral effect of seafood 

intake on all neurodevelopmental outcomes. However, in that study neurodevelopment was assessed 

when the infant was only three days old. The seven studies, which demonstrated a benefit in 

neurodevelopment, had a follow up time ranging from six months to nine years. Thus it is possible that 

longer follow up may be needed to determine significant associations. This concept is supported by  

   Oken et al. which found an improvement in neurodevelopmental scores at six months in only the 

highest quintile of fish intake while this improvement was evident in the highest three quintiles at 

eighteen months [22]. 

Mendez et al. [24] found that seafood consumption that excluded fish intake had a detrimental effect 

on neurodevelopment, while fish intake alone led to improved outcomes. Thus it is possible that the 

study of Suzuki et al. [25] may have detected a benefit had fish been considered separately from total 

seafood. Gale et al. [21] reported differences in outcomes associated with oily fish intake and total fish 

intake in early compared to late pregnancy. This suggests that the type of fish and timing of consumption 

during pregnancy may impact on neurodevelopmental outcomes of offspring. However, this information 

is limited to a single study, which was conducted in a relatively small sample (n = 217). More research 

in this area is required to draw sound conclusions. 

It is important to note the number methodological limitations in research on diet and infant 

neurodevelopment that are present in these studies. This prevents the conclusion of a definitive 

relationship without further research, preferably clinical randomised controlled trials, and a proper  

meta-analysis. 

Measuring dietary intake in cohort studies is problematic due to the difficulty in obtaining detailed 

information without causing significant subject burden. All identified observational cohort studies in the 

current review used food frequency questionnaires (FFQs) to assess fish intake. No studies reported 

adjusting results from the FFQ for energy intake, a recommendation made by Freedman et al. 2011 [26] 

to prevent attenuation. Three studies [19,21,24] reported on the frequency of consumption without 
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specifying the weight of fish servings while the remaining studies made assumptions based on standard 

serving sizes, as to the quantity of fish consumed at each occasion. This limits the accuracy of a 

quantifiable conclusion as due to individual variability in the perception of a ‘serving size’. 

Assessing cognitive development differences in infancy and childhood is fraught with difficulties due 

to the nature of childhood development and the accurate measurement of such. Firstly, children develop 

in ‘spurts’ rather than in a continuous fashion, which means they may slip in and out of the ‘normal’ 

reference ranges, particularly in the earlier years [27,28]. To combat this, it has been suggested that 

testing occurs at more than one time point [27] and that testing should extend beyond the first two years, 

preferable to school aged children in order to detect more subtle differences [28]. Only 4 studies tested 

at multiple time points [18,21,22,24], four beyond two years [20,21,23,24], and only two looked at 

children of school age [20,21].  

Secondly, there are multiple interrelated factors which impact on neurodevelopment, and not all 

confounders were accounted for in all analyses. Maternal intelligence, alcohol consumption, smoking 

and breastfeeding practices were included as covariates in all studies. However, factors including 

ethnicity, paternal intelligence, the home environment, drug use, dietary patterns, supplement use and 

maternal responsiveness were not always measured. The ALSPAC study reports by Daniels et al. [18] 

and Hibbeln et al. [20] included the home environment as a confounder, but not paternal IQ. Conversely, 

the two studies by Oken et al. adjusted for paternal IQ but not the home environment [22,23]. The 

remaining four studies did not correct for either paternal IQ or home environment. No studies adjusted 

for maternal responsiveness which has been shown to be related to developmental outcomes independent 

of sociodemographic factors [28]. An intake of fish may reflect a health conscious diet and thus the 

positive effects may not be directly attributed to the fish but rather to the diet as a whole. Oken et al. 

considered maternal diet by classifying women as following a “prudent” or “western” dietary  

pattern [23]. Hibbeln et al. [20] also adjusted for maternal diet, while Mendez et al. [24] adjusted for 

both maternal and child diets. Other studies did not effectively account for dietary intake and are thus at 

risk of bias. Oken et al. [22], Mendez et al. [24] and Hibbeln et al. [20] measured supplement usage 

during pregnancy. Hibbeln et al. [20] reported that only 1.7% of women consumed fish oil supplements 

not affecting outcomes, however, this study did not consider supplements other than fish oil. Only 

Mendez et al. [24] included supplement usage as a confounder.  

There is no universal standard for which neurodevelopmental tests are most appropriate for use in 

children of varying ages and at what age meaningful differences in neurocognitive development can be 

detected [29]. Performance in assessments can be significantly altered if the participant is hungry, tired 

or fearful of being in a strange place or being tested [27]. The accuracy of the tests for the population 

depends on when the test was standardised and within what population. In particular the Denver test, 

utilised in the ALSPAC study [18] has been criticised for its low specificity and potentially outdated 

‘norm’ as it was standardised in 1980 [30]. Research on the reliability of parental reports on child 

development is conflicting [31], Daniels et al. [18], Hibbeln et al. [20] and Oken et al. [22] used 

developmental testing carried out by the mother and thus results may not be as reliable as those reported 

by other studies, which used trained professionals.  

Due to the risks associated with consuming fish and seafood during pregnancy related to food safety 

and heavy metal contamination, pregnant women may question the necessity of including these foods in 

their diets, when nutrition supplements are readily accessible in Western countries [32]. A systematic 
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review of randomised control trials examining LCn-3PUFA supplementation during pregnancy found 

no clear association between supplement use and infant cognitive outcomes [33]. This may be 

attributable to the synergistic effects of food [34] and associated with fish being a source of other 

nutrients which are important for infant development such as iodine and vitamin D. Presently, there have 

been no randomised control trials examining neurocognitive outcomes associated with prenatal 

multivitamin use and infant neurodevelopment, and these are unlikely to occur given ethical implications 

of such [35]. Recent research has suggested that effects of methyl-mercury on infant brain development 

may be mediated by LCn-3PUFA [36]. Because it is possible to consume fish and seafood safely during 

pregnancy, through following recommendations to limit high mercury species, it is prudent to 

recommend that pregnant women consume these foods, rather than rely on supplementation, in order to 

maximise infant neurodevelopment outcomes.  

5. Conclusions 

This review assessed the hypothesis that fish intake during pregnancy improves offspring 

neurodevelopmental outcomes. A review of the available evidence indicates that intake of fish during 

pregnancy is associated with positive foetal neurodevelopmental outcomes, as supported by seven of 

eight articles reviewed, which showed a beneficial impact on foetal neurodevelopment with one or more 

servings of fish per week compared with no fish intake. Based on the results from these observational 

studies the current recommendation of two to three servings per week appears appropriate. Randomised 

clinical trials have been conducted using fish oil supplementation in pregnancy, but not with fish 

considered as a whole food. Existing evidence is currently insufficient to inform advice regarding fish 

intake during pregnancy. Further well designed studies are required to strengthen the evidence base 

regarding the type and quantity of maternal fish consumption during pregnancy and associated 

neurodevelopmental outcomes in the offspring, while considering the contribution of mercury from  

fish-containing diets.  

Author Contributions 

Phoebe Starling conducted the literature review, summarized the findings and drafted the initial 

manuscript. Karen Charlton, Anne McMahon and Catherine Lucas provided guidance on search terms, 

the review process, quality rating, and provided editorial assistance with the final manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest.  

References  

1. Simpson, J.L.; Bailey, L.B.; Pietrzik, K.; Shane, B.; Holzgreve, W. Micronutrients and women of 

reproductive potential: required dietary intake and consequences of dietary deficienty or excess. 

Part II—Vitamin D, Vitamin A, Iron, Zinc, Iodine, Essential Fatty Acids. J. Maternal-Fetal 

Neonatal Med. 2011, 24, 1–24. 



Nutrients 2015, 7 2012 

 

2. National Health and Medical Research Council. Australian Dietary Guidelines; National Health 

and Medical Research Council: Canberra, Australia, 2013. 

3. European Food Safety Authority. Scientific Opinion on health benefits of seafood (fish and 

shellfish) consumption in relation to health risks associated with exposure to methylmercury. EFSA 

J. 2014, 12, 1–80. 

4. U.S. Department of Agriculture and U.S Department of Health and Human Services. Dietary 

Guidelines for Americans, 7th ed.; U.S Government Printing Office: Washington, DC, USA, 2010. 

5. Charlton, K.E.; Yeatman, H.; Brock, E.; Lucas, C.; Gemming, L.; Goodfellow, A.; Ma, G. 

Improvement in iodine status of pregnant Australian women 3 years after introduction of a 

mandatory iodine fortification programme. Prev. Med. 2013, 57, 26–30. 

6. Emmett, R.; Akkersdyk, S.; Yeatman, H.; Meyer, B.J. Expanding awareness of docosahexaenoic 

acid during pregnancy. Nutrients 2013, 5, 1098–1109. 

7. Sinikovic, D.; Yeatman, H.; Cameron, D.; Meyer, B. Women’s awareness of the importance of long 

chain omega-3 polyunsaturated fatty acid consumption during pregnancy: Knowledge of risks, 

benefits and information accessibility. Public Health Nutr. 2009, 12, 562–569. 

8. Taylor, A.L.; Collins, C.E.; Patterson, A.J. The relationship between contaminant exposure from 

fish and nutrient intakes in Australian women by pregnancy status. Nutr. Diet. 2014, 71, 229–235. 

9. Costa, L.G. Contaminants in fish: Risk-benefit considerations. Arh. Hig. Rada. Toksikol. 2007, 58, 

367–374. 

10. Oken, E. Decline in fish consumption among pregnant women after a national mercury advisory. 

Obstet. Gynecol. 2003, 102, 346–351. 

11. Zimmermann, M.B. The role of iodine in human growth and development. Semin. Cell. Dev. Biol. 

2011, 22, 645–652. 

12. Jensen, C.L. Effects of n-3 fatty acids during pregnancy and lactation. Am. J. Clin. Nutr. 2006, 83, 

1452S–1457S. 

13. Bose-O’Reilly, S.; McCarty, K.M.; Steckling, N.; Lettmeier, B. Mercury exposure and children’s 

health. Curr. Probl. Pediatr. Adolesc. Health Care 2010, 40, 186–215. 

14. Dennehy, C. Omega-3 Fatty Acids and Ginger in Maternal Health: Pharmacology, Efficacy, and 

Safety. J. Midwifery Womens Health 2011, 56, 584–590. 

15. Williams, P.; Allman-Farrinelli, M.; Collins, C.; Gifford, J.; Byron, A. A review of the evidence to 

address targeted questions to inform the revision of the Australian dietary guidelines 2009. In 

Process Manual; National Health and Medical Research Council: Canberra, Australia, 2011. 

16. NHMRC. How to Review the Evidence: Systematic Identification and Review of the Scientific 

Literature; NHMRC, Ed.; Biotext: Canberra, Australia, 2000. 

17. Moher, D.; Liberati, A.; Tetziaff, J.; Altman, D.G.; The PRISMA group. Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Ann. Int. Med. 2009, 151, 

264–269. 

18. Daniels, J.L.; Longnecker, M.P.; Rowland, A.S.; Golding, J. Fish intake during pregnancy and early 

cognitive development of offspring. Epidemiology 2004, 15, 394–402. 

19. Oken, E.; Wright, R.O.; Kleinman, K.P.; Bellinger, D.; Amarasiriwardena, C.J.; Hu, H.;  

Rich-Edwards, J.W.; Gillman, M.W. Maternal fish consumption, hair mercury, and infant cognition 

in a U.S. cohort. Environ. Health Perspect. 2005, 113, 1376–1380. 



Nutrients 2015, 7 2013 

 

20. Hibbeln, J.R.; Davis, J.M.; Steer, C.; Emmett, P.; Rogers, I.; Williams, C.; Golding, J. Maternal 

seafood consumption in pregnancy and neurodevelopmental outcomes in childhood (ALSPAC 

study): An observational cohort study. Lancet 2007, 369, 578–585. 

21. Gale, C.R.; Robinson, S.M.; Godfrey, K.M.; Law, C.M.; Schlotz, W.; O’Callaghan, F.J. Oily fish 

intake during pregnancy—Association with lower hyperactivity but not with higher full-scale IQ in 

offspring. J. Child. Psychol. Psychiatry  Allied Discipl. 2008, 49, 1061–1068. 

22. Oken, E.; Osterdal, M.L.; Gillman, M.W.; Knudsen, V.K.; Halldorsson, T.I.; Strom, M.; Bellinger, 

D.C.; Hadders-Algra, M.; Michaelsen, K.F.; Olsen, S.F. Associations of maternal fish intake during 

pregnancy and breastfeeding duration with attainment of developmental milestones in early 

childhood: A study from the Danish National Birth Cohort. Am. J. Clin. Nutr. 2008, 88, 789–796. 

23. Oken, E.; Radesky, J.S.; Wright, R.O.; Bellinger, D.C.; Amarasiriwardena, C.J.; Kleinman, K.P.; 

Hu, H.; Gillman, M.W. Maternal fish intake during pregnancy, blood mercury levels, and child 

cognition at age 3 years in a US cohort. Am. J. Epidemiol. 2008, 167, 1171–1181. 

24. Mendez, M.A.; Torrent, M.; Julvez, J.; Ribas-Fit,́ N.; Kogevinas, M.; Sunyer, J. Maternal fish and 

other seafood intakes during pregnancy and child neurodevelopment at age 4 years. Public Health 

Nutrition 2009, 12, 1702–1710. 

25. Suzuki, K.; Nakai, K.; Sugawara, T.; Nakamura, T.; Ohba, T.; Shimada, M.; Hosokawa, T.; 

Okamura, K.; Sakai, T.; Kurokawa, N.; Murata, K.; Satoh, C.; Satoh, H. Neurobehavioral effects 

of prenatal exposure to methylmercury and PCBs, and seafood intake: Neonatal behavioral 

assessment scale results of Tohoku study of child development. Environ. Res. 2010, 110, 699–704. 

26. Freedman, L.S.; Schatzkin, A.; Midthune, D.; Kipnis, V. Dealing with dietary measurement error 

in nutritional cohort studies. J. Natl. Cancer Inst. 2011, 103, 1086–1092. 

27. Marks, K.; Glascoe, F.P.; Aylward, G.P.; Shevell, M.I.; Lipkin, P.H.; Squires, J.K. The Thorny 

Nature of Predictive Validity Studies on Screening Tests for Developmental-Behavioral Problems. 

Pediatrics 2008, 122, 866–868. 

28. Singer, L.T. Randomized clinical trials in infancy: Methodologic issues. Semin. Neonatol. 2001, 6, 

393–401. 

29. Dietrich, K.N.; Eskenazi, B.; Schantz, S.; Yolton, K.; Rauh, V.A.; Johnson, C.B.; Alkon, A.; 

Canfield, R.L.; Pessah, I.N.; Berman, R.F. Principles and practices of neurodevelopmental 

assessment in children: Lessons learned for the centers for children’s environmental health and 

disease prevention research. Environ. Health Perspect. 2005, 113, 1437–1446. 

30. Glascoe, F.P.; Byrne, K.E.; Ashford, L.G.; Johnson, K.L.; Chang, B.; Strickland, B. Accuracy of 

the Denver-II in Developmental Screening. Pediatrics 1992, 89, 1221–1225. 

31. Emond, A.; Bell, J.C.; Heron, J.; The, A.S.T. Letter to the editor—Using parental questionnaires to 

identify developmental delay. Dev. Med. Child. Neurol. 2005, 47, 646–648. 

32. Bloomingdale, A.; Guthrie, L.B.; Price, S.; Wright, R.O.; Platek, D.; Haines, J.; Oken, E. A 

qualitative study of fish consumption during pregnancy. Am. J. Clin. Nutr. 2010, 92, 1234–1240. 

33. Dziechciarz, P.; Horvath, A.; Szajewska, H. Effects of n-3 Long-Chain Polyunsaturated Fatty Acid 

Supplementation during Pregnancy and/or Lactation on Neurodevelopment and Visual Function in 

Children: A Systematic Review of Randomized Controlled Trials. J. Am. Coll. Nutr. 2010, 29,  

443–454. 



Nutrients 2015, 7 2014 

 

34. Jacobs, D.R.; Tapsell, L.C. Food, not nutrients, is the fundamental unit in nutrition. Nutr. Rev. 2007, 

65, 439–450. 

35. Zhou, S.J.; Anderson, A.J.; Gibson, R.A.; Makrides, M. Effect of iodine supplementation in 

pregnancy on child development and other clinical outcomes: A systematic review of randomized 

controlled trials. Am. J. Clin. Nutr. 2013, 98, 1241–1254. 

36. Strain, 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.; et al. 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. Am. J. Clin. Nutr. 2015, 101, 530–537. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


