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Importance Maternal fish intake in pregnancy has been shown to influence

fetal growth. The extent to which fish intake affects childhood growth and

obesity remains unclear.

Objective To examine whether fish intake in pregnancy is associated with

offspring growth and the risk of childhood overweight and obesity.

Design, Setting, and Participants Multicenter, population-based birth

cohort study of singleton deliveries from 1996 to 2011 in Belgium, France,

Greece, Ireland, Italy, the Netherlands, Norway, Poland, Portugal, Spain, and

Massachusetts. A total of 26 184 pregnant women and their children were

followed up at 2-year intervals until the age of 6 years.

Exposures Consumption of fish during pregnancy.

Main Outcomes and Measures We estimated offspring body mass index

percentile trajectories from 3 months after birth to 6 years of age. We defined

rapid infant growth as a weight gain z score greater than 0.67 from birth to 2

years and childhood overweight/obesity at 4 and 6 years as body mass index

in the 85th percentile or higher for age and sex. We calculated cohort-specific

effect estimates and combined them by random-effects meta-analysis.

Results This multicenter, population-based birth cohort study included the

26 184 pregnant women and their children. The median fish intake during

pregnancy ranged from 0.5 times/week in Belgium to 4.45 times/week in

Spain. Women who ate fish more than 3 times/week during pregnancy gave

birth to offspring with higher body mass index values from infancy through

middle childhood compared with women with lower fish intake (3 times/week

or less). High fish intake during pregnancy (>3 times/week) was associated
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with increased risk of rapid infant growth, with an adjusted odds ratio (aOR) of

1.22 (95% CI, 1.05-1.42) and increased risk of offspring overweight/obesity at

4 years (aOR, 1.14 [95% CI, 0.99-1.32]) and 6 years (aOR, 1.22 [95% CI,

1.01-1.47]) compared with an intake of once per week or less. Interaction

analysis showed that the effect of high fish intake during pregnancy on rapid

infant growth was greater among girls (aOR, 1.31 [95% CI, 1.08-1.59]) than

among boys (aOR, 1.11 [95% CI, 0.92-1.34]; P = .02 for interaction).

Conclusions and Relevance High maternal fish intake during pregnancy

was associated with increased risk of rapid growth in infancy and childhood

obesity. Our findings are in line with the fish intake limit proposed by the US

Food and Drug Administration and Environmental Protection Agency.

Early life is a critical period of developmental plasticity. A nutritional stressor

or stimulus applied during critical periods of early development could

permanently alter body physiology and metabolism, the consequences of

which are often observed much later in life.  Fish is the major dietary source

of ω-3 long-chain polyunsaturated fatty acids (LC-PUFAs), which are

transferred across the placenta and may not only benefit offspring

neurodevelopment but also influence adipose tissue development.  However,

fish is also a common source of human exposure to persistent organic

pollutants, which may exert endocrine-disrupting properties and contribute to

obesity development.

In June 2014, the US Food and Drug Administration and Environmental

Protection Agency updated their advice on fish consumption for women of

childbearing age,  encouraging women who are pregnant, breastfeeding, or

likely to become pregnant to consume more fish, but no more than 3

servings/week to limit fetal exposure to methyl-mercury. Fish advisories have

focused on neurocognitive harms from methyl-mercury exposure but, to our

knowledge, have not considered other childhood outcomes including growth

and childhood obesity, areas where evidence is limited.
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In a large, Europe-wide study (151 880 mother-child pairs),  we found that

moderate fish intake during pregnancy was associated with a lower risk of

preterm birth and a small but significant increase in birth weight. Few birth

cohort studies have examined the association of fish intake in pregnancy with

childhood adiposity and have yielded discrepant findings, with reports of

either beneficial (ie, lower obesity)  or null  associations. Likewise, trials have

not found a clear and consistent benefit of prenatal ω-3 LC-PUFAs on

obesity-related outcomes later in life.  To our knowledge, there is no clear

answer about the optimal amount and type of fish intake during pregnancy

with regard to child growth and development.

In this study, we harmonized and pooled individual data of follow-ups 2-year

intervals, until the age of 6 years, from 26 184 pregnant women and their

children participating in 15 European and US cohort studies to assess the

strength and consistency of the associations of fish intake during pregnancy

with body mass index (BMI) growth trajectories, calculated as weight in

kilograms divided by height in meters squared, and the risk of childhood

overweight and obesity.

Question: What is the optimal amount and type of fish intake during

pregnancy with regard to child growth and development?

Findings: In this large, multicenter longitudinal study, we found that

high fish intake of more than 3 times/week in pregnancy was

associated with greater risk of rapid infant growth and childhood

overweight and obesity. The effect of fish intake during pregnancy on

rapid infant growth was greater among girls than boys.

Meaning: Fish contains important nutrients for developing fetuses and

its consumption should not be avoided; however, pregnant women

should adhere to fish consumption advisories.

6

7 8

9

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

5 de 24 19/02/2016 8:59



European birth cohort studies participating in our previous analysis on fish

intake in pregnancy and birth outcomes  were invited to participate. From the

19 potentially eligible European cohorts, 14 cohorts provided relevant data for

this analysis. In addition, the Project Viva cohort from the United States

agreed to take part. All participating cohorts targeted the general population

and, altogether, covered singleton deliveries from 1996 to 2011. All

participating women provided written informed consent for themselves and

their children in the original cohort studies, and ethical approval was obtained

from the local authorized institutional review boards. The Amsterdam Born

Children and Their Development Study was approved by the Central

Committee on Research Involving Human Subjects in The Netherlands, the

medical ethics review committees of the participating hospitals, and the

Registration Committee of the Municipality of Amsterdam. The Étude des

Déterminants Pré et Postnatals du Développement et de la Santé de l’Enfant

Study was approved by the Ethics Committee of Bicêtre Hospital and the

National Commission on Data Processing and Liberties. The Flemish Center

of Expertise on Environment and Health Study was approved by the Ethical

Committee of the University of Antwerp and the Ghent University. The

Genetica e Ambiente: Studio Prospettico dell'Infanzia in Italia Study was

approved by the Ethics Committee of the Università Cattolica del Sacro

Cuore in Rome. The Generation R Study was approved by by the Medical

Ethical Committee of the Erasmus Medical Center in Rotterdam. The

Generation XXI Study was approved by the Portuguese Data Protection

Authority (Comissão Nacional de Protecção de Dados). The Norwegian

Human Milk Study was approved by the Regional Ethics Committee for

Medical Research in Norway and the Norwegian Data Inspectorate. The

Infancia y Medio Ambiente Study was approved by the hospital ethics

committees of each participating Spanish region. The Kind, Ouders en

gezondheid: Aandacht voor Leefstijl en Aanleg Study was approved by the

medical ethics committee of the Maastricht University/University Hospital of

Maastricht. The Lifeways Cross Generation Study was approved by the ethics

6
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committees in the National University of Ireland, Galway; The Coombe

Women’s Hospital, Dublin; University College Hospital, Galway; and The Irish

College of General Practitioners. The Nascita e INFanzia: gli Effetti

dell’Ambiente Study was approved by the Ethical Committee of the San

Giovanni Battista Hospital and CTO/CRF/Maria Adelaide Hospital of Turin.

The Prevention and Incidence of Asthma and Mite Allergy Study by the the

Medical Ethics Committees of the participating institutes the Dutch Central

Committee on Research involving Human Subjects. The Project Viva Study

by the human participants committees of Harvard Pilgrim Health Care,

Brigham, and Women’s Hospital and Beth Israel Deaconess Medical Center.

The Polish Mother and Child Cohort Study by the Ethical Committee of the

Nofer Institute of Occupational Medicine in Lodz. The Mother Child Cohort

Study in Crete by the Ethical Committee of the University Hospital of

Heraklion.

A data-transfer agreement document was signed by each cohort study, and

anonymized data sets were transferred to the University of Crete for analysis.

Characteristics of the participating cohorts are shown in eTable 1 and eFigure

1 in the Supplement.

The exposure of interest was the frequency (times per week) of total fish, fatty

fish, lean fish, and seafood (other than fish) intake during pregnancy, derived

from cohort-specific food frequency questionnaires or questionnaires

specifically designed to assess fish intake during pregnancy (eMethods and

eTable 1 in the Supplement).

To align our analysis with the 2014 US Food and Drug Administration and the

Environmental Protection Agency advice on fish intake during pregnancy and

examine a potential dose-response relationship, we categorized total fish

intake into the following groups: low, 1 time/week or less; moderate, greater

than 1 but not more than 3 times/week; and high, more than 3 times/week.

Seven cohorts (the Polish Mother and Child Cohort Study, Flemish Center of

Expertise on Environment and Health, Generation R Study, Generation XXI,

Lifeways Cross Generation, Prevention and Incidence of Asthma and Mite

Allergy, and the Mother Child Cohort in Crete) had less than 5% or 50
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participants in at least 1 category and therefore were not included in the

categorical dose-response analysis in an attempt to reduce the likelihood of

conducting a type II error.

Cohorts provided information on child weight and height up to a maximum

follow-up of 6 years, obtained from clinical examinations, medical records, or

parental-completed questionnaires. Permissible intervals around the nominal

ages were within 3 months for the first 2 years and within 6 months onwards.

The time points of interest in childhood were the ages of 2 years, 4 years, and

6 years to reflect different developmental ages (toddler, preschooler, and

school-aged child, respectively). Three cohorts (Infancia y Medio Ambiente,

Mother Child Cohort in Crete, and the Polish Mother and Child Cohort Study)

did not provide growth data at the age of 6 years owing to their relatively

recent recruitment period. For each cohort, we constructed sex- and

age-specific weight and height growth curves using mixed-effects linear

regression models with fractional polynomials of age, including a random

intercept for child and random age slopes (eMethods in the Supplement).

Actual and predicted measurements were compared to assess model fit, and

high levels of agreement were found (eTable 2 in the Supplement). Predicted

values were then used to calculate sex- and age-specific BMI z scores and

BMI percentile values based on the 2006 World Health Organization child

growth standards for children 5 years and younger  and 2007 World Health

Organization growth references for children and adolescents aged 5 to 19

years (eMethods in the Supplement).

We defined rapid infant growth from birth to 2 years as a z score change in

weight of greater than 0.67 and used the z score change of 0.67 or less as

the comparison.  We analyzed child BMI z score as a continuous

outcome at 2 years, 4 years, and 6 years of age and in categories of

overweight and obese (BMI ≥85th percentile for age and sex) at 4 and 6

years, compared with BMI below the 85th percentile.

Potential confounding variables were defined as similarly as possible among

the cohorts. Information on maternal prepregnancy BMI (in weight in

kilograms divided by height in meters squared), maternal smoking during

10
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pregnancy (yes or no), gestational weight gain (in kilograms), maternal age at

delivery (in years), birth weight (in grams), and child sex (male or female) was

collected by means of interviews or self-administered questionnaires, ad hoc

measurements, birth records, or medical registries. Information on

breastfeeding duration (in months) and maternal education (cohort-specific

definitions of low, medium, or high) was obtained through interviews or

self-administered questionnaires.

We used linear regression models to examine the association of fish intake

during pregnancy with BMI z scores in childhood and logistic regression

models for rapid infant growth and childhood overweight/obesity. To select the

confounders for adjustment in multivariable models, we used a directed

acyclic graph approach based on prior knowledge about parental and child

covariates that may be related to child adiposity and/or fish intake in

pregnancy.  We constructed the graph using DAGitty version 2.1

(DAGitty)  to identify minimally sufficient adjustment sets of covariates and

chose the set on which we had the best available information (eFigure 2 in

the Supplement). We included the following variables in multivariable models:

maternal education, maternal prepregnancy BMI, maternal smoking during

pregnancy, maternal age at delivery, and birth weight. For the Lifeways Cross

Generation cohort, the adjusted models did not include the full list of

confounders owing to missing information on prepregnancy BMI.

We combined cohort-specific effect estimates for each outcome of interest

using random-effects meta-analysis in which the weight assigned to each

study was based on both the within- and between-study variability.

Heterogeneity among cohort-specific estimates was assessed with the χ  test

from the Cochran Q and I  statistic.  To compare growth trajectories based

on child BMI percentile values by category of maternal fish intake in

pregnancy, we used a mixed-effects linear regression model fitted with

random cohort and child intercepts and a random slope for child age. To take

into account the potential age-varying effect of maternal fish intake, we added

an interaction term for child age and fish intake as a fixed effect.

We performed several sensitivity analyses. First, we included all cohorts in

15
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the categorical dose-response analysis to examine whether the exclusion of

cohorts with less than 5% or 50 participants in at least 1 fish intake category

influenced the results. Second, we made further adjustment for gestational

weight gain for cohorts with available information. Third, we calculated

pooled-effect estimates for child outcomes using mixed-effects regression

models with random intercepts for cohort and geographical location according

to the United Nations’ classification (Eastern Europe, Southern Europe,

Western Europe, Northern Europe, and Northern America). Fourth, we

calculated pooled-effect estimates using mixed-effects regression models

with random intercepts for cohort and recruitment period (recruitment before

and after 2004-2005). Fifth, we repeated analyses after removing birth weight

from all multivariable models. Sixth, we examined the associations of fish

intake variables with childhood obesity (BMI ≥95th percentile for age and

sex). Finally, we assessed whether the effect estimates for childhood

outcomes varied by child sex (boy vs girl), prepregnancy BMI (≥25 vs <25),

maternal smoking during pregnancy (yes vs no), timing of dietary assessment

(first, second, or third trimester in pregnancy), low birth weight (<2500 vs

≥2500 g), and breastfeeding duration (>3 vs ≤3 months) by introducing

interaction terms (one at a time). We performed analyses with STATA version

13 (StataCorp) and R version R3.1 (R Foundation).

The total study population consisted of 26 184 mothers and their offspring

with follow-up from birth to 6 years of age. Participants’ characteristics are

presented in the eTables 3 to 6 in the Supplement. Mothers were

predominantly older than 29 years, nonsmokers, had a normal prepregnancy

BMI, and breastfed their children for more than 3 months. The ratio of boys to

girls was 1.03 (eTable 3 in the Supplement).

The median fish intake during pregnancy varied between study areas and

ranged from 0.5 times/week in Belgium (Flemish Center of Expertise on

Environment and Health) to 4.45 times/week in Spain (Infancia y Medio

Ambiente) (Figure 1; eTable 4 in the Supplement). Compared with low and

moderate fish consumers (≤3 times/week), women with high fish intake (>3
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times/week) during pregnancy had a higher age at delivery in most of the

cohorts (6 of 8 cohorts) and were less likely to have smoked during

pregnancy. We did not observe any other clear pattern of difference for other

sociodemographic characteristics (eTable 5 in the Supplement).

Figure 1.

The line within the box marks the median; the boundaries of the box indicate the 25th and 75th

percentiles; horizontal bars denote the variability outside the upper and lower quartiles (ie, within 1.5

IQR of the lower and upper quartiles); and circles represent outliers. Cohort abbreviations: ABCD,

Amsterdam Born Children and their Development; EDEN, Étude des Déterminants Pré et Postnatals du

Développement et de la Santé de l’Enfant; FLEHS I, Flemish Center of Expertise on Environment and

Health; GASPII, Genetics and Environment Prospective Study on Childhood in Italy; HUMIS, Human

Milk Study; INMA, Infancia y Medio Ambiente; KOALA, Kind, Ouders, en Gezondheid: Aandacht voor

Leefstijl en Aanleg Birth Cohort Study; NINFEA, Nascita e INFanzia: gli Effetti dell’Ambiente; PIAMA,

Prevention and Incidence of Asthma and Mite Allergy; REPRO, Polish Mother and Child Cohort Study;

RHEA, Mother Child Cohort in Crete.

View Large  |  Save Figure  |  Download Slide (.ppt)  |  View in Article Context

In total, 8215 children (31.0%) were rapid growers from birth to 2 years of

age, with the prevalence across cohorts ranging from 17.3% (Norwegian

Human Milk Study, Norway) to 56.0% (Mother Child Cohort in Crete, Greece).

Four thousand nine hundred eighty-seven (19.4%) and 3476 children (15.2%)

were classified as overweight or obese at ages 4 and 6 years, respectively,

while the cohort-specific prevalence ranged from 9.5% (Kind, Ouders, en

Gezondheid: Aandacht voor Leefstijl en Aanleg Birth Cohort Study,

Netherlands) to 55.8% (Lifeways Cross Generation, Ireland) at ages 4 years

and from 6.4% (Kind, Ouders, en Gezondheid: Aandacht voor Leefstijl en

Aanleg Birth Cohort Study) to 36.7% (Generation XXI, Portugal) at age 6

years (eTable 6 in the Supplement).
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Women who ate fish more than 3 times/week during pregnancy gave birth to

offspring with higher BMI values at 2 years, 4 years, and 6 years of age

compared with women who rarely ate fish (≤1 time/week) (Table 1). High fish

intake during pregnancy was also associated with an increased risk of rapid

infant growth from birth to 2 years (adjusted odds ratio [aOR], 1.22 [95% CI,

1.05-1.42]) and increased risk of offspring overweight/obesity at 4 years

(aOR, 1.14 [95% CI, 0.99-1.32]) and 6 years of age (aOR, 1.22 [95% CI,

1.01-1.47]) (Table 2 and Figure 2). We did not find evidence for an

association of moderate fish intake (>1 but ≤3 times/week) or consumption of

different types of fish with child BMI and the risk of rapid infant growth and

childhood overweight/obesity (Tables 1 and 2, Figure 2). The effect estimates

from the pooled analyses were similar to those from random-effects

meta-analyses (data not shown).

Table 1. Adjusted Combined Associations of Fish Intake in Pregnancy With
Offspring BMI z Scores During Childhood

View Large  |  Save Table  |  Download Slide (.ppt)  |  View in Article Context

Table 2. Adjusted Combined Associations of Fish Intake in Pregnancy With
Rapid Infant Growth and Childhood Overweight/Obesity

View Large  |  Save Table  |  Download Slide (.ppt)  |  View in Article Context

Figure 2.
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Rapid growth was defined as a weight gain z score greater than 0.67 based on World Health

Organization (WHO) growth curves. Overweight/obesity was defined as body mass index in the 85th

percentile or higher for age and sex based on WHO growth curves. Odds ratios (95% CIs) by cohort

were obtained by using logistic regression models adjusted for maternal age, maternal education,

prepregnancy body mass index, smoking during pregnancy, and birth weight. Reference category was

fish intake 1 or more times/week. Combined estimates were obtained by using a random-effects

meta-analysis. The names of the cohorts and the cohort-specific ORs (95% CIs) are shown on the left,

and weights of each study are shown on the right. The squares represent the point estimate of each

study, whereas the size of the square is proportional to the weight assigned to each cohort based on

both the within- and between-study variability; horizontal lines denote 95% CIs; and diamonds

represent overall estimates. Cohort abbreviations: ABCD, Amsterdam Born Children and their

Development; EDEN, Étude des Déterminants Pré et Postnatals du Développement et de la Santé de

l’Enfant; FLEHS I, Flemish Center of Expertise on Environment and Health; GASPII, Genetics and

Environment Prospective Study on Childhood in Italy; HUMIS, Human Milk Study; INMA, Infancia y

Medio Ambiente; KOALA, Kind, Ouders, en Gezondheid: Aandacht voor Leefstijl en Aanleg Birth

Cohort Study; NINFEA, Nascita e INFanzia: gli Effetti dell’Ambiente; PIAMA, Prevention and Incidence

of Asthma and Mite Allergy; REPRO, Polish Mother and Child Cohort Study; RHEA, Mother Child

Cohort in Crete.

View Large  |  Save Figure  |  Download Slide (.ppt)  |  View in Article Context

Figure 3 depicts the modeled BMI percentile trajectories of children up to 6

years according to different levels of maternal fish consumption in pregnancy.

Children of mothers with high fish intake exhibited consistently higher values

than did those of mothers with low fish intake, and at 2.5 years onwards, the

difference became more pronounced. Children of mothers with moderate fish

intake during pregnancy had a similar trajectory to that of children whose

mothers had low fish intake, and both followed the typical pattern of BMI

growth, that is, a sharp increase in BMI during infancy followed by a decrease

later in childhood.

Figure 3.
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BMI percentile values indicate the place of children in the corresponding growth chart of the World

Health Organization reference population (eMethods in the Supplement) and were derived by using

mixed-effects linear regression models fitted with: fish intake, an interaction term for fish intake and

child age, maternal age, maternal education, prepregnancy BMI, smoking during pregnancy, and birth

weight as fixed-effects parameters; random cohort and child intercepts; and a random slope for child

age.

View Large  |  Save Figure  |  Download Slide (.ppt)  |  View in Article Context

Inclusion of all cohorts in the categorical dose-response analysis did not

materially change the reported effect estimates (eTables 7 and 8 in the

Supplement). The associations of high fish intake with increased risk of

childhood overweight and obesity remained significant and of similar

magnitude when additional adjustment was made for gestational weight gain

when we took into account the geographical location or the recruitment period

of each cohort (data not shown). Additionally, exclusion of birth weight from

the multivariate models did not materially change the effect estimates

(eTables 9 and 10 in the Supplement). When we examined only childhood

obesity as an outcome, the association had the same direction as when

examining both overweight and obesity, but confidence intervals were wider,

possibly because of the small number of obese children (eTable 11 in the

Supplement).

The magnitude of the fish intake effect on rapid infant growth and childhood

overweight/obesity was greater in girls than in boys (eTable 12 and eFigure 3

in the Supplement). There was no evidence of effect modification by

prepregnancy BMI, smoking during pregnancy, timing of dietary assessment,

low birth weight, and breastfeeding duration (P for interaction >.10 for all).

We found that fish intake of more than 3 times/week in pregnancy was
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associated with higher offspring BMI and greater risk of rapid infant growth

and childhood overweight/obesity. To our knowledge, this is the only

multicenter study on the long-term effect of maternal fish intake in pregnancy

on offspring growth and adiposity. The use of birth cohorts in several

locations in Europe and the United States with varying fish intake levels and

the absence of heterogeneity between individual cohort effect estimates

provide evidence to support the robustness and generalizability of our

findings.

Childhood overweight and obesity is considered a major public health

issue.  Rapid weight gain in infancy has consistently been associated with a

subsequent elevated risk of obesity in childhood and later in adulthood.

Intrauterine life is a sensitive period, during which the capacity for proliferation

of mesenchymal precursor cells and their differentiation into adipocytes is

very high.  Fish is the primary dietary source of ω-3 LC-PUFAs. The

evidence for a programming effect of ω-3 fatty acids in fetal or early life on

later body composition mainly stems from cell culture and animal studies.

Reports from human trials have shown limited support for a beneficial effect

of ω-3 LC-PUFAs supplementation during early life on body composition later

in life.  Findings from longitudinal birth cohort studies on fish or ω-3

LC-PUFAs during pregnancy and childhood adiposity are also discrepant,

with reports of either beneficial (ie, lower adiposity)  or null

associations. These inconsistencies may be caused by inadequate sample

sizes, exposure profile heterogeneity, or differences in adjustment for

confounding variables. Our findings underscore scientific gaps in the

experimental evidence, specifically, the lack of studies involving healthy

populations and interventions targeting fish intake rather than supplement

use, which may exert different effects.

Contamination by environmental pollutants in fish could provide an

explanation for the observed association between high fish intake in

pregnancy and increased childhood adiposity. In humans, fish consumption is

a major source of exposure to endocrine-disrupting chemicals.  Mixtures

of persistent organic pollutants found in fish have been shown to increase fat

storage in cultured adipocytes as well as weight gain in animals.  It has
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been proposed that these toxicants may perturb signaling of several nuclear

receptors and, through altered gene expression, influence adipocyte

differentiation and fat metabolism.

Although we collected information on the consumption of different fish types,

we did not have enough data to distinguish between big and small species,

cooking procedures, and water source of fish (ie, river or sea), which would

be relevant with respect to toxicant exposure. Moreover, in the absence of

information regarding levels of persistent organic pollutants across

participating cohorts, our hypothesis that fish-associated contaminant

exposure may play a role in the observed associations remains speculative.

Further analyses incorporating biomarker information on both the amounts of

fatty acids and environmental chemicals contained within fish will be helpful

for refining estimates of the influence of prenatal fish intake on child growth.

We observed that the effect of fish intake during pregnancy on offspring

obesity outcomes was more pronounced in girls than in boys. The placenta

tissue carrying the fetal genome and sex appears as a promising candidate to

be involved in mediating sex-specific functions and programming effects.

Animal studies suggest that maternal diet may induce sexually dimorphic

responsiveness in placental gene expression and greater sensitivity of girls to

the maternal environment, especially in the biological process of the cell

cycle.

Although we did not see strong evidence for sociodemographic confounding

in this analysis, the possibility of unmeasured residual confounding may still

remain. We had no data available to adjust for energy intake or dietary

patterns during pregnancy; however, adjustment for gestational weight gain,

as a good proxy for total energy intake in pregnancy,  did not appreciably

change the effect estimates. Moreover, although we examined breastfeeding

duration as a potential confounder or effect modifier, other differences in child

diet or lifestyle factors (eg, physical activity patterns) might have influenced

the observed findings. The direction of confounding was differentially

distributed across participating cohorts, reflecting that the study design by

itself may control to some extent for unmeasured confounding.

3,4
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Strengths of our study include the large sample size, the centralized data

analysis following a consensus protocol, the standardized exposure definition,

and the harmonized information about child outcomes and potential

confounders.

As in most studies assessing the health effects of diet, we used self-reported

dietary information; hence, some information bias might have occurred.

However, in most cohorts, fish intake was assessed using detailed food

frequency questionnaires that were developed and validated for use in

pregnancy, and all data were collected before birth and before growth

patterns were known. We used BMI as our main outcome, a measure that

incorporates both lean and fat mass; however, a high BMI has been

suggested as a sensitive marker for excess adiposity.  Further analyses

using direct measurements of fat mass and body fat distribution to assess the

relationship between fish intake and childhood obesity are an important

consideration for future studies.

This large, multicenter study indicates that fish intake of more than 3

times/week in pregnancy is associated with increased risk of rapid growth in

infancy and increased adiposity in childhood. Our findings are in line with the

fish intake limit for pregnancy proposed by the US Food and Drug

Administration and Environmental Protection Agency.

Corresponding Author: Leda Chatzi, MD, PhD, Department of Social

Medicine, Faculty of Medicine, University of Crete, PO Box 2208, Heraklion,

71003, Crete, Greece (lchatzi@med.uoc.gr).

Published Online: February 15, 2016.

doi:10.1001/jamapediatrics.2015.4430.

Author Contributions: Dr Chatzi, Mrs Roumeliotaki, and Mr Stratakis had

34

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

17 de 24 19/02/2016 8:59



full access to all of the data in the study and take responsibility for the

integrity of the data and the accuracy of the data analysis.

Study concept and design: Stratakis, Kelleher, Vrijheid, Zeegers, Kogevinas,

Chatzi.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Stratakis, Roumeliotaki, Thijs, Vrijheid, Chatzi.

Critical revision of the manuscript for important intellectual content: All

authors.

Statistical analysis: Stratakis, Roumeliotaki, Chatzi.

Obtained funding: Oken, Barros, Jaddoe, Kelleher, Sunyer, Thijs, Vrijheid,

Kogevinas, Chatzi.

Administrative, technical, or material support: Stratakis, Oken, Barros,

Charles, Eggesbo, Gehring, Govarts, Jaddoe, Mommers, Pizzi, Thijs, Viljoen,

Vrijkotte, Wijga.

Study supervision: Oken, Vrijheid, Zeegers, Chatzi.

Conflict of Interest Disclosures: None reported.

Funding/Support: The research leading to these results has received

funding from the European Community’s Seventh Framework Program

(EU-FP7-HEALTH 2009 single stage, 241604) and the Developing a Child

Cohort Research Strategy for EuropeProject. Individual cohorts received

funding from the Netherlands Organisation for Health Research and

Development (ZonMw 40–00812-98–11010), Foundation for Medical

Research, National Agency for Research, National Institute for Research in

Public Health, French Ministry of Health, French Ministry of Research, French

Institute of Health and Medical Research Bone and Joint Diseases National

Research (PRO-A), Paris-Sud University, Nestlé, French National Institute for

Population Health Surveillance, French National Institute for Health

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

18 de 24 19/02/2016 8:59



Education, the European Union FP7 programmes (FP7/2007-2013, The

Human Early-Life Exposome, European Study of Cohorts for Air Pollution

Effects, Environmental Health Risks in European Birth Cohorts, Medall

projects), Diabetes National Research Program, French Agency for

Environmental Health Safety, Mutuelle Générale de l’Education Nationale a

Complementary Health Insurance, French National Agency for Food Security,

and French Speaking Association for the Study of Diabetes and Metabolism,

Ministry of the Flemish Community, the Italian Ministry of Health, the Erasmus

Medical Center, Rotterdam; the Erasmus University Rotterdam, the

Netherlands Organisation for Scientific Research, the Ministry of Health,

Welfare, and Sport; the Ministry of Youth and Families, Programa

Operacional de Saúde XXI, Quadro Comunitário de Apoio III, Administração

Regional de Saúde Norte (Regional Department of Ministry of Health), the

Portuguese Foundation for Science and Technology, cofunded by Fundo

Europeu De Desenvolvimento Regional, the Calouste Gulbenkian

Foundation, Norwegian Ministry of Health, the Ministry of Education and

Research, National Institutes of Health/National Institute for Environmental

Health Sciences (contract NO1-ES-75558), National Institutes of

Health/National Institute of Neurological Disorders and Stroke (grant 1 UO1

NS 047537-01 and 2 UO1 NS047537-06A1), the Norwegian Research

Council/ Funksjonell genomforskning (grants 213148 and 151918/S10),

Instituto de Salud Carlos III (Red INMA G03/176 and CB06/02/0041),

Spanish Ministry of Health, Generalitat de Catalunya Interdepartmental

Committee for Research and Technological Innovation 1999SGR00241, the

Conselleria de Sanitat Generalitat Valenciana, Department of Health of the

Basque Government (2005111093 and 2009111069), the Provincial

Government of Gipuzkoa (DFG06/004 and DFG08/001), the Dutch Board of

Health Insurance Companies, the Triodos Foundation, the Phoenix

Foundation, the Raphaël Foundation, the Iona Foundation, the Foundation for

the Advancement of Heilpedagogie, The Health Research Board, Republic of

Ireland, Compagnia di San Paolo Foundation, the Italian Ministry of University

and Research, The Netherlands Asthma Fund, The Netherlands Ministry of

Spatial Planning, Housing, and the Environment, The Netherlands Ministry of

Health, Welfare, and Sport, the US National Institutes of Health (R01

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

19 de 24 19/02/2016 8:59



HL075504, R37 HD 034568, and R01 ES016314), the National Science

Centre (grant UMO-2014/15/B/NZ7/00998), and the Greek Ministry of Health.

Role of the Funder/Sponsor: The sponsors of this study had no role in the

design and conduct of the study; collection, management, analysis, and

interpretation of the data; preparation, review, or approval of the manuscript;

and decision to submit the manuscript for publication.

Acknowledgements: We acknowledge the commitment of the Étude des

Déterminants Pré et Postnatals du Développement et de la Santé de l’Enfant

mother-child cohort study group: Isabella Annesi-Maesano, MD, PhD;

Jonathan Bernard, PhD; Jérémie Botton, PhD; Marie-Aline Charles, MD,

MPH; Patricia Dargent-Molina, PhD; Blandine de Lauzon-Guillain, PhD;

Pierre Ducimetière, PhD; Maria de Agostini, PhD; Bernard Foliguet, MD, PhD;

Anne Forhan, MSc; Xavier Fritel, MD, PhD; Alice Germa, PhD; Valérie Goua,

MD; Régis Hankard, MD, PhD; Barbara Heude, PhD; Monique Kaminski,

PhD; Béatrice Larroque,MD, PhD; Nathalie Lelong, MSc; Johanna Lepeule,

PhD; Guillaume Magnin, MD, PhD; Laetitia Marchand, MSc; Cathy Nabet,

PhD; Fabrice Pierre, MD, PhD; Rémy Slama, PhD; Marie-Josephe Saurel-

Cubizolles, PhD; Michel Schweitzer,MD, PhD; and Olivier Thiebaugeorges,

MD, PhD, MPH.

1 Symonds  ME, Sebert  SP, Hyatt  MA, Budge  H.  Nutritional
programming of the metabolic syndrome . Nat Rev Endocrinol.
2009;5(11):604-610.
PubMed   |  Link to Article

2 Ailhaud  G, Guesnet  P, Cunnane  SC.  An emerging risk factor for
obesity: does disequilibrium of polyunsaturated fatty acid metabolism
contribute to excessive adipose tissue development? Br J Nutr.
2008;100(3):461-470.
PubMed   |  Link to Article

3 Casals-Casas  C, Desvergne  B.  Endocrine disruptors: from
endocrine to metabolic disruption . Annu Rev Physiol.
2011;73:135-162.

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

20 de 24 19/02/2016 8:59



PubMed   |  Link to Article

4 Grün  F, Blumberg  B.  Endocrine disrupters as obesogens . Mol Cell
Endocrinol. 2009;304(1-2):19-29.
PubMed   |  Link to Article

5 Fish: what pregnant women and parents should know: draft updated
advice by FDA and EPA. June 2014. http://www.fda.gov
/Food/FoodborneIllnessContaminants/Metals/ucm393070.htm.
Accessed August 4, 2015.

6 Leventakou  V, Roumeliotaki  T, Martinez  D,  et al.  Fish intake during
pregnancy, fetal growth, and gestational length in 19 European birth
cohort studies . Am J Clin Nutr. 2014;99(3):506-516.
PubMed   |  Link to Article

7 Donahue  SMA, Rifas-Shiman  SL, Gold  DR, Jouni  ZE, Gillman  MW,
Oken  E.  Prenatal fatty acid status and child adiposity at age 3 y:
results from a US pregnancy cohort . Am J Clin Nutr.
2011;93(4):780-788.
PubMed   |  Link to Article

8 van den Berg  SW, Wijga  AH, van Rossem  L,  et al.  Maternal fish
consumption during pregnancy and BMI in children from birth up to
age 14 years: the PIAMA cohort study [published online April 18,
2015] . Eur J Nutr. 2015.doi:10.1007/s00394-015-0901-6.
PubMed

9 Stratakis  N, Gielen  M, Chatzi  L, Zeegers  MP.  Effect of maternal n-3
long-chain polyunsaturated fatty acid supplementation during
pregnancy and/or lactation on adiposity in childhood: a systematic
review and meta-analysis of randomized controlled trials . Eur J Clin
Nutr. 2014;68(12):1277-1287.
PubMed   |  Link to Article

10 World Health Organization Multicentre Growth Reference Study
Group. WHO Child Growth Standards: Length/Height-for-Age, Weight-
for-Age, Weight-for-Length, Weight-for-Height and Body Mass Index-
for-Age: Methods and Development. Geneva, Switzerland: World
Health Organization; 2006.

11 de Onis  M, Onyango  AW, Borghi  E, Siyam  A, Nishida  C, Siekmann
 J.  Development of a WHO growth reference for school-aged children

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

21 de 24 19/02/2016 8:59



and adolescents . Bull World Health Organ. 2007;85(9):660-667.
PubMed   |  Link to Article

12 Monteiro  PO, Victora  CG.  Rapid growth in infancy and childhood and
obesity in later life—a systematic review . Obes Rev.
2005;6(2):143-154.
PubMed   |  Link to Article

13 Karaolis-Danckert  N, Buyken  AE, Bolzenius  K, Perim de Faria  C,
Lentze  MJ, Kroke  A.  Rapid growth among term children whose birth
weight was appropriate for gestational age has a longer lasting effect
on body fat percentage than on body mass index . Am J Clin Nutr.
2006;84(6):1449-1455.
PubMed

14 Barlow  SE; Expert Committee.  Expert committee recommendations
regarding the prevention, assessment, and treatment of child and
adolescent overweight and obesity: summary report . Pediatrics.
2007;120(suppl 4):S164-S192.
PubMed   |  Link to Article

15 Howards  PP, Schisterman  EF, Poole  C, Kaufman  JS, Weinberg
 CR.  “Toward a clearer definition of confounding” revisited with
directed acyclic graphs . Am J Epidemiol. 2012;176(6):506-511.
PubMed   |  Link to Article

16 Textor  J, Hardt  J, Knüppel  S.  DAGitty: a graphical tool for analyzing
causal diagrams . Epidemiology. 2011;22(5):745.
PubMed   |  Link to Article

17 Higgins  JP, Thompson  SG.  Quantifying heterogeneity in a
meta-analysis . Stat Med. 2002;21(11):1539-1558.
PubMed   |  Link to Article

18 Gluckman  P, Nishtar  S, Armstrong  T.  Ending childhood obesity: a
multidimensional challenge . Lancet. 2015;385(9973):1048-1050.
PubMed   |  Link to Article

19 Stettler  N.  Nature and strength of epidemiological evidence for
origins of childhood and adulthood obesity in the first year of life . Int J
Obes (Lond). 2007;31(7):1035-1043.
PubMed   |  Link to Article

20 Massiera  F, Saint-Marc  P, Seydoux  J,  et al.  Arachidonic acid and

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

22 de 24 19/02/2016 8:59



prostacyclin signaling promote adipose tissue development: a human health
concern? J Lipid Res. 2003;44(2):271-279.
PubMed   |  Link to Article

21 Gonzalez-Casanova  I, Stein  AD, Hao  W,  et al.  Prenatal
supplementation with docosahexaenoic acid has no effect on growth
through 60 months of age . J Nutr. 2015;145(6):1330-1334.
PubMed   |  Link to Article

22 Moon  RJ, Harvey  NC, Robinson  SM,  et al; SWS Study Group.
 Maternal plasma polyunsaturated fatty acid status in late pregnancy is
associated with offspring body composition in childhood . J Clin
Endocrinol Metab. 2013;98(1):299-307.
PubMed   |  Link to Article

23 Rytter  D, Bech  BH, Halldorsson  T,  et al.  No association between
the intake of marine n-3 PUFA during the second trimester of
pregnancy and factors associated with cardiometabolic risk in the
20-year-old offspring . Br J Nutr. 2013;110(11):2037-2046.
PubMed   |  Link to Article

24 Standl  M, Thiering  E, Demmelmair  H, Koletzko  B, Heinrich  J.
 Age-dependent effects of cord blood long-chain PUFA composition on
BMI during the first 10 years of life . Br J Nutr. 2014;13:1-8.
PubMed   |  Link to Article

25 de Vries  PS, Gielen  M, Rizopoulos  D,  et al.  Association between
polyunsaturated fatty acid concentrations in maternal plasma
phospholipids during pregnancy and offspring adiposity at age 7: the
MEFAB cohort . Prostaglandins Leukot Essent Fatty Acids.
2014;91(3):81-85.
PubMed   |  Link to Article

26 Turyk  ME, Bhavsar  SP, Bowerman  W,  et al.  Risks and benefits of
consumption of Great Lakes fish . Environ Health Perspect.
2012;120(1):11-18.
PubMed   |  Link to Article

27 Mozaffarian  D, Rimm  EB.  Fish intake, contaminants, and human
health: evaluating the risks and the benefits . JAMA.
2006;296(15):1885-1899.
PubMed   |  Link to Article

28

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

23 de 24 19/02/2016 8:59



Copyright ©2016 American Medical Association

Ibrahim  MM, Fjære  E, Lock  EJ,  et al.  Chronic consumption of farmed
salmon containing persistent organic pollutants causes insulin resistance and
obesity in mice . PLoS One. 2011;6(9):e25170.
PubMed   |  Link to Article

29 Sood  R, Zehnder  JL, Druzin  ML, Brown  PO.  Gene expression
patterns in human placenta . Proc Natl Acad Sci U S A.
2006;103(14):5478-5483.
PubMed   |  Link to Article

30 Gabory  A, Ferry  L, Fajardy  I,  et al.  Maternal diets trigger
sex-specific divergent trajectories of gene expression and epigenetic
systems in mouse placenta . PLoS One. 2012;7(11):e47986.
PubMed   |  Link to Article

31 Tarrade  A, Panchenko  P, Junien  C, Gabory  A.  Placental
contribution to nutritional programming of health and diseases:
epigenetics and sexual dimorphism . J Exp Biol. 2015;218(Pt 1):50-58.
PubMed   |  Link to Article

32 Streuling  I, Beyerlein  A, Rosenfeld  E, Schukat  B, von Kries  R.
 Weight gain and dietary intake during pregnancy in industrialized
countries–a systematic review of observational studies . J Perinat
Med. 2011;39(2):123-129.
PubMed   |  Link to Article

33 Stuebe  AM, Oken  E, Gillman  MW.  Associations of diet and physical
activity during pregnancy with risk for excessive gestational weight
gain . Am J Obstet Gynecol. 2009;201(1):58.e1-58.e8.
PubMed   |  Link to Article

34 Boeke  CE, Oken  E, Kleinman  KP, Rifas-Shiman  SL, Taveras  EM,
Gillman  MW.  Correlations among adiposity measures in school-aged
children . BMC Pediatr. 2013;13:99.
PubMed   |  Link to Article

http://archpedi.jamanetwork.com/article.aspx?articleid=2491661

24 de 24 19/02/2016 8:59


