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ABSTRACT
Objective While maternal fish consumption in pregnancy 
has consistently been linked to better cognitive and 
emotional outcomes in children, fish is also a primary 
source of exposure to methyl mercury (MeHg), which has 
been linked to poorer child cognitive outcomes. The aim of 
this study was to evaluate the associations between MeHg 
exposure, using calculated MeHg exposure from maternal 
diet and total mercury (Hg) concentration in maternal blood 
during pregnancy, and child internalising and externalising 
behaviours at 3 and 5 years of age.
Design and participants The study sample comprised 
51 238 mother–child pairs in the Norwegian Mother, 
Father and Child Cohort Study. Data on maternal blood Hg 
concentration in gestational week 18 were available for 
a sub- sample of 2936 women. Maternal MeHg exposure 
from diet was calculated from a validated Food Frequency 
Questionnaire answered in mid- pregnancy. Mothers 
reported children’s emotional behaviour at age 3 and 
5 years by questionnaires including twenty items from 
the Child Behaviour Checklist. Longitudinal associations 
were examined using generalised estimating equations, 
adjusted for potential confounders and stratified by 
maternal fish intake.
Results Maternal blood Hg concentration (median=1.02 
µg/L, 90th percentile=2.22, range=0–13.8) was not 
associated with emotional behaviour in children. 
Increasing dietary MeHg intake (median 0.15 µg/kg body 
weight/week, 90th percentiles=0.31, range=0–1.86) 
was significantly associated with lower internalising 
β=−0.03 (95% CI −0.05 to –0.00) and externalising child 
behaviours β=−0.04 (95% CI −0.07 to –0.02) in adjusted 
models. The inverse associations were also apparent when 
stratifying by low/high maternal fish intake (<400 and 
≥400 g/week).
Conclusions The results indicated that prenatal 
MeHg exposure, well below the weekly tolerable intake 
established by European Food Safety Authority (1.3 
µg/kg bw), did not adversely affect child emotional 
regulation. Children of mothers consuming fish regularly 
were less likely to show signs of emotional behavioural 
problems.

INTRODUCTION
Diet is the main contributor to mercury (Hg) 
exposure in humans, and the main food 
source is fish and other seafood.1 Popula-
tion studies consistently show that fish intake 
correlates with Hg concentration measured 
in biological samples,2 3 including during 
pregnancy and in cord blood samples.4 Large 
predatory fish species at the top of the food 
chain contain the largest quantities.

Birth cohort studies have investigated the 
potential effects of prenatal Hg exposure, 
resulting from a maternal diet including fish 
and seafood with varying Hg levels, on subse-
quent child development. The findings from 
two pioneer Hg cohort studies conducted in 
populations with high, but varied, seafood 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Maternal diet plays an important role in child 
development.

 ⇒ Fish consumption is recommended as part of a 
healthy diet and contributes key nutrients but is also 
a source of exposure to environmental contami-
nants, including mercury.

WHAT THIS STUDY ADDS
 ⇒ We explored prospective associations between pre-
natal exposure to mercury and maternal fish intake 
with child emotional regulation up to 5 years.

 ⇒ The results showed that maternal fish intake and 
associated prenatal mercury exposure below tolera-
ble intakes were associated with fewer behavioural 
problems in children.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The study supports findings from other studies 
showing no adverse effects of prenatal mercury 
exposure on child emotional regulation when the 
source of mercury is fish containing relatively low 
concentrations of mercury.
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diets reported conflicting results concerning the magni-
tude of prenatal Hg exposure that may cause impaired 
childhood neurodevelopment, performance and 
behaviour.5–9

Studies in populations with a moderate intake of fish, 
defined as 1–3 servings of fish per week and a lower expo-
sure level of Hg also show variation in the association to 
child emotional development.10–14

Previous research in large cohort studies has indicated 
that healthier maternal dietary patterns and diet quality 
assessed during pregnancy are related to better emotional 
and cognitive health in children over the first years of 
life.15 These relationships persist even when considering 
the potential confounding effect of familial and maternal 
factors, such as mothers’ mental health, parent education 
level, income, marital status and parenting styles.16 The 
meta- analysis by Borge et al,16 which included data from a 
large pregnancy cohort in Norway, found relatively small 
effect sizes and indicated a slightly larger effect size for 
the cognitive than for the affective domain.

Previous studies in the Norwegian cohort have shown 
mixed findings for Hg exposure and health outcomes. 
Hg exposure in pregnant women was associated with 
delayed language and communication skills in children 
at age 3 years, OR 2.22 (95% CI 1.31 to 3.72),17 but with 
favourable child language outcomes at 5 years.2

The aim of this study is to follow up the previous find-
ings in the cohort and assess if there is a relationship 
between higher prenatal Hg exposure and adverse child 
emotional health outcomes. We will investigate the asso-
ciations between Hg concentration in maternal blood 
during pregnancy, and calculated MeHg exposure from 
maternal pregnancy diet, and associations with child 
internalising and externalising behaviours at 3 and 5 
years of age from the Child Behaviour Checklist (CBCL).

MATERIAL AND METHODS
Data sources
The Norwegian Mother, Father and Child Cohort Study 
(MoBa) is a prospective population- based pregnancy 
cohort conducted by the Norwegian Institute of Public 
Health (NIPH).18 The recruitment period was from 1999 
to 2008 and pregnant women and their partners from all 
parts of Norway were invited to the study. Mothers could 
participate with more than one pregnancy and the cohort 
includes 95 200 mothers and 114 500 children. Of the 
invited pregnant women, 41% consented to participa-
tion. All participants gave written informed consent at 
recruitment.

Study population
This study is based on MoBa datafile V.9 released for 
research in 2015. The dataset is linked to data from the 
Medical Birth Registry of Norway a national health registry 
containing information about all births in Norway. The 
questionnaires used in the current study were sent out in 
gestational week 15 (Q1) and 22 (Q2), at 6 months after 

birth (Q4), and when the child reached age 3 years (Q3y) 
and 5 years (Q5y). Q2 is a Food Frequency Questionnaire 
(FFQ), while Q1, Q4, Q3y and Q5y are general ques-
tionnaires covering maternal and child health, lifestyle 
and background factors. We excluded participants with 
multiple births and mothers reporting unlikely energy 
intake (<4.5 or >20 MJ). The final study population 
included 51 238 women with singleton live births who 
had answered questionnaires Q1, Q2, Q3y, of whom 31 
902 also had answered the questionnaire Q5y (figure 1).

Exposure
Pregnant women in MoBa completed a comprehensive 
semi- quantitative FFQ designed to capture their average 
dietary intakes since the start of pregnancy. The FFQ 
included questions about intake of 255 food items with 
special emphasis on various seafood items. Food frequen-
cies were converted to food amounts, and food and 
nutrient intakes were calculated with use of the FoodCalc 
program19 and the Norwegian food composition table.20 A 
validation study in 119 MoBa participants showed that the 
FFQ is a reliable and useful tool for estimating the intakes 
of nutrients and foods, including fish and seafood.21 22

Concentrations of total Hg in Norwegian fish and 
other food items were compiled in a database described 
previously.23 Prenatal dietary Hg exposure was calculated 
by combining reported food intakes with this database. 
MeHg is the organic and most toxic form of mercury, 
constitutes 80%–100% of the total Hg in seafood. Seafood 
contributes 88% of the total Hg dietary exposure among 
women in MoBa, and we considered Hg from seafood to 
reflect MeHg exposure. Total fish intake was calculated as 
the sum of lean and oily fish species, reported as intakes 
in the form of bread spread, salad, mixed dishes and 
dinners (including only the fish part of processed fish 
items and mixed fish dishes). To perform stratified anal-
ysis, we used a cut- off at 400 g of fish intake per week. The 
rationale for this cut- off is the recommendation by the 
Norwegian Directorate of Health for a weekly fish intake 
of 300–450 g.24

Maternal whole blood specimens were obtained around 
18 weeks of gestation. The samples were stored at the 
MoBa biobank. Maternal whole blood samples from 3000 
individuals were retrieved from the biobank in 2015 for 

Figure 1 Flow chart of inclusion. *The MoBa food frequency 
questionnaire was introduced in March 2002. MoBA, 
Norwegian Mother, Father and Child Cohort Study.
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the Human Environmental Biobank project (MoBa Etox) 
at NIPH.25 Maternal blood concentrations of Hg were 
made available for this study. In total, n=2936 individuals 
in the MoBa Etox sample had data from the question-
naire at 3 years and n=2239 also had data from the ques-
tionnaire at 5 years. Mercury analysis was conducted at 
the Department of Laboratory Medicine at Lund Univer-
sity (Sweden) and was determined as total mercury in 
acid- digested samples by cold vapour atomic fluorescence 
spectrophotometry. For a more detailed description of 
the measurement method, see our previous paper.2

Outcome
The primary outcome of this study was maternal report 
of child emotional behavioural regulation assessed by the 
CBCL included in the 3- year and 5- year questionnaire. 
CBCL is a widely used method of identifying internal-
ising symptoms of anxiety and depression and external-
ising symptoms of aggressive behaviour and attention 
problems in children and is the most renowned parental 
report tool of behavioural problems for young children. 
MoBa questionnaires at 3 and 5 years include a selection 
of 26 items from the original CBCL. Adequate sensitivity 
(71%) and specificity (92%), for prediction of psychiatric 
disorders using CBCL was found in Norwegian study.26 
Latent factor analysis of the MoBa subset of CBCL ques-
tions on the two expected constructs of internalising and 
externalising was found to correlate 0.92 with the full 
original scale.27 CBCL has been used to assess the effect 
of MeHg on emotional behaviour in previous studies.28

The CBCL in MoBa consisted of 9 items of internalising 
behaviours (min 9, max 21) and 10 items of externalising 
behaviours (min 10, max 30) (for information on items 
see online supplemental table S1). The mother assesses 
statements about the child behaviour with three response 
options: ‘true’, ‘somewhat or sometimes true’ and ‘not 
true’. For the purpose of this study, the scale is presented 
such that higher scores represent more internalising and 
externalising behaviours.

Covariates
Covariates considered as potential confounders were 
selected a priori on theoretical grounds. The following 
variables were obtained from the baseline questionnaire 
answered around pregnancy week 17: prepregnancy 
bodymass index was calculated from self- reported weight 
and height and categorised according to WHO catego-
ries, level of educational, smoking, annual income and 
maternal symptoms of anxiety and depression in early 
pregnancy assessed by the Hopkin Symptom Checklist 
(HCBL- 5). The following variables were obtained from 
the medical birth registry: age at delivery and parity 
dichotomised as primiparous and parous.

Statistics
The same questionnaire items and exposure measure-
ments were used at 3 and 5 years. Generalised estima-
tion equation (GEE) regression models were used for 

estimating association between mercury exposure and 
internalising or externalising behaviour scores after 
accounting for potential confounders. The GEE models 
assumed a Gaussian distribution for the dependant vari-
ables and employed an unstructured covariance pattern 
to account for within participants autocorrelation in 
internalising/externalising behaviour scores across age 3 
and 5 years assessments. Missing data in the CBCL scores 
were imputed by using scores within the same dimension. 
There had to be at least one value per dimension, or it 
was coded as system missing. For the covariates, we used 
a complete case approach and excluded participants with 
missing data in the covariates.

Prenatal dietary Hg exposure calculated from maternal 
diet and maternal Hg blood level measurement was used 
as a continuous exposure. In addition, reported fish 
intake was dichotomised using ≥400 g per week defined as 
a high intake to construct a nominal high and low intake 
exposure variable. Secondary analyses were performed 
using this dichotomised exposure. A nominal measure-
ment time was included in the regression equation and 
the main effect of mercury exposure average across age 3 
and 5 years measurements was investigated. Three models 
were employed to account for potential confounders. 
Model 1 adjusted for maternal age, maternal education 
and income; model 2 additionally adjusted for prepreg-
nancy body mass index (BMI), maternal smoking, parity 
and model 3 made further adjustment for maternal symp-
toms of anxiety and depression during pregnancy.

All analyses were performed using IBM SPSS Statistics 
V.23 for Windows (SPSS). All p values were two sided and 
values below 0.05 were considered statistically significant.

RESULTS
Total blood mercury (µg/L) was available for n=2936 
pregnant women. The median maternal blood Hg 
concentration was 1.02 µg/L (10th and 90th percentiles; 
0.34, 2.22 µg/L) (range 0–13.8 µg/L).

Of the 51 238 mothers who had answered the ques-
tionnaire at child age 3 years, 31 737 (62%) had also 
answered the questionnaire at 5 years. Comparison of 
key maternal characteristics and prenatal Hg exposure 
by the two time points indicated no notable difference 
for key characteristics or for dietary MeHg exposure and 
blood Hg concentration for drop- outs and non- drop- outs 
(online supplemental tables S2–S4).

In the study sample (n=51 238), the mean age of 
the women at the time of delivery was 30 years and the 
mean prepregnant BMI was 23.8 kg/m2. Most women 
(72%) reported to have attained at least one or more 
year of college/university, 93% of the women did not 
smoke during pregnancy and nearly half (48.7%) were 
nulliparous.

The median dietary MeHg exposure was 0.15 µg/
kg bw/week (10th and 90th percentiles; 0.06, 0.31 µg/
kg bw/week (range 0–1.86 µg/kg bw/week). The blood 
Hg concentration and calculated dietary MeHg exposure 
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correlated moderately; Spearman rs=0.37 (95% CI 0.34 
to 0.40). Both dietary MeHg exposure and blood Hg 
concentration increased with increasing fish intake 
(online supplemental table S3).

The median maternal weekly fish intake was 181 g/
week with 10th and 90th percentiles at 57 and 366 g/week 
(range 0–1850 g/week). The participants were divided 
into low or high fish consumers, based on intakes <400 g 
per week or ≥400 g per week. Only 7.3% (n=3722) of the 
women reported eating 400 g of fish or more per week.

Maternal fish intake (n=51 238) correlated strongly 
with MeHg calculated from the diet (Spearman rs=0.88, 
95% CI 0.88 to 0.88) and moderately with maternal blood 
Hg concentration (n=2936, r=0.36, 95% CI 0.33 to 0.39).

The CBCL scores for internalising and externalising 
child behaviour at 3 and 5 years are described separately 
and by maternal fish intake below and above 400 g per 
week (table 1). The group of mothers who reported a 
weekly fish intake ≥400 g reported slightly lower scores 
for child emotional behavioural problems at both 3 and 
5 years.

In the analysis with prenatal dietary MeHg as the 
exposure, MeHg intake was associated with lower inter-
nalising and externalising problem scores in both crude 
and adjusted models. We adjusted for covariates in the 
models by adding more variables into the analysis in three 
steps. The first model included maternal age, education 
and income. In model 2, we included prepregnancy 
BMI, smoking and parity, and in the third full model we 
included maternal anxiety and depression (HCBL- 5) 
during pregnancy. The effect estimates were attenuated 
by the adjustment but remained significant in the final 
model with beta=−0.03 (95% CI −0.05 to –0.00) for inter-
nalising behaviour and beta=−0.04 (95% CI −0.07 to 
–0.02) for externalising behaviour (table 2). When using 
maternal blood Hg concentration as the exposure vari-
able, the effect estimates indicated no associations with 
child emotional behavioural outcomes in either crude or 
adjusted analyses (table 2).

We performed stratified analyses by maternal weekly 
fish intake below and above 400 g and found the same 
direction of associations within both groups. Within the 

Table 1 Distribution of mean CBCL scores at children aged 3 and 5 years and by maternal reported weekly fish intake below 
and above 400 g

CBCL outcome

All <400 g fish weekly ≥400 g fish weekly

N* Mean (SD) N Mean (SD) N Mean (SD)

3y Internalising 51 238 9.2 (8.3) 47 516 9.3 (8.3) 3722 8.7 (8.2)

3y Externalising 51 238 12.6 (7.2) 47 516 12.7 (7.2) 3722 12.2 (7.2)

5y Internalising 31 624 6.6 (7.8) 29 404 6.6 (7.8) 2220 6.2 (7.1)

5y Externalising 31 737 8.7 (7.0) 29 508 8.7 (7.1) 2229 8.3 (7.1)

Higher CBCL scores are indicating increased internalising and externalising behaviour problems.
*Participants that answered the 5- year questionnaire were included if they had also answered the 3- year questionary and the CBCL score. 
The number of participants that answered the CBCL externalising score at 5 years was n=31 737, while n=31 624 answered the CBCL 
internalising score.
CBCL, Child Behaviour Checklist.

Table 2 General estimating equation models and association between maternal dietary Hg intake during pregnancy and 
maternal Hg blood concentration as continuous variables and maternal report on child internalising and externalising behaviour 
problems adjusting for maternal covariates in additive models

Models

Dietary MeHg exposure Maternal Hg blood levels

Internalising Externalising Internalising Externalising

n β (95% CI) Β (95% CI) n β (95% CI) Β (95% CI)

Crude 50 301 −0.08 (−0.10 to 0.06)** −0.10 (−0.12 to 0.08)** 2936 −0.15 (−0.40 to 0.09) −0.03 (−0.25 to 0.20)

Model 1 47 965 −0.04 (−0.06 to 0.02)** −0.06 (−0.08 to 0.04)** 2873 0.01 (−0.24 to 0.26) 0.09 (−0.14 to 0.33)

Model 2 47 517 −0.03 (−0.06 to 0.01)** −0.05 (−0.07 to 0.03)** 2807 −0.06 (−0.32 to 0.20) 0.11 (−0.12 to 0.35)

Model 3 46 283 −0.03 (−0.05 to 0.00)* −0.04 (−0.07 to 0.02)** 2744 −0.04 (−0.30 to 0.23) 0.13 (−0.11 to 0.37)

Model 1 maternal age, maternal education, income.
Model 2 maternal age, maternal education, income, prepregnancy BMI, maternal smoking, parity.
Model 3 maternal age, maternal education, income, prepregnancy BMI, maternal smoking, parity and maternal anxiety and depression during 
pregnancy.
df were 1 for all analysis.
*p<0.05, **p<0.01.
BMI, body mass index.
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low fish intake group, we found that higher dietary MeHg 
exposure was associated with lower scores for internal-
ising and externalising problems in both unadjusted 
and fully adjusted models. In the much smaller high fish 
intake group, the associations indicated similar a direc-
tion and effect size but the confidence intervals were wide 
(table 3).

DISCUSSION
In this study, we found that MeHg exposure calculated 
from maternal diet (median 0.15 µg/kg bw/week) was 
associated with fewer emotional behavioural problems in 
children at age 3 and 5 years. This inverse association was 
evident across both lower and higher intakes of seafood 
consumption. Prenatal maternal blood Hg concentration 
(median 1.02 µg/L) was not associated with increased 
child emotional behaviour problems in the subsample 
with available blood Hg values.

The dietary MeHg exposure level in MoBa was gener-
ally below the current tolerable weekly intake of 1.3 
µg/kg bw established by the European Food Safety 
Authority (EFSA), which is derived from hair mercury 
concentrations at the no- observed- adverse- effect level 
in populations in the Faroe Islands and Seychelles (11.5 
mg/kg maternal hair).29 Using a hair:blood ratio of 250 
and an uncertainty factor of 2 to account for variability 
in this ratio, the maternal blood concentration corre-
sponding to this hair level is 23 µg/L. The majority of 
women in MoBa had low exposure levels, with only a 
few individuals with calculated dietary MeHg values 
exceeding the tolerable weekly intake and none with 
exceeding Hg concentrations in blood. The median 

maternal blood Hg concentration was 1.02 µg/L (10th 
and 90th percentiles; 0.34, 2.22 µg/L) (range 0–13.8 
µg/L).

There is a considerable variation in Hg exposure levels 
worldwide due to variability in the diet and/or due to 
specific local contamination. In populations with a tradi-
tionally high fish intake, we find higher levels of Hg in 
blood than in populations with a moderate fish intake. 
The geometric mean blood Hg concentration in the 
Republic of Korea was 3.2 µg/L,30 while in US women 
the mean blood Hg concentration was approximately 1.0 
µg/L.1

In earlier studies in MoBa, we have shown that both the 
calculated dietary MeHg exposure and maternal blood 
Hg concentration increases with increasing fish intake.2 
Investigating possible effects of prenatal Hg exposure on 
child development, we found that prenatal dietary expo-
sure above the 90th percentile (>0.29 µg/kg bw/day) 
was associated with impaired language development in 
children aged 3 years, indicating that for the subgroup 
with the highest Hg exposure, adverse effects of Hg expo-
sure could outweigh the beneficial nutritional effect of 
maternal seafood consumption.17 However, in a subse-
quent study that focused on the MoBa children at 5 years 
of age, the observed associations between prenatal dietary 
MeHg exposure and child language and communication 
skills were favourable, suggesting that the benefits of fish 
consumption outweighed the potential negative effect of 
the low MeHg exposure.2 Another explanation could be 
that the parental reported assessment of language and 
communication skills in children is more accurate and 
reliable at 5 years than at 3 years.

Table 3 General estimating equation models and association between maternal dietary Hg intake during pregnancy and 
maternal Hg blood concentration as continuous variables and maternal report on child internalising and externalising behaviour 
problems

Models Fish intake

Internalising Externalising

β (95% CI) β (95% CI)

Crude <400 g −0.08 (−0.10 to 0.05)** −0.10 (−0.12 to 0.07)**

≥400 g −0.08 (−0.30 to 0.13) −0.16 (−0.35 to 0.03)

Model 1 <400 g −0.03 (−0.06 to 0.01)* −0.05 (−0.08 to 0.03)**

≥400 g −0.06 (−0.03 to 0.02) −0.10 (−0.29 to 0.10)

Model 2 <400 g −0.02 (−0.05 to 0.00) −0.03 (−0.06 to 0.01)*

≥400 g −0.05 (−0.06 to 0.02) −0.04 (−0.27 to 0.19)

Model 3 <400 g −0.02 (−0.04 to 0.01) −0.03 (−0.06 to 0.01)*

≥400 g −0.08 (−0.34 to 0.18) −0.03 (−0.25 to 0.19)

Model 1 maternal age, maternal education, income.
Model 2 maternal age, maternal education, income, prepregnancy BMI, maternal smoking, parity.
Model 3 maternal age, maternal education, income, prepregnancy BMI, maternal smoking, parity, maternal anxiety and depression during 
pregnancy.
df was one for all analysis.
Adjusting for maternal covariates in additive models and stratified by maternal Weekly fish intake below and above 400 g.
*p<0.05, **p<0.01.
BMI, body mass index.
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Our findings are in line with those from the large 
population cohort in the UK, ALSPAC, which found that 
maternal blood Hg (median 1.86 µg/L) was positively 
associated with child development, behaviour and scho-
lastic performance when the mother ate fish, whereas 
the associations were null or negative when the mothers 
did not eat fish.31 Similar results were also found in the 
INMA study in Spain among populations with high fish 
consumption. Here they found that both increasing cord 
blood Hg concentration (geometric mean 8.8 µg/L),32 
and maternal fish consumption above the recommended 
limit of 340 g/week, were associated with higher scores 
on neuropsychological tests.33 A study from the New 
Bedford cohort in the US found that maternal hair Hg 
(median 0.45 µg/g) was associated with elevated risk of 
attention- deficit/hyperactivity disorder (ADHD) -related 
behaviour. However, maternal fish consumption during 
pregnancy (> 2 servings per week) was inversely associated 
with ADHD- related behaviour.14 These studies support 
the hypothesis that nutritional benefits are larger than 
the potential harm from exposure to Hg from seafood 
intake within the recommended levels.

The main strengths of this study include the large 
cohort of mothers and children from all parts of Norway, 
the detailed data on maternal diet and lifestyle, and the 
prospective design, which limits the problem associated 
with recall bias and reverse causality. We assessed Hg expo-
sure using both Hg concentration in blood and calcu-
lated dietary MeHg, and both markers of Hg exposure 
increased with increasing seafood intake. Child behaviour 
was assessed using a well- established and widely used tool 
and longitudinal modelling minimises the impact of 
measurement error. This is a more robust method than 
studying associations between Hg exposure and outcomes 
for each time point separately.34 An important limitation 
of this study is that dietary intake, covariates and child 
outcomes were assessed by maternal report. Self- reported 
data on health- related and lifestyle- related information 
pose many challenges.35 Use of FFQ to assess dietary 
intake is a rather crude method and prone to misre-
porting. Although the FFQ has been extensively validated, 
misreporting and imprecision is likely to have attenuated 
the effect estimates.36 The low response rate in MoBa is 
also of concern. Participants in MoBa were slightly older, 
leaner, better educated and included fewer smokers than 
the general population of pregnant women in Norway at 
the time, but examination of several exposure–outcome 
associations in MoBa found comparable effect estimates 
in MoBa and a nationally representative study sample.37 
It is possible that the beneficial association between 
fish intake and emotional behavioural scores could be 
confounded by other dietary components. However, we 
did not adjust for other aspects of overall diet because 
nearly all women in MoBa reported fish consumption.38 
Moreover, fish intake is not strongly associated with diet 
quality in women participating in MoBa.39

Although we adjusted for numerous variables deter-
mined a priori, the study is observational and the 

possibility of residual or unmeasured confounding cannot 
be excluded. The loss to follow- up is another concern and 
in this study nearly 40% of mother–child pairs were lost 
to follow- up age 3–5 years. Although participants who 
remain cohort members differ from those who drop out, 
studies in MoBa have shown that this does not severely 
bias the results.40 41

The potential biological mechanisms for the beneficial 
effects of seafood have been attributed primarily to the 
marine long chain fatty acids.8 However, fish also contrib-
utes to the intake of high- quality protein and has essen-
tial elements such as iodine and selenium. It is not clear, 
however, whether the developmental benefits ascribed 
to eating fish are explained only by nutrients or could 
also be due to healthier lifestyles that often correlate with 
regular fish consumption. Overall, results from exper-
imental and prospective observational studies conclude 
that moderate intake of fish species low in mercury is 
associated with lower risk of morbidity and mortality, 
including mental health, and more favourable pregnancy 
outcomes including child neurocognitive development.42 
The results of the current study support the need to 
promote fish consumption in women of childbearing age 
in accordance with country- specific warnings to restrict 
consumption of fish species known to contain high MeHg 
and other contaminants.42

Exposure to Hg in women of childbearing age 
continues to be an important public health concern, and 
even though the exposure to Hg from fish and seafood 
in pregnant women in Norway is generally low, some fish 
and fish products from other areas of Europe contain Hg 
levels exceeding those recommended for consumption 
by pregnant women.43 The fish species most commonly 
consumed in Norway are cod and farmed salmon, which 
contain low levels of Hg. Our results indicate no associa-
tion between Hg exposure and child behaviour of clinical 
significance in the MoBa cohort. However, it has been 
argued that cognitive disorders are increasing worldwide44 
and low- level environmental toxicants may contribute to 
subclinical decrement in brain function that can have 
severe consequences for individual life quality and on 
population level.45

CONCLUSION
In summary, this study supports findings from other 
studies showing no adverse effects of prenatal Hg expo-
sure on child emotional regulation when the source of 
Hg is fish containing relatively low concentrations of Hg 
resulting in an intake well below the tolerable intake set 
by EFSA. Children of mothers who consumed fish regu-
larly had lower scores for emotional regulation problems 
than those of mothers reporting low fish intake (< 400 g/
week). These findings corroborate existing dietary guide-
lines encouraging women of childbearing age to include 
fish regularly as part of a balanced diet, while restricting 
consumption of fish species with high concentration of 
mercury or other contaminants.
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Supplementary Tables 

 

Supplementary table S1.  Child Behaviour Checklist (CBCL) – items used from the MoBa 

questionnaires at 3 year and 5 year. Sorted by internalizing and externalizing items. 

The following list contains statements describing children's behavior and manner from 

the age of 2-3.  

Items on the internalizing scale  

• Clings to adults or too dependent  

• Constipated, doesn’t move bowels  
• Disturbed by any change in routine  

• Doesn’t eat well  

• Gets too upset when separated from parents  

• Stomach aches or cramps (without medical cause)  

• Sudden changes in moods or feelings  

• Too fearful or anxious  

• Vomiting, throwing up (without medical cause)  

Items on the externalizing scale  

• Can’t concentrate, can’t pay attention for long  
• Can’t sit still, restless or overactive  
• Can’t stand waiting, wants everything now  
• Defiant  

• Demands must be met immediately  

• Gets in many fights  

• Hits others  

• Poorly coordinated or clumsy  

• Punishment doesn’t change his/her behavior  

• Quickly shifts from one activity to another  

 

 

 

 

The following list contains statements describing children's behavior from the age of 5.  

Items on the internalizing scale  

• Clings to adults or too dependent  

• Disturbed by any change in routine  

• Doesn’t eat well  
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• Gets too upset when separated from parents  

• Stomach aches or cramps (without medical cause)  

• Too fearful or anxious  

• Unhappy, sad or depressed  

• Vomiting, throwing up (without medical cause)  

• Feelings are easily hurt  

 

Items on the externalizing scale  

• Can’t concentrate, can’t pay attention for long  
• Can’t sit still, restless or overactive  
• Can’t stand waiting, wants everything now 

• Defiant  

• Demands must be met immediately  

• Doesn’t seem to feel guilty after misbehaving  

• Gets in many fights  

• Hits other  

• Poorly coordinated or clumsy  

• Punishment doesn’t change his/her behavior  

 

To what extent are the following statements true of your child's behavior during the last two 

months? Options: 

1-Not true 

2-Somewhat or sometimes true 

3-Very true or often true 
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Supplementary Table S2. Description of prenatal dietary mercury exposure and demographic 

variables in the study sample for participants with information about child behavior at child 

age 3 and 5 years. 

 Answered 3-year questionnaire Answered 5-year questionnaires* 

 N mean (SD) median N mean (SD) median 

Mercury µg per day 51,238 1.63 (0.99) 1.47  31,737 1.63 (0.97) 1.50  

Mercury µg/ kg bw/ week** 50,301 0.17 (0.11) 0.15  31,262 0.18 (0.11) 0.16  

Maternal age at delivery  %  % 

   <25 years 4542 8.9 2354 7.4 

   25-29 years 16,996 33.2 10,232 32.2 

   30-34 years 23,175 45.2 14,795 46.6 

    ≥35 years 6225 12.7 4356 13.7 

Parity     

   nulliparous 24,971 48.7 15,798 49.8 

   multiparous 26,267 51.3 15,939 50.2 

Maternal education     

   ≤12 years 13,418 26.2 7007 22.1 

   13-16 years 22,535 44.0 14,215 44.8 

   ≥17 years 14,317 27.9 9950 31.4 

   missing 968 1.9 565 1.8 

Maternal income      

   < 300,000 NOK per year 29,617 57.8 16,768 52.8 

   ≥ 300,000 NOK per year 20,140 39.3 14,188 44.7 

   missing 1481 2.9 781 2.5 

Smoking during pregnancy     

     no smoking 47,755 93.2 30,106 94.9 

     occasional smoking 1121 2.2 554 1.7 

     daily smoking 2028 4.0 885 2.8 

   missing 334 0.7 192 0.6 

Pre-pregnancy BMI, kg/m2     

   <18.5 33,446 65.3 21,054 66.3 

   18.5-24.9 1422 2.8 888 2.8 

   25-29.9 10,816 21.1 6649 21.0 

   ≥30 4451 8.7 2581 8.1 

   missing 1103 2.2 565 1.8 

Weekly fish servings     

   0 1498 2.9 851 2.7 

   1 22,109 43.1 13,740 43.3 

   2 21,102 41.2 13,188 41.6 

   3 3139 6.1 1926 6.1 

   ≥4 3390 6.6 2032 6.4 

* Participants that answered the five-year questionnaire were included if they had also answered the 

three-year questionary and the CBCL score. The number of participants that answered the CBCL 

externalizing score were n= 31,737, while n=31,624 participants answered the CBCL internalizing 

score. In this overview we present demographics based on participants that answered the CBCL 

externalizing score.  

**Missing due to missing reports of maternal body weight. 

Abbreviations: NOK; Norwegian Kroner  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) bmjnph

 doi: 10.1136/bmjnph-2021-000412:e000412.0 2022;bmjnph, et al. Vejrup K



Supplementary Table S3. Description of maternal blood mercury (µg/L) concentration and 

demographic variables f for participants with information about child behavior at age 3 and 5 

years. 

 Answered 3-year 

questionnaire 

Answered 5-year 

questionnaires* 

 N Mean (SD) median  N Mean (SD) median  

Blood mercury levels 

(µg/L) 

2936 1.21 (0.93) 1.02 2226 1.21(0.93) 1.03  

Maternal age at delivery  %  % 
   <25 years 236 8.0 161 7.3 
   25-29 years 1033 35.2 755 34.1 
   30-34 years 1341 45.7 1043 47.1 
    ≥35 years 326 11.1 256 11.6 

Parity     

   nulliparous 1513 51.5 1104 49.8 

   multiparous 1423 48.5 1111 50.2 

Maternal education     
   ≤12 years 755 25.7 511 23.1 
   13-16 years 1380 47.0 1066 48.1 
   ≥17 years 738 25.1 590 26.6 
   missing 63 2.1 48 2.2 
Maternal income      
   < 300,000 NOK per year 1803 61.4 1329 60.0 
   ≥ 300,000 NOK per year 1058 36.0 834 37.7 
   missing 75 2.6 52 2.3 
Smoking during pregnancy     
     no smoking 2749 93.6 2100 94.8 
     occasional smoking 66 2.2 44 2.0 
     daily smoking 106 3.6 60 2.7 
   missing 15 0.5 11 0.5 

Pre-pregnancy BMI, 

kg/m2 

    

   <18.5 1889 64.3 1436 64.8 

   18.5-24.9 89 3.0 64 2.9 

   25-29.9 677 23.1 516 23.3 

   ≥30 226 7.7 160 7.2 

   missing 55 1.9 39 1.8 

Weekly fish servings     

   0 91 3.1 58 2.6 

   1 1312 44.7 981 44.3 

   2 1213 41.3 934 42.2 

   3 169 5.8 126 5.7 

   ≥4 151 5.1 116 5.2 
* Participants that answered the five-year questionnaire were included if they had also answered the 

three-year questionary and the CBCL score. The number of participants that answered the CBCL 

externalizing score were n= 2226 while only n= 2215 participants had answered the CBCL 

internalizing score. In this overview we are presenting demographics based on participants that 

answered the CBCL externalizing score.  
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Supplementary Table S4.  Calculated dietary methylmercury (MeHg) intake and maternal 

blood mercury (Hg) concentration by quintiles of maternal fish intake. 

Fish intake quintile 

range (g/week) 

MeHg (µg/kg bw/week)  

mean (IQR) 

Blood Hg (µg/L) 

mean (IQR) 

<95 0.06 (0.03, 0.09) 0.87 (0.38, 1.15) 

96-153 0.12 (0.09, 0.15) 1.10 (0.53, 1.44) 

154-210 0.17 (0.13, 0.20) 1.26 (0.67, 1.59) 

211-291 0.21 (0.16, 0.25) 1.37 (0.71, 1.73) 

292-1850 0.30 (0.22, 0.36) 1.51 (0.85, 1.92) 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) bmjnph

 doi: 10.1136/bmjnph-2021-000412:e000412.0 2022;bmjnph, et al. Vejrup K


	Prenatal mercury exposure, fish intake and child emotional behavioural regulation in the Norwegian Mother, Father and Child Cohort Study
	Abstract
	Introduction
	Material and methods
	Data sources
	Study population
	Exposure
	Outcome
	Covariates
	Statistics

	Results
	Discussion
	Conclusion
	References


