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A B S T R A C T

Objectives: A few previous studies have described a potential role of V-3 long-chain polyunsaturated fatty
acids from marine animals in obesity in children, but the results are conflicting. The objectives of this study
were to examine if intake of marine fat was related to less gain in body mass index (BMI) and body fat (BF)
over a 15-mo period among Danish children age 2 to 6 y, and if potential associations depended on which
types of fatty acids were replaced.
Methods: A total of 355 children age 2 to 6 y were included in the study. Weight, height, and BF percentage
(BF%) assessed by bioimpedance were measured by trained research personnel. Multivariable linear regres-
sion models were used to investigate associations between marine fat intake and changes in BMI or BF% over
the subsequent 15 mo. To investigate substitution effects, we constructed regression models that included
marine fat and all other energy yielding dietary components, except for the nutrient to be substituted for
either all fats or specific subgroups (saturated, monounsaturated, or other polyunsaturated fatty acids).
Results: No significant associations were observed between intake of marine fat and development in BMI or
BF% in any of the analyses, either with or without specified substitutions. Furthermore, the results were inde-
pendent on whether intake was expressed in g/d or percentage of energy, and were not modified by age or
BMI status.
Conclusions: This study suggests that marine fat intake and fat composition in a diet may have little or no
effect on weight and adiposity development among preschool-aged children.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Childhood obesity is a severe global public health issue [1] with
millions of young children being overweight or obese [2]. Child-
hood obesity is related to adulthood obesity and a high risk of adult
cardiovascular diseases, diabetes, and musculoskeletal disorders
[1,3]. Previous studies have also demonstrated that rapid weight
gain during early childhood is associated with obesity during
adulthood [4].

Excess weight gain is overall due to a mismatch between
energy intake and energy expenditure, but nutrient composition
may also play a role [5,6]. A high fat intake may promote adiposity
development, but may depend on fatty-acid composition [7]. Stud-
ies of rats have shown that high-fat�high-carbohydrate diet-
induced obesity in rodents is prevented if corn oil is replaced with
vegetable oil containing V-3 polyunsaturated fatty acids (PUFAs)
[8]. Marine fat is the main source of V-3 long-chain PUFA
(LCPUFA), constituting around 25% of the fat, but also contains
other fatty acids and has a relatively high content of saturated fatty
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Fig. 1. Flowchart of the study population
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acid (SFA) and monounsaturated fatty acid (MUFA). However, pre-
vious studies examining the potential role of V-3 LCPUFA for obe-
sity in children shown conflicting results. Some studies have
shown that maternal V-3 LCPUFA supplementation during lacta-
tion is related to a higher body mass index (BMI) and weight gain
in offspring during childhood [9,10], but no significant effects on
weight gain have been observed in randomized clinical trials
(RCTs) with V-3 LCPUFA intake during childhood [11�15]. Cohort
studies investigating the association between V-3 LCPUFA con-
sumption in young children and later weight gain generally have
not found an association [16�18]. However, one RCT found that
fish-oil supplementation in overweight children promoted weight
loss [19].

The effect of V-3 LCPUFA on weight regulation may depend on
the composition of the overall diet and specifically on which types
of foods or nutrients are replaced. A small RCT of healthy adults
found that V-3 LCPUFA stimulated lipid oxidation and reduced
body fat (BF) mass when a mixture of butter, olive oil, sunflower
oil, and peanut oil was replaced with fish oil [20]. Furthermore, a
recent cohort study using statistical substitution models found
that replacing red meat with either white meat, white fish, or oily
fish was associated with a decreased risk of becoming overweight
and obese [21].

Given the few and conflicting results from previous studies on
the relationship between fish or V-3 LCPUFA intake and adiposity
development among young children [15,18,22], the aim of this
study was to examine whether the intake of marine fat was related
to gain in BMI and BF over a 15-mo period among Danish children
ages 2 to 6 y, and if potential associations depended on displace-
ments of specific types of fatty acid.

Methods

Study population

This study used the data collected from the randomized, controlled, Healthy
Start trial designed to deliver improvements in lifestyle factors, including diet, phys-
ical activity, sleep, and stress [23]. The aim of the Healthy Start study was to prevent
excessive weightgain among Danish preschool-aged children considered to be at a
high risk of becoming overweight and obese. Children were considered at a high
risk of becoming overweight and obese and included in the study if they were born
tomothers with either a prepregnancy BMI of>28 kg/m2 or with low education lev-
els (�10 y of education), or born with a high birth weight (>4000 g) [23].

A total of 635 children between the ages 2 and 6 y and their families partici-
pated in the baseline examination. Children in the intervention group (n = 320)
and their families had up to 10 visits with a health care consultant to receive infor-
mation in theory and practice on healthy living (e.g., diet, activity, sleep, and fam-
ily stressors). Children in the control group (n = 315) were only seen by the health
care consultant at baseline and at follow-up examinations. All children were
examined after on average 15 mo of intervention (1.3 § 0.3 y). The intervention
has been described elsewhere in more detail [24].

All children with complete information about birth weight, diet intake, physi-
cal activity, maternal BMI, and anthropometry at baseline plus data on maternal
education levels, as well as height and weight at follow-up examinations, were
included in the present observation study (n = 355) (Fig. 1).

Ethics approval and consent to participate

The Scientific Ethical Committee of the Capital Region in Denmark determined
that the project was not a bioethics project, and consequently did not need
approval from the Danish Bioethics Committee (journal number H-A-2007-0019).
The Danish Data Protection Agency approved the study (journal number 2015-41-
3937). Written information about the study was given to the parents/caregivers.
Informed consent was obtained from the parents/caregivers of all children before
the start of the study.

Dietary measurement

At baseline, parents were asked to fill out a 4-d dietary record from Wednes-
day to Saturday for their child. These days were specifically identified to obtain
information about dietary intake both on weekdays and weekends. The precoded
dietary records were aided by a picture book and written guidance on how to fill
out the dietary record to help parents estimate portion sizes, and the method was
previously validated in young children [23,25]. Furthermore, a large systematic
review concluded that, among children ages 4 to 10 y, parents reporting 24-h mul-
tiple pass recalls assessed for at least 3 d, including weekdays and weekend days,
to be the most accurate method to estimate total energy intake [26]. Dankost 3000
software was used to calculate nutrient intakes from the records. Dankost 3000
was developed by the National Food Institute at the Technical University of Den-
mark, and is based on the official Danish national food composition database (ver-
sion 7.01).

The daily intake of energy and specific foods and nutrient intake from these
foods, including the intake of fatty acid from different categories (SFA, MUFA, and
PUFA), was estimated as the average intake from the 4-d dietary record. In the
present study, marine fat included fat from crab, mussels, octopus, shrimp, and all
types of fish (e.g., cod, salmon, mackerel, sea bass, catfish).
Anthropometric measurement

Body weight was measured to the nearest 0.1 kg using a mechanical weight or
beam-scale-type weight (Tanita BWB-800 or SV-SECA 71). Children were mea-
sured in their underwear, and were asked to urinate before weighing. If the child
was using diaper, a new diaper was put on before weighing. Height was measured
without shoes to the nearest 0.1 cm using a stature meter (Soehnle professional
5002 or Charter ch200 P).

BF percentage (BF%) was calculated from measures of resistance taken by bio-
electrical impedance at 50 kHz (SEAC Multiple Frequency Bio Impedance Meter,
model SFB3 and SFB2 version 1.0; RJL; or Animeter, BIA-101 and BIA-103). Before
the measurements, the child was asked to lie quietly in a supine position with the
legs and arms slightly apart. To secure attachment of the electrodes, skin oils were
cleared with an alcohol wipe. Electrodes were placed on the right hand and foot of
the child. The measurement and equations used to calculate BF% has been
described previously in detail [23].
Additional information

Information on the child’s age, sex, birth weight categories (high >4000 g or
normal �4000 g), and municipality of residence were retrieved from the Danish
Medical Birth Registry. Information on maternal and paternal demographic char-
acteristics, weight, and height were obtained with a parental questionnaire com-
pleted at baseline.

Maternal education level was reported in nine categories, and recategorized
compressed to four levels: Low education (primary and lower secondary school,
upper secondary, �1 short courses, or sacrificed worker), medium education
(short- or medium-term further education [�4 y]), high education (long-term fur-
ther education [>4 y] and research worker level), or others (all educations that
could not be classified according to the category originally reported; e.g., educa-
tion completed abroad) [27].

The children’s physical activity level at baseline was reported by their parents
based on the question “How physically active is the child compared with other
children at the same age?” Parents could place their child in four categories: Fairly
active, very active, not so active, or do not know [23,28].



Table 1
Characteristics of participants at baseline and follow-up examinations

P Mean SD Percentage

Child characteristics at baseline
Sex
Boys 196 55.2
Girls 159 44.8

High birth weight (>4000 g), % 256 72.1
Age, y 355 4.0 1.1
Body fat, % 240 22.1 9.2
BMI z-score, kg/m2 355 0.3 0.9
BMI, kg/m2 355 16.3 1.2
Physical activity
Do not know 3 0.9
Not so active 19 5.4
Very active 167 47.0
Fairly active 166 46.8

Maternal characteristics at baseline
Maternal BMI, kg/m2 355 27.0 5.6
Maternal education level
Low 72 20.3
Medium 195 54.9
High 83 23.4
Other 5 1.4

Dietary intake
Energy intake, MJ/d 355 4.9 1.0
Carbohydrate, E% 355 54.7 4.7
Carbohydrate, g/d 355 165.1 36.5
Protein, E% 355 15.6 2.3
Protein, g/d 355 44.8 11.0
Total fat, E% 355 29.6 4.6
Total fat, g/d 355 39.4 11.3
Saturated fatty acid, E% 355 11.0 2.4
Saturated fatty acid, g/d 355 14.7 4.7
Monounsaturated fatty acid, E% 355 9.9 2.2
Monounsaturated fatty acid, g/d 355 13.2 4.2
Polyunsaturated fatty acid, E% 355 3.6 0.8
Polyunsaturated fatty acid, g/d 355 4.8 1.5
Marine fat, E% 355 0.8 1.0
Marine fat, g/d 355 1.0 1.3

Child characteristics at 15-mo follow-up examination
Body fat, % 208 20.4 7.2
BMI z-score, kg/m2 355 0.4 0.9
BMI, kg/m2 355 16.1 1.2

BMI, body mass index
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Statistical analysis

The present results represent an ancillary study; thus, the sample size was not
determined specifically for the purpose of these analyses. However, the preestab-
lished sample size of 355 individuals included in the analyses with BMI as the out-
come gave an approximate 80% power to detect correlations of �0.15.

The characteristics of participating children are presented as means and stan-
dard deviations for continuous variables and as number and percentages for cate-
gorical variables. Unpaired t, Mann�Whitney U/Wilcoxon rank, and ꭓ

2 tests were
used to explore whether the children included in the analyses differed in baseline
characteristics from children who were not included in the analyses.

Linear regression models were used to investigate the association between
marine fat intake at baseline and subsequent changes in BMI or BF% over 15 mo.
We primarily investigated the overall associations and associations with specified
substitutions, focusing on all fats or specific subgroups of fats (SFA, MUFA, and
PUFA). Multivariable regression models were constructed, including information
about marine fat intake and all other energy containing components of the diet,
except for the nutrient(s) to be substituted. Since all dietary components included
in the model are kept constant, an increase in marine fats can be assumed to be at
the expense of the omitted dietary component. For example, when estimating the
substitution of marine fat for SFA, we included baseline energy intake from carbo-
hydrate, protein, MUFA, and PUFA intake, and excluded SFA intake from the sub-
stitution models, using the leave-one-out model as described previously [29]. For
the regression models, the estimated corresponding regression b coefficient and
95% confidence interval can be interpreted as the effect of 1 unit marine fat replac-
ing the omitted nutrient.

A three-step adjustment scheme was used for all analyses. The crude model
included the outcome variable, baseline measure of outcome, marine fat intake,
age, and sex, plus the necessary dietary components needed to define a potential
substitution. In the adjusted models, we included birth weight categories (high
birth weight>4000 g) and physical activity level, which both are important factors
for child growth [30,31] and related to diet intake [32,33], maternal BMI, and
maternal education level, which may reflect both the genetic components and
habits related to weight development [34,35], as well as influence the dietary hab-
its of children [36,37].

The Healthy Start study is an intervention study; therefore, we further
included intervention status as a potential confounder. We made an additional
adjusted model with the addition of total energy intake to explore whether poten-
tial associations were mediated by or independent of total energy intake. Further-
more, we checked for interactions with age (<4 y or �4 y) and BMI z-score (<0 or
�0) at baseline with inclusion of an interaction term and stratified analyses.

Sensitivity analysis

We conducted a sensitivity analysis based on the multiple imputation of miss-
ing data. Covariates (maternal BMI, physical activity, and birth weight category)
with missing data were imputed, the regression analyses were run across 20
imputed data sets, and overall estimates were calculated. We conducted analyses
for both absolute intake (g/d) and relative intake (percentage of energy [E%]).

All statistical analyses were performed using SAS, version 9.4. Statistical signif-
icance was declared if a two-sampled P-value was< .05. No correction for multiple
testing was done, and the results should be interpreted with caution in the context
multiplicity.
Results

In total, 355 of 635 children (56%) were included in the present
study. Most children (>90%) were perceived as very or fairly physi-
cally active, and 78% of mothers had a medium or high education
level (Table 1). The total fat intake at baseline was 39 § 11 g/d (30
§ 5 E%), and the average intake of marine fat was 1.0 § 1.3 g/d,
which is equivalent to 0.8 § 1.0 E%.

There were no statistically significant differences in most char-
acteristics at baseline between included children and children not
included because of missing data (Supplementary Table 1). How-
ever, among included children maternal education level was
higher (P< .001), and children had a slightly higher absolute intake
of fat (SFA, MUFA, and PUFA), carbohydrate, and total energy, but
no differences were observed between included and non-included
children in the relative intake of any of the nutrients.

The crude sex- and age-adjusted regression analyses showed
no associations between intake of energy from marine fat and
change in BMI or BF% over the subsequent 15 mo (Table 2).
Adjustment for intervention group, baseline levels of physical
activity, birth weight, maternal BMI, and maternal education level
gave essentially similar results, as did the analyses with further
adjustments for total energy intake. In addition, no significant
associations were observed in any of the models when marine fat
was replaced for all fats, SFA, MUFA, or other PUFA both before
and after adjusting for all covariates and further for total energy
intake (Table 2). Similarly, there was no association between
marine fat intake expressed in g/d and the change in BMI or BF%
over 15 mo (Supplementary Table 2). Furthermore, no associa-
tions were observed after imputation of the missing data (Supple-
mentary Table 5).

The analysis of potential effect modification by BMI showed
interactions that were far from significant, except for a borderline
significant interaction in the association for BF% when marine fat
was substituted for all other fats. Furthermore, none of the strati-
fied associations were significant (Table 3 and Supplementary
Table 3). Similarly, the stratified analysis did not show any differ-
ences between younger and older children in relation to marine fat
intake and changes in BMI or BF% (Table 4 and Supplementary
Table S4). Also, no association was observed after imputation of
the missing data (Supplementary Table 6).



Table 2
Associations between energy intake from marine fat at ages 2 to 6 y and change in BMI or BF% over the following 15 mo

BMI BF%

b 95% confidence interval P b 95% confidence interval P

Marine fat
Crude* �0.02 �0.09 to 0.05 .56 �0.38 �1.15 to 0.40 .34
Adjusted, basicy �0.01 �0.09 to 0.06 .70 �0.50 �1.28 to 0.28 .20
Adjusted, +EIz �0.01 �0.08 to 0.06 .73 �0.50 �1.28 to 0.28 .21

Substitution of all fats with marine fat
Crudex �0.01 �0.08 to 0.06 .76 �0.39 �1.20 to 0.41 .34
Adjusted, basicy �0.003 �0.08 to 0.07 .93 �0.56 �1.37 to 0.25 .17
Adjusted, +EIz �0.001 �0.07 to 0.07 .98 �0.56 �1.37 to 0.26 .18

Substitution of saturated fatty acid with marine fat
Crude║ �0.03 �0.11 to 0.05 .44 �0.32 �1.28 to 0.64 .51
Adjusted, basicy �0.01 �0.10 to 0.07 .77 �0.57 �1.55 to 0.41 .25
Adjusted, +EIz �0.01 �0.10 to 0.07 .80 �0.57 �1.56 to 0.42 .26

Substitution of monounsaturated fatty acid with marine fat
Crude{ 0.01 �0.08 to 0.11 .83 �0.42 �1.47 to 0.63 .44
Adjusted, basicy 0.01 �0.08 to 0.11 .78 �0.62 �1.67 to 0.43 .24
Adjusted, +EIz 0.01 �0.08 to 0.11 .78 �0.62 �1.67 to 0.43 .25

Substitution of polyunsaturated fatty acid with marine fat
Crude# �0.08 �0.23 to 0.07 .27 �0.63 �2.28 to 1.02 .45
Adjusted, basicy �0.10 �0.25 to 0.05 .21 �0.68 �2.33 to 0.98 .42
Adjusted, +EIz �0.09 �0.24 to 0.06 .22 �0.68 �2.33 to 0.98 .42

BF%, body fat percentage; BMI, body mass index; EI, energy intake
Analysis for BMI is based on 355 children and analyis for BF% on 208 children. Substitution model adjusted for baseline BMI or BF%, age, sex, baseline intake of carbohydrate
and protein, and baseline intake of other fat.
*Adjusted for baseline BMI or BF%, age, and sex
yAdjusted further for intervention group, baseline physical activity, maternal BMI, birth weight, and maternal education
zAdditionally adjusted for total EI
xSubstitution model excluded total fat intake from the model
║Substitution model excluded saturated fatty-acid intake from the model
{Substitution model excluded monounsaturated fatty-acid intake from the model
#Substitution model excluded polyunsaturated fatty-acid intake from the model
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Discussion

In the present study, we found no associations between intake of
marine fat and changes in BMI or BF% over the subsequent 15 mo
among children ages 2 to 6 y irrespective of whether or not substitu-
tions were specified for other types of fat. This result is in line with
the results from RCTs that supplemented children withV-3 LCPUFA,
which generally did not demonstrate any effects on weight
Table 3
Associations between marine fat intake and change in BMI or BF% in the following 15 mo

BMI*

b 95% confidence interval P P in

Marine fat
Adjusted (basic)z <0 0.03 �0.09 to 0.15 .63 .85
�0 �0.04 �0.13 to 0.05 .35

Substitution of all fats with marine fat
Adjusted (basic)x <0 0.07 �0.06 to 0.21 .28 .92
�0 �0.04 �0.13 to 0.05 .40

Substitution of saturated fatty acid with marine fat
Adjusted (basic)x <0 0.10 �0.06 to 0.25 .23 .92
�0 �0.06 �0.17 to 0.04 .24

Substitution of monounsaturated fatty acid with marine fat
Adjusted (basic)x <0 0.17 �0.004 to 0.35 .06 .96
�0 �0.05 �0.17 to 0.06 .38

Substitution of polyunsaturated fatty acid with marine fat
Adjusted (basic)x <0 0.07 �0.07 to 0.21 .32 .94
�0 �0.07 �0.17 to 0.02 .14

BF%, body fat percentage; BMI, body mass index
*BMI z-score <0: n = 177; BMI z-score �0: n = 178
yBMI z-score <0: n = 65; BMI z-score �0: n = 142
zAdjusted further for intervention group, baseline physical activity, maternal BMI, birth w
xSubstitution models included baseline energy intake (E%) from carbohydrate, protein, a
polyunsaturated fatty-acid intake from substitution models
development [14,15,22]. Furthermore, a systematic review on stud-
ies with V-3 LCPUFA supplementation in children age 6 to 18 y did
not suggest any effect on subsequent changes in weight, BMI, or
waist circumference [38]. Moreover, the results are in accordance
with our previous substitution findings among children aged 6 y
with adiposity development follow up after 3 y and 7 y [16].

We used BMI development as the outcome, because change in
BMI is a very relevant method to assess short-term change in
in children with BMI z-score below (<0) or at and above (�0) the median

BF%y

teraction b 95% confidence interval P P interaction

�0.84 �2.27 to 0.59 .24 .21
�0.51 �1.47 to 0.45 .30

�0.94 �2.73 to 0.85 .30 .09
�0.55 �1.52 to 0.41 .26

�1.29 �3.39 to 0.81 .22 .25
�0.36 �1.50 to 0.77 .53

0.47 �1.98 to 2.93 .70 .25
�0.93 �2.15 to 0.29 .13

�0.78 �2.70 to 1.14 .42 .25
�0.66 �1.72 to 0.39 .22

eight, and maternal education
nd for the specified substitutions excluded total fat, saturated, monounsaturated, or



Table 4
Associations between marine fat intake and change in BMI or BF% in the following 15 mo in children between the ages 2 and 4 y or 4 and 6 y

BMI* BF%y

P 95% confidence interval P P interaction P 95% confidence interval P P interaction

Marine fat
Adjusted (basic)z <4 y � .01 �0.11 to 0.08 .83 .64 � .37 �1.31 to 0.58 .44 .67
�4 y � .03 �0.15 to 0.08 .55 � .65 �1.98 to 0.68 .33
Substitution of all fats with marine fat
Adjusted (basic)x <4 y .01 �0.09 to 0.11 .84 .62 � .42 �1.44 to 0.60 .41 .67
�4 y � .03 �0.14 to 0.08 .61 � .68 �2.05 to 0.70 .33
Substitution of saturated fatty acid with marine fat
Adjusted (basic)x <4 y .02 �0.09 to 0.13 .73 .61 � .03 �1.27 to 1.21 .96 .67
�4 y � .06 �0.19 to 0.07 .40 �1.49 �3.18 to 0.20 .08
Substitution of monounsaturated fatty acid with marine fat
Adjusted (basic)x <4 y � .05 �0.17 to 0.07 .43 .63 � .84 �2.16 to 0.48 .21 .67
�4 y .06 �0.09 to 0.20 .42 � .41 �2.18 to 1.37 .65
Substitution of polyunsaturated fatty acid with marine fat
Adjusted (basic)x <4 y � .18 �0.42 to 0.07 .16 .68 � .48 �3.73 to 2.76 .77 .68
�4 y � .11 �0.31 to 0.08 .25 � .82 �3.04 to 1.40 .46

BF%, body fat percentage; BMI, body mass index
*Age <4 y: n = 177; age �4 y: n = 178
yAge <4 y: n = 93; age �4 y: n = 114
zAdjusted further for intervention group, baseline physical activity, maternal BMI, birth weight, and maternal education
xSubstitution models included baseline energy intake (E%) from carbohydrate, protein, and for the specified substitutions excluded total fat, saturated, monounsaturated, or
polyunsaturated fatty-acid intake from substitution models

X. Ren et al. / Nutrition 103�104 (2022) 111775 5
obesity [39]. However, even BMI does not assess differences in
body composition, which is why we also examined associations
with change in BF% [40], albeit with similar results as for change in
BMI.

We investigated the anthropometric development over a 15-
mo period in children who were ages 2 to 6 y at baseline, which
coincides with the period between early BMI peak and adiposity
rebound [41]. This may potentially have interfered with our ability
to detect any potential effects of the diet, and could complicate the
interpretation of the results because whether a high BMI before
the age of 6 y reflects a healthy growth or risk for later adiposity is
hard to determine [4]. Early growth trajectories and early adiposity
rebound are both strong predictors of later obesity [41], which
could potentially be affected by the diet, as indicated by an earlier
study that observed an inverse association between age and BMI at
adiposity rebound and the V-3 LCPUFA content in breast milk
[42]; thus, indicating a beneficial effect of marine fat.

The intake of marine fat of children in the present study was 1.0
§ 1.3 g/d, and most children had a marine fat intake below the rec-
ommendation, which is typical for Danish children in general. The
recommended intake of fish in Denmark is 350 g/wk in a 10 MJ/d
diet, and 200 g of this should be fatty fish, which is equivalent to
approximately 1.5 g/d of marine fat [43]. Marine fat is the main
source of V-3 LCPUFA and constitutes around 25%, but marine fat
also contains large amounts of SFA and MUFA. Therefore, in our
analyses, when we investigated the association with substitutions
of the intake of marine fat (absolute, as well as relative intake)
with other types of fatty acids, this will only reflect a partial
replacement with V-3 LCPUFA. Thus, an incremental replacement
of 1 g/d or 1 E% of marine fat will, in reality, be equivalent to an
increment in V-3 LCPUFA intake of around 250 mg/d, and will
reduce the size of any potential association and our ability to detect
the association. In a recent systematic review, we concluded that
low doses of V-3 LCPUFA supplementation (<300 mg/d) during
pregnancy did not seem to affect the weight development of chil-
dren [10], and the mean intake ofV-3 LCPUFA in the present study
was lower than this level.

In the present study, we substituted marine fat for other indi-
vidual fatty acid classes, which is clearly a limitation because
marine fat is comprised of V-3, as well as V-6 PUFA, MUFA, and
SFA, and limits the potential intake recommendation from the
results. However, equally, had we used V-3 LCPUFA instead of
marine fat in the substitution models, a translation to food recom-
mendation also would have been difficult. We did not have the
total fats from dairy, animal, or vegetable fat specifically calculated
for the present study, but future studies should consider such sub-
stitutions.

The ability to detect any potential associations is attenuated
further by uncertainties and potential biases in the assessment of
intake of fish and the estimation of the intake of individual types of
fatty acids. The 4-d dietary-record method collects information
about intake frequency and portion size over the past 4 d [44]. This
may not be the most optimal way to measure the intake of fish,
because most children consume fish and seafood once a week or
even less and therefore may not have consumed any fish or sea-
food during the 4-d recording period. Furthermore, parents who
are overweight have been shown to have a tendency to underre-
port their own intake of unhealthy food [45], and may also do so
for their children.

In the Healthy Start study, both maternal BMI and physical
activity were self-reported by parents. On average, women have
been shown to underreport their weight, but underweight women
tend to overreport their weight [46]. A previous study found a sig-
nificant difference between parents’ and children’s own reporting
of child physical activity; however, concluding which reporting
was more accurate was difficult [47]. Those potential biases from
self-reporting might have led to some attenuation of the observed
associations.

The overall diet in the family, as well as other lifestyle factors
and parenting style, likely affects children’s marine fat intake, as
well as their development of obesity [48,49]. We adjusted for sev-
eral confounding variables, but cannot exclude residual confound-
ing because of factors that are unknown and unmeasured. The
children in the analysis were participants in an RCT; therefore, we
further adjusted for intervention group, although previous studies
have shown that the Healthy Start intervention did not affect
intake of marine fat or development in BMI [24,28,50].

The relatively short follow-up period of 15 mo may also have
limited our ability to detect associations. In addition, the sample
size might be too small, further decreasing the power and
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increasing the risk of type II errors, as well as the ability to detect
associations. However, the size of the beta values from our analysis
were small, and even if they would become significant with a suffi-
cient power, they would likely be of little clinical relevance,
because the reduction in BF associated with an increase of around
250 mg V-3 LCPUFA at the expense of other PUFA would only be
around 0.7%.

The present study included children who were considered at
risk of excessive future weight gain, and thus was not representa-
tive of all children. Furthermore, the mothers of the included chil-
dren had a longer education time than the mothers of excluded
children, and because better educated mothers are more likely to
provide their children with a healthier diet, this could influence
their children's growth [51] and limit the generalizability of our
findings. However, the level of education of the mothers seems
quite representative for the Danish population and as such, the
findings are generally in accordance with the results from previous
studies. Thus, the combined results from the present and previous
studies [10,16] suggest that there may be no or only a very limited
association between the intake of marine fat orV-3 LCPUFA during
early childhood and the subsequent development in adiposity dur-
ing childhood.

Conclusions

The present study found no relationship between marine fat
intakes and subsequent development in BMI or BF. More well-
designed and larger longitudinal studies in more homogeneous
age groups are needed to further investigate if marine fat and spe-
cific type of dietary fatty acids may be related to an increased likeli-
hood of becoming overweight and obese during childhood.
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