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Summary

Background: Although controversial, lower maternal intake of n-3 polyunsaturated
fatty acid (PUFA) during pregnancy and lower levels of omega-3 PUFA in serum
phospholipids during childhood have been related to obesity. The main source of
omega-3 PUFA is fatty fish in the diet.

Objectives: To assess the relationship between overweight/obesity and the intake of
fatty fish in maternal diet during pregnancy and in children up to 8 years of age.
Methods: The prospective cohort All Children in South-East Sweden (ABIS) followed
babies from birth to 8 years of age. A total of 6749 children at 5 years of age (boys
52.6%) and 3017 children at 8 years (boys 52.3%) participated. A “fatty-fish index”
was constructed on the basis of self-reports of nutritional habits.

Results: The prevalence of overweight and obesity in children at 5 years were 12.9%
and 4.2%, respectively. At 8 years, 12.2% of the children presented overweight and
2.3% obesity. Girls were more affected than boys by overweight/obesity. A higher
fish index during pregnancy was not related to overweight/obesity in the children,
whereas a higher fish index in the children during the first years of life was related to
obesity at 5 and 8 years of age. This relationship disappeared in a multivariable analy-
sis. Maternal body mass index (BMI), maternal education, maternal smoking during
pregnancy, birth weight, and physical activity all remained related to
overweight/obesity at both 5 and 8 years of age.

Conclusion: No relationships were found between a lower intake of fatty fish in the
diet, neither in mothers during pregnancy nor in early childhood, and increased risk

of overweight/obesity.
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1 | INTRODUCTION

Overweight and obesity in children have increased worldwide and
among young adults, school children, and adolescents in Sweden
during the past three decades.’® Obesity in young adulthood is
related to increased morbidity*” and mortality®? later in life. More-
over, childhood obesity is related to metabolic disorders such
as insulin resistance, hypertension, serum lipid abnormalities, disease
in almost every organ system®® and, in later life, physical*! and
psychosocial problems.’? The prevalence of overweight and obesity
defined according to Cole et al*® among Swedish preschool children
born between 1997 and 2002 has been reported to be 12.9%
to 22.3%.14°18

Overweight and obesity in childhood are related to the devel-
adulthood.'?
Furthermore, obesity, ie, body mass index (BMI) greater than 95th

opment of severe obesity and morbidity in
percentile, among children at 1 and 2.5 years of age increased the
risk of further developing obesity at 5 years of agel® Early
predictive factors and risk factors have been studied in pre-
school'®17?° and school children?! Reviews of overweight and
obesity risk factors in preschool children and infants in the
Europe?? have reported on early risk factors such as maternal
smoking, maternal nutrition during pregnancy, rapid infant
growth, sleeping behaviour, amount of physical activity, TV
socio-economic  status, and parental

watching,  parental

overweight/obesity.2®?*  High  parental/family  psychological
stress has also been reported to be risk factors for obesity in
infancy.'®2° On the other hand, exclusive breastfeeding for 4 to 6
months and siblings?® could be protective factors. In some Swedish
studies, higher prevalence of childhood obesity has been reported

1527 and in rural areas.?”-28

in girls

There is a long tradition in paediatrics to repeatedly measure
children's weight and length from birth onwards as normal growth
is one of the most basal indicators for children's healthy
development. In the Swedish health care system, the development
of BMI in preschool children is assessed at primary child
health centres until 6 years of age and in primary school in older
children. Children affected by obesity are often referred to
paediatricians by school nurses. Behavioural changes, pharmaco-
therapy, and surgery are the main therapeutic alternatives for
obesity treatment.?’ In Sweden, pharmacotherapy is currently not
available to children, and obesity surgery in adolescents is per-
formed only in controlled studies.®® In a large Swedish study,!
clinical experience has been corroborated; behavioural treatment
seems to be effective only in younger children (6 to 9 years) and
not in adolescents. Thus, in addition to the above-mentioned risk
factors, more precise risk factors for obesity between preschool
and school age are needed to be understood to improve preven-
tion of obesity.

A possible role of dietary omega-3 and omega-6 polyunsatu-
rated fatty acid (PUFA) in relation to childhood obesity risk has
been proposed in several previous studies.®3?3% The only source

of omega-3 and omega-6 PUFA for the foetus during pregnancy

are maternal diet and adipose tissue stores, whereas the infant is
provided with PUFA from human milk or infant formula. Later in
life, the only source of omega-3 and omega-6 PUFA is the
diet. The main precursors are alfa-linolenic acid (ALA, C18:3,
(LA, C18:2,
longer metabolites, the long-chain polyunsaturated fatty acids
(LCPUFA), eicosapentaenoic acid (EPA, C20:5, omega-3), doco-
sapentaenoic acid (DPA, C22: omega-3), docosahexaenoic acid
(DHA, C22:6, omega-3), and arachidonic acid (AA, C20:4, omega-6),

are involved in important metabolic and physiological pathways.

omega-3) and linoleic acid omega-6). Their

Moreover, lower omega-3 LCPUFA levels have been suggested to

be involved in the development of obesity.3?

In particular, a
high ratio between the omega-6/omega-3 PUFA seems to
be important as lower levels of omega-3 PUFA, ie, DHA, than
of omega-6 PUFA were found in serum phospholipids of

32,33 intake of

12-year overweight children. Lower maternal
omega-3 PUFA during pregnancy leading to lower levels of EPA
and DHA in infant cord blood has been reported to be associated
with obesity in childhood.® Similarly, maternal n-3 PUFA intake also
influences omega-3 PUFA milk composition®® and may partly
explain the association between breastfeeding and obesity?® as
well as the relation between overweight in infancy and at 5 years
of age.r®

As the main source of n-3 LCPUFA is fatty fish in the diet,
we hypothesize that low maternal intake of fatty fish during
pregnancy and low intake of fatty fish during childhood is
related to the development of overweight/obesity in
childhood. The primary aim of this paper was to assess the preva-
lence of overweight/obesity at 5 and 8 years of age in a Swedish
cohort prospectively followed in relation to intake of fatty fish in
the diet of the mother during pregnancy and of the child during
childhood. Other risk factors for developing obesity were also

assessed.

2 | MATERIAL AND METHODS

All mothers who gave birth to a child between 1 October 1997
and 31 October 1999 in the southeast of Sweden (n = 21 700)
were asked to participate in a prospective study, All Children in the
South-East of Sweden (ABIS). Its main purpose was to prospec-
tively study the aetiology of chronic autoimmune diseases, particu-
larly type 1 diabetes but also other immune-mediated or diabetes-
related diseases in childhood. Parents were instructed to fill out a
diary during the child's first year of life regarding gestational age at
birth, birth weight, birth height, breastfeeding, time of introduction
of other foods, dietary habits in the family, and infectious diseases.
Parents filled out a comprehensive questionnaire on demographic
data, maternal nutrition, psychosocial factors, serious life events,
disease in the family or child, and dietary habits in the family in
association with a regular check-up for the child at well-baby clinics
at 1, 2.5 to 3, and 5 years of age. About 99% of all Swedish par-
ents bring their children to these check-ups, which are government
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subsidized. At age 8, two questionnaires, one to a parent and one
to the child, were sent home to the family and returned through
the mail. Maternal and paternal height and weight were collected
at the 1-year assessment. The BMI of the children at 1 and 5 years
was validated between child health clinic charts and ABIS question-
naires. The weight and height development of the children in this
cohort up to 5 years has been presented previously.*®

Parents of 17 055 (78.6%) newborn children agreed to participate
in the study. Of these, 15 950 answered questionnaires when the
child was born. Children who were twins (n = 372) were excluded
from the study. Non-twin siblings born within the ABIS inclusion time
(n = 296) were accepted; however, to avoid overrepresentation of
some families, one sibling was randomly chosen from each of these
families. Therefore, another 148 children were excluded. Hence, the
total sample for the current study was 15 430 children, corresponding
to 71.2% of those who were born during the inclusion time in the

studied region.

21 | Sample at5 and 8 years

Of the 15 430 children, 6749 participated at the 5-year follow-up
(boys: n = 3547, 52.6%) and 3017 at the 8-year follow-up (boys: n
= 1579, 52.3%). Children with body height outside the normal
distribution +/2 SD (n = 10) and children with body weight below
—2SD and above 6SD (n = 20) in body weight were omitted from
further analysis (Figure 1). Although the response rate decreased at
5 years of age, gender, social factors, and parental BMI were simi-
lar at baseline and at 5 years.*

2.2 | Definitions

2.2.1 | Underweight, overweight, and obesity

Weights and heights of the children at different follow-ups were
reported by their parents. Age and gender-specific BMI were

21700
Babies born in southeast Sweden
01/10/97-01/10/99

™~

17 055
Participants accepted

4 645

\Declined

15950
Questionnaires at birth

1105
Discontinued

/T

15430 148 siblings 372 Twins
Included Excluded Excluded
‘|L > 30 excluded

6749
Questionnaires at 5 years

|

FIGURE 1
participants

Flow chart of the study

3017
Questionnaires at 8 years
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calculated and used to divide the children into four categories,
underweight, normal weight, overweight, and obesity, according to

international standards.*33°

2.2.2 | Diet quality index—mother's overall diet
quality during pregnancy

The diet quality index was based on the Nordic Nutritional
Recommendations 2012 (Swedish National Food Agency, 2012).
Key questions have been chosen by a registered dietitian to con-
20-item  food (FFQ
generally reflecting dietary habits. The items included reflect the

struct a frequency  questionnaire
most common food for the Swedish population based on national
data and not validated as a scale. The questionnaires were
answered by the parents on several occasions. After delivery,
mothers reported dietary habits during pregnancy, and the diet of
the child was reported in FFQs at the age of 1, 2.5, 5, and
8 years.

The same data formed the basis for assessing overall diet quality
by a nutritional therapist (SK). Compliance with the Nordic recommen-
dations concerning intake of vegetables (daily), intake of fish (two
times or more per week), type of fat used for cooking (vegetable oil
and liquid margarine) and for spreads (none or low-fat spread), fatty
dairy products (less than one time per week), and intake of meat (four
times or less per week), chocolate, candy, and cookies (less than one
time per week) each generated 1 point, whereas noncompliance
generated O points for each item. A total score, ranging from O to 7,
was calculated for each mother from the sum of each item. The higher
the score, the closer the compliance with the Nordic Nutritional Rec-
ommendations. The cut-off points were defined as low quality (less
than 2 points), medium quality (3 to 4 points), and high quality (5

points or more).

223 | Fatty-fish index

A fatty-fish index, to estimate the intake of long-chain omega-3
fatty acids, was constructed by a professional nutritional therapist
(SK) for mothers during pregnancy and for the children at 1, 2.5, 5
and 8 years of age. Three of the questions in the respective FFQs
addressed the consumption frequency of fish intake and whether it
was freshwater fish, Baltic Sea fish, or other fish. The consumption
frequencies in each of the questions were as follows: daily; three
to five times per week; one to two times per week; and more sel-
dom. As typical Swedish freshwater fish, such as zander, pike, and
bass, contain very little long-chain omega 3 fatty acids, consump-
tion of these fish types was omitted from the index. Fish from the
Baltic Sea and other fish were considered to be a mix of fish with
a high content of omega-3 PUFA, such as salmon or herring, and
fish with a low content of omega-3 PUFA, such as cod and flatfish.
When the consumption frequencies of fish from the Baltic Sea and

other fish were summed up, four categories were constructed: less

than one time a week; one to two times a week; three to five

times a week; and daily or almost daily.

224 | Social data

Disposable household income, ie, family income available after taxa-
tion, was derived from Statistics Sweden (SCB) for the year 2000 and
divided into a 3-point scale (highest 20%, medium 60%, and lowest
20%). We used parent-reported data regarding mother's and father's
educational level on a 3-point scale. A 4-point index of the families'
early psychosocial vulnerability, previously elaborated and presented

1,%¢ was also included. Other social data measured were

by Karlén et a
single motherhood at child's birth and reported serious life events in
the family before 5 and before 8 years age of the child. Maternal
smoking during pregnancy, parental ethnicity, and residential area at

birth were also measured.

2.2.5 | Physical activity, TV watching, and
computer/game activity

Parents reported the level of daily physical activity defined as hours
running, jumping, and playing outside of the child at 5 and 8 years of
age. The number of hours the child spends daily on TV watching or
computer/game activity at home in general basis was also assessed.
The levels were defined as low activity (less than 30 minutes), medium
activity (greater than 30 minutes to 4 hours), and high activity (greater

than 5 hours a day) for all three variables.

2.2.6 | Anthropometrics and neonatal factors

A set of basic anthropometrical variables was also reported, including
maternal age at parity, gestational week, means of delivery, and
breastfeeding duration. Birth weight and birth height were reported,

and size for gestational age was calculated according to Marsal et al.>”

2.2.7 | Statistical analysis

Statistics were analysed using the Statistical Package for the Social
Sciences version 24 (SPSS, Chicago, IL, USA). Statistical analyses for
comparisons between groups were made using the Chi-squared test
and analysis of variance (ANOVA) for differences in means. Multivari-
able linear regressions were performed to estimate the relative
importance of different independent factors for weight category in
three models. In model 1, we included all significant independent
factors, except gender and maternal BMI, to assess the relative
importance without the influence of gender and maternal BMI. In
model 2, gender was added, and in model 3, both gender and maternal
BMI were reported. A P value less than.05 was considered statistically

significant.
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2.2.8 | Ethical considerations

The ABIS study has been ethically approved by the Research Ethics
Committees of the Faculty of Health Science at Linképing University,
Sweden, Ref. 1997/96287 and 2003/03-092 and the Medical Faculty
of Lund University, Sweden (Nr 99227, Nr 99321). The present study
is covered by these approvals. All parents of the children in the ABIS

study gave their informed consent to participate.

3 | RESULTS

Among all children at 5 years of age, 12.9% were affected by
overweight and 4.2% by obesity, whereas 77.0% presented normal
weight and 5.9% underweight. Significantly more (P < .0001) girls than
boys were affected by overweight or obesity (Table 1). At the age of
8, the total proportion of children with overweight was 12.2% and
with obesity 2.3%, whereas 76.6% of the children presented normal
weight, and 9.0% were underweight. Significantly more girls than boys
(P = .04) were affected by overweight at the age of 8 (Table 1).

A more frequent intake of fatty fish at the age of 1 year was
reported by children affected by obesity at 5 and 8 years of age. Addi-
tionally, children affected by obesity at 5 years of age reported a more
frequent intake of fatty fish at the age of 2.5 years (Table 2).

Higher maternal nutritional quality index during pregnancy, but
not maternal intake of fatty fish, was related to obesity in the children
at 5 (P =.02) and at 8 years of age (P = .04). With regard to early nutri-
tion, a shorter duration of total breastfeeding (exclusive and partial)
was reported for children who were affected by obesity at 5 years of
age (Table 4).

Risk factors other than nutritional were also found. Maternal and
paternal BMI in the different weight groups, ie, underweight, normal
weight, and children with overweight at the age of 1, 2.5, 5, and 8
years differed significantly at all follow-up ages (P < .0001) (Figure 2).

Sociodemographic data of the children in relation to their weight
group at the age of 5 and 8 years is presented in Table 3. At the age
of 5 years, maternal and paternal educational level, disposable house-
hold income, early psychosocial vulnerability, and serious life events
in the family before the age of 5 were all statistically significant in

relation to weight group, ie, towards overweight and obesity, as well

2 2 : 61
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as size for gestational age and maternal smoking during pregnancy. At
the age of 8, only maternal educational level, serious life events
before the age of 8, and maternal smoking during pregnancy were
statistically significant in relation to weight group. Parental ethnicity,
residential area of the family at the birth of the child, single mother-
hood, or the means of delivery were not related to weight group,
either at 5 or at 8 years of age (Table 3).

For anthropometric data, the gestational week of the child at
birth had a significantly positive relationship to weight group at the
age of 5 but not at 8. Higher birth weight and length were significantly
related to increasing weight category at both 5 and 8 years of age.
Maternal age was not related to weight group at either 5 or 8 years of
age (Table 4).

Short duration of daily physical activities and high frequency of
TV-watching hours was significantly related to obesity at both 5 and 8
years of age (Table 5).

A multivariable analysis was performed with factors previously
significantly associated with weight group at the age of 5 (Table 6)
and 8 years (Table 7). Three models were assessed at both ages. In
the first model, gender and maternal hereditary influence given as
maternal BMI (model 1) were excluded; in the second, gender was
included (model 2); and in the third, gender and maternal BMI at the
child's age of 1 and 8 years were included (model 3).

Birth weight, maternal smoking during pregnancy, household
income, and hours of physical activity at the age of 5 all remained sig-
nificantly and independently associated with weight group in model 1
at 5 years of age. Gender and maternal BMI when the child was 1 year
old were strongly associated with weight category at 5 years and did
not change the results (Table 6). At the age of 8, only birth weight and
TV watching at 8 years were significant in the multivariate model.
These factors were still significant even after including the BMI of the
mother when the child was 8 years old (model 3). Gender was not
associated with weight groups at 8 years (models 2 and 3) (Table 7).

4 | DISCUSSION
In the present study, we found that a higher fatty-fish index during
pregnancy was not related to overweight/obesity in the children.

Higher fatty-fish index in the children during the first years of life was

TABLE 1 Weight groups in boys and girls at the age of 5 and 8 years, respectively
Underweight Normal Weight Overweight Obese
n (%) n (%) n (%) n (%) P Value®
5y
Girls 151 (4.7) 2432 (76.0) 465 (14.5) 154 (4.8) <.0001
Boys 250 (7.0) 2765 (78.0) 404 (11.4) 128 (3.6)
8y
Girls 144 (10.0) 1068 (74.3) 188(13.1) 38 (2.6) .04
Boys 127 (8.0) 1242 (78.2) 179 (11.3) 31(2.0)

2Comparison between groups with Chi-squared test. P values less than.05 are considered significant.
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FIGURE 2 The mean maternal and paternal body mass index
(BMI) in the group of children defined as underweight (), normal
weight (), and overweight/obese ({)) at the age of 1, 2.5, 5, and 8 years
in the children. The figure is descriptive

related to obesity at 5 and 8 years of age. This relationship
disappeared in a multivariate analysis when including other risk
factors for overweight/obesity in children. Maternal BMI, maternal
education, maternal smoking during pregnancy, birth weight, and
physical activity all remained related to overweight/obesity at both 5
and 8 years of age. Girls were more affected than boys by
overweight/obesity. The prevalence of overweight and obesity has
been reported among 4- to 10-year-old children from various parts of
Sweden.*1738 Qur report is comparable with the prevalence of
obesity/overweight in Sweden, with a range of 17% to 28% in 4-year-
old children and 20% to 28% among 10-year-old children during the
same period.

Our hypothesis was that low maternal intake of n-3 LCPUFA dur-
ing pregnancy and low intake of n-3 LCPUFA during childhood were
related to the development of overweight and obesity in childhood.
However, we could not confirm this hypothesis. Higher maternal
intake of omega-3 PUFA during pregnancy, defined as a fatty-fish
index, was related to neither overweight nor obesity in these children.
In contrast, a higher fish index in the children, particularly during the
first year of life, increased the risk of obesity at 5 and 8 years of age.
The samples were small in some of the weight categories. However,
merging the groups with overweight and obesity to increase the num-

ber of children did not change the results. Maternal or child intake of

Leisure time activity for 5-year-old and 8-year-old children by weight category in the ABIS cohort

TABLE 5

Children at 8 y

Children at 5y

Overweight Obese

Normal Weight

Underweight

Overweight Obese

Normal Weight

Underweight

N = 69
n (%)

N = 367
n (%)

2310
n (%)

N =

N = 869 N = 282 N =271
n (%)

N = 5197
n (%)

N =401

P Value®

P Value®

n (%)

n (%)

n (%)

™
<

<.0001

Physical activity

0(0.0)
28 (41.2)
40 (58.8)

6(1.6)
149 (40.6)
212 (57.8)

20 (0.9)
751(33.1)
1499 (66.0)

2(0.8)
82(30.8)
182 (68.4)

54 (19.4)
140 (50.2)
85 (30.5)

101 (11.8)
378 (44.3)
374 (43.8)

528 (10.3)
2232 (43.7)
2352 (46.0)

34 (8.6)
165 (41.9)
195 (49.5)

Low (230 min)

Medium (>30 min-4 h)

High (<5 h)
TV watching

<.0001

.003

4(10.1)
34 (30.4)

15 (11.7)
197 (43.4)

104 (14.6)
1357 (51.8)

13 (16.2)
143 (54.2)
29 (29.5)

20(7.2)
190 (68.3)
68 (24.5)

55 (6.4)
647 (75.5)

285 (5.6)
4013 (78.6)

22 (5.5)
307 (77.3)

Low

Medium

High
Computer/video game

13(59.4)

56 (44.8)

259 (33.7)

155 (18.1)

809 (15.8)

68 (17.1)

o
~N

.06

16 (51.2)
29 (23.5)

80 (53.9)
162 (28.7)

487 (53.7)
1020 (28.4)

58 (56.8)
110 (25.5)

96 (34.3)
145 (51.8)

1508 (29.3) 282 (33.0)

131(31.1)
207 (52.3)

Low

476 (55.7)

2935(57.1)

Medium
High

7 (25.5)

225(17.9) 31(17.4)

19 (17.7)

39 (13.9)

97 (11.3)

698 (13.6)

58 (14.6)

Note. N = number of children participating in the study at 5 and 8 years. n (%) = number of questionnaires answered at 5 and 8 years (percentage of all answered questionnaires).

Abbreviation: ABIS, All Children in South-East Sweden.

2 2 : 65
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2Comparison between groups with Chi-squared test. P values less than.05 are considered significant.
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TABLE 6 Multivariate analysis of factors significantly associated with weight group (underweight, normal weight, overweight, and obesity) of
the child at 5 years of age. In model 2, we include the gender of the child. In model 3, we include gender and maternal BMI when the child was 5
years old

Model 2 Model 3

Model 1 Including Gender Including Gender and Maternal BMI
Factors associated with weight group: t Value P Value t Value P Value t Value P Value
Gender = = 6.38 <.0001 4.33 <.0001
Maternal BMI (at child 1y) - - - - 4.42 <.0001
Birth weight 4.07 <.0001 4.57 <.0001 3.96 <.0001
Size for gestational age 1.22 22 0.89 .37 0.96 .34
Breastfeeding duration -0.22 .82 -0.23 .82 0.17 .87
Fatty fish consumption in the child at 1y. 1.52 .13 1.63 .10 1.18 24
Fatty fish consumption in the child at 2.5y 1.24 22 1.39 17 1.47 14
Maternal nutritional quality during pregnancy 1.49 .14 1.67 .10 1.38 17
Mother smoking during pregnancy 2.40 .02 2.35 .02 248 .01
Psychosocial vulnerability in the family -0.37 71 -0.34 .73 -0.39 .70
Household income -2.28 .02 242 .02 -2.30 .02
Mother's education -1.49 14 -1.68 .09 -1.07 .28
Serious life events before the child is 5y old 0.13 .90 -0.03 .98 -0.02 99
Physical activity at 5 y of age -1.98 .05 -1.93 .05 -2.07 .04
TV watching at 5 y of age 0.16 .87 0.48 .63 -0.35 72
Constant 7.18 <.0001 6.81 <.0001 5.04 <.0001

Note. Analysis of factors significantly associated with weight group with Multivariate linear regression. A P value less than.05 is considered significant.
Model 1: Df = 13, F = 3.99, P < .0001. Model 2: Df = 14, F = 5.05, P < .0001. Model 3: Df = 15, F = 5.86, P < .0001.
Abbreviation: BMI, body mass index.

TABLE 7 Multivariate analysis of factors significantly associated with weight group (underweight, normal weight, overweight, and obesity) of
the child at 8 years of age. In model 2, we include the gender of the child. In model 3, we include gender and maternal BMI when the child was 8
years old

Model 2 Model 3

Model 1 Including Gender Including Gender and Maternal BMI
Factors associated with weight group: t Value P Value t Value p Value t Value P Value
Gender - - 1.48 .14 1.10 .27
Maternal BMI (at child 8 y) - - - - 6.10 <.0001
Birth weight 3.86 <.0001 4.00 <.0001 3.48 .001
Fatty fish consumption in the child at 1y. 1.21 .23 1.17 24 1.07 .29
Maternal nutritional quality during pregnancy 1.32 19 1.37 17 0.73 47
Mother smoking during pregnancy 1.14 .25 1.12 26 0.67 .50
Mother's education -1.24 22 -1.18 24 -0.28 .78
Serious life events before the child is 8 y old -1.70 .09 -1.76 79 -1.47 .14
Physical activity at 8 y old -1.61 11 -1.45 .15 -1.47 14
TV watching at 8 y old 2.80 .005 2.85 .004 1.80 .07
Constant 7.18 <.0001 6.81 <.0001 5.04 <.0001

Note. Analysis of factors significantly associated with weight group with multivariate linear regression. A p value<0.05 is considered significant. Model 1:
Df = 8, F = 4.67, P < .0001. Model 2: Df = 9, F = 4.40, P < .0001. Model 3: Df = 10, F = 7.76, P < .0001.
Abbreviation: BMI, body mass index.

omega-3 PUFA was not related to obesity at 5 or 8 years of age in the of omega-6 PUFA in maternal and infant diet, we believe that a higher
multivariate analysis. This is in contrast to previous reports.®3232 intake of not only omega-3 but also of omega-6 PUFA in the diet of
We assessed the dietary intake of fatty fish as a proxy for dietary children who are overweight or obese may lead to a similar or even

intake of omega-3 LCPUFA. As we were unable to assess the intake higher omega-6/omega-3 ratio and may explain our results.
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Alternately, families with children who are overweight/obese might
overestimate their intake of quality nutrients and fish. Besides these
speculations, we must conclude that our results do not support our
initial hypothesis. Instead, we conclude that early higher omega-3
fatty acid consumption does not protect against childhood obesity in
modern society.

We found a higher frequency of overweight/obesity in girls than
in boys both at 5 and 8 years of age. A higher prevalence of
overweight/obesity in girls, as in the present study, was also reported

1527 in Sweden and internationally.>? In a previous Swedish

by others
study based on occupation, parental education, and parental
income,’® a higher prevalence of overweight/obesity in girls was
attributed to living in municipalities with lower socio-economic condi-
tions. Another explanation may be the differences between girls and
boys in the intake of different food groups reported previously.*°

At 5 years of age, maternal education, maternal smoking during
pregnancy, birth weight, birth size, and physical activity are related to
overweight/obesity. At 8 years of age, only birth weight and TV
watching remain related to the development of overweight/obesity. If
maternal BMI when the children are 1 year of age is included in the
analysis, the relationship to birth size disappears, likely because mater-
nal BMI at birth influences the size of the newborn.

Risk factors early in life, such as exclusive breastfeeding for 4 to 6
months, number of siblings, maternal smoking, maternal nutrition dur-
ing pregnancy, rapid infant growth, sleeping behaviour, amount of
physical activity, TV watching, parental socio-economic status, and
parental overweight/obesity, have been reported to influence the
development of overweight/obesity in preschool and school
children,?223:2¢

In this study, we corroborate the hereditary influence of the par-
ents on the development of weight in childhood; maternal and pater-
nal BMI was significantly and strongly related to overweight/obesity
in preschool and school children.2®*!* Among early risk factors for
overweight/obesity at 5 years of age, we found that parental (both
paternal and maternal) educational level, household income, and
maternal  smoking  during  pregnancy were related to
overweight/obesity, indicating a strong socio-economic gradient that
has previously been shown by others.2®2* At 8 years of age, only
maternal educational level and maternal smoking during pregnancy
were still related to overweight/obesity in the children. Similarly, ges-
tational birth size (a proxy for birth weight and length) and gestational
age at birth were related to overweight/obesity in the children at 5
but not at 8 years of age.

In line with previous reports, 2324

we also show that low physical
activity and increased TV time are related to overweight/obesity at
8 years of age. In a mutually adjusted analysis, particularly when
heredity defined as maternal BMI was included, gender, birth weight,
maternal smoking, household income, and physical activity were
related to overweight/obesity in children at 5 years of age, whereas
heredity, birth weight, and TV time are more important at 8 years of
age.

A more nutritional maternal diet during pregnancy was related to

more frequent obesity in the children at 5 and 8 years of age. These

2 2 : &7
Obesity Science and Practice WILEY.

results may be explained by mothers with obesity developing healthier
dietary habits during pregnancy and not continuing so after the child
is born. The relationship between breastfeeding and obesity is com-
plex as less frequent and shorter breastfeeding by itself is related to
maternal smoking and socio-economic factors, among other factors.

More than 90% of all children visit the child health care centres
between 6 weeks and 5.5 years of age in Sweden. The common rec-
ommendation in Sweden is to introduce small amounts of solid foods
from the age of 4 months. This may explain our results with the mean
length of exclusive breast feeding of 4 to 5 months and no significant
differences between the weight groups, neither at 5 nor at 8 years of
age. Looking at the total duration of breastfeeding, however, there is
a significant relationship between shorter breastfeeding and increas-
ing infant obesity at 5 years, which is in line with other studies.?®

The strengths and limitations of this study are related to its
design. It is a prospective, observational study following a large cohort
of children from birth to 8 years of age. The weight and height of the
children were reported by the parents, but the questionnaires were
timed with measurements of weight and height of the children in the
general child health care system and are reliable. A general health
movement in the population, particularly in families with children who
are overweight/obese, may have influenced the results of the ques-
tionnaires, particularly in respect of dietary habits and physical activ-
ity. Moreover, recall bias may have influenced the results of the
questionnaires in general. A relatively large drop-out (50.3%) when
the children were 5 years old and particularly at 8 years of age
(80.4%) jeopardize the representability of the population as families
with obesity may be prone to discontinue. Similar assumptions can,
however, be made about otherwise healthy families. Nonetheless, the
relatively large number of participants suggests that the results are
reliable and that significantly small differences between small groups
could be identified.

In conclusion, this study does not support the hypothesis that
lower intake of fatty fish in the maternal diet during pregnancy or in
the early diet of preschool and school children is related to obesity
risks. Instead, important factors were parental heredity, maternal edu-
cation, maternal smoking during pregnancy, birth weight, and physical
activity, which were all related to overweight/obesity in Swedish pre-
school and school children. We found a higher frequency of
overweight/obesity in girls than in boys at 5 and 8 years of age.

The clinical implications of this study are that to prevent or treat
overweight/obesity in childhood, the whole family must undergo
counselling to address risk factors for developing obesity in the chil-
dren. Counselling of women with obesity during pregnancy, preven-
tion of smoking in the family, promotion of breastfeeding, and
facilitation of physical activity in preschool and school children must
treatment  of

be cornerstones in the prevention and

overweight/obesity in childhood.
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