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1. List of abbreviations

ADP; air displacement plethysmography
BMI; body mass index

FFQ; food frequency questionnaire
FFM,; fat-free mass

FM; fat mass

FM %; fat mass percent

GDM; gestational diabetes mellitus
GWG; gestational weight gain

I0OM; Institute Of Medicine

LGA; large for gestational age

NNR; Nordic Nutrition Recommendations
NW; normal weight

OB; obese

PONCH- study; Pregnancy Obesity Nutrition and Child Health study

2. Abstract

Degree project, Programme in Medicine, Maternal and infant body composition in relation to
fish and meat intake during pregnancy, Agnes Dicker, 2019, Institution of Neuroscience and

Physiology, Gothenburg, Sweden

Introduction: Many women start their pregnancy at a high BMI and gain more weight than
recommended during pregnancy, thus increasing the risk for severe pregnancy complications
and children born large for gestational age. Polyunsaturated omega-3 fatty acids found in fish

might have an effect on reducing obesity. Few studies have investigated the relation between



fish intake and maternal and infant body composition.

Aims: To determine whether the PONCH (Pregnancy Obesity Nutrition and Child Health)
dietary intervention study had an impact on maternal dietary intake and to investigate body
composition in mother and infant in relation to energy, meat and fish intake during pregnancy.
Method: Normal weight (NW) and obese (OB) pregnant women were randomized to either a
control or intervention group, the latter receiving dietary guidance. Study visits took place in
each trimester with measurements of body composition by air displacement plethysmography
(ADP) and collection of food frequency questionnaires. Infant anthropometry and body
composition were measured (by ADP) at 1 and 12 weeks after birth.

Results: NW and OB intervention groups reported an increased intake of high-fat fish
between first and second trimester (increase of 118 g/week for NW, p<0.001, and 150 g/week
for OB, p=0.015). OB intervention had a lower frequency of excessive gestational weight
gain compared with OB control (23% versus 61%, p = 0.046). OB women with gestational
weigh gain under or within recommendations reported higher intake of high-fat fish (198
g/week) than OB women with weight gain above recommendations (131 g/week) (p=0.049).
Negative correlations were found between maternal high-fat fish intake and infant weight,
length and fat free mass.

Conclusion: This study shows that dietary guidance can help women increase their fish
intake during pregnancy. Obese women with high fish intake during pregnancy more often
gain weight within IOM recommendations. Moreover, intake of high fat fish during gestation
is correlated with smaller children at birth.

Key words: Fish intake, pregnancy, infant, body composition



3. Introduction

Obesity is rapidly increasing worldwide with prevalence not only expanding in the adult
population but also affecting children (1, 2). According to the WHO, the global prevalence of
obesity has nearly tripled during the last 40 years (3). Body mass index (BMI) presents an
index frequently used for classifying weight status and comparing the prevalence of obesity,
both within and between populations (1). Obesity is defined as BMI above 30 kg/m? and is a
major cause of impaired health. The abnormal accumulation of fat causes increased risk for
numerous serious diseases, such as cardiovascular disease, diabetes, osteoarthritis and other
musculoskeletal disorders (1, 3, 4). Furthermore, there is growing evidence that obesity,
through secretion of bioactive substances and activation of inflammatory signalling creates a
pro-tumorigenic environment and plays a central role in carcinogenesis (5). Facing this
increasing social, health care and economic burden, there is a general consensus that

prevention and treatment strategies should be targeted not only toward adults, but also youths

(6).

Human gestation features numerous physiological changes, including processes leading to
weight gain. Due to accelerated maternal and fetal tissue synthesis and adjustments in basal
metabolism there is a need of increased energy intake (7, 8). Many women, however, gain
more weight than is generally recommended by the medical profession, resulting in an
increased maternal fat accumulation which can impact the long-term metabolic health of both
mother and child (8, 9). Moreover, due to the growing obesity epidemic, more women of
childbearing age start their pregnancy with a high BMI (10). In 2017, 26% of the women were
classified as overweight and 15% as obese when registered at Swedish antenatal health
clinics. The Swedish national board of Health and Welfare witness a distinct rise in the
average maternal BMI since 1992 when documentation of this data from medical records was

first initiated (11, 12). In 2009, the American Institute of Medicine (IOM) presented new



recommendations on weight gain in pregnant women according to corresponding BMI
category before conception. In contrast to previous guidelines, this version presents a specific
and rather narrow range regarding gestational weight gain (GWG) for obese women. The
recommended range of total weight gain during gestation is; 11.5-16 kg for normal weight
women and 5-9 kg for obese women (13). Although obese pregnant women generally show a
smaller GWG, the majority still gain more than the recommended weight for their BMI class

(14, 15).

An excessive GWG or maternal obesity is known to increase the risk for pregnancy
complications such as gestational diabetes (GDM), pre-eclampsia, pregnancy induced
hypertension, preterm delivery and the need for emergency caesarean section (16-18). Long
term effects include post-partum weight retention and overweight in mother (15). In addition,
fetal consequences include large for gestational age (LGA; birth weight above the 90
percentile) and therefore increased risk of shoulder dystocia (19), perineal lacerations grade
[II-IV (12), fetal macrosomia (birth-weight >4500 g), congenital birth defects and longer
hospital stay (17, 18, 20). While these findings emphasize immediate implications during
pregnancy and delivery, several studies have also demonstrated consequences of maternal
obesity and GDM when examining long-term effects in children. Infants exposed to
intrauterine metabolic alterations associated with maternal obesity or GDM, and/or have high
birth weight appear to have an increased risk of developing metabolic syndrome and obesity

in childhood (21-26).

According to the Swedish National Food Agency, a prescribed selection of foods that follows
the general dietary recommendations in the Nordic Nutrition Recommendations, NNR,
provides satisfactory conditions for good health, both in the pregnant mother and fetus (27).
Numerous nutrients are of great importance for fetal development, such as folate, proteins and

essential fatty acids (8, 27). Meat is a source of protein but also micronutrients such as iron



(27) of which requirements gradually rise as pregnancy proceeds (28). Numerous studies on
obese individuals have presented results indicating that high protein diets promote weight
loss, weight maintenance and beneficial changes in body composition (29, 30) in terms of a
reduction in fat mass whilst preserving fat free mass (31-33). Previous studies of maternal
macronutrient intake in relation to infant body composition suggest that protein intake is
positively correlated with infant birth weight (34, 35) but the effect on FM and FFM in infant

is yet relatively unexplored.

Polyunsaturated omega-3 fatty acids such as eicosapentaenoic acid (n-3 EPA) and
docosahexaenoic acid (n-3 DHA) can be found in different types of fish, especially high-fat
fish e.g. salmon, herring or mackerel. Pregnant women are recommended 2-3 servings of fish
per week during gestation in order to reach a daily intake of 0,1-0,3 g DHA (36). This
nutrient has a significant role in fetal neurodevelopment (37) but previous studies also
indicates positive effects of omega-3 intake on reducing obesity (38, 39). Considerable
evidence from previous rodent studies suggest that supplementation of long-chained omega-3
polyunsaturated fatty acids (n-3 PUFA) might have beneficial impact on body composition,
attenuating weight gain and reducing body fat accumulation. Although studies on the effect of
supplementation in humans is more scarce, a dietary interventional study on obese women
from 2015 showed that when combined with calorie restriction, additional supplementation of
n-3 PUFA appeared to enhance the effect of weight loss and reduce the severity of metabolic
syndrome (40). Observational studies on obese adults and children have shown that low
plasma n-3 PUFA levels is negatively correlated with BMI and unfavourable body
measurements (41-43). Moreover, a cohort study conducted on mother-child pairs showed
that a higher concentration of n-3 PUFA in the umbilical cord plasma was associated with
lower adiposity in offspring. In the same study, higher maternal fish intake was negatively

correlated with obesity in children at three years of age (44).



It is suggested that prenatal programming is influenced by epigenetic regulation in utero.
These modifications that alter gene expression result in a varied function in fetal tissues and
organs, thus changing basic conditions for further development and long-term metabolic
health (45, 46). Dietary fatty acids (FA) have been identified as nutrients associated with
epigenetic modifications in early metabolic programming in animal models, regulating
feeding behaviour, altering liver tissue function and adipose cell proliferation (47, 48).
Although underlying mechanisms are not fully resolved, this emerging evidence indicates that
maternal health status is a major determinant of offspring and childhood health, and that focus
on prevention and lifestyle implementations such as dietary guidance should play a substantial

part in maternal health services.

The Pregnancy Obesity Nutrition and Child Health study (PONCH) is an ongoing randomized
intervention study investigating the metabolic health in normal weight and obese pregnant
women and their offspring. By dietary intervention the aim is to optimize pregnancy outcome
in terms of weight gain and complications related to maternal obesity and GDM. Maternal
and infant body composition is measured by air displacement plethysmography (49) in order
to assess the changes that take place during pregnancy and to see if this may have an impact
on both mother and offspring’s metabolic health. This study succeeds previous work
presented by the PONCH study. In a former publication, Bosaeus et al described that serum
EPA and DHA as a biomarker for fatty acid intake were positively correlated with fish intake
during early pregnancy in normal weight women (50). However, there is a lack of randomised
control trials investigating whether fish and meat intake influence maternal and infant body

composition in terms of fat mass (FM), fat mass percent (FM%) and fat free mass (FFM).



4. Aim

The aim of this study was to determine whether the PONCH dietary intervention had an
impact on maternal dietary intake in normal weight and obese women, as well as to
investigate body composition and anthropometry in mother and infant in relation to energy,

meat and fish intake during pregnancy.

4.1 Specific objectives

Firstly, did the women, who were randomized to the intervention group, modify their intake
of energy, meat and fish? Also, how did the amount of fish and meat consumed during
pregnancy correlate with maternal body composition? Finally, how did the amount of fish and

meat consumed by the mother during pregnancy correlate with infant body composition?

5. Methods

5.1 Study population

During a period from April 2009 to August 2018, a total of 132 normal weight (NW: BMI

18,5-24,9 kg/mz) and 45 obese (OB: BMI > 30 kg/mz) pregnant women were recruited for
the Pregnancy Obesity and Child Health study (PONCH), an ongoing prospective randomized
dietary intervention study taking place at Sahlgrenska University Hospital, Gothenburg,
Sweden. Information about the study was handed out at six various maternity care centres
within the Gothenburg area and through advertisement on websites for pregnant women and
public billboards. All participants lived in the region of Vistra Goétaland at the time of
recruitment. Inclusion criteria in this study was age 20-45 years. Women with self-reported
diabetes, giving birth to twins, with reported vegetarianism or veganism, use of tobacco or

neuroleptic drugs were excluded.



At enrollment, the women were categorized as OB or NW after which they were randomized
to either a control group or an intervention group based on age, parity and BMI.
Randomization was carried out by a computer-controlled program. As presented in figure 1,
the women were henceforth followed throughout pregnancy. Both groups attended regular
study visits that took place in trimester one (visit between gestation week 8-12), trimester two
(visit between gestation week 24-26) and trimester three (visit between gestation week 35-
37). At the last visit before estimated time of birth, the participating women were asked if
they would admit their child into the PONCH-study. Met with approval, these children were
divided into groups with reference to corresponding group (NW or OB) of the mother (Figure

2).



Study population
n=177*

Randomization

-BMI
- Parity

v

v

NW o8B
n= 132 n= 45
Control Intervention Control Intervention
n= 638 n= 64 n=21 n=24
Study visit - Weight, height - Weight, height - Weight, height - Weight, height
trimester 1 | - Body composition | - Body composition - Body composition - Body composition
- Questionnaires - Questionnaires - Questionnaires - Questionnaires
- Dietary counselling - Dietary counselling
3 Telephone calls 3 Telephone calls
Study visit - Weight - Weight - Weight - Weight
trimester 2 | - Body composition | - Body composition - Body composition | - Body composition
- Questionnaires - Questionnaires - Questionnaires - Questionnaires
- Dietary counselling - Dietary counselling
2 Telephone calls 2 Telephone calls
Study visit - Weight - Weight - Weight - Weight
trimester 3 | - Body composition | - Body composition - Body composition - Body composition
- Questionnaires - Questionnaires - Questionnaires - Questionnaires
- Dietary counselling - Dietary counselling

Figure 1: Flow chart of maternal study protocol

Flow chart visualizing recruitment and number of normal weight (NW) and obese (OB) women randomized to either a

control or intervention-group and henceforth followed through pregnancy with regular study visits.

* Material for this study consist of data from women in the PONCH - study who participated in all three trimesters. n =

number of participants.
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Study visit
1 week after
birth

NW - group* OB - group*
n=64 n =42

- Weight, height, tibial length,
hip and head circumference
- Body composition

- Weight, height, tibial length,
hip and head circumference
- Body composition

'

'

Study visit
12 weeks
after birth

n=73
- Weight, height, tibial length,
hip and head circumference
- Body composition

n=41
- Weight, height, tibial length,
hip and head circumference
- Body composition

Figure 2: Infant study protocol

* Infants were divided into groups with reference to corresponding group of the mother, NW = normal weight or

OB=obese, whom at the point of trimester three agreed to enroll their child.

n = number of subjects attending study visits.

5.2 Maternal study visits

Maternal study visits took place in the morning after overnight fasting and included

anthropometric measurements of weight and body composition, completion of food frequency

questionnaires and blood sampling. At the first visit, the height of each participant was

measured to the nearest 0.5 cm, and BMI was calculated.

Body composition was determined using the BOD POD (software version 5.4.0; Cosmed,

Rome, Italy) which is a validated method (51-53). With the subject dressed in underwear and

bathing cap, measurements of body volume were performed twice. In case of inconsistency
between the values, the software asked for a third measurement. Based on air-displacement

plethysmography, ADP, the software calculates body density (kg/L) (49). Due to increased
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hydration of FFM during gestation, adjusted values of FFM and FM were calculated

according to previous studies (54, 55) as follows:

In trimester 1, FM and FFM were calculated using the equation (FMappyr1) published by van
Raaij et al.(54) where BW; is body weight (kg) and Db is body density (kg/L) in first

trimester:

FMaprvr1 (kg) =BW1/100 * (496.4/Db; — 451.6)

FFMappvr1 (kg) = BW1— FMappuri.

Accordingly, FM and FFM in trimester 2 were calculated using the equation (FMappvr2)
developed by the estimation of FFM density in mid pregnancy set at 1.095 kg/L published by
van Raaij et al. (54). BW» is body weight (kg) and Db is body density (kg/L) in second
trimester:

FMabppvr2 (kg) = BW2 * (5.0538/Dbz — 4.6154)

FFMappvr2 (kg) = BW2— FMappvr2

FM and FFM in trimester 3 were acquired using the equation (FMappvr3) presented by
Hopkinson et al.(55), who estimated FFM density in late pregnancy to 1.089 kg/L. BW3 is

body weight (kg) and Dbs is body density (kg/L) in trimester 3:

FMapprvr3 (kg) =BW3 * (5.19/Db3 - 4.76)

FFMappvr3 (kg) = BW3— FMappvr3

A validated self-administered food frequency questionnaire (FFQ) comprising the
participant’s dietary habits 3 months prior to the study visit was used to calculate energy
intake (56). In addition, questionnaires regarding fish and meat intake were also collected at
each study visit, identifying frequency and type of fish or meat respectively (Appendix 1).

This questionnaire, developed at the Institute of Neuroscience and Physiology at Sahlgrenska
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Academy, was evaluated in 2015 where a study performed by Bosaeus et al observed that the
concentration of PUFA in serum positively correlated with reported fish intake (50).
Following the Norwegian Health Authorities, it is assumed that one serving of fish is
equivalent to 150 g and one serving of meat is equivalent to 175 g (36). Hereby the frequency
of intake could be converted into grams. Subjects were also questioned whether they used any

dietary supplementation containing fish oil or ®-3 fatty acids.

Women allocated to the intervention group received additional dietary counselling by an
authorized dietician, emphasizing the recommendations for pregnant women established by
the Swedish National Food Agency and presented in the NNR 2004 (57). In detail, the
subjects of the NW intervention group were given directions to A) consume at least three
servings of fish per week (to avoid pollutants, appropriate types of fish to consume were
presented) B) reduce intake of sugar, preferably reaching a level below 10 % of daily energy
intake, C) consume at least 500 g of fruits and vegetables daily and D) increase daily energy
intake according to trimester (350 kcal in second trimester and 500 kcal in third trimester).
Furthermore, advise on suitable snacks, food frequency and fibre intake were given if needed.
For OB women, the participants in the intervention group were given identical directions as
NW women, with the exception of energy intake. The OB women were handed a dietary plan
with a 20% energy restriction. This was derived from estimated basal metabolic rate,
calculated with Harris Benedict’s equation (58).

Regular telephone calls in between study visits aimed to increase adherence to the
recommendations received. Between first and second visit, the subjects were contacted three

times, and between second and third visit they were contacted twice.
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5.3 Infant anthropometric measurements

For infant outcomes, all women that enrolled their child into the study and attended a
trimester 3 visit were included. Infants were divided into groups with reference to
corresponding group of the mother, NW = normal weight or OB=obese (n= 73 for NW, n =
42 for OB, figure 2). Infant weight and length measurements at time of birth were collected
from medical records. Further measurements in terms of anthropometry and body
composition were made at 1 week (4-10 days) and 12 weeks (80-90 days) after birth (figure
2). Lower leg length, head circumference, length, waist and hip circumference to the nearest
0.5 centimetre was measured at both visits. Weight, percentage of body fat, FM and FFM was
obtained by the use of PEA POD (software version 3.3.0; COSMED, Italy), which in
accordance with the BOD POD system generates values using ADP validated for measuring

body composition of infants (from birth up to 6 months) (59-61).

5.4 Data collection

With the exception of some FFQs as well as surveys regarding fish and meat intake, data prior
to the current study was already collected and accessible. A number of mothers and new-
borns in OB group were recruited later than NW and additional study visits took place before
completion of data base. Further data specific for the FFQ were entered into a computer-
accessed program for calculating nutritional values whereupon it was transferred into excel

and the statistical software SPSS, enabling data analysis.

Considering the short amount of time between delivery and the first infant visit (1-week post-
partum), some visits scheduled for infants were missed owing to incomplete maternal
recovery. Moreover, with a number of participants preferring to complete questionnaires at
home, some food-frequency surveys were unfortunately left uncompleted. Numerous FFQ’s

were reported to have been sent to the department although some were not received.
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5.5 Statistical methods

For statistical analyses, SPSS version 25 (IBM SPSS Statistics, Armonk, NY: IBM Corp) was
used. Continuous variables are presented by their mean and standard deviation (Mean (SD))
unless otherwise stated. In addition to visual analysis of histograms, Shapiro-Wilk test was
used to test for normality. To test for differences between groups, Student’s independent t-test
was applied for normally distributed data and Mann-Whitney U test for non-normally
distributed data. Pearson’s chi-squared test was used to examine relationships between
categorical values, e.g education or parity when analysing background characteristics. To

assert changes within a group, Wilcoxon signed-rank test was performed.

Correlations between dietary intake and maternal and infant body composition were tested by
Spearman’s rank correlation coefficient (for non-normally distributed data) and Pearson
correlation coefficient (for normally distributed data). Using multiple linear regression, the
maternal data were adjusted for pregestational BMI, age and education. Outcomes regarding
infant body composition were adjusted for pregestational BMI, maternal age and infant sex.
Initially, pairwise relations between dependent and predictor variables were examined with
linear regression. Significance below 0.25 was adjusted for. Predictor variables were
controlled for collinearity using Pearson’s correlation coefficient, where no correlations above

0.3 were found which enabled further calculations in a multiple linear regression model.

GWG was determined by calculating the difference in weight between trimester one and
trimester three. GWG were then in accordance with IOM guidelines categorized as “under”,
“within” or “above” recommendations, between which different characteristics could be
examined. Kruskal Wallis-test was used when comparing mean values between all three

subgroups, and Mann-Whitney U was used when comparing means between two subgroups.
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Unless noted otherwise, the analyses were performed on data gathered from women
participating in all study visits and follow up between trimester one and trimester three,
n=177 (figure 1). Considering the relatively low number of infants enrolled in the study,
women registered later than trimester one or women with missed visits during the study were
also included together with participants’ child in the analyses of correlations. All tests

performed were two-tailed and throughout analysis, significance was defined as P < 0,05.

6. Ethics

This project was covered by the ethical approval of the PONCH study (Dnr 402-08).
All women received oral and written information regarding the study. Written consent from
all participants was collected prior to enrolment. Each participant was anonymized by the use

of codes.

7. Results

7.1 Maternal background characteristics

Table 1 displays maternal background characteristics. Reflecting the difference in OB and
NW group classification, pregestational BMI was significantly higher in OB group than NW.
A higher education level was found in NW compared to OB. Higher education was associated
with lower pre-gestational BMI for all women combined (r =-0.226. p <0.001). For age,
height and parity, there were no significant differences between OB and NW groups. Between
the subcategorized intervention and control groups, no significant differences were found for

background variables (table 1).
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Table 1: Maternal background characteristics

NW OB

Intervention Control Total Intervention Control Total pe

n Mean(SD) n Mean(SD) P* Mean (SD) [ n Mean (SD) n Mean(SD) P* Mean (SD)
Age (years)* 64 30.6(3.6) 68 31.2(3.6) 0344 | 30.8(3.8) |24 31.5(3.2) 21 30(4.2) 0.174 | 30.8(3.8) 0.916
Pregestational weight (kg) 64 62.2(6.4) 67 61.4(6.4) 0.489 | 61.8(6.5) 23 100.9(18.0) 21 99.0(11.9) 0.691 100.0(15.2) | <0.001
Height (m) 64 1.68(0.06) 68 1.68(0.06) 0.505 | 1.68(0.1) 24 1.70(0.07) 21 1.68(0.05) 0.542 1.69 (0.07) 0.423
Pregestational BMI 64 21.9(1.5) 67 21.8(1.6) 0.772 | 21.8(1.5) 23 35.0(4.5) 21 349(4.3) 0.796¢ | 35.0(4.4) <0.001°¢
Parity 0/1/2/3 % ¢ 64 50/36/14/0 68 60/35/4/0 0.134 | 55/36/9/0 | 23 50/42/4/4 21 48/43/10/0 0.712 49/42/7/2 0.280
Education level: 3 years of high school / <3 years | 62 11/11/77 68 10/19/71 0.466 | 11/15/74 23 30/22/48 21 38/14/48 0.769 34/18/48 0.001
of university / > 3 years of university (%) ¢
Weight 1% trimester (kg) 64 629(6.2) 68 623(6.4) 0552 | 62.6(6.3) |22 100.9(16.6) 18 97.7(11.9) 0.86¢ | 99.5(14.6) | <0.001¢
Fat mass 1* trimester (kg) 63 16.8(3.4) 68 16.7(4.9) 0.791 | 16.8 (4.1) 22 48.0(11.3) 18 45.2(10.3) 0.543¢ | 46.7 (10.8) <0.001°¢
Fat mass percent 1* trimester (%) 63 26.7(4.4) 68 265(6.3) 0497 | 26.6(5.4) | 22 47.2(4.8) 18 45.9(5.5) 0427 | 46.6(5.1) <0.001
Fat free mass 1* trimester (kg) 63 46.1(5.0) 68 45.5(4.6) 0.821 | 45.8(4.8) 22 53.0(7.6) 18 52.5(4.7) 0.645°¢ | 52.7 (6.4) <0.001°¢

NW = normal weight, OB=obese.
* At time of trimester one.

2 P-values calculated with Student's independent sample t-test between intervention and control

b P-values calculated between NW and OB group with Student's independent sample t-test.

<P-values were calculated by Mann-Whitney U test.

4 Categorical values were analyzed by Chi squared-test.

7.2 Reported dietary intake

7.2.1 NW group

As shown in table 2, there were no significant differences between NW intervention and

control group in reported fish, meat or energy intake in absolute amount in the first and

consecutive trimesters. However, the NW intervention group significantly increased their

intake of high fat fish and total fish intake between trimester 1-2 and 1-3, which was not seen

in the NW control group (table 3 and visualized in figure 3). These changes in fish intake for

the NW intervention group were also significantly higher when compared with the NW

control group (table 3). NW control group reported a significantly higher use of n-3 PUFA

supplementation in trimester 3 than NW intervention (table 2). NW control reported a

significantly increased meat intake between trimester 1-3 and this was also significantly

higher when compared with NW intervention (table 3).
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7.2.2. OB group

No significant differences between intervention and control group were found when
examining reported fish, meat or energy intake in the first and consecutive trimesters (table
2). The OB intervention group reported an increased intake of total fish between trimester 1
and trimester 2. OB control reported an increased intake of high-fat fish between trimester 2-
3, significant when analysed within the group (table 3). When comparing the changes
between control and intervention, they showed no significant differences (table 3). OB
intervention group reported no significant reduction in energy intake between trimester 1 and
trimester 3. The self-reported (and not significant) decrease of 159.1 kcal/day would account

for a 7% energy restriction with reference to energy intake at baseline in trimester 1.

7.2.3.NWvs OB

Whereas reported intake of total amount of fish and high fat fish in trimester 1 was somewhat
higher in NW, OB reported a higher meat intake. However, in both cases these differences
were not significant (table 2). Reported total fish intake in trimester 3 was significantly
higher in NW compared to OB. During the same period OB reported significantly lower

energy intake (table 2). Remaining data showed no significant differences (table 2).
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Table 2: Reported dietary fish, meat and energy intake

NW OB
Trimester Intervention Control Total Intervention Control Total Pe
n  Mean (SD) n  Mean (SD) pa Mean (SD) n  Mean (SD) n  Mean (SD) ps Mean (SD)
1st
High-fat fish (g/week) 59 147.5(133.9) 63 168.5(136.4) 0.304 158.3 (135.0) 18 156.3(87.5) 15 117.5(105.0) 0.0%4 138.6 (96.3) 0.846
Total fish (g/week) 62 359.3(217.3) 66 431.3(273.0) 0.082 396.4 (249.3) 22 327.3(201.2) 17 352.9(339.3) 0.873 338.5 (266.5) 0.114
Meat (g/week) 62 1120.6(574.1) 66 962.5(529.5) 0.108°% | 1039.1(555.0) |22 11415(589.4) 17 1286.8(627.8) 0.463° | 1204.8(602.7) | 0.115
Energy (kcal/day) 60 2144.0(556.6) 66 2329.5(590.1) 0.076 | 2241.2(579.6) |21 2269.0(539.8) 17 2125.9(794.1) 0.191 | 2205.0(664.3) | 0.655
2nd
High-fat fish (g/week) 62 189.3(164.0) 66 149.4(1115) 0.146 | 168.8(140.3) |23 164.7(99.7) 18 108.3(80.2) 0056 | 139.6(96.3) | 0367
Total fish (g/week) 63 475.0(243.6) 68 447.8(248.9) 0487 460.9 (245.8) 21 450.0(231.2) 19 355.3(270.2) 0.240"% | 405.0 (251.8) 0.260
Meat (g/week) 63 1090.3(519.0) 66 1092.4(609.4) 0.791 1091.4(564.9) |21 1083.3(585.3) 19 1211.2(640.5) 0.513% | 1144.1(607.6) | 0.707
Energy (kcal/day) 63 2238.3(504.3) 67 2338.2(644.2) 0.498 | 2289.8(580.6) |21 2126.0(596.6) 18 2178.2(738.3) 0.808% | 2150.1(657.2) | 0.162
3rd
High-fat fish (g/week) 63 207.7(155.5) 65 169.6(140.8) 0.051 | 188.4(148.8) |20 178.1(98.0) 18 131.3(104.7) 0096 | 155.9(102.6) | 0.364
Total fish (g/week) 62 477.8(187.3) 67 429.4(266.5) 0.142 452.7 (232.2) 22 395.5(230.5) 20 337.5(239.0) 0.429°% | 367.9 (233.6) 0.037
Meat (g/week) 61 1095.9(473.8) 67 1164.1(605.1) 0.482°% | 1131.6(545.4) |22 1101.7(480.5) 20 1321.3(583.8) 0.189* | 1206.3(537.1) | 0.398
Energy (kcal/day) 62 2275.8(595.4) 67 2376.4(577.4) 0.272 | 2328.0(586.0) |22 2096.8(492.8) 20 2175.6(601.4) 0.644° | 2134.3(541.9) | 0.042
Reported use of n-3 PUFA 64 78 68 221 0.023 15.2 23 261 21 95 0.155 18.2 0.634
supplementation (%) ¢
NW = normal weight, OB=obese.
4 P-values between control and intervention group were calculated with Mann-Whitney U test.
® P-values between control and intervention group were calculated with Student’s independent sample t-test.
¢ P-values between NW and OB group were calculated with Mann-Whitney U test.
Table 3: Dietary changes of fish, meat and energy intake calculated between follow-up visits
NW OB
Trimester Intervention Control pt Intervention Control pt
N Mean (SD) pe N Mean (SD) pa N Mean (SD) pa N Mean (SD) P
Trimester 1-2
High-fat fish (g/week) | 59 45.8 (146.4) 0022 63 -149(1085) 0463 | 0.006 | 18 39.6(104.9) 0075 15 -7.5(63.7) 0.268 | 0.128
Total fish (g/week) 61 118.0(178.3) <0.001 66 23.3(189.0) 0.215|0.004 | 20 150(250.5) 0.015 15 -20.0(277.0) 073 |0.092
Meat (g/week) 61 -49.1(3943) 0463 64 119.2(4785) 0051|0082 (20 -656(684.8) 0.868 15 -140.0(754.7) 0.474 | 0.763¢
Energy (kcal/day) 59 112.4(4464) 0219 65 44.7(6089) 0.626| 0.577 | 20 -155.2(475.8) 0.247 15 48.0(910.7) 0.46 |0.398¢
Trimester1-3
High-fat fish (g/week) | 59 57.8 (143.6) 0,003 63 3.6(133.8) 0670 0.031 | 18 33.3(1311) 0.298 15 15(44.4) 0.197 | 0.621
Total fish (g/week) 60 111.3(159.5) <0.001 65 1.3(2324) 0.896 | <0.001 | 21 71.4(206.0) 0132 16 -469(326.2) 0.723 | 0.528
Meat (g/week) 59 -47.3(454.8) 0792 65 200.3(428.8) 0.001| 0.010 | 21 -4.7(525.5) 0736 16 43.8(736.3) 0.783 | 0.914
Energy (kcal/day) 58 128.2(433.6) 0.037 65 69.0(634.4) 0.251| 0.746 -159.1(581.9) 0370 16 -2.9(970.7) 0.642 | 0.553¢
Trimester2-3
High-fat fish (g/week) | 62 16.9 (157.2) 0382 65 185(97.9) 0241 0661 | 20 -5.6(75.3) 0406 18 229 (48.4) 0.025 | 0.142
Total fish (g/week) 61 0.0(1721) 0660 67 -206(187.2) 0478 0437 | 21 -57.1(1789) 0.184 19 -19.7(141.1) 0.609 | 0.446
Meat (g/week) 60 -158(394.1) 0.831 65 58.4(376.8) 0.078|0.232 |21 20.8(513.1) 0.255 19 138.2(850.0) 0.346 | 0.890
Energy (kcal/day) 61 34.2(524.0) 0534 66 284(5347) 0648|0891 |21 -11.8(565.5) 0614 18 -433(802.3) 0.744 | 0.612

NW = normal weight, OB=obese.
4 P-values for paired means within intervention or control group calculated with Wilcoxon signed-rank test.
& P-values between control and intervention group were calculated with Mann—Whitney U test.
<P-values between control and intervention group were calculated with Student's independent sample t-test.
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Figure 3: Reported fish, high-fat fish, meat and energy intake at study visit trimester one, two and
three.

Points show mean (+ SE). For p-values regarding dietary intake at follow-up, see table 2.
For p-values regarding change in dietary intake within and between each group, se table 3.

7.3 Maternal body composition

As shown in table 4, all parameters of maternal body composition differed significantly
between NW and OB in all trimesters. No differences were found between subcategorized

intervention and control groups.

Mean GWG and changes in FM and FM% were greater for NW than OB, the latter reducing

mean fat mass with 2.1% (table 4). Though not significant, there was a tendency to a smaller

GWG, FFM and FM-gain in the OB intervention group compared with OB control group

(table 4).
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Table 4: Body composition changes between trimester 1 and trimester 3

NwW oB

Intervention Control P* Total Intervention Control p* Total p*

n Mean(SD) n Mean(SD) 0478 | Mean(SD) | n  Mean(SD) n Mean (SD) 0.15 | Mean (SD)
Trimester1~-3
Gestational weight gain (kg) 64 115(34) 68 115(28 0521 115(3.1) |22 69(35) 18 89(53) 0157 7.8(4.4) | <0.001
Change in fat free mass (kg) 61 6.9(2.5) 67 7.0(2.0) 0.899 | 6.9(2.3) 22 59(21) 18 7.0(3.1) 0.514 | 6.4 (2.6) 0.283
Change in fat mass (kg) 61 4.7(2.8) 67 45(2.9) 0933 | 4.6(2.8) 22 1.0(3.3) 18 19(4.4) 0.744 | 1.4(3.8) <0.001
Change in fat mass percent (%) 61 21(3.1) 67 19(3.2) 0478 | 20(3.2) 22 -21(23) 18 -21(25) 015 | -2.1(24) <0.001
GWG according to IOM recommendations | 66 61/30/9 70 47/46/7 0.181 | 54/38/8 22 27/50/23 18 17/22/61 0.046 | 23/37/40
Under/Within/Above (%) ¢

NW = normal weight, OB=obese.

4P-values calculated with Mann-Whitney U test, analyzed between NW and OB group.
® P-values between control and intervention group calculated by Mann—-Whitney U test.
¢ Categorical values were analyzed by Chi squared-test.

7.4 PONCH results compared with IOM recommendations

When examining GWG according to the guidelines stated by the IOM, NW control and

intervention groups exceeded recommended GWG to an extent of 7 % and 9 %, respectively,

but with no significant difference between control and intervention. For the OB groups there

was however a significant difference between intervention and control. Of participants in OB

control group, 61% exceeded recommendations (GWG > 9 kg), whereas for OB intervention

group, the corresponding proportion was 23% (p=0.046) (table 4 and figure 4). OB women

with GWG within or under IOM recommendations reported significantly higher intake of

high-fat fish (198 g/week) than OB women with GWG above recommendations (131 g/week)

(p =0.049).
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Figure 4: A) and B) percentage of women under, within or above IOM recommendations of GWG in NW and
OB women. C) and D) intake of high-fat fish in each corresponding group of NW and OB women under,
within or above IOM recommendations of GWG.

NW = normal weight. OB = obese. GWG = gestational weight gain.

Recommended range of total GWG in NW women: 11.5-16 kg

Recommended range of total GWG in OB women: 5-9 kg.

7.5 Infant characteristics and anthropometry measurement

Regarding gender, an even distribution could be seen in children born to NW as well as OB

mothers (table 5).

Table 5: Gender distribution of infants participating in study visit 1 week and 12 weeks

after birth
NW oB1!
Gender ? | Female Male Female Male
n  %ofNW n %ofNW P n %ofOB n %ofOB P
1 week after birth | 33 516 31 484 0223 | 18 408 26 591 0.812
12 weeks after birth | 34  47.2 38 528 0221 | 15 375 25 625 0.070

! Children were divided into groups with reference to corresponding group of the mother NW = normal weight,
OB=obese.

Women recruited later than trimester one, or with lower frequency of study visits were not excluded.

2 Gender distribution calculated with Chi Squared-test.
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Differences in infant anthropometry measurements were identified between children born to
NW and OB mothers (table 6). Mean length was significantly greater in OB infants than NW
infants 1 and 12 weeks after birth. Difference in weight was significant and measured to
approximately 200 g at birth as well as 1 week thereafter. Although difference in weight could
be seen 12 weeks after birth, this was not statistically significant. FM % was 2% higher in OB
infants 1 week after birth (table 6).

Table 6: Anthropometry at birth and body composition at 1 and 12 weeks
after birth in infants born to normal weight and obese mothers

NW 1! oB! p?
n Mean (SD) n Mean (SD)

At birth
Length (cm) 99 50.4(2.17) 58 51.6(2.05) 0.527°
Weight (g) 98 3609.9(488.8) | 59 3867.5(514.0) | 0.002
BMI (kg/m?) 98 14.1(1.2) 58 145(1.3) 0.102
1 week after birth
Length (cm) 64 51.3(2.04) 44 52.7(2.09) <0.001
Weight (g) 64 3685.6(471.7) | 44 3877.4(497.9) | 0.045
BMI (kg/m?) 64 139(1.1) 44 139(1.2) 0.884
Waist circumference (cm) | 51 35.2(2.6) 40 35(2.3) 0.650
Hip circumference (cm) 45 31.4(2.0) 35 31.1(2.2) 0.601
Lower leg length (cm) 42 13.2(0.7) 38 13.3(0.7) 0.777
Fat mass (kg) 63 0.5(0.2) 44 0.6(0.2) 0.010
Fat mass percent (%) 63 13.7(41) 44 15.7(3.8) 0.012
Fat free mass (kg) 63 3.2(0.3) 44 3.3(04) 0.196
12 weeks after birth
Length (cm) 73 61.0(2.4) 42 621(21) 0.019
Weight (g) 73 6142.2(806.2) | 42 6441.0(825.4) | 0.060
BMI (kg/m?) 73 165(1.7) 42 4.7(0.5) 0.523
Waist circumference (cm) | 67 41.8 (3.1) 39 414(2.9) 0.602
Hip circumference (cm) 56 39.4(3.1) 33 139.8(3.0) 0.580
Lower leg length (cm) 52 15.9(0.8) 36 16.0(0.9) 0.576
Fat mass (kg) 69 1.5(0.5) 40 1.6(0.4) 0.599°
Fat mass percent (%) 69 24.3(5.8) 40 25.5(3.9) 0.308°
Fat free mass (kg) 69 4.58(1.7) 40 4.74(1.6) 0.129

! Children were divided into groups with reference to corresponding group of the mother
NW = normal weight, OB=obese. Women recruited later than trimester one, or with lower
frequency of study visits were not excluded.

iP-values between NW and OB group calculated with Student’s independent sample t-test.
." P-values between NW and OB group were calculated with Mann—-Whitney U test

7.6 Correlations between dietary patterns and anthropometric measurements in mother and

infant
Correlations between reported dietary fish, meat and energy intake in trimester three and

maternal body composition are displayed in table 7. With NW and OB grouped together,
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significant negative correlations were found between total fish intake and weight, FM and
FM%. Reported meat intake was positively correlated with FM and FM % in OB group. After
adjusting for pre-gestational BMI, age, and education, these correlations regarding fish and
meat intake did not maintain significance. Moreover, in NW group, energy intake showed a
significant positive correlation with weight, FM and FM%. FM and FM%. These correlations

were still significant after adjustments of potential confounders (table 7).

Table 7: Spearman's rank correlations between total fish intake (grams/week), high-fat fish intake (grams/week),
meat intake (grams/week), energy intake (kcal/day) in trimester three and maternal body composition in trimester three 2

Weight (kg) Fat mass(kg) Fat mass percent (%) | Fat free mass (kg)

TAnaserS n R P | n R P | n R P | n R P

Total fish intake (g/week)
NwW | 133 -0.03 0774 | 129 -012 0234|129 -011 0204|129 006 0.526

OB|59 -003 0.834 |59 0.03 0844|159 012 0365|599 -017 0.206

TOTAL | 192 -0.18* 0.012 | 188 -0.21* 0.003 | 188 -0.21* 0.004 ( 188 -0.13 0.077

Intake of high-fat fish (g/week)
NwW | 131 -0.13 0156|128 -013 0152|128 -0.10 0.244) 128 -0.05 0.579

OB |51 -010 0509 |51 -0.04 0804|51 006 0670 | 51 -0.20 0.151

TOTAL | 182 -0.16* 0.034 | 179 -0.16* 0.035| 179 -0.14 0063|179 -0.13 0.09

Meat intake (g/week)
NW [ 132 0.06 0.510 | 129 0.12 0.182| 129 0.12 0.185| 129 -0.05 0575

OB |59 025 0.061 |59 027* 0.037|59 028* 0.030|59 -0.03 0.840

TOTAL | 191 0.10 0171|188 0.14 0.054 | 188 0.14* 0.049 | 188 0.02 0.837

Energy intake (kcal/day)
NW [ 133 0.20* 0.022 | 129 0.22* 0.011| 129 0.18* 0.048 | 129 009 0.319

OB |59 0.06 0635|59 013 0327|159 014 0284 |59 -0.03 0.821

TOTAL | 192 0.04 0.610 | 188 0.05 0.503 | 188 0.03 0686 | 188 0.02 0.822

2 Correlations calculated with data gathered from all women attending a trimester three visit and choosing to enroll their child.
Women recruited later than trimester one, or with lower frequency of study visits were not excluded.

P-values were calculated using Spearman’s rank correlation.

* P < 0.05 Correlation is significant at the 0.05 level.

Furthermore, correlations between dietary intake in mother and body composition in infant
were examined (table 8). Maternal meat intake showed no correlations with infant body
composition. Negative significant correlations were found between maternal fish intake and
several body composition measurements in infants. Both length, weight at birth and
anthropometric measurements at follow up correlated negatively with fish intake for all
infants combined. Additionally, strong significant negative correlations were seen in NW and

OB separately, especially between total fish intake and NW infant body composition 12
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weeks after birth, but also between high fat fish intake and weight 12 weeks after birth in OB
group (table 8). When adjusting for pregestational BMI, maternal age and sex in infant, all
correlations between high-fat fish intake and anthropometry measurements at birth and 1
week after birth maintained their significance and equivalent rank. Total fish intake showed

no significant correlations after adjustments.

Table 8: Spearman's rank correlations between maternal dietary fish, meat and energy
intake in trimester three and body composition in infant at 1 and 12 weeks after birth.

Maternal dietary intake in trimester three
Infant body composition | Total fish intake (g/week) High-fat fish intake
(8/week)
NW o8 TOTAL | NW (o)) TOTAL
At birth
Length (cm) -0.16 -0.213  -0.25* -0.26* -0.17 -0.27*
(0.146)  (0.142) (0.003) | (0.011) (0.257) (0.001)
Weight (g) -0.11 -0.112 -0.18* -0.25* -0.08 -0.24*
(0.298) (0.44) (0.04) (0.015) (0.601) (0.005)
BMI (kg/m?) -0.04 0.027 -0.02 -0.10 -0.01 -0.10
(0.711) (0.856) (0.864) | (0.320) (0.935) (0.24)
1 week after birth
Length (cm) -0.13 -0.332* -031* -0.27* -0.44* 038
(0.315)  (0.032) (0.001) | (0.03) (0.006) (<0.001)
Weight (g) -0.19 -0.256 -0.26* -0.21 -0.24 -0.26*
(0.129) (0.102) (0.007) | (0.104) (0.152) (0.009)
BMI (kg/m?) 0.19 -0.055 -0.09 -0.07 -0.03 -0.05
(0.134) (0.727) (0.357) | (0.589) (0.883) (0.629)
Fat mass (kg) -0.13 -0.21 -0.26* 0.02 -0.19 -0.12
(0.319) (0.183) (0.008) | (0.907) (0.257) (0.232)
Fat mass percent (%) -0.07 0163 -0.19 0.11 -0.19 -0.04
(0.571) (0.302) (0.053) | (0.394) (0.26) (0.663)
Fat free mass (kg) -0.16 -0.188 -0.21* -0.30* -0.24 -0.30*
(0.214)  (0.232) (0.037) | (0.018) (0.147) (0.002)
12 weeks after birth
Length (cm) -0.13 -0.312  -0.23* 0.22 -0.24 -0.15
(0.293)  (0.056) (0.015) | (0.061) (0.174) (0.12)
Weight (g) -0.36* -0.226 -0.33* -0.07 -0.38* -0.23*
(0.002) (0.173) (<0.001) | (0.575) (0.025) (0.018)
BMI (kg/m?) -0.444* 0072 -0.310* | -0.19 -0.234 0177
(<0.001) (0.667) (0.001) | (0.124) (0.183) (0.071)
Fat mass (kg) -0.353* -0.182 -0.305* | -0.03 -0.111  -0.075
(0.003) (0.288) (0.002) | (0.98) (0.538) (0.456)
Fat mass percent (%) -0.288* -0.073 -0.225* | -0.216 0.09 0.036
(0.016) (0.672) (0.021) | (0.132) (0.619) (0.723)
Fat free mass (kg) -0.251* -0.207 -0.260* | -0.038 -0.373* -0.263*
(0.037) (0.255) (0.007) | {0.762) (0.033) (0.008)

Correlations presented as R(P) unless noted otherwise. *
P < 0.05 Correlation Is significant at the 0.05 level.

25



8. Discussion

This study aimed to examine body composition in mother and infant in relation to reported
fish and meat intake. A total of 132 normal weight and 45 obese pregnant women were
followed throughout gestation as they participated in regular study visits with measurements
of body composition and collection of FFQ. Women randomized to intervention received

dietary guidance. Enrolled infants were measured at 1 and 12 weeks after birth.

8.1 Main findings

8.1.1. Reported dietary intake and changes in maternal body composition

Mean total fish intake in each trimester corresponded with the amount recommended during
pregnancy according to The Norwegian Health Authorities, set to 2-3 portions of fish per
week assuming one portion is equivalent to 150 g (36). Both OB and NW intervention group
reported an increased consumption of high fat fish particularly between first and second
trimester, NW also significantly increasing total fish intake throughout the entire intervention
period. NW control reported a significantly increased meat intake during the follow up period.
Although no significant decrease was seen in intervention group, the tendency could be
explained by the corresponding increase in fish intake. These results suggest that the PONCH

dietary intervention had an effect on fish intake.

OB women showed a smaller GWG than NW women. Similar trends have previously been
reported in several studies (14, 62, 63). Although 40% of OB women gained more weight
than recommended during pregnancy according to IOM guidelines, mean GWG for both NW
and OB women was within the range of weight gain recommended for corresponding BMI
class (13). Participants in OB intervention group were in addition to increasing fish intake
also instructed to lower energy intake by 20% in reference to their BMR at baseline. Subjects

were unable to fulfil this implementation reporting mean energy intake in trimester 3 at 7%
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below baseline. This did not result in a significantly lower GWG than in OB control.
Nevertheless, in comparison to OB control, there was a significantly lower percentage of OB
intervention that gained weight above recommendations, which indicates a successful

intervention.

We found a higher intake of high-fat fish in OB women with GWG within or under
recommendations, when analyzed against OB women with excess weight gain. In a former
Norwegian cohort study, Hillesund et al presented evidence that high adherence to a diet
consisting of whole grains, fish and large quantities of berries, fruits and vegetables optimized
gestational weight gain with reference to IOM guidelines (64). Considering fish to be part of a
beneficial diet, this intake might represent an overall healthy consumption of foods rather than
affecting the outcome in body composition per se. With the knowledge that an excess GWG
in especially overweight and obese mother increase the risk of adverse outcomes such as
gestational hypertension, emergency caesarian section and neonates needing intensive care
(65-67), it is of great importance to direct preventive strategies towards these individuals.
Further investigations of this sample could be targeted at analyzing the quality and
distribution of nutrient in more detail and compare GWG with adherence to NNR, with the

aim to optimize guidelines further.

No significant correlations were found between fish as well as meat intake and maternal body
composition after adjusting for potential confounders. However, several correlations pointed
toward a negative tendency between fish intake and weight, fat mass and fat mass percent
with NW and OB grouped together. Regarding meat intake, Bosaeus et al reported positive
correlations between reported meat intake and fat free mass in first trimester (50). We found
no such correlation in this study, perhaps due to another sample of participants involving both
NW and OB women. In addition, we adjusted correlations for pre-gestational BMI, maternal

age and education.
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In accordance with research presented by Holowko et al (68) and a report from The Swedish
national board of Health and Welfare published in 2015 (12), we found that lower education is

associated with higher pregestational BMI.

8.1.2. Infant anthropometric measurements

In this study, we found that high maternal fat fish intake was inversely correlated with infant
length and weight at birth and at one week of age, even after adjusting for potential
confounders. Before adjusting for pre-gestational BMI, infant sex and maternal age,
significant negative correlations between total fish intake and infant fat mass were seen 1 and
12 weeks after birth. This was not only seen with NW and OB analyzed together, but also in
NW group 12 weeks after birth. This result is of particular interest since the group of NW
women constitutes a highly homogenous sample of women that does not differ in many other
aspects. Results from previous studies investigating the effect of maternal dietary fish intake
on infant body composition are inconclusive. On the one hand, some studies present a positive
correlation between fish intake and birth size in terms of weight and head circumference (69).
On the other hand, some studies demonstrate the opposite relationship with an inverse
association between fish intake and birth size as well as body fat in childhood (70-72). With
the use of PUFA supplementation, Bergmann et al concluded that increased DHA intake
during pregnancy might result in lower BMI in infant (73). Since the participants in NW
control group reported a significantly higher use of n-3 PUFA supplementation in trimester 3
than NW intervention, we might have difficulty distinguishing the true effect of fish intake on
maternal and infant body composition in this study. As PUFA supplementation might
represent a potential confounder in this context, this ought to be considered in future studies

involving this data.
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On the one hand, we found no correlations between maternal meat intake and infant body
composition. Previous studies have suggested that high protein intake is associated with
higher birth weights (34, 35). On the other hand, these studies did not isolate meat intake as
analyzed in this study. Further objectives for this material could take this into consideration,
seeing that the need for protein also can be met from dairy products and non-animal sources

of protein.

Infants born to obese mothers had higher weight, length and fat mass. This has been shown
for the PONCH study prior to this project (Andersson et al) (74). Starling et al performed an
observational study in 2015 featuring corresponding results of pregestational BMI in direct
relation to neonatal adiposity (75). With several studies indicating that that maternal obesity
may increase the risk of overweight, obesity and metabolic syndrome in childhood (21, 26)
along with research suggesting that the epigenetic regulations taking place in utero may affect
the child’s metabolic profile in a long-term perspective, (44, 71, 76) it would be motivated to

continue studying the effect of maternal fish intake in children as they grow older.

8.2 Methodological considerations

Strengths of the PONCH study include 1) the study design as a randomized controlled trial
2) that participants in the intervention groups acquired individualized information 3) that
follow up and measurements took place at one location and in contact with the same
researcher and dietician 4) that the use of BOD POD and PEA POD is golden standard for
measuring body composition in pregnant women and infants respectively.

Due to the aim of studying the dietary intervention starting in trimester one and continuing
throughout pregnancy, analyses were performed on women participating in all study visits.
This reduced the number of subjects involved in analyses, an aspect undermining the

statistical power, but motivated according to the specific objectives. Drop out was partly due

29



to short time between delivery and first infant visit. Some food-frequency surveys were left
uncompleted, but answering frequency was consistently high at approximately 95%

throughout the follow up period.

With self-assessed FFQ, there might be a limited ability to draw accurate conclusions about
the effect of dietary intake, due to subjects under- or overestimating quantity of food. Some
studies suggest that report bias may occur when the nutrient in question is referred to as
socially desirable e.g. fish (77). Nevertheless, a strength in this study was the longitudinal
follow up where the subject served as their own control. Findings from several studies
investigating the validation of FFQ in groups consisting of obese, normal weight or pregnant
participants suggest that FFQ has good validity when comparing with other methods as well
as biomarkers (78-80). Each participant reported the frequency of which their meals contained
either fish or meat in a separate questionnaire. By estimating one portionto 150 gand 175 g
respectively, our calculations might have overestimated the quantity consumed. A possible
improvement in this matter would be to ask the participants to define their portion size with
reference to the amount stated in the questionnaire. In short, isolating the effect of certain
nutrients tends to be challenging. To gain more knowledge, further research within this field
could also investigate the possible correlations between serum fatty acid profile as a

biomarker for fish intake and body composition in mother and offspring.

Higher education was associated with lower body weight. A large body of evidence also
suggest correlations of higher education with a healthier nutrient intake in general, (81-83)
also including a higher fish intake (84, 85). With this in mind, correlation analyses were
adjusted for education even though the result of analyses indicated only modest associations
between education and fish intake in this study. In addition, one must consider selection bias,
since women with a more pronounced interest in the field of health and nutrition are more

inclined to participate in this type of study.
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8.3 Conclusions and implications

In conclusion, this study shows that dietary guidance can help women increase their fish
intake during pregnancy. Obese women with a high fish intake during pregnancy more often
gain weight within I[OM recommendations. Moreover, our results suggest that a large intake
of high-fat fish during pregnancy is correlated with smaller children. This information could
contribute to the research aiming to optimize recommendations for women in risk of
pregnancy complications and increased post-partum weight retention, as well as long term

health of the children.

9. Populadrvetenskaplig sammanfattning

”Den gravida kvinnans och nyfoddas kroppssammansdttning i férhdllande till
fisk- och kéttintag under graviditet”
Forfattare: Agnes Dicker
Handledare: Ulrika Andersson Hall
Examensarbete Likarprogrammet, Institutionen for neurovetenskap och fysiologi,

Goteborgs Universitet, 2019

Om den gravida kvinnan inleder sin graviditet med ett Body Mass Index (BMI) motsvarande
graden for fetma (BMI 6ver 30 kg/m?) eller har en allt for kraftig viktokning under graviditet
sa Okar risken for graviditetsdiabetes, allt for stor fostertillvaxt, komplikationer vid
forlossning samt risken for langsiktig paverkan hos barnet 1 form av ofordelaktiga
hélsoparametrar och fetma. Med den vixande fetmaepidemin ér det siledes av storsta vikt att
hitta preventiva strategier for att i mojligaste man minska riskerna under graviditet. Fisk med
sitt innehall av flerométtade fettsyror ar ett fododmne som den gravida kvinnan

rekommenderas &ta tva till tre ganger per vecka. Fettsyrorna har, forutom sin avgoérande roll 1
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utvecklingen av fostrets nervsystem, i upprepade studier indikerat en reducerande effekt pa

fetma, bade hos vuxna som barn.

Foljande studie syftade till att studera den gravida kvinnans fiskintag och den mgjliga
effekten pa kroppssammansittning hos bade henne och det nyfédda barnet. Frén ar 2009 till
2018 rekryterades 177 kvinnor till PONCH-studien, ett forskningsprojekt med ett
overgripande dndamal att studera mojliga angreppspunkter for att framja kvinnohilsa under
graviditet. Kvinnorna som antingen klassificerades som normalviktiga eller obesa (BMI> 30
kg/m?) delades in i ytterligare tva subgrupper, en interventionsgrupp och en grupp som
svarade som kontroll. Vid totalt tre tillfdllen kom kvinnorna p& mottagningsbesok ddr man
med hjélp av ett tillforlitligt instrument métte kvinnans kroppssammanséttning 1 form av vikt,
mangden fettmassa, kroppsfett 1 procent samt fettfri massa. Samtliga fyllde 1 heltickande
frageformulér rorande kostvanor. Till interventionen tillkom kostrddgivning med en
legitimerad dietist, som mellan besdken kontaktade kvinnorna for uppfoljning av kostraden.
Mot slutet av graviditeten blev kvinnorna tillfragade ifall de kunde ténka sig att registrera sitt
barn i studien. Vid godkénnande fick barnen komma p& motsvarande métning av

kroppssammanséttning en respektive tolv veckor efter fodsel.

Utifrén kvinnornas rapporterade intag kunde vi se att bada interventionsgrupperna 6kade sitt
intag av fisk under de forsta manaderna av graviditet. Dock kunde man inte utldsa statistiskt
sdkerstédllda samband mellan den gravida kvinnans kostintag och kroppssammansittning 1 sen
graviditet. Emellertid kunde vi urskilja trender, dar ett dkat fiskintag visade samband med en
lagre vikt, fettmassa och kroppsfett hos modern. Hos det nyfodda barnet kunde man se ett
samband mellan ett hogre intag av fet fisk hos mamman och ldgre vikt samt kortare ldngd hos
barnen vid fodsel och en vecka dérefter. Tidigare studier har pavisat liknande resultat dér ett
hogt fiskintag visat sig ha en association med ldgre vikt och mindre kroppsfett hos den

nyfodda.
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Gillande kostinterventioner foreligger alltid ett problem att isolera effekten av enskilda
ndringsdmnen. Eftersom fisk dr foda associerat med en generellt mer hédlsosam kosthdllning
kan den sammansatta effekten av béttre kost leda till mer fordelaktiga parametrar for hilsan.
Biomarkdrer 1 blod som representerar intag av flerométtade fettsyror kan vara nista led 1 hur

man kan studera effekten av fiskintag pa kroppssammanséttning.

Sammanfattningsvis visade denna studien att strukturerad radgivning kan bidra till 6kat
fiskintag under graviditet. Vara resultat indikerar att obesa kvinnor som &ter mer fisk tenderar
att 1 storre grad hamna inom ramen for rekommenderad viktuppgang under sin graviditet.
Barn som fods till kvinnor med hogre konsumtion av fet fisk uppvisar dessutom en lagre vikt
och langd kring fodsel. Ovanstdende kan innebira en reducerad risk for befarade
komplikationer hos den gravida kvinnan med ett hogt BMI. Saledes kan dessa resultat bidra
till den forskning som syftar till att utforma individuella rd {for kvinnor som befinner sig i

risk for graviditetskomplikationer.

10. Acknowledgement

Firstly, I would like to thank my supervisor, Ulrika Andersson Hall, for making this project
possible. By showing an admirable patience answering all my questions as well as having an
enthusiastic interest in my results, these past months surpassed my expectations by far.
Secondly, I would like to thank Evelina Jarvinen for enabling me to participate in study visits
and hereby gaining a wider perspective for the work done by the whole PONCH research
team. Lastly, I wish to thank Agneta Holméng for guiding me into and letting me be a part of

this project.

33



11. References

1. Obesity: preventing and managing the global epidemic. Report of a WHO consultation.
World Health Organization technical report series. 2000;894:i.
2. Worldwide trends in body-mass index, underweight, overweight, and obesity from

1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128.9 million
children, adolescents, and adults. Lancet (London, England). 2017;390(10113):2627-42.

3. WHO. Obesity and overweight 2018 [Available from: https://www.who.int/news-
room/fact-sheets/detail/obesity-and-overweight.

4, Garg SK, Maurer H, Reed K, Selagamsetty R. Diabetes and cancer: two diseases with
obesity as a common risk factor. Diabetes, obesity & metabolism. 2014;16(2):97-110.

5. Doyle SL, Donohoe CL, Lysaght J, Reynolds JV. Visceral obesity, metabolic syndrome,
insulin resistance and cancer. The Proceedings of the Nutrition Society. 2012;71(1):181-9.

6. Kipping RR, Jago R, Lawlor DA. Obesity in children. Part 1: Epidemiology,
measurement, risk factors, and screening. BMJ (Clinical research ed). 2008;337:a1824.

7. Butte NF, King JC. Energy requirements during pregnancy and lactation. Public health
nutrition. 2005;8(7a):1010-27.

8. Plecas D, Plesinac S, Kontic Vucinic O. Nutrition in pregnancy: basic principles and
recommendations. Srpski arhiv za celokupno lekarstvo. 2014;142(1-2):125-30.

9. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, et al. Association of

Gestational Weight Gain With Maternal and Infant Outcomes: A Systematic Review and Meta-
analysis. Jama. 2017;317(21):2207-25.

10. Norman JE, Reynolds RM. The consequences of obesity and excess weight gain in
pregnancy. The Proceedings of the Nutrition Society. 2011;70(4):450-6.

11. Socialstyrelsen. Statistik om graviditeter, forlossningar och nyfédda barn 2017 2019
[2019-5-2:[Available from: https://www.socialstyrelsen.se/publikationer2019/2019-5-2.

12. Socialstyrelsen. Graviditeter, forlossningar och nyfédda barn. Medicinska
fodelseregistret 1973—-2014 Assisterad befruktning 1991-2013. 2015 [Available from:
https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/20009/2015-12-27.pdf.

13. Institute of M, National Research Council Committee to Reexamine IOMPWG. The
National Academies Collection: Reports funded by National Institutes of Health. In: Rasmussen KM,
Yaktine AL, editors. Weight Gain During Pregnancy: Reexamining the Guidelines. Washington (DC):
National Academies Press (US)

National Academy of Sciences.; 2009.

14. Moll U, Olsson H, Landin-Olsson M. Impact of Pregestational Weight and Weight Gain
during Pregnancy on Long-Term Risk for Diseases. PloS one. 2017;12(1):e0168543.

15. Olson CM. Achieving a healthy weight gain during pregnancy. Annual review of
nutrition. 2008;28:411-23.

16. Martin KE, Grivell RM, Yelland LN, Dodd JM. The influence of maternal BMI and
gestational diabetes on pregnancy outcome. Diabetes research and clinical practice.
2015;108(3):508-13.

17. Owens LA, O'Sullivan EP, Kirwan B, Avalos G, Gaffney G, Dunne F. ATLANTIC DIP: the
impact of obesity on pregnancy outcome in glucose-tolerant women. Diabetes care. 2010;33(3):577-
9.

18. Dennedy MC, Avalos G, O'Reilly MW, O'Sullivan EP, Dunne FP. The impact of maternal
obesity on gestational outcomes. Irish medical journal. 2012;105(5 Suppl):23-5.
19. Weissmann-Brenner A, Simchen MJ, Zilberberg E, Kalter A, Weisz B, Achiron R, et al.

Maternal and neonatal outcomes of large for gestational age pregnancies. Acta obstetricia et
gynecologica Scandinavica. 2012;91(7):844-9.

34



20. Shin D, Song WO. Prepregnancy body mass index is an independent risk factor for
gestational hypertension, gestational diabetes, preterm labor, and small- and large-for-gestational-
age infants. The journal of maternal-fetal & neonatal medicine : the official journal of the European
Association of Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the
International Society of Perinatal Obstet. 2015;28(14):1679-86.

21. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in childhood: association
with birth weight, maternal obesity, and gestational diabetes mellitus. Pediatrics. 2005;115(3):e290-
6.

22. Wang J, Wang L, Liu H, Zhang S, Leng J, Li W, et al. Maternal Gestational Diabetes and
Different Indicators of Childhood Obesity - A Large Study. Endocrine connections. 2018.
23. Castillo-Laura H, Santos IS, Quadros LC, Matijasevich A. Maternal obesity and offspring

body composition by indirect methods: a systematic review and meta-analysis. Cadernos de saude
publica. 2015;31(10):2073-92.

24. Sridhar SB, Darbinian J, Ehrlich SF, Markman MA, Gunderson EP, Ferrara A, et al.
Maternal gestational weight gain and offspring risk for childhood overweight or obesity. American
journal of obstetrics and gynecology. 2014;211(3):259.e1-8.

25. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG, et al. Birth weight and subsequent risk
of obesity: a systematic review and meta-analysis. Obesity reviews : an official journal of the
International Association for the Study of Obesity. 2011;12(7):525-42.

26. Catalano PM, Farrell K, Thomas A, Huston-Presley L, Mencin P, de Mouzon SH, et al.
Perinatal risk factors for childhood obesity and metabolic dysregulation. The American journal of
clinical nutrition. 2009;90(5):1303-13.

27. H. Eneroth LB. Bra livsmedelsval under graviditet - baserat pa Nordiska
naringsrekommendationerna 2012. 2016 [cited 2019-01-25. Available from:
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2016/bra-
livsmedelsval-under-graviditet-rapport-13-2016.pdf.

28. Bothwell TH. Iron requirements in pregnancy and strategies to meet them. The
American journal of clinical nutrition. 2000;72(1 Suppl):257s-64s.
29. Skov AR, Toubro S, Ronn B, Holm L, Astrup A. Randomized trial on protein vs

carbohydrate in ad libitum fat reduced diet for the treatment of obesity. International journal of
obesity and related metabolic disorders : journal of the International Association for the Study of
Obesity. 1999;23(5):528-36.

30. Aller EE, Larsen TM, Claus H, Lindroos AK, Kafatos A, Pfeiffer A, et al. Weight loss
maintenance in overweight subjects on ad libitum diets with high or low protein content and
glycemic index: the DIOGENES trial 12-month results. International journal of obesity (2005).
2014;38(12):1511-7.

31. Piatti PM, Monti F, Fermo |, Baruffaldi L, Nasser R, Santambrogio G, et al. Hypocaloric
high-protein diet improves glucose oxidation and spares lean body mass: comparison to hypocaloric
high-carbohydrate diet. Metabolism: clinical and experimental. 1994;43(12):1481-7.

32. Layman DK, Boileau RA, Erickson DJ, Painter JE, Shiue H, Sather C, et al. A reduced
ratio of dietary carbohydrate to protein improves body composition and blood lipid profiles during
weight loss in adult women. The Journal of nutrition. 2003;133(2):411-7.

33. Farnsworth E, Luscombe ND, Noakes M, Wittert G, Argyiou E, Clifton PM. Effect of a
high-protein, energy-restricted diet on body composition, glycemic control, and lipid concentrations
in overweight and obese hyperinsulinemic men and women. The American journal of clinical
nutrition. 2003;78(1):31-9.

34, Haste FM, Brooke OG, Anderson HR, Bland JM. The effect of nutritional intake on
outcome of pregnancy in smokers and non-smokers. British Journal of Nutrition. 1991;65(3):347-54.
35. Cuco G, Arija V, Iranzo R, Vila J, Prieto MT, Fernandez-Ballart J. Association of maternal

protein intake before conception and throughout pregnancy with birth weight. Acta obstetricia et
gynecologica Scandinavica. 2006;85(4):413-21.

35



36. Health TNDo. Kostrad for a fremme folkehelsen og forebygge kroniske sykdommer.
Metodologi og vitenskapelig kunnskapsgrunnlag [Nutrition advice to promote public health and
prevent chronic diseases. Methodological and scientific knowledge]. 2011 [Available from:
https://fido.nrk.no/5070725ea6c90cbb7d02b12dd53955b754904a13a5ba80e83464533b457f8e0f/K
osthold.pdf.

37. Hadders-Algra M. Prenatal long-chain polyunsaturated fatty acid status: the
importance of a balanced intake of docosahexaenoic acid and arachidonic acid. Journal of perinatal
medicine. 2008;36(2):101-9.

38. Buckley JD, Howe PR. Long-chain omega-3 polyunsaturated fatty acids may be
beneficial for reducing obesity-a review. Nutrients. 2010;2(12):1212-30.
39. Buckley JD, Howe PR. Anti-obesity effects of long-chain omega-3 polyunsaturated fatty

acids. Obesity reviews : an official journal of the International Association for the Study of Obesity.
2009;10(6):648-59.

40. Su HY, Lee HC, Cheng WY, Huang SY. A calorie-restriction diet supplemented with fish
oil and high-protein powder is associated with reduced severity of metabolic syndrome in obese
women. European journal of clinical nutrition. 2015;69(3):322-8.

41. Micallef M, Munro |, Phang M, Garg M. Plasma n-3 Polyunsaturated Fatty Acids are
negatively associated with obesity. The British journal of nutrition. 2009;102(9):1370-4.
42. Scaglioni S, Verduci E, Salvioni M, Bruzzese MG, Radaelli G, Zetterstrom R, et al.

Plasma long-chain fatty acids and the degree of obesity in Italian children. Acta paediatrica (Oslo,
Norway : 1992). 2006;95(8):964-9.

43, Cardel M, Lemas DJ, Jackson KH, Friedman JE, Fernandez JR. Higher Intake of PUFAs Is
Associated with Lower Total and Visceral Adiposity and Higher Lean Mass in a Racially Diverse
Sample of Children. The Journal of nutrition. 2015;145(9):2146-52.

44, Donahue SM, Rifas-Shiman SL, Gold DR, Jouni ZE, Gillman MW, Oken E. Prenatal fatty
acid status and child adiposity at age 3 y: results from a US pregnancy cohort. The American journal
of clinical nutrition. 2011;93(4):780-8.

45, Godfrey KM. The role of the placenta in fetal programming-a review. Placenta.
2002;23 Suppl A:S20-7.

46. Warner MJ, Ozanne SE. Mechanisms involved in the developmental programming of
adulthood disease. The Biochemical journal. 2010;427(3):333-47.

47. Innis SM. Metabolic programming of long-term outcomes due to fatty acid nutrition in
early life. Maternal & child nutrition. 2011;7 Suppl 2:112-23.

48. Mennitti LV, Oliveira JL, Morais CA, Estadella D, Oyama LM, Oller do Nascimento CM,

et al. Type of fatty acids in maternal diets during pregnancy and/or lactation and metabolic
consequences of the offspring. The Journal of nutritional biochemistry. 2015;26(2):99-111.

49, Siri WE. Body Composition from Fluid spaces and Density: Analysis of Methods.
Techniques for Measuring Body Composition. . Brozek J HA, editor: Washington, DC: National
Academy of Sciences, National Research Council; 1961. p. 223-43. p.

50. Bosaeus M, Hussain A, Karlsson T, Andersson L, Hulthen L, Svelander C, et al. A
randomized longitudinal dietary intervention study during pregnancy: effects on fish intake,
phospholipids, and body composition. Nutrition journal. 2015;14:1.

51. Noreen EE, Lemon PW. Reliability of air displacement plethysmography in a large,
heterogeneous sample. Medicine and science in sports and exercise. 2006;38(8):1505-9.

52. Ginde SR, Geliebter A, Rubiano F, Silva AM, Wang J, Heshka S, et al. Air displacement
plethysmography: validation in overweight and obese subjects. Obesity research. 2005;13(7):1232-7.
53. Hillier SE, Beck L, Petropoulou A, Clegg ME. A comparison of body composition
measurement techniques. Journal of human nutrition and dietetics : the official journal of the British
Dietetic Association. 2014;27(6):626-31.

54, Schonk CM, Hautvast JG, van Raaij JM, Peek ME, Vermaat-Miedema SH. New
equations for estimating body fat mass in pregnancy from body density or total body water. The
American journal of clinical nutrition. 1988;48(1):24-9.

36



55. Hopkinson JM, Butte NF, Ellis KJ, Wong WW, Puyau MR, Smith EO. Body fat estimation
in late pregnancy and early postpartum: comparison of two-, three-, and four-component models.
The American journal of clinical nutrition. 1997;65(2):432-8.

56. Lindroos AK, Lissner L, Sjostrom L. Validity and reproducibility of a self-administered
dietary questionnaire in obese and non-obese subjects. European journal of clinical nutrition.
1993;47(7):461-81.

57. Becker W, Lyhne N, N. Pedersen A, Aro A, Fogelholm M, Inga T, et al. Nordic nutrition
recommendations 2004

integrating nutrition and physical activity. Scandinavian journal of nutrition. 2004;48:178-87.

58. Frankenfield DC, Muth ER, Rowe WA. The Harris-Benedict Studies of Human Basal
Metabolism: History and Limitations. Journal of the American Dietetic Association. 1998;98(4):439-
45.

59. Ellis KJ, Yao M, Shypailo RJ, Urlando A, Wong WW, Heird WC. Body-composition
assessment in infancy: air-displacement plethysmography compared with a reference 4-
compartment model. The American journal of clinical nutrition. 2007;85(1):90-5.

60. Roggero P, Gianni ML, Amato O, Piemontese P, Morniroli D, Wong WW, et al.
Evaluation of air-displacement plethysmography for body composition assessment in preterm
infants. Pediatric research. 2012;72(3):316-20.

61. Eriksson B, Lof M, Forsum E. Body composition in full-term healthy infants measured
with air displacement plethysmography at 1 and 12 weeks of age. Acta paediatrica (Oslo, Norway :
1992). 2010;99(4):563-8.

62. Johansson K, Hutcheon JA, Stephansson O, Cnattingius S. Pregnancy weight gain by
gestational age and BMI in Sweden: a population-based cohort study. The American journal of clinical
nutrition. 2016;103(5):1278-84.

63. Santos S, Eekhout |, Voerman E, Gaillard R, Barros H, Charles MA, et al. Gestational
weight gain charts for different body mass index groups for women in Europe, North America, and
Oceania. BMC medicine. 2018;16(1):201.

64. Hillesund ER, Bere E, Haugen M, Overby NC. Development of a New Nordic Diet score
and its association with gestational weight gain and fetal growth - a study performed in the
Norwegian Mother and Child Cohort Study (MoBa). Public health nutrition. 2014;17(9):1909-18.

65. Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined
associations of prepregnancy body mass index and gestational weight gain with the outcome of
pregnancy. The American journal of clinical nutrition. 2008;87(6):1750-9.

66. Crane JM, White J, Murphy P, Burrage L, Hutchens D. The effect of gestational weight
gain by body mass index on maternal and neonatal outcomes. Journal of obstetrics and gynaecology
Canada : JOGC = Journal d'obstetrique et gynecologie du Canada : JOGC. 2009;31(1):28-35.

67. Yesilcicek Calik K, Korkmaz Yildiz N, Erkaya R. Effects of gestational weight gain and
body mass index on obstetric outcome. Saudi journal of biological sciences. 2018;25(6):1085-9.
68. Holowko N, Chaparro MP, Nilsson K, Ivarsson A, Mishra G, Koupil I, et al. Social

inequality in pre-pregnancy BMI and gestational weight gain in the first and second pregnancy
among women in Sweden. Journal of epidemiology and community health. 2015;69(12):1154-61.
69. Brantsaeter AL, Birgisdottir BE, Meltzer HM, Kvalem HE, Alexander J, Magnus P, et al.
Maternal seafood consumption and infant birth weight, length and head circumference in the
Norwegian Mother and Child Cohort Study. The British journal of nutrition. 2012;107(3):436-44.

70. Oken E, Kleinman KP, Olsen SF, Rich-Edwards JW, Gillman MW. Associations of
seafood and elongated n-3 fatty acid intake with fetal growth and length of gestation: results from a
US pregnancy cohort. American journal of epidemiology. 2004;160(8):774-83.

71. Vidakovic AJ, Gishti O, Voortman T, Felix JF, Williams MA, Hofman A, et al. Maternal
plasma PUFA concentrations during pregnancy and childhood adiposity: the Generation R Study. The
American journal of clinical nutrition. 2016;103(4):1017-25.

37



72. Halldorsson TI, Meltzer HM, Thorsdottir I, Knudsen V, Olsen SF. Is high consumption of
fatty fish during pregnancy a risk factor for fetal growth retardation? A study of 44,824 Danish
pregnant women. American journal of epidemiology. 2007;166(6):687-96.

73. Lucia Bergmann R, Bergmann KE, Haschke-Becher E, Richter R, Dudenhausen JW,
Barclay D, et al. Does maternal docosahexaenoic acid supplementation during pregnancy and
lactation lower BMI in late infancy? Journal of perinatal medicine. 2007;35(4):295-300.

74. Andersson-Hall UK, Jarvinen EAJ, Bosaeus MH, Gustavsson CE, Harsmar EJ, Niklasson
CA, et al. Maternal obesity and gestational diabetes mellitus affect body composition through
infancy: the PONCH study. Pediatric research. 2019;85(3):369-77.

75. Starling AP, Brinton JT, Glueck DH, Shapiro AL, Harrod CS, Lynch AM, et al. Associations
of maternal BMI and gestational weight gain with neonatal adiposity in the Healthy Start study. The
American journal of clinical nutrition. 2015;101(2):302-9.

76. Voortman T, Tielemans MJ, Stroobant W, Schoufour JD, Kiefte-de Jong JC, Steenweg-
de Graaff J, et al. Plasma fatty acid patterns during pregnancy and child's growth, body composition,
and cardiometabolic health: The Generation R Study. Clinical nutrition (Edinburgh, Scotland).
2018;37(3):984-92.

77. Hebert JR, Clemow L, Pbert L, Ockene IS, Ockene JK. Social desirability bias in dietary
self-report may compromise the validity of dietary intake measures. International journal of
epidemiology. 1995;24(2):389-98.

78. Araujo MC, Yokoo EM, Pereira RA. Validation and calibration of a semiquantitative
food frequency questionnaire designed for adolescents. Journal of the American Dietetic Association.
2010;110(8):1170-7.

79. da Silva DCG, Segheto W, de Lima MFC, Pessoa MC, Peluzio MCG, Marchioni DML, et
al. Using the method of triads in the validation of a food frequency questionnaire to assess the
consumption of fatty acids in adults. Journal of human nutrition and dietetics : the official journal of
the British Dietetic Association. 2018;31(1):85-95.

80. Sartorelli DS, Nishimura RY, Castro GS, Barbieri P, Jordao AA. Validation of a FFQ for
estimating omega-3, omega-6 and trans fatty acid intake during pregnancy using mature breast milk
and food recalls. European journal of clinical nutrition. 2012;66(11):1259-64.

81. Hiza HA, Casavale KO, Guenther PM, Davis CA. Diet quality of Americans differs by age,
sex, race/ethnicity, income, and education level. Journal of the Academy of Nutrition and Dietetics.
2013;113(2):297-306.

82. Bonaccio M, Bonanni AE, Di Castelnuovo A, De Lucia F, Donati MB, de Gaetano G, et al.
Low income is associated with poor adherence to a Mediterranean diet and a higher prevalence of
obesity: cross-sectional results from the Moli-sani study. BMJ open. 2012;2(6).

83. Mullie P, Clarys P, Hulens M, Vansant G. Dietary patterns and socioeconomic position.
European journal of clinical nutrition. 2010;64(3):231-8.

84. Lallukka T, Laaksonen M, Rahkonen O, Roos E, Lahelma E. Multiple socio-economic
circumstances and healthy food habits. European journal of clinical nutrition. 2007;61(6):701-10.

85. Perrin AE, Simon C, Hedelin G, Arveiler D, Schaffer P, Schlienger JL. Ten-year trends of
dietary intake in a middle-aged French population: relationship with educational level. European
journal of clinical nutrition. 2002;56(5):393-401.

38



12. Appendix
Appendix 1: Questionnaire concerning weekly fish- and meat intake
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