Periconceptional maternal ‘high fish and olive oil, low meat’
dietary pattern is associated with increased embryonic growth:
The Rotterdam Periconceptional Cohort (Predict Study)

Short title: Diet and embryonic growth

Francesca Parisi!, Melek Rousian?, Nicole A. Huijgen?, Anton H.J. Koning?, Sten P.
Willemsen?, Jeanne H.M. de Vries?, Irene Cetin® Eric A.P. Steegers!, Régine P.M.
Steegers-Theunissen?® ¢

! Department of Obstetrics and Gynecology, Erasmus MC, University Medical Centre,
Rotterdam, the Netherlands

2 Department of Bioinformatics, Erasmus MC, University Medical Centre, Rotterdam, the
Netherlands

3 Department of Biostatistics, Erasmus MC, University Medical Centre, Rotterdam, the
Netherlands

4Human Nutrition, Wageningen University, Wageningen, the Netherlands

5 Center for Fetal Research Giorgio Pardi, Department of Biomedical and Clinical
Sciences, Hospital Luigi Sacco, Universita degli Studi di Milano, Milan, Italy

6 Department of Pediatrics, Division of Neonatology, Erasmus MC, University Medical
Centre Rotterdam, the Netherlands

*Corresponding author:

Régine P. M. Steegers-Theunissen, MD, PhD, Professor in Periconception
Epidemiology

Department of Obstetrics and Gynecology, Erasmus MC, University Medical Centre
Rotterdam, PO Box 2040, 3000CA, Rotterdam, The Netherlands.

Tel: 0031-10-7038256; Fax: 0031-10-7036815;

E-mail: r.steegers@erasmusmc.nl



Key words: virtual reality; 3D ultrasound; crown-rump length; embryonic volume; first

trimester; maternal dietary patterns; periconceptional period.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Abstract

Objective To investigate associations between periconceptional maternal dietary
patterns and first trimester embryonic growth.

Methods 228 women with singleton ongoing pregnancies were enrolled in a
prospective periconceptional cohort study, comprising of 135 strictly dated spontaneous
pregnancies and 93 pregnancies achieved after in vitro fertilization or intracytoplasmatic
sperm injection (IVF/ICSI pregnancies). All women underwent longitudinal transvaginal
three-dimensional ultrasound (3D-US) scans from 6*° up to 13*° weeks of gestation.
Crown-rump length (CRL) and embryonic volume (EV) measurements were performed
using a virtual reality system. Periconceptional maternal dietary intakes were collected
via food frequency questionnaires (FFQ). Principal component analysis was performed
to identify dietary patterns. Associations between dietary patterns and CRL and EV
trajectories were investigated using linear mixed models adjusted for potential

confounders.

Results A median of five (range 1-7) 3D-US scans per pregnancy were performed. 991
out of 1162 datasets (85.3%) were of sufficient quality to perform CRL measurements
and 899 for EV measurements (77.4%). A ‘high fish and olive oil, low meat’ dietary
pattern comprising of high intakes of fish and olive oil, and very low intake of meat was
identified. In strictly dated spontaneous pregnancies, a strong adherence to this dietary
pattern was associated with a 1.9 mm (95% CI: 0.1, 3.63) increased CRL at 7 weeks
(+14.6%) and 3.4 mm (95% CI: 0.2, 7.81) at 11 weeks (+6.9%), whereas EV increased
by 0.06 cm® (95% CI: 0.01, 0.13) at 7 weeks (+20.4%) and 1.43 cm? (95% CI: 0.99,
1.87) at 11 weeks (+14.4%) respectively. No significant associations were observed in

the total study population and IVF/ICSI pregnancies.



24  Conclusions Periconceptional maternal adherence to a ‘high fish and olive oil, low
25 meat’ dietary pattern is positively associated with embryonic growth in strictly dated

26 spontaneous pregnancies.
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INTRODUCTION

Maternal nutrition is the main determinant of fetal nutrition known to influence
pregnancy outcome as well as future health of the offspring.: 2 Nevertheless data are
scarce about the influence of periconceptional maternal nutrition on embryonic growth.*
" This is related to the fact that in clinical practice the embryonic period is often missed
and to the widespread assumption that embryonic growth is the same in every
pregnancy and woman.8 However, in the last decade new insights reveal that first
trimester embryonic growth differs and is significantly associated with periconceptional
maternal characteristics, nutrition and lifestyle, including age, ethnicity, smoking and
alcohol consumption.®*? In addition, a curvilinear association was shown between
periconceptional maternal folate status and embryonic growth, while strong adherence
to an energy-rich dietary pattern significantly increased late first trimester crown-rump
length (CRL) measurements in the Generation R study.® 4 These data emphasize the
need for the development of customized embryonic growth curves. Since most
reproductive failures and adverse pregnancy outcomes originate in the periconceptional
period (time window: 14 weeks before up to 10 weeks after conception), customized
growth curves may serve as early predictors of adverse pregnancy outcome in the
future.15 16

Over the last decades, safe, highly precise and reliable measurements of early
embryonic structures have been performed using transvaginal three-dimensional
ultrasound (3D-US) with high frequency probes and offline visualization in a virtual
reality (VR) system.!” Furthermore, the introduction of the Barco I-Space VR system
and the V-Scope software allows automatic and precise embryonic volume (EV)

measurements with high intra-observer and inter-observer agreement, thereby providing
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EV reference charts.’® Nowadays principal component analysis (PCA) is a standard
statistical analysis which derives dietary patterns from food frequency questionnaires
(FFQs) by data-driven dimension reduction techniques, further validated with biomarker
concentrations and associated with complex diseases. 1°

The aim of this study is to investigate associations between periconceptional maternal
dietary patterns and first trimester embryonic growth, using longitudinal CRL and EV

measurements as outcome.

SUBJECTS AND METHODS

This study was embedded in the ongoing Rotterdam Periconceptional Cohort (Predict
Study), a prospective hospital-based birth cohort study, conducted at the Department of
Obstetrics and Gynecology of the Erasmus MC, University Medical Centre in
Rotterdam, the Netherlands.?° The protocol was approved by the Medical Ethical and
Institutional Review Board at the Erasmus MC, University Medical Centre in Rotterdam,
the Netherlands, and all participants signed a written informed consent (METC Erasmus
MC 2004-277).

Pregnant women of at least 18 years of age were eligible for participation and were
recruited before 8*° weeks of gestation between November 2010 and July 2014 (Figure
1). From a total of 400 pregnancies, we excluded: 48 pregnancies complicated by
twinning, miscarriage, ectopic implantation, congenital anomalies and intrauterine fetal
death; 5 pregnancies conceived after oocyte donation; 26 pregnancies with missing
(n=11) or unreliable (n=15) nutritional data. The remaining 321 patients included 93
IVF/ICSI pregnancies derived from in vitro fertilization (IVF), intracytoplasmatic sperm
injection (ICSIl) and cryo-embryo transfer. Among the 228 spontaneously and

intrauterine insemination (IUl) conceived pregnancies, we selected women with strict
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pregnancy dating defined by a known first day of the last menstrual period (LMP),
regular cycle and CRL observed < 7 days different from expected according to the
Robinson curve (strictly dated spontaneous pregnancies, n=135).2 The gestational age
was calculated from LMP for strictly dated spontaneous pregnancies (with adjustment
for cycle duration if <25 or >31 days), from LMP or insemination date plus 14 days for
IUl pregnancies, from the day of oocyte retrieval plus 14 days for the IVF/ICSI
pregnancies and from embryo transfer day plus 17 or 18 days in pregnancies derived
from transfer of cryopreserved embryos. In this way, the total study population included
pregnancies with reliable and strict dating by definition. Since an effect of conception
mode on embryonic growth and responses to nutritional exposures cannot be excluded,
we performed the analysis in the total study population and after stratification in the two
subgroups of strictly dated spontaneous and IVF/ICSI pregnancies.

All women received longitudinal transvaginal 3D-US scans from 6*° weeks up to 13*°
weeks of gestation with a 6-12 MHz transvaginal probe using GE Voluson E8
equipment and 4D View software (General Electrics Medical Systems, Zipf, Austria).
Since the pilot study showed an accurate modeling of embryonic growth curves with
three scans per patients, 3D-US scans were generally performed every 7 days between
2010 and December 2012, and reduced to 3 scans per patient (at 7, 9, 11 weeks of
gestation) after January 2013.1° The obtained 3D-US datasets were transformed to
Cartesian (rectangular) volumes and transferred to the BARCO I-Space (Barco N.V.,
Kortrijk, Belgium) at the Department of Bioinformatics, Erasmus MC, University Medical
Centre, Rotterdam, in order to perform offline CRL and EV measurements using the V-
Scope software. A length-measuring tool was used to perform length measurements in

three dimensions (CRL). A semi-automated volume measuring application based on
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gray-scale differences was used to perform EV measurements. CRL and EV
measurements and reliability have been extensively described elsewhere and excellent
inter- and intra-observer agreement has been previously reported.’® 2! CRL
measurements were performed three times by a trained researcher and the average
was used in the analysis. EV measurements were performed once in the same image
selected for the CRL measurement.

At enrollment all participants filled out a general questionnaire providing details on age,
ethnicity, educational level, obstetric and medical history and periconceptional lifestyle
(smoking, alcohol use, folic acid or multivitamin supplements use). Anthropometric
measurements were obtained by trained counselors (height, weight).

The validated semi-quantitative food frequency questionnaire (FFQ), developed by the
division of Human Nutrition, Wageningen University, the Netherlands, and validated for
women of reproductive age was used at enroliment to estimate habitual food intake over
the previous four weeks.?> 23 The FFQ consists of 196 food items structured according
to meal patterns, including questions on consumption frequency, portion size, and
preparation method. Energy and nutritional intakes were determined using the Dutch
food composition table (2011).2* The FFQs were checked in a standardized manner for
completeness and consistency. First trimester fasting venous blood samples were
collected at enrollment for serum folate and vitamin B12 and plasma total homocysteine
(tHcy) assessment. The laboratory procedures have been extensively described
elsewhere.!3

Data on birth outcomes were obtained from medical records (date of birth, gender, birth
weight, congenital anomalies). Gestational age at birth was calculated from the dating

procedure used in the first trimester as described above.



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

Statistical analysis

Maternal characteristics were compared between included and excluded pregnancies
using Chi-square or exact tests for ordinal variables and Mann-Whitney U test for
continuous variables.

PCA was applied to identify dietary patterns in women with reliable FFQs as extensively
described by Hoffmann and performed in several studies.'# 2> 26 We reduced 196 food
items from the FFQs to 11 predefined food groups based on origin and similar nutrient
content (cereals, olive oil, solid fat, fish, fruit, grain, vegetables, meat, snacks, sugars,
alcohol). Since maternal alcohol consumption has been associated with embryonic
growth in our previous study, we excluded alcohol from dietary pattern extraction and
consider its use as a confounder for further adjustment.l® Practically, PCA is a
standard multivariate statistical technique that aggregates specific food groups on the
basis of the degree to which food items are reciprocally correlated. Only dietary patterns
(principal components) with eigenvalues =1.1 were extracted, in order to reduce bias of
multiple testing and to identify the most common dietary patterns in the study
population. When PCA is performed, a factor loading is automatically calculated for
each food group, showing the extent to which each food group is correlated with the
specific dietary pattern. We used three factor loadings with the highest absolute value to
label the dietary patterns. Finally, all women automatically receive a factor score for
every dietary pattern representing their adherence to that specific dietary pattern.
Kruskal-Wallis test was used to compare the adherence to each dietary pattern between
included and excluded women. Since the FFQ was validated for the assessment of
folate and vitamin B12 intake, maternal biomarkers of one-carbon metabolism, including

folate, vitamin B12, and tHcy, were compared between women with strong adherence
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(positive factor scores) versus weak adherence (negative factor scores) to each dietary
pattern using Mann-Whitney U-tests.?® Lastly, the food intake level (FIL) was calculated
as the ratio of energy intake divided by basal metabolic rate (BMR) and compared with
a physical activity level (PAL) of a sedentary lifestyle in order to evaluate underreporting
of food intake (new Oxford equations stratified by age).?’

Linear mixed models, which allow the modelling of longitudinal measurements
accounting for the dependent observations within the same pregnancy, were firstly
estimated to evaluate associations between conception mode and embryonic growth in
the total study population. Square root transformation of CRL data and third root
transformation of EV data were performed to obtain a normal distribution of
observations as required by linear mixed models and resulted in linearity with
gestational age and a constant variance independent from gestational age. Linear
mixed models were secondly estimated to evaluate associations between dietary
patterns, food groups and embryonic growth in both total study population and strictly
dated spontaneous and IVF/ICSI pregnancy subgroups. We performed a crude model
using gestational age as predictor and with adjustment for energy intake. In the fully
adjusted model, we additionally entered all potential confounders (parity, alcohol use,
smoking, folic acid/multivitamin supplement use, maternal age, BMI and comorbidity,
fetal gender). Maternal chronic comorbidities considered for adjustment were
cardiovascular, autoimmune, metabolic and endocrine diseases.

P-values <0.05 were considered significant. All analyses were performed using SPSS
Statistics for Windows, Version 21.0 (IBM Corp. Armonk, NY) and R version 3.2.1 (The
R Foundation for Statistical Computing).

RESULTS
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A total of 228 singleton ongoing pregnancies were included for the analysis, comprising
of 135 strictly dated spontaneous pregnancies and 93 IVF/ICSI pregnancies. The
median gestational age at recruitment was 7*! weeks and the median number of 3D-US
scans per pregnancy was five (range 1-7). From a total of 1162 datasets, 991 were of
sufficient quality to perform CRL measurements (85.3%) and 899 to perform EV
measurements (77.4%). Baseline characteristics and pregnancy outcomes are listed in
Table 1 with comparisons between included and excluded pregnancies.

By using PCA we obtained three uncorrelated dietary patterns explaining 46.8% of the
variance of the overall dietary intake of the total study population (Table 2). The first
component was labelled ‘high vegetables, fruits and grain dietary pattern’ (18.5%
explained variance). The second component was labelled ‘high solid fat, snacks and
sugars dietary pattern’, also associated with a low intake of fruit (17.4% of the variance).
The third component was labelled ‘high fish and olive oil, low meat dietary pattern’
(10.9% explained variance). No differences in the adherence to the three dietary
patterns (factor scores) were observed between included and excluded pregnancies, as
well as between strictly dated spontaneous and IVF/ICSI pregnancy subgroups. Women
with strong adherence to the ‘high vegetables, fruits and grain’ dietary pattern (defined
by factor scores >0) showed significantly higher vitamin B12 concentrations (median
values: 331 pmol/l (range 95-713 pmol/l) versus 279.5 pmol/l (range 109-953 pmol/l),
p=0.01), as well as lower concentrations of tHcy (median values: 6.0 umol/l (range 4.0-
18.0 pmol/l) versus 6.6 pmol/l (range 3.0-14.0 umol/l), p<0.01) compared to women with
weak adherence to the same dietary pattern (factor scores <0). In contrast, women with
strong adherence to the ‘high solid fat, snacks and sugars’ dietary pattern showed a

lower serum folate compared to women with weak adherence to the same dietary
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pattern (median values: 38.4 nmol/l (range 11-187 nmol/l) versus 37.0 nmol/l (range 12-
118 nmol/l), p=0.05). No significant differences in the investigated maternal biomarkers
were detected according to the adherence to the ‘high fish and olive oil, low meat’
dietary pattern.

Linear mixed model analysis showed no significant differences in longitudinal CRL and
EV measurements between strictly dated spontaneous and IVF/ICSI pregnancies (fully
adjusted model; group effect on CRL analysis: =0.05 Ymm (95% CI: -0.03, 0.12),
p=0.27; EV analysis: f=0.02 3Jcm?3 (95% CI: -0.02, 0.06), p=0.29). Table 3 shows the
results from linear mixed models. No significant associations were observed between
maternal dietary patterns and longitudinal CRL measurements in the total study
population and IVF/ICSI pregnancy subgroup. The analysis showed a significant
positive association between the ‘high fish and olive oil, low meat’ dietary pattern and
longitudinal CRL measurements in the strictly dated spontaneous pregnancy subgroup,
for both crude and fully adjusted models. The transformation to the original scale
showed that strong adherence to the ‘high fish and olive oil, low meat’ dietary pattern
(defined as +2 standard deviations (SD) in factor score) increased CRL by 1.9 mm (95%
Cl: 0.1, 3.63) at 7 weeks (+14.6%) and 3.4 mm (95% CI: 0.2, 7.81) (+6.9%) at 11 weeks
compared to weak adherence (-2 SD in factor score). The analysis on EV confirmed no
significant results in the total study population and IVF/ICSI pregnancies, while only the
‘high fish and olive oil, low meat’ dietary pattern was significantly associated with
increased longitudinal EV measurements in strictly dated spontaneous pregnancies, in
both crude and fully adjusted models. The transformation to the original scale showed
that strong adherence (+2 SD in factor score) to this dietary pattern increased EV by

0.06 cm?® (95% CI: 0.01, 0.13) at 7 weeks (+20.4%) and by 1.43 cm?® (95% CI: 0.99,
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1.87) at 11 weeks (+14.4%) compared to weak adherence (-2 SD in factor score).
Figure 2 shows the average regression lines from the fully adjusted model for the ‘high
fish and olive oil, low meat’ dietary pattern in strictly dated spontaneous pregnancies.
Finally, linear mixed models showed no associations between the single food groups
highly associated with the ‘high fish and olive oil, low meat’ dietary pattern and
longitudinal CRL and EV measurements in the total study population and two
subgroups.

DISCUSSION

We showed significant associations between periconceptional maternal adherence to a
‘high fish and olive oil, low meat’ dietary pattern and increased embryonic growth,
depicted by longitudinal CRL and EV measurements, among strictly dated spontaneous
pregnancies. Mean CRL measurements were in line with the Robinson curves,® while
EV measurements were comparable with previous results.?® Our results point out a
greater effect of dietary patterns on EV compared to CRL and in the early compared to
the late first trimester embryo. Previous research showed that maternal adherence to an
energy rich dietary pattern, resembling our ‘high solid fat, snacks and sugars’ dietary
pattern, increased first trimester CRL.** Despite a larger sample size, only a single CRL
measurement in a routine clinical setting at 12 gestational weeks was performed.

Fish intake, as omega-3 fatty acid rich food group, has been previously related to
improved embryo morphology scores in the IVF population,?® as well as to higher birth
weight, but results are controversial.3%33 Controversies are probably due to the
beneficial effect of omega-3 fatty acids on cell membrane synthesis, gene expression,
and eicosanoid metabolism and the simultaneous adverse effect of contaminants, both

present in seafood. 32 34 35 Our results largely substantiate these findings. Fish intake as
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a single exposure was not associated with embryonic growth. The effect of a single
nutrient is in most cases too small to detect. Moreover, the (un)known interactions and
cumulative effects of multiple nutrients included in a dietary pattern are much stronger
and therefore can explain our results. The extracted dietary pattern was also related to
a very low intake of meat. Recent evidences showed that high processed meat intake is
negatively associated with fertilization, implantation and pregnancy rates among
couples undergoing conventional IVF.363” Moreover, a dietary pattern high in red meat
intake was negatively associated with second and third trimester fetal growth
parameters.3® Recent animal data also showed that maternal olive oil increased piglet
birth weight, while reducing plasma IL-1B and TNF-a levels in the offspring.®® We
suggest that the lower intake of saturated fats and the increased omega-3/omega-6
fatty acid ratio, both expected in case of strong adherence to the ‘high fish and olive oil,
low meat’ dietary pattern, could impact embryonic growth possibly by modulating
inflammation and oxidative stress pathways.4%#! Our findings suggest that the focus of
caregivers should be on the recommendation of a healthy dietary pattern instead of
single healthy food intake to (pre)pregnant women.*?

We found no significant associations between dietary patterns and embryonic growth in
IVF/ICSI pregnancies, which may also explain the non-significant associations in the
total study population. We suggest that the IVF/ICSI technique has a stronger effect on
embryonic growth than periconceptional maternal dietary patterns, possibly influencing
embryonic responses to maternal exposures. Of interest is to address that recent
studies demonstrated an independent effect of culture media on birth weight, showing
associations with fetal growth starting as early as the second trimester of

pregnancy.*344 Moreover, when IVF/ICSI is performed, the embryo is not exposed to
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the natural maternal nutritional environment during the first 3-5 days of development, an
essential period when epigenetic reprogramming takes place. 4° This could explain the
missing association with dietary patterns. Another explanation, inherent to observational
studies and despite the adjustment for many covariates, is that residual confounding
cannot be excluded.

The main strength of our study is the longitudinal evaluation of embryonic growth with a
median of five scans per patient, the use of a VR system and three independent CRL
measurements per time point, providing an accurate picture of first trimester growth
process. Finally we performed the automatic EV measurement on the same datasets
with high success rates. A retrospective study recently showed that EV represents a
more effective measurement of first trimester growth restriction in aneuploidy fetuses
compared to CRL, since all three dimensions are taken into account instead of one
dimension.*® We minimized confounding of gestational age by including women with
strict pregnancy dating only, based on a known LMP, regular cycle and concordant
CRL. This means that all ultrasound measurements could be read as response
variables and outcome measurements. In order to reduce selection bias, we compared
baseline characteristics of included and excluded women and further adjusted the
analysis for multiple maternal covariates, including BMI and age. In the present study, a
PCA was used with the advantage to take into account the correlation of food groups
without a hypothesis-oriented approach.#” Moreover, the assessment of biomarkers of
one carbon metabolism validates the dietary patterns.?® Since previous studies
demonstrated an overall stability of maternal dietary patterns before and during

pregnancy, an early first trimester dietary questionnaire provides a valid representation
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of maternal diet over the periconceptional period.*® Moreover, the FFQ was validated for
the target group.?®

Inherent to the observational design of the study, some limitations have to be
addressed. The associations between the dietary pattern and embryonic growth are
statistically significant, but the clinical relevance of small effect sizes has to be further
investigated. Moreover dietary surveys could be prone to bias.*® We tested
underreporting using a PAL cutoff of 1.35 and we estimated a FIL mean value of 1.36 in
the included population reducing the likelihood of underreporting. This cohort study is
embedded in a tertiary hospital, which means by definition that the proportion of
maternal comorbidity and pregnancy complications is expected to be higher than in a
population-based cohort, reducing the external validity of our findings. Finally, further
investigations including the assessment of maternal fatty acid biomarkers are needed to
substantiate our findings.

Previous studies showed that first trimester CRL measurements are strongly associated
with subsequent fetal growth parameters, the risk of preterm birth, low birth weight and
small for gestational age babies and the cardiovascular risk profile in childhood. 12 59 51
All these results underline that first trimester growth is associated with pregnancy
outcome and future health of the offspring. Therefore, improving periconceptional
maternal modifiable risk factors seems relevant in order to ameliorate pregnancy
outcome and future wellbeing of the offspring.

In conclusion, we have shown that a periconceptional maternal ‘high fish and olive oil,
low meat’ dietary pattern is associated with increased embryonic growth in strictly dated
spontaneous pregnancies. More research and intervention studies are warranted to

investigate the effects in the general population, to reveal underlying mechanisms and
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TABLES

Table 1. Characteristics of the study subgroups and excluded pregnancies.

Total study Excluded
population pregnancies
(n=228) (n=124)
MATERNAL
CHARACTERISTICS M Mop
Age, y median (range) 32 (22-44) 0 30(21-41)* 0 0.01
Geographical origin 1 5 0.05
Western, n(%) 205 (89.9) 105 (84.7)
Non Western, n(%) 22 (9.6) 14 (11.3)
Educational level 1 5 0.06
High, n(%) 134 (58.8) 66 (53.2)
Intermediate, n(%) 89 (39.0) 49 (39.5)
Low, n(%) 4 (1.8) 4(3.2)
BMI kg/m2 24.2 1 258* 2 0.02
median (range) (17.0-42.6) (17.8-45.0)
Nulliparous, n(%) 74 (32.5) 0 39(325) 4 0.99
Alcohol use, n(%) 84 (37.0) 1 37(31.9) 8 0.35
Periconceptional smoking, 33 (14.5) 1 20(17.2) 8 0.51
n(%)
Periconceptional folic 219 (97.3) 3 113 (94.2) 4 0.43
acid/multivitamin use, n(%)
Chronic diseases, n(%) 26 (11.4) 0 21(16.9) 0 0.15

Chronic diseases include cardiovascular, autoimmune, endocrinal and metabolic
diseases. The comparison among groups was performed using Chi-square or exact
tests for ordinal variables and Mann-Whitney U test for continuous variables.

M: missing values, BMI: body mass index.
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Table 2. Relation between food groups and the identified dietary patterns

expressed by factor loadings.

High vegetables, High solid fat, snacks
fruits and grain and sugars dietary

dietary pattern pattern
Variance
explained (%) 18.5 174
Cereals 0.141 -0.269
Olive Oil 0.231 0.205
Solid fat 0.277 0.614*
Fish 0.461* -0.034
Fruit 0.580* -0.365*
Grain 0.579* 0.379*
Vegetables 0.775* -0.068
Meat 0.206 0.189
Snacks -0.075 0.699*
Sugars -0.079 0.620*

High fish and olive
oil, low meat dietary
pattern

10.9

0.038
0.469*
-0.262
0.650*
-0.007
0.018
0.105
-0.750*
0.029

0.041

The factor loadings describe the food group contribution to each dietary pattern. The

factor loadings with the highest absolute value are presented with an asterisk and were

used for labelling

(*)-




28

Table 3. Effect estimates from the linear mixed model analysis for associations
between maternal dietary patterns and embryonic crown-rump-length (CRL) and
volume (EV) in the total study population and in strictly dated spontaneous and

IVF/ICSI pregnancies.

Effect estimates CRL

B (95%Cl), \mm
DIETARY PATTERN

TOTAL STUDY STRICTLY DATED IVF/ICSI
POPULATION SPONTANEOUS PREGNANCIES
PREGNANCIES

High vegetables, fruits

and grain +0.04 (-0.00, 0.08) +0.05 (-0.02, 0.12) +0.02 (-0.02, 0.06)
Crude +0.04 (-0.01, 0.09) +0.04 (-0.04, 0.12) +0.03 (-0.02, 0.08)
Fully adjusted

High solid fat, snacks

and sugars -0.02 (-0.07, 0.04) -0.03 (-0.10, 0.05) -0.00 (-0.06, 0.06)
Crude -0.02 (-0.08, 0.04) -0.03 (-0.11, 0.05) -0.01 (-0.06, 0.05)
Fully adjusted

High fish and olive oil,

low meat +0.03 (-0.01, 0.06) +0.07 (0.01, 0.12) ** -0.03 (-0.07, 0.01)
Crude +0.03 (-0.01, 0.07) +0.07 (0.01, 0.13) ** -0.02 (-0.06, 0.02)
Fully adjusted

Effect estimates EV
3 3
B (95%Cl), Ycm

High vegetables, fruits

and grain +0.01 (-0.01, 0.03) +0.01 (-0.03, 0.05) +0.01 (-0.01, 0.03)
Crude +0.01 (-0.01, 0.03) +0.01 (-0.03, 0.05) +0.01 (-0.01, 0.03)
Fully adjusted

High solid fat, snacks,

sugars -0.01 (-0.03, 0.01) -0.02 (-0.06, 0.02) -0.01 (-0.04, 0.03)
Crude -0.02 (-0.04, 0.01) -0.02 (-0.06, 0.02) -0.01 (-0.04, 0.02)
Fully adjusted

High fish and olive oil,

low meat +0.01 (-0.01, 0.03) +0.03 (0.01, 0.05) * -0.02 (-0.04, 0.00)
Crude +0.01 (-0.01, 0.03) +0.03 (0.01, 0.05) * -0.02 (-0.04, 0.00)
Fully adjusted

Effect estimates represent the amount of change in square root CRL (¥mm) and third
root EV (3Ycm3) per unit of increase of factor score. Crude analysis is adjusted for

gestational age and energy intake. Multivariable analysis is adjusted for all potential
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confounders (parity, alcohol use, smoking habit, folic acid/multivitamin supplement use,
maternal age, BMI and comorbidity, fetal gender).
*p<0.05; ** p<0.02

ClI: confidence interval.
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LEGENDS FOR FIGURES

Figure 1. Flow chart of the study population. IUFD: intrauterine fetal death, FFQ:
food frequency questionnaire, IUI: intrauterine insemination; IVF: in vitro fertilization,

ICSI: intracytoplasmatic sperm injection; CRL: crown-rump length.

Figure 2. Fully adjusted linear mixed models for crown-rump length (CRL, n=614
measurements) (A) and embryonic volume (EV, n=554 measurements) (B) in
relation to periconceptional maternal adherence to the ‘high fish and olive oil, low
meat’ dietary pattern in the strictly dated spontaneous pregnancy subgroup.
Maternal adherence to the ‘high fish and olive oil, low meat’ dietary pattern is expressed
as +2 standard deviations (SD) (dashed line, strong adherence) and -2SD in factor
scores (continuous line, weak adherence). Gestational age (GA) is expressed in days.
Full adjustment for parity, alcohol use, smoking, folic acid/multivitamin supplement use,

maternal age, BMI, comorbidity and fetal gender was performed.



FIGURE 1

pregnancy
n=5 oocyte donation pregnancies

n=93 irregular cycle,
uncertain dating,
dayshuni:;t:d Svlcdy!dmd
pregnancies
Spontaneous/iU| n=135
pregnancies
n=228
400 pregnancies
with longitudinal first i1 o > 3 Total study
trimester 3D US evaluation s ‘I :°I| pregnancies population
Nov 2010 - Jul 2014 n=228
IVFACSI
n=48 adverse pregnancy outcome n=26 missing/not reliable FFQs W_‘g’;’" VFRCSI
(miscarmage, ectopic pregnancy, - :
congenital anomales, IUFD), twin n=93

31



CRL (mm)

- weak adherence (-250 factor score)
=== strong adherence (+25D factor score}) /

p<0.02 s

FIGURE 2

100

EV (em?)

3 = weak adherence (-25D factor score)
- - - strong adherence (+250 factor score)
30 p<0.05
5 .
20
. | 11 wuh,
+1,43 cm
(+14.4%)
10 o€
7 weeks
3
5 +0,06 cm
(#+20.4% )
]

32



