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ABSTRACT

Introduction The worldwide obesity epidemic has
resulted in a rise of bariatric surgery in women

of reproductive age, which can lead to ‘iatrogenic
undernutrition’. Long-lasting undernutrition can affect
maternal health, pregnancy outcomes and offspring. We
hypothesise that embryonic and placental growth are
impaired in pregnancies after bariatric surgery due to the
changed nutritional and microbiome dynamics. Therefore,
our aim is to conduct the Bariatrics and EmbrYONic
Development (BEYOND) study to investigate parameters
of maternal nutritional and health status after bariatric
surgery, both periconceptionally and during pregnancy,
particularly concentrating on embryonic and fetal growth
trajectories as well as placental development.

Methods and analysis We designed a single-centre
prospective, observational cohort, which investigates
the iatrogenic nutritional and health status of women
after bariatric surgery, periconceptionally and during
pregnancy. The BEYOND study is embedded in the
Rotterdam Periconceptional Cohort, a tertiary hospital-
based birth cohort study. Eligible participants are women
planning pregnancy or <12+0 weeks pregnant, >18and
<45 years of age, who have undergone bariatric surgery
(cases) or without prior bariatric surgery (controls) and
their male partners. Medical charts will be reviewed and
questionnaires regarding general health, lifestyle and
food intake will be collected. Moreover, we will perform
serial three-dimensional ultrasounds to assess embryonic
growth and placental development and two-dimensional
ultrasounds for fetal growth assessment. The microbiome,
including the virome, and blood samples will be sampled
during the preconception period and in each trimester.
Multivariable linear mixed model analyses will be used
to assess the associations between bariatric surgery and
pregnancy outcomes.

Ethics and dissemination This proposal was approved
by the Medical Ethics Committee from the Erasmus

MC, Rotterdam, The Netherlands. Study results will

be submitted for publication in high-impact journals,
presented at scientific conferences, implemented into
guidelines and communicated through the Erasmus MC
and collaborating partners.

," Régine P M Steegers-Theunissen

' René A Klaassen,?

Strengths and limitations of this study

» The prospective and longitudinal assessment of
postbariatric women preconceptionally, during and
after pregnancy provides an in-depth knowledge of
the reproductive trajectory of these women.

» The prospective design of this study allows us to
analyse vitamin levels after vitamin supplement use
in postbariatric women, which gives the opportunity
to define individualised and tailored recommenda-
tions for additional vitamin supplementation.

» The three-dimensional ultrasound examinations
during the first trimester provide detailed informa-
tion regarding embryonic, fetal and placental growth
and development in postbariatric women for the first
time.

» Due to ethical reasons, the design of this study is not
a randomised controlled trial, being the gold stan-
dard for clinical research.

Trial registration number NL8217 (www.trialregister.nl).

INTRODUCTION

The incidence of obesity, which is defined
as a body mass index (BMI) of 230 kg/mg, is
increasing worldwide, including in women
of reproductive age.' Importantly, prepreg-
nancy and periconceptional obesity are now
well-established independent risk factors
for fetomaternal complications and disease
risks in offspring as well as for women during
the life course (e.g. hypertension and type
II diabetes mellitus).”” The risks along the
life course can be significantly reduced by
achieving prepregnancy weight loss and
as such a reduction in BMI. Weight loss in
obesity can be accomplished by lifestyle and
nutritional changes, pharmaceutical ther-
apies or medical weight loss interventions
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programmes, bariatric surgery or a combination of these
interventions.

Bariatric surgery and related weight loss

Bariatric surgery is an effective surgical solution to
quickly lose excess weight and reach a healthier long-
term weight.”'" Patients qualify for bariatric surgery
if they have a BMI >40kg/m?* or a BMI above 35kg/m”
along with at least one obesity-related comorbidity such
as diabetes mellitus."'™"> There are different types of
bariatric surgery, based on their endocrine, metabolic
and (patho)physiological consequences. Malabsorptive
procedures lead to impaired uptake of nutrients, whereas
restrictive procedures mainly decrease food intake.
However, a sleeve gastrectomy, which is often considered
a restrictive procedure, also has endocrine and metabolic
effects.'® Since bariatric surgery leads to fast, excessive
and—most importantly—long-term weight loss, precon-
ception bariatric surgery in women of reproductive age
can diminish the prevalence of obesity-related adverse
maternal and fetal outcomes.' ' Unfortunately, due to
fast and excessive weight loss resulting from gastroin-
testinal anatomical changes of preconception bariatric
surgery, iatrogenic malnutrition can also increase the
incidence of adverse pregnancy and perinatal outcomes,
such as intrauterine growth restriction and congenital
vitamin deficiencies in neonates. Growth restriction
seems to be mainly present after malabsorptive surgery, as
nutritional deficiencies occur more often after this type
of bariatric procedure.'® "

Bariatric surgery and nutritional status

Gastrointestinal surgical changes after bariatric surgery
can cause malabsorption and iatrogenic malnutrition,
including vitamin deficiencies. A high incidence of
vitamin deficiencies has been reported in patients after
bariatric surgery.”> Most reported deficiencies during
the first trimester after bariatric surgery are, among
others, vitamin B1, folate and vitamin D. 2% However,
ample research has been performed to map, treat and
investigate consequences of these vitamin deficiencies
in these women during the periconception period, with
potential consequences for embryonic growth and devel-
opment.27 % Vitamin Bl (thiamin) is needed for the
synthesis of myelin and involved in mitochondrial and
synaptosomal membranes and is vital for fetal neural and
brain development.” Vitamin B1 deficiency impacts intra-
uterine growth, causing growth restriction, while vitamin
D deficiency can result in postnatal motor development
disorders.” Folate deficiency can lead to impaired oocyte
quality, subfertility, congenital malformations and several
placenta-related pregnancy complications.”’ ™" Postsur-
gical multivitamin supplementation after bariatric surgery
is highly dosed to correct for the anticipated deficien-
cies and has only been developed for the non-pregnant
patient. Hereby, the used dosage regimen can lead to
supraphysiological levels, with potential teratogenic levels
and detrimental effects for the developing fetus.”

Nutritional status and mechanisms

An adequate maternal nutritional and vitamin status is
essential for optimal fetal development.””* Barker et al
were the first to suggest that maternal nutrition during
pregnancy directs and programmes fetal development in
utero, the so-called ‘Developmental Origins of Health and
Disease’ dogma.36 For example, maternal undernutrition
has been associated with the susceptibility of developing
non-communicable diseases in later life by fetal program-
ming, whereas adequate nutritional health has been
shown to reduce the odds of obesity in the offspring.”” ™

One-carbon metabolism and the microbiome

Obesity is also linked with an imbalanced one-carbon
metabolism.* *' The one-carbon metabolism is essential
for DNA methylation and gene expression and plays a
vital role in physiological processes such as biosynthesis,
cell division and proliferation.”” ¥ Especially, embry-
onic and fetal growth are characterised by a need for
rapid cellular multiplication, division and proliferation
and, therefore, the one-carbon metabolism is crucial for
embryonic and fetal development. Key players of the one-
carbon metabolism such as folate are either provided by
diet, including vitamin supplements or as by-products of
the bacterial metabolism. The gut microbiota, collectively
known as the gut microbiome, includes bacteria (bacte-
riome) as well as viruses (virome). Importantly, peri-
conception maternal nutritional status and alterations,
such as bariatric surgery, can influence general cellular
function, metabolism and the gut microbiome. Bariatric
surgery can hereby affect fetal growth and metabolism.
Bariatric surgery is besides anatomical gastrointestinal
tract changes also associated with lifestyle and dramatic
gut microbiome changes.** Therefore, current infor-
mation is needed regarding the influence of bariatric
surgery on maternal nutritional status, the dynamics and
composition of the microbiome and one-carbon metabo-
lism and their combined effect on embryonic, fetal and
placental development.

METHODS AND ANALYSIS

We designed a prospective single-centre observational
cohort study, which is embedded in the Rotterdam Peri-
conceptional cohort (Predict study, MEC 2004-227), to
investigate postbariatric women both before and during
pregnancy with the aim to study the association between

bariatric surgery and embryonic, fetal and maternal
health.

Study design

Setting

All study subjects will be included at the outpatient clinic
of the Erasmus MC, University Medical Centre. Eligible
cases will be provided with a study leaflet by healthcare
professionals at the Bariatric Centre, Obstetric or Fertility
outpatient clinic, after which they will be asked to partici-
pate. Women and their partners will be referred from the
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moment they are planning pregnancy and/or before 12+0
weeks gestation of pregnancy. Controls are selected from the
Predict study.”” With the BEYOND study, serial embryonic
and fetal growth parameters, the microbiome and blood
samples will be documented prospectively. The primary
objective of this study is to investigate the association between
preconception maternal bariatric surgery and subsequent
embryonic, fetal and placental growth. We hypothesise that
bariatric surgery impairs embryonic and fetal growth due to
postsurgical nutritional deficiencies. Secondary objectives
include the investigation of associations between preconcep-
tion bariatric surgery and clinical maternal and pregnancy
outcomes, one-carbon metabolism effects such as homocys-
teine levels, the microbial composition, placental growth
and development and maternal lifestyle.

Study population

In order to be eligible to participate in this study, women
have to be 218and <45 years of age, either planning preg-
nancy or <12+0 weeks pregnant of a singleton pregnancy.
Their male partners will also be included. They must have
sufficient understanding of the Dutch language and must
be willing to give written informed consent. Cases must have
had bariatric surgery, excluding a gastric banding proce-
dure that has been deflated or removed prior to pregnancy.
Controls will be women who have not undergone bariatric
surgery and will be selected from the current Predict study.

Study procedures
The duration of the study will be 48 months and will

Questionnaire 24 weeks  Questionnaire post partum

7 B

Ultrasound scans

At 7,9 and 11 weeks gestational age (GA), the gestational
sac, embryo and placenta are depicted in 3D ultrasound
scans using a GE Voluson E8 or E10 Expert system with a
6-12 megaherz transvaginal probe and 4D View software
(General Electric Medical Systems, Zipf, Austria). We
will perform 3D ultrasound scans that focus on embry-
onic and placental development including crown-rump
length (CRL), embryonic volume, brain structures and
the gestational sac, placenta and yolk sac. Moreover, we
will evaluate the placental vasculature, pulsatility index
and resistance index of the uterine arteries at 9 and 11
weeks GA using ultrasound Doppler.

At 22-24 weeks GA and 30-32 weeks GA, fetal growth
will be assessed by the growth parameters head circum-
ference, biparietal diameter, abdominal circumference
and femur length. Moreover, ultrasound Dopplers of the
umbilical arteries, middle cerebral artery and uterine
arteries will be performed.

All scans will be made with standard settings of the
ultrasound machine: pulse repetition frequency of 0.6
kz, gain -2.0, quality ‘high’, wall motion filter ‘low’. The
obtained 3D data sets will be stored as Cartesian (rect-
angular) volumes. Moreover, we will follow the as low as
reasonably achievable principle to ensure safe ultrasound
examinations.

Pulsed wave Doppler is a standardised additional
modality of ultrasound imaging to quantify blood flow.
Placental and uterine blood flow will be quantified as
expressed by the resistance index as well as by the pulsa-
tility index. Hence, the use of pulsed wave Doppler signal
during ultrasound enables us to perform a non-invasive

Questionnaire follow-up
General health + partus - General health child

| — |

include different measurements and procedures
(figure 1).
Questionnaires Questionnaires
General health General health General health
Dietary habits and Dietary habits and
lifestyle lifestyle
=) &)
o- o-
o o
Figure 1 Enrolment, collection of data and materials and follow-up.
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measurement of the blood flow and subsequently to
detect changes in flow.

Questionnaires

Women and their male partners will fill out a self-
administered, validated food frequency questionnaire
regarding food intake of the previous 4weeks.***® Portion
sizes are quantified by this questionnaire.

Moreover, preconceptionally and during the first
trimester, a general questionnaire will be filled out
including geographical background, education and
lifestyle. At 24 weeks GA, a questionnaire is filled out
regarding information about folic acid intake, any vitamin
supplementation, lifestyle behaviour, prenatal screening,
results of the fetal anomaly scan (around 20 weeks of
gestation) and previous pregnancy outcome. Postpartum,
women are asked to fill out a questionnaire regarding
neonatal health. As follow-up l-year postpartum, women
are asked to fill out the last questionnaire regarding
congenital malformations, general health and medical
history of the offspring.

Blood samples
Preconceptionally and during all three trimesters of preg-
nancy, two blood samples of 10 mL in a vacutainer EDTA
tube and one blood sample of 8.5 mL in a serum tube will
be drawn. These samples will be centrifuged directly and
separated into serum, plasma, whole blood and buffy coat
aliquots. Parameters of the one-carbon metabolism such
as homocysteine serum levels will be measured.
Umbilical cord blood is collected at delivery in one
EDTA tube (10mL) and a separator tube (10mL). After
this process, all blood samples will be stored at —80°C at
the Erasmus MC for this study and future research.

Microbiome samples

Preconceptionally and during all three trimesters of
pregnancy, the vaginal and faecal microbiome, including
the virome, will be sampled. Vaginal and faecal samples
will be self-collected by the patient. After collection, the
vaginal and faecal samples will be stored at -80°C until
processing. The microbiome samples will also be collected
prospectively in the Predict study cohort.

Sample size

We performed a simulation study to calculate the sample
size and compared the profile of embryonic volume in
the simulation study with controls who had not under-
gone bariatric surgery using a multivariate test. The
relationship between bariatric surgery and the outcome
could be influenced by several confounders. In the
sample size calculation, we focused on BMI and age of the
mother, which are the most important confounders. In
the control group, the mean of these variables is respec-
tively 25.5kg/m* (SD=4.9kg/m*) and 31.9 years (SD=4.5
years). In the bariatric surgery group, we postulate that
the mean BMI is 30.1kg/m” at conception and the mean
age is 31 years with identical SD as in the non-bariatric
surgery group, based on recent research.*** We aimed to

detect a difference in the cube root embryonic volumes
of 0.059 millimetres as this is the difference between
adequate and inadequate folate state.”” The SD of the
cube root embryonic volume given the covariates is 0.105.
Simulations showed that we need at least 50 patients to
detect a difference with 80% power and an alpha of 0.05.
Given an average miscarriage rate of 10% and an estimate
of a 30% dropout, we will need to include 80 pregnant
patients. With an average chance to conceive within a
year of 84%, this results in a total number of 95 precon-
ceptional patients.”!

Statistical analysis

To assess the association between preconception bariatric
surgery and embryonic growth trajectories measured by
embryonic volume, CRL and placental volume, we will
perform multivariable linear mixed model analyses using
patients without bariatric surgery as a control group. By
using a mixed model, we consider a correlation between
the observations within the same pregnancy. Cube root
transformation will be used to investigate if this results
in linearity with GA and is, therefore, a constant variant
independent of GA. We will first perform a univariate
analysis, in which we adjust for GA only. After this, we
will enter all covariates that are significantly correlated
with bariatric surgery. The fully adjusted model will be
made after stepwise elimination of all covariates with p
values above the 20th percentile. Potential confounders
will be identified by performing a literature search, by
using analysis of variance and by calculating Spearman
correlation coefficients for the other maternal character-
istics such as, but not limited to, maternal BMI, parity,
smoking, age, mode of conception and fetal sex.

Missing data will be handled by multiple imputation. A
p value <0.05will be considered as statistically significant.

The primary outcome parameter is defined as the
embryonic growth trajectory assessed by serial embry-
onic volumes. Since all other outcome parameters are
secondary or descriptive, no correction for multiplicity will
be performed. For categorical variables such as smoking
and alcohol use, we will use descriptive characteristics.

To test the influence of vitamin deficiencies and
excesses related to supplement usage, distribution will
be tested using student’s t-test for normal distributions,
Kruskal-Wallis test for non-parametric distributions and
x” or exact tests for categorical data.

To assess the relationship between maternal parameters
such as pregnancy outcome, bariatric surgery and longi-
tudinal changes in vaginal and faecal microbiome and
blood samples, we will test whether the data are normally
distributed by using the Shapiro-Wilks normality test. The
independent samples t-test and Mann-Whitney U test will
be used for continuous data.

Continuous, normally distributed variables will be
presented as mean with SD and variables with a skewed
distribution as median with the range. Categorical vari-
ables will be presented as count and proportions. Differ-
ences between women who have undergone bariatric
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surgery and women who have not undergone bariatric
surgery will be compared, correcting for differences in
BMI at conception.

To assess the association between preconception
bariatric surgery and embryonic growth trajectories by
CRL, we will perform multivariable linear mixed model
analyses. By using linear mixed model analyses, we
consider a correlation between the observations within
the same pregnancy.

We will repeat analyses in the subgroups of in vitro
fertilisation/intracytoplasmic sperm injection pregnan-
cies only and in subgroups of different types of bariatric
surgery if the groups are large enough. Birth weight will
be compared between groups by taking GA at birth into
account using linear regression analysis.

DATA STATEMENT

The current study will abide by the principles of the
Declaration of Helsinki (October 2013) and all national
and European Union guidelines. The study protocol has
been approved by the local Medical Ethics Committee of
the Erasmus Medical Centre (MEC 2019-0518) and has
been registered in the Dutch Trial Register (www.trial-
register.nl). All participants will only be included after
informed consent.

Data will be pseudoanonymised in order to guarantee
the privacy of the patients by assigning a study-ID. We
will keep a strictly confidential mapping from their local
patient-ID to the study-ID. Patient data will be stored on a
separate protected research storage platform. Access will
be limited to authorised medical personnel. All research
data will be retained and stored in the study database at
the Erasmus MC.

PATIENT AND PUBLIC INVOLVEMENT

Patients were not involved in the development of the
research question, outcome measures or study design,
but the project will be communicated to patients by using
the internal and external communication means of the
Erasmus MC, University Medical Centre, collaborating
partners, such as institutional and patient association
websites, social media, magazines and the yearly news
letter from the Rotterdam periconceptional cohort.

ETHICS AND DISSEMINATION

This study was registered prospectively in December 2019
after ethical approval by the Medical Ethics Committee
from the Erasmus MC, Rotterdam, The Netherlands. We
will disseminate our study results by publishing papers in
high-impact journals, presentations at scientific confer-
ences and implement the results into local and (inter)
national guidelines.

RESEARCH IMPLICATIONS
The results of this study will provide detailed informa-
tion about embryonic, fetal and placental growth and

development during pregnancy in postbariatric women.
Furthermore, this study will elucidate maternal peri-
conception health and pregnancy course, embryonic
and fetal growth trajectories and placental development
in women after bariatric surgery. We also aim to gain
more insight into the underlying pathways, leading to
iatrogenic malnutrition after bariatric surgery and the
resulting weight loss, how these circumstances influ-
ence the local microbiome and how we could potentially
prevent them by timely correction. Particularly, it is of
utmost importance to investigate the effects on embry-
onic, fetal and placental development. With the results
of the BEYOND study, severely obese women planning
bariatric surgery and pregnancy can be counselled more
precisely concerning the (dis)advantages of bariatric
surgery related to the periconception period, pregnancy
and placental, embryonic, fetal and neonatal health.
Therefore, improved periconception healthcare coun-
selling can be provided, allowing for better informed
decision-making about bariatric surgery and a future
pregnancy.

In general, we can equip healthcare providers with
patient-tailored advice for obese women of reproduc-
tive age during the periconception period. By analysing
vitamin ranges from the preconception period and all
pregnancy trimesters, we will be able to map both the
incidence of vitamin deficiencies and excesses due to
(over)correction of deficiencies and supraphysiolog-
ical vitamin supplementation. Hence, we intend to gain
insight into possible teratogenicity of high-dose vitamin
supplementation. Besides, quantitative and qualitative
information about dietary intake will be retrieved from
the food frequency questionnaires and will provide
insight into possible dietary issues in these patients. This
can contribute to healthcare improvement delivered by
dietitians and other healthcare professionals for postba-
riatric pregnant patients. The results of our analyses will
give insight into the incidence of vitamin deficiencies and
excesses after vitamin supplementation in postbariatric
women and will allow us to provide personalised coun-
selling regarding optimal vitamin supplementation for
these women. Therefore, periconception health can be
improved, resulting in improved fetal, placental, neonatal
and maternal health along the life course.
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