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1 Abstract

The number of women choosing a plant-based diet or a diet with reduced amounts of foods
of animal origin increases. Vegetarian diet forms showed beneficial effects on coronary
heart disease, certain types of cancer, and type 2 diabetes in adults, but the recommen-
dations regarding critical stages of life such as pregnancy, lactation, and childhood are
inconsistent due to potential nutrient deficiencies. The objective was to conduct a Health
Technology Assessment to evaluate the evidence in terms of harms and benefits of plant-
based diets and provide guidelines for health care professionals.

A literature search in PubMed was carried out, including the keywords related to the forms
of nutrition (vegetarian diet, vegan diet, macrobiotic diet, low meat diet, and Mediterranean
diet) and the stages of life of mother and child which were relevant for the research ques-
tion. Outcomes of interest in the mother were early abortion, preeclampsia, gestational
diabetes, anemia, neurological and neuropsychiatric symptoms. Outcomes of interest in
the child were preterm birth, low birth weight, small for gestational age/intrauterine growth
restriction, congenital heart defects, neural tube defects, hypospadias, feeding difficulties,
neurological symptoms, anemia, physical growth markers, fine and gross motor skills,
asthma and wheezing, and cognitive functions. A systematic review of evidence was per-
formed. Meta-analyses were conducted to generate a pooled effect size if study designs
allowed it.

113 publications met the inclusion criteria. The results of the meta-analyses showed a
significantly lower risk of gestational diabetes mellitus and preterm delivery in women
with high Mediterranean diet adherence. Women who followed a Mediterranean diet were
less likely to develop other pregnancy-related outcomes such as hypertensive disorders and
small for gestational age fetuses/intrauterine growth retardation/fetal growth restriction/low
birth weight, but these associations were not statistically significant. Moreover, the findings
indicated that a high Mediterranean diet adherence correlated with lower risks of over-
weight and obesity. Additionally, a trend towards a lower body mass index, a lower risk of
asthma and wheezing and higher scores in cognitive functions in children who followed a
Mediterranean diet was observed.

Analyses investigating the associations between vegetarian, vegan and low meat diet and
maternal and offspring health yielded no clear results. Only the association between vege-
tarian diet and a lower mean BMI in children and adolescents was statistically significant.
The results suggest that the Mediterranean diet could be an essential component of metabol-
ically healthy pregnancies and the basis of early prevention of metabolic disorders in chil-
dren and adolescents. The Mediterranean diet as a cost-effective, low-risk intervention
should not be neglected in future dietary recommendations and guidelines. Considering the
present evidence regarding vegetarian diet forms, it would be inappropriate to discourage
pregnant women from following a vegetarian or vegan diet as long as macronutrient and
micronutrient requirements are fulfilled. Further research is needed to confirm the findings.



1 Abstract

Die Anzahl der Frauen, die sich fiir die Reduktion oder den Verzicht auf tierische Lebens-
mittel in der Erndhrung entscheiden, wichst stetig. In Studien zeigten vegetarische
Erndhrungsformen protektive Effekte auf die Entstehung von koronarer Herzerkrankung,
Krebserkrankungen und Typ 2 Diabetes bei Erwachsenen. Jedoch sind die Empfehlun-
gen verschiedener Fachgesellschaften fiir kritische Lebensphasen wie Schwangerschaft,
Stillzeit und Kindheit widerspriichlich aufgrund moglicher Nahrstoffméngel. Das Ziel der
Untersuchung war die Bewertung der aktuellen Evidenzlage in Form eines Health Technol-
ogy Assessments, um Risiken und Nutzen pflanzlicher Erndhrungsformen abzuwigen und
Leitlinien fiir Fachleute im Gesundheitswesen zu erstellen.

Fiir die Literaturrecherche bei PubMed wurde ein Term generiert, der die Schliisselbe-
griffe in Bezug auf Erndhrungsform (vegetarische, vegane, makrobiotische und fleischarme
Erndhrung sowie Mediterrane Diét) und fiir unsere Fragestellung relevanten Lebensphasen
von Mutter und Kind enthielt. Outcomes von Interesse bei der Mutter waren frithzeitige
Aborte, Prieklampsie, Gestationsdiabetes, Andmie und neurologische und neuropsychia-
trische Symptome. Outcomes von Interesse beim Kind waren Frithgeburtlichkeit, niedriges
Geburtsgewicht, Small-for-Gestational-Age, intrauterine Wachstumsretardierung, ange-
borene Herzfehler, Neuralrohrdefekte, Hypospadie, Fiitterungsprobleme, neurologische
Symptome, Andmie, Wachstum, fein- und grobmotorische Fihigkeiten, Asthma und kogni-
tive Funktionen. Es wurde ein systematischer Review der Literatur durchgefiihrt. Im Falle
von ausreichender Studienzahl und geeignetem Studiendesign wurden Metaanalysen fiir
die jeweiligen Outcomes erstellt.

113 Publikationen erfiillten die Einschlusskriterien. Die Ergebnisse der Metaanalysen
zeigten eine signifikante Assoziation zwischen Einhaltung der mediterranen Didt und
einem verringerten Risiko fiir Gestationsdiabetes und Frithgeburtlichkeit. Frauen, die
einer mediterranen Diit folgten, entwickelten auBerdem seltener weitere Komplikatio-
nen wie Schwangerschaftshypertonie oder Small-for-Gestational-Age-Feten, intrauterine
Wachstumsretardierung und niedriges Geburtsgewicht. Allerdings waren diese Assozia-
tionen nicht statistisch signifikant. Es konnte ein Zusammenhang zwischen Einhaltung
der mediterranen Diit und einem verringerten Risiko fiir Ubergewicht und Adipositas bei
Kindern und Jugendlichen gezeigt werden. Zudem konnte bei Kindern, die einer mediterra-
nen Diit folgten, eine Tendenz zu einem geringerem Body Mass Index, einem verminderten
Risiko fiir die Entwicklung von Asthma und bessere kognitive Funktionen ermittelt werden.
Unsere Analysen zu vegetarischer, veganer und fleischarmer Erndhrung und der Gesund-
heit von Mutter und Kind kamen zu keinen eindeutigen Ergebnissen. Nur die Assoziation
zwischen vegetarischer Erndhrung und einem niedrigeren mittleren BMI bei Kindern und
Jugendlichen war statistisch signifikant.

Unsere Ergebnisse zeigen, dass die mediterrane Diit ein wesentlicher Bestandteil einer
stoffwechselgesunden Schwangerschaft und die Grundlage fiir eine frithzeitige Privention
von Stoffwechselerkrankungen bei Kindern und Jugendlichen sein konnte. Die mediterrane
Diit als kosteneffiziente, risikoarme Intervention sollte in kiinftigen Empfehlungen und
Leitlinien nicht vernachléssigt werden. In Anbetracht der vorliegenden Erkenntnisse tiber
vegetarische Erndhrungsformen wire es unangebracht, schwangeren Frauen von einer ve-
getarischen oder veganen Erndhrung abzuraten, solange der Bedarf an Nahrstoffen gedeckt
ist. Weitere Untersuchungen sind erforderlich, um die Ergebnisse zu bestétigen.



2 Introduction

The interest in practicing plant-based diets is growing worldwide especially in young peo-
ple (Vergeer et al., 2020; Mensink et al., 2016). Apart from ethical, cultural, and religious
reasons for avoiding animal source foods, there is also an increasing interest in the con-
nection between various diet forms and health (Fox, Ward, 2008). A rising number of
women in childbearing age following a plant-based diet will face the question if their nu-
trition can provide their growing child with sufficient nutrients to fulfill the requirements
for growth and development. The maternal diet before and during pregnancy has long-term
effects on maternal and offspring health considering not only pregnancy complications like
gestational diabetes (Mijatovic-Vukas et al., 2018), hypertensive disorders (Schoenaker
et al., 2015a), and low birth weight (Chia et al., 2019) but also the development of atopic
diseases (Y Zhang et al., 2019) and overweight in childhood and adolescence (Troiano,
Flegal, 1998). The mother’s choice between various types of diets results in a fetus being
exposed to certain amounts of macronutrients and micronutrients. This crucial period of
pregnancy and early childhood has wide-ranging consequences for the health outcomes in
mother and child. The maternal diet can be considered as a template for the offspring’s
mindset towards nutrition, especially with regard to the consumption of animal-based foods.

There is controversial data on potential harms or benefits of a vegetarian diet during
pregnancy. This could be due to heterogeneous forms of the vegetarian diet, geographical
differences and lifestyles strongly associated with adherence to a vegetarian diet. The het-
erogeneity of the observational studies and the lack of randomized controlled trials weaken
the evidence supporting the recommendation of a vegetarian diet for pregnant women. In
contrast, an increasing number of studies show data to support the thesis that adherence
to the Mediterranean diet (MD) can protect against some adverse health outcomes. The
present Health Technology Assessment (HTA) aimed at evaluating the existing studies and
synthesizing evidence with regard to the association between alternative diet forms and
health outcomes in mother and child.

2.1 Definitions

In the literature, there are several types of diets that endorse the reduction or avoidance
of foods of animal origin (table 2). An omnivorous diet is characterized by the regular
consumption of meat. The term “vegetarian diet” includes any type of diet that avoids
foods of animal origin. This includes the vegan diet, lacto-ovo-vegetarian (LOV), lacto-
vegetarian (LV), ovo-vegetarian (OV), macrobiotic diet, and for our purpose also the low-
meat diet, hereinafter all of them referred to as ’vegetarian diet” if not further specified.
The Mediterranean diet was treated separately from the vegetarian diet in the following.

10



2 Introduction

Table 1: Definitions of diets

Diet Included foods Excluded foods

vegetarian vegetables,  fruits, grains, meat, fish, dairy products, eggs,
pulses honey

LOV dairy products, eggs, vegeta- meat, fish
bles, fruits, grains, pulses

LV dairy products, vegetables, meat, fish, eggs
fruits, grains, pulses

oV eggs, vegetables, fruits, grains, meat, fish, dairy products

pulses

low-meat diet

meat to a certain extent, fish,
dairy products, eggs, vegeta-
bles, fruits, grains, pulses

depending on definition meat
consumption less than 3 times
per week or 50 grams per day

Mediterranean diet

emphasizes vegetables, fruits,
nuts, grains, olive oil, fish and
seafood, white meat

soda drinks, sweets and pas-
tries, commercial bakery goods,
spread fats, red and processed
meat are avoided

macrobiotic diet

whole grains,  vegetables,
including sea vegetables like
seaweed, fruits, beans, nuts
and seeds, occasionally fish;
organic and locally grown
products are preferred

poultry, meat, dairy products,
eggs, processed foods, refined
sugars, tropical fruits, fruit
juice, and certain vegeta-
bles like asparagus, eggplant,
spinach, tomatoes, and zucchini

are avoided

omnivorous diet all foods

2.2 Epidemiology and associated factors of alternative diets

The estimated proportion of vegetarians in Germany varies between studies. According to
a survey in Germany in 2019, 3% of the men and 5% of the women claimed to be vegetar-
ian (Yougov, 2019). The proportion of vegetarians in women between 18 and 29 years was
even estimated to be 9.2% (Mensink et al., 2016). The results of a SKOPOS market research
showed that 1.3 million Germans followed a vegan diet, 81% of them were women and 60%
of the vegans were between 20 and 39 years old (SKOPOS, 2008). Another survey reported
on a higher proportion of German vegetarians of 10% (VEBU, 2015). In the United States
the number of people following plant-based diets is growing as well. According to a survey
by the Vegetarian Resource Group in 2016 5.3% of the adults between 18 and 34 subsisted
on a vegetarian diet (Vegetarian Resource Group, 2016).

Studies showed that the parental attitude towards nutrition can have an important impact on
their children’s eating behavior (Benton, 2004; Story et al., 2002). The number of children
following plant-based diets in the Western World is unknown, but vegetarian and vegan par-

11



2 Introduction

ents probably raise their children without meat or without foods of animal origin.

In the Western World most of the people make a conscious decision about becoming vege-
tarian driven by ethical, environmental and health concerns (Hoffman et al., 2013; Radnitz
et al., 2015). But for example, in India a substantial proportion (35%) of the population
has been vegetarian for many generations. This proportion varies between 10% and 62%
according to the geographical region (Arnold et al., 2009). A publication from 2010 esti-
mated that there were 1.5 billion vegetarians worldwide. Only 75 million were vegetarians
of choice, a number that would gradually grow with increasing affluence and education
according to the author. The other 1450 million vegetarians were vegetarians of necessity
(Leahy et al., 2010).

Adherence to a vegetarian diet in western countries is associated with higher education
(Davey et al., 2003; Mensink et al., 2016), whereas vegetarianism in some countries such
as India is related to a low socioeconomic status due to higher costs of animal-based foods.
Critical differences have been reported between vegetarians from Europe and North Amer-
ica who consume a LOV diet (Davey et al., 2003), while Indian vegetarians are mostly
LVs (Jayanthi, 2001). Chinese vegetarians consume considerably smaller amounts of dairy
products than Western vegetarians (Lee et al., 2000).

Multiple lifestyle factors are associated with following a vegetarian diet. Vegetarians and
vegans, for example, are less likely to be smokers than meat-eaters (Key et al., 1999; Wald-
mann et al., 2003). Moreover, vegetarians and vegans tend to drink less alcohol than the
general population (Haddad, Tanzman, 2003) and also the rate of non-drinkers is higher
in vegetarians (Key et al., 1999), especially in vegans (Dyett et al., 2013). Furthermore,
vegetarianism is associated with higher physical activity (Orlich et al., 2013; Tonstad et al.,
2013). These findings show that vegetarianism cannot be viewed in isolation but it has to
be considered as a multifactorial lifestyle.

2.3 Sustainability issues

Apart from health aspects, the environmental impact and the use of resources has to be
considered for a comprehensive evaluation of a form of nutrition. About 18% of the global
greenhouse gas emissions are caused by livestock production (Steinfeld et al., 2006). There-
fore, the consumption of meat and dairy products is a major driver of climate change (Bailey
et al., 2014). An estimate of differences in dietary greenhouse gas emissions between self-
selected meat-eaters, fish-eaters, vegetarians and vegans in the United Kingdom showed that
dietary greenhouse gas emissions in self-selected meat-eaters were approximately twice as
high as those in vegans (Scarborough et al., 2014). It is likely that reductions in meat con-
sumption would lead to reductions in dietary greenhouse gas emissions (Scarborough et al.,
2014). However, the worldwide demand for meat and dairy is expected to increase by 68%
for meat and 57% for dairy by 2030 (McLeod et al., 2011). In 2013, 36% of the calories
produced by the world’s crops were used for animal feed, and only 12% of those feed calo-
ries ultimately contribute to the human diet in the form of meat and other animal products
(Cassidy et al., 2013). Given the current crop use, growing food exclusively for direct hu-
man consumption could increase available food calories by about 70%, which could feed
an additional 4 billion people (Cassidy et al., 2013). Around 70% of the world’s arable
land is used as pasture and around 30% as cropland. Of this 30% of cropland, about one

12



2 Introduction

third is used for the production of animal feed, mainly cereals and soybeans. Therefore,
a total of about 80% of the world’s arable land is used for the production of animal food
(Fritz, 2011). If the entire world population practiced a diet as the average German does, the
entire habitable area of the earth, including forests, scrubland and settlements, would have
to be used as agricultural land. A diet like it is practiced in the USA would even require
about 138% of the available habitable area and would therefore not be possible (Ritchie,
2017). Moreover, the livestock production can cause pollution of air, water and soil due
to fertilizers, pesticides, and veterinary drugs (Baroni et al., 2007). Also the destruction of
fertile soils, especially through overuse, monocultures and unfavorable tillage are a point of
concern (Leitzmann, Keller, 2020).

The burden on the environment and the consequences for the climate is a complex issue and
cannot be presented in full here. Nevertheless, there is a consensus within environmental
science that a reduction of meat and dairy products can have a significant positive impact
on the climate change.

2.4 Benefits and harms of plant-based nutrition

Consuming a vegetarian diet is associated with lower blood lipids (F Wang et al., 2015),
blood pressure (Berkow, Barnard, 2005), and body mass index (M Rosell et al., 2006).
Therefore, consuming a vegetarian diet could be associated with a decrease in the risk of
cardiovascular diseases. Moreover, vegetarian diets tend to have a protective effect against
certain types of cancer, such as colorectal and prostate cancer, compared with omnivorous
diets which could be related to consuming no meat and more fiber (Fraser, 1999).

In terms of nutritional aspects vegetarians and omnivores do not only differ in consumption
of foods of animal origin. Compared to omnivores, vegetarians consume less saturated fat
and cholesterol, but have a higher intake of magnesium and potassium, vitamin C and E,
folate, carotenoids, flavonoids, and other phytochemicals. (Deriemaeker et al., 2010; Kris-
tensen et al., 2015; Rizzo et al., 2013; Schiipbach et al., 2017; Sobiecki et al., 2016) These
nutritional differences may explain some of the health advantages of a varied, balanced
vegetarian diet.

The Mediterranean diet consists of fish, monounsaturated fats from olive oil, fruits, vegeta-
bles, whole grains, legumes, nuts, and moderate alcohol consumption. It showed protective
effects on multiple adverse outcomes in several studies. A meta-analysis of observational
studies and clinical trials has shown that adherence to the Mediterranean diet is associated
with reduced risk of metabolic syndrome (Esposito et al., 2013). Results from clinical
studies revealed the protective role of the Mediterranean diet on the single components
of metabolic syndrome, like waist circumference, plasma concentrations of high-density
lipoprotein cholesterol, triglycerides and glucose, and systolic and diastolic blood pressure
(Kastorini et al., 2011).

However, it is not clear whether the lower risk of diseases associated with plant-based diets
is due to the diet itself or to lifestyle accompanying factors such as less smoking and higher
physical activity which could equally have protective roles on health.

Due to the restricted food selection, vegetarians and in particular vegans have low or in-
sufficient intakes of critical nutrients (Finkelstein et al., 2015), i.e., protein, iron, calcium,
vitamin D (Tucker, 2014), vitamin B12 (Pawlak et al., 2014), and long chain n-3 fatty acids

13



2 Introduction

(MS Rosell et al., 2005). Thus, depending on the reasons of practicing the diet, socioeco-
nomic status and education, vegetarians may have insufficient intake of several nutrients
and generally low intake of proteins and amino acids, but a high intake of carbohydrates
(Deriemaeker et al., 2010; Rizzo et al., 2013).

2.5 Changes in the understanding of the role of plant-based diets
in human health

Epidemiological, clinical, and basic science research on the health effects of several plant-
based foods is greatly expanding scientists’ understanding of the role foods have on human
health and nutrition (Sabaté, 2003). Up to the 1970s the majority of the publications as-
sessing the relation between vegetarian diet and health focused on potential risks of an
insufficient supply of micronutrients. In the 1990s the focus on the nutrients and potential
deficiency symptoms shifted to preventive and therapeutical aspects of nutrition. This ap-
proach led to new perceptions about the association between nutrition and health. Not only
the lack but also the excess of nutrients became subject of scientific investigation (Leitz-
mann, Keller, 2020). Numerous epidemiological studies show that vegetarian and other
plant-based diets are associated with a reduced risk of several chronic diseases like over-
weight, type 2 diabetes, hypertension, ischemic heart disease, and some types of cancer
(Melina et al., 2016). Findings from large cross-sectional and prospective cohort studies
in western countries with a high proportion of vegetarian participants demonstrated that
overall mortality was similar for vegetarians and comparable non-vegetarians, but vegetar-
ian groups compared favorably with the general population. Also the long-term health of
vegetarians appeared to be generally good, and for some diseases and medical conditions
it may be better than that of comparable omnivores (Appleby, Key, 2016). These changes
in the understanding of the role of plant-based diets in human health considering not only
nutritional deficiency but also the risk of nutritional excess are shown in figure 1.

2.6 Plant-based diets during pregnancy, lactation, and early
childhood

The safety of a plant-based diet in young women of childbearing age has been questioned
due to many case reports on neonates and infants with serious and partly irreversible impair-
ments owing to vitamin B12 deficiency. For example, psychomotor regression (Bousselamti
etal., 2018), (Gowda et al., 2018), (Agrawal, Nathani, 2009), cerebral atrophy (Kocaoglu et
al., 2014), poor weight gain, feeding difficulties, severe pallor, muscle hypotonia and som-
nolence (Guez et al., 2012), and megaloblastic anemia (Rodrigues et al., 2011) occurred in
infants of vegan or vegetarian mothers.

Some scientists argue that a well-planned vegan or vegetarian diet during pregnancy and lac-
tation may be considered safe if the unbalanced nutrients and deficiencies can be avoided
(Piccoli et al., 2015). However, the evidence supporting this statement is not straightfor-
ward due to many interfering factors that were not accounted for in available studies. The
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Figure 1: (a) Model of the 1960s on the adequacy of vegetarian diets. The area under the curve
represents the proportion of a population for which a given diet may be adequate
or deficient. (b) Model on risks and benefits of vegetarian and meat-based diets.
The area under the curve represents the proportion of a population for which a diet
pattern may be a risk or benefit. (Sabaté, 2003)

vegetarian vegetarian

,,,,,,,,,,,,,, omnivorous omnivorous

Risk of deficiency Adequate Risk of deficienc Optimal Risk of excess

(a) (b)

traditional thinking of maternal diet as a modifier of child health endpoints should take into
account other dietary and non-dietary components that could influence the role of maternal
diet in child health. Child nutrition in the pre-school age is strongly correlated with and
predicted by maternal nutrition. For example, maternal health behavior can potentiate or
create an association between maternal plant-based diet and child health. Lower risk of ges-
tational diabetes, breast-feeding, and child own nutrition mediate the association. Whereas,
high pesticides in plant-based diet could counteract any beneficial effect. (Obeid, Pannen-
bicker, 2020) (figure 2).

A main point of concern is the higher amount of required macronutrients and micronutri-
ents during pregnancy and lactation. Especially an insufficient intake of docosahexaenoic
acid (DHA), vitamin B12, iron, iodine, and folate is associated with adverse birth outcomes
(Biesalski, 2016; Cetin et al., 2010; Hans, Jana, 2018).

DHA is a polyunsaturated fatty acid that plays an important role in brain development
(Brenna, Carlson, 2014; Eilander et al., 2007). It can be found in fish and algae (Ackman,
1989) but it can also be synthesized from the vegetable alpha-linoleic acid (ALA) which
is contained in walnuts, canola, several legumes, flaxseed, and green leafy vegetables
(Gebauer et al., 2006). This explains why the breastmilk of vegetarian mothers, espe-
cially vegan mothers, contains less DHA but more ALA than the breastmilk of omnivores
(Sanders, 2009). A supplementation with DHA during pregnancy showed protective effects
on gestation duration and birth size (Carlson et al., 2013) but it is unclear if lower DHA-
concentrations in vegetarian pregnant women cause adverse outcomes in their offspring.
Vitamin B12 is contained in several foods of animal origin such as meat, milk, egg, fish,
and shellfish (Watanabe, 2007). Therefore, vitamin B12 deficiency occurs more frequently
in vegans and vegetarians, especially during pregnancy (Pawlak et al., 2013). For this
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Figure 2: Conceptualization of mediators and confounding factors of the relationship between
maternal plant-based diet and child health.
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reason, vitamin B12 supplementation is recommended to vegetarians (Craig, Mangels,
2009). Moreover, low cobalamin concentrations and hyperhomocysteinemia as a result of
low vitamin B12 intake during pregnancy are associated with a higher risk of congenital
heart defects (CHDs), small for gestational age (SGA), preterm delivery, preeclampsia, and
neural tube defects (Bergen et al., 2012; Mignini et al., 2005; Van Der Put et al., 2001;
Verkleij-Hagoort et al., 2006).

Despite the absence of menstruation, iron requirements increase during the second half of
pregnancy because of the expansion of the red blood cell mass and the transfer of increasing
amounts of iron to both the growing fetus and the placental structures (Bothwell, 2000).
Although a considerable amount of studies suggest an association between iron deficiency
during pregnancy and a higher risk of placental insufficiency, preterm delivery, intrauterine
growth retardation (IUGR) (Breymann, 2015; Scholl, Reilly, 2000; Pavlova et al., 2007),
it is still unclear if the treatment of mild and moderate anemia during pregnancy provides
more benefits than harms (Reveiz et al., 2011). The iron intake of vegans is often higher
than the iron intake of LOVs and omnivores (Larsson, Johansson, 2002; Deriemaeker et al.,
2010; Sobiecki et al., 2016), but vegans and vegetarians tend to have lower iron stores
(Elorinne et al., 2016; Schiipbach et al., 2017). There is an open issue as to whether veg-
etarian women are at higher risk of adverse birth outcomes due to iron deficiency than
omnivores.

Several foods of animal origin such as fish, dairy products, and eggs have a high iodine level,
but it can also be found in some types of vegetables in lower concentrations (Haldimann
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et al.,, 2005). In moderate-to-severely iodine-deficient areas, studies demonstrated that
iodine supplementation before or during early pregnancy can prevent cases of cretinism,
increases birthweight, reduces rates of perinatal and infant mortality and generally in-
creases developmental scores in young children (Zimmermann, 2012). Even though severe
iodine deficiency nowadays predominantly can be found in developing countries (Elmadfa,
Leitzmann, 2019), vegans are at risk of iodine deficiency (Krajcovicova-Kudlackova et al.,
2003). A strict vegan diet during pregnancy can lead to transient neonatal hypothyroidism
(Shaikh et al., 2003) and the maternal dietary iodine intake during lactation determines the
sufficient iodine intake of the infant (Dror, Allen, 2018).

In contrast, the average folate intake of vegetarians and vegans is higher than the intake of
omnivores (Koebnick et al., 2001; Gilsing et al., 2010). Low folate levels are associated
with the occurrence of neural tube defects (NTDs) and folate supplementation during early
pregnancy can lower the risk of NTDs (Berry et al., 1999). Regardless of the type of diet, a
maternal folate supplementation from four weeks before pregnancy until the end of the first
trimester is recommend (DGE, 2013).

While there is proof for several relations between deficiency of micronutrients and ad-
verse birth outcomes, the evidence for associations between plant-based diets and birth
outcomes is less straightforward. There are some studies showing better mother and child
health endpoints if the mothers consumed basic foods such as vegetables and fruits that
are enriched in a plant-based diet (Chia et al., 2019), but this does not answer the ques-
tion on the association between an exclusively plant-based diet and health. The safety of
maternal vegetarian diet during pregnancy with relevance to maternal and fetal outcomes
has been investigated in multiple studies. Vegetarian pregnancies showed a trend towards
an association with low birth weight. In other studies, the weighted mean difference of
birth weight suggested no difference between vegetarians and omnivores. Due to hetero-
geneity of the identified studies, no conclusion was possible on the risk of hypospadias,
intrauterine growth retardation, maternal anemia, and gestational diabetes. (Tan et al., 2019)

The health benefits of the Mediterranean diet are better established than those of vegan-
vegetarian diets. This could be due to the diversity of the Mediterranean diet and a more
balanced amount of macronutrients and micronutrients compared to a vegetarian diet.
Moreover, epidemiological studies have often used a clear definition of the dietary com-
ponents of the Mediterranean diet by using diet scores (Panagiotakos et al., 2006; Tri-
chopoulou et al., 2003), which could enable detecting systematic differences between low-
and high-adherence subgroups. In addition, dietary components that are enriched in the
Mediterranean diet, but deprived in a vegan-vegetarian diet such as fish and dairy products
could have independent health benefits. Even though the majority of the studies are obser-
vational, there are some randomized controlled trials (RCTs) that have used components or
whole concept of the Mediterranean diet and investigated the health benefits.

Several studies support the evidence that a higher Mediterranean diet score (MDS) or con-
sumption of certain components of the Mediterranean diet such as fish and dairy products
may improve the clinical pregnancy and live births in women undergoing in vitro fertiliza-
tion (IVF) (Karayiannis et al., 2018), (Gaskins et al., 2019), but the generalizability of the
individual studies is not certain. On the other hand, there are studies suggesting that peri-
conceptional intake of pesticide residues in fruits and vegetables can negatively influence
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achieving pregnancy in women with fertility problems (Chiu et al., 2018). This factor could
compromise a beneficial effect of consuming fruits and vegetables.

A systematic review and meta-analysis stated that several studies from their literature
search indicated that a Mediterranean diet may be protective and possibly reduce the risk
of gestational diabetes (GDM) (Mijatovic-Vukas et al., 2018). Consuming a Mediterranean
diet is the most consistent dietary pattern associated with a lower risk of GDM. The risk
reduction varies depending on the diet scoring system and adherence degree (Tobias et al.,
2012), (Schoenaker et al., 2016), (Karamanos et al., 2014), (Schoenaker et al., 2015b),
(Izadi et al., 2016). When additional risk factors were taken into account such as physical
activity, non smoking, and normal BMI, the risk reduction associated with a Mediterranean
diet even increases (C Zhang et al., 2014). It has been estimated that the four risk factors
in combination (smoking, inactivity, overweight, and poor diet) are responsible for almost
half of all cases with GDM in the population (C Zhang et al., 2014).

Furthermore a protective effect of high adherence to the Mediterranean diet during preg-
nancy on the incidence of wheeze in the first 12 months of life and an inverse association
between the Mediterranean diet during childhood and the incidence of wheeze in the his-
tory and current wheeze was shown. However, no significant associations between high
adherence of the Mediterranean diet in pregnancy and childhood and any of the other
asthma-and-wheezing-related end points could be demonstrated so far. (Y Zhang et al.,
2019)

The strength of the associations varies in the different health outcomes, and the level of
evidence is affected by the high heterogeneity among the study designs (Biagi et al., 2019).
Despite the present evidence it cannot be ruled out that lifestyle accompanying factors
such as less smoking and higher physical activity formed a significant part of the detected
associations.

The requirements for energy and nutrients are high during growth phase for infants, chil-
dren, and adolescents. Thus, children constitute a risk group for nutrient inadequacies.
Up to now, there is no consensus between international dietary expert associations, as
to whether vegetarian and vegan diets are appropriate for the young. According to the
American Academy of Nutrition and Dietetics appropriately planned vegetarian, including
vegan, diets are healthful, nutritionally adequate, and may provide health benefits for the
prevention and treatment of certain diseases. These diets are appropriate for all stages of the
life cycle, including pregnancy, lactation, infancy, childhood, adolescence, older adulthood,
and for athletes (Melina et al., 2016). While the German Nutrition Association (Deutsche
Gesellschaft fiir Erndhrung) also considers a LOV diet as appropriate they do not recom-
mend a vegan diet in infancy, childhood, and adolescence due to the higher risk of nutrient
deficiencies (Richter et al., 2016).

The number of recent studies is low and the existing studies are heterogeneous and often
have a small number of participants (Leitzmann, Keller, 2020). The available evidence
suggests tendencies towards favorable total energy intake and intake of macronutrients,
vitamins and minerals in vegetarian and vegan children but lower intake of vitamin B12,
zinc, calcium, iron, and vitamin D (Keller, Miiller, 2016). Moreover, vegetarian and vegan
children can have a sufficient intake of macronutrients and normal growth in early child-
hood (Weder et al., 2019). However, the associations with health outcomes that manifest
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at later age and a potentially negative impact if the child shifts from a vegan diet to an
omnivorous diet at an older age remain unclear.

Maternal plant-based diets have been studied in relation to many health aspects of the
mother and the child. Moreover, there are reports on health conditions in infants and chil-
dren who were fed a plant-based diet. Maternal diet could have an impact on the growth
and development of the child. The evidence is mixed and the quality of many studies is low
or the generalizability is limited. It is not clear whether a plant-based diet is associated with
favorable or undesirable health outcomes compared with an omnivorous diet. Thus, no clear
recommendations can be made for women who plan a pregnancy, pregnant women, or par-
ents who decide to feed their children a plant-based diet. An additional point of uncertainty
is the lack of a perfect control group when accessing the risk of diseases associated with a
plant-based diet. An omnivorous diet could be classified in many ways but the heterogeneity
of omnivorous dietary patterns as well as the heterogeneity of plant-based dietary patterns
complicates the comparability of intervention and control group.

2.7 Objectives

The overall objective of this study was to conduct a HTA to evaluate the evidence and
provide recommendations on following a plant-based diet during critical life phases such as
in pregnancy, lactation and early childhood. The specific objectives of this thesis were the
following:

* Is a maternal plant-based diet (vegan, LOV, LV, OV, Mediterranean diet, macrobiotic
diet, low-meat diet) during pregnancy associated with adverse health outcomes in the
women?

* Is a maternal plant-based diet during pregnancy associated with adverse health out-
comes in the child?

* Is a plant-based diet during childhood associated with adverse health outcomes in the
child/adolescent?

Information retrieval for this HTA was based on a systematic review of the available litera-
ture followed by a critical appraisal and meta-analysis.
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3.1 Sources and search strategy

This HTA was conducted according to a priori study protocol. The systematic review and
meta-analysis study was registered at the international prospective register of systematic
reviews (PROSPERO); ID: CRD42020211102. A systematic review of evidence to address
the research question was performed. Meta-analyses to generate a pooled effect size were
conducted if study designs allowed it. A search in PubMed was carried out. The keywords
included in the search strategy were related to the forms of nutrition (including vegetarian
diet, vegan diet, macrobiotic diet, low meat diet, and Mediterranean diet) and the stages of
life of mother and child which were relevant for the research question (including pregnancy,
fetal development, lactation, child health, and adolescent health). A combined search term
was developed. For the identification of relevant publications, the term “AND” was used to
combine one form of nutrition with one stage of life and the term “OR” was used for the
avoidance of duplications by creating only one term instead of conducting multiple single
searches. Studies were not excluded on the basis of publication date. For the full search
term see appendix 2. The full text search was performed using the institutional access of
the Saarland University. If publications were not available, the corresponding author was
contacted by email and the full text was requested. Additionally, the author was contacted
via the online portal Researchgate for a full text request. If the email was not answered
within 4 weeks, the publication was excluded and the process was documented.

3.2 Study selection

The evaluation of the publications for eligibility was conducted by Arved Pannenbicker
and supervised by Prof. Dr. rer. med. Rima Obeid in a three-step process. In step one, all
identified titles and abstracts were screened. In step two, a full-text review was performed
on all the publications that met the predefined inclusion criteria. In step three, full texts
were reevaluated for data extraction and quality assessment. The two reviewers had reg-
ular meetings to discuss the search results. Discrepancies in the evaluation were resolved
through discussion in the reviewer team.

3.2.1 Inclusion/exclusion criteria
Studies and publications investigating associations between one of the above-named diets

and predefined health outcomes in the mother and the child were eligible for inclusion. Only
articles published in English language were included.

20



3 Methods

Eligible study designs were meta-analyses, case-control studies, cohort studies, cross-
sectional studies, randomized and non-randomized, blinded and non-blinded, and controlled
and non-controlled intervention studies. Case reports and case series were not considered
for the general evaluation of the scientific evidence. However, these two types of publi-
cations were included to evaluate the safety of alternate diets. Systematic reviews were
not included in the analysis, but their references were checked for eligible studies. Non-
systematic reviews, expert opinions and consensus papers were excluded. Experimental
studies with animals and cell cultures were also excluded.

3.2.2 Target population

Pregnant women, pregnant women and their offspring, infants, children, and adolescents
up to 17 years (also without data on maternal diet) were considered as target population.
Studies were excluded if they investigated mothers and/or children that followed an alter-
nate diet due to metabolic or systemic diseases like chronic kidney disease, type I diabetes
mellitus, coeliac diseases, phenylketonuria or cancer.

3.2.3 Exposures

Studies were included if one of the predefined alternate diet forms (vegetarian diet, vegan
diet, macrobiotic diet, low meat diet, Mediterranean diet) was practiced by the mothers
and/or the children. Moreover, studies were included if children and adolescents were pre-
viously fed one of the suitable diets at earlier stages of their childhood.

3.2.4 Outcomes

The study must have reported at least one clinical outcome in the mother or the child. Stud-
ies not reporting clinical outcomes such as those reporting serum/plasma concentrations of
markers of deficiency without symptoms or signs were excluded unless the serum/plasma
concentration was an essential component of the outcome’s definition.

Outcomes of interest in the mother were: early abortion, preeclampsia, gestational diabetes,
anemia, neurological and neuropsychiatric symptoms including pregnancy depression.
Outcomes of interest in the child were: preterm birth, low birth weight, small for gestational
age/intrauterine growth restriction, congenital heart defects, neural tube defects, hypospa-
dias, feeding difficulties, neurological symptoms, anemia, child physical growth markers
(weight, length and body mass index or their z-scores), fine and gross motor skills, asthma
and wheezing, cognitive function including school performance.

3.2.5 Dealing with multiple publications from the same cohort

Exceptions that needed careful interpretation were double publications from the same cohort
or register. Multiple publications from the same cohort dealing with different outcomes
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were included. In case of multiple publications from the same cohort dealing with the same
outcome the most relevant publication was included. Relevance was determined by the
following criteria from high to low priority: congruence between the primary question of
the study and our question, number of participants included in the study (larger sample size
was preferred), date of publication (the most recent publication was preferred). Outcomes
that we did not plan to examine were documented but were not evaluated in detail.

3.3 Data extraction

Key information about the included interventional and observational studies was extracted
using a standardized data extraction table. Extracted data included information on the first
author, year of publication, study design, geographic location (country, setting), study popu-
lation (age, gender distribution, characteristics), methods (inclusion/exclusion criteria, mea-
surement of dietary intake, statistical methods and adjustment for confounders), the studied
exposure (diet), the outcome, the study results, and the author’s conclusion. The binary
outcomes were collected in a fourfold table if data for study groups with high MD adher-
ence versus (vs) low MD adherence or plant-based vs omnivorous diet as a measurement of
exposure and data for study members with or without the adverse outcome for the different
exposure groups were available, respectively. The extracted data from the meta-analyses
were captured separately in a second data extraction table with modified parameters.

3.4 Quality assessment

The assessment tools by the National Heart, Lung, and Blood Institute (NHLBI) suitable
for each study type were used. Any disagreement in quality assessment was clarified by
the reviewer team. For quality assessment of cohort studies and cross-sectional studies the
Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (NHLBI,
Cited on 03.06.2020) was used. For quality assessment of case-control studies the tool
Quality Assessment of Case-Control Studies (NHLBI, Cited on 03.06.2020) was used and
for randomized controlled trials the tool Quality Assessment of Controlled Intervention
Studies (NHLBI, Cited on 03.06.2020) was used. In case of non-controlled interventional
studies we used the Quality Assessment Tool for Before-After (Pre-Post) Studies With No
Control Group (NHLBI, Cited on 03.06.2020). For quality assessment of meta-analyses
the tool Quality Assessment of Systematic Reviews and Meta-Analyses (NHLBI, Cited on
03.06.2020) was used. Studies that obtained more than 50% of the maximum number of
points were rated as fair quality studies. Studies that obtained more than 80% were rated
as good quality studies. Studies with a score of up to 50% were considered as poor quality
studies. All articles were included in the analysis regardless of their quality.
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3.5 Data synthesis

The objective was to conduct a meta-analysis of comparable studies for each predefined
outcome. To perform a meta-analysis at least three combinable studies concerning the same
outcome were required. Combinability is further defined in section 4 for each outcome,
respectively. The following hypotheses were reviewed:

* Hyp: The odds for women/children with high adherence to the Mediterranean diet
to have a negative outcome are not different from those with low adherence to the
Mediterranean diet.

* Hi: The odds for women/children with high adherence to the Mediterranean diet to
have a negative outcome are different from those with low adherence to the Mediter-
ranean diet.

* Hp: The odds for vegetarian women/children to have a negative outcome are not
different from omnivorous women/children.

* Hji: The odds for vegetarian women/children to have a negative outcome are different
from omnivorous women/children.

3.5.1 Calculation of effect sizes

For every included study an effect size was calculated. In case of dichotomous outcomes,
odds ratios (ORs) and their 95% confidence intervals (ClIs) were computed. If the publica-
tions provided data to create a fourfold table, the following equations were used to calculate
the OR and its 95% CI:

OR =

alx
S
o

EWISHENES
S

lower 95% CI limit = ¢/"(OR)~1.96xSE(In(OR))

upper 95% CI limit = eln(OR)+1.96><SE(ln(OR))

If the publications with dichotomous outcomes did not provide data to create a fourfold
table, the given ORs were applied for the meta-analysis. If the publications neither provided
data for a fourfold table nor a computed OR but a risk ratio (RR), the RR was treated like
an OR and included in the analysis. If studies met the inclusion criteria but no usable effect
size for meta-analysis was presented, the results were discussed separately as an addition to
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the meta-analysis. If studies dealt with multiple definitions of one outcome within the same
study group, data of the outcome which was most similar to the predefined outcome criteria
were used for meta-analysis.

In the event of studies that investigated continuous outcomes, mean values were extracted.
When performing a meta-analysis of multiple studies assessing a continuous outcome the
difference in means was calculated to pool the results.

If the full text assessment produced less than three combinable studies concerning the same
outcome, the results of the individual studies were tabulated and discussed in the form of a
systematic review.

3.5.2 Software for analysis

All analyses were conducted in Comprehensive Meta-Analysis (version 3, ©2006-2020 Bio-
stat, Inc.). Since a certain heterogeneity between studies was expected, the random effects
model was used. The random effects model allows that the true effect could vary from study
to study. Cochran’s Q test and I? statistics were used to estimate the extent of heterogeneity
between studies. The results of the analysis were displayed in a forest plot - a plot that
shows the effect size and precision for each study as well as the combined effect.
Publication bias was assessed by visual inspection of a funnel plot and Egger’s regression.
Where necessary (Egger’s regression: p < 0.05), the funnel plot was complemented by the
"trim and fill’ method (Duval, Tweedie, 2000) to identify and correct for funnel plot asym-
metry arising from publication bias.

3.5.3 Subgroup analysis
The potential sources of heterogeneity were evaluated by inspecting the distribution of the
studies in the forest plot and identifying mutual factors, trends, time or groups of studies

that agreed or disagreed. Due to the small number of studies no subgroup analysis was
conducted.

3.5.4 Sensitivity analysis

To assess the impact of each study on the combined effect a sensitivity analysis was con-
ducted by running the analysis with one study removed at a time.
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4.1 Search results

Figure 3: Flow chart of study selection
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The systematic literature search was conducted on 18 September 2019. 2093 abstracts from
PubMed were identified and screened for eligibility. The screening process was completed
on 29 November 2019 and led to 1743 excluded abstracts not meeting the inclusion criteria.
Additional 48 articles were excluded after unsuccessful attempt to contact the correspond-
ing author. For full text evaluation, 302 publications remained. In the course of full text
assessment, one additional article was identified through references of relevant systematic
reviews and meta-analyses. By mutual agreement, 154 studies were excluded and 36 case
reports were detected. The full text evaluation was completed on 25 April 2020 and resulted
in 113 included publications. The study selection process is shown in figure 3.

4.2 Quality assessment

The quality of 12 case-control studies, 37 cohort studies, 55 cross-sectional studies, 6 in-
terventional studies, and 3 meta-analyses was rated. Overall, a good quality was attributed
to 28 studies, fair quality to 82 studies, and 3 studies were considered as studies with poor
quality. The rating and quality score of each individual study were tabulated (table 18-23).
Since none of the predefined quality assessment tools was appropriate for the interventional
study by Garcia de la Torre et al., the study was rated by using a modified version of the
tool for quality assessment of controlled intervention studies.

4.3 Meta-analyses existing in the field

Of the 113 included studies, 3 publications were meta-analyses addressing our research
question. The results of the identified meta-analyses are summarized in table 2.

4.3.1 Birth outcomes

Among other birth-related outcomes, Chia et al. assessed the association between maternal
dietary patterns and SGA/FGR/LBW and preterm birth in a systematic review and meta-
analysis. The authors did not investigate one particular dietary pattern, but multiple healthy
dietary patterns characterized by high intakes of vegetables, fruits, wholegrains, low-fat
dairy, and lean protein foods including the Mediterranean diet. Pooling six observational
studies showed that women in the top tertile of healthy dietary patterns had a lower risk of
preterm birth compared to women in the bottom tertile [OR = 0.79; (0.68-0.91)]. The meta-
analysis of 10 observational studies showed a trend towards a lower risk of SGA/FGR/LBW
in women in the top tertile of healthy dietary patterns [OR = 0.86; (0.73-1.01)].

4.3.2 Asthma and wheezing
The systematic review and meta-analysis by Y Zhang et al. investigated the association be-

tween maternal adherence to the Mediterranean diet as well as Mediterranean diet adherence
in children and the risk of asthma and wheezing. There was an inverse association
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Table 2: Meta-analyses existing in the field

Author Exposure Outcome Studies Pooled estimate I
& year n (95% CI)
Chia maternal healthy preterm birth 6 OR =0.79 (0.68-091) 32%
2019 patterns SGA/FGR/LBW 10 OR =0.86 (0.73-1.01) 34%
Eaton animal source linear growth 5 difference in means =  99%
2019  food interven- 0.24 (-0.09-0.56)"
tion in children =~ weight gain 5 difference in means =  93%
0.22 (0.06-0.39)>
Zhang  MD pregnancy asthma 2 OR =1.01(0.94-1.09) 0%
2019 MD pregnancy wheeze 12 first 3 OR =0.92 (0.88-0.95) 0%
months
MD pregnancy current wheeze 3 OR =0.76 (0.45-1.29) 78%
MD childhood asthma 7 OR =0.87 (0.72-1.04) 72%
MD childhood severe asthma 2 OR =0.97 (0.89-1.06) 25%
MD childhood exercise- 1 OR=1.16(0.97-1.39) 0%
induced asthma
MD childhood wheeze in the 3 OR =0.51(0.37-0.70) 0%
history
MD childhood current wheeze 8 OR =0.97 (0.95-0.99) 4%
MD childhood atopic wheeze 3 OR =1.00(0.95-1.05) 0%

in childhood
CI = confidence interval; FGR = fetal growth restriction; HAZ = height-for-age z-score;
LAZ = length-for-age z-score; LBW = low birth weight; MD = Mediterranean diet; OR
= odds ratio; SGA = small for gestational age; WAZ = weight-for-age z-score

! linear growth assessed using HAZ/LAZ
2 weight gain assessed using WAZ

between Mediterranean diet adherence during pregnancy and the incidence of wheezing in
the first 12 months of life [OR = 0.92; (0.88-0.95)]. High Mediterranean diet adherence
during childhood was associated with a reduced incidence of wheezing in the history [(OR
= 0.51; 0.37-0.70)] and current wheeze [OR = 0.97; (0.95-0.99)]. Further meta-analyses
showed no significant relations between Mediterranean diet adherence during pregnancy
and any other end point (asthma, current wheeze) or Mediterranean diet adherence during
childhood and any other end point (asthma, severe asthma, exercise-induced asthma, atopic
wheeze).

4.3.3 Child growth

The Cochrane review by Eaton et al. examined the effectiveness of animal-source foods
compared to other feeding interventions or no intervention in improving growth and devel-
opmental outcomes in children aged 6 to 59 months. Meta-analyses were conducted for the
associations between animal-source food interventions and linear growth and weight gain
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including 5 studies per outcome. The analyses showed a higher weight gain in children
receiving an animal-source food intervention [difference in means = 0.22; (0.06-0.39)] and
no significantly higher linear growth [difference in means = 0.24 (-0.09-0.56)]. The authors
criticized the low quality of evidence and requested more adequately powered trials.

4.4 Plant-based diet during pregnancy and maternal outcomes

Twenty-two studies assessing the relation between maternal diet during pregnancy and one
of the predefined maternal outcomes met the inclusion criteria. The findings of the system-
atic reviews and meta-analyses of every outcome are described in detail in the following
sections. The listed effect sizes in the tables refer to the comparison of high vs low Mediter-
ranean diet adherence or vegetarian vs omnivorous diet, respectively.

4.4.1 Mediterranean diet and gestational diabetes

Figure 4: Forest plot for the association between Mediterranean diet adherence and GDM

Study name Statistics for each study High MD adherence / Total 0Odds ratio and 95% CI

Odds Lower Upper GDM GDM Relative

ratio limit limit + - weight
Assaf-Balut 2019 0.348  0.181  0.669 15/56 100/ 195 %1 6.51
Donazar-Ezcurra 2017 1.113 0.710 1.745 42/80 820/ 1646 9.46
Garcia de la Torre 2019 0.810 0.717  0.916 | | 15.07
H Al Wattar 2019 0.643 0471 0.878 84 /208 393 /766 T 11.97
Izadi 2016 0220 0.130 0371 —— 8.28
Karamanos 2014 0.653 0471  0.906 87/205 272/513 T 11.67
Olmedo-Requena 2019 0.921  0.646 1314 119/177  450/652 —— 11.14
Schoenaker 2015 0.522 0382 0714 65/184  1219/2384 —— 11.93
Tobias 2012 0712 0.583  0.870 1837404 5092 /9472 L 3 13.96

0.636 0512 0.791  595/1314 8346 /15628 et

0.1 02 0.5 1 2 5 10

Favours high MD adherence ~ Favours low MD adherence

Cochran’s Q Test I> = 79.18% (p = 0.00); Egger’s regression: p = 0.12

Nine studies evaluated the association between Mediterranean diet adherence and GDM.
The studies are summarized in table 3. A meta-analysis was conducted to generate a pooled
effect size of the detected publications. The study by Izadi et al. did not provide sufficient
data to create a fourfold table so that their computed OR was used in the meta-analysis.
Due to the interventional design of their study, Garcia de la Torre et al. calculated a RR to
present the effect of Mediterranean diet adherence on the risk of GDM. The RR was treated
as an OR in our analysis. In total, the analysis included 1444 participants with GDM and
16430 participants without GDM as well as 325 participants from the study by Izadi et al.
who can not be allocated to one of the groups for lack of data.

The meta-analysis resulted in a combined OR and 95% CI of 0.64 (0.51-0.79) (figure 4).
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Therefore a statistically significant association between a high Mediterranean diet adher-
ence and a lower risk of GDM was shown.

The included studies showed a high heterogeneity (Cochran’s Q Test I? = 79.18%, p =
0.00). No publication bias was detected (Egger’s regression: p = 0.12; appendix 4).
Sensitivity analysis showed no effect on the combined result to a large extent (data not
shown).

Table 3: Studies assessing the association between Mediterranean diet adherence and GDM

Author & year Design Outcome definition Effect size (95% CI)
Assaf-Balut 2019  cohort IADPSG criteria' OR =0.35 (0.18-0.67)
Donazar-Ezcurra cohort self-reported diagnosis, OR =1.11 (0.71-1.75)
2017 confirmed by medical
doctors
Garcia de 1a Torre  interventional IADPSG criteria+ WHO  RR = 0.81 (0.72-0.92)
2019 criteria’
H Al Wattar 2019  RCT IADPSG criteria’ OR =0.64 (0.47-0.88)
Izadi 2016 case-control  FG > 95 mg/dL or 1-h OR =0.22 (0.13-0.37)
post-prandial glucose >
140 mg/dL
Karamanos 2014 cohort IADPSG criteria’ OR =0.65 (0.47-0.91)
Olmedo-Requena  case-control NDDG criteria’ OR =0.92 (0.65-1.31)
2019
Schoenaker 2015  cohort self-reported diagnosis OR =0.52 (0.38-0.71)
Tobias 2012 cohort self-reported diagnosis OR =0.71 (0.58-0.87)

CI = confidence interval; FG = fasting glucose; IADPSG = International Association
of the Diabetes and Pregnancy Study Groups; NDDG = National Diabetes Data Group;
OR = odds ratio; RCT = randomized controlled trial; RR = risk ratio; WHO = World
Health Organization

! IADPSG criteria: fasting plasma glucose value > 5.1 mmol/L, or 2-hour values > 8.5 mmol/L following
a 75-g oral glucose tolerance test

2 WHO criteria: fasting plasma glucose value of 5.1-6.9 mmol/l, 2-hour plasma glucose 8.5-11.0 mmol/l
following a 75g oral glucose tolerance test

3 NDDG criteria: fasting plasma glucose value of 105 mg/dL; 1-hour value of 190 mg/dL; 2-hour value of
165 mg/dL; 3-hour value 145 mg/dL

4.4.2 Mediterranean diet and hypertensive disorders

The search produced four studies reporting on the association between maternal Mediter-
ranean diet adherence and hypertensive disorders during pregnancy (table 5).

The meta-analysis of the RCT by H. Al Wattar et al. and three cohort studies by Assaf-
Balut et al., Timmermans et al., and Schoenaker et al. showed that pregnant women with
high Mediterranean diet adherence had a lower OR for developing a pregnancy-induced
hypertension, but the result was not statistically significant [0.77; (0.48-1.23); figure 5].
The included studies showed a high heterogeneity (Cochran’s Q Test I2 = 69.72%, p =
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0.02). No publication bias was detected (Egger’s regression: p = 0.95; data not shown).

Removing one study at a time for sensitivity analysis showed that the association be-
came statistically significant when the study by H. Al Wattar et al. was removed [0.64;
(0.44-0.91)]. Being the only interventional study might be one reason for this result. The
intervention consisted of a dietary advice which can not be equated with a high adherence

to the Mediterranean diet.

Figure 5: Forest plot for the association between Mediterranean diet adherence and hyperten-
sive disorders

Study name Statistics for each study

Odds
ratio

Assaf-Balut 2019 0.326
H Al Wattar 2019 1.356
Timmermans 2011  0.821
Schoenaker 2015 0.542

0.765

Lower Upper

limit
0.066
0.807
0.557
0.388
0.478

limit
1.602
2.280
1.212
0.755
1.225

High MD adherence / Total Odds ratio and 95% CI
Hypertensive Hypertensive Relative
disorder + disorder - weight
2/9 113/242 7.18
34/61 518/1076 27.19
49/108 1014 /2017 31.82
58/157 1483 /2854 33.80

143 /335 3128/6189

0.1 02 05 1 2 5 10
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Cochran’s Q Test I> = 69.72% (p = 0.02); Egger’s regression: p = 0.95 (no publication

bias)

Table 5: Studies assessing the association between Mediterranean diet adherence and hyper-

tensive disorders

Author & year Design Outcome definition Effect size (95% CI)
Assaf-Balut 2019  cohort gestational hypertension:  OR =0.33 (0.07-1.60)
BP >140/90 mmHg after
20 GW
H Al Wattar 2019  RCT preeclampsia’ OR = 1.36 (0.81-2.28)
Timmermans cohort gestational hypertension:  OR =0.82 (0.56-1.21)
2011 BP >140/90 mmHg after
20 GW
Schoenaker 2015  cohort self-reported diagnosis OR =0.54 (0.38-0.76)

BP = blood pressure; CI = confidence interval; GW = gestational weeks; OR = odds
ratio; RCT = randomized controlled trial

I preeclampsia: onset of hypertension (BP >140/90 mmHg) and new onset proteinuria (spot urine protein
creatinine ratio > 30 mg/mmol or 24-hour urine protein > 300 mg or 2+ or more on urine dipstick) after 20

GW
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4.4.3 Mediterranean diet and gestational weight gain

The search produced three studies reporting on the association between Mediterranean diet
adherence and gestational weight gain (GWG). Due to significant differences in study de-
sign, a meta-analysis was not conducted. Details of the studies are summarized in table 6.
In a cross-sectional study by Koutelidakis et al. including 1432 mothers, moderate to high
Mediterranean diet adherence compared to low to very low Mediterranean diet adherence
before pregnancy was associated with a lower risk of excessive GWG [0.53; (0.42-0.66)].
In a RCT, KM Renault et al. evaluated the effect of a Mediterranean diet intervention and a
physical activity intervention or a physical activity intervention alone on GWG in 342 obese
pregnant women. The combined intervention of Mediterranean diet and physical activity re-
sulted in a RR of 0.73 (0.57-0.94) and the physical activity intervention alone resulted in a
RR of 0.86 (0.68-1.08) for an excessive GWG. In a cross-sectional study with 170 partic-
ipants by Silva-del Valle et al., women in the third tertile of Mediterranean diet adherence
also had a lower risk of excessively high weight gain compared to women in the first tertile
of Mediterranean diet adherence [OR = 0.82 (0.23-2.92)].

Even though it was not possible to conduct a meta-analysis due to the heterogeneity be-
tween the three studies, the results indicate that a high Mediterranean diet adherence might
be favorable for pregnant women to reduce the risk of excessive GWG.

Table 6: Studies assessing the association between Mediterranean diet adherence and gesta-
tional weight gain

Author & year Design Outcome definition Effect size (95% CI)

Koutelidakis 2018  cross- GWG outside the IOM OR =0.56 (0.45-0.69)
sectional recommendations’

Renault 2015 RCT GWG > 9kg RR =0.73 (0.57-0.94)

Silva-del Valle Cross- GWG > 9kg OR =0.82 (0.23-2.92)

2013 sectional

CI = confidence interval; GWG = gestational weight gain; IOM = Institute of Medicine;
OR = odds ratio; RCT = randomized controlled trial; RR = risk ratiol
I GWG outside the IOM recommendations: < 18.5 kg/m? (underweight): 12.7-18.1 kg, 18.5-24.9 kg/m?

(normal weight): 11.3-15.9 kg, 25.0-29.9 kg/m? (overweight): 6.8—11.3 kg, > 30 kg/m? (obese): 5.0-9.1
kg

4.4.4 Vegetarian diet and anemia in pregnant women

The search generated three studies evaluating the association between low meat consump-
tion or vegetarian diet and anemia during pregnancy (table 7). The study by Abriha et al.
including 619 Ethiopian pregnant women and the study by Baig-Ansari et al. including 1366
Pakistani women compared low meat eaters to women consuming meat on a regular basis.
Sharma et al. inspected 1150 Indian women for anemia with regard to being vegetarian or
eating halal meat.

The data of the three studies were pooled in a meta-analysis. No statistically significant
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effect could be shown [1.38 (0.86-2.23); appendix 5]. The included studies showed a mod-
erate heterogeneity (Cochran’s Q Test I2 = 54.79%, p = 0.11). No publication bias was
detected (Egger’s regression: p = 0.74; data not shown).

Due to the small number of studies, no sensitivity analysis was conducted.

Table 7: Studies assessing associations between vegetarian diet forms during pregnancy and
anemia in pregnant women

Author & year Design Outcome definition Effect size (95% CI)

Abriha 2014 cross-sectional Hb < 11 g/dl OR =2.43 (1.27-4.65)
Baig-Ansari 2008  cross-sectional Hb < 11 g/dl OR =1.17 (0.82-1.69)
Sharma 2003 cross-sectional Hb < 11 g/dl OR =0.99 (0.49-1.99)

CI = confidence interval; Hb = hemoglobin; OR = odds ratio

4.4.5 Vegetarian diet and gestational diabetes

Two cohort studies and one cross-sectional study were found that reported on the relation
between adherence to a vegetarian diet during pregnancy and GDM (table 8).

The identified studies used different criteria for diagnosing GDM. Moreover, the exposures
differed between studies. Jali et al. included 325 Indian women and compared vegetarians
to non-vegetarians. Mak et al. assessed the adherence to a plant-based dietary pattern in
1337 Chinese pregnant women, whereas Mari-Sanchis et al. compared the lowest quartile
to the highest quartile of meat consumption in 3298 Spanish women.

A meta-analysis was conducted to generate a pooled estimate of the single results. No sta-
tistically significant effect could be shown [0.63 (0.31-1.28); appendix 6]. The included
studies showed a high heterogeneity (Cochran’s Q Test I = 86.11%, p = 0.00). No publi-
cation bias was detected (Egger’s regression: p = 0.20; data not shown).

Table 8: Studies assessing associations between vegetarian diet forms during pregnancy and
gestational diabetes mellitus

Author & year Design Outcome definition Effect size (95% CI)

Jali 2011 Cross- WHO criteria' OR =0.31 (0.17-0.58)
sectional

Mak 2018 cohort IADPSG criteria” OR =1.17 (0.81-1.69)

Mari-Sanchis cohort self-reported diagnosis OR =0.61 (0.40-0.94)

2018

CI = confidence interval; IADPSG = International Association of the Diabetes and Preg-
nancy Study Groups; OR = odds ratio; WHO = World Health Organization

! WHO criteria: fasting plasma glucose value of 5.1-6.9 mmol/l, 2-hour plasma glucose 8.5-11.0 mmol/l
following a 75g oral glucose tolerance test

2 TADPSG criteria: fasting plasma glucose value > 5.1 mmol/L, or 2-hour values > 8.5 mmol/L following
a 75-g oral glucose tolerance test
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4.4.6 Vegetarian diet and other pregnancy-related outcomes

The maternal outcomes with a low number of available studies are summarized in table 9.
The search generated one study dealing with the association between maternal vegetarian
diet during pregnancy and excessive GWG. The US American cohort study by Stuebe et al.
included 1388 pregnant women. Compared to omnivorous women, women who followed
a vegetarian diet during first trimester of pregnancy had a lower risk of excessively gain-
ing weight during pregnancy [OR = 0.45; (0.27-0.76)]. A vegetarian diet during second
semester was not associated with a significantly lower risk of excessive GWG [OR = 0.70;
(0.40-1.20)].

The case-control study by Kaur et al. assessed the association between maternal vegetarian
diet and pregnancy-induced hypertension. Women suffering from pregnancy induced hy-
pertension were more likely to be vegetarian [OR = 2.54; (1.76-3.67)].

The search yielded one study by Santos Vaz et al. investigating the relation between fol-
lowing a vegetarian diet and anxiety during pregnancy. In the cohort study including 9530
British women, vegetarians showed an increased likelihood of high anxiety symptoms [OR
=1.25; (1.08-1.45)].

Table 9: Studies assessing associations between vegetarian diet forms during pregnancy and
gestational weight gain, hypertensive disorders, and neuropsychiatric symptoms

Author & year Design Outcome definition Effect size (95% CI)

Gestational weight gain

Stuebe 2009 cohort GWG outside the IOM OR = 0.45 (0.27-0.76)?
recommendations! OR = 0.70 (0.40-1.20)°

Hypertensive disorders
Kaur 2013 case-control BP > 140/90 + OR =2.54 (1.76-3.67)
significant proteinuria

Neuropsychiatric symptoms
Santos Vaz 2013 cohort anxiety symptoms during  OR = 1.25 (1.08-1.45)
pregnancy

BP = blood pressure; CI = confidence interval; GWG = gestational weight gain;, IOM

= Institute of Medicine; OR = odds ratio

I GWG outside the IOM recommendations: < 18.5 kg/m? (underweight): 12.7-18.1 kg, 18.5-24.9 kg/m?
(normal weight): 11.3-15.9 kg, 25.0-29.9 kg/m? (overweight): 6.8-11.3 kg, > 30 kg/m? (obese): 5.0-9.1
k

2 Vggetarian diet during first trimester of pregnancy

3 vegetarian diet during second trimester of pregnancy
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4.5 Plant-based diet during pregnancy and outcomes in the child

Twenty-nine studies assessing the relation between maternal diet during pregnancy and one
of the predefined outcomes in the child met the inclusion criteria. The findings of the sys-
tematic reviews and meta-analyses of every outcome are described in detail in the following
sections.

4.5.1 Mediterranean diet and preterm delivery

The search identified six studies reporting on the association between maternal Mediter-
ranean diet adherence and preterm delivery which are summarized in table 9. All the authors
defined the outcome preterm delivery as delivery before 37 weeks of gestation. Only Smith
et al. defined late and moderately preterm delivery as birth after 32 and before 37 weeks
of gestation. Carmichael et al. assessed the maternal Mediterranean diet adherence during
the year before pregnancy whereas the remaining studies assessed the Mediterranean diet
adherence during pregnancy.

The meta-analysis of the six studies resulted in a statistically significant combined OR and
95% CI of 0.73 (0.59-0.92) (figure 6). From this result can be deduced that compared to
a low Mediterranean diet adherence, pregnant women with high Mediterranean diet adher-
ence had a 42% lower probability for preterm delivery. The included studies showed a low
heterogeneity (Cochran’s Q Test I? = 12.78%, p = 0.33). No publication bias was detected
(Egger’s regression: p = 0.14; appendix 7).

Sensitivity analysis showed no considerable effect when removing one study at a time (data
not shown).

Figure 6: Forest plot for the association between Mediterranean diet adherence and preterm

delivery

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Preterm  Preterm Relative

ratio limit  limit delivery + delivery - weight
Assaf-Balut 2019  0.058  0.003  1.009 0/9 1157242 0.61
Carmichael 2013 0.780  0.605  1.006 126/261 1469 /2697 4 46.68
Haugen 2008 0.713  0.337 1.513 26/36 543 /692 8.19
Mikkelsen 2008  0.794  0.495 1.271 49/78 1088/1599 o 18.84
Saunders 2014 0.893 0.499 1.599 35/56 237/364 I 13.04
Smith 2015 0.482 0.266 0.871 889/922  951/968 — 12.65

0.732  0.586 0.915 1125/ 1362 4403 / 6562 4
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Cochran’s Q Test 1> = 12.78% (p = 0.33); Egger’s regression: p = 0.14 (no publication
bias)
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Table 9: Studies assessing the association between Mediterranean diet adherence and preterm

delivery
Author & year Design Outcome definition Effect size (95% CI)
Assaf-Balut 2019 cohort preterm delivery: birth OR =0.06 (0.00-1.01)
before 37 GW
Carmichael 2013 Cross- preterm delivery: birth OR =0.78 (0.61-1.01)
sectional before 37 GW
Haugen 2008 cohort preterm delivery: birth OR =0.71 (0.34-1.51)
before 37 GW
Mikkelsen 2008 cohort preterm delivery: birth OR =0.79 (0.50-1.27)
before 37 GW
Saunders 2014 cohort preterm delivery: birth OR =0.89 (0.50-1.60)
before 37 GW
Smith 2015 case- preterm delivery: birth OR =0.48 (0.27-0.87)
cohort after 32 and before 37
GW

CI = confidence interval; GW = gestational weeks; OR = odds ratio

4.5.2 Mediterranean diet and small for gestational age, intrauterine growth
retardation, fetal growth restriction and low birth weight

The search generated ten individual studies reporting on potential associations between ma-
ternal Mediterranean diet adherence and small for gestational age (SGA) infants, intrauter-
ine growth retardation (IUGR), fetal growth restriction (FGR) or low birth weight (LBW)
(table 10). The authors defined their outcome as a birth weight below the tenth percentile of
the reference population with the exception of Monteagudo et al. (gestational age-adjusted
birth weight below percentile 2.3 in the study cohort) and Timmermans et al. (birth weight
below 2500 g). Five studies provided sufficient data to create fourfold tables. In other cases,
the ORs computed by the authors were extracted. The publications by Chatzi et al. and Poon
et al. supplied RRs that were treated as ORs in the analysis. A meta-analysis was conducted
pooling eight studies after exclusion of the studies by Gémez Roig et al. and Peraita-Costa
et al. due to asymmetric CIs. Their results are presented separately in narrative form.
Combining the results led to a pooled estimate and 95% CI of 0.87 (0.58-1.31) (appendix
8). The included studies showed a high heterogeneity (Cochran’s Q Test I? = 70.94%, p =
0.00). No publication bias was detected (Egger’s regression: p = 0.62; appendix 8).
Sensitivity analysis indicated no significant impact of one study when removing one study
at a time (data not shown).

The studies, that could not be included in the meta-analysis, showed varying results. Gémez
Roig et al. assessed differences in dietary habits between pregnant women with SGA fe-
tuses and those with appropriate for gestational age (AGA) fetuses. Examining the data of
46 mothers with SGA and 81 mothers with AGA fetuses showed that women following a
Mediterranean diet were more likely to have an AGA fetus (p < 0.05). Peraita-Costa et al.
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investigated the association between maternal Mediterranean diet adherence during preg-
nancy and the risk of SGA fetuses in a cross-sectional study of 492 Spanish mothers. Their
findings indicated that newborns of women with low Mediterranean diet adherence had a
higher risk of being SGA when adjusting for parental BMI and multiple gestation, but not
when adjusting for all confounders.
In total, the results of the meta-analysis and the single studies show that there is no clear
relation between maternal Mediterranean diet adherence and the risk of giving birth to SGA
children. Nevertheless, the findings implicate a slight trend towards a protective effect of
the Mediterranean diet.

Table 10: Studies assessing the association between Mediterranean diet adherence and SGA,
FGR, IUGR and LBW

Author & year

Design

Outcome definition

Effect size (95% CI)

Assaf-Balut 2019

cohort

BW < 10th percentile

OR =0.05 (0.00-0.81)

Chatzi 2012

cohort

BW < 10th percentile

RR =0.97 (0.42-2.25)!
RR = 0.50 (0.28-0.90)?
RR = 1.96 (0.90-4.26)°

Gomez Roig
2017

cross-sectional

BW < 10th percentile

OR =0.18 (0.07-0.50)

H Al Wattar 2019

RCT

BW < 10th percentile

OR =0.78 (0.53-1.14)

Martinez-Galiano
2018

case-control

BW < 10th percentile

OR =0.85 (0.50-1.44)

Monteagudo
2016

cohort

BW < 2500 g

OR =6.16 (1.44-26.40)

Peraita-Costa
2018

cross-sectional

BW < 10th percentile

OR =1.03 (0.43-2.00)

Poon 2013

cohort

BW < 10th percentile

RR =0.94 (0.48-1.83)

Saunders 2014

cohort

BW < 10th percentile

OR =1.34 (0.72-2.50)

Timmermans
2012

cohort

BW < 2.3 percentile
of study population

OR =0.35 (0.20-0.60)

BW = birth weight;, CI = confidence interval; OR = odds ratio; RCT = randomized
controlled trial; RR = risk ratio

I INMA Atlantic cohort

2 INMA Mediterranean cohort

3 RHEA cohort

4.5.3 Mediterranean diet and birth defects

Four of the identified studies assessed the association between maternal Mediterranean diet
adherence and birth defects. Due to a lack of studies reporting on the same outcome, a
meta-analysis was not performed. Key points of the studies are summarized in table 11.
In their case-control study including 9885 cases and 9468 controls, Botto et al. evaluated the
association between maternal Mediterranean diet adherence and congenital heart defects.
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No significantly lower OR was observed neither for conotruncal [0.98; (0.84-1.14)] nor for
septal defects [0.93; (0.82-1.06)] comparing the highest to the lowest quartile of maternal
Mediterranean diet adherence. Carmichael et al. investigated the association between mater-
nal Mediterranean diet adherence and hypospadias in their offspring in a case-control study
with 1250 cases and 3118 controls. This study showed that there was no significant relation
between maternal high Mediterranean diet adherence and the occurrence of hypospadias
[0.9; (0.7-1.1)]. Another case-control study by Carmichael et al. assessed the association
between maternal Mediterranean diet adherence and anencephaly and spina bifida including
291 anencephaly cases, 645 spina bifida cases, and 6147 controls. The authors showed that
a high Mediterranean diet adherence was associated with a significantly lower risk of anen-
cephaly [0.64; (0.45-0.92)] but not of spina bifida [0.88; (0.68-1.13)]. The fourth identified
case-control study assessed the connection between maternal Mediterranean diet adherence
and the occurrence of spina bifida. Vujkovic et al. analyzed data of 50 cases and 81 controls
resulting in an OR of 0.4 (0.2-1.1) for high versus low Mediterranean diet adherence.

Table 11: Studies assessing the association between Mediterranean diet adherence birth de-

fects

Author & year Design Outcome definition Effect size (95% CI)

Botto 2016 case-control  conotruncal CHDs OR =0.98 (0.84-1.14)
septal CHDs OR = 0.93 (0.82-1.06)

Carmichael 2012a  case-control  hypospadias OR =0.9 (0.7-1.1)

Carmichael 2012b  case-control anencephaly OR =0.64 (0.45-0.92)
spina bifida OR =0.88 (0.68-1.13)

Vujkovic 2009 case-control  spina bifida OR =04 (0.2-1.1)

CHD = congenital heart defect; CI = confidence interval; OR = odds ratio

4.5.4 Vegetarian diet and small for gestational age, intrauterine growth
retardation, fetal growth restriction and low birth weight

The search generated seven studies investigating potential associations between maternal
vegetarian diet and SGA infants, [IUGR, FGR or LBW. The exposure was defined as veg-
etarian diet by all authors apart from Zulyniak et al. who used a plant-based pattern and
Ibanez et al. who compared low to high maternal meat consumption. The majority of the
articles defined the outcome as birth weight below the tenth percentile of the reference pop-
ulation or birth weight below 2500 g, whereas Kaur et al. investigated IUGR as fetal weight
below 500 g and placental insufficiency. A meta-analysis was performed to combine the ex-
tracted data in a pooled estimate. The studies by Grieger et al. and Zulyniak et al. were not
included in the analysis because they calculated their ORs per one-standard deviation (SD)-
increase and per one-unit-increase in dietary pattern adherence, respectively.

Combining the results of the single studies led to a pooled estimate of 0.97 (0.55-1.71) (ap-
pendix 9). The studies showed a high heterogeneity (Cochran’s Q Test I? = 77.42%, p =
0.00). No publication bias was found (Egger’s regression: p = 0.42; appendix 9).

37



4 Results

Sensitivity analysis indicated no significant impact of one study when removing one study
at a time (data not shown).

The studies that were not included in the meta-analysis demonstrated similar results.
Grieger et al. performed a cross-sectional study including 309 Australian mothers. Their
aim was to identify relations between maternal dietary patterns in the 12 months before
conception and fetal growth. A one-SD-increase in adherence to the vegetarian dietary pat-
tern was associated with a higher risk of having a SGA fetus [OR = 1.08; (0.78-1.48)].
Zulyniak et al. recruited 3997 Canadian pregnant women for their cohort study with the
objective to detect links between maternal diet and birth weight. Ethnically stratified anal-
yses showed that among white Europeans, a one-unit-increase in maternal adherence to the
plant-based pattern was associated with a higher risk of SGA fetuses [OR = 1.46; (1.08-
1.54)].

Overall, the results of the meta-analysis and the single studies show no correlation between
a vegetarian diet during pregnancy and an increased risk of SGA, IUGR, FGR or LBW.

Table 12: Studies assessing the association between vegetarian diet and SGA, IUGR, FGR and

LBW

Author & year Design Outcome definition Effect size (95% CI)

Fikree 1994 cohort BW < 10th percentile OR =0.35 (0.18-0.70)
Grieger 2014 cross-sectional BW < 10th percentile OR =1.08 (0.78-1.48)
Ibanez 2019 cross-sectional BW < 10th percentile OR =1.15 (0.78-1.70)
Kaur 2013 case-control fetal weight < 500 g + OR =1.90 (1.22-2.95)

placental insufficiency

Koirala 2015 cross-sectional BW <2500 g OR =1.33 (0.53-3.36)
Misra 2015 cohort BW <2500 g OR =0.72 (0.30-1.67)
Zulyniak 2017 cohort BW < 10th percentile OR =1.46 (1.08-1.54)

BW = birth weight, CI = confidence interval; OR = odds ratio

4.5.5 Vegetarian diet and birth defects

Four articles assessing the association between maternal vegetarian diet and the develop-
ment of congenital malformations in their offspring were included (table 13).

Two case-control studies and one cohort study investigated the potential relation between
maternal vegetarian diet and hypospadias. Akre et al. included 719 Swedish and Danish
mother-infant pairs in their case-control study. Carmichael et al. contrasted the diet before
pregnancy of 1250 US American case mothers and 3118 controls. The cohort study by
North et al. including 6296 British mothers also assessed the risk of hypospadias.

A meta-analysis was conducted to generate a pooled estimate. The result signaled that
children of mothers who did not consume meat might be at higher risk to be born with
hypospadias, but the result was not statistically significant [1.88 (0.70-5.08); appendix 10].
The included studies showed a high heterogeneity (Cochran’s Q Test I2 = 78.24%, p =
0.01). No publication bias was detected (Egger’s regression: p = 0.33; data not shown).
Due to the small number of studies, no sensitivity analysis was conducted.
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J Yang et al. investigated the association between maternal vegetarian diet and the risk of
congenital heart defects in a case-control study including 1422 Chinese mothers and their
offspring (474 cases, 948 controls). A high adherence to a vegetarian diet pattern was asso-
ciated with an increased likelihood of congenital heart defects [OR = 1.56; (1.13-2.15)].

Table 13: Studies assessing the association between vegetarian diet and birth defects

Author & year Design Outcome definition Effect size (95% CI)

Akre 2008 case-control  hypospadias OR =2.65 (1.10-6.39)
Carmichael 2012 case-control  hypospadias OR =0.75 (0.37-1.53)
North 2000 cohort hypospadias OR =3.58 (1.58-8.09)
Yang 2019 case-control CHDs OR =1.56 (1.13-2.15)

CHD = congenital heart defect; CI = confidence interval; OR = odds ratio

4.5.6 Vegetarian diet and preterm delivery

One study investigating the relation between maternal vegetarian diet and preterm delivery
was found. The cross-sectional analysis of 309 Australian mothers by Grieger et al. indi-
cated that there was no significant association between preterm delivery (birth before 37
weeks of gestation) and an increase in adherence to the vegetarian dietary pattern per one
SD [OR = 1.08; (0.74-1.57)].

4.6 Plant-based diet during childhood and outcomes in children

Sixty-one studies assessing the relation between maternal diet during pregnancy and one of
the predefined outcomes in the child met the inclusion criteria. The findings of the system-
atic reviews and meta-analyses of every outcome are described in the following sections.

4.6.1 Mediterranean diet and asthma and wheezing

The search produced ten studies and one meta-analysis reporting on the association be-
tween Mediterranean diet adherence during pregnancy or childhood and asthma symptoms
in children (table 14). Only three studies provided sufficient data to create a fourfold ta-
ble. In other cases, the ORs and RRs computed by the authors were used for meta-analysis.
Since Garcia-Marcos et al. and Grigoropoulou et al. did not compare high Mediterranean
diet adherence with low adherence, but a continuous one-point-increase of the diet score to
calculate an effect size, their results were not combined with the other studies. Gonzalez
Barcala et al. presented their results of two different age groups divided into boys and girls
separately. Both groups were included in the analysis. Studies with a patient collective aged
three years or younger assessed maternal Mediterranean diet adherence during pregnancy
whereas studies with older participants assessed the children’s diet. Furthermore, there was
a certain heterogeneity of asthma and wheezing definitions.
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The meta-analysis including eight studies resulted in a statistically significant combined
effect size and 95% CI of 0.82 (0.68-0.97) (appendix 12). The studies showed a high het-
erogeneity (Cochran’s Q Test I = 70.50%, p = 0.00). Moreover, a potential publication
bias was detected (Egger’s regression: p = 0.03). After applying Duval and Tweedie’s trim
and fill method the combined effect size shifted to 0.92 (0.75-1.12) (appendix 12).

In the sensitivity analysis the pooled estimate lost its statistical significance when removing
Lange et al. or Pellegrini-Belinchon et al. from the analysis (data not shown).

The studies that could not be included in the analysis showed similar results. In their cross-
sectional study, Garcia-Marcos et al. spoke of an OR of 0.97 (0.92-1.01) for current occa-
sional asthma in girls and an OR of 0.98 (0.95-1.04) for current occasional asthma in boys
per one-point-increase of Mediterranean diet score. Grigoropoulou et al. reported on an
OR of 0.84 (0.77-0.91) per one-point-increase of Mediterranean diet score in Greek school
children.

In total, the results of our meta-analysis and the single studies indicate that there might be a
protective effect of the Mediterranean diet on developing asthma or wheezing, but no firm
conclusions can be drawn.

Table 14: Studies assessing the association between Mediterranean diet and asthma and
wheezing

Author & year Design Outcome definition Effect size (95% CI)

Castro-Rodriguez
2008

cross-sectional

current wheezing

OR = 0.54 (0.33-0.88)

Castro-Rodriguez cohort current wheezing OR =0.85 (0.51-1.40)
2016

Chatzi 2008 cohort persistent wheezing OR =0.46 (0.10-2.14)
Chatzi 2013 cohort wheezing ever RR =0.97 (0.76-1.23)
de Batlle 2008 cross-sectional asthma ever OR =0.61 (0.37-1.00)

Garcia-Marcos
2007

cross-sectional

current wheezing

OR =0.97 (0.92-1.01)"
OR = 0.98 (0.95-1.04)?

Gonzalez Barcala
2010

cross-sectional

asthma ever

OR =0.98 (0.82-1.71)°
OR = 1.02 (0.85-1.23)*
OR =0.93 (0.70-1.24)°
OR = 1.20 (0.94-1.53)°

Grigoropoulou
2011

cross-sectional

asthma symptoms

OR = 0.84 (0.77-0.91)

Lange 2010

cohort

recurrent wheezing

OR = 0.64 (0.43-0.95)

Pellegrini-
Belinchon 2016

cross-sectional

recurrent wheezing

OR = 0.43 (0.30-0.62)

CI = confidence interval; OR = odds ratio; RR = risk ratio

1 boys
2 girls
3 boys 6-7 years old
4 girls 6-7 years old

> boys 13-14 years old
6 girls 13-14 years old
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4.6.2 Mediterranean diet and anthropometrics

The studies examining the association between Mediterranean diet adherence in children
and anthropometrics were divided into three groups of outcomes: overweight and obesity,
BMI and its z-score, and studies that monitored child growth over a certain period of time.
Basic data and effect sizes are summarized in table 15.

Table 15: Studies assessing the association between Mediterranean diet adherence and anthro-
pometrics in children and adolescents

Author & year Design Outcome definition Effect size (95% CI)

Overweight and obesity

Antonogeorgos Cross- overweight/obesity: OR =0.77 (0.46-1.30)

2013 sectional TOTF cut-off values!

Archero 2018 Cross- overweight/obesity: OR =0.92 (0.48-1.78)
sectional  IOTF cut-off values'

Bacopoulou 2017  interven- overweight: IOTF cut-off  20.5% overweight before,

values! 18.5% after intervention
tional obesity: IOTF cut-off 5.7% obese before, 5.5%
values! after intervention

Esfahani 2016 Cross- obesity: weight > 95th OR =0.48 (0.15-0.80)
sectional percentile

Fernandez-Barres  cohort overweight/obesity: BMI ~ OR = 1.08 (0.85-1.38)

2016 z-score > 85th percentile

Lazarou 2010 Cross- obesity: IOTF cut-off OR =0.33 (0.12-0.95)
sectional  values'

Mistretta 2017 Cross- overweight/obesity: OR =0.72 (0.50-1.04)
sectional IOTF cut-off values'

Muros 2017a Cross- overweight/obesity: OR =0.03 (0.00-0.22)
sectional  IOTF cut-off values!

Rosi 2017 Cross- overweight/obesity: OR =1.02 (0.56-1.89)
sectional IOTF cut-off values'

Tambalis 2018 Cross- obesity: IOTF cut-off OR =0.87 (0.82-0.92)
sectional  values'

OR =0.89 (0.83-0.96)

Tognon 2014 Cross- overweight/obesity: OR =0.83 (0.76-0.91)
sectional  IOTF cut-off values!

Voltas 2016 Cross- overweight/obesity: OR =0.94 (0.25-3.52)
sectional  IOTF cut-off values'

BMI

Chatzi 2017 cohort BMI z-score B=-0.13 [-0.24-(-0.01))?

B =-0.13 [-0.28-(-0.02)]°

Farajian 2011 Cross- mean BMI difference in means =
sectional 0.00 (-0.56-0.56) kg/m2

Galan-Lopez Cross- mean BMI difference in means*= -

2018 sectional 2.49[-4.18-(-0.80)] kg/m?
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difference in means=

-0.33 (-1.86-1.20) kg/m?

Goni 2018 Cross- BMI z-score B =-0.011 (p=0.676)
sectional
Jennings 2011 Cross- BMI z-score B =-0.03 (SE=10.03)
sectional
Julian 2018 Cross- mean BMI difference in means =
sectional 0.20 (-0.81-1.21) kg/m?
Kontogianni 2008  cross- mean BMI difference in means =
sectional -0.60 (-1.51-0.31) kg/m?
Monjardino 2014  cross- mean BMI difference in means*=
sectional -0.40 (-1.01-0.28) kg/m2
mean BMI difference in means’=
-0.30 (-0.96-0.36) kg/m?
Muros 2017b Cross- mean BMI difference in means =
sectional -2.73 [-5.44-(-0.02)]
kg/m?
Child growth
Fernandez- cohort BMI trajectories6 RR =0.68 (0.47-0.99)
Barres 2019 BMI trajectories7 RR =0.98 (0.74-1.28)
BMI trajectories8 RR =0.91 (0.64-1.28)
BMI trajectories’ RR =0.79 (0.55-1.12)
Martin-Calvo cohort BMI change B =-0.30 [-0.40-(-0.20)]
2016
Poon 2013 cohort weight-for-length z-score B =0.06 (-0.03-0.14)
change
Wolters 2018 cohort BMI gains >75th per- OR =0.92 (0.47-1.79)

centile during primary
school

B = regression coefficient; BMI = body mass index; CI = confidence interval; IOTF =
International Obesity Task Force; OR = odds ratio; RR = risk ratio; SE = standard error

! The IOTF provides tables defining BMI cut-off values for overweight and obesity adjusted for sex and age

in months
2 VIVA cohort
3 RHEA cohort
4 boys
5 girls

6 Jarger birth size with subsequent accelerated BMI gain
7 larger birth size with subsequent slower BMI gain
8 smaller birth size with subsequent accelerated BMI gain

9

smaller birth size with subsequent slower BMI gain
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Overweight and obesity

Twelve studies assessed the association between children’s Mediterranean diet adherence
and overweight and obesity. A meta-analysis was conducted to generate a pooled estimate
including ten studies. The publications by Bacopoulou et al. and Esfahani et al. were not
combined with the other studies due to their divergent effect sizes. Since Tambalis et al.
presented their results in subgroups of boys and girls, both groups were included separately.
Six studies provided sufficient data to create fourfold tables. In other cases, the ORs com-
puted by the authors were used. The analysis included data of more than 350000 children
and adolescents.

Combining the results of the single studies led to a pooled estimate of 0.87 (0.79-0.94) (fig-
ure 7). The studies showed a moderate heterogeneity (Cochran’s Q Test I2 = 50.54%, p =
0.03). No publication bias was found (Egger’s regression: p = 0.22) (appendix 11).
Sensitivity analysis did not affect the combined result considerably, but the CI widened
clearly when removing the studies by Tambalis et al. or Tognon et al. due to their large
study population (data not shown).

The findings of the publications reporting on overweight and obesity that had to be ex-
cluded from the meta-analysis are compatible with the pooled estimate. In their pre-post
interventional study, Bacopoulou et al. provided an educational intervention regarding nu-
trition according to the principles of Mediterranean diet, regular physical activity, healthy
body image, and healthy eating behaviors to 1032 Greek high schoolers. Before the in-
tervention 20.5% of the children were overweight and 5.7% were obese, whereas after the
intervention only 18.5% were overweight and 5.5% were obese (p = 0.03). Esfahani et al.
assessed the relation between Mediterranean diet adherence and overweight and obesity in
840 Iranian high schoolers. Comparing the 4th with the 1st quartile of Mediterranean diet
adherence the students following a Mediterranean diet had a lower risk for overweight and
obesity [OR = 0.65; (0.37-0.93); OR = 0.48; (0.15-0.80)].

Overall, the Mediterranean diet showed a protective effect on the development of over-
weight and obesity in children and adolescents.

Body mass index

Ten studies investigated the association between Mediterranean diet adherence and mean
body mass index (BMI) or its z-score of children and adolescents. The studies having mean
BMI as their outcome were pooled in a meta-analysis and the difference in means was
calculated. Data of 4244 study participants were included in the analysis.

The meta-analysis resulted in a difference in means of -0.42 (-0.86-0.02) kg/m? compar-
ing children and adolescents with high Mediterranean diet adherence to ones with low
adherence (appendix 13). The studies showed a low heterogeneity (Cochran’s Q Test I
=42.09%, p = 0.01). A potential publication bias was detected (Egger’s regression: p =
0.04). Applying Duval and Tweedie’s trim and fill the pooled effect estimate changed to
-0.23 (-0.78-0.32) kg/m2 (appendix 13).

In the sensitivity analysis the pooled estimate did not change considerably when one study
was removed from the analysis (data not shown).

The studies having children’s BMI z-scores as their outcome could not be pooled in a
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Figure 7: Forest plot for the association between Mediterranean diet adherence and over-
weight and obesity in children

Study name Statistics for each study High MD adherence / Total Odds ratio and 95% CI

Odds Lower Upper  Overweight/Obesity Overweight/Obesity Relative

ratio limit  limit + - weight
Antonogeorgos 2013 0.770 0455 1.304 2.47
Archero 2018 0923 0480 1.775 23/44 108 /199 1.64
Fernandez-Barres 2016  1.080  0.845  1.381 el 8.89
Lazarou 2010 0330 0.115 0.950 4/75 44/302 0.65
Mistretta 2017 0.718 0497 1.036 71/344 791297 ™ 4.71
Muros 2017 0.029  0.004 0.220 69/117 49/50 0.18
Rosi 2017 1.022  0.555 1.884 70/88 175/221 T 1.87
Tambalis 2018 I 0.868 0.822 0.917 1 28.71
Tambalis 2018 1T 0.893  0.831 0.959 26.53
Tognon 2014 0.830  0.759  0.908 u 23.94
Voltas 2016 0938 0.250 3.521 3/19 20/120 0.42

0.865 0.793  0.942 240/ 687 475/ 1189 ¢

0.1 02 0.5 1 2 5 10

Favours high MD adherence ~ Favours low MD adherence

Cochran’s Q Test 1> = 50.54% (p = 0.03); Egger’s regression: p = 0.24 (no publication
bias)

meta-analysis due to lack of data. In their cross-sectional analysis, Goni et al. assessed
the association between Mediterranean diet adherence and BMI z-score of 619 Spanish
preschoolers in a linear regression. No statistically significant association could be shown
(B=-0.011; p=0.676). Chatzi et al. inspected data of 997 children from the US American
VIVA cohort and 569 children from the Greek RHEA cohort for relations between Mediter-
ranean diet adherence and BMI z-scores. They pooled the data of both cohorts resulting in a
regression coefficient B of -0.13; [-0.13-(-0.12)] per three-point-increase in Mediterranean
diet score. Jennings et al. examined the association between Mediterranean diet adherence
and BMI z-score in 1700 British school children. Their findings indicated that there was no
significant reduction in BMI z-score per one-standard-deviation-increase in Mediterranean
diet score (8 =-0.03; p > 0.05).

In sum, the results of the meta-analysis and the single studies show a trend towards a lower
BMI and a lower BMI z-score in children following a Mediterranean diet.

Child growth

Four studies assessed the relation between Mediterranean diet adherence and child growth
over a certain period of time. In consequence of insufficient data and different effect sizes,
no meta-analysis was conducted.

Fernandez-Barres et al. evaluated the association between maternal adherence to the
Mediterranean diet during pregnancy and their offspring’s longitudinal BMI development
in 2195 mother-child pairs. The findings indicated that high Mediterranean diet adherence
during pregnancy was associated with a lower risk of larger birth size, followed by accel-
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erated BMI gain compared to the reference trajectory group (children with average birth
size and subsequent slower BMI gain). No significant relations were observed for other
predefined growth trajectories. Martin-Calvo et al. prosecuted the change in Mediterranean
diet adherence and BMI over 7 years of follow-up in 3942 US American children. A signif-
icantly lower BMI two-year-increase comparing the fourth quartile of Mediterranean diet
adherence with the first quartile [ = -0.30; -0.40-(-0.20)] was observed. The third study by
Wolters et al.found no significantly lower risk for excessive gains in BMI was found [OR =
0.92; (0.47-1.79)] analyzing data of 298 German children.

In their cohort study, Poon et al. observed the changes in weight-for-length z-score in 426
infants from 4 to 6 months of life. In this period of time, no significant association between
maternal Mediterranean diet adherence and child growth was detected.

All in all, and despite some discrepancies in the results, the findings indicate that a high
Mediterranean diet adherence leads to a lower risk for overweight and obesity and a lower
mean BMI in children and adolescents.

4.6.3 Mediterranean diet and cognitive functions

The search generated six studies evaluating the association between Mediterranean diet ad-
herence and cognitive functions in children. Due to the broad definition of cognitive func-
tions, the outcomes of the identified studies varied substantially, so that a meta-analysis was
not conducted and the results were reviewed in the following paragraph and summarized in
table 15.

In a cross-sectional study, Chacon-Cuberos et al. assessed the relation between Mediter-
ranean diet adherence and several parameters for cognitive functions in 1059 Spanish high
schoolers. Their results showed no significant association between Mediterranean diet ad-
herence and anxiety or value of task, whereas significant positive associations (p < 0.001)
between Mediterranean diet adherence and elaboration strategies, organizational strategies,
critical thinking, self-regulation, time and study habits, self-regulation of effort, and goals
of intrinsic orientation were found.

House et al. conducted a cohort study in the USA with 325 mother-infant pairs to evaluate
the association between maternal periconceptional Mediterranean diet adherence and social
and emotional scores in the second year of life. The offspring of women with high Mediter-
ranean diet scores had decreased odds for atypical behaviors, for maladaptive behaviors,
and for an index of autism spectrum disorder behaviors. Moreover, they were less likely to
exhibit depressive and anxiety behaviors and showed increased odds for social relatedness
behaviors in comparison to children of low Mediterranean diet adherence mothers.
Henriksson et al. investigated the association of dietary patterns with attention capacity in
384 European adolescents. No significant connection between Mediterranean diet adher-
ence per one-unit-increase and attention capacity was detected.

The cohort study by Haapala et al. assessed the association between Mediterranean diet
adherence and academic achievement in Finnish school children from grade one to three.
Only one positive relation was found between Mediterranean diet adherence and reading
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Table 15: Studies assessing the association between Mediterranean diet and cognitive functions

Author & year Design Outcome definition Effect size (95% CI)
Chacon-Ruberos  cross- elaboration strategies 4.10 £ 0.90 vs 3.53 £ 1.28
2018 sectional organizational strategies 4.08 + 0.93 vs 4.00 £ 1.54
critical thinking 3.75 £0.98 vs 2.78 £ 0.50
self-regulation 3.78 £ 0.88 vs 3.73 + 1.54
time and study habits 391 £0.87vs3.72 £ 1.33
self-regulation of effort ~ 4.16 &= 0.82 vs 3.61 £ 1.35
intrinsically orientated 4.24 £+ 0.87 vs 3.58 £ 1.28
goals
House 2018 cohort atypical behavior OR =0.40 (0.17-0.92)
maladaptive behavior OR =0.42 (0.18-0.95)
autism spectrum disor- OR =0.35 (0.15-0.80)
ders behavior
depressive behavior OR =0.28 (0.12-0.64)
anxiety behavior OR =0.42 (0.18-0.97)
social relatedness OR =2.31 (1.04-5.19)
Henriksson 2017  cross- attention capacity B =0.39 (-1.49-2.26)
sectional
Haapala 2017 cohort reading fluency B =-0.03 (-0.18-0.12)"
B =0.08 (-0.08-0.12)?
B =0.04 (-0.12-0.21)
reading comprehension B =0.01 (-0.15-0.16)"
B =0.13 (-0.03-0.28)?
B =0.17 (0.02-0.32)
arithmetic skills B =0.10 (-0.06-0.25)!
B =0.00 (-0.16-0.16)>
B =-0.04 (-0.21-0.12)
Leventakou 2016  cross- verbal ability B =-0.31(-1.55-0.92)
sectional  perceptual performance B =-0.97 (-2.18-0.24)
quantitative ability B =-0.46 (-1.73-0.81)
general cognitive ability 8 =-0.70 (-1.90-0.49)
memory B =-0.31(-1.59-0.97)
motor ability B =-1.39[2.37-(-0.05)]
executive function B =-0.40 (-1.61-0.81)
cognitive function of B =-0.99 (-2.21-0.23)
posterior cortex
Vassiloudis 2014  cohort school performance B =0.140; p = 0.001

B = regression coefficient; CI = confidence interval; OR = odds ratio

1 children grade 1
2 children grade 2
3 children grade 3
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comprehension in third-graders. An increase in Mediterranean diet adherence was not as-
sociated with arithmetic skills or reading fluency in all age groups.

Leventakou et al. conducted a multivariable analysis for the relation between several dietary
patterns and neurodevelopmental test scores at 4 years of age in Greek children. A higher
Mediterranean diet adherence was not associated with significantly better results regarding
verbal ability, perceptual performance, quantitative ability, general cognitive ability, mem-
ory, motor ability, executive function, and cognitive functions of posterior cortex.

A cross-sectional study by Vassiloudis et al. examined possible links between Mediter-
ranean diet adherence and academic performance in 528 Greek primary school children.
Linear regression analysis showed that Mediterranean diet adherence was a significant fac-
tor in positively predicting academic performance.

4.6.4 Vegetarian diet and anthropometrics

The studies assessing the associations between vegetarian diet forms and body dimensions
in children and adolescents were assigned to groups of studies of similar outcome defini-
tions. The defined groups were overweight and obesity, stunting and wasting, and child
growth.

Overweight and obesity

Five studies investigated the potential connection between vegetarian diet during childhood
and the presence of overweight and obesity. A meta-analysis was performed to generate a
pooled estimate of the single results. Weder et al. examined vegetarian and vegan children
separately. These two groups were combined and compared to the omnivorous group for
the meta-analysis. The age of the participants ranged from infancy to adolescence between
studies.

Combining data of 2753 children and adolescents led to a pooled estimate of 0.81 (0.49-
1.32) (appendix 14). The studies showed a low heterogeneity (Cochran’s Q Test I? =
0.00%, p = 0.89). No publication bias was found (Egger’s regression: p = 0.94) (appendix
14).

Sensitivity analysis showed no considerable differences in the result when removing one
study at a time (data not shown).

Stunting and wasting

Five studies examined the potential effect of a vegetarian diet on stunting in children, two of
them additionally assessed the outcome wasting. The authors consistently defined stunting
as length-for-age z-score (LAZ) or height-for-age z-score (HAZ) < 2 except from Shull
et al. who defined stunting as height < 25% of Harvard standards. Vegetarian and vegan
children of the study by Weder et al. were combined and compared to the omnivorous group
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for the meta-analysis. The RCT by Krebs et al. including 1064 mother-infant pairs was not
combined with the other studies. Infants receiving a multimicronutrient-fortified cereal
intervention had a lower risk of being stunted than infants who received a meat intervention
of 30 to 45 g of meat per day [OR = 0.78; (0.61-0.99)].

The four remaining studies were pooled in a meta-analysis. The calculations resulted in a
statistically insignificant effect size of 1.41 (0.61-3.26) (appendix 15). The studies showed
a high heterogeneity (Cochran’s Q Test I? = 97.87%, p = 0.00). No publication bias was
detected (Egger’s regression: p = 0.63; data not shown).

Sensitivity analysis showed no considerable differences in the combined result when re-
moving one study at a time (data not shown).

Two studies further provided data on wasting. In the RCT by Krebs et al., infants that
received the cereal intervention were not more likely to be wasted than infants who re-
ceived the meat intervention [OR=1.43; (0.87-2.36)]. The same applies to the German
cross-sectional analysis by Weder et al., who did not detect and increased risk of being
wasted neither in vegetarian [OR = 0.43; (0.02-10.58)] nor in vegan infants OR = [6.08;
(0.70-52.70)].

Child growth

Eight studies investigated potential relations between meatless diet forms and mean growth
parameters in children. Four studies that compared the mean BMI of vegetarian children to
the mean BMI of non-vegetarians were pooled in a meta-analysis. The analyzed data of 278
vegetarians and 12801 omnivores demonstrated a significant difference in means of -0.92
[-1.34-(-0.49)] kg/m? comparing vegetarian children to non-vegetarians (appendix 16). The
studies showed a high heterogeneity (Cochran’s Q Test I = 87.47%, p = 0.00). No publi-
cation bias was detected (Egger’s regression: p = 0.445; data not shown).

A RCT by Sheng et al. included 180 Chinese infants from high poverty areas. The par-
ticipants received 50 g per day of pork (meat group), an equicaloric micronutrient-fortified
rice cereal-based supplement (fortified cereal group), or a local non-fortified rice cereal
supplement (local cereal group) for one year. No significant differences in LAZ, weight-
for-length z-score (WLZ) and weight-for-age z-score (WAZ) were found when comparing
the three study arms.

Leung et al. performed a cross-sectional analysis to examine the nutritional status of 51
Chinese vegetarian children. The mean height for age, weight for age and weight for height
of boys and girls demonstrated no significant differences compared to Hong Kong growth
reference charts.

In their cross-sectional study, O’Connell et al. assessed the association between nutritional
factors and growth parameters in 373 vegetarian children living in a US American rural
community. At age five or younger, the HAZ of the community children was significantly
decreased in comparison to the US American reference population. This association was
not observed in the older participants. Furthermore no significant differences in WAZ were
found, except from the vegetarian children between 9 and 10 years, who had a lower WAZ
than the reference population.

Rona et al. explored the relation between vegetarian status and growth of children in Great
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Britain in a cross-sectional study. Body measurements of 369 primary school children with
in Urdu, Gujarati, and Punjabi ethnicity were collected. No differences in weight for height
were detected when comparing vegetarian to non-vegetarian children.

P Dagnelie et al. investigated the association between macrobiotic diet during lactation and
infancy and weight and height growth in a Dutch cohort of 110 children. During the obser-
vation period from 4 to 18 months of life, the macrobiotic children showed a significantly
lower height gain and weight gain per year than the omnivorous reference group (13.2 cm
vs 16.7 cm; 3.1 kg vs 4.4 kg; p < 0.001).

Table 16: Studies assessing association between vegetarian diet forms and anthropometrics in

children
Author & Design Outcome definition Effect size (95% CI)
year
Overweight and obesity
Alizadeh 2015 cross- overweight: IOTF cut- OR =0.82 (0.35-1.90)
sectional  off values!
obesity: IOTF cut-off OR =0.99 (0.14-7.18)
values'
Larsson 2002  cross- overweight: BMI >24.3  OR =1.05 CI (0.48-2.32)
sectional (males), > 23.7 (females)
Shull 1977 cohort overweight/obesity: OR =0.57 (0.23-1.38)
weight > 75% of Har-
vard standards
Weder 2019 Cross- overweight/obesity: OR =0.73 (0.22-2.44)
sectional WHZ >2 SD
Yen 2008 Cross- obesity: weight-for- OR =0.88 (0.13-5.78)
sectional height-index > 1,2

Stunting and wasting

Krasavec 2017  cross- stunting: LAZ <2 OR =2.15 (2.01-2.30)
sectional
Krebs 2012 RCT stunting: LAZ <2 OR =0.78 (0.61-0.99)
wasting: WAZ < 2 OR =1.43 (0.87-2.36)
Melaku 2018 Cross- stunting: HAZ < 2 OR =0.74 (0.63-0.88)
sectional
Shull 1977 cohort stunting: height < 25% OR =1.07 (0.47-2.43)
of Harvard standards
Weder 2019 Cross- stunting: HAZ < 2 OR =10.82 (0.62-188.69)
sectional wasting: WAZ <2 OR =3.12 (0.36-26.97)
Child growth
Ambroszkiewicz cross- mean BMI difference in means = -0.10
2018 sectional (-0.62-0.42) kg/m2
Dagnelie 1989  cohort mean height growth per 13.2 cm (MBD), 16.7 cm

year
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mean weight gain per

3.1 kg (MBD), 4.4 kg (OMN)

year
Grant 2008 Cross- mean BMI difference in means = -1.40
sectional [-1.63-(-1.17)] kg/m?
Haddad 2003 Cross- mean BMI difference in means = -1.20
sectional [-1.23-(-1.17)] kg/m?
Leung 2001 Cross- mean height for age 0.08 = 1.10 (boys)
sectional 0.36 £ 0.85 (girls)
mean weight for height 0.51 + 1.02 (boys)
0.08 £ 0.95 (girls)
mean weight for age 0.41 £+ 1.07 (boys)
0.32 £ 0.85 (girls)
O’Connell Cross- HAZ -0.09 (<1y),-0.67 (1-2y),
1989 sectional -0.55 (3-4y),-0.39 (5-6 y),
-0.13 (7-8 y), -0.11 (9-10 y)
WAZ -0.10 (<1 y), -0.09 (1-2y),
-0.13 (3-4y),-0.18 (5-6 y),
-0.06 (7-8 y), -0.27 (9-10 y)
Persky 1992 Cross- mean BMI difference in means = 0.6
sectional (-1.24-2.44) kg/m?
Rona 1987 Cross- mean weight-for-height -0.65 £ 1.20 vs -0.38 £ 1.27
sectional SDS -0.68 + 1.29 vs -0.69 + 1.08
-0.35 £ 1.16 vs -0.37 £+ 1.24
Sheng 2019 RCT mean LAZ -1.5 £ 1.0 (meat)
-1.8 £ 0.9 (fortified cereal)
-1.6 & 1.1 (local cereal)
mean WLZ -0.3 £ 0.9 (meat)
-0.2 + 0.8 (fortified cereal)
-0.1 £ 0.9 (local cereal)
mean WAZ -0.9 £+ 0.9 (meat)

-1.0 £ 0.9 (fortified cereal)
-0.8 £ 1.0 (local cereal)

BMI = body mass index; CI = confidence interval; HAZ = height-for-age z-score; IOTF
= International Obesity Task Force; LAZ = length-for-age z-score; MBD = macrobiotic
diet; OMN = omnivorous; OR = odds ratio; RCT = randomized controlled trial; SD
= standard deviation; SDS = standard deviation score; WAZ = weight-for-age z-score;
WHZ = weight-for-height z-score

! The IOTF provides tables defining BMI cut-off values for overweight and obesity adjusted for sex and age

in months

4.6.5 Vegetarian diet and other outcomes in children

The outcomes with a low number of available studies that are summarized in table 17. Four
studies dealt with the relation between meatless diet forms and anemia in infants and chil-
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dren. Since the studies showed a major heterogeneity in study design, outcome definition,

Table 17: Studies assessing the association between vegetarian diet and anemia, cognitive de-
velopment and motor skills in children

Author & year  Design Outcome definition Effect size (95% CI)

Anemia in children

George 2000 Cross- Hb < 8.8 g/dl OR =0.74 (0.58-0.95)
sectional

Goswmai 2015 Cross- Hb 10.0-10.9 g/dl OR =1.13 (1.04-1.22)
sectional Hb 7.0-9.9 g/dl OR =1.32(1.23-1.42)

Hb < 7.0 g/dl OR =3.35(2.92-3.66)

Krajcovicova Cross- Hb < 12 g/dl OR =9.30(1.04-83.13)

1997 sectional

Krebs 2012 RCT Hb < 11g/dl OR =0.60 (0.44-0.81)

Cognitive development and motor skills

Sheng 2019 RCT mean cognitive score 21.3 £ 1.9 (meat)

21.2 £ 2.0 (fortified)
20.4 £ 2.0 (local)
mean fine motor score 18.0 £ 1.1 (meat)
18.3 & 1.1 (fortified)
18.3 £ 1.0 (local)
mean gross motor score 20.1 & 1.4 (meat)
20.1 £ 1.4 (fortified)
20.2 £ 1.1 (local)

Dagnelie 1994 cohort fine motor development ¥=-0.13;p=0.49"
gross motor development % = -0.63; p < 0.001!
speech and language % =-0.42; p=0.03"!
development

Larsen 2014 cohort age at sitting HR = 1.01 (0.89-1.14)?

HR = 0.95 (0.64-1.42)
age at walking HR = 1.16 (0.99-1.34)?

HR = 1.25 (0.86-1.81)°
CI = confidence interval; Hb = hemoglobin;, HR = hazard ratio; OR = odds ratio; RCT
= randomized controlled trial

I Difference in standard deviation score between macrobiotic and omnivorous children

2 vegetarian

3 vegan

and exposure, no meta-analysis was conducted.

George et al. performed a cross-sectional analysis including 3633 Indian preschoolers. Veg-
etarian children were less likely to be anemic (Hb < 8.8 g/dl) than non-vegetarian children
[OR = 0.74; (0.58-0.95)].

In their cross-sectional study, Goswmai, Das showed that compared to infants of omnivo-
rous mothers, children of vegetarian mothers had a significantly higher risk of mild anemia
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[OR = 1.13; (1.04-1.22)]. This association became even stronger for moderate and severe
anemia [OR = 1.32; (1.23-1.42); OR = 3.35; (2.92-3.66)].

Krajcovicova-Kudlaakova et al. conducted a cross-sectional analysis with a small sample
size of 58 Slovakian pupils. Comparing the prevalence of anemia (Hb < 12 g/dl), vegetarian
children were more likely to be anemic than children following an omnivorous diet.

Krebs et al. performed a RCT including 1064 mother-infant pairs in the Democratic Repub-
lic of Congo, Zambia, Guatemala, and Pakistan. They provided an intervention of 30 to 45
g of meat per day and a control intervention of multimicronutrient-fortified cereal from 6 to
18 months of age. Infants receiving the cereal intervention had a lower risk of anemia (Hb
< 11 g/dl) than infants who received the meat intervention.

The search generated three studies investigating associations between plant-based diet
forms and cognitive development and fine and gross motor skills in infants. No meta-
analysis was performed due to immense differences with respect to study design, exposure,
and outcome definition.

The approach of the RCT by Sheng et al. was already described in section 4.6.4. Toddlers in
the meat group and toddlers in the fortified cereal group reached significantly better results
in the cognitive score than the local cereal group. No differences in fine and gross motor
skills were observed.

In their cohort study, PC Dagnelie, Staveren recruited 106 Dutch infants following a macro-
biotic diet. Macrobiotic children had significantly lower standard deviation scores in gross
motor development (¥ =-0.63; p < 0.001) and speech and language development (¥ =-0.42;
p = 0.03). No differences between groups were found for fine motor development (X = -
0.13; p =0.49).

Larsen et al. analyzed data of 55185 Danish children from the national birth cohort with the
aim to examine the association between maternal vegetarianism and the risk of impaired
neurodevelopment. A hazard ratio (HR) below one indicated delayed sitting or walking
status. Children of LOV mothers were not at higher risk of delayed sitting or walking status
[HR = 1.01; CI (0.89-1.14); HR = 1.16; (0.99-1.34)]. The same applied to the children of
vegan mothers [HR = 0.95; (0.64-1.42); HR = 1.25; (0.86-1.81)].

4.6.6 Safety of vegetarian and vegan diet

To the evaluate the safety of vegetarian diet forms, 36 case reports and case series were iden-
tified (appendix 18). In the majority of cases, severe vitamin B12 deficiency and its clinical
symptoms such as hypotonia, developmental regression, macrocytic anemia and cerebral
atrophy were described. Some authors reported on vitamin D deficiency and rachitic signs.
Moreover, isolated cases of sudden death (Cundiff, Harris, 2006) (Rinaldo et al., 1997),
acute small bowel obstruction (Amoroso et al., 2018) and transient neonatal hypothyroidism
(Shaikh et al., 2003) were observed but those findings were not clearly attributable to the
mother’s diet. The majority of the the children was between 6 and 18 months old. Many
authors did not clearly state the composition of the mother’s diet and referred to vegan diet
as strict vegetarian diet. Overall, a vegan diet during lactation period appeared to be poten-
tially harmful, if mothers neglected to compensate the lack of vitamin B12 and vitamin D
in their vegan diet.
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We aimed to assess the association between plant-based diets and maternal and offspring
health. The search identified 113 eligible articles.

5.1 Mediterranean diet

Pregnant women who followed a Mediterranean diet had a 38.9% lower probability to de-
velop GDM compared to women with low Mediterranean diet adherence [OR = 0.636 (0.51-
0.79)]. To our knowledge, this is the first analysis that quantifies the association between
maternal Mediterranean diet adherence and the risk of GDM. Our findings are in line with
results of previous systematic reviews that attributed the Mediterranean diet a positive im-
pact on GDM (Amati et al., 2019) and described the Mediterranean diet as the most consis-
tently reported protective dietary pattern against GDM risk (Mijatovic-Vukas et al., 2018).
One reason for the favorable effects of the Mediterranean diet might be the reduced intake
of saturated fatty acids (Bo et al., 2001; Park et al., 2013) and the increased consumption of
polyunsaturated fatty acids which was shown to be linked to improved glycemia, insulin re-
sistance, and insulin secretion capacity (Imamura et al., 2016; Ying, DF Wang, 2006). The
mechanisms behind these effects are still poorly understood. A positive effect of polyun-
saturated fatty acids on hepatic telomere length and liver metabolism could be one possible
mechanism (Gao et al., 2019).

Moreover, the low consumption of red meat and animal fat which is part of the Mediter-
ranean diet showed beneficial effects of the development on GDM (Bao et al., 2013; Bowers
et al., 2012). Further confirmation of these results was shown by the findings regarding
the association between Mediterranean diet adherence and gestational weight gain. The
review of the single studies showed a clear trend towards a lower risk of excessive gesta-
tional weight gain in women who followed a Mediterranean diet. Maternal obesity is an
established risk factor for the development of GDM (Torloni et al., 2009) and excessive
gestational weight gain is associated with a higher risk of pregnancy complications such as
cesarean section and macrosomia (National Research Council, 2010), but also pregnancy-
induced hypertension and preeclampsia (Gaillard et al., 2013; Roberts et al., 2003). Our
analysis showed a lower risk of hypertensive disorders in women who followed a Mediter-
ranean diet. The association was not statistically significant which might be explained by
the small amount of studies. Even though the results of our analysis showed some signif-
icant associations, no causality can be concluded. However, our findings implicate that a
Mediterranean diet during pregnancy can positively influence the reciprocal relationship
between complications such as GDM, excessive gestational weight gain and hypertensive
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disorders.

Compared to women with low Mediterranean diet adherence, pregnant women with high
Mediterranean diet adherence had a 42.2% lower probability of preterm delivery. This
result validates the findings of a previous systematic review and meta-analysis that found
a lower risk of preterm delivery in women in the top tertile of healthy dietary patterns in
general (including Mediterranean diet) compared to women in the bottom tertile (Chia et
al., 2019). Therefore, our analysis was a more specific approach to evaluate the role of the
Mediterranean diet in the occurrence of preterm delivery. The etiology of preterm delivery
is a multifactorial process, but healthy dietary patterns characterized by high intake of foods
with antioxidative and antiinflammatory qualities such as vegetables, fruits, wholegrains,
fish, legumes and pulses, could reduce inflammation contributing to reduce risk of preterm
birth (Romero et al., 2003; Casanueva et al., 2005; Chia et al., 2019). The low heterogene-
ity between studies of our analysis strengthens the evidence that a high Mediterranean diet
adherence during pregnancy could have a protective effect on preterm delivery.

The outcome small for gestational age/fetal growth restriction/intrauterine growth retar-
dation/low birth weight was not significantly associated with maternal Mediterranean diet
adherence. However, a trend towards a lower risk in women with high Mediterranean diet
adherence was observed. These findings substantiate the assumption that following the
Mediterranean diet may benefit pregnant women.

According to our analysis, a high Mediterranean diet adherence was associated with a
lower risk of asthma and wheezing in infants and children. This result should be interpreted
with caution due to heterogeneity of exposure and outcome definitions and different time
points of outcome assessment. Additionally, the association lost its statistical significance
after adjustment for publication bias. However, the effect of plant-based diets in reduction
of pro-inflammatory molecules and increase of anti-inflammatory markers has been shown
(Schwingshackl, Hoffmann, 2014) which are part of the pathogenesis of asthma. The results
of our analysis were similar to a previous systematic review and meta-analysis. Y Zhang
et al. (2019) conducted multiple analyses by creating more detailed outcome definitions of
asthma and wheezing. The authors showed that Mediterranean diet during pregnancy was
associated with a reduced risk of wheezing in the offspring in the first 12 months and there
was an inverse association between the exposure during childhood and the risk of wheeze in
the history in children. A relationship between Mediterranean diet and pediatric asthma was
not confirmed. Therefore, no explicit conclusions regarding a potentially protective effect
of Mediterranean diet on asthma and wheezing in children can be drawn in consideration
of the present evidence.

The meta-analysis assessing the relation between Mediterranean diet adherence during
childhood and adolescence and overweight and obesity resulted in a 13.5% lower prob-
ability of being overweight or obese when following a Mediterranean diet. This result
only partially confirms previous findings. Although systematic reviews showed beneficial
effects of Mediterranean diet adherence on overweight and obesity in adults (Buckland
et al., 2008; Grosso et al., 2014), so far a previous systematic review could not explicitly
confirm a transferability of these findings to children and adolescents (Idelson et al., 2017).
Additionally, our meta-analysis showed no significant difference in mean BMI between
children and adolescents with different levels of Mediterranean diet adherence. Also, the
results of the single studies that assessed the role of Mediterranean diet in child growth
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allowed no clear conclusions. However, our findings implicate a certain potential of the
Mediterranean diet in the prevention of overweight and obesity in early stages of life.

The single studies examining the relation between Mediterranean diet and cognitive func-
tions presented inconsistent results as well. Some studies detected advantages of high
Mediterranean diet adherence regarding cognitive development and school performance
whereas other results showed no differences.

In sum, the systematic review and meta-analysis of the role of the Mediterranean diet in
adverse outcomes in mothers and their offspring showed promising results. However, the
results should be interpreted with caution. Our findings were mainly based on observational
studies, in particular cross-sectional studies. Therefore, no causalities but only associations
can be concluded. There was considerable heterogeneity between studies included in the
review. Study methods varied widely with respect to design, population, dietary assessment,
exposure measures and outcome definition. There is, for example, no scientific consensus
on the measurement of the Mediterranean diet adherence. Several different diet scores
coexist equally and even within one diet score two people who consume different foods can
reach the same score. Moreover, the results of many studies were based on self-reported
data. Since it was impossible to adjust the results for potential confounders, it cannot be
ruled out that lifestyle accompanying factors such as less smoking and higher physical
activity formed a significant part of the detected associations.

To our knowledge, this is the first study to systematically review the potential role of
Mediterranean diet in maternal and offspring health to this extent. Despite all limitations,
our findings represent a progress in the stated question. No indications were found that high
Mediterranean diet adherence during pregnancy and childhood is associated with adverse
health outcomes in the mother or the child. Especially our analyses with regard to multiple
beneficial effects of the Mediterranean diet on maternal metabolic health during pregnancy
represent a key finding.

5.2 Vegetarian diet

Our results allowed no solid conclusions in terms of the relation between vegetarian diet
forms and maternal health. The lack of studies and and the high heterogeneity between
studies restricted the implementation of high-quality meta-analyses. Study methodology
varied widely regarding design, socioeconomic status of the study population, dietary as-
sessment, exposure measurement and outcome definition. Even though tendencies towards
a slightly higher risk of anemia in pregnant women consuming a vegetarian diet were de-
tected, our results do not suggest harms of a vegetarian diet during pregnancy. Despite some
controversy in the evidence, even potential benefits of a vegetarian diet during pregnancy in
terms of excessive gestational weight gain and GDM were found. Our findings are in line
with the results of a previous systematic narrative review that assessed vegan and vegetarian
diets and pregnancy outcomes (Piccoli et al., 2015). The authors also observed a scarcity
of evidence and concluded that when vegan-vegetarian diets were the result of a free choice
and were not linked with limited access to food or with poverty, pregnancy outcomes were
similar to those reported in the omnivorous population.

We found a tendency towards a slightly higher risk of hypospadias, but the single studies
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provided contradictory results. The etiology of most cases of hypospadias is still unknown
(Kalfa et al., 2010). One potential explanation of the origin of hypospadias is the consump-
tion of phytoestrogens (North et al., 2000), which are contained in soy foods. On the other
hand, studies consistently show that eating soy foods does not raise estrogen levels, upset
hormonal balance or reduce testosterone concentrations in men and no adverse effects on
fertility or sexual health have been reported (Hamilton-Reeves et al., 2010). Thus, a vege-
tarian diet is unlikely to be a risk factor in the origin of hypospadias, but further research is
required to explain the observed associations.

The results of the studies assessing associations between vegetarian diet forms and adverse
health outcomes in children and adolescents neither showed consistent harms nor benefits of
vegetarian diet forms in comparison to an omnivorous diet. Slight trends towards a higher
risk of stunting in vegetarian children were found whereas a lower risk of being overweight
or obese was observed, but none of these associations was statistically significant. A ma-
jority of the individual studies found no differences between the two exposure groups.

Our results are similar to the findings of a previous systematic review that investigated the
role of vegetarian diet forms in children and adolescents. The review included 24 individual
studies. The authors summed up that their systematic review showed that the literature
available was insufficient to draw up-to-date conclusions on health effects of vegetarian
or vegan diets in infants, children, and adolescents in developed countries. Additionally,
they remarked that the included studies did not show harmful effects of vegetarian diets in
children but even suggested potentially beneficial health outcomes compared to omnivorous
diets, such as favorable lipid profile, antioxidant status, or dietary fiber intake as well as
tendencies towards a lower risk of overweight. (Schiirmann et al., 2017)

The safety concerns in terms of vegetarian diet forms during pregnancy and lactation were
only partially confirmed. Although multiple case reports described severe consequences of
vitamin B12 deficiency in infants of vegan mothers, these deficiency symptoms probably
could have been avoided by regular supplementation.

The studies assessing vegetarian diet forms and adverse outcomes provided less insights
due to the lack of studies and and the high heterogeneity between studies. Nevertheless, we
provided an overview of the current evidence. Our findings and the results of comparable
literature confirm the recommendations of the Academy of Nutrition and Dietetics who de-
clared that a well-planned vegetarian, including vegan diet, was appropriate for all stages of
the life cycle, including pregnancy, lactation, infancy, childhood, and adolescence (Melina
et al.,, 2016). The German Nutrition Association (Deutsche Gesellschaft fiir Erndhrung)
also considers a LOV diet as appropriate, but they do not recommend a vegan diet during
pregnancy, infancy, childhood, and adolescence due to the higher risk of nutrient deficien-
cies (Richter et al., 2016). Considering the present evidence, it would be inappropriate to
discourage pregnant women from following a vegetarian or vegan diet as long as macronu-
trient and micronutrient requirements are fulfilled.
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5.3 Limitations

Since the literature search was limited to Pubmed, it cannot be ruled out that relevant arti-
cles were not collected. To address this concern, references of identified systematic reviews
were searched for missed publications. Not all full texts were available in the institutional
access of the Saarland University. Even though the corresponding authors were contacted
for full text request, some potentially relevant articles were not obtained. Only publications
in English language were considered, which might have reduced the comprehensiveness of
the search. However, a study showed no evidence of a systematic bias from the use of lan-
guage restrictions in systematic reviews and meta-analyses (Morrison et al., 2012).

The exclusion of full texts and the documentation of extracted data were controlled by the
second reviewer to minimize potential mistakes during the process of full text evaluation
and data extraction. Discrepancies were resolved through discussion in the reviewer team.
Another limitation of the meta-analyses was the treatment of varying symptoms as one out-
come. Asthma and wheezing were combined in one analysis despite differences in their
definitions. Due to the small numbers of studies, an analysis stratified by more precise out-
come definitions was not possible. Also, small for gestational age, fetal growth restriction,
intrauterine growth retardation, and low birth weight were combined although there were
slightly different definitions.

RRs were included in the analysis and treated like an OR when there were not enough data
to compute an OR. This might have generated a potential source of error. However, RR and
OR are approximately the same in case of rare diseases.

Since a certain heterogeneity between studies regarding study design and study population
was expected, the random effects model was applied. The random effects model assumes
that effect sizes are estimates of their own true effect sizes, distributed around an average
true effect.

Moreover, the pooled effect sizes might be distorted by quality defects of the individual
studies because the publications were included regardless of their quality. In consequence
of the small number of studies per each individual outcome, it was impossible to conduct a
more detailed analysis including only high quality studies.

5.4 Conclusions, recommendations and perspectives

One of the essential perceptions is that the current evidence does not allow the study ques-
tions to be answered with certainty. Consequently, strict evidence-based recommendations
in terms of plant-based diets during pregnancy and childhood cannot be made. Further re-
search is needed to verify our findings. Well-designed prospective cohort studies and RCTs
are most appropriate as the next step. Standardized questionnaires for dietary assessment
and consistent diet scores are required to increase the comparability of the single studies.
Regular updates of the evidence are necessary to enable meta-analyses with lower hetero-
geneity and higher statistical power in the future.

However, the present study situation does not indicate any harms of the Mediterranean diet
during pregnancy and childhood. Despite the small number of studies per outcome, it even
shows significant benefits in terms of multiple pregnancy-related outcomes such as GDM
and preterm delivery. Moreover, the significantly lower risk of overweight and obesity in
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children constitutes an important finding. Our results suggest that the Mediterranean diet
could be an essential component of metabolically healthy pregnancies and the basis of early
prevention of metabolic disorders in children and adolescents. The Mediterranean diet as
a sustainable, cost-effective, low-risk intervention should not be neglected in future dietary
recommendations and guidelines.

The findings in terms of vegetarian diet forms revealed a tremendous scarcity and hetero-
geneity of studies. The present study situation showed an under-representation of vegetarian
diet forms, especially vegan diet, in current research when considering the growing impor-
tance of plant-based nutrition over the past years. When considering the significant advan-
tages of vegetarian diet forms with respect to sustainability, large prospective cohort studies
and RCTs are needed to assess harms and benefits as well as long-term effects of vegetarian
diet forms. However, our findings indicate that a vegetarian diet does not pose a risk to
pregnant women and children as long as requirements of macronutrients and micronutrients
are fulfilled. Moreover, the results suggest that vegetarian diet forms might even have a
beneficial potential, but no firm conclusions can be made on the basis of heterogeneous and
inconsistent evidence, especially with regard to long-term effects.
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Appendix 1: Study quality

Table 18: Study quality of cross-sectional studies

Author & year Score Quality
Abriha 2014 10/14 fair
Alizadeh 2015 9/14 fair
Ambroszkiewicz 2018 8/14 fair
Antonogeorgos 2013 11/14 fair
Archero 2018 10/14 fair
Baig-Ansari 2008 10/14 fair
Carmichael 2013 9/14 fair
Castro-Rodriguez 2008 9/14 fair
Chacon-Ruberos 2018 9/14 fair
de Batlle 2008 9/14 fair
Esfahani 2016 11/14 fair
Farajian 2011 10/14 fair
Galan-Lopez 2018 9/14 fair
Garcia-Marcos 2007 8/14 fair
George 2000 9/14 fair
Gomez Roig 2017 11/14 fair
Goni 2018 10/14 fair
Gonzalez Barcala 2010 9/14 fair
Goswmai 2015 8/14 fair
Grant 2008 8/14 fair
Grieger 2014 12/14 good
Grigoropoulou 2011 10/14 fair
Haddad 2003 8/14 fair
Henriksson 2017 10/14 fair
Jali 2011 6/14 poor
Jennings 2011 10/14 fair
Julian 2018 8/14 fair
Koirala 2015 8/14 fair
Kontogianni 2008 7/14 fair
Koutelidakis 2018 10/14 fair
Krajvcovivcova-Kudlaakova 1997 5/14 poor
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Krasevec 2017 7/14 fair
Larsson 2002 6/14 poor
Lazarou 2010 9/14 fair
Leung 2001 7/14 fair
Leventakou 2016 10/14 fair
Melaku 2018 11/14 fair
Mistretta 2017 10/14 fair
Monjardino 2014 9/14 fair
Muros 2017a 9/14 fair
Muros 2017b 10/14 fair
O’Connell 1989 10/14 fair
Pellegrini-Belinchon 2016 8/14 fair
Peraita-Costa 2018 8/14 fair
Persky 1992 8/14 fair
Rona 1987 8/14 fair
Rosi 2017 9/14 fair
Sharma 2003 8/14 fair
Silva-del Valle 2013 9/14 fair
Tambalis 2018 10/14 fair
Tognon 2014 10/14 fair
Vassiloudis 2014 10/14 fair
Voltas 2016 9/14 fair
Weder 2019 11/14 fair
Yen 2008 8/14 fair

Table 20: Study quality of meta-analyses

Author & year Score Quality
Chia 2019 8/8 good
Zhang 2019 7/8 good
Eaton 2019 8/8 good
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Author & year Score Quality
Bacopoulou 2017 9/12 fair
Garcia de la Torre 2019 -/- fair
H Al Wattar 2019 12/14 good
Krebs 2012 11/14 fair
Renault 2015 10/14 fair
Sheng 2019 12/14 good
Table 22: Study quality of case-control studies

Author & year Score Quality
Akre 2008 8/12 fair
Botto 2016 10/12 good
Carmichael 2012a 9/12 fair
Carmichael 2012b 10/12 good
Ibanez 2019 10/12 good
Izadi 2016 8/12 fair
Kaur 2013 7712 fair
Martinez-Galiano 2018 8/12 fair
Olmedo-Requena 2019 10/12 good
Smith 2015* 8/12 fair
Vujkovic 2009 10/12 good
Yang 2019 8/12 fair

*case-cohort study
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Table 23: Study quality of cohort studies

Author & year Score Quality
Assaf-Balut 2019 11/14 fair
Castro 2016 10/14 fair
Chatzi 2008 12/14 good
Chatzi 2012 12/14 good
Chatzi 2013 10/14 fair
Chatzi 2017 11/14 fair
Dagnelie 1989 12/14 good
Dagnelie 1994 12/14 good
Donazar-Ezcurra 2017 13/14 good
dos Santos 2013 10/14 fair
Fernandez-Barres 2016 14/14 good
Fernandez-Barres 2019 12/14 good
Fikree 1994 9/14 fair
Haapala 2017 12/14 good
Haugen 2008 12/14 good
House 2018 11/14 fair
Karamanos 2014 10/14 fair
Lange 2010 10/14 fair
Larsen 2014 11/14 fair
Mak 2018 11/14 fair
Mari-Sanchis 2018 13/14 good
Martin-Calvo 2016 10/14 fair
Mikkelsen 2008 12/14 good
Misra 2015 12/14 good
Monteagudo 2016 10/14 fair
North 2000 9/14 fair
Poon 2013 10/14 fair
Saunders 2014 9/14 fair
Schoenaker 2015a 11/14 fair
Schoenaker 2015b 11/14 fair
Shull 1977 10/14 fair
Stuebe 2009 12/14 good
Timmermans 2011 12/14 good
Timmermans 2012 12/14 good
Tobias 2012 10/14 fair
Wolters 2018 12/14 good
Zulyniak 2017 12/14 good
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Appendix 2: Terms of the search on PubMed

The following terms were combined in one search term. The brackets were removed for the
purpose of transparency.

vegetarian AND pregnancy OR

vegetarian AND fetal development OR
vegetarian AND lactation OR

vegetarian AND child health OR
vegetarian AND newborn OR

vegetarian AND infant health OR
vegetarian AND adolescent health OR
vegan AND pregnancy OR

vegan AND fetal development OR

vegan AND lactation OR

vegan AND child health OR

vegan AND newborn OR

vegan AND infant health OR

vegan AND adolescent health OR
macrobiotic diet AND pregnancy OR
macrobiotic diet AND fetal development OR
macrobiotic diet AND lactation OR
macrobiotic diet AND child health OR
macrobiotic diet AND newborn OR
macrobiotic diet AND infant health OR
macrobiotic diet AND adolescent health OR
low meat diet AND pregnancy OR

low meat diet AND fetal development OR
low meat diet AND lactation OR

low meat diet AND child health OR

low meat diet AND newborn OR

low meat diet AND infant health OR

low meat diet AND adolescent health OR
mediterranean diet AND pregnancy OR
mediterranean diet AND fetal development OR
mediterranean diet AND lactation OR
mediterranean diet AND child health OR
mediterranean diet AND newborn OR
mediterranean diet AND infant health OR
mediterranean diet AND adolescent health
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Appendix 3: Summary of our meta-analyses

Table 24: Summary of meta-analyses assessing Mediterranean diet

QOutcome Studies Pooled estimate I Egger’s
n (95% CI) regression

GDM 9 OR =0.64; (0.51-0.79) 79.18%;p=0.00 p=0.12

Hypertensive 4 OR =0.77; (0.48-1.23) 69.72%;p=0.02 p=0.95

disorders

Preterm 6 OR =0.73; (0.59-0.92) 12.78%; p=0.33 p=0.14

delivery

SGA/FGR/ 8 OR =0.87; (0.58-1.31) 70.94%; p=0.00 p=0.62

IUGR/LBW

Asthma/ 8 OR =0.82; (0.68-0.97) 70.50%; p=0.00 p=0.03

wheezing OR =0.92; (0.75-1.12)!

Overweight/ 10 OR =0.87; (0.79-0.94) 50.54%;p=0.03 p=0.24

obesity

Mean BMI 6 -0.42; (-0.86-0.02)° 42.09%;p=0.10 p=0.04

-0.23; (-0.78-0.32)3

BMI = body mass index; CI = confidence interval; FGR = fetal growth restriction; GDM
= gestational diabetes mellitus; IUGR = intrauterine growth retardation; LBW = low
birth weight; OR = odds ratio; SGA = small for gestational age

I adjusted OR after applying Duval and Tweedie’s trim and fill
2 difference in means in kg/m2
3 adjusted difference in means after applying Duval and Tweedie’s trim and fill

Table 25: Summary of meta-analyses assessing vegetarian diet forms

Outcome Studies Pooled estimate I Egger’s
n (95% CI) regression

Anemia 3 OR = 1.38; (0.86-2.23) 54.79%;p=0.11 p=0.74
GDM 3 OR =0.63; (0.31-1.28) 86.11%; p=0.00 p=0.20
Hypospadias 3 OR = 1.88; (0.70-5.08) 78.24%;p=0.01 p=0.33
SGA/FGR/ 5 OR =0.97; (0.55-1.71) 77.42%;p=0.00 p=0.42
IUGR/LBW

Overweight/ 5 OR =0.81; (0.49-1.32) 0.00%;p=0.89 p=0.94
obesity

Stunting 4 OR =1.41; (0.61-3.26) 97.87%;p=0.00 p=0.63
Mean BMI 4 -0.92; [-1.34-(-0.49)]" 87.47%;p=0.00 p=0.44

BMI = body mass index; CI = confidence interval; FGR = fetal growth restriction; GDM
= gestational diabetes mellitus; IUGR = intrauterine growth retardation; LBW = low
birth weight; OR = odds ratio; SGA = small for gestational age

I difference in means in kg/rn2
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Appendix 4: Mediterranean diet and gestational diabetes
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Egger’s regression: p = 0.118 (no publication bias)
Appendix 5: Vegetarian diet and anemia during pregnancy
Study name Statistics for each study  Vegetarian / Total Odds ratio and 95% CI
Odds Lower Upper Anemia Anemia Relative
ratio  limit limit mother + mother - weight
Abriha 2014 2427  1.267 4.649 93/105 265/348 28.59
Baig-Ansari 2008 1.175  0.818  1.688  699/1225 69/130 44.90
Sharma 2003 0.991  0.494 1.988 504 /860 20/34 26.51
1.382  0.857 2.229  1296/2190 354/512

0.1 02 05 1 2 5 10

Favours vegetarian diet ~Favours omnivorous diet

Cochran’s Q Test I> = 54.79% (p = 0.11); Egger’s regression: p = 0.74 (no publication

bias)
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Appendix 6: Vegetarian diet forms and gestational diabetes

Study name Statistics for each study  Vegetarian / Total Odds ratio and 95% CI
Odds Lower Upper GDM GDM Relative
ratio  limit limit + - weight
Jali 2011 0313  0.169 0.577 20/52  182/273 30.31
Mak 2018 1.173  0.813 1.694 72/135 373/756 35.44

Mari-Sanchis 2018 0.614  0.400  0.943 36/93  789/1556 34.25

0.629  0.309 1.281 128/280 1344 /2585
0.1 0.2 05 1 2 5 10

Favours vegetarian diet ~ Favours omnivorous diet

Cochran’s Q Test I> = 86.11% (p = 0.00); Egger’s regression: p = 0.20 (no publication
bias)

Appendix 7: Mediterranean diet and preterm delivery
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Egger’s regression: p = 0.138 (no publication bias)
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Appendix 8: Mediterranean diet and SGA, IUGR, FGR, LBW

Study name Statistics for each stud High MD adherence / Total Odds ratio and 95% CI
Odds Lower Upper SGA/FGRIUGR/LBW SGA/FGR/IUGR/LBW Relative
ratio  limit limit + - weight
Assaf-Balut 2019 0.047  0.003  0.811 0/11 115/240 i 1.79
Chatzi 2012 1 0970 0418 2.250 9.43
Chatzi 2012 1T 0500 0279 0.896 —— 11.96
Chatzi 2012 IIT 1.960 0902 4259 —— 10.04
H Al Wattar 2019 0.779 0532 1.140 52/121 47917974 — 13.96
Martinez-Galiano 2018  0.849  0.500  1.439 45/81 109 /183 1 12.53
Monteagudo 2016 6.162 1.438 26.399 5.20
Poon 2013 0940 0.484 1.825 11.15
Saunders 2014 1.340  0.719  2.495 38/54 234/366 — T 11.58
Timmermans 2012 0349 0202 0.603 18/68 1051 /2071 - 1235
0872  0.582  1.306 153/335 1988 /3834 Q
0.1 0.2 0.5 1 2 5 10

Favours high MD adherence  Favours low MD adherence

Cochran’s Q Test I> = 70.98% (p = 0.00); Egger’s regression: p = 0.62 (no publication
bias)
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Egger’s regression: p = 0.619 (no publication bias)
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Appendix 9: Vegetarian diet forms and SGA, IUGR, FGR, LBW

Study name  Statistics for each stud Vegetarian / Total Odds ratio and 95% CI

Odds Lower Upper SGA/IUGR/FGR/LBW SGA/IUGR/FGR/LBW Relative

ratio limit  limit + - weight
Fikree 1994 0352 0.178  0.696 10/192 76 /563 19.62
Ibanez 2019 1.150  0.780  1.697 108 /201 104 /207 24.25
Kaur 2013 1.895 1.217 2.950 42/94 179 /599 23.45
Koirala2015 1.331 0.527 3.361 7/59 18 /196 15.82
Misra 2015 0.716 0304 1.686 10/33 34 /90 16.86

0.968 0.549 1.708 17717579 411/1655

0.1 02 05 1 2 5 10

Favours vegetarian diet ~Favours omnivorous diet

Cochran’s Q Test I> = 77.42% (p = 0.00); Egger’s regression: p = 0.42 (no publication
bias)
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Egger’s regression: p = 0.418 (no publication bias)
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Appendix 10: Vegetarian diet forms and hypospadias

Study name Statistics for each study Vegetarian / Total Odds ratio and 95% CI
Odds Lower Upper Hypospadias Hypospadias Relative
ratio limit  limit + - weight
Akre 2008 2,647 1,096 6,394 14/22 2777696 31,90
35,00

Carmichael 2012 0,754 0,370 1,534 10/1250 33/3118
North 2000 3,578 1,582 8,089 7/44 314 /6252 33,10
1,884 0,700 5,075 31/1316  624/10066
0,1 0,22 05 1 2 5 10

Favours vegetarian diet ~ Favours omnivorous diet

Cochran’s Q Test I> = 78.24% (p = 0.01); Egger’s regression: p = 0.33 (no publication
bias)

Appendix 11: Mediterranean diet and overweight and obesity

0.0
o
o
e
0.5 4

o
13
E

= 1o o
=
1=
=
=]
=}
g
Wi
1.5
2.0 =
R d
4 3 2 -1 0 1 2 3 4

Log odds ratio

Egger’s regression: p = 0.244 (no publication bias)
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Appendix 12: Mediterranean diet and asthma and wheezing

Study name Statistics for each stud High MD adherence / Total Odds ratio and 95% CI

Odds Lower Upper Asthma/Wheezing Asthma/Wheezing Relative

ratio limit limit + - weight
Castro-Rodriguez 2008 0.540 0.331 0.882 —— 7.00
Castro-Rodriguez 2016 0.849  0.513 1.404 24/98 128 /463 —— 6.81
Chatzi 2008 0460  0.099  2.143 1.23
Chatzi 2013 0970  0.764  1.231 = o 11.82
de Batlle 2008 0.609 0372 0.996 24/84 347/875 — 6.97
Gonzalez Barcala 2010 I 0.980 0.820 1.171 E 3 13.05
Gonzalez Barcala 2010 IT 1.020 0.848 1.227 k3 1291
Gonzalez Barcala 2010 ITT 0.930  0.699 1.238 - 10.81
Gonzalez Barcala 2010 IV 1.200  0.941 1.531 -+ 11.70
Lange 2010 0.640 0431  0.951 —— 8.59
Pellegrini-Belinchon 2016 0.431 0.298  0.624 51/136 598/1028 —— 9.12

0.816  0.683  0.974 99/318 1073 /2366 L 4

0.1 02 0.5 1 2 5 10

Favours high MD adherence ~ Favours low MD adherence

Cochran’s Q Test I> = 70.50% (p = 0.00); Egger’s regression: p = 0.03 (significant publi-
cation bias); adjusted OR = 0.92 (0.75-1.12)
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Egger’s regression: p = 0.027 (significant publication bias), adjusted OR = 0.917 (0.753-
1.117)
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Appendix 13: Mediterranean diet and mean BMI

Study name Statistics for each stud Sample size Difference in means and 95% CI
Difference Lower Upper High MD Low MD
in means limit limit adherence adherence

Farajian 2011 0.000 -0.557 0.557 205 2240
Galan-Lopez 2018 1 -2.490 -4.179 -0.801 94 58 T
Galan-Lopez 2018 11 -0.330 -1.855 1.195 94 58
Julian 2018 0.200 -0.814 1.214 123 56
Kontogianni 2008 -0.600 -1.507 0.307 85 112
Monjardino 2014 1 -0.400 -1.077 0.277 186 219
Monjardino 2014 1T -0.300 -0.961 0.361 194 247
Muros 2017 -2.730 -5.439 -0.021 265 8 -

-0.420 -0.862 0.021 1246 2998

-8.00 -4.00 0.00 4.00 8.00
High MD adherence Low MD adherence

Cochran’s Q Test I = 42.09% (p = 0.10); Egger’s regression: p = 0.04 (significant publi-
cation bias); adjusted difference in means = -0.23 (-0.78-0.32) kg/m?
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Egger’s regression: p = 0.044 (significant publication bias), adjusted difference in means
=-0.231 (-0.777-0.315) kg/m?
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Appendix 14: Vegetarian diet forms and overweight and obesity

Study name Statistics for each stud: Vegetarian / Total Odds ratio and 95% CI
Odds Lower Upper Overweight/Obesity Overweight/Obesity Relative
ratio limit  limit + - weight
Alizadeh 2015  0.988  0.136  7.184 2/4 80/159 + 6.20
Larsson 2002 1.053 0478 2.321 7790 142 /1915 _L_' 39.14
Shull 1977 0.567 0.233 1379 17/29 55/77 —— 30.91
Weder 2019 0.734 0220 2.444 6/11 260/419 L 16.88
Yen 2008 0.877 0.133  5.783 2/5 19/44 6.87
0.805 0491 1319 34/139 556/2614 >
0.1 02 0.5 1 2 5 10

Favours vegetarian diet ~ Favours omnivorous diet

Cochran’s Q Test I = 0.00% (p = 0.89); Egger’s regression: p = 0.94 (no publication
bias)
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Egger’s regression: p = 0.942 (no publication bias)
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Appendix 15: Vegetarian diet forms and stunting

Study name Statistics for each study Vegetarian / Total Odds ratio and 95% CI

Odds Lower Upper  Stunting Stunting Relative
+

ratio  limit limit - weight
Krasevec 2017  2.151 2.010  2.302 8796/9992 18022 /23293 [ 33.90
Melaku 2018 0.743  0.631  0.875 431/960  749/1432 n 33.54
Shull 1977 1.072 0472 2435 33/48 39/58 —— 25.67
Weder 2019 10.818  0.620 188.686 8/8 258/422 N e B 6.89
1.408 0.607  3.263 9268/11008 19068 /25205 —~—

0.1 02 05 1 2 5 10

Favours vegetarian diet Favours omnivorous diet

Cochran’s Q Test 1> = 97.87% (p = 0.00); Egger’s regression: p = 0.63 (no publication
bias)

Appendix 16: Vegetarian diet forms and mean BMI

Study name Statistics for each study Sample size Difference in means and 95% CI
Difference  Lower  Upper
in means limit limit Vegetarian Omnivorous

Ambroszkiewicz 2018 -0.100 -0.616 0.416 70 60

Grant 2008 1400 -1.634  -1.166 53 160 |

Haddad 2003 -1.200 -1.232 -1.168 120 12543 [ |

Persky 1992 0.600 -1.243 2.443 35 38

0918 -1342 0494 278 12801 4

-8.00 -4.00 0.00 4.00 8.00
Vegetarian diet Omnivorous diet

Cochran’s Q Test I> = 87.47% (p = 0.00); Egger’s regression: p = 0.45 (no publication
bias)
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Appendix 17: List of case reports

Table 26: List of case reports referring to deficiency symptoms of vegetarian and vegan chil-

dren

Author & year Diet of the Patient’s Symptoms & findings

mother age

Agrawal 2009 strict vegetarian 8 months cerebral atrophy

strict vegetarian 10 months cerebral atrophy

Amoroso 2018 raw vegan 1 year acute small bowel obstruction

Bousselamti 2018  strict vegetarian 9 months hypotonia, apathy, psychomotor
regression

Casella 2005 low meat 6 months developmental regression,
cerebral atrophy

Ciani 2000 vegan 22 months metabolic acidosis,
hyperammonemia, ketonuria,
macrocytic anemia

Cundiff 2006 raw vegan 5 months sudden death

Curtis 1983 vegan 3.5 years rachitic signs

vegan 1.5 years rachitic signs
vegan 2.75 years rachitic signs

de Jong 2005 vegan 7 months recurrent generalized
convulsions, rachitic signs,
developmental delay

Doyle 1989 strict vegetarian 8 months rachitic signs, developmental
delay, megaloblastic anemia

vegetarian 18 months vomiting, rachitic signs,
megaloblastic anemia

Erdeve 2009 vegan newborn megaloblastic anemia

Gambon 1986 vegan 11 months hypotonia, megaloblastic anemia

Gowda 2018 (case 46 of 70 were 13.2 months  pallor, skin depigmentation,

series) vegetarian developmental delay, tremor

Guez 2012 vegan 5 months pallor, skin depigmentation,
developmental delay, some with
tremor

Grattan 1997 vegetarian 10 months hypotonia, developmental delay

vegan 12 months involuntary movements,
megaloblastic anemia
vegetarian 18 months hypotonia, cerebral atrophy

Higginbottom vegan 6 months neurologic abnormalities,

1978 methylmalonic aciduria,
homocystinuria, megaloblastic
anemia

Idris 2012 low meat 32 years pancytopenia during pregnancy
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Kanra 2005 vegetarian 1 year weight loss, anemia,
psychomotor regression
Kocaoglu 2014 vegetarian 12 months cerebral atrophy
Kiihne 1991 vegan 9 months psychomotor regression,
pancytopenia with megaloblastic
anemia
Lampkin 1969 vegetarian 10 months megaloblastic anemia
Lovblad 1997 strict vegetarian 14 months cerebral atrophy, developmental
delay, megaloblastic anemia
Michaud 1992 strict vegetarian 3 months vitamin B12 deficiency
Muhammad 2003 vegan 15 months developmental delay, severe
macrocytic anemia
vegetarian 30 months developmental delay
Rachmel 2003 vegetarian 9 months developmental delay,
megaloblastic anemia
Reghu 2005 vegetarian 9 months edema, megaloblastic anemia
vegetarian 10 months edema, megaloblastic anemia
Renault 1999 vegetarian 12 months pallor, edema, severe hypotonia
vegetarian 10 months regurgitation, weight loss, pallor,
edema, apathy
Rendle-Short 1979  vegan 11 months hypotonia, developmental
regression, macrocytic anemia
vegan 16 months hypotonia, developmental
regression, macrocytic anemia
Rinaldo 1997 vegetarian 5 days sudden neonatal death, carnitine
transporter deficiency
Rodrigues 2011 vegetarian 10 months severe megaloblastic anemia
Rudolf 1980 vegan 3 years rachitic signs
Shaikh 2003 vegan 10 days transient neonatal
hypothyroidism
Shinwell 1982 vegan 6 months erythematous rash, corneal ulcer,
conjunctivitis, blepharitis, partial
alopecia, diarrhea
vegan 3 months rachitic signs, megaloblastic
anemia
Sklar 1986 vegan 7 months hypotonia, megaloblastic anemia
Stollhoff 1987 vegan 18 months cerebral atrophy, psychomotor
regression
Yoganathan 2017 strict vegetarian 6 months poor weight gain, feeding
difficulties, severe pallor, muscle
hypotonia, somnolence
Unknown author vegan 6 months hypotonia, developmental delay,

1979

severe megaloblastic anemia

75



6 Appendix

Appendix 18: Dietary assessment of studies investigating
Mediterranean diet

Table 27: Dietary assessment of studies investigating Mediterranean diet

Author & year Diet score Measurement of di-
etary intake
Antonogeorgos 2013 KIDMED! FFQ
Archero 2018 KIDMED! KIDMED questionnaire
Assaf-Balut 2019 six-item-score” FFQ
Bacopoulou 2017 KIDMED' KIDMED questionnaire
Botto 2016 MDS based on Trichopoulou et al* FFQ
Carmichael 2012a MDS based on Trichopoulou et al>  FFQ
Carmichael 2012b MDS based on Trichopoulou et al>  FFQ
Carmichael 2013 MDS based on Trichopoulou et al>  FFQ
Castro-Rodriguez MDS based on Psaltopoulou et al’ FFQ
2008
Castro-Rodriguez MDS based on Psaltopoulou et al’ FFQ
2016
Chacon-Ruberos KIDMED' KIDMED questionnaire
2018
Chatzi 2008 MDS based on Trichopoulou et FFQ
al} KIDMED
Chatzi 2012 MDS based on Trichopoulou et al>  FFQ
Chatzi 2013 MDS based on Trichopoulou et al* FFQ
Chatzi 2017 MDS based on Trichopoulou et al° FFQ
de Batlle 2008 MDS based on Trichopoulou et al>  FFQ
Donazar-Ezcurra component analysis FFQ
2017
Esfahani 2016 component analysis FFQ
Farajian 2011 KIDMED! FFQ
Fernandez-Barres rMED* FFQ
2016
Fernandez-Barres rMED* FFQ
2019
Galan-Lopez 2018 KIDMED! KIDMED questionnaire
Garcia de la Torre MEDAS’ FFQ
2019
Garcia-Marcos 2007  MDS based on Psaltopoulou et al”  FFQ
Gomez Roig 2017 MDS based on Trichopoulou et al* FFQ
Goni 2018 KIDMED! KIDMED questionnaire
Gonzalez Barcala MDS by Garcia-Marcos et al® FFQ
2010 (based on Psaltopoulou et al)’
Grigoropoulou 2011 ~ KIDMED' FFQ
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Haapala 2017 MDS based on Trichopoulou et al>  4-day dietary record
H Al Wattar 2019 ESTEEM Q3 FFQ

Haugen 2008 MDS including 4 components’ FFQ

Henriksson 2017 MDS based on Trichopoulou et al®> 24-hour-recall (2x)
House 2018 MDS based on Trichopoulou et al>  FFQ

Izadi 2016 MDS based on Trichopoulou et al®>  24-hour-recall (3x)
Jennings 2011 MDS based on Trichopoulou et al*  4-day dietary record
Julian 2018 MDS-A™0 24-hour-recall (2x)

Karamanos 2014

MDS based on Trichopoulou et al’

FFQ

Kontogianni 2008 KIDMED' KIDMED question-
naire, 24-hour-recall

Koutelidakis 2018 MDS based on Panagiotakos et al'! FFQ

Lange 2010 MDS based on Trichopoulou et al*  FFQ

Lazarou 2010 KIDMED! KIDMED questionnaire

Leventakou 2016 component analysis FFQ

Martin-Calvo 2016 KIDMED! (modified to m-KM FFQ

index)!?

Martinez-Galiano MDS by Trichopoulou et al® FFQ

2018

Mikkelsen 2008 MDS including 4 components’ FFQ

Mistretta 2017 KIDMED! FFQ + KIDMED ques-
tionnaire

Monjardino 2014 KIDMED! FFQ

Monteagudo 2016 MDS-P!3 FFQ

Muros 2017a KIDMED' KIDMED questionnaire

Muros 2017b KIDMED! KIDMED questionnaire

Olmedo-Requena MDS based on Trichopoulou et al>  FFQ

2019

Pellegrini-Belinchon  no diet score' FFQ

2016

Peraita-Costa 2018 ~ KIDMED! KIDMED questionnaire

Poon 2013 aMED" FFQ

Renault 2015 no diet score FFQ

Rosi 2017 KIDMED! KIDMED questionnaire

Saunders 2014 MDS based on Trichopoulou et al* FFQ

Schoenaker 2015 component analysis FFQ

Schoenaker 2015 component analysis FFQ

Silva-del Valle 2013 ~ MEDAS?> FFQ

Smith 2015 MDS including 4 components’ interview

Timmermans 2011 component analysis FFQ

Timmermans 2012 component analysis FFQ

Tambalis 2018 KIDMED! KIDMED questionnaire

Tobias 2012 aMEDP FFQ
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Tognon 2014 fMDS'® FFQ

Vassiloudis 2014 KIDMED' KIDMED questionnaire

Voltas 2016 Krece Plus food questionnaire'” Krece Plus food ques-
tionnaire

Vujkovic 2009 component analysis FFQ

Wolters 2018 FPQ® CEHQ" FFQ

CEHQ = children’s eating habits questionnaire; FFQ = food frequency question-
naire; FPQ = food propensity questionnaire; MDS = Mediterranean diet score;
MEDAS = Mediterranean diet adherence screener; rMED = relative Mediter-
ranean diet

1

The KIDMED test evaluates the MD adherence in children and adolescents. The 16-item questionnaire
ranges from -4 to 12. Questions denoting a negative connotation in terms of MD are assigned a value of
-1, and those with a positive aspect +1.(Serra-Majem et al., 2004)

MD adherence based on six criteria: intake of > 40 ml/day of olive oil, > 6 times/week of olive oil, > 3
servings/week of nuts, > 12 servings/week of whole fruits, > 2 servings/week of juice.

The MDS considers the intake of beneficial components (vegetables, legumes, fruits and nuts, cereal,
and fish) and detrimental components (meat and meat products, dairy products), the alcohol intake, and
the ratio of monounsaturated lipids to saturated lipids. The MDS ranges from 0 (minimal MD adherence)
to 9 (maximal adherence). (Trichopoulou et al., 2003)

The rMED is based on the score by Trichopoulou et al. In addition, tertiles of adherence to the single
components are calculated, so that a maximum of two points per component can be reached. This results
in a range from O to 18 points. (Buckland et al., 2009)

The MEDAS is a short screener that collects information on the intake of olive oil, fruit, vegetables,
legumes, fish, wine, meat, bread and rice, nuts, carbonated and/or sugar-sweetened beverages, and dishes
with a sauce of tomato, garlic, onion, or leeks sautéed in olive oil. Additionally, it considers food intake
habits. (Schroder et al., 2011)

In contrast to the score by Psaltopoulou et al, the simplified questionnaire allows no adjustment of food
consumption to energy intake. (Garcia-Marcos et al., 2007)

Psaltopoulou et al used the same parameters as Trichopoulou et al. (Psaltopoulou et al., 2004)
ESTEEM Q is a validated short questionnaire for the measurement of MD adherence.

The score considers the consumption of fruit and vegetables every day, fish more than twice a week,
meat up to twice a week, maximum of two cups of coffee a day.

10 The Mediterranean diet score for adolescents (MDS-A) uses the same components as the score by

Trichopoulou et al, but dairy products are considered as beneficial and alcohol consumption as a negative
component.

! Panagiotakos et al use 11 main components (non-refined cereals, fruits, vegetables, potatoes, legumes,

olive oil, fish, red meat, poultry, full fat dairy products and alcohol). Scores from 0O to 5 points are given
for each component which results in a range from 0 to 55 points. (Panagiotakos et al., 2006)

12 KIDMED score modified to make it more appropriate for an American population.
13 In addition to the common MDS, the MDS-P evaluates the intake of micronutrients required in optimal

amounts during pregnancy, such as iron, folic acid and calcium. (Mariscal-Arcas et al., 2009)

14 MD in case of affirmative answers to the following questions: “Olive oil and white or blue fish > 3

times/week? Fruit or fruit juice > 3 times/week? Fresh or cooked vegetables or salad > 3 times/week?
Legumes or cereals or pasta > 3 times/week? Eggs > 2 times/week? Milk or yoghurt > 3 times/week?”

15 For the measurement of MD adherence in pregnant women, the score by Trichopoulou et al was modi-

fied to exclude alcohol intake.

16 Food-frequency-based MDS that does not consider the quantity of intakes.
17 The Krece Plus food questionnaire collects data on children’s food habits and intakes. The score ranges

from -5 to 11 points.

18 The food propensity questionnaire collects data on children’s intake of 24 different foods.
19 Children’s Eating Habits Questionnaire collects data on children’s intake of 43 different foods.
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Appendix 19: Dietary assessment of studies investigating
vegetarian diet forms

Table 28: Dietary assessment of studies investigating vegetarian diet forms

Author & year Type of diet Measurement of dietary intake
Abriha 2014 low meat (< once per FFQ
week)
Akre 2008 vegetarian questionnaire
Alizadeh 2015 vegetarian FFQ
Ambroszkiewicz ~ vegetarian 10-day food diary
2018
Baig-Ansari low meat (red meat < twice = FFQ + 24-hour-recall
2008 per week)
Carmichael vegetarian FFQ
2012a
Dagnelie 1989 macrobiotic diet 3-day dietary record
Fikree 1994 vegetarian not reported
George 2000 vegetarian interview
Goswmai 2015 vegetarian not reported
Grant 2008 vegetarian nutrition survey
Grieger 2014 vegetarian FFQ
Haddad 2003 vegetarian interviewer-administered 24-h
recall on 2 non-consecutive days
Ibanez 2019 low meat (1st quintile of FFQ
meat consumption)
Jali 2011 vegetarian not reported
Kaur 2013 vegetarian not reported
Koirala 2015 vegetarian interview question:
vegetarian/non-vegetarian
Krajcovicova vegetarian FFQ
1997
Krasavec 2017 vegan 24-hour-recall
Krebs 2012 multimicronutrient-fortified  counting empty food packets and
cereal intervention mothers’ reports on weekly basis
Larsson 2002 low meat (eating meat “sel- FFQ
dom or never”)
Leung 2001 vegetarian 7-day dietary record
Mak 2018 plant-based pattern (3rd FFQ
tertile)
Mari-Sanchis low meat (1st quartile of FFQ
2018 meat consumption)
Melaku 2018 plant-based pattern (3rd FFQ

tertile)
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Misra 2015 vegetarian FFQ

North 2000 vegetarian questionnaire

O’Connell 1989  vegetarian/vegan FFQ

Persky 1992 vegetarian 3-day dietary record

Rona 1987 vegetarian question: vegetarian/non-
vegetarian

Santos Vaz 2013 vegetarian FFQ

Sharma 2003 vegetarian FFQ

Sheng 2019 fortified cereal intervention  not reported

Shull 1977 vegetarian questions about dietary habits

Stuebe 2009 vegetarian FFQ

Weder 2019 vegetarian/vegan 3-day weighed dietary record

Yang 2019 vegetarian FFQ

Yen 2008 vegetarian 3-day dietary record

Zulyniak 2017 plant-based pattern (per FFQ

1-unit-increase)

FFQ = food frequency questionnaire
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Appendix 20: Supplementary data on included studies

Table 29: Supplementary data on included studies

Author & year Total
n (%
male)

Objective; inclusion/exclusion criteria

Abriha 2014 619
©)

objective: prevalence of anemia and associated factors
among pregnant women attending antenatal care; in-
clusion: pregnant women; exclusion: serious illness
during the data collection period, pregnant women
with repeated visits, severe anemia

Akre 2008 719
(100)

objective: relationships between hypospadias risk and
maternal diet, exposure to exogenous hormones, and
exposures thought to reflect placental function; inclu-
sion: hypospadias diagnosis confirmed by a pediatric
urologist; exclusion: concomitant malformations or
chromosomal abnormalities

Alizadeh 2015 244
©)

objective: identification of major dietary patterns re-
lated to central obesity in Iranian young females to
explain different patterns of obesity; inclusion: study-
ing at Talaat Intelligent Guidance School, Tabriz, Iran;
exclusion: any chronic disease or special diet in the
year prior to the study

Ambroszkiewicz 130
2018 (NR)

objective: evaluation of serum levels of bone
metabolism markers in prepubertal children on veg-
etarian and omnivorous diets, analysis of the relation-
ships between biochemical markers and bone mineral
density in subjects following different kind of diets;
inclusion: LOV diet from birth, prepubertal period,
generally healthy (without development and nutrition
disorders, BMI z-score between -1 and +1), more than
2 hours/week of physical exercise; exclusion: not in
the prepubertal period, history of low birth weight,
gastrointestinal diseases accompanied by malabsorp-
tion, history of chronic renal failure, chronic infection,
chronic drug consumption or drug use that negatively
affected bone metabolism

Antonogeorgos 1125
2013 (NR)

objective: effect of parental education and MD ad-
herence on the obesity status of Greek schoolchildren;
inclusion: girls had to be premenstrual
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Archero 2018

669
(48.8)

objective: differences in MD and its components
among primary and secondary school children and
adolescents, associations of MD adherence and its
components with the weight status; inclusion: ability
to write and read fluently Italian; exclusion: schools
with specific structured education program on MD in
the year of recruitment

Assaf-Balut 2019

874
©)

objective: effect of a late first-trimester degree of MD
adherence on materno-fetal complications; inclusion:
>18 years old, single gestation; exclusion: gestational
age at entry >14 GW, intolerance to nuts or extra vir-
gin olive oil, medical conditions or pharmacological
therapy that could compromise the effect of the inter-
vention and/or the follow-up program

Bacopoulou 2017

1032
41.7)

objective: effects of a multilevel-multicomponent
school-based intervention, in accordance with the
principles of MD and healthy lifestyle, on the dietary
habits and abdominal obesity of a representative ado-
lescent sample; inclusion: consent form, complete
KIDMED questionnaire

Baig-Ansari 2008

1366
©)

objective: prevalence of anemia and the dietary and
socioeconomic factors associated with anemia in preg-
nant women living in an urban community setting in
Hyderabad, Pakistan; inclusion: at 20-26 GW, per-
manent residents of the study area, consenting to the
study

Botto 2016

19353
(NR)

objective: association between diet quality in moth-
ers and risk for major non-syndromic CHDs in their
children; inclusion: depending on study site (seven
sites included cases among live births, stillbirths (fetal
deaths at > 20 GW) and elective pregnancy termina-
tions, two included live births and stillbirth, and one
live birth only); exclusion: mothers reporting pre-
gestational diabetes, average daily energy intake <
500 or > 5000 kcal, missing data on two or more food
items
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Carmichael 2012a

4368
(100)

objective: association between the mother having
low or no intake of animal products, higher iron in-
take, lower intake of nutrients that favor less estro-
genic metabolites, or worse diet quality and the risk
of hypospadias; inclusion: second and third degree
hypospadias, complete data on covariates; exclusion:
chordee alone, mild hypospadias, hypospadias not oth-
erwise specified, epispadias, having ambiguous geni-
talia without further description, single gene disorders
or chromosomal abnormalities, average daily energy
intake < 500 or > 5000 kcal and missing data on two
or more food items

Carmichael 2012b

7083
(NR)

objective: association between maternal diet qual-

ity and risk of neural tube defects or orofacial clefts;
inclusion: depending on study site (seven states in-
cluded liveborn, stillborn (fetal deaths > 20 weeks
gestation), and prenatally diagnosed and electively
terminated cases, one included only liveborn and still-
born cases, one included only liveborn cases, and one
included liveborn cases from 1997-1999 and added
stillborn cases in 2000); exclusion: mothers reporting
pre-gestational diabetes, average daily energy intake <
500 or > 5000 kcal, missing data on two or more food
items

Carmichael 2013

5738
0)

objective: association of dietary intake of a broad
spectrum of nutrients and general diet quality with risk
of preterm delivery; inclusion: estimated due dates
from September 1998 through December 2005, sin-
gleton pregnancies; exclusion: type 1 or 2 diabetes,
incomplete data

Castro-Rodriguez
2008

1757
(51.5)

objective: MD as a protective factor for current
wheezing in preschoolers; inclusion/exclusion: NR

Castro-Rodriguez
2016

1000
(54.7)

objective: influence of MD adherence by the mother
during pregnancy and by the child on asthma, rhinitis
or dermatitis in the offspring during preschool age;
inclusion: Spanish origin; exclusion: blank answers to
the questions related to wheezing, rhinitis or dermatitis
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Chacon-Ruberos
2018

1059
(49.4)

objective: relationship between different dietary pat-
terns and the practice of PA in a sample of adolescents,
associations between the level of MD adherence, prac-
tice of PA, motivation and learning strategies in ado-
lescents; inclusion: students who studied in the third
and fourth years of high school, regularly attend to
high school, do not repeat course, do not suffer from
important pathologies

Chatzi 2008

460
(49.6)

objective: impact of MD adherence during pregnancy
and children’s MD adherence on asthma symptoms
and atopy in childhood; inclusion/exclusion: NR

Chatzi 2012

1074
(51.4)

objective: association between MD adherence during
pregnancy and fetal growth; inclusion: > 16 years
old, singleton pregnancy, not following any program
of assisted reproduction, completed FFQ; exclusion:
implausible values for total energy intake

Chatzi 2013

2516
(51.9)

objective: association between MD adherence in preg-
nancy and the risk of wheeze and eczema in the first
year of life; inclusion: completed FFQ in the first
trimester, infants with available data on respiratory
outcomes, singleton pregnancies; exclusion: implau-
sible values for total energy intake, incomplete infor-
mation on reproductive outcomes, spontaneous or in-
duced abortions, stillborn infants

Chatzi 2017

997
(49.2);
569
(54.1)

objective: associations of maternal MD adherence
during early pregnancy with offspring obesity and
cardiometabolic risk; inclusion: Project Viva: live
singleton births, information on first trimester diet,
in-person mid-childhood visit at 6-10 years, blood
sample; Rhea: live singleton births, participation at the
4 year follow up visit; exclusion: implausible values
of energy intake

Dagnelie 1989

110
(52.8)

objective: assessment of adequacy of growth and psy-
chomotor development in macrobiotic children; in-
clusion: macrobiotic diet from birth on, born at term;
exclusion: congenital or neonatal disease

de Batlle 2008

1476
(NR)

objective: association between both children’s diet

in last 12 months and their mother’s diet during preg-
nancy, and asthma and allergic rhinitis prevalence in
children; inclusion: available dietary data sufficient to
compute the MDS and/or the score of the mothers, age
6-7
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Donazar-Ezcurra
2017

1466
©)

objective: effect of the pre-pregnancy MD level on
the odds of GDM development; inclusion: Spanish
women, > 18 years old, low risk pregnancy; exclu-
sion: type 1 or 2 diabetes, or carbohydrate intolerance
prior to pregnancy, high risk pregnancies, women that
needed to modify their diet or physical activity level
in the previous year or during the first half of gestation
for a medical reason

Esfahani 2016

840
(50.0)

objective: relation of dietary patterns identified by fac-
tor analysis of obesity among adolescents, design of a
strategy for a balanced diet to avoid obesity; inclusion:
age 15-17, healthy, resident of Esfahan city; exclusion:
under medical treatment and receiving medications,
physically disabled or receiving hormone therapy, suf-
fering from diseases such as cardiovascular disease
and diabetes, remaining > 7 products clear on the FFQ,
overall total everyday energy intake outside the range
of 800-4200 kcal

Farajian 2011

4786
(49.3)

objective: current national data on overweight and
obesity prevalence in preadolescent Greek schoolchil-
dren, association between MD adherence and obesity
rates; inclusion/exclusion: NR

Fernandez-Barres
2016

1827
(51.5)

objective: associations between MD adherence during
pregnancy and childhood overweight and abdominal
obesity risk at 4 years of age; inclusion: > 16 years
old, intention to deliver at the reference hospital, abil-
ity to communicate in Spanish or regional languages,
singleton pregnancy, no assisted conception; exclu-
sion: missing data on total energy intake, missing data
on BMI at 4 years, preterm birth

Fernandez-Barres
2019

2195
(51.8)

objective: association between maternal MD adher-
ence during pregnancy and offspring’s longitudinal
BMI trajectories and cardiometabolic risk in early
childhood; inclusion: > 16 years old, intention to de-
liver at the reference hospital, ability to communicate
in Spanish or regional languages, singleton pregnancy,
no assisted conception

Fikree 1994

755
(NR)

objective: incidence and risk factors for IUGR in a
prospective community-based study conducted in four
low socioeconomic squatter settlements of Karachi;
inclusion: singleton infants, information on both birth
weight and gestational age; exclusion: missing data
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Galan-Lopez 2018

387
54

objective: associations between health-related phys-
ical fitness components, body composition, and MD
adherence of adolescents from Reykjavik; inclusion:
13-16 years old, signed informed consent by par-
ents/guardians, ability to participate regularly in the
subject of Physical Education, no type of cognitive or
physical/motor limitations

Garcia de la Torre
2019

932
©)

objective: easy, universal nutritional intervention in
pregnant women based on MD rich in extra virgin
olive oil and nuts, applied in the usual clinical setting
as early as possible, with a motivational interview in-
stead of an educational group session, is not different
from the results obtained from a previous clinical trial;
inclusion: women, > 18 years old, normal FBG in

the 1st gestational assessment (8—12 GW), signed in-
formed consent; exclusion: FBG > 92 mg/dL in the
Ist gestational assessment, multiple pregnancy, nut
allergy, medical condition, ongoing medication or sig-
nificant disability that would prevent the participant
complying with trial consent, treatment and follow-up
procedures or potentially jeopardize medical care

Garcia-Marcos
2007

17145
(NR)

objective: association between asthma and rhinocon-
junctivitis and the individual intake of several foods
and of a MD, controlling for obesity and exercise; in-
clusion: 6-7 years old, born in Spain, available data on
weight, height, food consumption

George 2000

3633
(51.6)

objective: hemoglobin status (anemia), weight for age
status and dietary habits of pre-school children living
in the rural areas of Kerala State; inclusion: willing to
donate blood sample; exclusion: severe symptoms of
fever, bronchitis, and other illnesses

Gomez Roig 2017

127
(NR)

objective: differences in lifestyle and dietary habits
between pregnant women with SGA fetuses and AGA
fetuses; exclusion: refusal to participate in the study,
use of drugs that might interfere with fetal growth,
genetic alterations affecting growth potential, GDM,
multiple pregnancy, hypertension or preeclampsia,
pregnancy not controlled at the hospital or delivery not
attended at the hospital

Goni 2018

619
(51.4)

objective: associations of the adherence to the MD
and cardiorespiratory fitness with BMI and waist cir-
cumference in a sample of Spanish preschool children;
inclusion/exclusion: NR
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Gonzalez Barcala 7354  objective: relationship of the MD with the prevalence
2010 (50.7)  of asthma symptoms in the child population in the
Mediterranean region; inclusion: 6-7 years old; ex-
clusion: missing data in the food questionnaire
Goswmai 2015 40885 objective: evaluation of socioeconomic and demo-
(53.0) graphic determinants of anemia among Indian children
aged 6-59 months; inclusion: 6-59 months old, being
tested for hemoglobin levels from 2005 to 2006
Grant 2008 213 objective: relationships between nutrition and lifestyle
(40.4) behavious and selected markers of health in 14-15 year
old children attending five Seventh-day Adventist high
schools; inclusion: generally in good health, at least
14-15 years old; exclusion: missing data
Grieger 2014 309 objective: associations between maternal dietary pat-
48) terns in the 12 months before conception and fetal
growth and preterm delivery;inclusion: first antenatal
visit, > 18 years old; exclusion: miscarriage, voluntary
termination of the pregnancy
Grigoropoulou 1125  objective: interaction of living environment and ad-
2011 (47.0) herence to the traditional MD on asthma symptoms
in children aged 10-12 years from an urban area and
two rural areas in Greece; inclusion: girls had to be
premenstrual
Haapala 2017 161 objective: relationships of diet quality in Grade 1, as-
(48.1) sessed by the MDS, BSDS, and FCHEI, to academic
achievement in Grades 1-3 among Finnish primary
school children; inclusion: 6-8 years old, grade 1; ex-
clusion: incomplete data
Haddad 2003 1991 objective: comparison of nutrient and food consump-
(NR)  tion patterns of self-defined vegetarians and non-
vegetarians in a representative sample of the US popu-
lation; inclusion/exclusion: NR
H Al Wattar 2019 974 objective: effects of a MD (supplemented with mixed
0 nuts and extra virgin olive oil), with individualized di-

etary advice on maternal and offspring outcomes in
pregnant women with metabolic risk factors, compared
with routine antenatal care; inclusion: > 16 years of
age, less than 18 GW with a singleton pregnancy, able
to consume nuts and olive oil, proficient in written and
spoken English, metabolic risk factors such as obesity,
raised serum triglycerides or chronic hypertension; ex-
clusion: history of preexisting diabetes, GDM, chronic
renal disease, or autoimmune disease, or taking lipid-
altering drugs such as statins at the time of booking
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Haugen 2008

26563

0

objective: pregnant women in the Norwegian Mother
and Child Cohort Study following a MD during the
first 17-24 GW and reduced risk of preterm birth; in-
clusion: non-smoking, BMI 19-32, 21-38 years old
when giving birth, singleton birth, energy intake be-
tween 4200 and 16700 kJ; exclusion: > 3 spontaneous
abortions prior to this pregnancy

Henriksson 2017

384
(43.0)

objective: associations of dietary patterns and
macronutrient composition with attention capacity
in European adolescents; inclusion: adolescents that
performed attention capacity assessment, complete
dietary data, data for basic confounders

House 2018

325
(53.5)

objective: associations between MD and child behav-
ioral outcomes assessed early in life, role of differ-
entially methylated regions regulating genomically
imprinted genes in these associations; inclusion: > 18
years old, speak English or Spanish; exclusion: estab-
lished HIV infection, intention to relinquish custody of
offspring, obstetrics care at hospitals other than Duke
Obstetrics or Durham Regional Hospitals

Ibanez 2019

1036
(NR)

objective: association between maternal dietary in-
take of meat and meat products during pregnancy and
the risk of having a SGA newborn in a Spanish popu-
lation; inclusion: birth weight smaller than the tenth
percentile for the infant’s gestational age when com-
pared with that expected for the same gestational age
and sex, residence in the referral area of the hospital;
exclusion: congenital malformations

Izadi 2016

459
0)

objective: association between the DASH, MD and
the prevalence of GDM; inclusion: pregnant women
with abnormal fasting glucose for the first time in
pregnancy; exclusion: multiple pregnancy, abnormal
energy intake, type 1 or 2 diabetes, cancer, and cardio-
vascular diseases, incomplete daily food records and
health information

Jali 2011

325
0)

objective: prevalence of GDM among Indian preg-
nant women; inclusion: pregnant women; exclusion:
history of diabetes

Jennings 2011

1700
(43.8)

objective: development of modified dietary indexes
for use in children, determine whether these modified
diet quality indexes were associated with indicators of
weight status and dietary intake in children; inclusion:
weight status measurements taken, completed 4-day
diet diaries, valid physical activity data
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Julian 2018 179
(49.7)

objective: associations between the MDS-A and a
DQI-A with the bone mineral content; inclusion: two
24-h dietary recalls, dual-energy X-ray absorptiometry
bone measurements

Karamanos 2014 1076
0)

objective: association of MD adherence with the inci-
dence of GDM in Mediterranean countries; inclusion:
pregnant women, OGTT; exclusion: history of dia-
betes in the non-pregnant state, incomplete data

Kaur 2013 747
©)

objective: role of genetic thrombophilia in the cau-
sation of various pregnancy complications like
pregnancy-induced hypertension, recurrent abortions,
IUGR and intrauterine death IUD; inclusion: cases:
women with early onset of pregnancy-induced hyper-
tension, < 28 weeks showing, significant proteinuria,
controls: women with two or more consecutive nor-
mal deliveries; exclusion: cases: women with chronic
hypertension, autoimmune disorders, congenital uter-
ine abnormalities, controls: women with any previ-
ous/present pregnancy complications

Koirala 2015 255
(60)

objective: assessment of the proportion of LBW and
identification of associated factors for LBW in a live
born infants among the women in Morang, Nepal; in-
clusion: delivered mother, live birth at the Koshi Zonal
Hospital, willingness to participate in the study

Kontogianni 2008 751
(51.0)

objective: MD adherence in a representative sample
of Greek children and adolescents; exclusion: no chil-
dren in the household, mismatching with age, sex, and
geographical distribution

Koutelidakis 2018 1432
0

objective: MD during the period before pregnancy
may affect maternal GWG inside or outside Institute
of Medicine recommendations; exclusion: high-risk
pregnancy, history of arterial hypertension, heart dis-
ease, diabetes mellitus, high cholesterol and viral in-
fection

Krajcovicova 1997 58
(43.1)

objective: evaluation of health and nutritional status
of children with two different nutritional habits; inclu-
sion: 11-14 years old, vegetarian diet (one group)

89



6 Appendix

Krasavec 2017 74548
(50.8)

objective: risk of stunting in young children with
higher dietary diversity and animal source food con-
sumption; inclusion: available dataset on the Demo-
graphic and Health Surveys website that allowed for
generation of the seven food groups used in the di-
etary diversity measure, child length measurements
part of the survey, all controlling variables available,
minimum of one national level survey per country;
exclusion: data missing or biologically implausible

Krebs 2012 1062
(49)

objective: testing of hypothesis that daily intake of
30-45 g meat from 6-18 months of age would result

in greater linear growth velocity and improved mi-
cronutrient status in comparison with an equicaloric
multimicronutrient-fortified cereal; inclusion: aged
3—4 months, primarily or exclusively breastfed, moth-
ers intended to continue breastfeeding through at least
the first year of life; exclusion: use of free or subsi-
dized fortified complementary foods or infant formula,
multiple births, known congenital anomaly, neurologic
deficit

Lange 2010 1376
(51.0)

objective: association between maternal dietary pat-
tern during pregnancy and recurrent wheeze in chil-
dren; inclusion: singleton pregnancy, first prenatal
visit before 22 GW, plan to continue care at obstetric
office, ability to answer questionnaires in English

Larsson 2002 2005
(50.7)

objective: comparison of lifestyle-related characteris-
tics of low-meat consumer and omnivore adolescents
in Sweden and Norway; inclusion: completed ques-
tionnaire

Lazarou 2010 823
(NR)

objective: association between MD adherence and
obesity status in a nationwide, free-living sample of
children living in Cyprus; inclusion/exclusion: NR

Leung 2001 51
47.1)

objective: investigation of the nutritional status of
Chinese LOV children aged 4-14 years; inclusion: 4-
14 years old, vegetarian diet for at least 1 year

Leventakou 2016 804
(51.2)

objective: impact of children’s dietary patterns on
cognitive and psychomotor development at preschool
age; inclusion: mothers > 16 years old, no communi-
cation handicap, pregnant during 2007-2008; exclu-
sion: children with specific diet for health purposes,
neurodevelopmental disorder diagnosis or other di-
agnosed medical conditions (plagiocephalus, micro-
cephalus, hydrocephalus, brain tumor), incomplete
examination, twins
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Mak 2018

1337
©)

objective: association between dietary patterns dur-
ing early pregnancy and the risk of GDM in Western
China, potential effect modification of pre-pregnancy
BMI and other confounding factors; inclusion: 18-40
years old, singleton pregnancy, signed consent form;
exclusion: severe chronic or infectious disease, in-
fertility treatment such as in vitro fertilization and in-
trauterine insemination

Mari-Sanchis 2018

3298
0)

objective: association of total meat, processed, and
unprocessed red meat and iron intake with the risk

of developing GDM in pregnant women; inclusion:
female participants, sufficient time to answer at least
the first follow-up questionnaire; exclusion: diagnoses
of GDM at recruitment, reported caloric intake below
the 1st percentile or above the 99th, previous diagnosis
of diabetes

Martin-Calvo 2016

3942
(45.0)

objective: association between MD adherence and
BMI change among adolescents; inclusion/exclusion:
NR

Martinez-Galiano
2018

1036
(NR)

objective: effect of the maternal MD and consumption
of olive oil on the risk of having a SGA infant; inclu-
sion: maternal residence in the hospital coverage area,
birth of a single live newborn, absence of congenital
malformations, SGA diagnosed according to the tables
developed for the Spanish population

Melaku 2018

3788
(48.8)

objective: association between household, maternal
and child dietary patterns and childhood stunting in
Ethiopia; inclusion: < 60 months old

Mikkelsen 2008

35657
©)

objective: association between maternal MD and re-
duced risk of preterm birth; exclusion: smoking, < 21
and > 38 years old, BMI < 19 and > 32, a history of
more than 3 abortions, twin pregnancies, and chronic
hypertension, energy intake < 4200 and > 16700 kJ/d

Misra 2015

123
(NR)

objective: impact of maternal factors like knowledge,
BMI, GWG, anemia and dietary habits with risk of
low birth weight in a tertiary care hospital; inclusion:
singleton pregnancy; exclusion: diabetes, hyperten-
sion, twin pregnancy, congenital malformation or any
other chronic diseases

Mistretta 2017

1643
(53.9)

objective: association between MD adherence and
cardio-metabolic parameters among adolescents living
in Sicily; inclusion/exclusion: NR
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Monjardino 2014

1264
(46.8)

objective: short- and long-term associations between
dietary patterns and bone mineral density during ado-
lescence; inclusion: complete information on fore-
arm bone mineral density, anthropometric variables,
parental educational level, age at menarche, FFQ

Monteagudo 2016

320
(NR)

objective: relationship of maternal diet and in utero
exposure to organochlorine pesticides with newborn
weight; inclusion: delivery at the hospital, written
consent to participate in the study, completed ques-
tionnaire; exclusion: chronic disease (diabetes, hy-
pertension, thyroid pathology), development of preg-
nancy complications that could affect fetal growth or
development, non-residence in the area served by the
hospital

Muros 2017a

515
(50.5)

objective: description of MD adherence within a sam-
ple of children Santiago, Chile, relationship between
MD adherence, body composition, physical fitness,
self-esteem, and other lifestyle habits; inclusion: com-
pletion of all elements of testing

Muros 2017b

456
(48.5)

objective: association between BMI, physical activity,
MD adherence, and health-related quality of life in a
sample of Spanish adolescents; inclusion: 11-14 years
old; exclusion: failure to complete some element of
testing, failure to attend class on testing day

North 2000

6296
(100)

objective: role of maternal nutrition in the origin of
hypospadias; inclusion: pregnant women, resident in
the health districts of Avon, estimated date of delivery
between April 1991 and December 1992

O’Connell 1989

404
(NR)

objective: effect of a vegetarian diet on child growth
in a collective community in Tennessee compared with
a US growth reference; exclusion: ethnicity, dietary
reasons, chronic illness that affects growth (criteria not
specified)

Olmedo-Requena
2019

1466
©)

objective: effect of the pre-pregnancy MD level on the
odds of GDM development; inclusion: Spanish, > 18
years old, low risk pregnancy; exclusion: type 1 or 2
diabetes, carbohydrate intolerance prior to pregnancy,
high risk pregnancies and women that needed to mod-
ify their diet or physical activity level in the previous
year or during the first half of gestation for a medical
reason
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Pellegrini-
Belinchon 2016

1164
(51.8)

objective: identification of risk factors that may be
acted upon in order to modify the evolution of re-
current wheezing in the first months of life; inclu-
sion/exclusion: NR

Peraita-Costa 2018

492
(NR)

objective: role of MD adherence during pregnancy in
the anthropometric development of the newborn; in-
clusion: delivery to the Obstetrics Ward of La Fe Hos-
pital in Valencia, belonging to the health coverage area
of this hospital, complete outcome data; exclusion:
non-available data corresponding to the characteristics
of the newborn, inconsistent or incomplete responses
by the mother

Persky 1992

75 (0)

objective: hormonal differences among teenage girls
whose nutritional intakes indicate varying risk of
breast cancer, specifically girls who ingest vegetar-
ian or non-vegetarian diets; exclusion: girls who had
not yet menstruated, pregnancy, taking birth control
pills

Poon 2013

1032
(NR)

objective: association of overall maternal dietary pat-
terns (AHEI-P and alternate MD) with birthweight,
SGA, LGA, and early infant growth by 4—-6 months of
life; inclusion: healthy singleton, delivered after > 35
GW, weight of at least 5 pounds; exclusion: intensive
care unit for more than 3 days, medical condition that
affects infant feeding, caloric intake in the top 2% or
bottom 1% of energy intake

Renault 2015

342
0)

objective: improvements and relevance of different
dietary factors targeted with respect to GWG in a 3-
arm RCT among obese pregnant women; inclusion:
pre-pregnancy BMI >, gestational age < 16 weeks,

> 18 years old, no disease limiting physical activity,
singleton pregnancy; exclusion: linguistic problems

Rona 1987

369
(53.1)

objective: relation between vegetarian status and
growth in terms of height, weight-for-height, and tri-
ceps skinfold of children; inclusion: Urdu, Gujarati or
Punjabi origin

Rosi 2017

690
(48)

objective: relationship among BMI, MD adherence,
physical activity level, and sleep duration in school-
aged children; inclusion: written consent from parents,
verbal consent from pupils
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Santos Vaz 2013

9530
©)

objective: associations between dietary patterns and
n-3 PUFA intake from seafood and high levels of anx-
iety during pregnancy; inclusion: pregnant women,
resident in the health districts of Avon, estimated date
of delivery between April 1991 and December 1992;
exclusion: missing data on confounding variables

Saunders 2014

728
(50.8)

objective: impact of MD adherence during pregnancy
on FGR and preterm delivery; inclusion: living in
Guadeloupe for at least 3 years, liveborn singleton
pregnancy; exclusion: major congenital malforma-
tions, incomplete data, implausible values for total
energy intake

Schoenaker 2015

3853
©)

objective: associations between pre-pregnancy dietary
patterns and the risk of GDM in a population-based
study of women of reproductive age; exclusion: preg-
nant at the time of measurement of dietary intake, no
live birth at consecutive surveys, missing data on diet
or GDM, implausible energy intake, history of type 1
or type 2 diabetes or GDM, missing covariate data

Schoenaker 2015

3582
0)

objective: associations between pre-pregnancy dietary
patterns and risk of developing hypertensive disor-
ders during pregnancy in a population-based study of
reproductive-aged Australian women; exclusion: preg-
nant at the time of measurement of dietary intake, no
live birth at consecutive surveys, missing data on diet
or hypertensive disorders of pregnancy, implausible
energy intake, history of history of chronic hyperten-
sion, missing covariate data

Sharma 2003

1150
0)

objective: effect of various dietary habits, such as a
vegetarian diet or various types of meat, on the preva-
lence of anemia in pregnant women; inclusion: sin-
gleton pregnancy, patient sure of dates, willingness

to participate in the study; exclusion: multiple preg-
nancy, any medical disorder except anemia, any obstet-
ric complication like bleeding or pregnancy induced
hypertension

Sheng 2019

180
(50.6)

objective: vitamin B12 status of toddlers living in
high-poverty areas of China and to observe the effects
of different complementary foods on the vitamin B12
status and cognitive level of these toddlers; inclusion:
term delivery without serious neonatal complications,
absence of acute or chronic illness, healthy single-
ton status with birth weight > 2000 g, no metabolic or
physical problems and being exclusively breastfed
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Shull 1977

106
(45.8)

objective: effects of a vegetarian diet on growth; in-
clusion: healthy, white, vegetarian, < 5 years old

Silva-del Valle
2013

170
0)

objective: impact of the MD on weight gain and obe-
sity in pregnant women in Gran Canaria; exclusion:
history of arterial hypertension, heart disease, diabetes
mellitus, high cholesterol, concomitant use of folic
acid supplements or viral infection, high-risk preg-
nancies, women who gave birth to children with any
pathology

Smith 2015

1890
0)

objective: associations between lifestyle factors and
late and moderate preterm birth; exclusion: missing
data

Stuebe 2009

1388
0)

objective: identification of modifiable risk factors for
excessive GWG; inclusion: fluent in English, < 22
GW at study entry, singleton pregnancy, data on first-
and second-trimester diet and on mid-pregnancy phys-
ical activity; exclusion: missing information on pre-
pregnancy BMI and GWG, delivery before 34 GW,
missing data on covariates associated with excessive
GWG, including maternal age, race, first trimester
nausea, household income, and smoking status

Timmermans 2011

3187
0)

objective: associations of dietary patterns with
biomarker concentrations of endothelial function and
maternal blood pressure patterns during pregnancy,
occurrence of gestational hypertension and preeclamp-
sia; inclusion: prenatally enrolled Dutch women with
a live-born singleton; exclusion: medical history of
chronic hypertension, diabetes mellitus, hypercholes-
terolemia, heart disorders, systemic lupus erythemato-
sus

Timmermans 2012

3207
(NR)

objective: associations of maternal diet with utero-
placental vascular resistance, placental weight, fetal
size and birth weight; inclusion: spontaneously con-
ceived, live-born, singleton pregnancy, Spanish eth-
nicity; exclusion: incompleteness of FFQ, fertility
treatment, twin pregnancy, termination of pregnancy,
intrauterine fetal death

Tambalis 2018

336014
6D

objective: prevalence of total and central obesity
groups among 4- to 17-year-old children and adoles-
cents as a basis for effective prevention strategies, as-
sociation between several anthropometric and lifestyle
factors and total/central obesity; inclusion/exclusion:
NR
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Tobias 2012

15254
©)

objective: association between usual pre-pregnancy
adherence to dietary patterns, including alternate MD,
DASH, and aHEI and associated the risk of GDM; in-
clusion: singleton live births; exclusion: GDM in a
previous pregnancy, diagnosis of type 2 diabetes or
cancer, or a cardiovascular disease event before an oth-
erwise eligible pregnancy, > 70 FFQ items left blank,
implausible total energy intake

Tognon 2014

13256
(50.9)

objective: cross-sectional and prospective association
between high MD adherence and overweight or obe-
sity indicators; inclusion: completed questionnaire,
weight and height measurements

Vassiloudis 2014

528
(48.5)

objective: links between MD adherence, excess body
weight, energy balance behaviors, and academic per-
formance in Greek primary schoolchildren; exclusion:
incomplete data, learning disabilities and attention
problems

Voltas 2016

241
(39.0)

objective: identification of psychopathological, an-
thropometric and sociodemographic factors that
may influence the risk of low MD adherence; inclu-
sion/exclusion: NR

Vujkovic 2009

131
(43.5)

objective: identification of dietary patterns in case
and control mothers and to examine whether associa-
tions exist between these dietary patterns and the risk
of spina bifida risk in the offspring; inclusion: cases:
Dutch Caucasian mothers and their child with a non-
syndromic meningo(myelo)cele diagnosed by a neuro-
pediatrician at birth, controls: Dutch Caucasian moth-
ers of children without congenital abnormalities of
the same age as the cases; exclusion: pregnancy at the
study moment, consanguinity, a familial relationship
between the case and the control families, maternal
diabetes mellitus

Weder 2019

430
(48.1)

objective: comparison of energy intake, macronutri-
ents, and fiber, as well as birth weight and height, of
vegan, vegetarian, and omnivorous; inclusion: 1-3
years old, living in Germany; exclusion: diagnosed
diseases that could affect the studied variables (en-
teropathy, pancreatic diseases, and metabolic disorders
such as phenylketonuria or fructose malabsorption),
special diets other than vegan or vegetarian diets,
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Wolters 2018 298 objective: identification and description of dietary pat-
(52.7)  terns at the beginning of primary school period and

patterns of dietary changes during the course of pri-
mary school in two German pediatric cohort studies;
inclusion: dietary data at the beginning of primary
school and at least two years later, complete anthropo-
metric measurements at baseline and follow-up, data
on potential covariates

Yang 2019 1422 objective: associations between dietary patterns and
(50.6) CHD risk in Shaanxi, China; inclusion: cases: diag-
nosed with isolated CHD, controls: no CHD; exclu-
sion: gene disorders or chromosomal abnormalities,
GDM or multiple gestations

Zulyniak 2017 3997  objective: association between maternal diet and birth
(51.8)  weight in a multiethnic cohort; inclusion: comprehen-
sive clinical and dietary data, birth data; exclusion:
implausible energy intake, non-singleton pregnancies,
preterm delivery (< 36 weeks), not knowing ethnic
origin

AGA = appropriate for gestational age; aHEI = alternate Healthy Eating Index; AHEI-
P = Alternative Healthy Eating Index for Pregnancy, BMI = body mass index; BSDS
= Baltic Sea Diet Score; CHD = congenital heart defect; DASH = Dietary Approaches
to Stop Hypertension; DQI-A = Diet Quality Index for Adolescents; FBG = fasting
blood glucose; FCHEI = Finnish Children Healthy Eating Index; FFQ = food frequency
questionnaire; FGR = fetal growth restriction;, GDM = gestational diabetes mellitus;
GW = weeks of gestation; GWG = gestational weight gain;, IUGR = intrauterine growth
retardation; LBW = low birth weight; LGA = large for gestational age; LOV = lacto-
ovo-vegetarian; MDS = Mediterranean diet score; MDS-A = Mediterranean Diet Score
for Adolescents; NR = not reported; OGTT = oral glucose tolerance test; PA = physical
activity, PUFA = polyunsaturated fatty acid ; RCT = randomized controlled trial; SGA
= small for gestational age
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Mediterrane Didt vor und

wdhrend der Schwangerschaft

Arved Pannenbacker, Rima Obeid

Im Vergleich zu veganen und vegetarischen Erndhrungsformen ist die mediterrane Diat
(MD) vielfaltiger, ausgewogener in Bezug auf Makro- und Mikrondhrstoffe und mithilfe von
Score-Systemen in der Literatur besser definiert. Studien weisen darauf hin, dass die MD vor
und wdhrend der Schwangerschaft protektive Effekte auf die Gesundheit von Mutter und
Kind haben kann, so z. B. gegeniiber Gestationsdiabetes, Praeklampsie, einem niedrigen

Geburtsgewicht oder Frithgeburtlichkeit.

P

Gute Daten: Mediterrane Kost sollte Frauen mit Kinderwunsch und Schwangeren empfohlen werden. Quelle: Kirsten Oborny,

Thieme Gruppe

Einleitung

Es liegen hinreichende Beweise dafiir vor, dass eine medi-
terrane Didt (MD) wdhrend der Schwangerschaft einem
negativen Schwangerschaftsausgang wie beispielsweise
Gestationsdiabetes, Praeklampsie und Frithgeburtlich-
keit entgegenwirkt. Klinische Studien im Bereich der Re-
produktionsmedizin zeigen einen Zusammenhang zwi-
schen einem héheren Score bei der MD und der Erfolgsrate
einer kiinstlichen Befruchtung bei Frauen mit Infertilitats-

Pannenbdcker A et al. Mediterrane Didt vor ... Erndhrung & Medizin 2020; 35: 61-67

problemen. Die Vorteile der MD kénnten in der Diversitat
und der Ausgewogenheit der Makro- und Mikrondhrstof-
fe der MD im Vergleich mit der vegetarischen Erndhrung
begriindet sein.

s Merke

Der gesundheitliche Nutzen der MD ist ausgepragter
als derjenige der veganen oder vegetarischen Erndh-
rungsformen.

# Thieme
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Des Weiteren haben epidemiologische Studien eine klare
Definition der Zusammensetzung der MD mithilfe von
Didt-Scores gezeigt, die die systematische Abgrenzung
zwischen Subgruppen mit unterschiedlich strenger Didt-
einhaltung ermdglichen konnten [1]. AuBerdem kénnten
diein der MD vermehrt vorkommenden Nahrungsbestand-
teile, die in veganen oder vegetarischen Erndhrungsformen
vernachldssigt werden, wie beispielsweise Fisch, Milchpro-
dukte und Ei, einen unabhdngigen gesundheitlichen Nut-
zen aufweisen. Obwohl es sich groRtenteils um Observati-
onsstudien (und nicht Interventionsstudien) handelt, exis-
tieren auch einige randomisierte kontrollierte Studien, die
Bestandteile oder das gesamte Konzept der MD betrach-
teten und deren gesundheitlichen Nutzen untersuchten.

Die mediterrane Didt als
perikonzeptionelle Erndhrungsform

Zahlreiche Studien stiitzen die These, dass eine Einhal-
tung der MD, ein hoher Score bei der Didt oder der Ver-
zehr bestimmter Bestandteile der Didt (Fisch, Milchpro-
dukte etc.) zu einer Verbesserung der Raten fiir klinische
Schwangerschaften und Lebendgeburten nach In-vitro-
Fertilisation (IVF) fihren [2][3]. Jedoch ist die Generali-
sierbarkeit einzelner Studien auf alle Frauen mit Fertilitats-
problemen nicht mdglich. Eine strengere Einhaltung der
MD war mit einem besseren IVF-Ausgang assoziiert, aber
es wurde keine dosisabhdngige Beziehung festgestellt [2].

In einer weiteren Untersuchung zeigte eine Pro-Fertilitéts-
didt als Vorbehandlung mit héherer Zufuhr von Folsau-
re, Vitamin B, Vitamin D, Obst und Gemtise ohne Pesti-
zidriickstdnde, Vollkornprodukten, Milchprodukten, Soja,
Meeresfriichten und wenig Fleisch noch bessere IVF-Ergeb-
nisse als die MD [2]. Die Ergebnisse sollten aufgrund des
beobachtenden Studiencharakters (keine randomisierte
kontrollierte Studie) mit Vorsicht betrachtet werden.

Zudem existieren Studien, die einen negativen Einfluss bei
perikonzeptionellem Verzehrvon Lebensmitteln mit Pesti-
zidriickstanden auf eine erfolgreiche Schwangerschaft bei
Frauen mit Fertilitdtsproblemen implizieren. Dieser Faktor
konnte den gesundheitsfordernden Effekt von Obst und
Gemiise aufheben. Andererseits ist der Konsum von Bio-
Obst und -Gemiise (frei von Pestizidriickstanden) oft mit
hoherem Sozialstatus assoziiert, was wiederum die Aussa-
ge erschwert, ob die MD der Hauptakteur bei der erfolg-
reichen Schwangerschaftist.

s Merke

Viel Gemiise und Obst allein haben noch keinen aus-
reichend protektiven Einfluss; es kommt auch auf die
Qualitat der Nahrung und ggf. auf damit abhangige
soziookonomische Faktoren an.

Eine Studie aus Rotterdam zeigte eine Assoziation zwi-
schen einer perikonzeptionellen Erndhrungsform (reich an

& Thieme

Fisch und Olivendl, wenig Fleisch) und fetalem Wachstum
in den ersten 90 Schwangerschaftstagen bei Frauen, die
spontan schwanger wurden [4]. Die Einhaltung einer Er-
ndhrungsform reich an Milchprodukten war mit einem ho-
heren pranatalen Wachstum des Kleinhirns assoziiert [5].
Dazu wurde der transzerebelldre Durchmesserin Schwan-
gerschaftswoche 9 (+6,8 % hoher), 11 (+6 % hoher) und 32
(+2,8% hoher) per Ultraschall bestimmt und mit Frauen,
die weniger Milchprodukte konsumierten, verglichen [6].
Der Effekt einer strengen Einhaltung der miitterlichen Er-
nahrung reich an Milchprodukten warim 1. Trimester star-
ker ausgeprdgt als im 3. Trimester, was darauf hindeutet,
dass weitere Faktoren zumindest teilweise die Auswirkun-
gen der mitterlichen Erndhrung auf das Hirnwachstum
verbessern oder kompensieren konnen [6]. Im Gegensatz
dazu konnte die niederlandische Studie keine Assoziation
zwischen fetalem zerebelldren Wachstum und einer peri-
konzeptionellen mitterlichen MD, einer westlichen Erndh-
rungsform oder einer Erndhrung reich an Eiern wéhrend
der Schwangerschaft feststellen [6]. Die Ergebnisse legen
nahe, dass in der Frithschwangerschaft spezifische Effek-
te der Erndhrung auf fetales Wachstum vorliegen. Eben-
falls deuten die Ergebnisse darauf hin, dass verschiedene
Faktoren den Einfluss der gesunden miitterlichen Erndh-
rung auf das Wachstum des Kindes abmildern oder gar auf-
heben konnen. Beispiele fiir diese Faktoren konnten sein:
= der mitterliche Body-Mass-Index (BMI) vor der
Schwangerschaft und
= die tigliche Aufnahme von Fetten, Fleisch und der
Gesamtkalorienzahl.

e Merke

Die Studienlage zum Fischverzehr als Teil der medi-
terranen Didt wahrend der Schwangerschaft in Bezug
auf Ubergewicht des Kindes ist uneinheitlich.

Kombinierte Analysen der Daten von 26184 schwangeren
Frauen und deren Kindern aus 11 europdischen Landern
untersuchten die Assoziation von Fischzufuhrwéhrend der
Schwangerschaft und dem BMI des Kindes zwischen 3 Mo-
naten nach Geburt bis zum Alter von 6 Jahren [7]. Frauen,
die wihrend der Schwangerschaft haufiger als 3-mal pro
Woche Fisch aRen, gebaren Kinder mit h6heren BMI-Wer-
ten im Sduglings- bis mittleren Kindesalterim Vergleich zu
Frauen mit geringerem Fischkonsum (< 3-mal/Woche) [7].
Ein hoher Fischkonsum wdhrend der Schwangerschaft war
verglichen mit einem geringeren Fischkonsum mit einem
erhohten Risiko fiir Ubergewicht/Adipositas bei Nachkom-
men insbesondere bei Mddchen assoziiert [7]. Die Konse-
quenz wdre theoretisch eine Warnung gegen Fischkon-
sum wahrend der Schwangerschaft. Dennoch wurden lan-
desspezifische Variationen im Fischkonsum und weitere,
maoglicherweise mit dem Fischkonsum assoziierte Fakto-
ren festgestellt, die in der Analyse keine Beachtung fanden.

Eine US-amerikanische Studie zeigte, dass ein hoherer
Score der miitterlichen MD mit einer niedrigeren Wahr-
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scheinlichkeit (Odds Ratio, OR) fiir Depressionen, Angstzu-
stande, Anpassungsstérungen und Autismus bei Kindern
im Alter von 12-24 Monaten (Durchschnitt 13,9 Monaten)
assoziiert ist [8]. Die DNA-Methylierung mehrerer Gene
(z.B.1GF2) im Nabelschnurblut der Neugeborenen war mit
der Einhaltung der MD bei der Mutter assoziiert und der
Zusammenhang variierte zwischen weiblichen und mann-
lichen Neugeborenen [8].

STUDIENFAZIT

Zusammengefasst ist die perikonzeptionelle mitter-
liche Didt mit hohem MD-Score, einem hohen Anteil
von Fisch und Milchprodukten und wenig Fleisch
mit einer groReren Wahrscheinlichkeit einer erfolg-
reichen Schwangerschaft bei Fertilitdtsproblemen
und positiven gesundheitlichen Effekten auf das
Kind assoziiert.

MD in der Schwangerschaft
Gestationsdiabetes

Kinder von Frauen mit Gestationsdiabetes haben oft ein
hoheres Risiko fiir iberméRiges oder vermindertes Wachs-
tum und die Entwicklung von Adipositas im spdteren Le-
bensverlauf. Die MD ist assoziiert mit einem um 18-46 %
verringerten Risiko fiir Gestationsdiabetes — abhangig vom
Scoring-System und der Strenge der Didteinhaltung [9]
[10]. Wenn zusétzliche Faktoren wie kérperliche Aktivitdt,
Nichtrauchen und normaler BMI beachtet wurden, erhéht
sich die mit der MD assoziierte Risikoreduktion auf 83 %
[11]. Schatzungen zufolge sind die folgenden 4 Risikofak-
toren fiir 47,5 % (95 % Konfidenzintervall KI: 35,6-56,6 %)
aller Félle von Gestationsdiabetes verantwortlich [11]:

= Rauchen

= korperliche Inaktivitat

= Ubergewicht

= schlechte Erndhrung.

msssss  Merke
Der vorschwangerschaftliche BMlI ist ein erwiesener
Risikofaktor fiir Gestationsdiabetes.

Dabeiist die wichtigste Frage, ob eine friihe Intervention in
Form der MD Gestationsdiabetes vorbeugen, Blutzucker-
spiegel normalisieren oder negative Folgen nach der Di-
agnose Gestationsdiabetes verhindern kann.

Studien mit Erndhrungstherapie

In einer spanischen Kohortenstudie mit 874 Schwan-
geren wurden 177 Frauen mit Gestationsdiabetes (24-
28 Schwangerschaftswochen) diagnostiziert und 697
wiesen normale Werte beim oralen Glucosetoleranztest
auf [12]. Die Frauen mit Gestationsdiabetes erhielten
eine medizinische Erndhrungstherapie in Form einer MD
(nicht-kontrollierte Intervention) und 27 % bekamen bei
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nicht ausreichender Wirkung der Diét zusatzlich eine In-
sulinbehandlung [12]. Durch die Intervention konnte na-
herungsweise Normoglykdmie erreicht werden mit dhnli-
chen HbA,~Werten wie bei Frauen ohne Gestationsdiabe-
tes nach 36-38 Schwangerschaftswochen [12]. Die Raten
fur unzureichende Gewichtszunahme und Neugeborene,
die ,zu klein flr das Gestationsalter (small for gestatio-
nal age, SGA) waren, blieben signifikant hoher bei Frauen
mit Gestationsdiabetes [12].

In einer weiteren Studie erhielten mehr als 800 Schwan-
gere entweder eine MD (angereichert mit nativem Oliven-
6l und Niissen) oder eine Kontrolldidt mit Beginn der 8.-
12. Schwangerschaftswoche (randomisierte kontrollier-
te Studie) [7]. Die Inzidenz von Gestationsdiabetes nach
24-28 Schwangerschaftswochen, miitterliche Gewichts-
zunahme und andere Schwangerschaftskomplikationen
wurden dokumentiert [7]. Die Wahrscheinlichkeit einen
Gestationsdiabetes zu entwickeln, war in der Interventi-
onsgruppe niedriger als in der Kontrollgruppe [Adjustierte
ORO0,75(95%KI:0,57-0,98); p=0,039]. Die Intervention
mit der MD verringerte die Raten von insulinbehandeltem
Diabetes, Friihgeburtlichkeit, mutterlicher Gewichtszu-
nahme und zu kleiner und zu groRBer Neugeborener (alle
p<0,05) [7].

In einer Subgruppe von 697 Frauen, die wdhrend der
Schwangerschaft normoglykamisch blieben, wirkte die
MD protektiv auf zahlreiche mitterlich-fetale Schwan-
gerschaftsausgdnge [13]. AuBerdem zeigte die MD eine
Assoziation mit einem erniedrigten Risiko fiir das metabo-
lische Syndrom oder dessen Komponenten bei 12-14 Wo-
chen postpartum untersuchten Frauen [relatives Risiko
(RR)=0,74 (95 % KI, 0,60-0,90)]. Die Rate von Frauen mit
Insulinresistenz postpartum (HOMA-IR < 3,5) wies keine
Unterschiede zwischen beiden Interventionsgruppen auf
[14]. Somit gibt diese Studie Anhalt dafiir, dass die MD (in
der Studie zusdtzlich angereichert mit nativem Olivendl
und Niissen) universell fiir Hoch- und Niedrigrisikoschwan-
gerschaften empfohlen werden kénnte.

Eine Metaanalyse schdtzte die Risikoreduktion fiir Gesta-
tionsdiabetes durch eine gesunde miitterliche Erndhrung
(beinhaltet eine MD) auf 15-38 %, wadhrend korperliche
Aktivitdt vor und im friihen Stadium der Schwangerschaft
mit einer Risikoreduktion von jeweils 30 % beziehungswei-
se 21 % assoziiert war [15].

mssmn  Merke

Eine Kombination von gesunder Erndhrung und kor-
perlicher Aktivitdt, im Optimalfall mit Beginn vor der
Schwangerschaft, stellt die vielversprechendste Strate-
gie zur Vorbeugung von Gestationsdiabetes dar.

Es existieren zahlreiche nichtdidtetische Modifikatoren die-
ser Assoziation. Lindsay et al. fanden beispielsweise keine
Assoziation zwischen MD und Insulinresistenz, aber sie be-
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richteten von einer Kombination psychologischer Faktoren
wie Angstlichkeit, Trauer, Wut und Stress als mdglichem
abmildernden Faktor der Assoziation zwischen mitterli-
cher MD und Insulinresistenz (HOMA-IR) [16].

Der BMI ist zusatzlich mit unterschiedlichen Verhéltnis-
sen der Fettsdurenzusammensetzung der Muttermilch
assoziiert, was wiederum die Gewichtszunahme des Séug-
lings in den ersten Lebensmonaten beeinflussen kénn-
te [17].

Eine prospektive Studie mit 1337 Chinesinnen untersuchte

die Assoziation zwischen Erndhrung und dem Risiko fiir Ge-

stationsdiabetes, indem der Diabetes mithilfe des oralen

Glucosetoleranztests zwischen der 24. und 28. Schwanger-

schaftswoche diagnostiziert wurde [18]. Drei Erndhrungs-

formen wurden unterschieden:

= pflanzenbasiert,

= fleischbasiert und

= eine proteinreiche und kohlenhydratarme Erndh-
rungsform.

199 Frauen (14,9 %) entwickelten einen Gestationsdiabe-
tes im Laufe der Schwangerschaft [18]. Nur bei Frauen mit
erhéhtem vorschwangerschaftlichem BMI=24 kg/m2 und
in der Gruppe mit der proteinreichen und kohlenhydrat-
armen Erndhrungsform zeigte sich ein Zusammenhang mit
einer geringeren Wahrscheinlichkeit fiir mitterlichen Dia-
betes [die OR fiir das hochste versus das niedrigste Tertil
des Didt-Scores=0,29 (0,09-0,94)] [18]. Das obere Tertil
der Erndhrungsform war reich an Obst, Fleisch, Fisch, Nis-
sen, Samen, Milch, Eiern und arm an Getreide (Reis, Nu-
deln, Brot und Mais).

PRAXISTIPP

Frauen, die eine Schwangerschaft planen und einen
hohen BMI haben, sind eine leicht zu identifizierende
Risikogruppe und kénnten von einer Risikoreduktion
fiir Gestationsdiabetes durch eine mediterrane Didt
profitieren.

Studien mit Erndhrungsberatung

In einer Studie mit 5384 Frauen, erhielten 46,9 % der Teil-
nehmerinnen eine Erndhrungsberatung, wenn sie vor ihrer
pranatalen Untersuchung als Risikogruppe fiir Gestations-
diabetes identifiziert wurden [19]. Nur 6 % der Frauen, die
im Laufe der Schwangerschaft die Diagnose Gestationsdia-
betes entwickelten, erhielten eine Erndhrungsberatung vor
der Schwangerschaft [19]. Des Weiteren wird die mitter-
liche MD vor der Schwangerschaft mit einem geringeren
Risiko fiir Gestationsdiabetes verbunden [20]. Frauen mit
Gestationsdiabetes schienen signifikante Erndhrungsum-
stellungen wahrend der Schwangerschaft vorzunehmen,
was vermutlich ein Resultat der erhaltenen Erndhrungs-
beratung war [17].

& Thieme

Damit bleibt die wichtigste Frage offen, ob eine Interven-
tion in Form von ,Erndhrungsberatung“ vor der Schwan-
gerschaft das Risiko von Gestationsdiabetes reduzieren
kann. Ergebnisse von 5 Studien zeigten eine mogliche Re-
duktion des Risikos fiir Gestationsdiabetes bei Frauen, die
eine Erndhrungsberatung erhielten. Vier Studien wiesen
auf keinen deutlichen Unterschied zwischen Frauen mit
wenig und Frauen mit mittlerer bis hoher Beratungsinten-
sitdt [21]. Es wurde eine mdgliche Reduktion des schwan-
gerschaftsinduzierten Bluthochdrucks bei Frauen mit Er-
ndhrungsberatung beobachtet [21].

Es gibt inzwischen eine gute Evidenzlage zum protektiven
Effekt einer ,Erndahrungsberatung in Form von MD“ fiir alle
Frauen, die eine Schwangerschaft planen, oder solche, die
zu einer Risikogruppe gehdéren (z. B. hoher BMI, friiherer
Gestationsdiabetes, Fertilitdtsprobleme). Allerdings verfii-
gen viele der Studien Giber Limitationen, die wiederum die
Generalisierbarkeit der Ergebnisse einschranken. Dies kann
sich mit der Zeit &ndern, wenn besser konzipierte Studi-
en verfligbar sind und Metaanalysen durchgefiihrt werden
konnen. Allerdings beansprucht die Erndhrungsumstellung
viel Zeit und die Erndhrungsberatung kénnte fir Frauen,
die die Schwangerschaft nicht geplant haben, zu spét sein.

AUSBLICK

Aus Sicht der Bevolkerungsgesundheit lohnt es sich,
in die Pravention zu investieren, insbesondere bei
Risikogruppen. Fir die Inanspruchnahme von Erndh-
rungsberatung fehlen allerdings oft die Ressourcen,
das Bewusstsein der Frauen und die Fahigkeit zur
Umsetzung der Empfehlungen.

GeburtsgroRe, Wachstum des Kindes, Uber-
gewicht und kardiovaskuldre Risikofaktoren

Laut einer Studie hatten Frauen, die eine MD befolgten, ein
niedrigeres Risiko, Kinder mit intrauteriner Wachstumsre-
tardierung zu gebdren [22]. Kiirzlich wurde in einem syste-
matischen Review die Assoziation zwischen miitterlicher
MD und kindlicher Gesundheit untersucht [23]. Die Auto-
ren identifizierten beiinsgesamt 29 Studien 8 Studien zum
Risiko von niedriger GeburtsgréRe, 7 Studien zu Asthma
und Allergien und 6 Studien zum Risiko fiir Friithgeburt-
lichkeit. Mit Ausnahme einer Studie [7] handelte es sich
ausschlieRlich um Observationsstudien (keine Interven-
tionsstudien) [23].

Zahlreiche Publikationen zeigten, dass eine Intervention
mit einer MD mit einem besseren Schwangerschaftsaus-
gang fiir Neugeborene von Mittern mit Risiko fiir Gesta-
tionsdiabetes und von Miittern ohne Gestationsdiabetes
assoziiert war (St. Carlos GMD Prevention Study) [7].

In einer kiirzlich erschienenen Studie wurden 1257 ame-
rikanische Schwangere und ihre Kinder bis zum Alter von
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4 |ahren untersucht. Die Entwicklung des kindlichen BMI
wurde unter dem Gesichtspunkt zweier mitterlicher Er-
ndhrungsformen betrachtet: Fastfood und verarbeite-
te Lebensmittel [24]. Der Anteil von Kindern mit hohem
BMI-Verlauf war im hochsten Quartil der mitterlichen
Fastfood-Erndhrungsform (z. B. h6herer Verzehr von frit-
tiertem Hahnchen und Fisch, Fruchtsaften, Mayonnaise
und gezuckerten Getranken) hoher im Vergleich zum nied-
rigsten Quartil (14,9 % vs. 8,6 %; p=0,02). Der Prozentsatz
bei Kindern mit Adipositas/Ubergewicht lag bei 34,5 % be-
ziehungsweise 25,4 % (p=0,01) [24]. Die mutterliche Er-
nahrungsform mit verarbeiteten Lebensmitteln (héhere
Zufuhrvon Milchprodukten, Salatdressing, verarbeitetem
Fleisch, Cornflakes und Miisli) war weder mit hoheren BMI-
Verldufen noch mit Ubergewicht/Adipositas beim Kind as-
soziiert.

Eine niederldandische Studie untersuchte die Assoziation
von miitterlicher Erndhrung mit der Kérperzusammenset-
zung der Kinderim Alter von 6 Jahren mithilfe der Doppel-
rontgen-Absorptiometrie [25]. Der Zusammenhang wurde
durch Anpassung fiir Lebensstil- und soziodemografische
Faktoren abgeschwdcht, was darauf hindeutet, dass die
Assoziationen nicht unabhangig voneinander waren [25].

Eine amerikanische Mutter-Kind-Kohortenstudie berich-
tete von einer Beziehung zwischen der Qualitdt mitterli-
cher Didt wahrend des 3. Schwangerschaftstrimesters und
dem Kindeswachstum 1 und 3 Monate postpartum sowie
der Korperfettverteilung im Alter von 6 Monaten [26].
Eine hohere Qualitdt der mutterlichen Didt wahrend der
Schwangerschaft bis 3 Monate postpartum war mit nied-
rigeren kindlichen Werten fiir den Gewicht-fiir-GroRe-Z-
Score (standardisiertes MaR fiir Kindeswachstum) in den
ersten 6 Lebensmonaten und einem geringeren Kérper-
fettanteil im Alter von 6 Monaten assoziiert. Eine héhere
Qualitdt der mitterlichen Didt in den ersten 3 Monaten
nach der Geburt war ebenfalls mit einer geringeren kind-
lichen Fettmasse nach 6 Monaten assoziiert.

MESSGROSSE NAHRUNGSQUALITAT

Die Qualitat der mitterlichen Didt wahrend der
Schwangerschaft wurde mithilfe eines Score-
Systems bemessen. Der Gesamtscore bildet sich
aus der Summe von 13 untergeordneten Scores,
der Addquanz (Obst, Gemdise, Bohnen, Vollkorn-
produkte, Milchprodukte, Gesamtprotein, Meeres-
friichte, pflanzliches Protein und das Verhaltnis von
ungesattigten zu gesattigten Fettsauren) und der
MaRigung (raffiniertes Getreide, Natrium, Zusatz
von Zucker und gesdttigten Fettsduren).

Die Assoziation mitterlicher MD mit kindlichem BMI
(2195 Mutter-Kind-Paare) und kardiometabolischen Ri-
sikofaktoren im Alter von 4 Jahren (697 Mutter-Kind-Paa-
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re) wurde bei einer spanischen Kohorte untersucht [27].
Ein hoherer Score bei der MD war mit niedrigerem Risiko
fiir hohe GeburtsgroRe und darauffolgend beschleunigter
Zunahme des BMI assoziiert (verglichen mit Kindern mit
durchschnittlicher GeburtsgréRe und langsamer Zunah-
me des BMI) [27]. Es lagen keine Assoziationen vor zwi-
schen mitterlichem Score bei der MD und kardiometa-
bolischen Risikofaktoren im Alter von 4 Jahren wie Blut-
druck, Triglyzeride, HDL, Leptin, C-Peptid, Adiponektin und
Entziindungsmarkern wie CRP und IL-6 (nach Anpassung
fir matterliches Rauchen, Alter, Geschlecht, Energiezu-
fuhr etc.). Dennoch wurden andere Variablen nicht ana-
lysiert, die das Risiko fiir Adipositas und kardiometaboli-
sche Risikofaktoren beim Kind beeinflussen konnten, wie
z.B. miitterliche Bildung, Erndhrung des Kindes und Dauer
der Stillzeit [27].

Ahnliche Ergebnisse brachte eine Studie mit 997 US-ame-
rikanischen und 569 griechischen Mutter-Kind-Paaren her-
vor [28]: Bei jeder Erh6hung des Scores fiir die MD um
3 Punkte verringerte sich bei dem Kind der BMI-Z-Score
um 0,14 Einheiten (95 % KI, 0,15 bis -0,13), der Bauch-
umfang um 0,39cm (95 % KI, -0,64 bis -0,14) und die
Summe der Hautfaltendicken um 0,63 mm (95 % Kl, -0,98
bis -0,28). Auch der kindliche systolische und diastolische
Blutdruck war niedriger bei einem héheren miitterlichen
Diat-Score [28].

Somit kamen die Studien zu dem einheitlichen Ergebnis,
dass die Befolgung einer MD wdhrend der Schwanger-
schaft (moglicherweise begonnen vor oder im Frithstadi-
um der Schwangerschaft) mit weniger Anzeichen fiir Adi-
positas im Vorschulalter assoziiert ist.

memmmm  Merke

Trotz der limitierten Anzahl von Interventionsstudien
kann man annehmen, dass eine mediterrane Didt
wdhrend der Schwangerschaft protektive Effekte auf
das Kind haben konnte.

Angeborene Fehlbildungen

Eine kiirzlich erschienene Fall-Kontroll-Studie mit Chine-
sinnen, die zur Entbindung kamen (n =474 mit angebore-
nen Herzfehlern und 948 Normalgeburten), zeigte, dass
Schwangere im hdchsten Tertil der ,umsichtigen® (auf
English prudent) Erndhrungsform ein niedrigeres Risiko
fiir angeborene Herzfehler im Vergleich zu Schwangeren
im niedrigsten Tertil (OR=0,65, 95 % KI: 0,48-0,89) auf-
wiesen [29]. Schwangere mit hohen Scores bei der vege-
tarischen Erndhrungsform hatten ein erhéhtes Risiko fir
angeborene Herzfehler (mittleres versus niedrigstes Tertil:
adjustierte OR=1,50, 95 % KI=1,03-2,17; hochstes versus
niedrigstes Tertil: OR=1,56,95%KI=1,13-2,15;p=0,015)
[29]. Schwangere mit hohen Scores fiir eine Erndhrungs-
form reich an Milchprodukten und Eiern hatten ein nied-
riges Risiko fiir angeborene Herzfehler (mittleres versus
niedrigstes Tertil: OR=0,66, 95 % KI=0,49-0,90; hochs-
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tes versus niedrigstes Tertil: OR=0,60, 95 % KI=0,43-0,82;
p=0,001). Jedoch unterschieden sich Félle und Kontrol-
lenin der Pravalenz von Folsduresupplementation und an-
deren Lebensstilfaktoren [29]. Die gleiche Fragestellung
wurde in der National Birth Defects Prevention Study un-
tersucht, einer multizentrischen bevélkerungsbasierten
Fall-Kontroll-Studie mit 9885 Mittern von Neugeborenen
mit groRen angeborenen Herzfehlern und 9468 Miittern
von Kontrollkindern [5]. Die Qualitat der mutterlichen Er-
ndhrung wurde mithilfe des Diet Quality Index for Preg-
nancy und dem Score fiir die MD beurteilt. Eine entge-
gengesetzte Assoziation zwischen hoherer Qualitdt der
Erndhrung und dem Risiko fiir ausgewahlte konotrunkale
Fehlbildungen und Septumdefekte lag vor, wobei die ent-
gegengesetzte Assoziation schwdcher fiir die MD als fiir
den Diet Quality Index for Pregnancy ausgepragt war [5].

Fazit

Generell sind die Studien zur MD bestandiger als die Studi-
en zu vegetarischer oder veganer Erndhrung in Bezug auf
Richtung und AusmaR der Zusammenhdnge mit den Ge-
sundheitsendpunkten. Die wenigen verfligbaren rando-
misierten kontrollierten Studien unterstiitzen die MD als
maogliche Erndhrungsform der Wahl fiir alle Frauen wéh-
rend der Schwangerschaft.

KERNAUSSAGEN

= Es liegen viele Hinweise dafiir vor, dass die MD
vor und wahrend der Schwangerschaft einen
positiven Effekt auf die Zeugung eines Kindes bei
Frauen mit Infertilitdtsproblemen haben konnte.

= Die Einhaltung einer MD wirkt méglicherweise
protektiv gegen negative Schwangerschaftsaus-
gdnge wie Gestationsdiabetes, Praeklampsie,
niedriges Geburtsgewicht und Friihgeburtlich-
keit.

= Obwohl es sich bei der Mehrzahl der Studien zur
MD um Observationsstudien handelt, sind die
Studien einheitlich in Bezug auf Richtung und
AusmaR der Assoziationen.

= Die wenigen verfligbaren randomisierten
kontrollierten Studien untermauern, dass die MD
die Erndhrungsform der Wahl vor und wahrend
der Schwangerschaft sein kdnnte.
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Sicherheit der pflanzen-
basierten Erndhrungsformen
in der Schwangerschaft fiir
Mutter und Kind

Bewertung der aktuellen Evidenzlage

Rima Obeid, Arved Pannenbdcker

Die Sicherheit einer miitterlichen streng veganen Diat wdhrend der Schwangerschaft wird
oft infrage gestellt, insbesondere in Anbetracht ihres Mangels an essenziellen Nahrstoffen
wie Eisen und Vitamin B;,. Studienergebnisse hierzu sind widersprichlich — nicht zuletzt

aufgrund der Vielfalt an vegetarischen oder veganen Erndhrungsformen und der geringen

Zahl kontrollierter Studien.

Gesund oder Gefahr fiir Mangelerndhrung? Schwangere, die sich vegetarisch oder vegan ernahren, benétigen eine Ernahrungs-

beratung. Quelle: Kirsten Oborny, Thieme Gruppe

Hintergrund

Das Interesse an vegetarischer und veganer Erndhrung
wachst weltweit, insbesondere bei jungen Menschen [1]
[2]. In einer reprdsentativen Umfrage der National Health
and Nutrition Examination Survey (NHANES) aus den Jah-
ren 1999-2004 gaben 7,5 % der amerikanischen Frauen
an, sich vegetarisch zu erndhren [3]. Laut der SKOPOS-
Marktforschungleben 1,3 Millionen Deutsche vegan. Der
typische Veganer ist demnach weiblich, Ende 20 bzw.
Anfang 30 und befindet sich im Ubergang vom Studium

zum Beruf. Er lebt mit einem Lebenspartner zusammen,
der ebenfalls Veganer ist (https://www.skopos-group.
de/news/13-millionen-deutsche-leben-vegan.html). Die
Zahl der Vegetarier in Deutschland wird auf 6-8 Millio-
nen geschétzt. Die Studie zur Gesundheit Erwachsenerin
Deutschland (DEGS 1) bei 6933 deutschen Teilnehmern
zeigte, dass 6,1 % der Frauen und 2,5% der Mdnnerim Alter
von 18-79 Jahren sich vegetarisch erndhren [1]. Mit zu-
nehmender Bildung ernéhrt sich ein héherer Anteil von
Personen Ublicherweise vegetarisch [1]. Gleiches gilt fiir
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»Tab.1 Erndhrungsweisen wie Ublicherweise in medizinischer Literatur beschrieben.

Erndhrungsweise

vegan

Lacto-Ovo-Vegetarismus (LOV)
Lacto-Vegetarismus (LV)
Ovo-Vegetarismus (OV)
Rohkost (,,Raw food diet®)

Obst-Diat

makrobiotische Didt

mediterrane Diat

Enthaltene Lebensmittel

Gemlise, Obst, Getreide

Eier, jegliche pflanzliche Produkte

Milchprodukte, Eier, jegliche pflanzliche Produkte
Milchprodukte, jegliche pflanzliche Produkte

Gemlise, Getreide, Hulsenfriichte, frisches und getrocknetes Obst, Samen,
Milch und Eier, Nahrungsmittel werden roh verzehrt

Ausgeschlossene Lebensmittel

Fleisch, Fisch, Milchprodukte, Eier,
jegliche tierische Produkte

Fleisch, Fisch
Eier, Fleisch, Fisch
Milchprodukte, Fleisch, Fisch

Unterformen, die auf verschiedene
tierische Produkte verzichten

lediglich frisches und getrocknetes Obst, Samen und einige Gemtisesorten

Personen, die in GroRstadten leben, und fiir Menschen, die
mehr als 4 Stunden pro Woche Sport treiben. Der Anteil
an Frauen im Alter von 18-29 Jahren, die sich vegetarisch
erndhren, war 73 % (Cl 95 %: 57-84 %) hoher als in der Al-
tersgruppe 70-79 Jahre [1]. Frauen und Mdnner, die sich
tiblicherweise vegetarisch erndhren, konsumieren im Ver-
gleich zu Nicht-Vegetarierinnen und -Vegetariern nicht nur
signifikant weniger Fleisch und Wurst, sondern auch we-
niger kalorienreduzierte Getrdnke, Bier und Wein sowie
mehr Milchprodukte, Tee, Obst und Gemise [1].

Es existieren zahlreiche pflanzenbasierte Erndhrungsfor-
men mit unterschiedlicher Zusammensetzung (> Tab. 1)
[4][5]. Die Griinde fiir den Verzicht auf tierische Produkte
sind ethischer, kultureller und religiéser Natur. Wéhrend
der Vegetarismus unter jungen Menschen in westlichen
Landern mit hoherer Bildung assoziiert ist, steht erin den
asiatischen Landern in Verbindung mit einem niedrigeren
soziobkonomischen Status, da tierische Produkte teurer
sind. MaRgebliche geografische Unterschiede in der Zu-
sammensetzung der vegetarischen Erndhrung wurden be-
richtet. Europdische und nordamerikanische Vegetarier
befolgen eher einen Lacto-Ovo-Vegetarismus (LOV) [6],
wahrend indische Vegetarier groRtenteils Lacto-Vegeta-
rier sind [7]. In China wiederum konsumieren die Vegeta-
rier wenig Milchprodukte [8].

s Merke

Es gibt zahlreiche Varianten einer fleischlosen Er-
ndhrungsform, weshalb Studien beziiglich der Ndhr-
stoffe nicht so einfach miteinander verglichen werden
kénnen.

Eine vegetarische Erndhrung ist mit einer niedrigeren
Pravalenz von Risikofaktoren fiir kardiovaskuldre Erkran-
kungen wie Hyperlipidamie [9], Bluthochdruck [10] und
Adipositas [11] assoziiert. Eine vegetarische Lebenswei-
se konnte im Vergleich mit einer omnivoren Erndhrung
einen protektiven Effekt gegentiiber einigen Krebserkran-

Getreide, Hilsenfriichte, Gemiise, Meeresalgen, Sojaprodukte, Fisch

Milchprodukte, Eier einige Gemiise-
sorten

Olivendl, wenig Fleisch, viel Obst und Gemise, Fisch

kungen und Diabetes Typ 2 aufweisen. Das Lebenszeit-
risiko fiir ischdmische Herzerkrankungen war bei mann-
lichen Vegetariern verglichen mit Nicht-Vegetariern um
37 % niedriger [12]. Kolon- und Prostatakarzinome lagen
signifikant hdufiger bei Nicht-Vegetariern vor [Relatives
Risiko (RR) von jeweils 1,88 und 1,54]. Dies kénnte durch
den niedrigeren Verzehrvon Fleisch und/oder den hheren
Verzehrvon Ballaststoffen begriindet sein. Es bleibt jedoch
offen, ob die Assoziationen zwischen Vegetarismus und
niedrigerem Risiko fiir bestimmte Erkrankungen kausal
sind. Moglicherweise erkldren andere Lebensstilfaktoren
den schiitzenden Effekt eines vegetarischen Lebensstils.

s Merke

Aufgrund moglicher anderer beeinflussender Faktoren
ist die Kausalitat von Studienergebnissen beziiglich
einer vegetarischen Erndhrung und niedrigerem Er-
krankungsrisiko nicht eindeutig gegeben.

Somit konnen Einflussfaktoren wie Herkunftsland, Griinde
fur die Erndhrungsform und begleitende Lebensstilfakto-
ren, die nicht direkt Teil der Erndhrung sind, die Interpre-
tationen der epidemiologischen Studien stark beeinflus-
sen. Ein weiterer Einflussfaktor ist die Tatsache, dass pflan-
zenbasierte Erndhrungsformen im Allgemeinen eher von
Nichtrauchern und kérperlich aktiveren Menschen prak-
tiziert werden und somit mit einem insgesamt gesiinde-
ren Lebensstil assoziiert sind. Die Assoziation zwischen Ve-
getarismus und Gesundheit kann theoretisch durch den
geringeren Verzehr von Fleisch, groRe Mengen an Obst
und Gemiise und begleitende Verhaltensweisen erklart
werden. Auf diese Weise kann das mit der vegetarischen
Erndhrung einhergehende Verhalten eine verzerrte Asso-
ziation zwischen Erndhrung und Gesundheit verursachen
(» Abb. 1). Einen weiteren Faktor stellen die Riickstdnde
von Pestiziden in Obst und Gemiise dar, da sie die protek-
tive Wirkung von beispielsweise Antioxidanzien abschwa-
chen oder aufheben kénnten [13].
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Gestationsdiabetes

Gesundheitsverhalten:

Korperliche Aktivitat

+ Weniger Rauchen +
Geringerer Fleischverzehr

Miitterliche pflanzenbasierte Erndhrung ~ =ssssssss——)  Gesundheit des Neugeborenen/Kindes

Hohe Pestizidbelastung

Erndhrung des Kindes

A Stillgewohnheiten und
ausreichende Nahrstoffzufuhr

»Abb.1 Konzeptualisierung der Mediatoren und Verzerrfaktoren im Zusammenhang zwischen einer pflanzlichen Erndhrung der
Mutter und der Gesundheit des Kindes. Die traditionelle Denkweise, dass die miitterliche pflanzenbasierte Ernahrung als Modi-
fikator der kindlichen Gesundheit agiert, sollte auch weitere , didtische und nichtdigtische Faktoren“ beachten. Die Erndhrung

des Kindes im Vorschulalter korreliert stark mit der mitterlichen Erndhrung (sofern diese im selben Haushalt leben) und ist durch
diese vorhersagbar. Somit kann beispielsweise das miitterliche Gesundheitsverhalten eine Assoziation zwischen der pflanzlichen
Erndhrung der Mutter und der Gesundheit/Krankheitsrisiko des Kindes hervorrufen oder verstarken. Ein geringeres Risiko fir
Schwangerschaftsdiabetes, Stillen und kindliche Erndhrung sind wichtige Mediatoren in dieser Assoziation. Hohe Pestizidanteile in
der pflanzenbasierten Erndhrung konnten hingegen jeglichen positiven Effekten entgegenwirken.

s Merke

Die Quantifizierung des Zusammenhangs zwischen
Vegetarismus und gesundheitlichen Gesichtspunkten
unterliegt der starken Heterogenitdt der Essgewohn-
heiten der Vegetarier.

Pflanzenbasierte Erndhrung vor und
wdhrend der Schwangerschaft

Die Sicherheit einer pflanzenbasierten Erndhrung fiir Frau-
enim gebarfahigen Alter wurde aufgrund vieler Fallberich-
te von Neugeborenen und Kindern (insbesondereim 1. Le-
bensjahr) mit schweren und teilweise irreversiblen neuro-
logischen Stérungen aufgrund eines Vitamin-B;,-Mangels
infrage gestellt [14][15][16]. Einige Wissenschaftler argu-
mentieren, dass eine gut geplante vegane oder vegetari-
sche Erndhrung wahrend der Schwangerschaft und Still-
zeit als geeignet betrachtet werden kann, falls die Nahr-
stoffmdngel durch gezielte Supplementierung vermieden
werden kdnnen. Jedoch ist die Evidenzlage, die diese Aus-
sage stiitzt, fraglich aufgrund vieler interferierender (dia-
tischer und nichtdidtischer) Faktoren (> Abb. 1), diein den
vorhandenen Studien nicht berticksichtigt wurden. Einen
wichtigen Grund zur Besorgnis stellt die pflanzliche Erndh-
rung Giber mehrere Generationen dar. Diese kénnte zur
Depletion essenzieller Ndhrstoffe beim Fetus fiihren und
das Imprinting von Genen verdandern. Die miitterliche Er-
ndhrung sollte nicht als alleinstehender Faktor betrachtet
werden, der die Gesundheit des Kindes modifizieren kann.

Einige Studien zeigten positive gesundheitliche Auswir-
kungen fir Mutter und Kind, wenn die Mitter Nahrungs-
mittel wie Obst und Gemdise, die in einer pflanzenbasier-
ten Erndhrung vermehrt vorkommen, zu sich nahmen. Das
kldrt jedoch nicht die Frage der Assoziation zwischen einer
rein pflanzlichen Erndhrung und Gesundheit. Eine japani-
sche Mutter-Kind-Kohortenstudie kam zu dem Ergebnis,
dass eine miitterliche Erndhrung, die reich an Gemiise,
Obst und Antioxidanzien ist, mit einem niedrigeren Risi-
ko fiir verschiedene Verhaltensstérungen der Kinder im
Alter von 5 Jahren (z. B. Hyperaktivitdat und emotionale
Probleme) assoziiert war [17]. Die Ergebnisse wurden fiir
die Einflussfaktoren wie Alter der Mutter, soziodkonomi-
scher Status, Geburtsgewicht, Geschlecht des Kindes und
Stillen korrigiert [17].

s Vorsicht

Der positive Einfluss einer vermehrten Zufuhr von Obst
und Gemiise auf die Gesundheit darf nicht auf eine rein
pflanzliche Erndhrung extrapoliert werden.

Die Unbedenklichkeit einer miitterlichen vegetarischen Er-
ndhrung wahrend der Schwangerschaft in Bezug auf die
Gesundheit von Mutter und Fetus wurde in einem kiirz-
lich erschienenen (2019) systematischen Review und einer
Metaanalyse von 19 Studien untersucht [18]. Schwanger-
schaften von Vegetarierinnen zeigten eine Tendenz zu
einer Assoziation mit niedrigem Geburtsgewicht [Odds
Ratio (OR)=1,27 (0,98, 1,65), P=0,07]. Diese Assoziation
war signifikant bei asiatischen Frauen [1,33 (1,01, 1,76),
P=0,04]. Jedoch zeigte die Differenz der Mittelwerte des
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»Tab.2 Mechanismen von Stérungen der Entwicklung des Nervensystems bei Kindern mit Vitamin-B;,-Mangel.

Verdanderungen|Symptome

reduziertes Methylierungspotenzial (z. B. S-Adenosylmethionin)

Hyperhomocysteindmie

erhdhte Zytokine und Wachstumsfaktoren

Akkumulation neurotoxischer Metabolite bei Vitamin-B,,-Mangel

Verdnderungen des Energiestoffwechsels des Gehirns

Diarrho
Verdnderung der Aminosauren im Plasma

Fiitterungsprobleme und wenig Appetit

Fiir die Hirnfunktion relevante Mechanismen

epigenetische Modifikationen (DNA- und Histonmethylierung)
Hypomethylierung spezifischer Positionen des Myelins
Homocystein ist neurotoxisch

verursachen Unausgeglichenheit zwischen Tumornekrosefaktor-alpha (TNF-a)
und Epidermal Growth Factor. TNF-a wirkt als Neurotoxin bei demyelinisierenden
ZNS-Erkrankungen

Laktat reichert sich im Gehirn an, Stérungen des oxidativen Energiestoffwechsels
des Gehirns

Reduktion von N-Acetylaspartat, Kreatin, Myo-Inositol, Glutamat und Glutamin in
weiRer und grauer Substanz des Gehirns

dadurch Malabsorption weiterer Nahrstoffe
erniedrigtes Methionin

verursacht verminderte Aufnahme weiterer, fiir Wachstum und Entwicklung
essenzieller Nahrstoffe wie Eisen, Folat und anderer Spurenelemente

Geburtsgewichts in 5 Studien keinen Unterschied zwi-
schen Vegetariern und Omnivoren [18]. Aufgrund der He-
terogenitdt der identifizierten Studien war eine Schlussfol-
gerung bezliglich des Risikos fir Hypospadie, intrauterine
Wachstumsretardierung, mitterliche Andmie und Gesta-
tionsdiabetes nicht moglich [18].

In einem vorherigen systematischen Review (2015) wur-
den 22 relevante Publikationen identifiziert [18]; 13 davon
berichteten von miitterlichen/fetalen Outcomes und 9 be-
richteten von Nahrstoffmdngelnin der Erndhrung [19]. Bis
auf einen Bericht von vermehrtem Auftreten von Hypospa-
die bei Sduglingen vegetarischer Mitter erwdhnte keine
der Studien eine erhohte Anzahl von schwerwiegenden
Outcomes oder groReren Fehlbildungen. Fiinf Studien be-
richteten von niedrigerem Geburtsgewicht bei vegetari-
schen Mittern, wahrend in 2 Studien die Kinder vegetari-
scher Mitter ein hoheres Geburtsgewicht aufwiesen [19].

s Merke

Die 9 heterogenen Studien zu Spurenelementen und
Vitaminen weisen darauf hin, dass vegane oder vege-
tarische Frauen einem héheren Risiko fiir Vitamin-B;>-
und Eisenmangel ausgesetzt sind [19].

Mechanismen

Mitterliche Mangelerndhrung kénnte das kindliche
Wachstum durch die Verdnderung des Plazentagewichts
und den Néhrstofftransport von der Mutter zum Fetus be-
eintrachtigen. Eine pflanzenbasierte Erndhrung (der Mut-
ter oder des Kindes) ist mit einem Mangel an Nahrstoffen
wie Proteinen, Eisen, Vitamin D, Kalzium, lod, Omega-3-
Fettsduren, Cholin und Vitamin By assoziiert [4].

s Merke

Miitterlicher Vitamin-B,,-Mangel verursacht eine
Hyperhomocysteindmie und DNA-Hyper- oder -Hypo-
methylierungen.

Die DNA-Hyper- oder -Hypomethylierungen kénnen zu
einer Veranderung der Zellprogrammierung in utero und
somit zu Langzeiteffekten auf die Gesundheit des Kindes
fiihren. Die Hyperhomocysteindmie bei Schwangeren
ist ein unabhédngiger Risikofaktor fiir Geburtsfehler [20]
und Schwangerschaftskomplikationen wie Praeklamp-
sie. Erhohte Plasmakonzentrationen von Homocystein
und Methylmalonsaure (beide sind bei Vitamin-B;,-Man-
gel erhoht) finden sich haufig bei Veganern und Vegeta-
riern [6][7]. Vitamin-B;,-Mangel wahrend der Schwanger-
schaft kann neurologische Stérungen und Stérungen der
Entwicklung des Nervensystems durch verschiedene Me-
chanismen (> Tab. 2) verursachen. Erhohtes Homocystein
und erniedrigtes Vitamin B;; im Plasma von schwange-
ren Frauen zeigten Assoziationen mit einem limitierten
fetalen Wachstumin den ersten 11 Schwangerschaftswo-
chen [21]. Weitere Studien berichteten von zahlreichen
Komponenten vegetarischer und veganer Erndhrung (z. B.
Brokkoli, Soja, griiner Tee), Fisch und Ei als Modifikatoren
epigenetischer Ereignisse bei pranataler Verabreichung
[22].

Eine Hypomethylierungsdidt wéhrend der Graviditat kann
den Phdnotyp der Nachkommen sowie die Anfalligkeit fir
Krankheiten durch Gen-Silencing oder -aktivierung beein-
flussen. Ein gutes Beispiel fir diesen Mechanismus sind die
gelben Agouti-Mause, die eine Genmutation (/Avy/a) tra-
gen. Agouti-Mause sind im fortgeschrittenen Alter anfllig
fur Adipositas und Diabetes. Wird einer weiblichen Maus
2 Wochen vor der Paarung und wéahrend Graviditat und
Laktation Nahrung angereichert mit Methylgruppendona-
toren und Kofaktoren (Folsdure, Vitamin B4,, Cholin und
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Betain) verabreicht, weisen die Nachkommen eine dunkle
Fellfarbe auf und haben eine geringere Neigung zu Adipo-
sitas und Diabetes im fortgeschrittenen Alter [23][24]. Die
Methylierungsdidt hat bei Verabreichung erst nach der Ge-
burt keinen Effekt auf die Fellfarbe oder das Auftreten von
Diabetes bei den Mausen. Dies impliziert, dass ein Silen-
cing des Agouti-Gens in utero von methylierungsabhan-
gigen epigenetischen Mechanismen erfolgt.

Zusammengefasst ldsst sich festhalten, dass sich die Evi-
denzlage zu moglichem Nutzen einer vegetarischen Er-
ndhrung wédhrend der Schwangerschaft als schwach dar-
stellt. Ein Hauptfaktor, der die Evidenzlage in diesem Feld
limitiert, ist das Fehlen von randomisierten kontrollierten
Studien, die den Effekt der Charaktereigenschaften, die die
Menschen zu einem bestimmten Lebensstil bewegen, re-
duziert. Im Gegensatz dazu steht eine Vielzahl von Publi-
kationen tiber Fallbeispiele von Kindern von Veganern. Sie
berichten Giber neurologische und hamatologische Symp-
tome, die zum Teil langfristige Gesundheitsschaden ver-
ursachen kénnen.

KERNAUSSAGEN

= Die mitterliche Erndhrung ist eine von vielen
Komponenten, die die Gesundheit des Kindes
beeinflussen konnte.

= Vegane oder vegetarische Erndhrungsformen
stehen oft im Zusammenhang mit Lebens-
gewohnheiten, wie z. B. Rauchen oder kérper-
liche Aktivitdt, die wiederum selbst Auswirkun-
gen auf die Gesundheit des Kindes haben
kénnten.

= Es existieren zahlreiche Fallberichte von aus-
schlieBlich gestillten Kindern, deren vegane
Mitter einen Vitamin-B;,-Mangel aufwiesen. Die
Kinder entwickelten Andamien oder neurologische
Stérungen.

= Die Qualitdt der Studienlage zu méglichen
Vor- und Nachteilen einer vegetarischen
Erndahrung wahrend der Schwangerschaft ist
niedrig aufgrund der Heterogenitdt vegetarischer
Erndahrungsformen und den geografischen
Unterschieden in den Studienpopulationen.

= Die widerspriichlichen Daten von Beobachtungs-
studien und der Mangel an randomisierten
kontrollierten Studien schwécht die Evidenzlage
zur Empfehlung einer vegetarischen Ernahrungs-
form fiir schwangere Frauen.

Interessenkonflikt
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