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Dietary choline intake in European and non- D
european populations: current status
and future trends—a narrative review
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Abstract

Background Choline is a nutrient necessary for the proper functioning of the body with a multidimensional impact
on human health. However, comprehensive studies evaluating the dietary intake of choline are limited. The aim of
this narrative review is to analyze current trends in choline intake in European and non-European populations. The
secondary aim was to discuss possible future choline trends.

Methods The search strategy involved a systematic approach to identifying relevant literature that met specific
inclusion criteria. Observational studies and randomized clinical trials were searched for in PubMed and Scopus
databases from January 2016 to April 2024. This review includes the characteristics of study groups, sample sizes,
methods used to assess choline intake and time period, databases used to determine intake, choline intakes, and the
main sources of choline in the diet. The review considered all population groups for which information on choline
intake was collected.

Results In most studies performed in Europe after 2015 choline intake did not exceed 80% of the Al standard value.
The mean choline intake for adults in different European countries were 310 mg/day, while the highest value was
reported for Polish men at 519 mg/day. In non-European countries, mean choline intakes were 293 mg/day and
above. The main reported sources of choline in the diet are products of animal origin, mainly eggs and meat. The
available data describing the potential intake of these products in the EU in the future predict an increase in egg
intake by another 8% compared to 2008-2019 and a decrease in meat intake by about 2 kg per capita from 2018 to
2030.

Conclusions In the last decade, choline intake among adults has been insufficient, both in Europe and outside it.

In each population group, including pregnant women, choline intake has been lower than recommended. Future
choline intake may depend on trends in meat and egg consumption, but also on the rapidly growing market of plant-
based products. However, the possible changes in the intake of the main sources of choline may lead to either no
change or a slight increase in overall choline intake.
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Introduction

Choline is an organic chemical compound that contains
a quaternary amino group; it is also an important nutri-
ent involved in human metabolism. The role of choline in
the body has been well documented. It has different func-
tions that depend on its chemical form [1]. First, choline
is a precursor of acetylcholine, which is involved in the
transmission of nerve impulses. After oxidation to beta-
ine, which occurs mainly in the liver and kidneys, it also
becomes a donor of methyl groups used in the methyla-
tion of many chemical compounds, with DNA and pro-
teins among them [2]. Importantly, choline metabolism
is closely related to the methionine cycle, which also
involves several B vitamins, including folate. These path-
ways cross at homocysteine methylation and methionine
synthesis. For this reason, insufficient supply of folate or
methionine affects choline metabolism and risks choline
deficiency [3, 4]. Another form of choline is phosphati-
dylcholine, which is a part of cell membranes responsible
for their fluidity and permeability, and which also ensures
the proper conduction of signals between cells. More-
over, phosphatidylcholine is essential in the synthesis of
very low density lipoproteins (VLDL) and in the export of
triacylglycerols from the liver [5].

Choline can be synthesized endogenously or ingested
with food. De novo synthesis occurs via the hepatic
phosphatidylethanolamine N-transferase (PEMT) path-
way which, however, is insufficient to meet biological
requirements for choline [6]. In foods, choline is found
in both lipid-soluble forms (phosphatidylcholine and
sphingomyelin) and water-soluble forms (free choline,
phosphocholine, and glycerophosphocholine). The most
important sources of choline in food are eggs, meat, fish,
and whole grains. Based on the data contained in the
United States Department of Agriculture (USDA) data-
base, which includes information on the amount of cho-
line in various products, it can be seen that total choline
content is greater per unit of weight in food of animal
origin than in plant-derived products [7]. The following
products have the highest total choline levels per 100 g:
beef liver (418 mg/100 g), chicken liver (290 mg/100 g),
eggs (251 mg/100 g), wheat germ (152 mg/100 g), bacon
(125 mg/100 g), raw soybean (116 mg/100 g), and pork
(103 mg/100 g), while lower amounts are found in vari-
ous fruits and vegetables, such as apples (3.44 mg/100 g),
avocados (14.18 mg/100 g), tomatoes (6.74 mg/100 g),
carrots (8.79 mg/100 g), and onions (6.10 mg/100 g)
[37]. The range of food products available in Europe has
changed recently, with the popularity of plant-based diets
and plant-origin products growing enormously [15].
Products of animal origin nonetheless continue to repre-
sent important dietary sources of choline [9, 14].

The USDA database mentioned above was published
in 2008. Since its first edition, this database has been
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continuously updated [7]. Most studies estimated cho-
line intake using this database. There are at present
insufficient data to assess the consequences of improper
choline consumption in the population, so norms of
choline intake with the diet were set at the level of ade-
quate intake (AI). The National Academy of Medicine
in the United States set a level of 550 mg/d for men and
425 mg/d for women, while the European Food Safety
Authority (EFSA) in 2016 set a level of 400 mg/d for
adults. The EFSA Panel on Dietetic Products, Nutrition
and Allergies also noted that there is a need for more
widespread measurement of choline content in food on
a European level [8, 9]. Endogenous synthesis of phos-
phatidylcholine is not always able to provide adequate
amounts of choline, and for this reason choline defi-
ciency in the diet leads to the accumulation of lipids in
the liver and non-alcoholic fatty liver disease [10, 11].

Choline is also a key nutrient for pregnant women,
contributing to the normal development of the fetus. The
demand for choline during pregnancy increases, and its
adequate supply with the diet enables proper cell pro-
liferation, neurogenesis, and formation of the brain and
neural tube. Increased choline intake during pregnancy
may thus improve neurocognitive outcomes in the off-
spring. However, further randomized controlled trials are
needed to confirm the effects of choline in the prenatal
period. The results of studies on the mutual influence of
choline and folic acid/folate intake during pregnancy are
particularly interesting [12, 13].

Considering the important roles played by choline in
the human body, it is reasonable to monitor the dietary
intake of this nutrient in populations. The aim of our
review was thus to examine choline intake over the last
decade, intake in European and non-European popula-
tions, in the general population as well as in specific sub-
groups, such as obese people and pregnant women. The
secondary aim was to discuss potential future trends in
choline intake.

Methods

Search strategy

The search strategy involved a systematic approach to
identify relevant literature that met specific inclusion
criteria. Observational studies and randomized clini-
cal trials were searched for in the PubMed and Scopus
databases from January 2016 to April 2024 using the fol-
lowing keywords: “choline” AND “intake” OR “consump-
tion” This resulted in 1605 citations. Only observational
studies and secondary analyses of randomized controlled
trials that provided information about the time period
of the data collection and the method by which dietary
choline intake was estimated, and which measured mean
or median dietary choline intake in specific populations
or study groups, were included in the final analysis. After
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applying these inclusion criteria, a total of 34 studies
were identified, including 13 and 21 from European and
non-European countries, respectively (Table 1).

Results
Current trends in choline intake
As a growing number of studies confirms the important
role of choline in human nutrition, it is crucial to esti-
mate the intake of this nutrient in various populations. It
should be noticed that the great majority of the identified
studies released after 2015 are based on data obtained in
previous decades (1992-2015), and cannot be relied on
in discussing current trends in choline intake. The stud-
ies were conducted in nine European countries only:
Poland [18, 24, 26, 34], Norway [17, 28], Germany [13],
Spain [27], Sweden [54] Romania [31], Belgium [33], Italy
[66] and the United Kingdom [35]. Eight studies have
reported choline intake in adults [17, 18, 24, 27, 28, 54,
66], one study measured choline intake in children [31],
and four studies have recorded choline intake in preg-
nant women [13, 33-35]. Among the twenty-one studies
measuring choline intake in non-European countries, the
majority (52%) were conducted in the USA [19, 20, 25,
32, 55-57, 62—65], while the others were carried out in
Palestine [58], South Africa [59], Australia [36, 60], Mex-
ico [23], Taiwan [16], Iran [22, 29], Canada [21, 61].
Thirteen studies identified the main sources of cho-
line as being mainly products of animal origin, such as
eggs, meat, dairy, dairy derivatives, and fish, as well as
grain and bakery products [12, 13, 17, 18, 20, 23, 25, 27,
28, 31, 34, 35, 60, 66], although not every study provided
detailed data (Table 1).

Choline intake in adults
We identified twenty one studies that measured choline
intake in adults in European and non-European coun-
tries. Four out of these were based on data obtained after
2015, and reported the mean intake at 317 mg/day. The
mean intake of choline in the European countries was
310 mg/day. Only two of the eight studies of European
adults showed adequate choline intake, as measured by
EFSA recommendations [18, 66]. Five studies showed
choline intake in adult females and males to be less than
80% of the AI established by the EFSA [17, 26-28, 54].
Choline intake was relatively high in healthy Polish men
aged 20-40 (519+280 mg/day). This may have resulted
from different dietary patterns. Interestingly, the contri-
bution of eggs in total choline intake was 33% in Polish
subjects, while in most studies this did not exceed 20%
[18]. Another Polish study conducted after 2015 showed
inadequate choline intake in postmenopausal women
[26].

The mean choline intake among adults in non-Euro-
pean countries was 293 mg/day. A study conducted in
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Canada showed choline intake above the EFSA Al in
normal-weight men (422.85%+326.87 mg/day), but not in
overweight or obese men (358.08+267.35 mg/day and
341.49+268.27 mg/day, respectively). The difference
between normal-weight and overweight/obese men and
women was statistically significant when choline intake
was considered as mg/kg of body mass/day. The decline
in choline intake was 36% in obese women and 44% in
obese men comparing to normal weight [21]. Contrary to
those results, a study conducted in Poland did not show
differences in choline intake between normal weight and
overweight/obese people. The study conducted by Wal-
lace et al. [20] in the United States showed that eggs
and protein food (meat, seafood) are the major sources
of choline in the diet. Interestingly, adults who consume
eggs were more likely to meet the Al requirements than
nonconsumers of eggs (57.3% + 1.45% vs. 2.43% + 0.28%
respectively). Additionally, the intake of choline in the
egg consumers was almost twice that of nonconsumers
(525%5.17 mg/d vs. 294+1.98; p<0.0001).

Choline intake in pregnant women, children, and
adolescents

The studies of pregnant women showed low levels of cho-
line intake ranging from 260.4 mg/day to 372 mg/day [13,
32-36, 57, 59-61]. In a study conducted by Chmurzyn-
ska et al. in a group of 74 pregnant women in Poland,
only 27% of participants achieved an adequate intake
of choline (AI=450 mg/d) [34]. Interestingly, the study
of Roeren et al. [13] in Germany showed a statistically
significant difference in the choline intake of pregnant
women who were vegetarians or vegans and those who
were omnivores (205.2 mg/day vs. 269.5 mg/day respec-
tively). The vegetarian/vegan group had a 30% lower odds
ratio for meeting the choline Al than the omnivorous
group. Moreover, only 5% of participants took dietary
choline supplements, which provided 19% of choline
intake [13]. However, 95% of the vegetarians/vegans and
93% of the omnivores had inadequate choline intake. To
the best of our knowledge, thus was the first study to
assess choline intake in vegans and vegetarians. Another
study conducted in Canada showed that 11% of pregnant
woman took supplements that contributed to 34% of
total choline intake. Only 18% of women met the AI for
choline [35]. Similarly, Staskova et al. [60] showed that
23% of pregnant Australian females had adequate choline
intake and that 2.8% of participants took choline supple-
ments. In another Australian study, 75% of woman in
early pregnancy and 67% of woman in late pregnancy did
not receive adequate choline intake by the EFSA recom-
mendations. It should be noted, however, that these data
were obtained in a randomized-controlled trial focused
on folic acid supplementation [17]. That study identified
eggs, red meat, and legumes as the three most important
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sources of choline, while the German study did not iden-
tify legumes as a source of choline in the diet of pregnant
women [13].

Choline intake was found to be above Al values only in
infants and children aged 2—6 years [18, 19, 29-31, 36].

In summary, most of the studies published in recent
years have been based on out-of-date data. Choline is
essential nutrient, especially in fetal neurodevelopment,
so it is crucial to re-evaluate our knowledge of its current
intake in European countries. Moreover, the develop-
ment of a European choline database should be a future
research direction.

Discussion

Current choline intake in Europe and outside Europe
Choline intake appears to be insufficient for various
population groups across the world. Moreover, there
has been very few studies to analyze the consumption of
individual forms of choline [2]. The available data show
that the lipid-soluble forms of choline (such as phospha-
tidylcholine) account for about half of the total amount
of choline consumed by the European population [17].
In the vast majority of studies describing European and
non-European countries, the main sources of choline
were products of animal origin, including eggs, meat,
milk; these contain choline primarily in the form of phos-
phatidylcholine [37].

The findings from our review align with previous
research conducted before 2016 and spanning the last
20 years, which shows ongoing trends in the consump-
tion of this nutrient. The first European study focusing
on estimating choline intake across different sex and age
groups on the European level was conducted in 2015
by Vennemann et al. This study analyzed twelve dietary
surveys representative of general populations or specific
demographic groups. Overall, the study revealed inad-
equate choline intake across most population groups
relative to the Adequate Intake (AI) values established
by the National Academy of Medicine in the USA. The
study collected data on choline intake across various age
groups: toddlers (1-3 years) had average choline intakes
ranging from 151 to 210 mg/d, which generally fell below
the AL In the six studies of choline intake in children
that we examined, this was the age group that came clos-
est to meeting the Al level. A 2015 study reported that,
among males, average choline intake estimates ranged
from 309 to 444 mg/d across different age groups, while
among females, estimates ranged from 244 to 404 mg/d.
In our review, the average choline intake among adults
in EU countries was 310 mg/day, while in non-Euro-
pean countries it was 293 mg/day. Additionally, the 2015
review included one analysis of choline intake among
pregnant women, finding that the average intake among
adult pregnant women was approximately 356 mg/d. In
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our study, the average intake for pregnant women in both
European and non-European countries ranged from 260
to 372 mg/day. The review of Vennemann et al., indicated
that men generally exhibited higher choline intake than
women, largely due to their higher daily food intake [14].
This trend corroborates with the findings observed in our
review. The 2015 review also demonstrated results simi-
lar to ours, highlighting meat, milk, and dairy products as
the most significant dietary sources of choline.

Attention should be paid to the methodological dif-
ferences between the various studies, which makes it
impossible to directly compare choline intake between
countries. For this reason, it seems that it will be neces-
sary to harmonize the data collection methodology on
both national and global levels. This would make it easier
to apply and create nutritional recommendations for par-
ticular groups of the overall population.

Prognosis of future choline intake trends

When forecasting the level of choline intake in European
populations in coming years, trends in the consumption
of eggs and meat, and the popularity of vegetarian and
other diets that limit the consumption of animal prod-
ucts should be considered.

The levels of consumption of products of animal and
plant origin result from global trends that are affect both
by nutritional issues (such as the need to ensure adequate
food quality for increasing populations) and by aspects
related to environment and climate change. An analysis
of the years 2000 to 2017 confirmed that Europe has a
higher rate of consumption of food of animal origin than
other world regions. Taking into account two of the three
scenarios described by the Food and Agriculture Organi-
zation (FAQO), worldwide demand for protein of animal
origin will increase in the coming years. Interestingly,
the third scenario, based on the sustainable development
strategy, assumes a decline in the consumption of animal
products in Europe. This approach involves the promo-
tion of diets based primarily on products of plant origin
in European countries [38]. This has been described in
the EAT-Lancet report from 2019 and in the European
Union’s 2020 Farm to Fork strategy [38, 39]. Our analy-
sis will consider the consumption of eggs and meat sepa-
rately, as studies show differences in the impact of these
products on human health.

A closer look at the data on egg consumption in
European Union countries shows that it increased by
4% in 2008-2019 and that it is expected to increase by
another 8% by 2030. Data prepared by the FAO in 2020
also show that the annual consumption of eggs in most
EU member states equals or exceeds the global average.
Importantly, there are differences in egg consumption
between EU Member States. It can be assumed that this
is related to different nutritional recommendations for
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egg consumption depending on the country. For exam-
ple, there are no limits on the consumption of eggs in the
United Kingdom, where they are considered a “healthy
product” As mentioned earlier, eggs among the main
sources of choline. If the above predictions come true,
eggs will remain an important food product that pro-
vide significant amounts of dietary choline. The trend
towards not limiting egg consumption may also be due
to the fact that several studies have positively associated
egg consumption with diet quality and a greater likeli-
hood of meeting the recommended intake of vitamins
and minerals [40-42]. The EAT-Lancet Committee on
Healthy Diets recommended eating 1.5 eggs per week,
but the report concluded that higher egg consumption
may benefit those on low-quality diets, especially among
low-income populations [39]. It is also worth mention-
ing that the American Heart Association and the 2015-
2020 Dietary Guidelines for Americans removed the
300 mg/d limit for dietary cholesterol, without specifying
a new recommended level of dietary cholesterol intake.
However, it has been established that healthy people are
advised to consume a maximum of one whole egg per day
as a part of a healthy diet. These are general recommen-
dations that are intended to form part of the promotion
of healthy dietary patterns (e.g., the Mediterranean diet)
[43].

A European Commission report suggests that the over-
all per capita consumption of meat in EU countries will
fall to 67 kg by 2031, from a level of 69.8 kg in 2018. The
decrease will mainly be in red meat. Consumption of beef
is forecasted to decrease from 10.6 kg to 9.7 kg per capita
in 2021-2023. The consumption of pork is also expected
to fall to 31 kg per capita in 2031, from a level of 32.5 kg
in 2021. The reasons for this can be found in changes in
the food preferences of consumers in the EU, which are
associated to increasing awareness of the impact of diet
on health and the environment. A different situation
is forecasted for poultry, which is currently considered
healthier than other types of meat, with the consumption
of poultry expected to increase from 23.5 kg per capita in
2021 to 24.8 kg in 2031. Interestingly, a slight increase in
the consumption of sheep meat is also expected, which is
expected to reach 1.4 kg per capita by 2031 [44]. Summa-
rizing this part, it is likely that the overall consumption
of meat in the European Union countries will decrease in
the coming years, but that this decrease will not be sig-
nificant. It can therefore be assumed that, as in the case
of eggs, meat will remain one of the main sources of cho-
line in the diet.

The increasing popularity of vegetarian diets may sig-
nificantly affect choline intake. However, there has been
only one study to date that has compared choline intake
in vegetarians and nonvegetarians. It has been shown
that pregnant women on a vegetarian diet consume
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statistically significantly less choline than omnivorous
women [13]. This small amount of data leaves open the
question of whether people on vegetarian diets can meet
their choline needs.

Alcorta et al. collected data on the growing number
of people choosing a vegetarian diet (in its various vari-
ants). The tendency to increase the consumption of
plant-derived products at the expense of animal prod-
ucts is noticeable in both the United States and in Euro-
pean countries. What is more, a 2019 global study found
that 40% of consumers try to limit their animal protein
intake, while 10% avoid red meat altogether. The practice
of occasionally eating food from animals while otherwise
maintaining a vegetarian diet, referred to as flexitarian-
ism, has also became popular [15, 45]. As mentioned,
the popularity of vegetarian diets is due to increasing
evidence of their positive effects on health. However, it
should not be forgotten that an unbalanced plant diet
based on highly processed products can be deficient in
many nutrients, including choline [46, 47]. Recent reports
have emphasized that recommending plant-based diets
does not have to be associated with complete avoidance
of animal products, but only limiting their quantity in
favor of plant-based products [38]. The trend of reducing
the consumption of animal products is also due to envi-
ronmental concerns, as vegetarian diets use less natural
resources and are associated with significantly less envi-
ronmental damage [48].

Meat and egg substitutes should be considered in the
context of vegetarian diets. Meat substitutes are prod-
ucts that should be similar in terms of taste, nutritional,
and aesthetic values to various types of meat. They are
generally prepared from soybeans, but sometimes also
from other legumes, nuts, cereal proteins, and vegeta-
bles. There is also great potential for new meat substitute
ingredients in algae, yeast, and fungi. The overriding goal
in the production of substitutes is to achieve the high-
est possible biological value of the protein and to enrich
monotonous diets based on vegetable protein [49]. Soy is
the main material of interest for improving choline con-
tent in vegetarian diets employing meat substitutes, as
it is a good source of choline with 116 mg of total cho-
line in 100 g. Soy is considered to be one of the best
plant sources of choline in the diet [37, 50]. However,
one major limitation affecting the analysis of choline in
meat and egg substitutes is the very limited data available
on the subject. The USDA database contains 634 food
products for which the content of betaine, various forms
of choline, and total choline have been described. This
database is a source for the content of choline in various
products, but unfortunately is not updated on an ongoing
basis and does not include new products that are plant-
based substitutes for animal products. The database indi-
cates that legumes contain an average of 49 mg of total
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choline per 100 g [7, 51]. According to the Canadian
Food Guide, consuming legumes alone would cover 20%
of choline requirements [51]. However, it should also be
mentioned that not all meat substitutes will provide cho-
line, as it depends on the raw materials they are made of
[49].

The most commonly used ingredients in egg substitutes
are vegetable proteins, fiber, polysaccharides, lecithin,
flavoring and coloring additives, and multi-ingredient
mixtures containing the above ingredients in given pro-
portions [52]. The literature discussion of egg substi-
tutes mainly concerns technical aspects and their use
to affect the structure of a product. For example, Wang
et al. examined the use of soybean oil as an egg substi-
tute in the preparation of a vegetarian version of mayon-
naise [53]. Unfortunately there is no data on the content
of choline in ready-made substitutes, and instead their
ingredients must be analyzed - however, this ignores the
effects of the production process on choline content [51].

Plant-based meat and egg substitutes are seen as alter-
natives capable of reducing the consumption of animal
products with all the effects of such reduction, includ-
ing their positive impact on health. However, we cannot
ignore the fact that some of these products are highly
processed, with high sodium contents and unbalanced
fatty acid profiles. Consumers should thus be advised
to carefully consider the composition of such products
before using them. More research is also needed on their
nutritional value and on the content of individual nutri-
ents, such as choline.

Conclusions

In summary, data from the past decade reveal a dearth of
research delineating choline intake within diverse popu-
lations and dietary contexts. There is a noticeable absence
of comprehensive summaries akin to our review, under-
scoring the need for more research in this area. Since this
is an important nutrient for human health, it becomes
necessary to create a database of products containing
choline, taking into account locally occurring products,
as well as conducting extensive research to determine
the current choline dietary standards in individual age
groups. It would also be justified to conduct studies on
choline intake with dietary supplements, as well as ana-
lyze what supplements with this ingredient are available
on the European market. However, it is at first necessary
to determine the EAR and RDA levels for choline because
this would enable a realistic assessment of the coverage
of the demand for choline. Analyzing potential trends in
consumption, we can predict that the next 5-10 years will
probably increase egg consumption, which can contrib-
ute to higher choline consumption. On the other hand,
trends and nutritional recommendations are currently
focused on limiting meat consumption and promoting
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vegetarian diets. Together, these could lead either to no
change or to a slight increase in the consumption of cho-
line, which already seems inadequate in many countries.
Responding to this tendency will require great efforts in
public health and nutritional education focusing on the
meaning of choline for the general public. In addition to
more familiar forms of education—such as lectures and
culinary workshops for the target age groups—the cre-
ation of content on social media dealing with the impor-
tance of dietary choline intake for health may also prove
helpful in conducting effective campaigns. The short for-
mat of this type of message makes it capable of reaching
a larger group of recipients, especially in younger age cat-
egories, which can help build healthy eating habits at an
earlier stage of life. Taking account of trends in commu-
nication when educating the public is an essential means
of using the results of scientific research to produce real
change.
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