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Consumption of organic foods has increased recently, but evidence about their potential

health benefits is still limited. This systematic review aims to synthesize the available

scientific evidence on the association between organic egg consumption and human

health. We searched for peer-reviewed articles on this subject indexed in the MEDLINE,

EMBASE, Web of Science and Cochrane Library databases from the inception date

to April 13, 2022. This review was based on PRISMA guideline recommendations.

Three studies on organic egg consumption in humans were included. After 8 weeks

of consuming organic eggs, one randomized crossover trial found that participants

had higher serum concentrations of the beta-carotene lutein compared to the period

without consuming organic eggs. Moreover, in a cross-sectional study with nationally

representative data from Americans over the age of 50, it was found that consumption

of organic eggs was associated with lower levels of the inflammatory markers C-reactive

protein and cystine C compared with conventional eggs. Finally, in a cohort of children

aged 0 to 2 years, no significant association was observed between consuming organic

eggs and the risk of eczema. In conclusion, the evidence about the potential benefits

of organic egg consumption and human health is promising but still requires further

research. A human research agenda is proposed based on laboratory studies pointing

out that organic eggs have a more desirable nutritional profile than conventional eggs.
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INTRODUCTION

There has been a recent increase in the consumption of organic food (1), particularly in developed
countries, which may be due to the consumer’s perception of the potential effect of this type of
production related to sustainability, animal welfare and, especially, of their perception that organic
products are healthier than those produced conventionally (1–5). The first two aspects are regulated
by the competent authorities that define objective criteria to be applied with respect to the products
(e.g., pesticides authorized at certain levels) and processes (e.g., conditions that ensure the natural
behavior of the animals) used (6, 7). On the other hand, the concrete effects of organic foods on
health depend on being verified in scientific studies, which are still scarce and provide contradictory
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results (7, 8). It should also be considered that the inconsistent
findings on the health effect of the predominantly organic
consumption pattern can be explained because the effects may
vary according to each food consumed, although to a small
extent (9–11).

Among the specific foods included in worldwide dietary
patterns that are organically produced is the chicken egg. Eggs
are a complete food, providing proteins of high biological value,
unsaturated fatty acids, vitamins and minerals with antioxidant
potential, and are also widely consumed worldwide due to their
affordable market price (12, 13). The production of organic
eggs is regulated in Europe and the United States (US) and
requires that hens receive feed from organic vegetables that are
not only cage-free but also have an outdoor area to move and
behave as freely as they did originally (14–16). It is important
to note that although there is no consensus yet, biochemical
trials have assessed organic eggs as having lower concentrations
of environmental contaminants and higher concentrations of
micronutrients desirable for their positive health effects (17–20).

Considering that the emerging knowledge on specific organic
foods is still in an initial phase, this systematic review was
proposed with the aim of synthesizing the available evidence on
the association between organic egg consumption and human
health. In addition, comments on the research agenda about the
proposed topic are presented.

METHODS

A systematic review of the literature was carried out based
on the recommendations of the Preferred Reporting Items for
Systematic Review andMeta-Analysis (PRISMA) (21) guidelines.
The protocol of this review was registered in the PROSPERO
database (registration number: CRD42022328052).

We searched the MEDLINE, EMBASE, Web of Science,
and Cochrane Library databases for peer-reviewed articles on
the relationship between organic egg consumption and human
health issues indexed from the inception date to 13 April 2022.
No date or language limits will be established. The search syntax
included the terms eggs, organic or ecological and human and
possible variations combined by means of Boolean operators
appropriate to each base. The detailed search strategy is found
in the Supplementary Material. In addition, after copying the
syntax in the Google Academic search engine, the first twenty
pages were observed in search of studies of interest that had
not been found in the main databases. With the same objective,
the reference lists of the reviews found on the subject were
also examined.

The following inclusion criteria were defined according
to the PICOS structure: a) population: people of all ages; b)
intervention/exposure: consumption of organic or ecological
eggs; c) comparison: consumption of non-organic eggs,
regardless of the type of production method, or no consumption
of eggs; d) outcome: any chemical, physical or psychological
parameter related to human health; e) study design: cross-
sectional or follow-up observational studies or clinical trials.
Exclusion criteria were established for not submitting results

of the association of interest, when duplicate reports of the
same study were submitted or included an ineligible publication
format, such as event abstracts, preprints and literature reviews.

After excluding the duplicate studies identified in the different
databases, the titles and abstracts were reviewed to rule out those
clearly outside the intended scope. Of the remaining studies,
the full text was examined to confirm whether the inclusion
criteria were met. The data of interest were extracted from
the studies finally included. It was not necessary to contact
any author to request data not available in the article. Two
independent reviewers (AEM and RF-R) extracted the following
information from the studies selected for inclusion: author(s)
and year; country, design, follow-up, washout, response rate,
characteristics of the population, sample size, context, mean
age of the participants, women percentage, exposure variable,
outcome measures, and main results. A third coauthor (JFL-
G) was consulted when disagreements between the initial
reviewers occurred.

For the assessment of the risk of bias of each study, the NIH
Quality Assessment Tool for Observational Cohort and Cross-
sectional Studies (22) was applied, as well as the Rob2 (23) from
the Cochrane for the randomized controlled trials. The NIH
Quality Assessment Tool for Observational Cohorts and Cross-
Sectional Studies was used to assess the risk of bias in cohort
and cross-sectional studies. Accordingly, 14 items determined the
risk of systematic bias based on clarity of the research question,
participation rate, follow up and drop-outs, power analysis,
exposure, and outcome time of measurement. The items are
scored as “yes,” “no,” “not reported,” “cannot be determined” or
“not applicable.” Depending on this, each study was classified as
“poor,” “fair” or “good.” Cochrane’s Risk-of-Bias 2 (RoB 2) tool
was used to assess the risk of bias of the included RCTs, in which
the following domains were assessed: randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported
results. Then, each of the five domains was graded individually
as “low risk of bias,” “some concerns” or “high risk of bias” 0.26
Finally, each study was classified for the overall risk of bias as
(1) “low risk of bias” when a low risk of bias was determined for
all domains; (2) “some concerns” when at least one domain was
assessed as raising some concerns but not to be at high risk of bias
for any single domain; or (3) “high risk of bias” when a high risk
of bias was reached for at least one domain or some concerns in
multiple domains.

The included studies were analyzed separately, and a synthesis
of their main characteristics and results was developed.

RESULTS

Out of a total of 3,419 articles identified in the search, 3330 were
discarded due to the title and abstract. Of the remaining 89,
reading the full text resulted in the exclusion of 87 studies for
the reasons specified in Figure 1. Three studies (10, 11, 24) were
finally included in this systematic review.

Table 1 presents the main characteristics and results of the
included studies. The oldest study (2008) was conducted in
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FIGURE 1 | PRISMA 2020 flow diagram of study selection.

The Netherlands (10), and the next two were conducted in the
United States (11, 24). Each study had a different type of design.
In the first study, a cohort of 2,583 newborns was followed up to 2
years of age with the aim of analyzing whether the consumption
of organic foods, including eggs, moderate (from 50 to 90% of
consumption occasions) or strict (more than 90% of the time)
was associated with an increased likelihood of developing eczema
compared with eating conventional eggs (i.e., less than half of the
time choosing organic eggs) (10). Although the crude analyses
indicated unfavorable results for the consumption of organic
eggs (i.e., greater probability of having eczema), when controlling
for the confounding effect of other exposures, such as breast-
feeding, pet, day-care, tobacco, etc., that detrimental effect was
not sustained.

The second study, conducted in 2012, was a randomized
crossover clinical trial including 20 free-living lacto-ovo-
vegetarian adults with the aim of analyzing the transfer of 3
types of carotenoids from eggs to blood serum (24). In the
intervention phase, the participants received 6 organic eggs per
week for 8 weeks, and with a washout time of 4 weeks, the

control phase was carried out, in which they did not consume
eggs. The final results revealed an increase in beta-carotene
lutein after eating organic eggs compared to the period without
eating eggs.

On the other hand, the third study was a cross-sectional design
in which 3,815 adults over 50 years of age were questioned about
the consumption or non-consumption of organic eggs, and they
had blood samples collected to assess the levels of inflammatory
markers (11). In the analysis adjusted for sociodemographic
and lifestyle confounders, including caloric intake, organic egg
consumers had slightly lower levels of C-reactive protein (CRP)
and cystatin C (CysC) than those consuming conventional eggs
(11) (Table 1).

Finally, the risk of bias assessment of the included studies
revealed that among observational studies, one scored as “Good”
(10) and the other as “Fair” (11) quality according to the NIH
tool. The randomized controlled trial had an overall risk of bias
of some concerns (24). The detailed risk of bias assessment of
each study is found in the Supplementary material (Table S1
and Figure S1).
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TABLE 1 | Characteristics of the included studies.

Author, year Study Population Exposure variable Dependent variables Main results

Country

Design

Follow-up

Washout

Response rate

Sample size

Context

Mean age

% Female

Burns-Whitmore et al. (24) United States

Randomized

crossover trial 8 weeks

4 weeks 76.9%

20

Lacto-ovo-vegetarian

adults

38 ± 3 years

80.0%

Six organic eggs/week

(intervention) vs. no

eggs (control)

Serum carotenoids:

Lutein

ß-carotene

Zeaxanthin

Compared with the control, in

organic egg treatment lutein was

significantly higher (p = 0.009),

ß-carotene increased only

approached significance (p =

0.066) and zeaxanthin was not

associated (p = 0.139).

Kummeling et al. (10) The Netherlands

Cohort NA NA 94.5%

2583

children

2 years

49.0%

Moderate (50–90%)

and strictly (>90%)

organic egg vs.

conventional (<50%)

egg consumption

Eczema In analysis adjusted for

sociodemographic and several

other exposures (breast-feeding,

pet, day-care, tobacco, etc.),

neither moderate (OR: 1.40;

95% CI: 0.98, 1.99) nor strictly

(OR: 1.03; 95% CI: 0.76, 1.38)

organic egg consumption was

associated with eczema.

Ludwig-Borycz et al. (11) United States

Cross-sectional NA NA

47.3%

3815

Free-living >50 years

63.5 ± 14.6 years

57.3%

Organic eggs vs. no

organic eggs

C-reactive protein

Cystatin C

In analysis adjusted for

sociodemographic and lifestyle

confounders including caloric

intake, organic egg consumers

had lower CRP (log: −0.091;

95% CI: −0.181, −0.001) and

CysC (log: −0.046; 95% CI:

−0.071, – 0.022).

CI, confidence interval; CRP, C-reactive protein; CysC, Cystatin C; NA, Not applicable; OR, odds ratio.

DISCUSSION

This systematic review is pioneering in studying the relationship
between organic egg consumption and aspects related to human
health. To date, this topic has been explored in only three
studies with different designs and population groups studied.
Although two of the studies reported favorable results in terms
of higher serum carotenoid levels (24) and lower levels of specific
inflammatory markers (11) associated with the consumption of
organic eggs, this limited set of results does not yet allow firm
conclusions to be drawn about the benefits of organic eggs on
human health.

Egg allergy is the second most common food allergy in infants
and young children after cow’s milk allergy and can pose quality
of life concerns (25). In addition to avoiding egg consumption,
it has been reported that the introduction of eggs in the diet
between 3 and 6 months of life could reduce the risk of egg
allergy (26). With the expansion of organic agriculture and
its possible lower allergenic potential, justified by the higher
concentration of nutrients with anti-inflammatory potential such
as omega-3 polyunsaturated fatty acids (20), it has been suggested
that the intake of organic eggs could also represent a dietary
alternative for children allergic or predisposed to egg allergy.
Although the KOALA Birth Cohort Study conducted in The
Netherlands found no prospective association between moderate
or strict consumption of organic eggs (as well as organic meat,

fruits, and vegetables) in infants from birth to 2 years of age,
the authors reported that the consumption of organic dairy
products was associated with a lower risk of eczema (10). In
quantitative terms, exposure to egg proteins is expected to be
lower than exposure to milk throughout this stage of life. For
this reason, the advancement of knowledge about the allergenic
potential of organic vs. conventional eggs still depends on longer-
term prospective studies with repeated measurements of the
consumption of eggs and other organic foods.

In the randomized crossover clinical trial conducted by
Burns-Whitmore et al. (24), a higher concentration of lutein
in the blood of lacto-ovo-vegetarian adults was observed when
they consumed approximately one organic egg daily compared
to when they did not consume eggs (24). Elevated levels of
this carotenoid in the blood may play an important role in
the prevention of macular degeneration and age-related vision
loss (27). Although, according to the authors, organic eggs
provide a bioavailable source of lutein (a carotenoid with anti-
inflammatory properties), it is necessary to consider that the
control group did not consume eggs of any kind. For this reason,
it could not be affirmed that the contribution of carotenoids
was higher when organic eggs were consumed instead of
conventional eggs.

Regarding the third and the most recent scientific evidence on
the subject, in the nationally representative, longitudinal panel
study of Americans over 50, significantly lower levels of two
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important inflammatory markers were found among individuals
who consumed organic eggs compared to those who consumed
conventional or non-organic eggs. It is noteworthy that these
results were observed independently of several important
confounders, such as body mass index, blood pressure, diabetes,
physical activity, and total daily caloric intake. Considering the
accumulation of evidence on the inflammatory potential of the
diet in cardiometabolic risk (28), the aforementioned study
sheds light on the possible additive anti-inflammatory effect of
organic vs. non-organic feeding (24). However, these findings
certainly need to be confirmed in future prospective studies
and, furthermore, replicated in populations with dietary patterns
different from the Westernized, predominant in the country
studied, the United States.

Our results indicate that scientific evidence has thus far
not focused on whether organic eggs are directly associated
with health benefits. What has indeed advanced—not only
for eggs but also for other organically produced foods—was
research on the nutritional value of organic foods compared to
conventional foods (6), which in turn could lead to advantages
for human health (7). For instance, organic vegetables have
fewer environmental pollutants (29), which are related to
cardiovascular risk (30) and cancer (31). In addition, organic
foods of animal origin provide a better lipid profile, vitamins and
minerals involved in the etiology of many diseases throughout
the life cycle, as well as lower levels of contamination by
microorganisms related to gastrointestinal disorders (7, 32).

Specifically, it has been found in studies based on biochemical
analyses of egg composition that, compared to conventional
eggs, organic eggs are lower in saturated fat (conventional eggs:
85.7 g kg−1 yolk; organic eggs: 68.1 g kg−1 yolk) (20), have
a lower n-6/n-3 ratio (conventional eggs: 11.5; organic eggs:
7.8) (20), and have fewer endocrine disruptors such as dimethyl
phthalate (DMP) (conventional eggs: 76%; organic eggs: 52%)
(33). In addition, other review studies reported that organic eggs
are less exposed to antibiotics (34) and are less contaminated
by Salmonella (35). These biological differences are supposed
to be largely explained by animal feed based on feed made
with mostly organic products and under extremely hygienic
conditions (29, 36). In particular, on the diet of the hens in
different types of creation, compared to the feed commonly used
in conventional cage creation, organic farming (and in cage-
free farming) favors the predominant consumption of grass from
external areas, which provides high amounts of fiber, tocopherol,
carotenoids and flavonoids (20), allowing a remarkable transfer
of bioactive substances that could confer higher nutritional
quality to the organic egg compared to the conventional egg.
In addition, it has also been shown that cage-free housing and
the guarantee of adequate outdoor space for the animal behavior
of all livestock ensures that laying hens can move freely during
some hours of the day and, consequently, are less stressed (37).
It is understandable that the result of this set of measures based
on sustainability, high-quality animal nutrition, and animal
welfare results in a feed that generates a lower environmental
footprint (38, 39) and, above all, a higher nutritional density (6)
compared to conventional egg production. It is also reasonable
to consider that future clinical and epidemiological studies could
test the hypothesis of whether these better nutritional qualities

translate into concrete benefits for people who consume eggs
from organic farms.

The main limitation of this review is the small number
and heterogeneous design of the included studies, which limits
the conclusions that can be drawn and does not justify
recommendations on the consumption of organic eggs. In
particular, it is noteworthy that the three studies used different
comparison groups to analyze the potential benefits of organic
egg consumption, which prevents comparability between them.
In the two observational studies, the comparison group was
composed of individuals who consumed organic eggs less than
50% of the time (10) or did not consume organic eggs (11),
while the experimental study considered not consuming eggs
of any type as the comparison group (24). The scarcity and
methodological heterogeneity of studies are inherent limitations
at the early stage of research on any organic food. The main
reasons why no progress has yet been made in understanding
whether adherence to a dietary pattern based on organic food
translates into benefits for human health are that consumption
is still very low and strictly related to socioeconomic status (40)
and, consequently, to better health status.

In conclusion, preliminary evidence from human studies
suggests that organic eggs may have nutritional advantages over
conventional or non-organic eggs, possibly related to the higher
levels of carotenoids and the reduction in the inflammatory
potential of the diet. We advocate the inclusion of questions
about the frequency of consumption of organic foods in future
population-based dietary surveys. In addition, on the one hand,
it is important to defend that laboratory studies are essential
to discover biological differences related to the composition of
organic foods and have thus far presented promising results in
their favor. Last, knowledge about the real impact of organic
agricultural production, and in particular of organic eggs, on
human health requires clinical trials with samples, follow-up time
and control of several confounding variables specifically designed
for that purpose.
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