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Context: Over the past decade, the production and consumption of organic food
(OF) have received increasing interest. Scientific studies have shown better quality
of organic fruit and vegetables (FV) in terms of nutrients and pesticide contents,
but it appears difficult to conclude if there are potentially greater health benefits of
these products compared with conventional food (CF). Objective: To determine
whether the current scientific literature demonstrates that a diet rich in organic FV
is healthier than 1 based on conventional produce. Methods: A systematic search
was conducted using the PubMed and Web of Science databases for articles pub-
lished between January 2003 and December 2022. Articles were analyzed uniformly
by 2 reviewer, using a specific template summary sheet, and scored from 1 to 5.
The level of evidence and the quality of studies in humans were assessed using the
Jadad score and the French National Authority for Health method. Results: A total
of 12 human studies were included. Studies often reported contradictory or even
opposite results, with methodological limitations. Only 6 of the 12 studies found
significant  associations between OF and the health outcomes evaluated.
Conclusion: The current data do not enable a firm conclusion about a greater
health benefit for a diet rich in FV based on products grown organically compared
with conventional farming. There is a paucity of available data and considerable
heterogeneity in study designs (participants, exposures, durations, health outcomes,
and residual confounding factors). Well-designed interventional studies are

required.

Key words: diet, fruit and vegetables, organic, conventional, health outcome.

INTRODUCTION

Over the past decade, there has been increasing interest
in the production and consumption of organic food
(OF), even though a decline caused by high inflation
combined with increasing food costs has been observed
in the past 2 years." European consumers, nevertheless,
are now spending more on OF than in the past. Per

capita, consumer spending on OF has doubled in the
past decade (€35.5/person in 2009 vs €84.2/person in
2019).”> Baby foods are the most frequently consumed
OFs in Europe, followed by eggs, fruit and vegetables
(FV), and dairy products. In the United States, FV were
reported to be in the top position for OF sales.” Some
countries have recommended OF products in their diet-
ary guidelines for human health benefits (Brazil and
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France) and also for sustainability (Sweden and
Slovakia).”> Major motivators to purchase OF products
are food safety, human health, animal welfare, environ-
mental concerns, and higher nutrient content, alongside
certain sensory attributes, including taste, freshness and
appearance. Organic FV are perceived as more sustain-
able and have more nutrient contents and zero or lower
conventional pesticide residues compared with conven-
tional food (CF).® However, the higher price of OF
products remains the main barrier to their purchase.
Other barriers are related to limited availability on the
market, current satisfaction with conventional food
along with the perception that the benefits of OF might
not be higher, lack of trust in organic labels due to their
number and complexity, lack of promotion, and the
general misunderstanding of organic production proc-
esses.”””

A recent review showed that organic FV are charac-
terized by a slightly higher content in polyphenols and
vitamin C, certain minerals (iron, magnesium) and
lower levels of pesticide residues, but, in some cases,
might contain higher levels of mycotoxins and allergens
(eg, profilin and Bet v 1)."° Even though scientific stud-
ies have shown better quality for organic FV in terms of
nutrient and pesticide contents, it appears difficult to
conclude if the health benefits of these products are
greater. To our knowledge, 3 systematic reviews were
conducted in 2010, 2012, and 2019 to assess the effect of
OF consumption on health outcomes.''™ None of
these studies showed a real benefit, due to heterogeneity
and bias. The literature has expanded during the past
decade, however, so the present review was conducted
to determine whether the current scientific literature
demonstrates that a diet rich in organic FV is healthier
than a diet containing conventional produce.

METHODS

A Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) approach was adopted
(see checklist in Table S1).'* The systematic review pro-
tocol was not registered.

Literature search

A systematic review of the literature was conducted
using the PubMed and Web of Science databases to find
articles published between January 2003 and December
2022. Relevant keywords included terms related to diet-
ary intake from organic and/or conventional produc-
tion, in combination with terms related to health
outcomes (ie, chronic disease, human health, obesity,
diabetes, and cancer). Search terms were adjusted
slightly for each database and the filter “TS” for “Topic”

was applied (ie, term included in the title of the article
and/or abstract and/or keywords). The following terms
were excluded: “consumer,” “behaviour,” “perception,”
“cells,” and “organoleptic” (Table S2).

Selection criteria and data extraction

Inclusion and exclusion criteria are listed in Table 1
based on the population, intervention, comparison, out-
come (PICO) approach. A summary sheet was created
to uniformly analyze the articles. Seven reviewers with
different and complementary expertise were assigned to
analyze the articles. Each full article was reviewed inde-
pendently by 2 reviewers for inclusion in the study,
based on its relevance and eligibility criteria. A score
from 1 to 5 (5 being the highest in terms of relevance
and eligibility criteria) was given by both reviewers to
each article. Based on the difference between the 2
reviewers’ scores (scores 1 and 2), specific rules were
applied to decide whether the article would be retained,
rejected, or discussed by the 2 reviewers. Any disagree-
ment between the reviewers on whether an article
should be retained or rejected was discussed in a meet-
ing with the 7 experts on the review committee.

Scoring human studies

The level of evidence and the quality of studies were
assessed using the Jadad score (0-5 scale), a widely used
scale, named after the physician Alex Jadad, to assess
the methodological quality of a clinical trial for the
degree of reliability of studies'” and the French National
Authority for Health method (A-C scale) for the level of
evidence in the literature (Table $3).'°

RESULTS
Overview of studies

The original systematic search strategy included a step
to identify relevant studies. First, 2314 articles were
identified, of which 64 were retained as potentially rele-
vant after reading the abstract. An independent exami-
nation of the full text of these 64 articles by 2 reviewers
resulted in the exclusion of 41 articles. One of the main
reasons for exclusion was that these articles presented
no study outcome with a direct relevance for health and
rather corresponded to a comparison or an assessment
of nutrient contents. Eleven articles (n = 8 meta-
analyses and 3 animal studies) were excluded from the
review but were analyzed to support human studies in
the "Discussion.” A final total of 12 human studies were
included. A flowchart of the article selection process is
presented in Figure 1."*
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Table 1. PICOS Criteria for Inclusion of Studies

Inclusion criteria

Exclusion criteria

Language * English
Population * Human
* Any age
Intervention * Randomized controlled trial
* Noncontrolled trial
* Prospective or retrospective cohort study
L]

Case-control study
* Cross-sectional study

* Other than English

¢ In vitro study

* Animal study population
¢ In vitro study

¢ Study in animals

None

Comparison Effects of organic food on health
Effects of conventional food on health
Comparison of organic food vs conventional food on
health
Outcomes Direct effects on human health (eg, on chronic dis-

eases, immunity)

* Article assessing contents in nutrients and/or pesti-
cide residues and/or based on health risk assessment

* Article assessing nutritional biomarkers without
evaluating a health impact

* Article related to plant health and metabolism

¢ Article based on consumer perception

Studies in humans

The 12 human in vivo studies included 6 prospective, 4
cross-sectional, and 2 interventional studies. They were
described using the following parameters: (1) author
and year of publication; (2) study design, including
country of origin and duration; (3) target population
(sample size, mean age, percentage of the cohort that
was female); (4) exposure; (5) outcomes; (6) results and
statistical difference; and (7) conclusions (Table 2).

Exposure and target population. All 6 prospective studies
reported the effects of OF consumption as part of the
whole diet using a food frequency questionnaire with
specific questions related to OF. The proportion of OF
in the diet was then computed as a quartile or quintile,
or with a specific score, depending on the study
(Table 2, “Exposure” column). Two prospective studies
were conducted with adults recruited from the general
population,'”'® 2 others focused on pregnant
1 was conducted with nonpregnant
women,”' and 1 with infants.** For the 4 cross-sectional
studies, dietary intake and OF consumption were
assessed in 3.>">° One study evaluated the frequency of
OF purchase instead of consumption.”® Adults were the
target population in 3 studies; the fourth study® also
included children and adolescents. Both interventional
studies (randomized, controlled, and crossover) were
conducted with adults. They consisted of administering
an organic diet (OD) during 2 periods, separated by a
washout period in which a conventional diet (CD) was
provided. In the first interventional study, the interven-
tion periods lasted 22days and the washout period
3 weeks.”” In the second study, the intervention periods
lasted 28 days and the washout period 2 months.*®

Nutrition Reviews® Vol. 00(0):1-14

Health outcomes. Six of the 12 human studies found sig-
nificant associations between OF consumption and the
health outcome evaluated (Table2). Two prospective
studies had “overall and specific cancer” as an outcome.
The One Million study”' is the pioneer study, with a
large sample size and long follow-up, but data on expo-
sure to pesticides remain imprecise. Regarding the
increased risk of breast cancer in women consuming
OF, the findings from the One Million study contrast
with those of the NutriNet-Santé study, in which the
sample size was 10 times smaller and the duration of
exposure 2 times shorter. Importantly, in the NutriNet-
Santé study,'” those who consumed OF the most had a
lower overall risk of cancer than nonconsumers of OF.
In absolute terms, the study’s findings were that 2.26%
of non-OF consumers developed cancer compared with
1.6% of OF consumers. When analyzed by type of can-
cer, an association was found only for postmenopausal
breast cancer, non-Hodgkin’s lymphoma, and all lym-
phomas. When a simplified food score was applied to
plant-based foods, which are the only foods likely to
contain pesticide residues (ie, fruit, vegetables, soya
products, bread, cereals, and flour), the relationship
with postmenopausal breast cancer disappeared in
women.

One prospective and 1 cross-sectional study exam-
ined type 2 diabetes.'®*° Kesse-Guyot et al'® found that
OF consumers had a reduced risk, but the authors con-
cluded the observed effect was mainly due to the life-
style profile of OF consumers and more generally, of
the NutriNet-Santé cohort participants, known to have
a healthy lifestyle and a balanced diet."®

Health outcomes related to pregnancy were studied
in two prospective studies. Simoes-Wiist et al'® eval-
uvated the effect of OF consumption on maternal
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Identification of studies via databases and registers

Records removed before screening because they
are not in English (n = 152)

Records excluded after reading the title (n = 2015)

e Atrticles assessing contents in nutrients and/or
pesticide residues and/or based on health risk
assessment

e Articles related to plant health and metabolism

e Articles based on consumer perception

Reports excluded after reading the abstract

(n=83)

e Articles assessing contents in nutrients and/or
pesticide residues and/or based on health risk
assessment

e Articles related to plant health and metabolism

e Articles based on consumers perception

Full-text articles excluded after reviewers’ scoring

(n=41):

. In vitro studies (n = 20)

. Editorials and/or nonrelevant reviews (n = 15)

. Animal or human studies with a highly limited
methodology (n = 3)

. Articles assessing nutritional biomarkers without
evaluating a health impact (n = 2)

. Articles based on consumer perception (n = 1)

Full-text articles excluded from the study scope
but used for additional results and discussion
(n=11)

. Animal studies (n = 3)

. Meta-analyses and systematic reviews (n = 8)

M
Records identified from
PubMed and Web of Science —_—>
(N =2314)
c
L
®
L
E
k=
Q
3
Records screened (n = 2162) —>
l
)
Reports sought for retrieval )
(n=147)
=)
=
3
g FL_JII_ tg)_(t articiles assessed for >
n eligibility (n = 64)
—
v
)
S Full text articles included
3 (n=12)
% e Cohort (n=6)
£ e Cross-sectional (n = 4)
e Intervention (n = 2)
—

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Flow Diagram of Search Procedure

prepregnancy, body mass index (BMI), hypertension,
and diabetes in pregnancy, and several blood bio-
markers of pregnant women; Torjusen et al*® assessed
the effect on the risk of preeclampsia during preg-
nancy.”® The latter study was inconclusive regarding the
role of OF in preeclampsia prevention: no association
was found between OF, as a whole dietary pattern, and
the risk of preeclampsia, but an inverse association was
only found between the consumption of organic

vegetables and the risk of preeclampsia. This may
be explained by the presence of specific nutrients in
vegetables known for their benefits in preventing
preeclampsia.’

A prospective study evaluated the association
between early-life OF consumption and the develop-
ment of atopic outcomes (namely, eczema and wheeze)
in the first 2 years of life.”* According to this work, OF
consumption during pregnancy has no effect on the risk

Nutrition Reviews® Vol. 00(0):1-14
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of subsequent allergy (before 2years of age); only the
consumption of organic milk seems to have a beneficial
effect on eczema. One cross-sectional study evaluated
the effect of OF consumption on inflammation bio-
markers (C-reactive protein and cystatin—C).23 Another
study evaluated the effect of OF on BMI and obesity,>
and the third study looked at the prevalence of meta-
bolic syndrome (MetS).?* Based on the results of the
only study evaluating the MetS risk,** a possible inverse
relationship between OF and MetS can be concluded,
but the dietary data were not specified in that study (eg,
FV consumption). Although there is an adjustment on
the food quality score, the role of lifestyle cannot be
excluded, nor the contribution of pesticides, but the
mechanistic hypotheses are weak, and the exposure
remains approximate. Interventional studies, therefore,
would be valuable.

The first interventional study assessed the effect of
OF consumption on excretion of flavonoids and on
markers of antioxidative defense in humans,”” and the
second interventional study focused on biological
parameters, inorganic elements, bioactive compounds,
and phenolic acids and carotenes.*®

Level of evidence. The Jadad score showed that interven-

2728 are the most reliable (score 4),

tional studies
whereas prospective and cross-sectional studies, except
1 with a score 3,'” are the least reliable (score 0 or 1).
According to the French National Authority for Health
method, interventional studies were also those with
the highest level of evidence (score B) (Tablel and

Table S3).

DISCUSSION

Based on the available data, the present review does not
enable a firm conclusion to be drawn about the health
benefit of a diet rich in FV based on products grown
organically compared with conventionally. Among the
12 studies selected, 6 did not find any significant associ-
ation between OF consumption and the health outcome
(s) considered, and 6 found significant associations. A
significant reduction of overall cancer risk for high con-
sumers of OF was reported by Baudry et al.'” Simdes-
Wiist et al'® found that average prepregnancy BMI was
significantly lower in the OF group than in the CF
group. A significant inverse association was reported
between OF consumption and the log of C-reactive pro-
tein concentration and log of cystatin-C concentra-
tion.,”> MetS prevalence,”* and BMI and obesity during
childhood and adulthood.” Finally, Sun et al*® reported
that participants who purchased OF were significantly
less likely to have diabetes, with more pronounced

10

associations found for organic milk, eggs, and meats
than for organic FV.

The studies in humans included in this review have
limitations. For instance, prospective and cross-
sectional studies are not suitable for determining any
causal impact. Methodological limitations were also
noted in prospective and cross-sectional studies that
were based on self-reported data, in particular dietary
consumption, which are prone to subjectivity, measure-
ment errors, and desirability biases.'”*° The two cross-
sectional studies reported the small sample size as a
limitation."®* In the 3 prospective studies, short
follow-up duration was stated as a limitation,'”'**° and
a lack of information on the type of products consumed
was reported in the 2 prospective studies.”>?!
Limitations on health markers or outcomes were
reported. According to Torjusen et al,”’ an additional
limitation was related to the lack of biological measures
to estimate the level of pesticide residues. Sun et al*® did
not distinguish between type 1 and type 2 diabetes and
considered the data on OF purchase to be indicators of
consumption. Finally, limitations were related to certain
possible confounding factors that are not taken into
account in studies. The prospective study based on the
Norwegian Mother and Child Cohort Study*® included
the following variables as potential confounders: mater-
nal prepregnancy BMI, gestational weight gain, mater-
nal age, education, income, smoking, dietary intake,
and exercise. The authors concluded that the available
data do not make it possible to assess the impact of pre-
pregnancy nutritional status, which may be a con-
founder in the relationship shown. In prospective
studies based on the NutriNet-Santé French cohort,'”'®
multiple confounding factors (ie, sociodemographic,
lifestyles and dietary patterns) were considered, but
residual factors resulting from unmeasured factors or
inaccuracy in the assessment of some covariates may
have influenced the observed associations. In the
French NutriNet-Santé studies,'”'®** the authors
agreed on the limitation related to the participants’ pro-
file. It was reported that NutriNet Santé participants are
more often young, female, had a higher level of formal
education, and had healthier dietary patterns than the
general population.” In both interventional studies,””*®
limitations were related to the difference in FV varieties,
the quantity of dietary intakes or dietary patterns com-
pared between organic and conventional groups, the
small sample size, and the short follow-up duration.
Grinder-Pederson et al*’ also reported a restricted num-
ber of biomarkers measured and protocols that differ,
which makes the comparison of results complicated and
inconclusive.

However, despite the numerous limitations, the
studies included in this review also have strengths,

Nutrition Reviews® Vol. 00(0):1-14

202 1SNBny 0 U0 JasN "' P-ANOP-VENI AQ 29722/ 2/7019BNUALINU/EE0 L 01/10P/S[0IE-9UBADE/SMAIABILONLINU/WOY"dNO"OlWapED.//:Sd)Y WOy PaPEojuMoq


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae104#supplementary-data

mainly related to the sample (size, representativity of
the population), protocol, and follow-up duration.
Three studies reported the large sample size as a
strength,'”'®?! and 4 highlighted the representativeness
of the sample population (eg, participants with different
lifestyles and eating habits, wide range of covariables
considered).”»*>*>?® Other strengths were related to
the detailed information about participant diet and the
integration of the main potential confounding fac-
tors.”**»** Baudry et al** explained that biological
measurements (ie, total serum cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein choles-
terol, serum triglycerides, and fasting blood glucose)
were accurate and consistent. A long duration of
follow-up was reported by Bradbury et al*' (participants
were followed up for 12 years), and the originality of the
health outcome studied was highlighted in2 articles.***’

The conclusion of the present review is consistent
with other systematic reviews and meta-analyses. The
systematic review of Dangour et al,'' comparable to this
work and covering 2 studies from the present
review,2>%” showed no difference in nutrition-related
health outcomes between OF and CF exposures but sug-
gested an association between consuming strictly
organic dairy products and a reduced risk of eczema in
infants. The second review, by Vigar et al,"” which
included 6 studies we also include in the present
work,'”207222427 concluded that although observational
studies found that OF intake was associated with signifi-
cant positive outcomes on MetS, BMI, non-Hodgkin’s
lymphoma, preeclampsia, and infertility, the current
evidence base does not permit a definitive statement on
the long-term health benefits of intake. The authors
highlighted that the consumption of OF is often tied to
overall healthier dietary behaviors that are likely to
influence the results. Hurtado-Barroso et al*® suggested
a quite similar conclusion: evidence is still scarce con-
cerning the impact of OF intake on health, but OF
seems to contribute to maintaining an optimal health
status and decreases the risk of chronic disease. Smith-
Spangler et al'? identified only 3 human studies examin-
ing clinical outcomes, and none of those reported sig-
nificant differences between populations by food type
for allergic outcomes or symptomatic Campylobacter
infection. The authors highlighted the heterogeneous
and limited number of studies and the presence of pub-
lication bias. In their perspective study, which included
1 study from the present review”” and focused more
specifically on children’s health, Batra et al’' reported
that there was no evidence of a positive health effect
when children ate OF compared with CF. In their
review, Crinnion et al,”” covering 2 studies from the
present review,”>?” concluded that although in vitro
studies consistently demonstrate that organic FV have

Nutrition Reviews® Vol. 00(0):1-14

greater antioxidant activity, are more potent suppres-
sors of the mutagenic action of toxic compounds, and
inhibit the proliferation of certain cancer cell lines,
in vivo studies of antioxidant activity in humans have
not demonstrated additional benefit. However, clear
health benefits from consuming organic dairy products
have been demonstrated regarding allergic dermatitis.
In contrast, Johansson et al>> concluded in their review
that both animal and in vitro studies clearly indicate the
benefits of consumption of OF instead of CF, yet inves-
tigations in humans are scarce, and only few of those
performed can confirm positive public health benefits
related to consuming OF. The authors highlighted that
OF health benefits are unclear because specific large
amounts of nutritionally high-value compounds with
high antioxidant capacity do not seem to be the key for
improved public health from OF consumption. Instead,
synergistic effects of several constituents might underlie
their possible positive effects.

Some of the uncertainties associated with studies in
humans stem from the difficulty of accurately determin-
ing the consumption of organic FV compared with
equivalent conventional products. In addition, it is
rarely possible to establish a link between any observed
effect and the farming practices responsible for that
effect, such as soil amendment or crop treatment. These
parameters are easier to control in animal experiments,
where both organic and conventional products are of
the same cultivars and originate from neighboring
farms with comparable pedoclimatic conditions, ena-
bling feeding tests based on factorial trials. As previ-
ously suggested by Lauridsen et al,** Srednicka-Tober et
al,” and Baranski et al,’® both fertilization management
(mineral fertilizer-based protocols used in conventional
farming vs composted manure inputs according to
organic farming standards) and crop protection practi-
ces (pesticide-based protocols used in conventional
agriculture vs crop protection according to organic
standards) may affect the physiological status of mam-
mals (Table S4). These authors attempted to explain the
changes observed by the substantial differences in com-
position of nutrients, micronutrients, residues, or con-
taminants between foods produced by organic and
conventional agriculture.”® Although several of these
explanations are plausible, they nonetheless remain
hypotheses that need to be explored.

Animal experiments also offer the possibility of
monitoring many outcomes, as reported by Dangour et
al'’ and Velimirov et al’’ Moreover, in many cases, ani-
mal studies provide an opportunity to explore the
mechanisms behind physiological effects or dysfunc-
tions and to suggest avenues for future research.
Velimirov et al’” found that laboratory experiments
tended to show a positive effect of organic feed
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compared with conventional feed, particularly on repro-
ductive performance and immune responses. However,
the authors questioned the relevance of the investigated
biomarkers in terms of human health and emphasized
the need to confirm these results both in laboratory ani-
mals and in humans. Analysis of the data published in
recent years led to similar conclusions, confirming the
impact of cultivation methods on various biomarkers
but without establishing a confident causal relationship
between OF and health.***® These studies demon-
strated that in rodents and birds, immune system
parameters may be modulated according to feed com-
position (Table S4). However, as reported by Van
Norman et al,” the responses of the animal immune
system do not accurately predict those of the human
immune system. Animal studies underlined the role of
agricultural practices on foodstuff composition, and
they converged on highlighting the sensitivity to differ-
ent diets of certain biomarkers associated with the
immune, hormonal, or metabolic systems. They also
provided mechanistic interpretability of the observed
effects, among which epigenetic modifications were sug-
gested to explain transgenerational changes.’® Although
several of these explanations are plausible, they none-
theless remain hypotheses that need to be explored.
Biomarkers and outcomes should be interpreted care-
fully. Targeted experiments carried out in vivo or
in vitro would be a major contribution in reducing
uncertainties and improving a weight of evidence
approach.

Limitations

The studies included in this review did not focus specifi-
cally on FV but on diet in general, the low number of
studies available that enabled us to assess the direct
health benefits of OF, the possibility of not identifying
all the relevant publications, and bias following the
exclusion of articles published in a language other than
English. Difficulties were encountered in extracting the
intake of organic FV category and it was revealed that
the quality of FV varies widely according to different
factors. Sensory and nutritional qualities of FV are
mainly influenced by the choice of variety and geno-
type,'” followed by the climate, farming conditions, and
the stage of ripeness at the time of picking. Pedoclimatic
conditions and production techniques, particularly for
crops, can have a marginal effect on antioxidant compo-
sition, with slightly higher concentrations in organic
produce.®® The determinism of individual health
remains complex,”” and even though the direct and
indirect health benefits of diet have been well docu-
mented, it remains difficult to conclude that 1 produc-
tion method is more favorable than another.

12

Strengths

The first strength of the present review is the use of the
Jadad score and the French National Authority for
Health method to evaluate the degree of study reliability
and the level of evidence in the literature, respectively.
Second, 7 reviewers with different and complementary
expertise consulted with each other to agree on a con-
sensus when analyzing the articles. Although most simi-
lar works are based on nutrient and pesticide residue
contents in OF and/or CF, the present review distin-
guishes itself from others by focusing only on the direct
health impacts of consuming OF or CF with broad
inclusion criteria. Therefore, all types of studies indicat-
ing indirect health benefit were excluded, such as
in vitro studies, as well as those only assessing values
(eg, nutrient, pesticide residues). And third, 3 animal
studies were included in our discussion to support the
analysis of data from human studies, which is an origi-
nal aspect of the present review.

CONCLUSIONS

This systematic review did not demonstrate a greater
health benefit of a diet based on products from organic
farming compared with those from conventional farm-
ing. As in previous reviews, it was concluded that there
is a paucity of available data and considerable heteroge-
neity in study designs (namely, participants, exposures,
durations, health outcomes, and residual confounding
factors). Well-designed interventional studies (ie, with
direct measurement of contaminants and equal dietary
intakes) are required. Long-term intervention studies
are also needed. Due to possible epigenetic mechanisms,
particular attention should be paid to the vulnerable
window of life, such as the 1000 days period. The com-
bination of traditional measurements of physiological
or blood parameters and overall approaches based on
systems biology, such as metabolomics, as previously
proposed™® is probably an approach to be encouraged in
studies. The literature clearly shows that products
resulting from agroecology practices, including organic
farming, could reduce direct exposure to harmful sub-
stances such as pesticide residues, particularly for vul-
nerable consumers (eg, women of childbearing age,
pregnant women, children). However, the affordability
of this type of food remains a challenge for these con-
sumers. Further developing these production practices
would make them affordable and accessible to these
most vulnerable populations and, consequently, to the
general population.
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