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A B S T R A C T

Dietary diversity is a crucial component of healthy eating patterns because it ensures nutritional adequacy. Yet, concerns have been raised
about the potential risks of its increase, which may reflect excessive consumption of unhealthy foods and higher obesity or cardiometabolic
risk, particularly in high-income countries. However, the links between dietary diversity and different health outcomes remain inconclusive
because of methodological differences in assessing dietary diversity. Numerous studies, mostly cross-sectional, have assessed dietary di-
versity using different indicators usually based only on the number of foods or food groups consumed. In this perspective, we emphasize that
dietary diversity is a multidimensional concept encompassing the number of foods in the diet (food coverage) but also their relative pro-
portions (food evenness) and the nutritional dissimilarity of foods consumed over time (food complementarity). Consequently, a compre-
hensive assessment of dietary diversity reflecting all its dimensions, both between and within-food groups, is needed to determine the
optimal level of complementarity between and within-food groups required to improve health and diet quality. Moreover, given the pre-
vailing context of abundant highly processed and energy-dense foods in high-income countries, promoting dietary diversity should prioritize
nutrient-dense food groups. Until recently, within-food group diversity has received limited attention in research and public health rec-
ommendations. Still, it may play a role in improving diet quality and long-term health. This perspective aims to clarify the concept of dietary
diversity and suggest research avenues that should be explored to better understand its associations with nutritional adequacy and health
among adults in high-income countries.
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Statement of Significance

This perspective highlights the importance of considering all dimensions of dietary diversity rather than simply counting foods. Furthermore,

we argue that dietary diversity between and within-food groups needs to be considered to better understand how to improve nutritional adequacy
and health in high-income countries.
Text Box 1

Nutritional adequacy: having sufficient intakes of nutrients to meet
the nutrient reference values [22].
Moderation: limiting the intake of nutrients that are detrimental to
health when consumed in excess (for example, saturated fatty
acids, sodium, sugar) but also the intake of nutrients with a toler-
able upper intake level [22].
Nutritional quality refers to both nutritional adequacy and
moderation.
Introduction

Dietary diversity is a key aspect of our diets because no single
food can provide all nutrients. By combining several foods, di-
etary patterns emerge and provide total nutrient intake. Conse-
quently, consumption of different food groups is needed to meet
all nutrient requirements, meaning a minimum level of dietary
diversity ensures nutritional adequacy (Text Box 1). Although
highly diverse diets have been associated with greater nutri-
tional adequacy among adults [1–5], they have also been
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Text Box 2

Dietary diversity includes count, evenness, and dissimilarity of
foods or food groups.

Count: number of different foods or food groups consumed; easy to
estimate and interpret [26]; does not capture relative proportions,
types, or nutrient contents of foods or food groups consumed.
Dissimilarity: differences in nutrient composition between foods or
food groups consumed; provides information on nutrient diversity
and complementary food combinations; requires food composition
data and quantitative indicators involving distance measures [23].
Evenness: distribution of foods or food groups consumed; assesses
how evenly intake is distributed; requires quantitative indicators
but there is no consensus on which indicator to use [23,27].
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associated, in high-income countries, with higher consumption
of unhealthy, non-recommended foods (for example,
ultra-processed foods, refined grains, and sugar-sweetened bev-
erages) and higher energy intakes [6,7]. Specifically, the benefits
from the association between dietary diversity and nutritional
adequacy can be canceled out, and the overall health value of the
diet may deteriorate because of an increased consumption of
unhealthy foods. Not only is the consumption of different foods
or food groups necessary, but these different foods or food
groups should be the nutrient-rich ones to ensure a healthy diet.
Moreover, concerns have been raised about the increasing inci-
dence of diet-related diseases in developed countries [8].
Currently, results on the association between dietary diversity
and health outcomes such as obesity, body adiposity, or
non-communicable diseases are inconsistent [9–11], but it is still
important to consider the benefits and risks of greater dietary
diversity for adults.

Public health authorities have strongly encouraged dietary
diversity. As early as the 1990s, some high-income countries
included dietary diversity in their national dietary guidelines.
They did this by focusing on the wise selection of food groups to
ensure nutritional adequacy, avoid overconsumption of harmful
nutrients, and prevent non-communicable diseases. In the United
States, people were advised in 1992 to “eat a variety of foods to
get the energy, protein, vitamins, minerals, and fiber [they] need
for good health” [12], which has now become “enjoy different
foods and beverages within each food group” in the most recent
dietary guidelines [13]. Also in 1992, the first recommendation
in the Australian dietary guidelines was to “enjoy a wide variety
of nutritious foods” [14], which has now become “enjoy a wide
variety of nutritious foods from [the] five food groups every day”
[15]. The same recommendation has been followed in the
guidelines of European countries, which include between 5 and
12 food groups, depending on the country [16].

However, the notion of dietary diversity, particularly that of
“good” diversity in terms of nutritional adequacy and long-term
health risk, is still not well defined in research and public health
recommendations and is poorly understood by the general
audience. In general, dietary guidelines only mention dietary
diversity between food groups without defining it, and do not
address food choices within food groups except in a few coun-
tries, albeit not very explicitly [13,17,18]. It is not clear whether
a diet is considered diverse if it includes one food from each food
group or if a diverse diet needs to have different foods within
each food group. Thus, there is still a lack of understanding about
the details of how to select foods in these groups and, in
particular, whether and to what extent some food groups should
be more diverse than others. Although consuming a diversity of
foods from the recommended food groups is now recognized as a
beneficial characteristic of a dietary pattern [5,19,20], we still
need a better understanding of what dietary diversity is, develop
better indicators to assess it, and define what a favorable di-
versity might be [21]. This perspective aims to clarify what di-
etary diversity encompasses, both in terms of concepts and
assessment methods, and to suggest research avenues that should
be explored to better understand the associations between di-
etary diversity—between and within-food groups—and nutri-
tional adequacy and health among adults in high-income
countries.
2

What Is Dietary Diversity?

Previous work has highlighted the complexity of defining
and conceptualizing dietary diversity [10,21,23]. To our
knowledge, there is no single, consensual definition of dietary
diversity, and often, different scores are used without any prior
definition or conceptualization of what dietary diversity en-
compasses. Ruel [24] defined dietary diversity as “the number
of different foods or food groups consumed over a given refer-
ence period”: this implies that there are multidimensional
counting issues with its measurement. In the first place, the
reference period has yet to be determined. We can assume that a
longer reference period is better for a complete overview of an
individual’s dietary diversity. However, it is technically difficult
to record every single meal of an individual for a long and
representative period. Therefore, the reference period rarely
exceeds a few days for an exhaustive and precise assessment of
dietary diversity. Several authors [23,25,26] have proposed a
dietary diversity with 3 dimensions: count, dissimilarity, and
evenness (Text Box 2).

Count refers to food coverage, that is, knowing how much of
all available foods one eats. However, beyond simply counting
the number of foods consumed, assessing their dissimilarity
allows a better assessment of how they differ regarding nutrient
content. Eating fruits, vegetables, and legumes seems less
diverse than eating grains, vegetables, and fish from a nutrient
content perspective. Also, eating apricots, peaches, and plums,
all stone fruits, appears less diverse than eating apricots, ap-
ples, and strawberries. The dimension of dissimilarity is related
to the need for complementarity between foods or food groups
for better nutritional adequacy, because it is through food
combinations that overall nutrient intake is achieved. This is
the basis for the importance of diversity: the foods or food
groups considered in the diet must be dissimilar enough to
complement each other. An item that is different from others in
terms of nutrient content will be of interest if it provides nu-
trients that are not found in other items already consumed in
the diet, therefore contributing to avoid nutrient deficiencies in
the diet.

Evenness (or proportion) is another important and less
commonly considered dimension of dietary diversity. It refers to
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the distribution and balance between food groups within a diet
or between foods within a food group, that is, their relative
contributions in terms of mass or energy intake. For instance,
when considering 2 food groups, the diet is less diverse if one
largely dominates the other (for example, 80:20) than if both
contribute equally (50:50) to the total intake.

It is clear that we lack a shared definition and validated in-
dicators of dietary diversity encompassing the various di-
mensions mentioned above (food number, dissimilarity/
complementarity, between- and within-group evenness).
Furthermore, as a critical factor for nutritional adequacy, di-
versity must be a continuous feature of the diet, that is, it must be
the hallmark of the “usual diet” because a diet that is only oc-
casionally diverse is less likely to secure nutrient intakes over the
long term. Therefore, to study diversity, the dietary assessment
should follow the usual diet over a long period, with highly
detailed consumption to accurately account for within-group
diversity.

How to Quantitatively Estimate Dietary
Diversity?

Many studies have attempted to assess dietary diversity in
different populations, and several scores have been developed to
compare and rank the diets of different populations.

Most of these scores are simply an enumeration of some or all
of the foods or food groups consumed in a given time period,
depending on the study’s objectives. For example, one can count
all the foods consumed as in the Food Variety Score [10,19,
28–30] or count the recommended (healthy) foods separately
from the non-recommended (unhealthy) foods, as did Gregory
et al. [31] or Roberts et al. [32]. One can also count the number
of species consumed, as a measure of dietary biodiversity [27]. In
the Minimum Dietary Diversity for Women of Reproductive Age
[33], the Household Dietary Diversity Score [34], or the food
group variety [2,19,30], one counts the number of food groups
among a pre-established list of groups. In the Dietary Diversity
Score, the number of subgroups consumed is divided by the total
number of subgroups within each of the 5 major food groups [35,
36]. In the context of developing countries, this type of score,
which is easy to calculate and interpret, is very useful as a proxy
for food access at the household level and nutritional adequacy
at the individual level [34]. However, these scores are not very
relevant and informative in the context of high-income countries
or some urban areas in lower-income countries, where food ac-
cess is relatively easier and food supply is greater, with diets
characterized by excessive intakes of certain unhealthy food
groups (that is, red meat, ultra-processed foods, sugar-sweetened
beverages) and nutrients (that is, saturated fatty acids, sugars,
sodium).

In France, Jacquemot et al. [37] developed the ORCHID score
specifically for older adults, but it can be adapted to other pop-
ulations. It reflects healthy dietary diversity that is in accordance
with the French dietary guidelines by giving higher weight to
food groups whose consumption is recommended. Other scores
were also created to assess healthy dietary diversity. In Germany,
Drescher et al. [38] developed the Healthy Food Diversity index,
which was later adapted to the context of the United States by
Vadiveloo et al. [7] as the United States-Healthy Food Diversity
3

index. More than a simple count of foods, these 2 scores are
based on the Berry index (also known as the Gini-Simpson
index), which represents the probability that 2 different foods
randomly selected in a diet belong to 2 different food groups: the
higher this probability, the more diverse the diet in the evenness
dimension, as high probability indicates that foods tend to be
equally distributed in the diet [39]. In addition, this probability
is weighted by the health value assigned to each food (based on
its place in the Dietary Guidelines) in the Healthy Food Diversity
and United States-Healthy Food Diversity scores to give higher
rates to diets with a more balanced distribution of healthy foods.
These diversity scores have the advantage of considering a
dimension other than the simple number/coverage of foods,
namely their evenness/balance, and aim to measure healthy di-
versity by giving more weight to the healthy foods. However,
these scores cannot be used to study the relationship between
dietary diversity and diet healthiness because they confound
both aspects. Instead, scores that only consider the number and
proportion of foods in the diet, regardless of whether they are
healthy, such as the Quantitative Index for Dietary Diversity
[40], should be considered for assessment. In fact, diversity
scores based on this consideration have also been developed in
other disciplines, such as ecology, and are ready to be applied to
human nutrition. Chaudhary et al. [41] and Remans et al. [42]
used the Shannon entropy—an index developed initially in
mathematics—at the population level to assess the diversity of
national food systems. Di Maso et al. [43] developed the Nutri-
tional Functional Diversity score, adapted from the field of
ecology, to estimate the dimension of dissimilarity. Further
application of such scores to assess dietary diversity at the in-
dividual level could be a perspective for research.

Even more than the evenness dimension, dissimilarity is rarely
explicitly considered when assessing dietary diversity. We found
only a few studies [25,26,44,45] that assessed dissimilarity, usu-
ally using the Jaccard distance, a simple measure originally used
in ecology and applied in nutrition to calculate how 2 foods or
food groups differ in their nutrient content [25]. In most cases,
however, dissimilarity is not considered explicitly but is often
implicit when the assessment integrates different food groups.
This is because more dissimilarity/complementarity is assumed
between food groups than between foods within the same group.

In terms of both conceptualization and assessment, dietary
diversity appears to be multidimensional and complex, encom-
passing several levels such as number of foods, dissimilarity/
complementarity, and evenness/balance, which together
contribute in complex ways to nutritional adequacy and long-
term health. The scores developed to date, which do not
consider all the dimensions of dietary diversity, have been used
to investigate the relationship between dietary diversity and
nutritional quality without producing consistent results in high-
income countries.

Contrasted Associations between Dietary
Diversity and Nutritional Adequacy or Health
in High-Income Countries

Regarding the relationship between dietary diversity and
nutritional adequacy, most studies conducted in high-income
countries, as expected, have reported a positive association
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[1–5]. However, in such a context, increased dietary diversity
could also lead to excessive intake of nutrients, such as saturated
fatty acids, sugars, or sodium, that need to be limited. Concerns
about moderation or excess have been addressed in only a few
studies, with more contrasting results recently reviewed [10].
Using the Probability of Adequate Nutrient Intake scoring sys-
tem, which integrates 2 sub-scores reflecting the extent to which
a diet meets the minimum values (adequation) without
exceeding the maximum values (moderation) for nutrients,
Bianchi et al. [46] showed that dietary diversity was positively
associated with nutritional adequacy but negatively with
nutrient moderation. When considering the dietary level of food
groups rather than the nutrient level, Vandevijvere et al. [2] also
reported that both men and women with more diverse diets had
better dietary adequacy and balance between adequacy and
moderation but were more likely to have dietary excess. The
generalizability of these findings remains limited because of
large differences between studies in dietary data, time period
considered, study design, statistical models, and dietary diversity
scores used [21]. In addition, dietary diversity scores varied and
rarely included more than one dimension of diversity, often only
the number of foods or food groups. Indeed, sometimes, the
whole diet did not fit the pre-established list of food groups
included in the diversity score used, resulting in the exclusion of
some foods and food groups from the analysis, with some studies
including as few as 5 distinct groups [4,47,48]. For example,
beverages, sugars, and high-fat foods are often omitted, although
they are important in the context of high-income countries.
Failure to include these food groups, which significantly
contribute to the intake of nutrients to be limited, may bias the
interpretation of results on the relationship between dietary di-
versity and nutritional adequacy.

The relationship between dietary diversity and health has
also been a research question for years, with many health out-
comes studied [10,49] and contrasting results. In addition, the
physiologic mechanism by which dietary diversity might affect
health remains unclear. However, over the past decade, a general
relationship between dietary diversity and species diversity in
the gut microbiota has been documented, reviving interest in
dietary diversity in Western diets [50,51]. Regarding over-
weight/obesity, an American study [52] found that BMI was
positively associated with dietary diversity. In contrast, a sys-
tematic review [9] found that body adiposity was not signifi-
cantly associated with total dietary diversity but was negatively
associated with the diversity in recommended foods, whereas no
association between dietary diversity and obesity was found in
another systematic review by Salehi-Abargouei et al. [11]. These
discrepancies may be due to heterogeneity in the assessment of
dietary diversity across studies and accordingly, in a more recent
systematic scoping review, Verger et al. [10] found that the as-
sociations between dietary diversity and body composition var-
ied across studies. Regarding cardiometabolic risk, the first
report was by Kant et al. [53], who concluded that a less diverse
diet, in that it lacked several of the 5 major food groups, was
associated with an increased risk of cardiovascular disease.
However, the data from Kant et al. [53] were old from people
recruited in the 1970s. Using more recent data, Otto et al. [25]
showed that dietary dissimilarity was positively associated with
4

metabolic risk (the higher the dissimilarity, the higher the
metabolic risk). In another systematic review, Mozaffari et al.
[49] found that higher dietary diversity was associated with
lower incidence of cancer- and cardiovascular diseases-mortality
only in certain subgroups of individuals. A systematic review and
meta-analysis conducted by Qorbani et al. [54] showed an in-
verse association between dietary diversity scores and levels of
triglyceride but no association between dietary diversity scores
and other cardiometabolic risk factors. For the same reasons as
for nutritional adequacy (between-study differences in diversity
scores, dietary data, and exclusion of foods), it is not possible to
conclude about the importance of dietary diversity for long-term
health, especially in a Western context of generally easy and
abundant access to both healthy and unhealthy foods.

What Degree of Dietary Diversity is Desirable in
High-Income Countries?

Blanket statements about the importance of dietary diversity
may encourage overconsumption of discretionary and energy-
dense foods, highlighting the importance of specifying the type
of groups in which diversity should be encouraged. Therefore,
dietary diversity should not be separated from dietary guidelines
that specify which food categories contribute to diet quality. This
has already been argued by those who have advocated scores
that combine healthiness and diversity [7], and by those who
have shown that dietary quality (as measured by adherence to
dietary guidelines) is actually much more important than overall
dietary diversity for long-term health in high-income countries
[6,25,55].

Another consideration is how the food environment has un-
dergone profound changes over the years, with more and more
hyper-palatable foods high in fat, salt, and/or sugar, making
them rewarding and difficult to stop eating [56,57].
Ultra-processed and energy-dense foods have also become
increasingly present in the food supply of high-income countries
as convenience foods [58]. In France, we found an example using
data from the Food Quality Observatory [59,60], which lists the
references of processed foods on the French market. In the cat-
egories that we considered to contain more ultra-processed
foods, the number of registered references has increased signif-
icantly in recent years compared with, for example, canned
fruits, a food category that we consider healthier although it
includes less healthy versions such as fruits canned in syrup
(Figure 1).

In the current context of abundance and high food availabil-
ity, it has already been suggested that high overall dietary di-
versity is not necessary for health when living in a context of
sufficient food supply. However, beneficial dietary diversity only
concerns nutrient-dense foods [7]. In practice, this translates to
increasing diversity by selecting nutrient-dense items
within-food groups. On the basis of this, the United States
adapted its 2015–2020 Dietary Guidelines by adding the state-
ment “choose a variety of nutrient-dense foods across and within
all food groups in recommended amounts” [61]. However, there
are still unanswered questions, especially regarding which food
groups and which specific dimension of diversity within them
could be a lever for defining healthy diets.



FIGURE 1. Number of products listed by the Food Quality Observatory in different food categories in 2011 and 2019.
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Another reality is that food supply trends can make increasing
the diversity of nutrient-dense food groups such as whole grains,
legumes, or fruits difficult. Although the number of food prod-
ucts in the marketplace has skyrocketed in recent years, this has
not been uniform across and within-food groups. For example,
using the French Food Quality Observatory longitudinal data, we
found a larger range of products in subcategories such as
crackers, chips, or candies. To investigate this finding further, we
compared the changes in the number of products over time in 2
FIGURE 2. Evolution of the number of products in France in the categor
toasted bread, buns, hamburger buns, and rusks. Whole and cereal bread
hamburger buns, and rusks. Other bread products include pre-cooked and
puffed cereal cakes, crackers and croutons, pastries, and brioches. Data ar
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similar subcategories: refined bread products and bread products
with whole grains or cereals (Figure 2 [60]). We found that the
increase was twice as high in the former as in the latter. In
proportion, the number of products identified as refined bread
decreased from 50% of the bread category in 2009 to 33% in
2019. However, this decrease occurred in favor of other bread
products, of which the proportion increased over the decade, but
not in favor of whole and cereal bread, which has consistently
represented around 20% of bread products.
y of bread products. Refined bread includes refined sandwich bread,
includes whole and/or cereal sandwich bread, toasted bread, buns,

pre-packaged bread, special bread (tortilla, pita, etc.), extruded bread,
e from the Food Quality Observatory [60].
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Is Within-Food Group Dietary Diversity the Key
to Explaining the Relationship between
Diversity and Nutritional Quality and Health?

We have yet to understand the associations between dietary
diversity within-food group and nutritional quality or health.
Although there is still insufficient research on this topic, findings
from a few studies have been reported. In a study conducted in
Belgium, Vandevijvere et al. [2], considering the dimension of
count, showed that higher diversity within specific food groups
was associated with better adherence to dietary guidelines. They
found that dietary diversity within dairy or spreadable fats was
positively associated with dietary adequacy and balance
(adequate intake avoiding excess). In contrast, dietary diversity
within energy-dense, nutrient-poor foods was negatively asso-
ciated with balance. In another study, McCrory et al. [62]
assessed dietary diversity by the percentage of food types within
each food group regardless of frequency, so only the count
dimension was considered, not the evenness dimension. They
examined the relationship between dietary diversity within-food
groups and energy intake or body fat and found that diversity in
vegetables was negatively associated with body fat. In contrast,
diversity in sweets, snacks, condiments, entr�ees, and carbohy-
drates group was positively associated. Still considering the
dimension of count, Bhupathiraju and Tucker [63] found that
diversity within fruits and vegetables, but not intake, was asso-
ciated with reduced inflammation in Puerto Rican adults. In
addition, Jeurnink et al. [64] showed that diversity in fruits and
vegetables may decrease the risk of esophageal cancer, whereas
Conrad et al. [65] found that variety in vegetables was not
associated with the risk of mortality from all causes, cardiovas-
cular disease, and coronary artery disease but that quantity
consumed was. Considering the evenness dimension of dietary
diversity, Sadohara et al. [66] found that higher diversity within
the nuts, seeds, and legumes food group was associated with
lower waist circumference.

Taken together, these findings call for further research to
better investigate the effects of within-food group diversity to
decipher the relationship between dietary diversity, nutritional
quality and health. Indeed, they suggest that emphasizing
greater diversity within the healthy and nutrient-dense food
groups over other groups should translate into a greater likeli-
hood of a healthy and nutritionally adequate diet. Indeed, vari-
ations in nutrient concentrations exist not only among foods but
also among different varieties or species within a single food
group [67]. Combining several foods or food groups wisely may
create a diverse combination that provides overall nutrient
intake and improves nutritional quality.

In particular, it would be interesting to investigate whether
and to what extent diversity within-food groups could exert a
lever effect on nutritional quality and health, apart from the ef-
fects of their consumption levels. To date, very few authors have
studied diversity separately from quantity. For example, in the
studies of Jeurnink et al. [64][] and Leenders et al. [68], the
association between the count of fruits and vegetables and the
risk of cancer was adjusted for the quantity consumed. We hy-
pothesize that more diversity within a healthy food group, as
well as implying a higher consumption of that group, may favor
6

better nutritional adequacy in the diet. Such a positive effect of
intra-category diversity might then be expected to vary accord-
ing to the food category and its nutritional characteristics, such
as nutrient homogeneity, complementary nutrient profiles, and
the specific contribution of that food category to nutrient intake
in the diet. Moreover, intra-category dietary diversity may also
promote increased intake of other beneficial compounds, such as
polyphenols, which are increasingly recognized as beneficial to
health. Another benefit of within-food group diversity could be a
reduced chemical risk because diversifying foods could also
mean diversifying the types of possible contaminants and thus
reducing exposure to each substance [69]. It could be the same
with some plant foods that contain a variety of natural toxins that
can be harmful to human health [70]. In terms of dimensionality,
we also hypothesize that the effect of within-food group diversity
could change depending on the dimension considered, particu-
larly evenness or dissimilarity.

Conclusions and Research Perspectives

An important and unresolved question is which dimension of
dietary diversity, and in which food group, can be an effective
lever for improving diet quality and health in high-income
countries. To better understand the relationship between di-
etary diversity and diet quality and health in the context of
sufficient food supply in high-income countries, this perspec-
tive revealed that we need to address the problem of assessing
dietary diversity by using suitable data and comprehensive in-
dicators for all dimensions. In addition, it is essential to
consider dietary diversity within-food group to improve
research findings on associations between diversity, nutritional
quality, and health and to elaborate adequate recommenda-
tions. However, studying dietary diversity within-food groups
requires a food classification system. Indeed, how foods are
grouped can influence the association between dietary diversity
and diet quality or health, but the food grouping is often
different across studies. There are several ways to constitute
food groups that can be based on nutritional content, protein
source, food processing, cooking level, or physical state, to
name a few. How foods are grouped may also depend on the
objective of the studies. Ideally, to study dietary diversity and
its link with nutritional quality, this grouping must reconcile
homogeneity at a dietary practical level (proximity of use) with
some degree of nutritional homogeneity within-food groups
(proximity of content).

A diverse diet should also be an optimal combination of food
groups and foods that limit exposure to harmful nutrients/sub-
stances. This diverse combination of foods could also greatly
contribute to reducing environmental impact and financial cost,
thus covering all aspects of a sustainable diet. Thus, dietary di-
versity, although a complex concept, has significant implications
for public health and the sustainability of food systems.

Author contributions
The authors’ responsibilities were as follows – FM, HF, EV,

AB: designed research; AB: wrote the article with contributions
from HF, FM, EV; AB: had primary responsibility for the final
content; all authors: reviewed and commented on subsequent



A. Bolo et al. Advances in Nutrition xxx (xxxx) xxx
drafts of the manuscript; and all authors: read and approved the
final manuscript.

Conflict of interest
The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this article.

Funding
The authors reported no funding received for this study.

References

[1] R. Kruger, A.J. Hepburn, K.L. Beck, S. McNaughton, W. Stonehouse,
Evaluating a novel dietary diversity questionnaire to assess dietary
diversity and adequacy of New Zealand women, Nutrition 91–92 (2021)
111468, https://doi.org/10.1016/j.nut.2021.111468.

[2] S. Vandevijvere, S. De Vriese, I. Huybrechts, M. Moreau, H. Van Oyen,
Overall and within-food group diversity are associated with dietary
quality in Belgium, Public Health Nutr 13 (12) (2010) 1965–1973,
https://doi.org/10.1017/S1368980010001606.

[3] A.K. Kant, F.E. Thompson, Measures of overall diet quality from a food
frequency questionnaire: National Health Interview Survey, 1992, Nutr.
Res. 17 (9) (1997) 1443–1456, https://doi.org/10.1016/S0271-
5317(97)00135-8.

[4] K.M. Rathnayake, P. Madushani, K. Silva, Use of dietary diversity score
as a proxy indicator of nutrient adequacy of rural elderly people in Sri
Lanka, BMC Res. Notes. 5 (2012) 469, https://doi.org/10.1186/1756-
0500-5-469.

[5] J.A. Foote, S.P. Murphy, L.R. Wilkens, P.P. Basiotis, A. Carlson, Dietary
variety increases the probability of nutrient adequacy among adults,
J. Nutr. 134 (7) (2004) 1779–1785, https://doi.org/10.1093/jn/
134.7.1779.

[6] M.C. de Oliveira Otto, C.A.M. Anderson, J.L. Dearborn, E.P. Ferranti,
D. Mozaffarian, G. Rao, et al., Dietary diversity: implications for obesity
prevention in adult populations: a science advisory from the American
Heart Association, Circulation 138 (11) (2018) e712, https://doi.org/
10.1161/CIR.0000000000000595.

[7] M. Vadiveloo, L.B. Dixon, T. Mijanovich, B. Elbel, N. Parekh,
Development and evaluation of the US Healthy Food Diversity index, Br.
J. Nutr. 112 (9) (2014) 1562–1574, https://doi.org/10.1017/
S0007114514002049.

[8] GBD 2019 Risk Factors Collaborators, Global burden of 87 risk factors in
204 countries and territories, 1990–2019: a systematic analysis for the
Global Burden of Disease Study 2019, Lancet 396 (10258) (2020)
1223–1249, https://doi.org/10.1016/S0140-6736(20)30752-2.

[9] M. Vadiveloo, L.B. Dixon, N. Parekh, Associations between dietary
variety and measures of body adiposity: a systematic review of
epidemiological studies, Br. J. Nutr. 109 (9) (2013) 1557–1572, https://
doi.org/10.1017/S0007114512006150.

[10] E.O. Verger, A. Le Port, A. Borderon, G. Bourbon, M. Moursi, M. Savy, et
al., Dietary diversity indicators and their associations with dietary
adequacy and health outcomes: a systematic scoping review, Adv. Nutr.
12 (5) (2021) 1659–1672, https://doi.org/10.1093/advances/
nmab009.

[11] A. Salehi-Abargouei, F. Akbari, N. Bellissimo, L. Azadbakht, Dietary
diversity score and obesity: a systematic review and meta-analysis of
observational studies, Eur. J. Clin. Nutr. 70 (1) (2016) 1–9, https://
doi.org/10.1038/ejcn.2015.118.

[12] U.S. Department of Agriculture, The food guide pyramid (1992) [cited
March 14, 2023]. Available from: https://naldc.nal.usda.gov/
download/CAT40000642/PDF.

[13] U.S. Department of Agriculture and U.S. Department of Health and
Human Services, Dietary Guidelines for Americans, 2020–2025
[Internet], 9th ed, 2020 [cited 21 12 2023]. Available from:
DietaryGuidelines.gov.

[14] Commonwealth Department of Health, Housing and Community
Services, Food and nutrition policy (1992) [cited March 14, 2023].
Available from: https://extranet.who.int/nutrition/gina/sites/default/
filesstore/. AUS%201992%20Food%20and%20nutrition%20policy%
20.pdf.
7

[15] National Health and Medical Research Council, Australian guide to
healthy eating (2021) [cited March 14, 2023]. Available from: https://
www.eatforhealth.gov.au/guidelines/australian-guide-healthy-eating.

[16] C. Montagnese, L. Santarpia, M. Buonifacio, A. Nardelli, A.R. Caldara,
E. Silvestri, et al., European food-based dietary guidelines: a comparison
and update, Nutrition 31 (7–8) (2015) 908–915, https://doi.org/
10.1016/j.nut.2015.01.002.

[17] E. L�opez García, I. Bret�on Lesmes, A. Díaz Perales, V. Moreno Arribas,
M. del Puy Portillo Baquedano, et al., AESAN Scientific Committee
(Working group), Report of the Scientific Committee of the Spanish
Agency for Food Safety and Nutrition (AESAN) on sustainable dietary
and physical activity recommendations for the Spanish population
[cited 21 12 2023]. Available from: https://www.aesan.gob.es/
AECOSAN/docs/documentos/seguridad_alimentaria/evaluacion_
riesgos/informes_cc_ingles/RRDD_SOSTENIBLES_INGLES.pdf, 2022.

[18] C. Delamaire, E. Escalon, L. Noirot, Recommendations concerning diet,
physical activity and sedentary behaviour for adults [Internet], Sant�e
Publique France (2019) [cited 12 11 2023]. Available from: https://
www.santepubliquefrance.fr/.

[19] S.P. Murphy, J.A. Foote, L.R. Wilkens, P.P. Basiotis, A. Carlson,
K.K.L. White, et al., Simple measures of dietary variety are associated
with improved dietary quality, J. Am. Diet Assoc. 106 (3) (2006)
425–429, https://doi.org/10.1016/j.jada.2005.12.003.

[20] M. Amato, A. Bonomi, F. Laguzzi, F. Veglia, E. Tremoli, J.P. Werba, et
al., Overall dietary variety and adherence to the Mediterranean diet
show additive protective effects against coronary heart disease, Nutr.
Metab. Cardiovasc. Dis. 30 (8) (2020) 1315–1321, https://doi.org/
10.1016/j.numecd.2020.04.002.

[21] S. Chan, H. Mozaffari, A.I. Conklin, How is food variety conceptualised
and measured as a diet quality indicator in developed settings? Protocol
for a systematic scoping review, BMJ Open 13 (7) (2023) e072154,
https://doi.org/10.1136/bmjopen-2023-072154.

[22] H.K. Seligman, R. Levi, V.O. Adebiyi, A. Coleman-Jensen, J.F. Guthrie,
E.A. Frongillo, Assessing and monitoring nutrition security to promote
healthy dietary intake and outcomes in the United States, Annu. Rev.
Nutr. 43 (2023) 409–429, https://doi.org/10.1146/annurev-nutr-
062222-023359.

[23] G.T. Hanley-Cook, A.J. Daly, R. Remans, A.D. Jones, K.A. Murray,
I. Huybrechts, et al., Food biodiversity: quantifying the unquantifiable
in human diets, Crit. Rev. Food Sci. Nutr. 63 (25) (2023) 7837–7851,
https://doi.org/10.1080/10408398.2022.2051163.

[24] M.T. Ruel, Operationalizing dietary diversity: a review of measurement
issues and research priorities, J. Nutr. 133 (11 Suppl 2) (2003)
3911S–3926S, https://doi.org/10.1093/jn/133.11.3911S.

[25] M.C. Otto, N.S. Padhye, A.G. Bertoni, D.R. Jacobs Jr., D. Mozaffarian,
Everything in moderation – dietary diversity and quality, central
obesity and risk of diabetes, PLOS ONE 10 (10) (2015) e0141341,
https://doi.org/10.1371/journal.pone.0141341.

[26] C. Lachat, J.E. Raneri, K.W. Smith, P. Kolsteren, P. Van Damme,
K. Verzelen, et al., Dietary species richness as a measure of food
biodiversity and nutritional quality of diets, Proc. Natl. Acad. Sci. USA.
115 (1) (2018) 127–132, https://doi.org/10.1073/pnas.1709194115.

[27] G.T. Hanley-Cook, I. Huybrechts, C. Biessy, R. Remans, G. Kennedy,
M. Deschasaux-Tanguy, et al., Food biodiversity and total and cause-
specific mortality in 9 European countries: an analysis of a prospective
cohort study, PLOS Med 18 (10) (2021) e1003834, https://doi.org/
10.1371/journal.pmed.1003834.

[28] N.P. Steyn, J.H. Nel, G. Nantel, G. Kennedy, D. Labadarios, Food variety
and dietary diversity scores in children: are they good indicators of
dietary adequacy? Public Health Nutr 9 (5) (2006) 644–650, https://
doi.org/10.1079/PHN2005912.

[29] W. Garavello, E. Lucenteforte, C. Bosetti, R. Talamini, F. Levi, A. Tavani,
et al., Diet diversity and the risk of laryngeal cancer: a case-control
study from Italy and Switzerland, Oral Oncol 45 (1) (2009) 85–89,
https://doi.org/10.1016/j.oraloncology.2008.02.011.

[30] R. Jayawardena, N.M. Byrne, M.J. Soares, P. Katulanda, B. Yadav,
A.P. Hills, High dietary diversity is associated with obesity in Sri Lankan
adults: an evaluation of three dietary scores, BMC Public Health 13 (1)
(2013) 314, https://doi.org/10.1186/1471-2458-13-314.

[31] C.O. Gregory, M.L. McCullough, M. Ramirez-Zea, A.D. Stein, Diet scores
and cardio-metabolic risk factors among Guatemalan young adults, Br.
J. Nutr. 101 (12) (2009) 1805–1811, https://doi.org/10.1017/
S000711450813584X.

[32] S.B. Roberts, C.L. Hajduk, N.C. Howarth, R. Russell, M.A. McCrory,
Dietary variety predicts low body mass index and inadequate

https://doi.org/10.1016/j.nut.2021.111468
https://doi.org/10.1017/S1368980010001606
https://doi.org/10.1016/S0271-5317(97)00135-8
https://doi.org/10.1016/S0271-5317(97)00135-8
https://doi.org/10.1186/1756-0500-5-469
https://doi.org/10.1186/1756-0500-5-469
https://doi.org/10.1093/jn/134.7.1779
https://doi.org/10.1093/jn/134.7.1779
https://doi.org/10.1161/CIR.0000000000000595
https://doi.org/10.1161/CIR.0000000000000595
https://doi.org/10.1017/S0007114514002049
https://doi.org/10.1017/S0007114514002049
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1017/S0007114512006150
https://doi.org/10.1017/S0007114512006150
https://doi.org/10.1093/advances/nmab009
https://doi.org/10.1093/advances/nmab009
https://doi.org/10.1038/ejcn.2015.118
https://doi.org/10.1038/ejcn.2015.118
https://naldc.nal.usda.gov/download/CAT40000642/PDF
https://naldc.nal.usda.gov/download/CAT40000642/PDF
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref13
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref13
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref13
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref13
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref13
https://extranet.who.int/nutrition/gina/sites/default/filesstore/
https://extranet.who.int/nutrition/gina/sites/default/filesstore/
https://www.eatforhealth.gov.au/guidelines/australian-guide-healthy-eating
https://www.eatforhealth.gov.au/guidelines/australian-guide-healthy-eating
https://doi.org/10.1016/j.nut.2015.01.002
https://doi.org/10.1016/j.nut.2015.01.002
https://www.aesan.gob.es/AECOSAN/docs/documentos/seguridad_alimentaria/evaluacion_riesgos/informes_cc_ingles/RRDD_SOSTENIBLES_INGLES.pdf
https://www.aesan.gob.es/AECOSAN/docs/documentos/seguridad_alimentaria/evaluacion_riesgos/informes_cc_ingles/RRDD_SOSTENIBLES_INGLES.pdf
https://www.aesan.gob.es/AECOSAN/docs/documentos/seguridad_alimentaria/evaluacion_riesgos/informes_cc_ingles/RRDD_SOSTENIBLES_INGLES.pdf
https://www.santepubliquefrance.fr/
https://www.santepubliquefrance.fr/
https://doi.org/10.1016/j.jada.2005.12.003
https://doi.org/10.1016/j.numecd.2020.04.002
https://doi.org/10.1016/j.numecd.2020.04.002
https://doi.org/10.1136/bmjopen-2023-072154
https://doi.org/10.1146/annurev-nutr-062222-023359
https://doi.org/10.1146/annurev-nutr-062222-023359
https://doi.org/10.1080/10408398.2022.2051163
https://doi.org/10.1093/jn/133.11.3911S
https://doi.org/10.1371/journal.pone.0141341
https://doi.org/10.1073/pnas.1709194115
https://doi.org/10.1371/journal.pmed.1003834
https://doi.org/10.1371/journal.pmed.1003834
https://doi.org/10.1079/PHN2005912
https://doi.org/10.1079/PHN2005912
https://doi.org/10.1016/j.oraloncology.2008.02.011
https://doi.org/10.1186/1471-2458-13-314
https://doi.org/10.1017/S000711450813584X
https://doi.org/10.1017/S000711450813584X


A. Bolo et al. Advances in Nutrition xxx (xxxx) xxx
macronutrient and micronutrient intakes in community-dwelling older
adults, J. Gerontol. A Biol. Sci. Med. Sci. 60 (5) (2005) 613–621,
https://doi.org/10.1093/gerona/60.5.613.

[33] Food and Agriculture Organization, Minimum dietary diversity for
women [Internet], FAO, Rome (Italy), 2021 [cited June 7, 2023].
Available from: http://www.fao.org/documents/card/en/c/cb3434en.

[34] Food and Agriculture Organization, Guidelines for measuring
household and individual dietary diversity [Internet], FAO, Rome
(Italy), 2013 [cited June 7, 2023]. Available from: https://www.fao.
org/3/i1983e/i1983e00.pdf.

[35] L. Azadbakht, P. Mirmiran, A. Esmaillzadeh, F. Azizi, Dietary diversity
score and cardiovascular risk factors in Tehranian adults, Public Health
Nutr 9 (6) (2006) 728–736, https://doi.org/10.1079/PHN2005887.

[36] S. Golpour-Hamedani, N. Rafie, M. Pourmasoumi, P. Saneei,
S.M. Safavi, The association between dietary diversity score and general
and abdominal obesity in Iranian children and adolescents, BMC
Endocr. Disord. 20 (1) (2020) 181, https://doi.org/10.1186/s12902-
020-00662-w.

[37] A.F. Jacquemot, R. Prat, R. Gazan, C. Dubois, N. Darmon, C. Feart, et al.,
Development and validation of an occurrence-based healthy dietary
diversity (ORCHID) score easy to operationalise in dietary prevention
interventions in older adults: a French study, Br. J. Nutr. 131 (6) (2024)
1053–1063, https://doi.org/10.1017/S0007114523002520.

[38] L.S. Drescher, S. Thiele, G.B.M. Mensink, A new index to measure
healthy food diversity better reflects a healthy diet than traditional
measures, J. Nutr. 137 (3) (2007) 647–651, https://doi.org/10.1093/
jn/137.3.647.

[39] A.J. Daly, J.M. Baetens, B. De Baets, Ecological diversity: measuring the
unmeasurable, Mathematics 6 (7) (2018) 119, https://doi.org/
10.3390/math6070119.

[40] K. Katanoda, H.S. Kim, Y. Matsumura, New Quantitative Index for
Dietary Diversity (QUANTIDD) and its annual changes in the Japanese,
Nutrition 22 (3) (2006) 283–287, https://doi.org/10.1016/
j.nut.2005.06.014.

[41] A. Chaudhary, D. Gustafson, A. Mathys, Multi-indicator sustainability
assessment of global food systems, Nat. Commun. 9 (1) (2018) 848,
https://doi.org/10.1038/s41467-018-03308-7.

[42] R. Remans, S.A. Wood, N. Saha, T.L. Anderman, R.S. DeFries, Measuring
nutritional diversity of national food supplies, Glob. Food Secur 3 (3–4)
(2014) 174–182, https://doi.org/10.1016/j.gfs.2014.07.001.

[43] M. Di Maso, F. Bravi, J. Polesel, L. Dal Maso, L. Patel, C. La Vecchia, et
al., A novel approach to assess diet diversity: a development of the
Nutritional Functional Diversity indicator, Front. Nutr. 10 (2023)
1170831, https://doi.org/10.3389/fnut.2023.1170831.

[44] M. Salom�e, E. de Gavelle, A. Dufour, C. Dubuisson, J.L. Volatier,
H. Fouillet, et al., Plant-protein diversity is critical to ensuring the
nutritional adequacy of diets when replacing animal with plant protein:
observed and modeled diets of French adults (INCA3), J. Nutr. 150 (3)
(2020) 536–545, https://doi.org/10.1093/jn/nxz252.

[45] R. Rawal, M.F. Kuczmarski, N. Cotugna, B.C. Brewer, M.A. Beydoun,
V.C. Hughes, et al., Aspects of dietary diversity changes across
adulthood in racially diverse adults, Nutrients 12 (8) (2020) 2455,
https://doi.org/10.3390/nu12082455.

[46] C.M. Bianchi, M. Egnell, J.F. Huneau, F. Mariotti, Plant protein intake
and dietary diversity are independently associated with nutrient
adequacy in French adults, J. Nutr. 146 (11) (2016) 2351–2360,
https://doi.org/10.3945/jn.116.236869.

[47] N. Cano-Ib�a~nez, R. Barrios-Rodríguez, M. Lozano-Lorca, F. V�azquez-
Alonso, M. Arrabal-Martín, J.M. Trivi~no-Ju�arez, et al., Dietary diversity
and prostate cancer in a Spanish adult population: CAPLIFE Study,
Nutrients 12 (6) (2020) E1694, https://doi.org/10.3390/nu12061694.

[48] M.A. Farhangi, L. Jahangiry, Dietary diversity score is associated with
cardiovascular risk factors and serum adiponectin concentrations in
patients with metabolic syndrome, BMC Cardiovasc. Disord. 18 (1)
(2018) 68, https://doi.org/10.1186/s12872-018-0807-3.

[49] H. Mozaffari, Z. Hosseini, J. Lafreni�ere, A.I. Conklin, Is eating a mixed
diet better for health and survival?: a systematic review and meta-
analysis of longitudinal observational studies, Crit. Rev. Food Sci. Nutr.
62 (29) (2022) 8120–8136, https://doi.org/10.1080/
10408398.2021.1925630.

[50] M.L. Heiman, F.L. Greenway, A healthy gastrointestinal microbiome is
dependent on dietary diversity, Mol. Metab. 5 (5) (2016) 317–320,
https://doi.org/10.1016/j.molmet.2016.02.005.

[51] H.D. Holscher, Diving into dietary pattern and dietary diversity
analyses, Am. J. Clin. Nutr. 119 (5) (2024) 1095–1096, https://doi.org/
10.1016/j.ajcnut.2024.03.014.
8

[52] T.E. Lyles, R. Desmond, L.E. Faulk, S. Henson, K. Hubbert,
D.C. Heimburger, et al., Diet variety based on macronutrient intake and
its relationship with body mass index, MedGenMed 8 (3) (2006) 39.

[53] A.K. Kant, A. Schatzkin, R.G. Ziegler, Dietary diversity and subsequent
cause-specific mortality in the NHANES I epidemiologic follow-up
study, J. Am. Coll. Nutr. 14 (3) (1995) 233–238, https://doi.org/
10.1080/07315724.1995.10718501.

[54] M. Qorbani, A. Mahdavi-Gorabi, N. Khatibi, H.S. Ejtahed, M. Khazdouz,
S. Djalalinia, et al., Dietary diversity score and cardio-metabolic risk
factors: an updated systematic review and meta-analysis, Eat Weight
Disord 27 (1) (2022) 85–100, https://doi.org/10.1007/s40519-020-
01090-4.

[55] J.Y. Tark, B. Heckler, H. Kim, N.S. Padhye, S.E. Judd, M. Safford, et al.,
Abstract P207: Dietary diversity and quality and CVD risk factors in the
reasons for geographic and racial differences in stroke (REGARDS),
Circulation 145 (Suppl_1) (2022) AP207, https://doi.org/10.1161/
circ.145.suppl_1.P207.

[56] S. Demeke, K. Rohde, L. Chollet-Hinton, C. Sutton, K.L. Kong,
T.L. Fazzino, Change in hyper-palatable food availability in the US food
system over 30 years: 1988–2018, Public Health Nutr 26 (1) (2023)
182–189, https://doi.org/10.1017/S1368980022001227.

[57] A.N. Gearhardt, E.M. Schulte, Is food addictive? A review of the science,
Annu. Rev. Nutr. 41 (1) (2021) 387–410, https://doi.org/10.1146/
annurev-nutr-110420-111710.

[58] C.A. Monteiro, J.C. Moubarac, G. Cannon, S.W. Ng, B. Popkin, Ultra-
processed products are becoming dominant in the global food system,
Obes. Rev. 14 (Suppl 2) (2013) 21–28, https://doi.org/10.1111/
obr.12107.

[59] Institut national de recherche pour l’agriculture, l’alimentation et
l’environnement [National Research Institute for Agriculture, Food and
the Environment]; Agence nationale de s�ecurit�e sanitaire de
l’alimentation, de l’environnement et du travail [French Agency for
Food, Environmental and Occupational Health] [Internet]. Oqali - Un
observatoire d�edi�e �a la qualit�e de l'offre alimentaire. [cited June 7,
2023]. Available from: https://www.oqali.fr/media/2023/05/
Principaux-enseignements-Oqali_avril-2023.pdf. French.

[60] Institut national de recherche pour l’agriculture, l’alimentation et
l’environnement [National Research Institute for Agriculture, Food and
the Environment]; Agence nationale de s�ecurit�e sanitaire de
l’alimentation, de l’environnement et du travail [French Agency for
Food, Environmental and Occupational Health] [Internet]. Oqali -
Observatoire de l'alimentation; [cited June 7, 2023]. Available from:
https://www.oqali.fr/. French.

[61] U.S. Department of Agriculture; U.S. Department of Health and Human
Services, 2015–2020 Dietary guidelines for Americans, 8th ed., U.S.
Department of Agriculture; U.S. Department of Health and Human
Services, Washington (DC), 2015.

[62] M.A. McCrory, P.J. Fuss, J.E. McCallum, M. Yao, A.G. Vinken,
N.P. Hays, et al., Dietary variety within food groups: association with
energy intake and body fatness in men and women, Am. J. Clin. Nutr.
69 (3) (1999) 440–447, https://doi.org/10.1093/ajcn/69.3.440.

[63] S.N. Bhupathiraju, K.L. Tucker, Greater variety in fruit and vegetable
intake is associated with lower inflammation in Puerto Rican adults,
Am. J. Clin. Nutr. 93 (1) (2011) 37–46, https://doi.org/10.3945/
ajcn.2010.29913.

[64] S.M. Jeurnink, F.L. Büchner, H.B. Bueno-deMesquita, P.D. Siersema,
H.C. Boshuizen, M.E. Numans, et al., Variety in vegetable and fruit
consumption and the risk of gastric and esophageal cancer in the
European prospective investigation into cancer and nutrition, Int. J.
Cancer. 131 (6) (2012) E963–E973, https://doi.org/10.1002/
ijc.27517.

[65] Z. Conrad, J. Thomson, L. Jahns, Prospective analysis of vegetable
amount and variety on the risk of all-cause and cause-specific mortality
among US Adults, 1999–2011, Nutrients 10 (10) (2018) 1377, https://
doi.org/10.3390/nu10101377.

[66] R. Sadohara, D. Jacobs, M.A. Pereira, A.J. Johnson, Dietary pattern and
diversity analysis using DietDiveR in R: a cross-sectional evaluation in
the National Health and Nutrition Examination Survey, Am. J. Clin.
Nutr. 119 (5) (2024) 1301–1308, https://doi.org/10.1016/
j.ajcnut.2024.02.014.

[67] T.Y. Habte, M. Krawinkel, Dietary Diversity score: a measure of
nutritional adequacy or an indicator of healthy diet? J. Nutr Health Sci.
3 (3) (2016) 1, https://doi.org/10.15744/2393-9060.3.303.

[68] M. Leenders, P.D. Siersema, K. Overvad, A. Tjønneland, A. Olsen,
M.C. Boutron-Ruault, et al., Subtypes of fruit and vegetables, variety in
consumption and risk of colon and rectal cancer in the European

https://doi.org/10.1093/gerona/60.5.613
http://www.fao.org/documents/card/en/c/cb3434en
https://www.fao.org/3/i1983e/i1983e00.pdf
https://www.fao.org/3/i1983e/i1983e00.pdf
https://doi.org/10.1079/PHN2005887
https://doi.org/10.1186/s12902-020-00662-w
https://doi.org/10.1186/s12902-020-00662-w
https://doi.org/10.1017/S0007114523002520
https://doi.org/10.1093/jn/137.3.647
https://doi.org/10.1093/jn/137.3.647
https://doi.org/10.3390/math6070119
https://doi.org/10.3390/math6070119
https://doi.org/10.1016/j.nut.2005.06.014
https://doi.org/10.1016/j.nut.2005.06.014
https://doi.org/10.1038/s41467-018-03308-7
https://doi.org/10.1016/j.gfs.2014.07.001
https://doi.org/10.3389/fnut.2023.1170831
https://doi.org/10.1093/jn/nxz252
https://doi.org/10.3390/nu12082455
https://doi.org/10.3945/jn.116.236869
https://doi.org/10.3390/nu12061694
https://doi.org/10.1186/s12872-018-0807-3
https://doi.org/10.1080/10408398.2021.1925630
https://doi.org/10.1080/10408398.2021.1925630
https://doi.org/10.1016/j.molmet.2016.02.005
https://doi.org/10.1016/j.ajcnut.2024.03.014
https://doi.org/10.1016/j.ajcnut.2024.03.014
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref52
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref52
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref52
https://doi.org/10.1080/07315724.1995.10718501
https://doi.org/10.1080/07315724.1995.10718501
https://doi.org/10.1007/s40519-020-01090-4
https://doi.org/10.1007/s40519-020-01090-4
https://doi.org/10.1161/circ.145.suppl_1.P207
https://doi.org/10.1161/circ.145.suppl_1.P207
https://doi.org/10.1017/S1368980022001227
https://doi.org/10.1146/annurev-nutr-110420-111710
https://doi.org/10.1146/annurev-nutr-110420-111710
https://doi.org/10.1111/obr.12107
https://doi.org/10.1111/obr.12107
https://www.oqali.fr/media/
https://www.oqali.fr/
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref61
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref61
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref61
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref61
http://refhub.elsevier.com/S2161-8313(24)00112-1/sref61
https://doi.org/10.1093/ajcn/69.3.440
https://doi.org/10.3945/ajcn.2010.29913
https://doi.org/10.3945/ajcn.2010.29913
https://doi.org/10.1002/ijc.27517
https://doi.org/10.1002/ijc.27517
https://doi.org/10.3390/nu10101377
https://doi.org/10.3390/nu10101377
https://doi.org/10.1016/j.ajcnut.2024.02.014
https://doi.org/10.1016/j.ajcnut.2024.02.014
https://doi.org/10.15744/2393-9060.3.303


A. Bolo et al. Advances in Nutrition xxx (xxxx) xxx
Prospective Investigation into Cancer and Nutrition, Int. J. Cancer. 137
(11) (2015) 2705–2714, https://doi.org/10.1002/ijc.29640.

[69] F. Wu, N.J. Mitchell, D. Male, T.W. Kensler, Reduced foodborne toxin
exposure is a benefit of improving dietary diversity, Toxicol Sci 141 (2)
(2014) 329–334, https://doi.org/10.1093/toxsci/kfu137.
9

[70] World Health Organization. Natural toxins in food [Internet]. [cited
May 15, 2024]. Available from: https://www.who.int/news-room/fact-
sheets/detail/natural-toxins-in-food.

https://doi.org/10.1002/ijc.29640
https://doi.org/10.1093/toxsci/kfu137
https://www.who.int/news-room/fact-sheets/detail/natural-toxins-in-food
https://www.who.int/news-room/fact-sheets/detail/natural-toxins-in-food

	Exploring Multidimensional and Within-Food Group Diversity for Diet Quality and Long-Term Health in High-Income Countries
	Statement of Significance
	Introduction
	What Is Dietary Diversity?
	How to Quantitatively Estimate Dietary Diversity?
	Contrasted Associations between Dietary Diversity and Nutritional Adequacy or Health in High-Income Countries
	What Degree of Dietary Diversity is Desirable in High-Income Countries?
	Is Within-Food Group Dietary Diversity the Key to Explaining the Relationship between Diversity and Nutritional Quality and ...
	Conclusions and Research Perspectives
	Author contributions
	Conflict of interest
	Funding

	References


