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Diet quality of vegetarian diets compared with nonvegetarian

diets: a systematic review

Haley W. Parker and Maya K. Vadiveloo

Objective: Vegetarian diets are consistently associated with improved health out-
comes, and higher diet quality may contribute to improved health outcomes. This
systematic review aims to qualitatively compare the a priori diet quality of vegetar-
ian and nonvegetarian diets. Methods: Following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) protocol, 2 online databases (Web
of Science and PubMed) were searched for English language studies comparing
diet quality among vegetarian and nonvegetarian adults using an a priori diet
quality index. Two reviewers assessed study eligibility. Comparisons were made be-
tween total and component (when available) diet quality scores among the 12
studies meeting inclusion criteria. Conclusions: Lacto-ovo vegetarians or vegans
had higher overall diet quality (4.5-16.4 points higher on the Healthy Eating Index
2010 [HEI-2070]) compared with nonvegetarians in 9 of 12 studies. Higher HEI-
2010 scores for vegetarians were driven by closer adherence to recommendations
for total fruit, whole grains, seafood and plant protein, and sodium. However, non-
vegetarians had closer adherence to recommendations for refined grains and total
protein foods. Higher diet quality in vegetarian diets may partially explain improve-
ments in health outcomes compared with nonvegetarians; however, more research

controlling for known confounders like health consciousness is needed.

INTRODUCTION

Vegetarian diets have been repeatedly and consistently
associated with improved health outcomes,’ including
reduced risk of chronic diseases, such as heart disease,
type 2 diabetes, and obesity,”™* as well as increased life
expectancy.” Due to the substantial burden of chronic
disease, vegetarian diets have been increasingly recom-
mended as a strategy for improving population health,’
although the mechanism by which vegetarian diets im-
prove health outcomes is not completely understood.
Advocates of vegetarian diets often contend that vege-
tarian diets are more healthful, but the diet quality of
vegetarian diets has not been systematically evaluated,

making it difficult to exclude competing explanations
such as increased health consciousness among
vegetarians.

Though lacking a standardized definition,
“vegetarian” generally describes a lacto-ovo vegetarian
dietary pattern (herein referred to as vegetarian), which
is free of meat, poultry, and fish (Table 1”~"); however,
“vegetarian” is occasionally used interchangeably to de-
scribe more and less restrictive dietary patterns such as
vegan (additionally eliminates eggs and dairy), semi-
vegetarian (varying definitions), and pesco-vegetarian
(consumes fish but not meat). Eliminating meat, a de-
fining attribute of vegetarian diets, is commonly pre-
sumed to contribute to improved health outcomes
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Table 1 Types of vegetarian diets
Type of vegetarian diet

Definition

Lacto-ovo vegetarian Eliminates meat, poultry, and fish
but consumes eggs and dairy; of-
ten called “vegetarian”

Vegan Eliminates all animal products
(meat, fish, poultry, eggs, and
milk)

Eliminates meat and poultry; con-
sumes fish, milk, and eggs

Varies widely. Studies in this review
defined as: consuming red meat,
poultry, or fish no more than
once per week,” no red meat,®
and restricting red meat (<1
times per wk) and poultry intake
(<5 times per wk)°

Pesco-vegetarian

Semi-vegetarian

because higher consumption of cured, smoked, salted,
or otherwise processed meat and/or red meat is consis-
tently associated with increased risk of obesity, diabetes,
heart disease, and mortality.'’"'* Vegetarian diets can
be rich in protective foods like vegetables, fruits, plant
proteins, and whole grains'>'* that may improve health
outcomes if consumed in place of meat."”™'® However,
any healthful dietary pattern (eg, Mediterranean Diet or
the Dietary Approaches to Stop Hypertension) can also
be rich in these protective foods,'”** and less healthful
foods can also replace meat in vegetarian diets, under-
scoring the importance of assessing the diet quality of
dietary patterns presumed to be more healthful.

Diet quality typically indicates concordance of a di-
etary pattern with evidence-based recommendations
about food and nutrient intake to promote health and
reduce risk of chronic disease.”’ The advantage in
assessing diet quality over assessing intake of individual
nutrients is that diet quality offers a more holistic as-
sessment, accounting for the synergy between foods
and nutrients.”> Diet quality may be measured using an
a priori index where an individual’s intake is compared
with either a predetermined standard (ie, national nu-
trition recommendations) or the sample’s intake distri-
bution.”> Alternatively, a posteriori approaches can be
used to analyze dietary patterns (eg, principle compo-
nent analysis); however, this review will focus on the a
priori assessment of diet quality because a posteriori
methods of assessment are data-driven, rather than rec-
ommendation-driven.”* Components, which collec-
tively determine overall diet quality, reflect intake of
specific food groups and/or nutrients.”> Components
can be classified as either adequacy components, which
are scored directly (higher intake, higher scores) and
represent food groups/nutrients where increased intake
is encouraged (ie, fruits and vegetables), or moderation
components, which are scored inversely (higher intake,
lower score) and represent food groups/nutrients where

decreased intake is encouraged (ie, added sugar).*’
Without understanding the diet quality of vegetarian
diets compared with nonvegetarian diets, it is difficult
to ascertain whether vegetarianism improves adherence
to dietary recommendations, subsequently increasing
diet quality and reducing the risk of adverse health out-
comes,?® 2% or whether health consciousness associated
with vegetarian lifestyles improves health outcomes.

Health consciousness is favorably associated with
chronic disease and mortality risk regardless of dietary
pattern®” and may be an important confounding or me-
diating variable in the association between vegetarian-
ism and improved health outcomes. Vegetarians are
more likely to engage in healthful behaviors such as
avoiding tobacco, limiting alcohol, being physically ac-
tive, and maintaining a healthy weight.”**
Additionally, health is a commonly cited motivation for
following a vegetarian diet,”> and this regard for health
may translate to other behaviors, leading to systematic
differences between vegetarians and nonvegetarians in
many health-related facets. Populations where vegetar-
ian diets are common tend to be health conscious (eg,
Seventh Day Adventists’*), which may confound the
understanding of the relationship between vegetarian-
ism and health outcomes. Furthermore, vegetarians and
health-conscious nonvegetarians have been found to
have similar mortality rates in several studies, *°~’ sug-
gesting that the health benefits associated with vegetari-
anism may be heavily influenced by health
consciousness rather than the exclusion of meat.

To date, it is unclear to what degree the association
between vegetarianism and improved health outcomes
is explained by health consciousness, elimination of
meat, and consumption of healthful foods. Thus far,
most studies examining the association between vege-
tarianism and health outcomes fail to consider diet
quality as a confounding and/or mediating variable,
making it difficult to identify the mechanism. Assessing
and comparing the diet quality of nonvegetarian and
vegetarian diets (including more- and less-restrictive
diets; ie, vegan, pesco-vegetarian, and semi-vegetarian)
can help elucidate the underlying mechanism(s)
through which vegetarianism confers protection.
Therefore, the purpose of this systematic review is to
compare the diet quality (including total and compo-
nent scores) of vegetarian and nonvegetarian diets.

METHODS

This systematic review complied with the guidelines de-
lineated in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).*® Study inclu-
sion criteria, formed with the PICOS (population, inter-
vention, comparators, outcome, study design)
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Table 2 PICOS criteria for inclusion and exclusion of studies

Component

Inclusion criteria

Exclusion criteria

Population

Intervention/exposure

Comparators

Outcome measure

Adults (aged >18y) residing in Western countries

Participants following any form of a vegetarian diet
(either due to participant volition or researcher
assignment)

Participants following any form of a nonvegetarian
diet

Diet quality measured by an a priori index

Children and adolescents (aged <18 y); adults re-
siding in developing countries

Use of a plant-based diet index without identify-
ing vegetarian status

Lack of comparator group; lack of comparison
with a nonvegetarian diet
Measurement of diet quality with an a posteriori

Study design

index; assessment of diet quality using pattern
analysis

Any study design, observation or experimental None

framework (Table2),”® were defined as: diet quality
measured by an a priori index, adult participants (aged
>18y) from Western countries, and self-reported or
objectively defined vegetarian dietary pattern(s), includ-
ing the standard, lacto-ovo vegetarian diet as well as
more- (ie, vegan) and less- (ie, pesco-vegetarian and
semi-vegetarian) restrictive diets (Table 177%), compared
with any nonvegetarian dietary pattern(s). Eligibility
was restricted to studies involving human participants
and publication in English, but eligibility was not lim-
ited by type of study or publication date. Studies involv-
ing children were excluded because of differing dietary
needs during childhood, as were studies that solely used
pattern analysis or nutrient intake without use of a diet
quality index.

Studies were retrieved through electronic database
searches and reference list reviews. Study eligibility was
assessed by 2 reviewers. Web of Science and PubMed
databases were searched in May 2018 using the follow-
ing search terms: (diet index OR eating index OR diet
indices OR diet quality OR diet score OR dietary index
OR dietary indices OR dietary quality OR dietary score)
AND (semivegetarian OR semi-vegetarian OR vegetar-
ian* OR flexitarian OR vegan OR pescatarian OR
pesco-vegetarian OR meatless). Database searches
returned 1477 articles (Figure 1°®), including 738
articles from Web of Science (1991-May 2018) and 739
articles from Pub Med (1978-May 2018). Nine articles
were identified from reference lists of the included stud-
ies. Of the 1486 total articles, 406 were identified as
duplicates and removed. Studies were screened by title
and abstract, yielding 36 articles for full-text review.
Twelve studies met the inclusion criteria and were incor-
porated into this qualitative analysis (Table3’>*~*).
Reasons for study exclusion after a full-text review in-
cluded use of an a posteriori diet quality index, use of a
plant-based diet index without identifying vegetarian sta-
tus, no comparison of diet quality by diet pattern, or con-
ducted in children.

From the included studies, information was col-
lected regarding type(s) of vegetarian diet(s) examined,
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diet quality index(es) used, and the mean and standard
deviation of vegetarian (and/or vegan, semi-vegetarian,
and pesco-vegetarian when available) and nonvegetar-
ian diet quality scores for total and component scores
when provided. Studies were also evaluated for their
risk of bias based on the methods of participant selec-
tion and dietary pattern categorization, measurement of
diet history and diet quality, study design, statistical
analyses, and control for confounding variables.

RESULTS

Eleven of the 12 included studies made comparisons be-
tween the diet quality of (lacto-ovo) vegetarian and
nonvegetarian diets (4 studies also compared more-
and/or less-restrictive diets), and 1 study solely com-
pared a vegan diet with a nonvegetarian diet. Half of
the studies were completed in the United States (n = 6),
and the other half were completed in various Western
countries (Belgium, Canada, Australia, Italy, and
Germany).

Throughout the 12 studies, 7 different diet quality
indexes were used, including Healthy Eating Index
(HEI; n=6), Alternative Healthy Eating Index (AHEL
n =2), Mediterranean Diet Score (MDS; n =2), Dietary
Inflammatory Index (DII; n=1), Rapid Eating and
Activity Assessment for Patients (n=1), Italian
Mediterranean Diet Index (n=1), and Healthy Eating
Quiz (n=1), and 1 study used an index created for the
study (note that some studies used multiple indexes).
The HEI and AHEI assess both nutrient and food group
intake”**"***” and the remaining indexes either focused
on nutrient intake (ie, DII’) or food groups (ie,
MDS,”* Rapid Eating and Activity Assessment for
Patients,® Healthy Eating Quiz,** Italian Mediterranean
Diet Index*®). Higher scores on all of the indexes (with
the exception of the DII, which is scored inversely’) are
associated with greater adherence to dietary recommen-
dations presumed or shown to improve health out-
comes. Overall scores can be compared among the
different indexes; however, components vary greatly
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Records identified through
database searching PubMed
(n=739)

Records identified through
database searching Web of Science
(n=738)

' v
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through review of reference lists
(n=9)

(n = 1080)

Records after duplicates removed

A

(n = 1080)

Records screened

Records excluded
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l
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Full-text articles assessed
for eligibility

Full-text articles excluded, due to
use of an a posteriori diet quality

\ index, use of a plant-based diet

index without identifying

v

vegetarian status, no comparison

(n=12)

Studies included in
qualitative synthesis

of diet quality by diet pattern, or
conducted in children
(n=24)

v -

K

Studies assessing vegan

(n=5) (n=11)

Studies assessing lacto-
diets ovo vegetarian diets

Studies assessing semi- and
pesco-vegetarian diets
(n=3)

Figure 1 Study selection flow diagram.

across indexes and can only be compared across certain,
similar indexes (eg, versions of the HEI and AHEI).
Although the diet quality indexes used differed
among the included studies, total diet quality was gen-
erally calculated using a combination of adequacy and
moderation  components; adequacy components
assessed adherence to recommended food groups, and
moderation components were scored inversely and
assessed adherence to recommendations to limit food
groups or nutrients associated with adverse health out-
comes. To elucidate the mechanisms through which
diet quality is influenced by vegetarian and nonvegetar-
ian status, results will first compare overall diet quality,
followed by diet quality in adequacy and moderation
components. Lastly, findings for diet quality among
dietary patterns that are more (ie, vegan) and less (ie,

semi-vegetarian and pesco-vegetarian) restrictive than
lacto-ovo vegetarian will be reported.

Overall diet quality in lacto-ovo vegetarian diets

Overall diet quality was significantly (P < 0.05) higher
in vegetarian diets compared with nonvegetarian diets
in 8 of 11 studies, 2 studies found no differences, and 1
study found that diet quality was significantly (P < 0.05)
lower in vegetarian diets compared with nonvegetarian
diets. Of the 11 studies, 10 were observational studies,
and 1 was a randomized control trial. Observational
studies categorized dietary patterns in 1 of 2 ways, ei-
ther using participant self-reported vegetarian status
(n=6) or objectively categorized vegetarian status
based on the absence of meat, poultry, and fish in
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participant-reported dietary recalls (n = 3). The catego-
rization method used was not reported for 1 study.**
Because research shows that approximately 64%-80% of
self-identified vegetarians also report meat intake on
diet recalls,">**** use of self-reported vegetarian status
may lead to misclassification. In the 6 studies examining
self-reported vegetarian status in convenience samples,
vegetarians had consistently higher diet quality com-
pared with nonvegetarians (4.5-7.4 points higher on the
HEI and 0.5 points higher on the MDS).”%?#1:45:4¢
Vegetarians also had higher diet quality in 2 nationally
representative samples, including 1 study within the
2007-2012 National Health and Nutrition Examination
Survey (NHANES) using objective categorization®” and
1 study from Germany (categorization method not pro-
vided).** Among NHANES 2007-2012 participants,
those who reported no meat, fish, or poultry on their
24-hour recall had significantly higher scores on the
HEI-2010 (72.81 vs 56.44; P<0.001) and AHEI-2010
(49.73 vs 38.49; P < 0.001) scores compared with partic-
ipants who reported meat, fish, or poultry on their
recalls.*’

In the remaining 3 studies, there were either no dif-
ferences in diet quality among vegetarians and non-veg-
etarians™** or vegetarians had significantly lower diet
quality than nonvegetarians (P < 0.05).*> In a 2-month
weight loss trial, participants were randomized to con-
sume 1 of 5 avoidance diets (vegan, vegetarian, pesco-
vegetarian, semi-vegetarian, or nonvegetarian) and
were given advice on foods to exclude as well as guide-
lines for a low-glycemic-index and low-fat diet.” At
baseline, 2 months, and 6 months, diet quality was mea-
sured by the DIL” Although no differences in diet qual-
ity between the vegetarian and nonvegetarian groups
were detected,” adherence to assigned dietary pattern
was low (for vegetarian, 77% adhered to the diet at
2months and 39% at 6 months®®) and may have
resulted in misclassification bias. It is also difficult to
discern the influence of dietary pattern on diet quality
in a weight loss trial because the goal of weight loss may
have increased diet quality independent of dietary pat-
tern. Similarly, a study examining the NHANES 1999-
2004 data did not detect any differences in HEI-2005
scores between vegetarians and nonvegetarians (50.5 vs
50.1), although diet quality differed by dieting status.*”
Among dieters (consuming at least 500 kcals below esti-
mated energy needs), vegetarians had lower HEI-2005
scores than nonvegetarians (47.3 vs 51.0, P < 0.01), and
the finding was reversed for nondieters (53.0 vs 49.7;
P<0.01),*” indicating that differences in diet quality
between dietary patterns may be influenced by re-
stricted energy intake. Lastly, in a study examining data
from the Continuing Survey of Food Intake by
Individuals (1994-1996), vegetarians scored
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significantly lower on the HEI-1995 than nonvegetar-
ians (60.8 vs 63.2; P < 0.05).*> However, it is important
to note that the diet quality indexes used may influence
conclusions about diet quality among vegetarians and
nonvegetarians. The HEI-1995 and HEI-2005 assessed
total protein foods (called “meat and beans” in the ear-
lier HEI).>"? However, unlike the more recent HEI-
2010, a subscore for plant and seafood protein was not
included in HEI-1995 and HEI-2005.°'"% Thus, it is
likely that differences between the HEI-1995/HEI-2005
and HEI-2010 contributed to the differing conclusions
drawn as findings from a more recent NHANES 2007-
2012 study indicated significant differences between
vegetarians and nonvegetarians when assessing diet
quality with the HEI-2010 (P < 0.05).*

Diet quality in adequacy component scores

In diet quality indexes, adequacy components assess ad-
herence to recommended food groups. Findings for
component scores reflect studies (n = 4) for which com-
parisons by dietary pattern for HEI component scores
were reported (Table 47394243y Although 4 additional
studies compared component scores within the DIL’
MDS,”* and the Healthy Eating Quiz,* they are not
presented in the component score analysis because the
version of the DII used only assessed nutrients (not
food groups)’; the studies for which component scores
for the MDS were reported also presented HEI-2010
scores, which were included in this analysis”*"; and the
Healthy Eating Quiz assesses both diet quality and vari-
ety simultaneously,” the latter of which was not the fo-
cus of this review. In the few studies comparing HEI
(either -2010, -2005, or -1995), vegetarians generally
scored higher on components for total fruit, whole
grains, and plant and seafood protein and lower on total
protein foods compared with nonvegetarians; no con-
sistent associations were observed for other adequacy
components (including vegetables, dairy, and dietary
fat).7’39’42‘43

Fruit. All 4 studies assessing component scores for
total fruit found higher scores in vegetarian versus non-
vegetarian diets.”****** Differences in total fruit scores
between dietary patterns were larger in convenience
samples (0.9-1.2 points)”*® compared with nationally
representative studies (0.33-0.7 points).“’43 Three of
the studies separately analyzed whole fruit scores (ex-
cluding juice), 2 of which found that vegetarians also
scored higher on whole fruit than nonvegetarians
within health-conscious convenience samples of Belgian
adults.””” However, a nationally representative US
study found no differences in whole fruit scores be-
tween vegetarians and nonvegetarians,> suggesting that
fruit juice intake may be high in the broader vegetarian
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Nonvegetarian
37

Kennedy et al (2001)*
HEI-1995

Vegetarian
4.4%

Nonvegetarian
2.1
1.9
3.0
0.9
85
53
4.7

Farmer et al (2011)*
HEI-2005

2.4*
22
2.7%
1.6*
3.7*
5.2
5.7*%

Reference and HEIl version
Vegetarian

Nonvegetarian
3.2
35
4.6
6.8
4.7
29
1.6
3.0

Clarys et al (2014)’
HEI-2010

Vegetarian
4.1*
4.1*
48
7.6
3.0%
3.5%
2.2%
2.8

2.6

Nonvegetarian
3.1
17
8.2
4.7
0.9
39
2.8

Clarys et al (2013)*°
HEI-2010

3.8%
3.9%
2.1

9.1*
3.0%
1.7*
2.6*
3.5

Vegetarian

Total protein foods®
Seafood and plant protein

Whole

Table 4 Comparisons of average Healthy Eating Index adequacy component scores between vegetarian and nonvegetarian dietary patterns
Total

Components
PScores reported for the HEI-2005 reflect the oils component score.

*Significantly different from nonvegetarian at P < 0.05.

A dash (-) indicates this was not assessed/reported.
®Named meat and beans in the HEI-2005.

Abbreviation: HEI: Healthy Eating Index.

Fatty acids®

Whole grains
Dairy

Fruit
Vegetables
Protein

population, thus obscuring differences in total fruit in-
take between dietary patterns. Therefore, although total
fruit scores were consistently higher in vegetarians,
scores for whole fruit intake were less consistent.

Whole grains. Whole-grain component scores were
generally higher in vegetarians compared with nonvege-
tarians, with vegetarians scoring significantly higher in
2 of 3 studies,”** and a third study found scores to be
comparable between dietary patterns.”® Vegetarians in
an NHANES 1999-2004 sample scored more than 50%
higher than nonvegetarians on the whole-grain compo-
nent score (1.55 vs 0.92 out of 5; P < 0.01) of the HEI-
2005.** Another study, which used the HEI-2010, also
found that vegetarians scored significantly higher than
nonvegetarians (7.6 vs 6.8 out of 10; P <0.01). In the
third study, although insignificant, vegetarians scored
marginally higher when matched with nonvegetarians
by sex, age, body mass index, physical activity, alcohol
use, and tobacco use on the HEI-2010 whole-grains
component score (9.1 vs 8.2 pts; P=10.052).% Overall,
whole-grain intake appears to be higher in vegetarians.

Protein. In all 3 studies assessing component scores
for total protein foods, vegetarians scored lower than
nonvegetarians.”””** In an NHANES 1999-2004 analy-
sis using the HEI-2005, vegetarians obtained an average
score of less than half that of nonvegetarians (3.66 vs
8.46 of 10 total points; P < 0.01) on the meat and beans
component.42 However, plant protein consumption was
not assessed in the HEI-2005 as it was in later versions
of the HEL™ and further food group analyses indicated
that the vegetarians consumed significantly more plant
proteins (including soy, nuts, and legumes) than nonve-
getarians (P < 0.01).** For the HEI-2010, the meat and
beans component from the HEI-2005 was divided into
total protein foods and seafood and plant protein,
where some plant proteins could contribute points in
both categories.”® This modification allowed vegetarian
diets to obtain higher scores on the HEI-2010 compared
with the HEI-2005, as indicated in 2 other studies that
assessed seafood and plant protein with the HEI-2010
and found that vegetarians scored higher than nonvege-
tarians.””” Therefore, although vegetarians scored lower
in the total protein foods component, they scored
higher on the seafood and plant protein component.

Vegetables. Less consistent findings were observed
for other adequacy components. Vegetable intake was
assessed in 3 studies; 2 found no significant differences
between dietary patterns,”*” and 1 found that vegeta-
rians scored lower than nonvegetarians in an NHANES
1999-2004 sample (3.04 vs 2.74 points on total vegeta-
bles HEI-2005 score; P < 0.01).*> However, subgroup
analyses revealed that vegetarians consumed signifi-
cantly more dark green vegetables (0.15 vs 0.11 cups per
day; P<0.01) and significantly less potatoes (0.25 vs
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Table 5 Comparisons of average Healthy Eating Index moderation component scores between vegetarian and nonvege-

tarian dietary patterns

Components Study author, year, and HEI version
Clarys et al (2013)* Clarys et al (2014)’ Farmer et al (2011)*
HEI-2010 HEI-2010 HEI-2005
Vegetarian Nonvegetarian Vegetarian Nonvegetarian Vegetarian Nonvegetarian
Empty calories 7.3 5.0 6.0 5.7 8.6 8.4
Sodium 7.9 74 8.7% 6.8 5.6% 4.1
Refined grains 3.3% 4.2 7.0* 8.5 - -

Inverse scoring was used on all moderation components, therefore higher scores are more desirable. A dash (=) indicates this was not

assessed/reported.
Abbreviation: HEI, Healthy Eating Index.
*Significantly different from nonvegetarian at P < 0.05.

0.41 cups per day; P < 0.01) than nonvegetarians,** po-
tentially revealing differences in the quality of vegeta-
bles consumed between these groups. Although
unprocessed potatoes are a rich source of nutrients such
as potassium and fiber,”* in the United States, potatoes
are commonly consumed with added fat and sodium
(eg, French fries, potato chips, etc),”*® which may di-
minish the health benefits associated with vegetable
consumption,”” making potato preparation method an
important consideration in the contribution of vegeta-
bles to diet quality. Therefore, although vegetarians and
nonvegetarians appeared to consume similar amounts
of total vegetables, higher vegetable scores in nonvege-
tarians may have been driven by increased potato con-
sumption, and the relative quality of vegetables
consumed among vegetarians may be higher.

Dietary fat. Findings in the dietary-fat component
scores varied across studies. The HEI components for
fats were recently restructured from the oils (unsatu-
rated fats from plants and fish) and saturated fat com-
ponents used in the HEI-2005 to the fatty-acids
component (ratio of unsaturated to saturated fat) in the
HEI-2010,> making direct comparisons difficult. In 2
studies using the HEI-2010, vegetarians scored higher
on the fatty-acids component (unsaturated fat/saturated
fat) in 1 unadjusted analysis’; however, in a second
study, vegetarians matched with nonvegetarians by life-
style factors scored lower (the increased score in nonve-
getarians was attributed to fish intake).”” Using the
HEI-2005, a study within NHANES 1999-2004 found
no difference in oils (unsaturated fats from plants and
fish) scores between dietary patterns, but saturated fat
scores were significantly higher (lower consumption, in
line with recommendations) in vegetarians (P < 0.01).*?
Overall, vegetarians appear to have lower intake of satu-
rated fat, and unsaturated fat intake appears to be simi-
lar between vegetarians and nonvegetarians.

Dairy. Findings for dairy component scores were
also inconsistent; 1 study found that vegetarians scored

Nutrition Reviews® Vol. 0(0):1-19

higher than nonvegetarians,** and in 2 studies, scores
were comparable.””” In an NHANES 1999-2004 sam-
ple, dairy component scores were higher in vegetarians
compared with nonvegetarians (5.66 vs 4.86;
P< 0.01).42 However, 2 studies examining convenience
samples of Belgian adults found no differences in dairy
scores between dietary patterns,”*” although 1 study in-
cluded soy beverages as protein food rather than as a
dairy food,” which could have artificially decreased
dairy component scores in participants who consumed
calcium-fortified soymilk. It should be noted that dairy
is assessed as an adequacy component on the HEL > but
on other indexes such as the MDS,*® dairy is a modera-
tion component. Consequently, the influence of dairy
intake on overall diet quality depends on both the index
used and the foods contributing to the dairy
component.

Diet quality in moderation component scores

Moderation components in diet quality indexes assess
consumption of food groups or nutrients where moder-
ation is recommended due to associations with adverse
health outcomes. Reverse scoring (ie, higher score indi-
cates lower consumption) is used to assess intake of
moderation components in diet quality indexes. Among
the 3 studies assessing moderation components, vegeta-
rians generally consumed more refined grains, similar
amounts of empty calories, and less sodium than non-
vegetarians (Table 5).73%42

Among samples of Belgian adults, refined-grain
component scores in vegetarians were 0.9-1.3 HEI-
2010 points lower than the nonvegetarians scores.”””
Similarly, in an NHANES 1999-2004 analysis where
refined-grain intake was assessed but not as a compo-
nent score (the HEI-2005 only accounted for total and
whole-grain intake), vegetarians consumed more re-
fined grains (6.64 vs 6.11 ounces per day; P < 0.01).*?
No differences between dietary patterns in empty
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calorie scores (comprised of calories from solid fat,
added sugar, and alcohol in excess of recommenda-
tions) were observed in any of these 3 studies.”****
Vegetarians consumed less sodium per day compared
with nonvegetarians in 2 of 3 studies: 1068 mg less in a
convenience sample” and 467 mg less in an NHANES
1999-2004 sample.** However, in a sample where vege-
tarians and nonvegetarians were matched by lifestyle
characteristics, they had similar sodium component
scores,” so in this population, sodium intake may be
related to health consciousness. Compared with nonve-
getarians, vegetarians appear to have higher refined-
grain intake, similar empty calorie intake, and poten-
tially lower sodium intake.

Diet quality in more- and less-restrictive diets

To better understand the contribution of vegetarianism
to overall diet quality, it is pertinent to examine the diet
quality of more- and less-restrictive dietary patterns
(relative to lacto-ovo vegetarian). The vegan diet is sim-
ilar to the vegetarian diet but further restricts all animal
products, including eggs and dairy. Less-restricted vege-
tarian diets, such as semi-vegetarian and pesco-
vegetarian, have been recently popular as liberalized
vegetarian diets.”® Pesco-vegetarian is commonly de-
fined as a vegetarian diet that includes fish, whereas the
definitions for semi-vegetarian vary widely but involve
limited meat intake.”®

Of the 12 included studies, 5 studies examined
more- and/or less-restrictive vegetarian diets; 1 weight
loss trial compared a vegan and nonvegetarian diet,*” 1
observational study compared vegan, lacto-ovo vegetar-
ian, and nonvegetarian diets,*® and 2 studies (a weight
loss trial and an observational analysis) examined
vegan, pesco-vegetarian, semi-vegetarian, lacto-ovo veg-
etarian, and nonvegetarian diets.”” Lastly, 1 observa-
tional study examined many different dietary patterns,
including vegan, vegetarian, semi-vegetarian, pesco-
vegetarian, paleo, and low carbohydrate; however, diet
quality scores of the individual dietary patterns were
not reported.”

Vegan diets. Five total studies assessed the diet
quality of vegan diets, and findings generally indicated
that vegans scored higher than nonvegetarians. One
study compared AHEI scores among individuals partic-
ipating in a 22-week weight loss trial who were assigned
to either a low-fat vegan diet or a nonvegetarian, con-
trol diet (the American Diabetic Association diet); those
assigned to the vegan diet significantly increased AHEI
total and all component scores from baseline (P < 0.01),
whereas the control group did not change AHEI
scores.”” Another study examined diet quality among
various dietary patterns in distance runners using the
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Rapid Eating and Activity Assessment for Patients and
found that self-identified vegans and vegetarians (data
not shown for individual patterns) had better diet qual-
ity scores compared with nonvegetarians (38.5 = 3.6 vs
32.8 = 4.5 P<0.001).°

In the remaining 3 studies, diet quality scores were
compared across a range of diets, including vegan, vege-
tarian, and nonvegetarian, and in 2 studies, pesco-
vegetarian and semi-vegetarian diets were also com-
pared.””*® A dose-response relationship between die-
tary pattern restriction and diet quality was seen in 2
observational studies where vegans had the highest diet
quality, followed by vegetarians, then nonvegetar-
ians.”*® In a purposefully selected sample of Italian
adults, Rosi et al*® found that on the Italian
Mediterranean  Diet Index, vegetarians scored
(6.0 £2.0) significantly higher than nonvegetarians
(4.0 = 3.0; P < 0.05) and significantly lower than vegans
(7.0 +2.0; P<0.05). Similarly, in a cross-sectional
study among a convenience sample of Belgian adults,
vegans scored significantly higher on the HEI-2010 and
MDS compared with vegetarians and nonvegetarians
(P<0.01).7 Higher HEI-2010 scores in vegans com-
pared with vegetarians were driven by higher compo-
nent scores for total protein foods, seafood and plant
protein, fatty acids, sodium, refined grains, and empty
calories.” One experimental study where participants
were randomly assigned to 1 of 5 dietary patterns did
not observe any differences among DII scores for those
assigned to vegan, vegetarian, and nonvegetarian diets
at both the 2- and 6-month follow—ups.9 However, in
weight loss trials, overall energy restriction, rather than
dietary pattern, may be more influential on diet quality.
Additionally, the version of the DII used in the included
study solely assessed nutrient intake,” which may lead
to potential confounding by fortified foods otherwise
not recommend in a healthful dietary pattern.
Preliminary evidence suggests that the diet quality of
vegan diets are, at minimum, comparable with vegetar-
ian diets, and there is some indication of a dose-
response relationship between restrictiveness of vegetar-
ian dietary pattern and diet quality, suggesting that diet
quality of vegan diets may be higher than vegetarian
diets.

Less-restrictive diets (semi-vegetarian and pesco-
vegetarian). Only 2 studies examined the diet quality of
semi-vegetarians and pesco-vegetarians, and both stud-
ies made comparisons among semi-vegetarian, pesco-
vegetarian, vegan, vegetarian, and nonvegetarian
diets.”” One experimental trial found that 6 months af-
ter the intervention, there were no differences in DII
scores across the 5 dietary patterns.9 However, at
2months, participants assigned to vegan, vegetarian,
and pesco-vegetarian diets had better DII scores

Nutrition Reviews® Vol. 0(0):1-19
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(-=1.2%0.5, —1.0 = 0.5, —0.7 = 0.5, respectively; lower
scores are desirable) than those assigned to a semivege-
tarian diet (1.3 = 0.6).” In an observational study using
the HEI-2010, scores were similar among self-reported
vegetarians (58.7 = 8.9), semi-vegetarians (59.4 * 7.4),
and pesco-vegetarians (58.7 = 7.9), all of whom scored
significantly higher than nonvegetarians (54.2 = 9.0;
P<0.01) and significantly lower than vegans
(65.4 = 8.3; P<0.01).” On the MDS, pesco-vegetarians
scored similar to vegans, whereas semi-vegetarians
scored significantly lower than vegans (P<0.01).”
However, vegans, semi-vegetarians, and pesco-
vegetarians all scored significantly higher (P <0.01)
than both vegetarians and nonvegetarians.” Because
only 2 studies to date have made diet quality compari-
sons involving semi-vegetarian and pesco-vegetarian
diets and the findings were inconsistent, more research
is needed to determine the relative diet quality of these
dietary patterns.

RISK OF BIAS WITHIN STUDIES

The risk of bias varied considerably amonng the 12 in-
cluded studies. For participant selection, although most
studies (n = 8) featured convenience samples, nationally
representative studies were also common (n=4).
Although 2 of the 4 nationally representative studies did
not find that vegetarian diets were higher in diet quality
than nonvegetarian diets, this was likely due to the diet
quality indexes used rather than the sample.*>*’ Aside
from these 2 studies, findings were similar in both con-
venience samples and nationally representative studies,
indicating that there is a low risk of bias from partici-
pant selection in the overall findings.

For dietary pattern categorization, all studies in this
review (n=6) that categorized participants using self-
identified dietary patterns found that vegetarians had
higher diet quality than nonvegetarians. Because re-
search suggests that self-identified vegetarians often re-
port meat consumption on dietary assessments, %
studies using self-report are at increased risk for mis-
classification of dietary patterns. Some included studies
(n=3) categorized dietary patterns objectively (based
on diet recall) within nationally representative samples,
1 of which found that vegetarians had higher diet qual-
ity than nonvegetarians.*’ Although 2 of the studies us-
ing objective categorization in nationally representative
samples did not find that diet quality was higher in veg-
etarians, this is likely due to the diet quality indexes and
not the classification method used.*>** Therefore, die-
tary pattern categorization is an unlikely source of bias.

Measurement of diet history and diet quality are
also unlikely sources of bias in the overall conclusions.
Almost all studies used reputable methods (24-hour

Nutrition Reviews® Vol. 0(0):1-19

recalls, weighted food records, or food frequency ques-
tionnaires) for diet history collection. Although 1 study
used a nonvalidated, modified subset of questions from
a validated food frequency questionnaire, this is un-
likely to impact the overall risk of bias.*> For measure-
ment of diet quality, 6 studies used validated
indexes,****>*>4%% 1 study developed a new index for
the purpose of the study and did not validate it,** and 5
studies made alterations to validated indexes.”****"°
In the cases of modifications, the validity of the mea-
surement of diet quality may have been compromised,
thus modestly increasing the risk of bias. For example,
Clarys et al” categorized all soy beverages as protein
foods instead of dairy foods on the HEI-2010. This al-
teration likely led to lower dairy component scores and
higher component scores for both total protein foods
and plant and seafood protein for soymilk consumers,
resulting in an overall increase in total HEI-2010 scores.
Without further validation it is not clear whether the
scores obtained with this change (and similar changes
in other studies) accurately reflect diet quality.
However, the influence of the nonvalidated diet quality
indexes on the overall conclusions is likely modest be-
cause most modifications were minor and most studies
used validated and commonly used diet quality indexes
(ie, HEI and MDS) where higher scores are correlated
with more favorable health outcomes®***"** and find-
ings were similar between the studies that did and did
not use validated indexes.

Lack of control for confounding variables in this
body of evidence was identified as a potential source of
bias in the overall conclusions. Because vegetarians are
more likely to be health conscious® ™ and health con-
sciousness is related to diet quality,”* health conscious-
ness can confound the relationship between vegetarian
diets and diet quality. Despite the repeated indications
of increased health consciousness in vegetarians, only 1
study in this review controlled for covariates related to
health consciousness by matching vegetarians and non-
vegetarians on lifestyle characteristics such as smoking,
physical activity, and body mass index.”” Even with
controlling for some lifestyle factors, vegetarians still
scored significantly higher than nonvegetarians on the
HEI-2010 and MDS (P < 0.05),”” suggesting that health
consciousness is not exclusively driving the association
between vegetarian diet and improved health outcomes.

Study design should also be considered when ex-
amining confounding by health consciousness, which is
mainly a concern in observational studies due to lack of
randomization. Two included studies were randomized
control trials, 1 of which found no differences in diet
quality 6 months after assignment to 1 of 5 dietary pat-
terns,” and the other study found that participants
assigned to a low-fat vegan diet significantly improved
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diet quality scores over those assigned to a diabetic diet
(P<0.01).* However, these were weight loss trials
where the assigned dietary pattern may have played a
relatively minor role in diet quality. Therefore, it is dif-
ficult to decipher the influence that the lack of control
for confounding by health consciousness had in the
overall conclusions. Overall, there is an indication that
vegetarian diets are higher in diet quality compared
with nonvegetarian diets; however, conclusions should
be interpreted cautiously because some level of con-
founding due to health consciousness is expected.

DISCUSSION

This systematic review compared diet quality between
vegetarian and nonvegetarian diets in an effort to un-
derstand the role of diet quality in the relationship be-
tween vegetarian diets and improved health outcomes.
Collectively, observational studies suggest that vegetar-
ian diets are higher in overall diet quality compared
with nonvegetarian diets. In studies using the HEI-2010
(most commonly used index), vegetarians scored be-
tween 4.5 and 16.4 points (out of 100 points) higher
than nonvegetarians.”***’ Few observational studies
(n=2) in this review found that vegetarians had similar
or lower diet quality than nonvegetarians, and those
that did used versions of the HEI that assessed adher-
ence to older dietary recommendations.**** The limited
number of studies examining HEI component scores
(n=4) suggests that higher diet quality in vegetarians
may have been driven by higher scores for whole grains,
total fruits, plant and seafood protein, and sodium and
lower scores for refined grains and total protein foods.
However, few studies controlled for lifestyle characteris-
tics, which may confound these findings. Diet patterns
more and less restrictive than the lacto-ovo vegetarian
diet had less consistent associations with diet quality.
Although limited evidence suggests that diet quality in
vegan diets is comparable with or better than the diet
quality of vegetarian diets, findings for less-restrictive
vegetarian diets were inconsistent, which may be due in
part to variable definitions of semi-vegetarian.

Studies included in this review were published be-
tween 2001 and 2017, spanning a period of time where
changes in the definition of a high-quality diet in accor-
dance with dietary recommendations occurred due to
progressive understanding of healthy diets.®> For exam-
ple, elucidation of the health benefits associated with
plant protein consumption prompted changes in dietary
recommendations calling for increased consumption as
well as increased acceptance of vegetarian diets, which
were previously thought to be nutritionally inadequate
but are now regarded as safe and protective against
chronic diseases.®* In this review, several studies using
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diet quality indexes that reflected previous dietary rec-
ommendations (ie, HEI-1995 and HEI-2005)*** had
findings that were inconsistent with studies using in-
dexes reflecting more recent dietary recommendations
(ie, HEI-2010).””>* For example, Farmer et al** ana-
lyzed NHANES 1999-2004 data with the HEI-2005 and
noted that vegetarians scored substantially lower than
nonvegetarians on the meat and beans component but
consumed significantly (P < 0.01) more plant proteins
and met the protein recommended dietary allowance.
Had diet quality been evaluated with a more recent ver-
sion of the HEI where plant protein scores more favor-
ably than animal proteins (excluding fish), vegetarians
may have scored higher than nonvegetarians.
Furthermore, although none of the included studies
used the most recent version of the HEI, the HEI-2015,
changes made to the HEI-2010 in developing the HEI-
2015 involved further incentives for the consumption of
legumes. On the HEI-2010, legumes contributed points
in only 2 categories (either total vegetables and greens
and beans or total protein foods and seafood and plant
protein)”’; however, the HEI-2015 allows legumes to
contribute points in all 4 categories,” a change that is
likely to increase scores for vegetarians.

Substitutions that increase diet quality

The diet quality of vegetarian diets compared with non-
vegetarian diets is somewhat dependent on the index
used but more so determined by the foods consumed in
place of meat, fish, and poultry. Many diet quality in-
dexes penalize red and processed meat consump-
tion'>**°! due to associations with increased risk of
chronic disease and mortality.'”"'* Therefore, replacing
red and processed meat, which is void of fiber and gen-
erally contains saturated fat and added sodium, with
fiber-rich plant proteins, will likely increase diet quality
and improve health outcomes.®® Furthermore, some
vegetarian replacements for red meat have been shown
to reduce cardiovascular disease risk in substitution
analyses: risk of coronary heart disease was reduced by
30% when 1 serving of red meat per day was replaced
with 1 serving of nuts®” and replacing red meat with
vegetables also resulted in decreased risk of myocardial
infarction.”®

Although replacing red meat with vegetables may
be beneficial, this review did not find that vegetarians
consumed more vegetables than nonvegetarians.
However, it is important to note that there was some
suggestion that nonvegetarians may have higher potato
intake than vegetarians, potentially obscuring the rela-
tionship between vegetable intake and dietary pattern.
This speculation is consistent with findings from a na-
tionally representative study where diet recall- and self-
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identified nonvegetarians had higher fried potato con-
sumption compared with diet recall- and/or self-
identified lacto-ovo vegetarians."> Consumption of to-
matoes, lettuce, and other vegetables were descriptively
higher in diet recall- and/or self-identified lacto-ovo
vegetarians compared with diet recall- and self-
identified nonvegetarians.'” Total vegetable intake also
varied by categorization method; participants who con-
sumed meat, regardless of self-identified dietary pattern,
had similar vegetable intake, whereas vegetable intake
in diet recall-identified vegetarians was significantly
higher than nonvegetarians (250 * 14g vs 159 = 8g;
P <0.05)."% Taken together, this also suggests that the
health consciousness associated with identifying as veg-
etarian may substantially contribute to diet quality and
health outcomes.

Substitutions that lead to decreases in diet quality

Not all vegetarian substitutions for meat, fish, and poul-
try will result in improved diet quality and health out-
comes. For instance, replacing fatty fish is more
controversial because fatty fish consumption is associ-
ated with a reduced risk of mortality.”>”® Additionally,
poultry consumption is generally not associated with
mortality risk.”" In a substitution analysis, substituting
vegetables for poultry did not impact myocardial infarc-
tion risk, although risk increased when vegetables
replaced fatty fish.®® Fatty fish is weighted more heavily
on many diet quality indexes (compared with vegetables
and plant proteins) because of differences in recom-
mendations. For example, on the AHEI, 2 servings of
fatty fish per week, 1 serving of nuts and legumes per
day, and 5 servings of vegetables per day are considered
optimal.® Therefore, consuming any vegetarian food in
place of fatty fish could negatively impact diet quality.
Consequently, one might expect pesco-vegetarian diets
to be higher in diet quality than vegetarian diets.
However, in this review, only 1 study found that pesco-
vegetarian diets were higher in diet quality compared
with vegetarian diets when assessing diet quality with
the MDS; when diet quality was assessed with the HEI-
2010, scores were similar.”

Substitutions that lead to variable changes in diet
quality

Although the evidence is limited, articles in this review
suggested that vegan diets may be higher in diet quality
than vegetarian and nonvegetarian diets. Elimination of
eggs and dairy distinguishes vegan from vegetarian
diets, and there is currently a lack of consensus regard-
ing the health impacts of these foods. Dairy foods may
be protective against some cardiovascular diseases’” but
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are generally not associated with all-cause and cardio-
vascular disease mortality,”* and findings regarding egg
consumption and mortality and disease are inconsis-
tent.>7*7® On the HEIL, dairy is an adequacy compo-
nent and eggs contribute to total protein foods™ but
other diet quality indexes rarely assess total protein
foods, and dairy consumption is penalized on some in-
dexes.?’ Therefore, the health outcomes associated with
egg and dairy consumption are not well established,
and the effects of consumption on diet quality are de-
pendent on the index used.

Although there is no strong consensus regarding
the health impacts of egg and dairy consumption, whole
grains have been consistently shown to protect against
chronic disease and mortality.”” Therefore, in diet qual-
ity indexes, whole-grain consumption is commonly in-
centivized (adequacy component), whereas refined-
grain consumption is penalized.”' In this review, veg-
etarians consumed more whole and refined grains, sug-
gesting that these foods may be used to take the place of
meat, fish, and poultry. Consuming refined grains in
place of saturated fat (commonly found in meats and
dairy) increases cardiovascular disease risk, although
the association reverses when whole grains replace satu-
rated fat.”® Because some vegetarian exchanges can re-
sult in lower diet quality and poorer health outcomes,
it’s important that healthful exchanges are highlighted
in the promotion of vegetarian diets.

Limitations and strengths

This systematic review adds to the understanding of the
diet quality of vegetarian diets by synthesizing the cur-
rent research using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
methodology. This review featured a variety of study
designs in diverse populations and using various diet
quality indexes, contributing to the quality of insight
provided on vegetarian diets and their impacts on diet
quality. Some limitations of the present review must
also be noted. Relatively few studies included compo-
nent score analyses, and of the studies that did include
component score analyses, there were a variety of in-
dexes used. Because compatibility between indexes is
low, it was not possible to make direct comparisons.
Additionally, the lack of control for confounding varia-
bles related to health consciousness limits the strength
of the conclusions drawn in this review.

On a broader scale, limitations involved with exam-
ining diet quality should be considered. Although ex-
amining diet quality offers a more holistic assessment of
the overall diet compared with examining individual
nutrients/food groups, little is known about the relative
importance of the individual components. Although
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diet quality scores from various indexes have been
shown to be associated with mortality and chronic dis-
ease risk,”* > scoring criteria (ie, component point val-
ues, maximum score criteria) are oftentimes arbitrary,
and indexes may not adequately account for the syner-
gistic relationships present within and between
nutrients and food groups.”> Nevertheless, although
refinements to diet quality indexes have the potential to
improve their predictive validity, examining overall diet
quality rather than the contributions of individual foods
and nutrients toward health provides an avenue to be-
gin exploring the interrelationships between foods and
nutrients that exist within complex dietary patterns.

CONCLUSION

Findings indicated that vegetarians generally have
higher diet quality than nonvegetarians. However, these
results should be interpreted with caution because the
studies included in this review largely did not control
for confounding by health consciousness. Further re-
search controlling for confounding variables is needed
to ascertain whether vegetarian diets, or the health con-
sciousness associated with vegetarian diets, leads to im-
proved diet quality. Additionally, interventions
involving vegetarian diets are vital to understand the
impact of vegetarian diet interventions on diet quality
because they can help to reduce confounding by health
consciousness, which may be present when analyzing
self-selected dietary patterns. In guidance for individu-
als seeking to follow vegetarian diets, recommendations
must clearly suggest healthful substitutions (eg, plant-
based protein sources, fruits, vegetables, and whole
grains) for animal products because some substitutions
may reduce diet quality and attenuate observed health
benefits (eg, refined grains and other processed foods).
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