REVIEW
r\
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Dietary patterns with substantial proportions of energy from plant sources have been associated with favorable biomarkers of low-grade
inflammation. Less is known of the relation between vegetarian-based dietary patterns and markers of inflammation and immune status. This
systematic review and meta-analysis aimed to determine the relation between vegetarian-based dietary patterns and inflammatory and immune
markers (C-reactive protein, tumour necrosis factor «, fibrinogen, natural killer cells, leukocytes, lymphocytes, thrombocytes, interleukins, and
immunoglobulins). PubMed, Medline, and Cochrane scientific databases were searched to identify relevant studies. Random effects meta-analyses
were conducted to assess the weighted mean differences (WMDs) for each outcome variable between vegetarian and non-vegetarian groups. Thirty
observational and 10 intervention studies were included in the review. Pooled effects of vegetarian-based dietary patterns were associated with
significantly lower concentrations of CRP (WMD: —0.61 mg/L; 95% Cl: —0.91, —0.32 mg/L; P = 0.0001), fibrinogen (WMD: —0.22 g/L; 95% Cl: —0.41,
—0.04 mg/L; P =0.02), and total leukocyte (WMD: —0.62 x 10%/uL; 95% Cl —1.13 x 103, —0.10 x 10°/uL; P = 0.02) compared with those following
non-vegetarian dietary patterns in observational studies. Insufficient data were identified for a meta-analysis of intervention studies. This study
provides evidence that vegetarian-based dietary patterns are associated with lowered serum C-reactive protein, fibrinogen, and total leukocyte
concentrations. Future research should focus on large-scale intervention trials, contrasting differences in inflammation and immune status and
function between vegetarian and non-vegetarian-based populations. Adv Nutr 2019;10:433-451.
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Introduction

Nutritional epidemiology has seen a shift away from single
nutrient analyses to a complementary approach in the form
of dietary pattern analysis (1). Evaluating dietary patterns
may provide a more holistic and clinically relevant approach
to assessing diet-disease relations as nutrients are not eaten
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in isolation and synergistic effects of multiple components
can have a concerted effect (2). Vegetarian-based dietary
patterns are typically higher in fruits, vegetables, whole
grains, nuts, seeds, and legumes, all of which are naturally
higher in phytochemicals and some vitamins compared
to non-vegetarian dietary patterns (3, 4). A variety of
vegetarian-based eating patterns exist based on the inclusion
or exclusion of animal products. For example, individuals
who omit all animal products are classically described as
vegan, whilst those who include eggs and dairy products are
referred to as lacto-ovo-vegetarian (LOV) (5). Consumption
of these dietary patterns are protective against many chronic
diseases, including coronary heart disease, type 2 diabetes
mellitus (T2DM), some cancers, and are associated with
lower all-cause mortality (6-9).

An array of mechanisms are likely responsible for the pro-
tective effects observed in vegetarian-based dietary patterns,
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including improved inflammatory and immune responses.
These systems can be modulated by various dietary patterns
and food components, demonstrating that plant-based foods
can provide favorable outcomes (10-13). When consid-
ering inflammation, and immune status, it is important
to recognize that these systems are inherently linked and
work synergistically. For instance, C-reactive protein (CRP),
a nonspecific systemic marker of inflammation, may be
elevated in response to cytokines released by phagocytes
during an infection or when tissue is damaged (14).

Without a sufficient exogenous supply of nutrients the
immune system will be jeopardized (15). In addition, the
impact of “non-nutritive” components of food on immune
function has been acknowledged (16-18). For example,
polyphenolic compounds are shown to improve lymphocyte
responsiveness and natural killer cell function (19), while
carotenoids can have an immune-modulating effect (20).
When considering the implications of these findings, it
should be noted that we do not consume these components in
isolation (2). As such, exploration of the impact of consuming
a whole dietary pattern that is likely to be high in these
components seems indicated.

The influence of diet on inflammation has also been
examined and clear associations found (12, 21). The
inflammatory response is a complex biological response
used for protection against mechanical, environmental, and
pathological challenges, and is associated with intracellular
signaling molecules which can influence both immune and
inflammation responses (22, 23). Research has demonstrated
links between chronic low-grade inflammation and increased
risk of various diseases, with inflammation hypothesized as
an underlying pathophysiologic mechanism. For instance,
chronic elevation of the inflammatory markers CRP, IL-6,
and fibrinogen is shown to predict the risk of cardiovascular
disease (CVD) (24), all-cause mortality (25), T2DM (26), and
some cancers (27).

There is evidence to suggest that plant-based diets may
have favorable effects on inflammation. Consumption of
dietary patterns with substantive nutrients obtained from
plant rather than animal sources has been shown to attenuate
markers of chronic inflammation such as CRP, IL-6, and
fibrinogen (12, 13, 21, 28). Similarly, a meta-analysis recently
suggested that vegetarianism was associated with lowered
serum CRP concentrations and may be a useful dietary
approach to manage “inflammaging,” or the increased
levels of chronic inflammation associated with aging (29).
However, the review may be affected by their inclusion of
participants who use statins [which can affect inflammatory
markers such as CRP (30, 31)] and inclusion of intervention
groups which may have incorporated consumption of some
meat. In addition, consideration of the evidence base from
randomized controlled trials (RCTs) is required to explore
the effect of consuming a plant-based diet, hereinafter re-
ferred to as a vegetarian-based diet, on specific inflammatory
and immune markers.

This systematic literature review aims to determine if
vegetarian-based eating patterns in humans are associated
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with, or able to modulate, inflammation or immune biomark-
ers compared with those following non-vegetarian dietary
patterns. A meta-analysis will further explore the effect of
vegetarian-based eating patterns on common inflammation
and immune biomarkers compared with non-vegetarian
dietary patterns.

Methods

Study protocol

The systematic review followed the requirements of the
Preferred Reporting of Systematic Reviews and Meta-
Analyses (PRISMA) statement (32) and was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42016039043; 12 May 2016). A systematic
search of the PubMed, MEDLINE, and Cochrane Central
Register of Controlled Trials scientific databases (all years
to December 2017) was conducted to answer the research
question. Scientific database searches were conducted by
1 reviewer (JC). The search strategy used the following key
words, with Medical Subject Heading terms used where
available: (“Immunoglobulin¥” OR “Ig” OR “IgD” OR
“IgM” OR “IgA” OR “IgG” OR “Platelet+” OR “Basophils”
OR “Eosinophil+” OR “t lymphocyte subsets” OR “t cellx”
OR “b lymphocyte subsets” OR “B cell+” OR “Monocytex”
OR “Neutrophil*” OR “Lymphocytex” OR “Leukocytex” OR
“white blood cellx” OR “NK” OR “natural killer t cellx”
OR “natural killer cellx” OR “immunity” OR “immune” OR
“tumor necrosis factor” OR “tumour necrosis factor” OR
“TNF” OR “interleukin” OR “IL-6” OR “fibrinogen” OR
“CRP” OR “c reactive protein” OR “C-Reactive Protein” OR
“inflammat*”) AND (“plant based” OR “plant-based” OR
“veganx” OR “xvegetarian” OR “vegetarianx”). An example
of the search strategy in its entirety is shown in Supplemental
Table 1. This review considered any dietary pattern including
animal meats (including fish) to be non-vegetarian based,
and dietary patterns excluding all animal meats to be
vegetarian based.

Inclusion criteria

Studies were included if they examined the relationship
(observational studies) or effect (intervention studies) of
vegetarian-based dietary patterns compared with a non-
vegetarian-based control dietary pattern on an outcome of
interest [CRP, ILs (all), TNF (all), fibrinogen, natural killer
cells, white blood cell counts (leukocytes, lymphocytes, neu-
trophils, monocytes, eosinophils, basophils, thrombocytes),
immunoglobulins (IgG, IgA, IgE, IgD, and IgM)], and were
conducted in human populations of all ages.

Observational studies were defined a priori to include any
studies in which there was no direct intervention, and could
include cross-sectional, case-control, prospective cohort, and
retrospective cohort studies. They had to additionally involve
participants who had adhered to a vegetarian-based diet
(vegetarian group only) for >1y. This timeframe was chosen
to represent a habitual dietary pattern.



Intervention studies were also defined a priori to include
any studies where a vegetarian-based diet was used as an
intervention with a control group and could include RCT,
non-RCTs, and pre-post studies. Intervention studies had
to additionally study the vegetarian-based diet for a period
>4 wk. This timeframe was selected as changes in some
serum inflammatory markers such as IL-6 and CRP can take
several weeks to become physiologically apparent (33-35).

Exclusion criteria

Observational and intervention studies were excluded for the
following reasons: 1) they were not published in the English
language; 2) they were conference abstracts, editorials, book
series, errata, or conference proceedings; 3) they did not
complete between-group analyses or provide raw data to
allow these to be calculated; 4) they were animal or cellular
models; 5) they were analyzing consumption of single foods
or food groups rather than dietary patterns (e.g., exploring
legume intake rather than vegetarian diets); 6) they used
drugs that could alter biomarker outcomes, i.e. metformin
(CRP) (30, 31); 7) they were assessing antibodies to food anti-
gens rather than disease or general blood immunoglobulins;
8) they included any type of animal meat (including fish) in
the vegetarian-based groups; or 9) they examined a single diet
component/supplement only (e.g., cheese compared with
vegan cheese alternative).

Intervention studies were additionally omitted if: 1)
they used lifestyle interventions in conjunction with diet
intervention, i.e. exercise or stress management; or 2) they
used intervention diets containing any type of meat or did
not report to controlling/discouraging meat intake.

Duplicate articles were initially removed with the use of
EndNote referencing software (version X7, 2013; Thomson
Reuters) with any remaining duplicates removed manually.
Articles were firstly screened based on title and abstract. Full-
text articles were obtained if the abstract was unavailable,
or if it was unclear if the article met the inclusion criteria.
Screening was performed by reviewer JCC with articles of
concern discussed amongst the research team (YCP, EPN,
GEP) until consensus was reached. Where results from the
same study were reported in multiple articles, the most
recent article was included to avoid duplication of results.
Reference lists of included articles were hand searched to
identify additional relevant articles.

Data extraction

Data extraction was performed by reviewer JCC in con-
sultation with the research team, and included information
related to author, date, study design, level of evidence, study
population (including age, gender, country, and comorbidi-
ties), sample size, length of vegetarianism (observational
studies), type of vegetarianism, details of intervention and
control groups (intervention studies), outcomes investigated,
and significant differences in biomarkers. Study authors were
contacted for additional details if the required data were not
available in the published article.

Statistical analysis

Meta-analyses were performed when >3 studies reported
on a biomarker, median/mean with SD could be obtained
or calculated from raw data, and the units of measurement
could be made uniform. Meta-analyses were conducted
separately for observational and intervention study results.
Review Manager software (Review Manager version 5.3; The
Nordic Cochrane Centre, Cochrane Collaboration, 2014)
was used to estimate the pooled effect of inflammation and
immune markers between vegetarian and non-vegetarian
diets. Random effect meta-analyses were conducted to
determine weighted mean differences (WMDs) by assigning
a weight to each study on the basis of an individual
study’s inverse variance (36), and 95% Cls were used for
each outcome. If a study involved >1 intervention group
meeting the inclusion criteria, data for all intervention
groups were combined as recommended by the Cochrane
Handbook (37). For the intervention analysis, crossover
studies were initially analyzed as parallel studies through the
use of a paired analysis, the most conservative approach to
managing crossover studies (37). Paired analyses of crossover
studies with correlation coefficients of 0.25, 0.5, and 0.75
were then conducted as sensitivity analyses to determine
if this influenced the results (37). The I? statistic was
used to evaluate heterogeneity, with a score 50-90% likely
indicating substantial heterogeneity, and a score of 75-100%
considerable heterogeneity (37). Where >10 studies reported
on a biomarker outcome, funnel plots were generated and
Egger’s test was applied to assess studies for small study effects
(38) with the use of StatsDirect statistical software (version
3.1, 2013; StatsDirect Ltd) (39).

Where median and ranges were reported, the Hozo
et al. (40) formula was used to calculate SD and mean
(when the population was <25 persons). When IQR was
given, IQR/1.35 was used to calculate the SD (37). Where
insufficient information was described in the published
article and raw data were provided by authors, statistical
analyses were performed with SPSS software (version 21,
2012; SPSS Inc.). Shapiro-Wilk tests on raw data determined
if biomarker outcomes were normally distributed. One-way
ANOVA (parametric) or Kruskal-Wallis (nonparametric)
tests determined if differences existed between dietary
patterns for inclusion in the summary table. P values <0.05
were considered to be statistically significant.

Sensitivity analyses were performed by excluding each
study individually to investigate the influence on overall
estimates (37). Additionally, sensitivity analyses were con-
ducted by excluding studies where participants suffered from
a chronic condition. When sufficient data were available on
the type of vegetarianism (LOV or vegan dietary patterns)
(>3 studies), subgroup analyses were performed.

Risk of bias

Study quality for the nonrandomized studies was assessed
independently with the use of a modified version of the
Newcastle-Ottawa Scale by 2 reviewers (JCC, EPN). Where
discrepancies occurred, a third reviewer (YCP) was consulted
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until a consensus was reached. The Newcastle-Ottawa Scale
score for each study was based on the primary outcome
of the present study (CRP) if available. For intervention
studies, risk of bias was assessed with the use of the
Cochrane Collaboration’s tool (37). To determine the quality
of the body of evidence, the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) method
was applied to both observational and intervention studies
(41).

Results

The literature search identified 2040 articles. After the
exclusion criteria were applied, 39 studies [30 observational
articles (42-71) describing 29 studies (2 separate articles
were identified reporting on same study participants, with
different outcome markers) and 8 intervention studies] were
included in the review. A further 2 studies were identified
via hand searching of reference lists, resulting in a total
of 10 intervention studies (72-81). Figure 1 displays the
complete process of study selection, including identification,
screening, eligibility, and inclusion.

Observational studies
Description of the included studies.
The included studies were cross-sectional or matched-cohort
studies (Table 1). Types of vegetarianism included LOV (8),
lacto-vegetarian (2), vegan (5), and combinations of these
with comparison groups typically consuming mixed omniv-
orous non-vegetarian diets. Participants in 2 of the included
studies had chronic conditions, with 1 receiving dialysis ther-
apy (59, 70), and participants in the other study having CVD,
diabetes mellitus, or a combination of both (63). One study
(63) reported on participants whose ages ranged between 2
and 18 y old, whereas the remainder reported on adults aged
>18 y (Table 1). Studies were conducted in a range of
continents, including Asia (44-46, 59, 62, 63, 66-71), Africa
(49), North America (47, 50, 51, 54, 60), South America (42,
48, 52, 57), and Europe (43, 53, 55, 56, 58, 61, 64, 65). Study
quality ranged from 2-6 out of a possible 7 with the use of the
modified Newcastle-Ottawa Score tool (Supplemental Table
2).

CRP concentrations were significantly lower in 9 out of 19
studies in the vegetarian-based groups, with no difference in

Records excluded
(n=960)

Full-text articles excluded, with reasons

(Population e.g not vegetarian »n = 2)
(Intervention e.g. diet inappropriate n = 96)
(Comparison e.g. nil control diet n = 26)
(Did not report eligible outcome »n = 72)
(Not in English n = 3)

(Abstract only n = 5)

(Narrative/Review n = 16)
(Duplicated study participants n = 2)
n total = 222

PR Records identified through
Additional database searching
.g records (Cochrane n = 88)
= identified via (Medline n = 1108)
= reference lists of (PubMed n = 844)
g included studies n total = 2040
2 (n=2)
o
v
PR Records after duplicates removed
(n=1220)
o0
£
: !
3
= Records screened via
e title and abstract
(n=1222)
v
. Full-text articles
f_f assessed for eligibility
= (n=262)
2
- !
— Studies included in
qualitative synthesis
(Observational n = 30)
(Intervention n = 10)
=
D
=
=
)
=
—
Studies included in
quantitative synthesis
(n =26 observational)
(n = 4 intervention)

FIGURE 1 Flowchart of study selection.
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10 out of 19 studies (42-46, 50-52, 54, 55, 57, 59, 60, 64-66,
68,70, 71). Leukocyte counts were significantly lower in 6 out
of 11 studies in the vegetarian-based groups with no differ-
encein 5 out of 11 studies (44, 45, 47, 48, 54, 56, 62, 64, 67, 69,
70) (Table 2). Four studies reported on lymphocyte counts
with vegetarian groups displaying significantly lower counts
in 2 of the studies (54, 56, 62, 69). Only 2 studies reported on
NK cell cytotoxic activity as a function of applied immune-
competence and found improved function in the vegetarian-
based group (56) or no difference between groups (54). One
study reported lower neutrophil counts in vegetarian-based
groups (48), whereas the other 3 studies found no difference
between groups (54, 62, 69). Fibrinogen was observed to
be lower in vegetarian-based groups in 2 out of 3 studies
(49, 57, 67). Table 2 shows the number of included studies
identified for each biomarker and summarizes the number
of studies reporting significant and nonsignificant differ-
ences in outcomes between vegetarian and non-vegetarian
groups.

Relation between vegetarian-based diets on inflammatory
and immune biomarkers.

Twenty-six observational studies were included in the meta-
analysis reporting on 4 outcomes: CRP, thrombocytes,
leukocytes, and fibrinogen (Table 3). Consumption of a
vegetarian-based dietary pattern was associated with signifi-
cantly lower CRP (P = 0.001; Figure 2), fibrinogen (P = 0.02;
Figure 3), and leukocyte (P = 0.02; Figure 4) levels compared
with those following a mixed omnivorous non-vegetarian

comparison diet. No significant difference was observed for
thrombocytes between groups (P = 0.16; Figure 5). The
quality of body of evidence for the observational studies
was deemed to be “very low” after a 1-level downgrade was
applied for each outcome as per the GRADE guidelines (41)
(Supplemental Table 3). Funnel plots were generated for
CRP and leukocyte concentrations. Egger’s test indicated no
significant asymmetry (Supplemental Figure 1).

Sensitivity analysis and subgroup analysis.

When sensitivity analyses were applied, the pooled effect on
CRP remained significant. The pooled effect on leukocytes
became nonsignificant when Pongstaporn et al. (62) was
omitted (P = 0.08). Conversely, thrombocytes were signifi-
cantly higher in the vegetarian group with the omission of
Haddad etal. (54) (P=0.01) (Supplemental Figure 2). Lower
leukocyte and CRP levels in vegetarian-based populations
continued to be found when sensitivity analyses were applied
excluding studies with participants receiving hemodialysis
treatment, or suffering from cardiovascular disease (CVD) or
T2DM (P = 0.01) (Supplemental Figure 3).

Because of the considerable heterogeneity observed
(I =100%) for CRP concentrations between dietary groups,
meta-analyses were performed on specific dietary groups in
an attempt to identify the source of heterogeneity. No sig-
nificant subgroup differences were observed between vegan,
LOV groups, and non-vegetarian groups for CRP. Neither
subgroup analysis accounted for the high heterogeneity

TABLE 2 Overview of included studies reporting on biomarkers and significant differences between
participants following vegetarian-based or non-vegetarian dietary patterns in observational studies’

Studies Differences between groups

Biomarker included (significance, P < 0.05)
Lymphocytes (54, 56, 62, 69) 4 J inV group in 2/4 studies; NS 2/4 studies
Neutrophils (48, 54, 62, 69) 4 1 in NV group in 1/4 studies; NS 3/4 studies
Basophils (54, 56, 69) 3 NS 3/3 studies
Monocytes (54, 56, 69) 3 NS 3/3 studies
Eosinophils® (54, 56, 69) 3 NS 3/3 studies
NK cell cytotoxic activity (54, 56) 2 4 inV groupin 1/2 studies; NS 1/2 studies
Leukocytes (44, 45,47, 48, 54, 56, 62, 64, 11 JinVgroupin 6/11 studies; NS 5/11

67,69, 70) studies
Thrombocytes (44, 54, 56, 62, 63, 67, 69) 7 JinVgroupin 1/7 studies;

4 inVgroupin 1/7 studies; NS 5/7 studies

CRP (42-46, 50-52, 54, 55,57, 59, 60, 19 CRP | inveg group in 9/19; NS 10/19

64-66, 68,70, 71) studies
TNF-a* (52, 58, 60) 3 NS?
Fibrinogen (49, 57, 67) 3 4 in NV group in 2/3 studies; NS 1/3 studies
Interleukins

IL-10 (52, 58, 60) 3 NS

IL-6 (58,60, 61) 3 NS

IL-2, IL-4, IL-8, IL-1¢r,IL-1 8 (58) 1 IL-18 1 inV group in 1/1 study
Immunoglobulins

IgA, IgM, 1gG (53, 54) 2 NS

NV, non-vegetarian; V, vegetarian-based.
2NS, not significant between groups (P > 0.05).

3Tungtrongchitr et al. (69) compared medians between groups and genders. Eosinophils were significantly |, in the NV group
compared with the male LV group but significantly 4 compared with the female LV group.

“Significance not reported in 1 study.
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TABLE 3 Meta-analysis summary of observational studies comparing CRP, thrombocytes, fibrinogen, and leukocytes between

vegetarian-based and non-vegetarian-based dietary patterns’

Number of Number of
Number of vegetarian control Effect Estimate Inconsistency GRADE
Outcome analyses participants participants (95% ClI) P value ?) quality
CRP, mg/L 18 1844 4736 —061(—091,-032) 0.001 100% Very low
Thrombocytes, x 107/L 7 663 507 8.24 (—3.35,19.82) 0.16 35% Very low
Fibrinogen, g/L 3 112 96 —0.22 (=041, —-0.04) 0.02 17% Very low
Leukocytes, 10%/ul I 944 970 —0.62(—1.13,-0.10) 0.02 96% Very low

"CRP, C-reactive protein.

(P for both vegan and LOV groups 87%; Supplemental
Figure 4).

Intervention studies

Ten intervention studies were identified exploring the effect
of vegetarian-based eating patterns on common markers of
inflammation or immune function (72-81). They included
7 parallel and 3 crossover intervention study designs. Of
the included studies, 7 were randomized (72-77, 81), and
the remaining 3 were unable to be confirmed as being
randomized or nonrandomized (78-80) as authors could not
be contacted. Vegetarian-based intervention diets included
LOV (n = 3), LV (n = 1), and vegan (n = 6) with varying
macronutrient percentages (Table 4). Control diets varied,
and included a well-balanced mixed diet from the 5 food
groups (72), a conventional T2DM diet recommended by the
European Association for the Study of Diabetes (73), habitual
mixed diets (74, 75, 77, 79, 80), and an American Heart
Association diet (fat total 30%, 7% saturated fat, <300 mg
of cholesterol, <1500 mg of sodium daily) (76). Intervention

diet duration ranged from 4 to 56 wk. Studies were from
North America (76, 81) and Europe (72-75, 77-80). The
populations examined in the included studies were mixed.
For instance, in 4 studies the participants had rheumatoid
arthritis, 1 study population exhibited T2DM, in 1 study the
participants were overweight or obese (class 1; as measured
by BMI), and in 1 study the participants were children >95%
of BMI for age. The biomarkers investigated varied between
studies (Table 4).

CRP levels were found to be significantly lower in
vegetarian-based groups than in non-vegetarian groups in
4 out of 7 studies, with no significant difference in 3 out of
7 intervention studies (Table 5). Lymphocytes, monocytes,
pan T cells (CD3+), T suppressor cells (CD8+), T helper cells
(CD4+), NK cells, TNF-q, fibrinogen, IL-6, and IgA were
reported by only 1 intervention study, with no significant
difference between vegetarian and non-vegetarian groups
found. Table 5 shows a summary of the included intervention
studies and corresponding biomarker outcomes with signif-
icant and nonsignificant differences between study groups.

Vegetarian Non vegetarian Mean Difference 1 Mean Difference
Study or Subgroup Mean1 SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Acosta-Navarro 2017 1.01 0.7 44 121 1.32 44 6.5% -0.20 [-0.64, 0.24] /T
Ambroszkiewicz 2017 0.14 0.13 43 0.31 0.48 46  7.5%  -0.17[-0.31,-0.03] ™
Chen 2008 14 23 99 23 4.4 9  4.1% -0.90 [-1.88, 0.08] ]
Chen 2011 1.8 34 173 1.2 1.8 190 59% 0.60[0.03, 1.17] —
Chuang 2016 0.168 025 686 0.21 046 3423 7.6%  -0.04[-0.07,-0.02]
Fontana 2005 0.6 0.8 18 1.8 24 18  3.4%  -1.20[-2.37,-0.03]
Fontana 2007 0.52 0.6 21 261 33 21 2.7%  -2.09[-3.52,-0.66]
Franco-de-Moraes 2017 0.6821 0.8682 168 1.1 1.19 100 7.2% -0.42 [-0.69, -0.15] -
Haddad 1999 2.86 0.13 25 282 0.1 20 7.6% 0.04 [-0.03, 0.11]
Krajcovicova-Kudlackova 2005 0.72 13839 133 1.62 14046 137 6.9% -0.90 [-1.23, -0.57] -
Mezzano 1999 3 0.6075 26 3.2 0.9075 26 6.6% -0.20 [-0.62, 0.22] I
Ou 2016 6.7 9.8 21 66 11.2 42 0.3% 0.10 [-5.29, 5.49] ¢ >
Sebekova 2001 0.2714 1.4363 28 0.034 0.1949 33 6.1% 0.24[-0.30, 0.77] T
Sebekova 2006 8.7 13.3686 90 8.1 9.4288 46 0.5% 0.60 [-3.28, 4.48]
Su 2011 0.7 0.7 49 09 1.2 41 6.6% -0.20 [-0.62, 0.22] e
Szeto 2004 0.77 1.29 30 1.3 138 30 54% -0.53[-1.21, 0.15] -
Wu 2011 4 0.3 19 88 03 299 7.5%  -4.80[-4.94,-4.66] ¢
Yang 2011 0.0218 0.0089 171 0.021 0.0079 121 7.6% 0.00 [-0.00, 0.00]
Total (95% Cl) 1844 4736 100.0%  -0.61[-0.91, -0.32] L 2
Heterogeneity: Tau? = 0.29; Chi? = 4655.05, df = 17 (P < 0.00001); I2 = 100% 4 2 5 2 i

Test for overall effect: Z = 4.11 (P < 0.0001)

" Mean CRP values expressed as mg/L

Favours [experimental] Favours [control]

FIGURE 2 Difference in CRP values between participants following vegetarian-based dietary patterns and non-vegetarian dietary
patterns (cross-sectional studies). Diamond indicates WMD with 95% Cl. CRP, C-reactive protein; WMD, weighted mean difference.
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Vegetarian Non vegetarian Mean Difference’ Mean Difference
Study or Subgroup Mean' SD Total Mean' SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Famodu, 1999 248 6.6323 36 2.9 7.5895 40 0.3% -0.42 [-3.62, 2.78]
Mezzano 1999 2.33 0.44 26 273 0.6 26 32.3% -0.40[-0.69, -0.11] &
Suwannuruks 1990 2.81 0.4905 50 2.949 0.271 30 67.3% -0.14 [-0.31, 0.03]
Total (95% Cl) 112 96 100.0%  -0.22[-0.41, -0.04] L 2

Heterogeneity: Tau? = 0.01; Chi? = 2.40, df =2 (P = 0.30); P =17%
Test for overall effect: Z = 2.40 (P = 0.02)

! Mean fibrinogen values expressed as g/L

2 1 0 1 2
Favours [experimental] Favours [control]

FIGURE 3 Difference in fibrinogen values between participants following vegetarian-based dietary patterns and non-vegetarian dietary
patterns (cross-sectional studies). Diamond indicates WMD with 95% Cl. WMD, weighted mean difference.

The quality of body of evidence for the intervention studies
was rated as “very low” according to GRADE (Supplemental
Figure 5) (41).

Pooled effects and subgroup analysis of
vegetarian-based diets on inflammatory and immune
biomarkers

Of the 10 studies identified, only 4 were eligible for a meta-
analysis examining vegetarian-based dietary patterns and
their effect on CRP (vegetarian, n = 116; non-vegetarian,
n = 114). Due to the small population pool, varied pop-
ulation demographics (patients with rheumatoid arthritis,
women, children with a BMI >95th percentile for age/sex
with cholesterol >169 mg/dL and patients with T2DM),
and varying intervention diets, the meta-analysis has been
included as supplementary data to avoid potentially mis-
leading conclusions common in nutritional meta-analyses
(82) (Supplemental Figure 6). The Cochrane risk of bias
assessment (Supplemental Table 4) and risk of bias graph
(Supplemental Figure 7) are available as supplementary
data. As aresult of insufficient data, studies, or both, it was not
possible to perform meta-analyses for the other outcomes.

Discussion

To the authors” knowledge, this review and meta-analysis
is the first to explore both the association and effect of
consuming a vegetarian-based dietary pattern on biomarkers
of inflammation and immune status. The results of the
analysis of observational studies suggest that individuals fol-
lowing vegetarian-based diets may have lower levels of CRP
and fibrinogen, 2 prominent markers of inflammation, than
their non-vegetarian-based counterparts. Given that CRP is
implicated in the development of atherosclerosis (83) and is
an independent risk predictor of cardiovascular events (84,
85), the results of this review may partly explain the lowered
incidence of cardiovascular events observed in vegetarian
populations (86, 87). The lowered leukocyte and fibrinogen
concentrations observed in vegetarian-based eating patterns
appears to be favorable as elevated leukocyte and fibrinogen
biomarkers have been associated with increased risk of all-
cause mortality (88), T2DM (89), metabolic syndrome (90),
and coronary heart disease (91).

Our results are in contrast to those of a recent meta-
analysis, which found nonsignificant differences in CRP con-
centrations between vegetarian- and non-vegetarian-based
dietary patterns (Hedges’ g= —0-15; 95% CI: 0.35, 0.05) (29).

1

Vegetarian Non vegetarian Mean Difference Mean Difference
Study or Subgroup Mean ' SD Total Mean' SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2008 6.4 1.38 99  6.54 1.56 99  9.4% -0.14 [-0.55, 0.27] ™
Chen 2011 6.02 136 173  6.15 151 190 9.7% -0.13 [-0.43, 0.17] -
Dong 1982 6.65 1.9819 56 8.175 0.5737 4 82% -1.53 [-2.29, -0.76] -
Haddad 1999 496 091 25 5.83 1.51 20 8.2% -0.87 [-1.62, -0.12] e
Navarro 2016 5.9 1 43 6.9 1.9 41 8.6% -1.00 [-1.65, -0.35] -
Pongstaporn 1999 5.57 1.5067 179  7.41 1.2125 68  9.5% -1.84 [-2.20, -1.48] -
Refsum 2001 7.6 1.88 78 7.26 1.58 126 9.1% 0.34 [-0.16, 0.84] T
Sebekova 2006 55 037 90 58 0.66 46  9.8% -0.30 [-0.51, -0.09] -
Suwannuruks 1990 6.36 2.1592 50 6.1 0.74 30 8.6% 0.26 [-0.39, 0.91] T
Tungtrongchitr 1993  5.8464 1.9242 132 5.8745 1.4054 47  91% -0.03 [-0.55, 0.49] —_r
Wu 2011 4.99 0.303 19 6.564 0.168 299 9.9% -1.57 [-1.71, -1.44] -
Total (95% CI) 944 970 100.0%  -0.62[-1.13, -0.10] ‘
Heterogeneity: Tau? = 0.69; Chi? = 238.22, df = 10 (P < 0.00001); I> = 96% 4 2 5 2 i

Test for overall effect: Z = 2.36 (P = 0.02)

! Mean leukocyte values expressed as 10%u/L

Favours [experimental] Favours [control]

FIGURE 4 Difference in leukocyte values between participants following vegetarian-based dietary patterns and non-vegetarian dietary
patterns (cross-sectional studies). Diamond indicates WMD with 95% Cl. WMD, weighted mean difference.
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1

Vegetarian Non vegetarian Mean Difference Mean Difference

Study or Subgroup Mean! SD_Total Mean' SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2011 254.73 68.69 173 247.79 52.99 190 28.4% 6.94 [-5.77, 19.65]

Haddad 1999 235 60 25 270 55 20 9.3% -35.00 [-68.68, -1.32] -

Mezzano 1999 242 61 26 21 63 26 9.3% 31.00[-2.71, 64.71] -
Pongstaporn 1999 2515 44.1667 179 245 13475 68 9.7% 6.50[-26.17, 39.17]

Refsum 2001 188 91.55 78 175 80.056 126 14.6% 13.00[-11.66, 37.66]

Suwannuruks 1990 263.06 59.1889 50 2448 34.2 30 18.4% 18.26 [-2.21, 38.73]

Tungtrongchitr 1993 344.8485 114.4496 132 337.5745 87.2486 47

Total (95% CI) 663 507
Heterogeneity: Tau? = 80.77; Chi? = 9.20, df = 6 (P = 0.16); I> = 35%
Test for overall effect: Z = 1.39 (P = 0.16)

9
! Mean thrombocyte values expressed as x 10 L

10.2%

100.0%

7.27 [-24.40, 38.95]

8.24 [-3.35, 19.82]

100 -50 0 50 100
Favours [experimental] Favours [control]

FIGURE 5 Difference in thrombocyte values between participants following vegetarian-based dietary patterns and non-vegetarian
dietary patterns (cross-sectional studies). Diamond indicates WMD with 95% Cl. WMD, weighted mean difference.

There are several explanations for the inconsistency. Firstly,
the present review excluded studies where statins were used
by participants as these are known to reduce inflammation
(30, 31), whereas the previous analysis included 1 study
where statin use was significantly different between groups
(92). Secondly, the previous review (29) included studies that
included small amounts of animal flesh in the vegetarian
group (93) or where the vegetarian dietary pattern was
not adequately described (94), whereas these studies were
excluded from our review. We also only included studies
with a duration of vegetarianism of >1 vy, aligning with the
suggestion that there may be a time interval between starting
a vegetarian diet and a reduction in CRP (29). Finally, this
review has included recently published studies not available
at the time of the previous review (42, 43, 52).

Despite 10 intervention studies being identified for
inclusion in this review, many biomarkers of interest were
not reported upon, or were only explored in a single
study, thereby limiting conclusions regarding the effect of
vegetarian-based dietary patterns on these outcomes. CRP
was explored in 7 studies, however, with significantly lowered
concentrations following consumption of a vegetarian-based
diet observed in 4/7 studies, which aligns with the results of
the observational meta-analysis presented here. The limited
body of evidence identified in the intervention studies
highlights the need for further RCTs to confirm the results
of the observational meta-analysis.

An array of nutrients and “nonnutritive” components of
the vegetarian diet may be responsible for the trend for
lowered inflammation biomarkers following consumption
of a vegetarian-based dietary pattern (95). Consumption
of flavonoids such as quercetin, kaempferol, malvidin, pe-
onidin, daidzein, and genistein have been inversely associ-
ated with serum CRP even after adjustment for covariates
including vitamin C, vitamin E, carotenes, and fruit and
vegetable consumption (96). The antioxidant properties
of flavonoids have been hypothesized to prevent LDL
oxidation—an early inflammatory event in the development
of atherosclerosis (97). Similarly, carotenoids are potent
antioxidants embedded within the lipid bilayer that scavenge
free radicals, and have been inversely associated with markers

444 Craddock et al.

of inflammation (98, 99). Both flavonoids and carotenoids are
typically found in higher concentrations in those following
vegetarian-based dietary patterns (100), and may contribute
to the observed attenuation of inflammation in vegetarian-
based groups. Phytochemicals, which tend to be more
plentiful in vegetarian-based eating patterns (100), may act
as antioxidant, antibacterial, antifungal, anti-inflammatory,
antiallergic, hypotensive, chemopreventive agents (11, 101),
and may modulate inflammatory and immune function
(11, 17, 18). Quantifying phytochemical intakes between
vegetarian and non-vegetarian groups may be a target for
future research.

Type and quantity of dietary fat intake may also influence
low-grade inflammation concentrations. Several studies have
linked dietary saturated fatty acids with increased serum
high-sensitivity CRP and fibrinogen levels (102, 103). Satu-
rated fatty acid intake is typically higher in non-vegetarian-
based dietary patterns due to the increased consumption
of animal-based products (100) and may contribute to
the increased concentration of serum CRP and fibrinogen
observed in non-vegetarian-based populations. Vegetarian-
based populations typically consume a greater proportion of
their dietary fat in the form of unsaturated fatty acids than
non-vegetarians (104), a trend that is inversely associated
with inflammation (105).

It is important to note that overweight and obesity are as-
sociated with elevated inflammation markers including TNF-
o and IL-6 (106). Vegetarian-based populations typically
exhibit lower BMIs than non-vegetarian populations (107),
which may in part account for the lower CRP, fibrinogen,
and total leukocyte concentrations in the vegetarian-based
than in the non-vegetarian-based populations observed in
this review.

Due to the limited number of studies, quantitative analysis
was not possible for many biomarkers in both observational
and intervention studies including interleukins (all), TNF-
o, NK cell activity, lymphocytes, neutrophils, monocytes,
eosinophils, basophils, IgG, IgA, IgD, IgE, and IgM. Fu-
ture research should concentrate on investigating potential
differences in these biomarkers with a particular focus on
immune biomarkers and function between dietary groups
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TABLE5 Overview of included studies reporting on biomarkers and significant differences between vegetarian-
and non-vegetarian-based dietary patterns in intervention studies’

Studies Differences between groups
Biomarker included (significance, P < 0.05)
Lymphocytes (80) 1 NS
Monocytes (78) 1 NS
Monocytes (CD14+) (78) 1 NS
Pan T cells (CD3+) (78) 1 NS
T suppressor cells (CD8+) (78) 1 NS
T helper cells (CD4+) (78) 1 NS
NK cells (78) 1 NS
Leukocytes (74, 80) 2 J inV group in 1/2 studies; NS 1/2 studies
Thrombocytes (74) 1 J inVgroup in 1/1 studies
CRP (72-74,76,77,79, 81) 7 J inV group in 4/7; NS 3/7 studies
TNF-a (75) 1 NS
Fibrinogen (73) 1 NS
Interleukins
IL-6 (76) 1 NS
Immunoglobulins
IgM (75, 80) 2 J inV group in 1/2 studies; 1 within V group in 1/2 studies;
IgA (75, 80) NS
19G (75, 80) J inV group in 1/2 studies; NS 1/2 studies

NS, not significant (P > 0.05); V, vegetarian-based.

given the encouraging, but limited, findings of this review,
which included lowered total leukocyte and lymphocyte (in
2 out of 4 studies) concentrations in addition to improved NK
cell activity in 1 out of 2 studies in vegetarian-based groups.
Interestingly, of the 2 out of 4 studies which reported lowered
total lymphocyte concentrations in vegetarian-based groups,
both lymphocyte counts were within normal reference ranges
[Haddad et al. (54): 3.04 & 0.83 x 10°/L, normal reference
range 1.170-4.698 x 10°/L (108); and Tungtrongchitr (69)
et al.: 30% and 33% white blood cells (median), normal
reference range 18-54% (108)]. If lymphocyte counts are re-
duced in vegetarian-based populations, yet NK cell cytotoxic
activity is improved, the overall effect on immune function
may be favorable. Further exploration of lymphocyte concen-
trations and NK cell activity in vegetarian-based populations
is required.

Although our review was comprehensive and systematic
in nature, some limitations must be noted. Our analysis was
limited by the small number of studies assessing the effect
of vegetarian-based dietary patterns on fibrinogen (n = 3)
and thrombocytes (n = 7) in observational studies, and on
CRP (n = 5) in intervention studies. Furthermore, cross-
sectional studies provide a high risk of bias and lower levels
of study quality (compared to RCTs) (37). However, inclusion
of cross-sectional studies was warranted in this review to
provide an estimate of vegetarian-based eating patterns and
their relation with a wide range of outcomes across a large
population sample. In the case of this review, many studies
used unit reporting methods which could not be converted
to a common unit, preventing their use in the meta-analysis,
had limited sample sizes, and often failed to control for risk
factors that may have influenced inflammatory markers (e.g.
BM]I, physical activity, and smoking status), which may have
increased the risk of bias in these studies. Moreover, many
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of the observational studies lacked detail on the types and
quality of diet in both vegetarian and non-vegetarian groups,
which presents challenges when interpreting the results of
these studies. As mentioned, there was substantial variation
between population groups and a small population sample
pool in the intervention study quantitative analysis, limiting
the generalizability of the results. Furthermore, it was unclear
if 3 of the intervention studies were randomized or not.

There are also several strengths of this review. This
meta-analysis is the first, to the authors’ knowledge, to
systematically and quantitatively assess the relation between
vegetarian-based dietary patterns and biomarkers of in-
flammation and immune status in both observational and
intervention studies. Previous studies have investigated the
effects of specific nutrients and foods on markers of low-
grade inflammation; however, nutrients and foods are seldom
eaten in isolation (13, 95). A further strength of this review
is that dietary patterns were considered as a whole, thereby
taking into account the complex synergistic and antagonistic
biochemical interactions, and enhancing the applicability of
the findings to real-life eating patterns (1).

Conclusion

This study systematically assessed the evidence from ob-
servational and intervention studies in order to compare
common biomarkers of inflaimmation and immune sta-
tus in vegetarian-based and mixed non-vegetarian dietary
patterns. Vegetarian-based dietary patterns appeared to be
favorable in all quantitative syntheses; however, results
should be interpreted with caution due to the limited
number of studies and substantial variation between studies.
Future research should focus on large-scale intervention
studies, exploring differences in immune function between



vegetarian-based and non-vegetarian-based groups. This is
justified given the increased consumption of “nonnutritive”
immune-modulating phytochemicals typically consumed in
vegetarian-based dietary patterns. Furthermore, because
it appears there are favorable inflammatory profiles in
vegetarian-based populations, it is plausible that immune
function may also be improved given the inherent link
between the two physiologic systems.
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