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ABSTRACT

Background: Inflammation is associated with an increased risk of
a range of chronic diseases. A diet high in fruit and vegetables may
help to reduce inflammation, as fruit and vegetables are rich sources
of antioxidants and other biologically active substances, which may
improve immune function.

Objective: To summarize the evidence, we executed a systematic
review and meta-analysis examining the effects of fruit and/or veg-
etable intake on inflammatory biomarkers and immune cells in hu-
mans with different diseases and conditions.

Design: Electronic databases including PubMed, Cochrane,
CINAHL, and EMBASE were systematically searched up to
March 2018.

Results: Eighty-three studies were included. Of these, 71 (86%)
were clinical trials, and 12 were observational studies (n = 10 cross-
sectional and n = 2 cohort). Amongst the observational research,
n = 10 studies found an inverse association between intakes of fruit
or vegetables and inflammatory biomarkers. Similarly, the majority
of the intervention studies (68%, n = 48) reported beneficial effects
of fruit or vegetable intake on > 1 biomarker of systemic or airway in-
flammation. A meta-analysis of included studies showed that fruit or
vegetable intake decreased circulating concentrations of C-reactive
protein and tumor necrosis factor-o« (P < 0.05) and increased the
y8-T cell population (P < 0.05).

Conclusions: In conclusion, this review suggests that higher intakes
of fruit and vegetables lead to both a reduction in proinflammatory
mediators and an enhanced immune cell profile. Am J Clin Nutr
2018;108:136-155.

Keywords: fruits, vegetables, antioxidants, inflammation,
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INTRODUCTION

The relation between oxidative stress, inflammation, and
the risk of a wide range of chronic health conditions has been
frequently described in the literature (1-3). Inflammation is
essential for protecting the body against insult and injury.

However, when inflammation becomes persistent, the mediators
produced by activated immune cells can lead to tissue damage
and development of disease (3). A chronic inflammatory state is
characterized by increased concentrations of circulating inflam-
matory biomarkers such as C-reactive protein (CRP), TNF-«,
and IL-6 (4). Therapeutic strategies that target reducing inflam-
mation have the potential to dramatically reduce the burden of
many chronic diseases.

Sufficient fruit and vegetable (F&V) intake is one of the
cornerstones of a healthy diet, and may provide protection
against cardiovascular disease (CVD), several cancers, and other
chronic diseases (5). F&Vs are rich dietary sources of various
immune-protective substances such as fiber, folate, vitamins, as
well as nonnutrient phytochemicals, including carotenoids and
flavonoids, such as B-carotene, anthocyanins, flavanols, and fla-
vanones (6). These substances can have profound effects on cel-
Iular growth and differentiation, and are needed for the optimal
functioning of the immune system (7).

Various studies have reported that a high F&V consumption
can decrease systemic inflammation (3). Some studies have ex-
amined the effect of F&V interventions on immune cell popu-
lations. Increased natural killer cell (NK cell) cytotoxicity and
lymphocyte proliferation have been reported following consump-
tion of different F&V juices (8—10). In addition, some epidemi-
ologic studies have also reported that F&V intake is inversely
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1.

fruit* OR vegetable* OR fruit and vegetable OR Mediterranean diet OR melon OR citrus OR
tomato OR apple OR grapes OR kiwifruit OR banana OR broccoli OR strawberries OR
spinach OR lettuce OR carrots OR pumpkin OR berries OR cherries OR mango OR barberry
OR pomegranate OR apricot OR watermelon OR pomegranate OR passion fruit

inflammation OR inflammatory marker OR inflammation mediator OR CRP OR c reactive
protein OR fibrinogen OR acute phase protein OR IL-* OR interleukin OR IL-6 OR tumour
necrosis factor OR tumour necrosis factor OR TNF-a OR E-selectin OR serum amyloid A
OR ICAM-1 OR intercellular adhesion molecule OR VCAM-1 OR vascular cell adhesion
protein 1 OR exhaled nitric oxide OR eNO OR feNO OR interferon OR IFN OR IFN-o OR
IFN-y OR immune OR immunity OR leukocytes OR white blood cells OR macrophages OR
neutrophils OR dendritic cells OR innate lymphoid cells OR mast cells OR eosinophils,
basophils OR natural killer cells OR lymphocyte OR T cells OR B cells OR T helper OR T

cell OR B cells OR T regulatory cell OR T helper cells OR antigen presenting cells

137

3. 1TAND2

4. Filters: human

FIGURE 1 Example of search strategy with the use of PubMed for studies investigating the effect of fruit and/or vegetable on inflammatory biomarkers and
immune cell population in humans. CRP, C-reactive protein; eNO, exhaled nitric oxide; feNO, fractional exhaled nitric oxide; ICAM-1, intercellular adhesion

molecule 1; IFN, interferon; VCAM-1, vascular cell adhesion protein 1.

associated with proinflammatory biomarkers, such as CRP (1, 11,
12) and TNF-« (13). However, there is heterogeneity in the lit-
erature and not all studies have reported beneficial effects (14,
15).

Although previous meta-analyses have assessed the relation
between F&V intake and risk of CVD (16) or other chronic dis-
eases such as type 2 diabetes (17), to our knowledge, there is no
comprehensive study that reviews the effects of F&V intake on
inflammation and immune cell populations. Hence, the aim of
this systematic literature review and meta-analysis is to evalu-
ate the association between F&V consumption and inflammation
and immunity. We specifically aimed to identify and examine the
available evidence for the effects of F&V intake on inflammatory
biomarkers and immune cell populations in humans.

METHODS

Search strategy

A systematic search of relevant papers published before
March 2017 was performed with the use of PubMed, Cochrane,
CINAHL, and EMBASE with the keyword search term only

(inclusion and exclusion criteria were not considered in the
search strategy). Studies were limited to humans with no time
restriction. In addition, the reference lists of retrieved articles and
relevant systematic reviews were searched to identify other rele-
vant studies. See Figure 1 for an example of the search strategy
used. The search was conducted again in March 2018 to ensure
that any relevant articles published after the initial search were
identified. The Medical Subject Headings search terms included:
fruit, fruit extract, vegetable, vegetable products, fruit and veg-
etable juices, inflammatory markers, IL, CRP, TNF-«, IL-6, im-
mune cells, T cells, NK cells, B cells, dendritic cells, lympho-
cytes, and antigen-presenting cells.

Study selection

This systematic review considered only original studies with
the following designs: randomized controlled trials, cohort
studies, case-control studies, before and after studies, and cross-
sectional studies. Animal models, in-vitro studies, systematic
reviews, narrative reviews, opinion papers, case studies, case
reports, and conference abstracts were excluded. Review articles
were collected for the purposes of reviewing the reference lists
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TABLE 1

Methodologic quality rating of each study as determined by the judgments of the authors!

First author (year) Q12 Q23 Q3* Q4 Qs Q6’ Q78 Q8° Q9'0 Qio"! QA
Amagase (2009) (25) Y Y Y N Y Y Y Y Y Y Pos
Vidal (2012) (52) Y Y Y Y Y Y Y Y Y ucC Pos
Guo (2014) (37) Y Y Y Y Y Y Y Y Y uc Pos
Karlsen (2010) (39) Y Y Y Y N Y Y Y Y ucC Pos
Kolehmainen (2012) (41) Y Y Y Y N Y Y Y Y Y Pos
Larmo (2008) (43) Y Y Y Y Y Y Y Y Y ucC Pos
McAnulty (2011) (45) Y Y N N N Y Y Y Y ucC Neu
Riso (2013) (47) Y N Y Y NA Y Y Y Y Y Neu
Basu (2014) (28) Y Y Y Y N Y Y Y Y Y Pos
Xie (2017) (55) Y Y Y Y Y Y Y Y Y Y Pos
Nilsson (2017) (58) Y Y Y Y Y Y Y Y Y ucC Pos
Duffey (2015) (59) Y Y Y Y N Y Y Y Y N Pos
Hosseini (2016) (2) Y Y Y Y Y Y Y Y Y Y Pos
Asgary (2013) (26) Y Y N Y N Y Y Y Y Y Neu
Davidson (2009) (33) Y Y Y Y Y Y Y Y Y ucC Pos
Shema-Didi (2012) (49) Y Y Y Y Y Y Y Y Y Y Pos
Sohrab (2014) (50) Y Y Y Y Y Y Y Y Y Y Pos
Han (2016) (38) Y Y Y N Y Y Y Y Y Y Pos
Tomé-Carneiro (2012) (51) Y Y Y Y Y Y Y Y Y ucC Pos
Castilla (2006) (31) Y Y Y Y N Y Y Y Y Y Pos
Zunino (2014) (54) Y Y Y Y Y Y Y Y Y Y Pos
Barona (2012) (27) Y Y Y Y Y Y Y Y Y ucC Pos
Bell (2014) (29) Y Y Y Y N Y Y Y Y Y Pos
Kelley (2013) (40) Y N N Y NA Y Y Y Y ucC Neu
Kent (2017) (56) Y Y Y Y Y Y Y Y Y ucC Pos
Buscemi (2012) (30) Y Y Y Y N Y Y Y Y Y Pos
Dalgard (2009) (32) Y Y Y N Y Y Y Y Y Y Pos
Sanchez-Moreno (2003) (48) Y Y N N NA Y Y Y Y ucC Neu
Deopurkar (2010) (34) Y ucC Y NA NA N Y Y Y Y Neu
Gammon (2014) (36) Y N Y Y N Y Y Y Y Y Neu
Hunter (2012) (53) Y Y Y Y Y Y Y Y Y ucC Pos
Dow (2013) (35) Y Y Y N N Y Y Y Y uc Neu
Leelarungrayub (2016) (44) Y Y N Y N Y Y Y Y ucC Neu
Kanellos (2017) (57) Y Y Y Y Y Y Y Y Y Y Pos
Nishizawa (2011) (46) Y N Y N Y Y Y Y Y N Neu
Kuntz (2014) (42) Y N Y N Y Y Y Y Y Y Neu
Bub (2003) (8) Y N Y N N Y Y Y Y ucC Neu
Ghavipour (2013) (4) Y N Y Y N Y Y Y Y Y Neu
Watzl (2003) (9) Y N Y Y Y Y Y Y Y Y Neu
Watzl (1999) (10) Y N N Y N Y Y Y Y uc Neu
Briviba (2004) (14) Y N Y Y Y Y Y Y Y ucC Neu
Watzl (2000) (15) Y Y Y Y Y Y Y Y Y uc Pos
Aalami-Harandi (2015) (60) Y Y Y N Y Y Y Y Y Y Pos
Riso (2014) (61) Y N Y Y NA Y Y Y Y uc Neu
Upritchard (2000) (62) Y Y Y Y N Y Y Y Y ucC Pos
Inserra (1999) (65) Y Y N Y NA Y Y Y Y Y Neu
Jin (2010) (3) Y Y Y Y Y Y Y Y Y Y Pos
Macready (2014) (6) Y Y Y Y N Y Y Y Y uc Pos
Baldrick (2012) (1) Y Y Y Y N Y Y Y Y Y Pos
Freese (2004) (11) Y Y Y NA N Y Y Y Y N Pos
McCall (2011) (12) Y Y Y Y NA Y Y Y Y Y Pos
Lamprecht (2007) (13) Y N Y Y Y Y Y Y Y ucC Neu
Bobe (2010) (63) Y Y Y Y N Y Y Y Y Y Pos
Hunter (2012) (64) Y Y Y Y N Y Y Y Y Y Pos
Knab (2013) (66) Y N Y Y N Y Y Y Y Y Neu
Knab (2014) (67) Y Y Y N N Y Y Y Y Y Pos
Lamprecht (2013) (68) Y N Y Y Y Y Y Y Y ucC Neu
Nadeem (2014) (69) Y Y Y Y NA Y Y Y Y Y Pos
Nantz (2006) (70) Y Y Y Y Y Y Y Y Y ucC Pos
Watzl (2005) (71) Y N Y NA Y Y Y Y Y ucC Neu
Williams (2017) (72) Y Y Y Y Y Y Y Y Y Y Pos
Wood (2012) (73) Y Y Y Y NA Y Y Y Y Y Pos
Romieu (2009) (23) Y Y Y Y N Y Y Y Y Y Pos

(Continued)
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TABLE 1

(Continued)

First author (year) Q12 Q23 Q3* Q4 Qs Q67 Q78 Q8 Q9'0 Qio"! QA
Holt (2009) (20) Y Y Y Y N Y Y Y Y Y Pos
Hermsdorff (2010) (74) Y Y Y Y N Y Y Y Y Y Pos
Lopez-Garcia (2004) (75) Y N Y Y N Y Y Y Y Y Neu
Root (2012) (76) Y Y Y Y N Y Y Y Y Y Pos
‘Wannamethee (2006) (77) Y N Y Y N Y Y Y Y Y Neu
Almeida-de-souza (2017) (22) Y Y Y Y NA Y Y Y Y Y Pos
Rowe (2011) (80) Y Y Y Y Y Y Y Y Y Y Pos
Kontiokari (2005) (24) Y Y Y Y Y Y Y Y Y uC Pos
Zunino (2013) (81) Y Y Y Y Y Y Y Y Y Y Pos
McAnulty (2014) (78) Y Y Y N N Y Y Y Y uC Pos
Nantz (2013) (79) Y Y Y Y Y Y Y Y Y ucC Pos
Bohn (2010) (82) Y N Y Y N Y Y Y Y Y Neu
Nantz (2012) (84) Y Y Y Y Y Y Y Y Y ucC Pos
Murashima (2004) (83) Y N N Y N Y Y Y Y Y Neu
Liu (2012) (85) Y N Y Y N Y Y Y Y ucC Neu
Gibson (2012) (5) Y Y Y Y Y Y Y Y Y Y Pos
Winkler (2004) (86) Y Y Y Y NA Y Y Y Y ucC Pos
Hendricks (2008) (87) Y N Y Y N Y Y Y Y Y Neu
Nettleton (2010) (88) Y Y Y Y N Y Y Y Y Y Pos
Kruzich (2004) (21) Y Y Y Y N Y Y Y Y Y Pos

N, no; NA, not applicable; Neu, neutral; Pos, positive; Q, question; QA, quality assessment; UC, unclear; Y, yes.

2Q1: Was the research question clearly stated?

3Q2: Was the selection of study subjects/patients free from bias?
4Q3: Were study groups comparable?

3Q4: Was the method of handling withdrawals described?

6Q5: Was blinding used to prevent introduction of bias?

7Q6: Were intervention/therapeutic regimens/exposure factor or procedure and any comparisons described in detail? Were intervening factors described?
8Q7: Were outcomes clearly defined and the measurements valid and reliable?

9Q8: Was the statistical analysis appropriate for the study design and type of outcome indicators?

10Q9: Are conclusions supported by results with biases and limitations taken into consideration?

11Q10: Is bias due to study’s funding or sponsorship unlikely?

and did not contribute to the final number of included studies.
The target study population was humans of all ages, genders, or
ethnicities, with any health status. The exposure of interest was
consumption of whole or extracted fruit or vegetables. The study
outcome measures were inflammatory biomarkers such as ILs,
CRP, and TNF-«, as well as markers of immune function such
as immune cell populations.

Citations from electronic databases were imported into the
referencing software Endnote X8. Two reviewers (BH and
AS) independently reviewed and evaluated all articles by ti-
tle and abstract, and thereafter performed independent full-
text assessments. A third independent reviewer (BSB) was
consulted in cases in which reviewers’ evaluations were not
in agreement.

Study quality

Eligible studies were assessed independently in terms of their
methodological quality by 2 reviewers (BH and AS) based on a
standardized critical appraisal checklist designed by the Ameri-
can Dietetic Association (18). The tool considered the reliability,
validity, and generalizability of the included studies. This tool
comprises 4 relevance questions that address the applicability
of the study findings to practice and 10 validity questions that
address scientific rigor, including risk of bias. Based on the re-
sponses to these questions as determined by the reviewers (BH

and AS), each study was rated as having negative, positive, or
neutral quality. The methodologic quality rating of the included
studies is detailed in Table 1.

Data extraction and study synthesis

Study details were extracted and recorded into a custom-
designed database. Data extracted included title, authors,
country, study design, participant characteristics, study factor
(e.g., dosage/dietary intake of fruits and vegetables), study
duration, main outcome measures, findings including statistical
significance, analysis with adjustment for confounding factors,
and limitations. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol was followed
during data extraction and study synthesis (19).

Statistical methods

A meta-analysis was performed to investigate the effects of
F&V intake on inflammatory biomarkers (CRP, TNF-«, and
IL-6) and immune cell population percentage («S-T cells, y§-
T cells, and NK cells) with Review Manager (RevMan, version
5.3, Nordic Cochrane Centre). Only studies that met the following
inclusion criteria were included in the meta-analysis: /) F&V in-
take reported; 2) the mean and SD, SE, or IQRs were reported; 3)
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Initial search (2017): n = 8704
Second search (2018): n = 149

Records after duplicates removed

n = 8323

HOSSEINI ET AL.

A 4

Abstracts retrieved for evaluation

n =295

Records excluded based on title n = 8028
- Outcome n = 5078
- Exposure/ intervention n = 2922

- Study design n = 28

v

Records excluded based on abstract n = 164
- Outcome n = 66
- Exposure/ intervention n = 72

- Study design n =26

A4

Full texts retrieved and reviewed

n=131

v

Records excluded based on full text n = 48
- Outcome n =28

» - Exposure/ intervention n = 20

Articles included in review

n =283

FIGURE 2 Search and inclusion process flowchart of studies for inclusion in a systematic review of the effects of fruit and vegetable intakes on inflammatory

biomarkers and immune cell population.

the OR or the relative risks and the corresponding 95% Cls were
reported. All reported SEs, 95% Cls, and IQRs were converted to
SDs. However, due to the differences in exposure and outcome as-
sessments, meta-analysis of all included studies was not possible.
Appreciable heterogeneity was assumed if I> > 50 and P < 0.1.
Meta-analysis was performed with the use of fixed-effect mod-
ellingif I> < 50, and random-effect modelling was used if I> > 50.
Included studies used different interventions; thus meta-analysis
was performed in studies with similar outcome measurements.
The inverse-variance statistical method was used, and the mean
difference (MD) and corresponding 95% ClIs were calculated.

RESULTS

Search results

A flow chart showing the article retrieval and inclusion process
is presented in Figure 2. A total of 8853 articles were identified

with n = 530 duplicates identified and excluded. The titles of the
remaining 8323 articles were reviewed with n = 295 retrieved for
abstract appraisal. Abstracts from 131 articles met the inclusion
criteria and full texts were retrieved for the further review. Eighty-
three articles met the criteria and were included in this systematic
literature review.

Study characteristics

The majority of studies (94%, n = 78) were performed in
adults (>18 y of age) with only 3 in adolescents (20-22) and 2 in
children (23, 24). In terms of study design, experimental was the
most common (86%, n = 71), with 10 cross-sectional studies and
2 cohort studies. A total of n = 5420 participants were included
in clinical trials with a mean intervention period of 85 d, ranging
from 6 h to 4 y. Overall, 17,710 participants were included from
cross-sectional studies, and 556 individuals with a mean follow-
up of 5.22 y from cohort studies. The methodological quality of
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Effects on inflammatory biomarkers
IL1-R1, IL-6, TNF-«; | NF-xB1 gene expression in

PBMC
| Plasma CRP and E-selectin

intake: <>
Greater variety of vegetable consumption: | serum

| Plasma concentrations of CRP, homocysteine, I[CAM1,
J Serum concentrations of CRP, IL-6, TNF-«
Fruit intake: | serum CRP concentrations; vegetable

Intervention
gs/d; vegetables: <3 vs. >3 servings/d

Highest vs. lowest quartile

Highest vs. lowest tertile
Fruit: <2 vs. >2 servin,
<1/wk vs. >7/wk

Age,y
20.8+2.6
43-69
18-85
60-79

Population, n
Healthy, 120
Healthy, 732
Healthy, 1000
Healthy, 3258

Design
Translational
Cross-
sectional
Cross-
sectional
Cross-
sectional

Country
USA
UK

Spain
USA

an

(75)
Root (2012) (76)

TABLE 2
(Continued)

First author (year)
Hermsdorff (2010) (74)
Lopez-Garcia (2004)
‘Wannamethee (2006)
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n = 55 studies was positive. These studies were methodologi-
cally strengthened by their use of random allocation to the in-
tervention and control group or treatment arm (cross over trials),
double blinding, and comparability of study group; n = 28 stud-
ies were neutral. Factors that limited the methodologic quality of
the studies rated as neutral included, insufficient detail provided
regarding the study inclusion/exclusion criteria, group compara-
bility, intervening factors, and data collection and analysis. No
study was excluded due to negative quality.

Effects of fruit and vegetable intake on systemic/airway
inflammatory biomarkers

concentrations of CRP, IL-6 and overall inflammatory

score; fruit variety: <>

Fruit only

Thirty-six experimental trials (2, 8, 25-58), and one cross-
sectional study (59) assessed the association of fruit intake and
inflammatory biomarkers and circulating concentrations of high-
sensitivity CRP (hsCRP), TNF-«, IL-6, IL-8, soluble vascular
adhesion molecule-1 (sVCAM), soluble intercellular adhesion
molecule-1 (SICAM), or E-selectin (Table 2). Fruit intake was re-
ported to have beneficial effects on at least 1 marker of systemic

EBZYELEE
2823 é e
& £ g =3
o= 30 E g =&
z3 2 &8¢
525382
S5 2-37 2%
SES B8 T
O S Q2SS =2
L9 22 i =] M’
§e%ggad
Oo=Sg82kE
sSYEEZY
v T 2 3 8 =
2zsES=3
O 2 =857 B2
2z T &S
Sg=Ezg 8 g
2E 2% o
S o ;8 H .S
EEEL LY
=82 3<S
2 90 .0 &
o %‘3 D
$3222%7
© 5§ X oxg = g
=1 c Q o g
5252 < ©c =
2 5= 8.EZ o
S & & O s =
=) L = >0 2
e H3S 52
E>=273 5 2
S .o 9 -
£ A &5 &3
S U o =
=<9 ==5%
o9 Q .= QO
aEgT =g ay
[T R A = IR
CPEUEE™”
O>8fg 8 o
B R S 3
SES 5 ESB g
£272 25 8 é 8 inflammation such as hsCRP or TNF-« in most of the studies (2,
= = S =
C‘; '*: £ESR £ ° 8,25,27,29-32,35-41, 43-46, 48-51, 59), although some stud-
O & % é g ~ 'z = ies (26, 28, 33, 34, 42, 47, 52-58) found no significant effects.
= 5 & 228 ‘é i The type of fruits investigated varied, and included berries, such
N "2‘5 EE2 % % 58 as strawberries, blueberries, or barberry (n = 12) (25, 28, 37, 39,
= °Sz2SELEZES 41, 43,45, 47,52, 55, 58, 59), pomegranate juice (26, 33, 49, 50)
S SEE2wsSETS
Z A g £ 22 or extract (2) (n = 5), grape products such as grape extract (38,
g 25 § S B EEy 51), powder (27, 54) or juice (31), and cherries (29, 40, 56). Other
- S > o 4 . . . . PR
¢ .“é =824 iﬁ s 8 studies examined whether consumption of mixed-fruit juice (8,
g £2 8y § a5 2 42), orange juice (30, 32, 34, 48), kiwifruit (36, 53), grapefruit
5 ST EOTA AT . -
é" J % o Z — f-g = (35), star fruit (44), raisins (57), or lychee extract (46) benefi-
S . & @ . . . .
o é SE3 5 S £ cially altered circulating concentrations of hsCRP, TNF-¢, IL-6,
g o ¥ ‘q‘% 2= -2 IL-8, sVCAM, sICAM, or E-selectin.
Q « . . o e
2E2c2823 Amagase etal. (25) examined the effects of daily barberry juice
@m‘gggg.i‘,ﬁ . f X d d that the i .
% EEZ2EZ a0z on immune function, and reported that the intervention group
(\‘1 2 g ?D = E, oEZ had significantly decreased serum concentrations of IL-2 com-
- ) = .
g E28°93 § pared to baseline and the control group, whereas serum concen-
SE2EL&rao tration of IL-4 was not altered by the treatment. In contrast, a
52555334 of L4 y - In contrast,
o ; q:» £ E % ot g B 3-mo trial by Vidal et al. (52) found that there was no difference
< 5 = het E 8 gy = g in CRP, IL-6, or orosomucoid following barberry supplementa-
= & B - - 8 tion compared to placebo. Guo et al. (37) described a 4-wk trial
= .. 9 O . .. . .
£ B E 83 Lz) _E = % comparing bayberry juice with placebo and reported the inter-
é z > 248 g ﬁ vention group had significantly lower plasma concentrations of
:L 2 E E 5 ; o5 TNF-« and IL-8 compared to placebo. Similarly, 2 studies (39,
—_ = =N = . . . . .
L& |FE 3 % 2 583 41) showed that supplementation with bilberries resulted in de-
g 3 g b § ﬁ % 'g _§ g creased CRP and IL-6; however, plasma concentration of TNF-«
7 LN S g : . . . . . .
o} E32x g 5 g 5 unexpectedly increased following bilberry intervention in 1 study
ST SEEsSEY (39). In another trial by Larmo et al. (43) consumption of frozen
_ 52288 xn0 > . .
s, SRCEZAX Z sea buckthorn berries for 90 d significantly decreased serum con-
§ 28 '!% E % 28 = centrations of CRP compared to the baseline and placebo. Two
=~ El § ‘é <§t “ é % g studies (45, 47) reported that blueberry intervention did not re-
g "g S d g gz g duce plasma concentrations of CRP, IL-6, TNF- o, and sVCAM.
B 23 SE73 LZ) § 5 One study assessed the effects of strawberries on biomarkers of
= @ el . . . .
E g g E g 2 = N inflammation, and showed no significant change on blood con-
é a |z £ -“-; = §-'° £ § centrations of hsCRP, sSICAM, and sVCAM (28). Two studies
S8 23 2 % &2 8 ; reported no significant changes in IL-6, CRP, IL-18, or TNF-«
‘D 5 - d ;_.% < N § — . . . B _
5 S a Ee2g 588 following consumption of berry extract (55) or mixed-berry bev
S04 &aFH

erage (58). A cross-sectional study by Duffey et al. (59) reported
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 85% CI
Aalami-Harandi 2015 (60) -1.42 267 22 136 045 22 34% -278[-3.91,-169)
Baldrick 2011 {1} 071 4452 29 -076 592 29 07% 1.47[1.24,4.18] -
Basu 2014 (28) 1.2 08 14 18 &8 18  06% -300F587,-003 ————
Basu 2014 (28) -0.2 183 15 18 458 15 05% -2.00[508,1.09] O e e
Buscemi 2012 (30) -1.6 261 19 -0.7 296 19  1.5%  -0.90[267 0.87] S v R
Davidson 2009 (33) -038 021 146 008 037 143 190% -0.45[052 -0.38] .
Do 2013 (35) -0.1 2.06 3T n4 28 32 32% -0.50[1.68, 068 T
Freese 2004 {11} -1.92 504 19 -1.8 814 19 03% -012[4.42 418
Guo 2014 (37) -01 238 44 0 248 43 40%  -0D10[1.12,092) =
Kanellos 2017 (57) 08 356 22 05 374 14 08% 0.30 [-2.1B, 2.76] e
Kent 2017 (86) 01 23 24 0 335 25 1.8% 010 [1.50,1.70] S G
Kolehmainen 2012 (41) 006 1.37 11 -071 198 13 25% 077058, 2137 T o
McCall 2011 (12) -0.32 1.37 35 -013 167 29  B2% -019[085 057] o g
McCall 2011 (12} -0.92 1.31 34 -013 1.67 29  B.3% -0.79[1.54,-0.04] =
Riso 2013 (47) -0.02 024 18 006 0.24 18 17.7%  -0.08[-0.24,0.08]
Riso 2013 (47) -0.08 022 17 0 013 17 184%  -0.08[-020,0.04]
Sohrab 2014 (50) -1.45 3.33 22 071 22 22 1.7%  -0.74[F241,0493 R O O
Tomé-Carneiro 2012 (51) o 3z 24 D4 548 25 07% -0.40[303, 223 ——
Tomé-Carneiro 2012 (51) -1.3 445 25 0.4 605 25 06% -1.70[4.64,1.24] - T Tt
Tomeé-Carneiro 2012 {51) 01 308 25 0.4 605 25  07%  -0.30[2.986, 2.36] I Fa—
Tomé-Carneiro 2012 (51) -08 45 24 D4 548 258 06%  -1.20F4.11,1.71] —
Widal 2012 (52) nos 29 65 001 2496 B8 41% 0.08[-0.92,1.08] S
Widal 2012 {52} 0.04 277 78 001 294 78 AT% 0.03[-0.88, 0.94] N
Total (95% CI) 769 747 100.0% -0.33[-0.56, -0.10] 4
Heterogeneity: Tau®= 0.07, Chi®*= 63.39, df= 22 (P = 0.00001); F= 68% 54 12 b % i

Test for overall effect: Z= 2.81 (P = 0.005)

Intervention Control

FIGURE 3 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on circulating C-reactive protein concentrations
(milligrams per liter). Values are mean differences with 95% Cls determined with the use of generic IV random-effects models. Heterogeneity was quantified

by 2 at a significance of P < 0.10. IV, inverse variance.

that consumption of cranberry juice was significantly associated
with lower CRP concentrations.

We have previously investigated the effects of pomegranate
extract consumption on inflammation (2), and reported that
pomegranate extract intervention for 30 d reduced plasma CRP
and IL-6. Similarly, consumption of pomegranate juice resulted
in reduction of plasma IL-6, TNF-«, and CRP concentrations
in 2 studies (49, 50). However, some studies (26, 33) did not
observe any changes in circulating inflammatory biomarkers,
such as hsCRP, intercellular adhesion molecule-1 (ICAM-1),
vascular adhesion molecule-1 (VCAM-1), and IL-6, following
pomegranate juice consumption. Three studies reported signif-
icantly decreased concentrations of TNF-« (38), CRP (51), or
monocyte chemotactic protein-1 (MCP-1) (31) following grape
supplement intervention. In contrast, intake of grape powder for
9 wk had no significant effect on blood CRP concentration (54).
In another trial by Barona et al. (27) consumption of grape pow-
der for 4 wk increased expression of inducible nitric oxide syn-
thase (iNOS) and IL-10. However, no significant changes were
observed in any inflammatory biomarkers, such as IL-6 and TNF-
o.

Interventions to increase cherry consumption reduced circu-
lating concentrations of IL-6 and hsCRP, compared with control
groups in 2 studies (29, 40); however, 1 study reported no signif-
icant change in plasma CRP and IL-6 concentrations (56). Four
trials examined inflammatory responses following orange juice
intake, with 3 showing a protective effect against systemic in-
flammation (primarily hsCRP, IL-6, or prostaglandin E2) (30, 32,
48). However, Deopurkar et al. (34) found no effect in a similar
orange juice intervention trial.

Gammon et al. (36) described a 4-wk trial of 2 green
kiwifruit/d plus healthy diet compared with healthy diet, and

reported that kiwifruit resulted in a significant reduction in serum
concentrations of CRP and IL-6. In another trial by Hunter et al.
(53), no significant difference was observed in the serum concen-
tration of hsCRP between those who received kiwifruit compared
with those who received bananas daily for 4 wk.

Three studies investigated the effects of consumption of grape-
fruit (35), star fruit (44), or lychee extract (46), and all showed a
significant reduction in either hsCRP or TNF-a compared with
placebo. No changes in plasma concentrations of CRP and lep-
tin were reported in a raisin intervention study (57). Two trials
assessed the effects of mixed-fruit juice intake on IL-2, IL-6, IL-
8, CRP, or TNF-«. One study (42) did not observe any changes,
whereas the other (8) reported a significant increase in IL-2 se-
cretion by activated lymphocytes compared with baseline.

Vegetables only

Eight trials (4, 9, 10, 14, 15, 60-62) examined anti-
inflammatory responses to increased vegetable intake, with
3 showing a protective effect on inflammation including reduced
hsCRP, TNF-«, and IL-6 (4, 60, 61) (Table 2). In a 9-wk trial
(60), intake of garlic supplements decreased serum concentra-
tions of CRP compared to placebo. In another trial (14), no
change in TNF-o was observed following a low-carotenoid diet
supplemented with a tomato extract for 2 wk. Daily consumption
of tomato juice also had no significant effect on CRP, IL-2, IL.-4,
and TNF-a (9, 10, 15, 62). In contrast with these findings, we
previously showed that supplementation with tomato juice for
20 d resulted in a significant reduction in serum concentrations
of IL-8 and TNF-« compared to placebo and baseline (4). In
another study (61), 10-d broccoli consumption significantly
decreased plasma CRP concentrations.
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Briviba 2004 {14) -0.6 1.89 15 04 302 15 7.2% -1.00 [-2.80, 0.80] IR s TR [
Buscemi 2012 (30} 0.08 078 19 -0.25 078 19 12.3% 0.33[0.17,0.83] S
Ghavipour 2013 (4) -8.25 218 53 008 014 53 1.3% -8.33[14.23,-243] ¥——
Han 2016 (38) -2 406 26 -0.63 33 24 B4% -1.37 [-3.42, 0.68] O T TR
Han 2016 (38) -0.78 362 26 -063 331 24 6.8% -0.15[-2.07,1.77] ]
Knab 2014 (67) -012 219 9 -0.07 1.62 9 7.3% -0.05[-1.83,1.73] =
Lamprecht 2007 (13) -0.82 12 21 027 128 21 11.4% -1.09[-1.84,-0.34] T
Lamprecht 2013 (68) -0.63 077 21 122 076 20 124%  -1.85[-2.32,-1.38] e 2
Leelarungrayub 2016 (44)  -2.11  1.56 28 035 1.18 29 116% -246[317,-1.75] T
Riso 2013 (47) 002 027 17 006 024 17 1289% -0.04 [-0.21,0.13] i
Sohrah 2014 (50) -6.6 26.03 22 =52 272 22 02% -1.40F17.13,14.33] ¢ »
Tomeé-Carneiro 2012 (51) 22 152 25 -1 1475 25  07%  3.20[5.10,11.50] * >
Tomeé-Carneiro 2012 (51) 1.3 148 25 1.3 1475 25 07% 260[559 1079 ¢ >
Tomé-Carneiro 2012 {(51) -1 213 25 -1.3 1475 25 0.5% 0.30 [-9.86, 10.46] + 5
Tome-Carneiro 2012 (51) -3.2 207 25 -1 1475 25 05% -220[12.16,7.76] * *
Zunino 2013 (81) -0.18 29 24 -005 286 24 T8% -0.13 [1.76, 1.50] —M =
Total (95% CI) 382 377 100.0% -0.87 [-1.59, -0.15] i
Heterogeneity: Tau?=1.04; Chi*= 106.66, df=15 (P = 0.00001); I*= 86% _14 52 3 é j‘

Test for overall effect: 2= 2.36 (P = 0.02)

Intervention Control

FIGURE 4 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on circulating TNF-o (pg/mL). Values are
mean differences with 95% CIs determined with the use of generic IV random-effects models. Heterogeneity was quantified by /> at a significance of P < 0.10.

1V, inverse variance.

Fruit and vegetables

Twenty-five studies, including 17 experimental trials (1, 3, 6,
11-13, 63-73), 1 cohort (23) and 6 cross-sectional studies (20,
22, 74-77), assessed the effects of F&V intake on systemic or
airway inflammation (Table 2). One cohort (23) and 5 cross-
sectional studies (20, 22, 74-76) reported that F&V intake was
inversely associated with circulating concentrations of inflamma-
tory cytokines, such as CRP, IL-6, and TNF-«. Wannamethee et
al. (77) reported that fruit intake was significantly associated with
lower plasma CRP concentrations, though vegetable intake was
not. The majority of experimental trials (3, 6, 13, 63, 65, 68-73)

(66%, n = 11) reported a significant reduction in systemic in-
flammation as indicated by inflammatory biomarkers including
hsCRP, TNF-«, IL-6, and E-selectin following F&V consump-
tion, whereas 6 trials (1, 11, 12, 64, 66, 67) found no effect of
F&V intake on systemic or airway inflammation.

Studies on the effects of F&V intake on immune cell
populations
Fruit only

Twelve experimental trials (8, 25, 45, 46, 52-54, 78-82) ex-
amined the effects of fruit intake on immune cell function, and

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Buscemi 2012 (30) -33 366 19 -1 409 19 06% -230[477,017] ¢
Han 2016 {38) -0.15 458 26 026 547 24 0.4% -0.41[3.38 256
Han 2016 {38) 171 453 26 026 5497 24 0.4% -1.97[4.93 099 ¢
Kent 2017 (56) 01 39 24 2 645 25 04% -1.90[4.87.1.07] ¢
Knab 2013 (66} 0.03 0.38 9 014 045 9 240% -0.11[-0.49 027 —=
Knab 2014 (67} -0.04 0.56 16 0 043 17 246% -0.04 [0.41,0.33] —a
Kolehmainen 2012 {41} -0.32 1.2 13 002 078 13 56% -0.34[1.12 044] I N
Kuntz 2014 {(42) -0.32 1.2 30 -0.07 153 30 7.0% -0.25[0.95 0.45) T
Kuntz 2014 (42) 013 1.97 30 -007 143 30 43%  0.20 F0.69, 1.09] R . R
Milsson 2017 (58) o 1.37 39 01 137 39 9.2% -010[F071,051] . PR
Nishizawa 2011 (4B) ST 246 10 -0.08 177 10  1.0% -1.68[3.56, 0.20] T
Riso 2013 {(47) 017 2.02 17 -016 177 17 21%  0.33[0895 1.61] ]
Riso 2013 {(47) 0 1.65 18 -05 169 18 29% 0.A50[0589 1.59) 7
Shema-Didi 2012 {(49) -2.06 463 o] 06 579 35 07% -266[4.88-044 &———————
Sohrab 2014 (50) -36 703 22 -06 20.26 22 0.0% -3.00[11.96, 596 + *
Tomeé-Carneiro 2012 (51) 01 1.7 25 0.1 1.8 25  36%  0.00[097 047] T,
Tomé-Carneiro 2012 (51) 01 1.7 25 02 185 25 33% -010[1.11,081)] —
Tomeé-Carneiro 2012 (51) 0 205 25 0.1 1.8 25 3.0% -010F1.17,087] R T
Tomeé-Carneiro 2012 (51) o 21 25 0.2 185 28 27% -0.20[1.32,00852] T
Widal 2012 (52) 017 4.48 75 002 433 78 1.7% 0.15[1.28 158 —
Widal 2012 (52) 003 424 75 a 45 78 1.7%  003[F1.37,.143] —
Zunino 2013 (81) 036 3.47 24 -006 367 24 08% 0.42[1.60 244
Total (95% Cl) 639 606 100.0% -0.12[-0.31,0.06] q

Heterageneity: Chi*=17.37, df= 21 (P = 0.69);, F=0%
Test for overall effect: Z=1.31 (P=0.19)

4 -2 0 2 4
Intervention Control

FIGURE 5 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on circulating IL-6 (pg/mL). Values are mean
differences with 95% Cls determined with the use of generic IV random-effects models. Heterogeneity was quantified by /2 at a significance of P < 0.10. IV,

inverse variance.
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Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Nantz 2006 (70) 1.7 311 31 -0.2 333 28 28.2% 1.90[0.25, 3.55] —
Nantz 2012 (84) 386 2.34 22 1.2 1.24 23 36.1% 2.66 [1.56, 3.76] —a—
Rowe 2011 (80) 0.81 259 40 0.3 252 38 356% 0.51 [[0.62, 1.64] —T
Total (95% CI) 93 89 100.0% 1.68 [0.29, 3.07] e R
Heterogeneity: Tau?=1.08; Chi*=7.20, df= 2 (P = 0.03); F=72% 54 52 5 é i

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

Control Intervention

FIGURE 6 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on y§-T cell population percentage. Values are
mean differences with 95% Cls determined with the use of generic IV random-effects models. Heterogeneity was quantified by /> at a significance of P < 0.10.

1V, inverse variance.

1 study (24) assessed whether fruit intake can beneficially affect
respiratory bacterial flora (Table 3). Nine studies (8, 45, 46, 54,
78-82) reported that fruit consumption induced beneficial alter-
ations in immune cell function, whereas some studies (24, 25, 52,
53) found no effect (on immune cell populations). More than 50%
of studies (n = 7) (24, 25, 45, 52,78, 79, 81) examined the effects
of different kind of berries, mostly cranberries and blueberries,
on immune cell function. Other studies tested the hypothesis that
consumption of grapes (54, 80), kiwifruit (53, 82), lychee extract
(46), or mixed-fruit juice (8) can modify immune function.

Two studies (45, 78) found that intake of blueberries increased
the NK cell population. In another trial by Nantz et al. (79) in-
take of a low-calorie cranberry beverage increased the prolifera-
tion index of y §-T cells. In agreement with these findings, Bub et
al. (8) found that fruit juice consumption significantly increased
lymphocyte proliferative responses as well as the lytic activity of
NK cells. In another study (81), consumption of strawberries for 3
wk was found to increase the production of TNF-« by the mono-
cyte population after stimulation with LPS, which may improve
the effectiveness of an immune response to invading pathogens.
In contrast, 3 studies examining consumption of either barberries
(25), goji berries (52), or kiwifruit (53) found no significant effect
on immune cell proliferation. Similarly, consumption of lychee
extract (46) for 2 mo did not change proliferation of neutrophils
or lymphocytes; however, total white blood cell counts were mod-
ified. Increased numbers of circulating y§-T cells were reported
following grape juice consumption for 9 wk (80). In contrast, in
another trial (54) consumption of grape powder for 9 wk did not
affect the immune cell population; however, a significant increase
in the production of IL-6 and IL-18 was reported in LPS-activated
monocytes.

In terms of other effects on immunity, adding kiwifruits daily
to a regular diet resulted in upregulation of 11 genes involved in
immune-related processes compared to baseline and control (82).

Also, composition of respiratory bacteria was not altered after
cranberry juice intake for 3 mo (24).

Vegetables only

Seven studies (9, 10, 14, 15, 83-85) examined immune cell
populations following vegetable intake, with n = 3 showing mod-
ulation of immune cell function (9, 10, 84) (Table 3). In a 3-mo
trial (84), intake of garlic supplements increased proliferation of
NK cells and y§-T cells compared to placebo, whereas garlic had
no effect on immune cells in another supplementation study (85).
Watzl et al. (10) found that carotenoid depletion decreased prolif-
eration of peripheral blood mononuclear cells (PBMCs). In one
study (9), supplementation with tomato juice increased lytic ac-
tivity of NK cells, although no effects were seen in other studies
investigating tomato extract (14) and tomato juice (15). In addi-
tion, no beneficial effect was observed on immune cell function
following consumption of broccoli (83).

Fruit and vegetables

Twelve studies, including 8 experimental trials (3, 5, 65, 67,
70, 71, 82, 86), 1 cohort (87) and 3 cross-sectional studies (21,
76, 88), assessed the effects of F&V intake on immune cells
(Table 3). More than 60% of studies (n = 7) showed a beneficial
association of F&V consumption and function of immune cells
(5, 65,70, 76, 82, 86, 87). Bghn et al. (82) reported upregulation
of genes involved in the immune-related processes following
consumption of a high antioxidant diet (>5 servings of F&V/d)
compared to baseline and a control group. In 3 studies (65,
70, 86), increased proliferation of lymphocytes were observed
in the group supplemented with F&V extract compared to
placebo. Similarly, a prospective study (87) of 348 HIV-positive
adults reported that F&V intake was correlated with number

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Nantz 2006 {70) 1.3 B8.46 3 2.3 11.95 28 0.2% -1.00[6.33 4.33] {
Nantz 2012 (84) -016 037 22 -016 043 23 99.8% 000[0.23, 023
Total (95% Cl) 53 51 100.0% -0.00[-0.24, 0.23]

Heterogeneity: Chi*=0.13,df=1 (P=0.71), F=0%
Test for overall effect: Z= 0.02 (P = 0.99)
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FIGURE 7 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on o 8-T cell population percentage. Values are
mean differences with 95% Cls determined with the use of generic IV random-effects models. Heterogeneity was quantified by /> at a significance of P < 0.10.

1V, inverse variance.
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Amagase 2009 (25) 004 0.21 30 0 016 30 956% 0.04[-0.05013]
Nantz 2012 (84) 0.33 089 22 015 057 23 4.4% 0.18[-0.26,062)
Total (95% Cl) 52 53 100.0% 0.05[-0.05,0.14]
Heterogeneity: Chi*=0.37, df=1 (P=0.54), F= 0% 2 .2 b :1

Test for overall effect: Z=0.98 (P=0.33)

t
2
Control Intervention

FIGURE 8 Forest plot of randomized controlled trials investigating the effects of fruit and vegetable intake on NK cell population percentage. Values are
mean differences with 95% CIs determined with the use of generic IV random-effects models. Heterogeneity was quantified by I at a significance of P < 0.10.

1V, inverse variance.

of CD4+ T lymphocyte cells. A cross-sectional study by Root
et al. (76) showed that fruit intake was inversely associated with
white blood cell count (WBC), although, they did not find any
association between vegetable intake and WBC. In contrast, 5
cross-sectional studies (3, 21, 67, 71, 88) found no significant
association between F&V intake and immune function.

Findings from meta-analysis

Through the use of meta-analysis, we examined changes in cir-
culating concentrations of the most commonly evaluated inflam-
matory biomarkers, including CRP, TNF-«, and IL-6, following
F&YV intervention. Higher F&V intake was correlated with lower
blood concentrations of CRP (MD: —0.34; 95% CI: -0.58, -0.11;
P <0.01; > = 71%) (Figure 3) and TNF-o (MD: -0.87; 95% CT:
-1.59,-0.15; P = 0.02; I> = 86) (Figure 4). However, the meta-
analysis showed F&V intervention did not have a significant
effect on IL-6 concentrations (MD: —0.12; 95% CI: -0.31, 0.08;
P =0.2; P = 0) (Figure 5). Changes in immune cell populations
following F&V consumption were also analyzed. F&V intake
was associated with a higher percentage of y3-T cells (MD: 1.68;
95% CI: 0.29, 3.07; P = 0.02; I> = 72) (Figure 6), although F&V
intake had no significant effect on other immune cell populations
(Figures 7 and 8). No meta-analysis was possible on the
observational research, as the studies used heterogeneous
methods in reporting outcomes of interest.

DISCUSSION

This systematic review and meta-analysis supports the epi-
demiologic evidence that higher consumption of F&V is asso-
ciated with reduced inflammation. We found that the majority of

CRP -

IL-6-

Inflammatory outcome

->
TNF-a- e
B e

studies (n = 56; 71%) reported protective effects of F&V intake
on inflammation or immune function. The meta-analysis showed
that higher intake of F&V is associated with lower concentrations
of CRP and TNF-« (P < 0.05) (Figure 9). The effect of F&V in-
take on immune cell function was less clear due to the limited
number of available studies; however, meta-analysis showed that
higher consumption of F&V was associated with an increased
y8-T cell population (P < 0.05) (Figure 10).

Chronic systemic inflammation leads to reduced human life
span, because it increases the prevalence of various diseases
predominantly found in developed countries, including obesity
(4), diabetes (50), and some cancers (63). The ability of F&V
to protect against the development of these chronic conditions
is well documented (3, 16, 17, 89, 90). The mechanisms of pro-
tection are not yet clear; however, there are numerous beneficial
nutrients in F&V that have antioxidant and anti-inflammatory
properties, such as carotenoids, vitamin C, vitamin E, flavonoids,
and soluble fiber. Individually these nutrients have been shown
to be protective against systemic inflammation. For example, a
cross-sectional study (77) of 3254 elderly participants found an
inverse association between vitamin C intake and plasma CRP
concentrations. Similarly, in another study, high plasma vitamin
C concentrations were correlated with a reduced circulatory CRP
concentration (91). Another study reported that supplementation
with vitamin E (800 IU/d) significantly decreased CRP con-
centrations in diabetic patients (62). Hence, it is likely that the
positive effects of F&V can be attributed to the combination of
these nutrients and subsequent displacement of proinflammatory
nutrients from the diet, such as dietary fat.

Epidemiologic data across the general population has demon-
strated that plasma lycopene and B-carotene were inversely
associated with inflammatory biomarkers, including CRP and

N(n) Mean Difference,  Heterogeneity Overall

95% CI ) effect
1516 -0.33(-0.58,-0.10) 68% P<0.01
(16)
759 -0.87 (-1.59, -0.15) 86% P<0.05
(12)
1245 -0.12 (-0.31, 0.06) 0% P>0.05

(15)

-1.0 -0.5 05 10
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FIGURE 9 Opverall effects of fruit and vegetable intake on inflammatory biomarkers. CRP, C-reactive protein; N, number of participants included in the

meta-analysis; 7, number of studies included in the meta-analysis.
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FIGURE 10 Overall effects of fruit and vegetable intake on different immune cell population percentage. N, number of participants included in the meta-
analysis; n, number of studies included in the meta-analysis; NK cells, natural killer cells.

sICAM (92). In addition, consumption of carotenoid-rich food
has been shown to reduce systemic inflammation in overweight
and obese people (4). In another study, lycopene inhibited TNF-
a—induced endothelial ICAM expression (93). Flavonoids are
a group of polyphenols found in F&V with antioxidant and
anti-inflammatory effects (94). Short-term supplementation of
pure flavonoids, including quercetin and epicatechin, decreased
IL-18 and E-selection (95). The exact mechanism by which
flavonoids inhibit inflammation is not clear. It has been suggested
that quercetin, in particular, inhibits both cyclo-oxygenase and
lipoxygenase activities, thus diminishing the formation of inflam-
matory metabolites (96). Another immune-protective compound
of F&V is fiber. Recently, we reported that dietary fiber was in-
versely associated with airway inflammation (97). In line with
these findings, several studies in the general population reported
that dietary fiber intake was inversely related to systemic inflam-
mation (98, 99). It has been suggested that dietary soluble fiber in-
take can modulate inflammatory responses, due to production of
short-chain fatty acids, which activate the free fatty acid receptors
G protein—coupled receptor 41 and 43 (GPR41 and GPR43), and
inhibit histone deactylases, with both of these mechanisms having
anti-inflammatory actions (100, 101). Since various phytochem-
icals have mutually beneficial effects, it has been suggested that
combinations of such nutrients, found in F&V, can enhance their
roles in immune responses to inflammation (102).

To our knowledge, the present systematic literature review
and meta-analysis is the first to assess the effects of F&V con-
sumption on inflammation and immune function. Previous meta-
analyses have investigated the effects of F&V intake on the risk
of chronic diseases such as type 2 diabetes (89, 90), and coronary
heart disease (16). A meta-analysis of 5 clinical trials (103) as-
sessed the effects of pomegranate juice consumption on plasma
CRP concentrations, and showed no significant effect, which may
be a result of the small number of studies.

The strengths of this review include the broad systematic lit-
erature search, defined inclusion criteria and clear approach to
collecting data, thorough assessment of the evidence, inclusion
of studies with various designs, and meta-analysis. Furthermore,
all studies were assessed for quality and validity.

However, our study has some limitations worth noting that are
common to analysis of dietary interventions. First, the included
studies were heterogeneous with respect to the intervention or the
diet exposure, design, study size, and duration of follow-up. Some
studies assessed the effects of specific types of F&V, whereas oth-
ers investigated the effects of total F&V intake. However, this

limitation has been addressed by presenting the results according
to study exposure. The meta-analysis was also performed based
on the intervention employed. Second, dissimilar populations in
terms of age and health condition were observed among the stud-
ies. Some studies were performed in healthy populations (11, 14,
25, 34), whereas other studies were conducted in patients with
type 2 diabetes (50), metabolic syndrome (27), high blood pres-
sure (26), high risk of CVD (30), or in other conditions such as
pregnancy (60). Due to the limited number of studies available
for inclusion in the meta-analysis, separating the analysis accord-
ing to health status was not possible. Moreover, different studies
used different methods of dietary assessments, such as 24-h re-
call, food record, or food-frequency questionnaire. Finally, the
possibility of publication bias exists, as studies with positive find-
ings are more likely to be published.

In conclusion, this systematic review of the literature suggests
that a higher intake of F&V decreases inflammation, and also en-
hances immune cell populations. These findings support recom-
mendations to increase F&V intake for the primary prevention of
many chronic diseases. However, well-designed randomized con-
trolled trials are needed to confirm our results. Future research is
also required to explore potential mechanisms underlying the ob-
served associations.

The authors’ responsibilities were as follows—BH, BSB, and LGW: de-
signed the study; BH and AS: conducted the search; BH: analyzed the data
and wrote the paper; BSB, AS, and LGW: revised the paper; MRS, AC, and
PABW: reviewed the paper; LGW: had primary responsibility for the final
content; and all authors: read and approved the final manuscript. None of the
authors reported a conflict of interest.

REFERENCES

1. Baldrick F, Elborn J, Woodside J, Treacy K, Bradley J, Patterson
C, Schock B, Ennis M, Young I, McKinley M. Effect of fruit and
vegetable intake on oxidative stress and inflammation in COPD: a
randomised controlled trial. Eur Respir J 2012;39:1377-84.

2. Hosseini B, Saedisomeolia A, Wood LG, Yaseri M, Tavasoli S.
Effects of pomegranate extract supplementation on inflammation in
overweight and obese individuals: a randomized controlled clinical
trial. Complement Ther Clin Pract 2016;22:44-50.

3. Jin Y, Cui X, Singh U, Chumanevich A, Harmon B, Cavicchia
P, Hofseth A, Kotakadi V, Stroud B, Volate S et al. Systemic
inflammatory load in humans is suppressed by consumption of two
formulations of dried, encapsulated juice concentrate. Mol Nutr Food
Res 2010;54:1506—-14.

4. Ghavipour M, Saedisomeolia A, Djalali M, Sotoudeh G, Eshraghyan
M, Moghadam A, Wood L. Tomato juice consumption reduces
systemic inflammation in overweight and obese females. Br J Nutr
2013;109:2031-5.



10.

11.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

FRUIT AND VEGETABLE INTAKE AND IMMUNE RESPONSES

. Gibson A, Edgar J, Neville C, Gilchrist S, McKinley M, Patterson C,

Young I, Woodside J. Effect of fruit and vegetable consumption on
immune function in older people: a randomized controlled trial. Am J
Clin Nutr 2012;96:1429-36.

. Macready A, George T, Chong M, Alimbetov D, Jin Y, Vidal A,

Spencer J, Kennedy O, Tuohy K, Minihane A et al. Flavonoid-rich fruit
and vegetables improve microvascular reactivity and inflammatory
status in men at risk of cardiovascular disease—FLAVURS: a
randomized controlled trial. Am J Clin Nutr 2014;99:479-89.

. Wintergerst ES, Maggini S, Hornig DH. Immune-enhancing role of

vitamin C and zinc and effect on clinical conditions. Ann Nutr Metab
2006;50:85-94.

. Bub A, Watzl B, Blockhaus M, Briviba K, Liegibel U, Miiller H,

Pool-Zobel B, Rechkemmer G. Fruit juice consumption modulates
antioxidative status, immune status and DNA damage. J Nutr Biochem
2003;14:90-8.

. Watzl B, Bub A, Briviba K, Rechkemmer G. Supplementation of a

low-carotenoid diet with tomato or carrot juice modulates immune
functions in healthy men. Ann Nutr Metab 2003;47:255-61.).

Watzl B, Bub A, Brandstetter BR, Rechkemmer G. Modulation of
human T-lymphocyte functions by the consumption of carotenoid-rich
vegetables. Br J Nutr 1999;82:383-9.

Freese R, Vaarala O, Turpeinen A, Mutanen M. No difference in
platelet activation or inflammation markers after diets rich or poor
in vegetables, berries and apple in healthy subjects. Eur J Nutr
2004:43:175-82.

McCall D, McGartland C, McKinley M, Sharpe P, McCance D,
Young I, Woodside J. The effect of increased dietary fruit and
vegetable consumption on endothelial activation, inflammation and
oxidative stress in hypertensive volunteers. Nutr Metab Cardiovasc Dis
2011;21:658-64.

Lamprecht M, Ottl K, Schwaberger G, Hofmann P, Greilberger J.
[Supplementation with a fruit and vegetable concentrate reduces the
oxidative protein damage and the concentration of the cytokine TNF-
alpha]. Dtsch Z Sportmed 2007;58:203.

. Briviba K, Kulling SE, Moseneder J, Watzl B, Rechkemmer G, Bub

A. Effects of supplementing a low-carotenoid diet with a tomato
extract for 2 weeks on endogenous levels of DNA single strand
breaks and immune functions in healthy non-smokers and smokers.
Carcinogenesis 2004;25:2373-8.

Watzl B, Bub A, Blockhaus M, Herbert BM, Luhrmann PM,
Neuhauser-Berthold M, Rechkemmer G. Prolonged tomato juice
consumption has no effect on cell-mediated immunity of well-
nourished elderly men and women. J Nutr 2000;130(7):1719-23.
GanY, Tong X, LiL, Cao S, Yin X, Gao C, Herath C, Li W, Jin Z, Chen
Y et al. Consumption of fruit and vegetable and risk of coronary heart
disease: a meta-analysis of prospective cohort studies. Int J Cardiol
2015;183:129-37.

Wang PY, Fang JC, Gao ZH, Zhang C, Xie SY. Higher intake of fruits,
vegetables or their fiber reduces the risk of type 2 diabetes: a meta-
analysis. J Diabetes Investig 2016;7:56-69.

American Dietetic  Association [Internet]. Availabe from:
http://andevidencelibrary.com/files/Docs/2012_Jan_EA_ Manual.pdf
[cited August 2016].

. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement. J
Clin Epidemiol 2009;62:1006—12.

Holt EM, Steffen LM, Moran A, Basu S, Steinberger J, Ross JA, Hong
C-P, Sinaiko AR. Fruit and vegetable consumption and its relation to
markers of inflammation and oxidative stress in adolescents. J Am Diet
Assoc 2009;109:414-21.

Kruzich LA, Marquis GS, Wilson CM, Stephensen CB. HIV-infected
US youth are at high risk of obesity and poor diet quality: a challenge
for improving short- and long-term health outcomes. J] Am Diet Assoc
2004;104:1554-60.

Almeida-de-Souza J, Santos R, Lopes L, Abreu S, Moreira C, Padrao
P, Mota J, Moreira P. Associations between fruit and vegetable variety
and low-grade inflammation in Portuguese adolescents from LabMed
Physical Activity Study. Eur J Nutr 2017;110:1650-55.

Romieu I, Barraza-Villarreal A, Escamilla-Nufez C, Texcalac-
Sangrador J, Hernandez-Cadena L, Diaz-Sanchez D, Batlle J, Rio-
Navarro B. Dietary intake, lung function and airway inflammation
in Mexico City school children exposed to air pollutants. Respir Res
2009;10:122.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

39.

40.

41.

153

Kontiokari T, Salo J, Eerola E, Uhari M. Cranberry juice and bacterial
colonization in children—a placebo-controlled randomized trial. Clin
Nutr 2005;24:1065-72.

Amagase H, Sun B, Nance D. Immunomodulatory effects of a
standardized Lycium barbarum fruit juice in Chinese older healthy
human subjects. ] Med Food 2009;12:1159-65.

Asgary S, Keshvari M, Sahebkar A, Hashemi M, Rafieian-Kopaei M.
Clinical investigation of the acute effects of pomegranate juice on
blood pressure and endothelial function in hypertensive individuals.
ARYA Atheroscler 2013;9:326-31.

Barona J, Blesso C, Andersen C, Park Y, Lee J, Fernandez M. Grape
consumption increases anti-inflammatory markers and upregulates
peripheral nitric oxide synthase in the absence of dyslipidemias in men
with metabolic syndrome. Nutrients 2012;4:1945-57.

Basu A, Betts NM, Nguyen A, Newman ED, Fu D, Lyons TJ. Freeze-
dried strawberries lower serum cholesterol and lipid peroxidation in
adults with abdominal adiposity and elevated serum lipids. J Nutr
2014;144:830-7.

Bell P, Walshe I, Davison G, Stevenson E, Howatson G. Montmorency
cherries reduce the oxidative stress and inflammatory responses to
repeated days high-intensity stochastic cycling. Nutrients 2014;6:829—
43.

Buscemi S, Rosafio G, Arcoleo G, Mattina A, Canino B, Montana
M, Verga S, Rini G. Effects of red orange juice intake on endothelial
function and inflammatory markers in adult subjects with increased
cardiovascular risk. Am J Clin Nutr 2012;95:1089-95.

Castilla P, Echarri R, Ddvalos A, Cerrato F, Ortega H, Teruel JL, Lucas
MF, Gémez-Coronado D, Ortuifio J, Lasuncién MA. Concentrated red
grape juice exerts antioxidant, hypolipidemic, and antiinflammatory
effects in both hemodialysis patients and healthy subjects. Am J Clin
Nutr 2006;84:252-62.

Dalgard C, Nielsen F, Morrow J, Enghusen-Poulsen H, Jonung T,
Hgrder M, Maat M. Supplementation with orange and blackcurrant
juice, but not vitamin E, improves inflammatory markers in patients
with peripheral arterial disease. Br J Nutr 2009;101:263-9.

Davidson MH, Maki KC, Dicklin MR, Feinstein SB, Witchger M,
Bell M, McGuire DK, Provost JC, Liker H, Aviram M. Effects of
consumption of pomegranate juice on carotid intima-media thickness
in men and women at moderate risk for coronary heart disease. Am J
Cardiol 2009;104:936-42.

Deopurkar R, Ghanim H, Friedman J, Abuaysheh S, Sia CL, Mohanty
P, Viswanathan P, Chaudhuri A, Dandona P. Differential effects of
cream, glucose, and orange juice on inflammation, endotoxin, and
the expression of Toll-like receptor-4 and suppressor of cytokine
signaling-3. Diabetes Care 2010;33:991-7.

Dow C, Wertheim B, Patil B, Thomson C. Daily consumption of
grapefruit for 6 weeks reduces urine F2-isoprostanes in overweight
adults with high baseline values but has no effect on plasma high-
sensitivity C-reactive protein or soluble vascular cellular adhesion
molecule 1. J Nutr 2013;143:1586-92.

Gammon CS, Kruger R, Conlon CA, von Hurst PR, Jones
B, Stonehouse W. Inflammatory status modulates plasma lipid
and inflammatory marker responses to kiwifruit consumption in
hypercholesterolaemic men. Nutr Metab Cardiovasc Dis 2014;24:91—
9

. GuoH, Zhong R, Liu Y, Jiang X, Tang X, Li Z, Xia M, Ling W. Effects

of bayberry juice on inflammatory and apoptotic markers in young
adults with features of non-alcoholic fatty liver disease. Nutrition
2014;30:198-203.

Han H, Jung U, Kim H-J, Cho S-J, Kim A, Han Y, Choi M-S.
Combined supplementation with grape pomace and omija fruit ethanol
extracts dose-dependently improves body composition, plasma lipid
profiles, inflammatory status, and antioxidant capacity in overweight
and obese subjects. ] Med Food 2016;19:170-80.

Karlsen A, Paur I, Bghn S, Sakhi A, Borge G, Serafini M, Erlund I,
Laake P, Tonstad S, Blomhoff R. Bilberry juice modulates plasma
concentration of NF-kappaB related inflammatory markers in subjects
at increased risk of CVD. Eur J Nutr 2010;49:345-55.

Kelley DS, Adkins Y, Reddy A, Woodhouse LR, Mackey BE,
Erickson KL. Sweet bing cherries lower circulating concentrations of
markers for chronic inflammatory diseases in healthy humans. J Nutr
2013;143(3):340-4.

Kolehmainen M, Mykkénen O, Kirjavainen P, Leppédnen T, Moilanen
E, Adriaens M, Laaksonen D, Hallikainen M, Puupponen-Pimii


http://andevidencelibrary.com/files/Docs/20127Jan7EA7Manual.pdf

154

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

HOSSEINI ET AL.

R, Pulkkinen L et al. Bilberries reduce low-grade inflammation in
individuals with features of metabolic syndrome. Mol Nutr Food Res
2012;56:1501-10.

Kuntz S, Kunz C, Herrmann J, Borsch C, Abel G, Frohling B, Dietrich
H, Rudloff S. Anthocyanins from fruit juices improve the antioxidant
status of healthy young female volunteers without affecting
anti-inflammatory parameters: results from the randomised, double-
blind, placebo-controlled, cross-over ANTHONIA (ANTHOcyanins
in Nutrition Investigation Alliance) study. Br J Nutr 2014;112:
925-36.

Larmo P, Alin J, Salminen E, Kallio H, Tahvonen R. Effects of sea
buckthorn berries on infections and inflammation: a double-blind,
randomized, placebo-controlled trial. Eur J Clin Nutr 2008;62:1123—
30.

Leelarungrayub J, Laskin JJ, Bloomer RJ, Pinkaew D. Consumption
of star fruit juice on pro-inflammatory markers and walking distance in
the community dwelling elderly. Archs Gerontol Geriatr 2016;64:6—
12.

McAnulty L, Nieman D, Dumke C, Shooter L, Henson D, Utter A,
Milne G, McAnulty S. Effect of blueberry ingestion on natural killer
cell counts, oxidative stress, and inflammation prior to and after 2.5 h
of running. Appl Physiol Nutr Metab 2011;36:976-84.

Nishizawa M, Hara T, Miura T, Fujita S, Yoshigai E, Ue H, Hayashi
Y, Kwon A, Okumura T, Isaka T. Supplementation with a flavanol-
rich lychee fruit extract influences the inflammatory status of young
athletes. Phytother Res 2011;25:1486-93.

Riso P, Klimis-Zacas D, Bo C, Martini D, Campolo J, Vendrame
S, Mgller P, Loft S, Maria R, Porrini M. Effect of a wild
blueberry (Vaccinium angustifolium) drink intervention on markers of
oxidative stress, inflammation and endothelial function in humans with
cardiovascular risk factors. Eur J Nutr 2013;52:949-61.
Sanchez-Moreno C, Cano MP, de Ancos B, Plaza L, Olmedilla B,
Granado F, Martin A. High-pressurized orange juice consumption
affects plasma vitamin C, antioxidative status and inflammatory
markers in healthy humans. J Nutr 2003;133:2204-9.

Shema-Didi L, Sela S, Ore L, Shapiro G, Geron R, Moshe G,
Kristal B. One year of pomegranate juice intake decreases oxidative
stress, inflammation, and incidence of infections in hemodialysis
patients: a randomized placebo-controlled trial. Free Radic Biol Med
2012;53:297-304.

Sohrab G, Nasrollahzadeh J, Zand H, Amiri Z, Tohidi M, Kimiagar M.
Effects of pomegranate juice consumption on inflammatory markers in
patients with type 2 diabetes: a randomized, placebo-controlled trial.
J Res Med Sci 2014;19:215-20.

Tomé-Carneiro J, Gonzilvez M, Larrosa M, Yanez-Gascon M,
Garcia-Almagro F, Ruiz-Ros J, Garcia-Conesa M, Tomds-Barberan
F, Espin J. One-year consumption of a grape nutraceutical containing
resveratrol improves the inflammatory and fibrinolytic status of
patients in primary prevention of cardiovascular disease. Am J Cardiol
2012;110:356-63.

Vidal K, Bucheli P, Gao Q, Moulin J, Shen L, Wang J, Blum S,
Benyacoub J. Immunomodulatory effects of dietary supplementation
with a milk-based wolfberry formulation in healthy elderly: a
randomized, double-blind, placebo-controlled trial. Rejuvenation Res
2012;15:89-97.

Hunter D, Skinner M, Wolber F, Booth C, Loh J, Wohlers M,
Stevenson L, Kruger M. Consumption of gold kiwifruit reduces
severity and duration of selected upper respiratory tract infection
symptoms and increases plasma vitamin C concentration in healthy
older adults. Br J Nutr 2012;108:1235-45.

Zunino S, Peerson J, Freytag T, Breksa A, Bonnel E, Woodhouse
L, Storms D. Dietary grape powder increases IL-1? and IL-6
production by lipopolysaccharide-activated monocytes and reduces
plasma concentrations of large LDL and large LDL-cholesterol
particles in obese humans. Br J Nutr 2014;112:369-80.

Xie L, Vance T, Kim B, Lee SG, Caceres C, Wang Y, Hubert PA,
LeeJY, Chun OK, Bolling BW. Aronia berry polyphenol consumption
reduces plasma total and low-density lipoprotein cholesterol in former
smokers without lowering biomarkers of inflammation and oxidative
stress: a randomized controlled trial. Nutr Res 2017;37:67-77.

Kent K, Charlton K, Roodenrys S, Batterham M, Potter J, Traynor V,
Gilbert H, Morgan O, Richards R. Consumption of anthocyanin-rich
cherry juice for 12 weeks improves memory and cognition in older
adults with mild-to-moderate dementia. Eur J Nutr 2017;56:333-41.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kanellos PT, Kaliora AC, Protogerou AD, Tentolouris N, Perrea DN,
Karathanos VT. The effect of raisins on biomarkers of endothelial
function and oxidant damage; an open-label and randomized
controlled intervention. Food Res Int 2017;102:674-80.

Nilsson A, Salo I, Plaza M, Bjorck I. Effects of a mixed berry
beverage on cognitive functions and cardiometabolic risk markers; a
randomized cross-over study in healthy older adults. PLoS One 2017;
12:e0188173.

Duffey KJ, Sutherland LA. Adult consumers of cranberry juice
cocktail have lower C-reactive protein levels compared with
nonconsumers. Nutr Res 2015;35:118-26.

Aalami-Harandi R, Karamali M, Asemi Z. The favorable effects of
garlic intake on metabolic profiles, hs-CRP, biomarkers of oxidative
stress and pregnancy outcomes in pregnant women at risk for
pre-eclampsia: randomized, double-blind, placebo-controlled trial. J
Matern Fetal Neonatal Med 2015;28:2020-7.

Riso P, Vendrame S, Del Bo C, Martini D, Martinetti A, Seregni
E, Visioli F, Parolini M, Porrini M. Effect of 10-day broccoli
consumption on inflammatory status of young healthy smokers. Int J
Food Sci Nutr 2014;65:106-11.

Upritchard JE, Sutherland WH, Mann JI. Effect of supplementation
with tomato juice, vitamin E, and vitamin C on LDL oxidation and
products of inflammatory activity in type 2 diabetes. Diabetes Care
2000;23:733-8.

Bobe G, Albert P, Sansbury L, Lanza E, Schatzkin A, Colburn N, Cross
A. Interleukin-6 as a potential indicator for prevention of high-risk
adenoma recurrence by dietary flavonols in the polyp prevention trial.
Cancer Prev Res (Phila) 2010;3:764-75.

. Hunter D, Brown R, Green T, Thomson C, Skeaff M, Williams S,

Todd J, Lister C, McGhie T, Zhang J et al. Changes in markers of
inflammation, antioxidant capacity and oxidative stress in smokers
following consumption of milk, and milk supplemented with fruit and
vegetable extracts and vitamin C. Int J Food Sci Nutr 2012;63:90-102.
Inserra PF, Jiang S, Solkoff D, Lee J, Zhang Z, Xu M, Hesslink
R Jr, Wise J, Watson RR. Immune function in elderly smokers and
nonsmokers improves during supplementation with fruit and vegetable
extracts. Integr Med 1999;2:3-10.

Knab A, Nieman D, Gillitt N, Shanely R, Cialdella-Kam L, Henson
D, Sha W. Effects of a flavonoid-rich juice on inflammation, oxidative
stress, and immunity in elite swimmers: a metabolomics-based
approach. Int J Sport Nutr Exerc Metab 2013;23:150-60.

Knab A, Nieman D, Gillitt N, Shanely R, Cialdella-Kam L, Henson
D, Sha W, Meaney M. Effects of a freeze-dried juice blend powder on
exercise-induced inflammation, oxidative stress, and immune function
in cyclists. Appl Physiol Nutr Metab 2014;39:381-5.

Lamprecht M, Obermayer G, Steinbauer K, Cvirn G, Hofmann
L, Ledinski G, Greilberger J, Hallstroem S. Supplementation with
a juice powder concentrate and exercise decrease oxidation and
inflammation, and improve the microcirculation in obese women:
randomised controlled trial data. Br J Nutr 2013;110:1685-95.
Nadeem N, Woodside J, Neville C, McCall D, McCance D, Edgar
D, Young I, McEneny J. Serum amyloid A-related inflammation is
lowered by increased fruit and vegetable intake, while high-sensitive
C-reactive protein, IL-6 and E-selectin remain unresponsive. Br J Nutr
2014;112:1129-36.

Nantz M, Rowe C, Nieves C, Percival S. Immunity and antioxidant
capacity in humans is enhanced by consumption of a dried,
encapsulated fruit and vegetable juice concentrate. J Nutr
2006;136:2606-10.

Watzl B, Kulling SE, Moseneder J, Barth SW, Bub A. A 4-wk
intervention with high intake of carotenoid-rich vegetables and fruit
reduces plasma C-reactive protein in healthy, nonsmoking men. Am J
Clin Nutr 2005;82:1052-8.

Williams EJ, Baines KJ, Berthon BS, Wood LG. Effects of an
encapsulated fruit and vegetable juice concentrate on obesity-induced
systemic inflammation: a randomised controlled trial. Nutrients
2017;9. doi:10.3390/nu9020116.

Wood LG, Garg ML, Smart JM, Scott HA, Barker D, Gibson PG.
Manipulating antioxidant intake in asthma: a randomized controlled
trial. Am Journal Clin Nutr 2012;96:534—43.

Hermsdorff HHM, Zulet MA, Puchau B, Martinez JA. Fruit and
vegetable consumption and proinflammatory gene expression from
peripheral blood mononuclear cells in young adults: a translational
study. Nutr Metab 2010;7:11p—p.



75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

FRUIT AND VEGETABLE INTAKE AND IMMUNE RESPONSES

Lopez-Garcia E, Schulze MB, Fung TT, Meigs JB, Rifai N, Manson
JE, Hu FB. Major dietary patterns are related to plasma concentrations
of markers of inflammation and endothelial dysfunction. Am J Clin
Nutr 2004;80:1029-35.

Root MM, McGinn MC, Nieman DC, Henson DA, Heinz SA, Shanely
RA, Knab AM, Jin F. Combined fruit and vegetable intake is correlated
with improved inflammatory and oxidant status from a cross-sectional
study in a community setting. Nutrients 2012;4:29-41.

Wannamethee SG, Lowe GDO, Rumley A, Bruckdorfer KR, Whincup
PH. Associations of vitamin C status, fruit and vegetable intakes,
and markers of inflammation and hemostasis. Am J Clin Nutr
2006;83:567-730.

McAnulty L, Collier S, Landram M, Whittaker D, Isaacs S, Klemka
J, Cheek S, Arms J, McAnulty S. Six weeks daily ingestion of
whole blueberry powder increases natural killer cell counts and
reduces arterial stiffness in sedentary males and females. Nutr Res
2014;34:577-84.

Nantz M, Rowe C, Muller C, Creasy R, Colee J, Khoo C, Percival S.
Consumption of cranberry polyphenols enhances human y§-T cells
proliferation and reduces the number of symptoms associated with
colds and influenza: a randomized, placebo-controlled intervention
study. Nutr J 2013;12:161.

Rowe C, Nantz M, Nieves C, West R, Percival S. Regular consumption
of concord grape juice benefits human immunity. J Med Food
2011;14:69-78.

Zunino S, Storms D, Freytag T, Mackey B, Zhao L, Gouffon J,
Hwang D. Dietary strawberries increase the proliferative response of
CD3/CD28-activated CD8+ T cells and the production of TNF-« in
lipopolysaccharide-stimulated monocytes from obese human subjects.
BrJ Nutr 2013;110:2011-9.

Bghn S, Myhrstad M, Thoresen M, Holden M, Karlsen A, Tunheim
S, Erlund I, Svendsen M, Seljeflot I, Moskaug J et al. Blood cell
gene expression associated with cellular stress defense is modulated
by antioxidant-rich food in a randomised controlled clinical trial of
male smokers. BMC Med 2010;8:54.

Murashima M, Watanabe S, Zhuo XG, Uehara M, Kurashige A. Phase
1 study of multiple biomarkers for metabolism and oxidative stress
after one-week intake of broccoli sprouts. Biofactors 2004;22:271-5.
Nantz MP, Rowe CA, Muller CE, Creasy RA, Stanilka JM, Percival
SS. Supplementation with aged garlic extract improves both NK and
y§-T cell function and reduces the severity of cold and flu symptoms:
arandomized, double-blind, placebo-controlled nutrition intervention.
Clin Nutr 2012;31:337-44.

Liu C, Wang C, Robison E, Levine AM, Gandhi M, Schwartz R,
Weber KM, Merenstein D. Short-term garlic supplementation and
highly active antiretroviral treatment adherence, CD4+ cell counts,
and human immunodeficiency virus viral load. Altern Ther Health
Med 2012;18:18-22.

Winkler P, Ellinger S, Boetzer A, Arendt B, Berthold H, Rockstroh
J, Spengler U, Goerlich R. Lymphocyte proliferation and apoptosis in
HIV-seropositive and healthy subjects during long-term ingestion of
fruit juices or a fruit-vegetable-concentrate rich in polyphenols and
antioxidant vitamins. Eur J Clin Nutr 2004;58:317-25.

Hendricks KM, Mwamburi DM, Newby P, Wanke CA. Dietary
patterns and health and nutrition outcomes in men living with HIV
infection. Am J Clin Nutr 2008;88:1584-92.

Nettleton JA, Matijevic N, Follis JL, Folsom AR, Boerwinkle
E. Associations between dietary patterns and flow cytometry-

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

155

measured biomarkers of inflammation and cellular activation in the
Atherosclerosis Risk in Communities (ARIC) Carotid Artery MRI
Study. Atherosclerosis 2010;212:260-7.

Carter P, Gray LJ, Troughton J, Khunti K, Davies MJ. Fruit
and vegetable intake and incidence of type 2 diabetes mellitus:
systematic review and meta-analysis. Br Med J (Clin Res Ed) 2010;
341:¢4229.

LiM, Fan Y, Zhang X, Hou W, Tang Z. Fruit and vegetable intake and
risk of type 2 diabetes mellitus: meta-analysis of prospective cohort
studies. BMJ Open 2014;4:e005497.

Block G, Jensen C, Dietrich M, Norkus EP, Hudes M, Packer
L. Plasma C-reactive protein concentrations in active and passive
smokers: influence of antioxidant supplementation. ] Am Coll Nutr
2004;23:141-7.

van Herpen-Broekmans WM, Klopping-Ketelaars IA, Bots ML, Kluft
C, Princen H, Hendriks HF, Tijburg LB, van Poppel G, Kardinaal
AF. Serum carotenoids and vitamins in relation to markers of
endothelial function and inflammation. Eur J Epidemiol 2004;19:
915-21.

Hung CF, Huang TF, Chen BH, Shieh JM, Wu PH, Wu WB.
Lycopene inhibits TNF-alpha-induced endothelial ICAM-1 expression
and monocyte-endothelial adhesion. Eur J Pharmacol 2008;586:275—
82.

Gonzalez-Gallego J, Garcia-Mediavilla MV, Sanchez-Campos S,
Tunon MJ. Fruit polyphenols, immunity and inflammation. Br J Nutr
2010;104 Suppl 3:S15-27.

Dower JI, Geleijnse JM, Gijsbers L, Schalkwijk C, Kromhout D,
Hollman PC. Supplementation of the pure flavonoids epicatechin and
quercetin affects some biomarkers of endothelial dysfunction and
inflammation in (pre)hypertensive adults: a randomized double-blind,
placebo-controlled, crossover trial. J Nutr 2015;145:1459-63.
Nijveldt RJ, van Nood E, van Hoorn DE, Boelens PG, van Norren K,
van Leeuwen PA. Flavonoids: a review of probable mechanisms of
action and potential applications. Am J Clin Nutr 2001;74:418-25.
Berthon BS, Macdonald-Wicks LK, Gibson PG, Wood LG.
Investigation of the association between dietary intake, disease
severity and airway inflammation in asthma. Respirology
2013;18:447-54.

Ma Y, Griffith JA, Chasan-Taber L, Olendzki BC, Jackson E, Stanek
EJ 3rd, Li W, Pagoto SL, Hafner AR, Ockene IS. Association
between dietary fiber and serum C-reactive protein. Am J Clin Nutr
2006;83:760-6.

Ajani UA, Ford ES, Mokdad AH. Dietary fiber and C-reactive protein:
findings from national health and nutrition examination survey data. J
Nutr 2004;134:1181-5.

Halnes I, Baines KJ, Berthon BS, MacDonald-Wicks LK, Gibson
PG, Wood LG. Soluble fibre meal challenge reduces airway
inflammation and expression of GPR43 and GPR41 in asthma.
Nutrients 2017;9(1):50-2.

McLoughlin RF, Berthon BS, Jensen ME, Baines KJ, Wood LG. Short-
chain fatty acids, prebiotics, synbiotics, and systemic inflammation: a
systematic review and meta-analysis. Am J Clin Nutr 2017.

Wood LG, Gibson PG. Dietary factors lead to innate immune
activation in asthma. Pharmacol Ther 2009;123:37-53.

Sahebkar A, Gurban C, Serban A, Andrica F, Serban M-C. Effects of
supplementation with pomegranate juice on plasma C-reactive protein
concentrations: a systematic review and meta-analysis of randomized
controlled trials. Phytomedicine 2016;23:1095-102.



