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ABSTRACT

One hundred percent orange juice (OJ) has no added sugar, naturally contains flavonoids and ascorbic acid, and can modulate the body’s oxidative
and inflammatory systems. This scoping review, systematic review, and meta-analysis investigated associations between 100% OJ and markers of
inflammation or oxidation in healthy adults and those at risk for chronic diseases. The study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement and scoping review extension. Literature in English was searched to July 2021 in Embase and 4 Ovid
platform databases. Clinical and observational studies of any duration were eligible. Cochrane Collaboration tools were used to assess the risk of bias
in controlled trials. Strength of evidence was determined using the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)
approach. The scoping review presents a qualitative synthesis of evidence in summary and results tables. Twenty-one interventional studies (16
controlled trials and 5 before-after studies) conducted in 307 healthy and 327 at-risk participants were included. Six common markers [C-reactive
protein (CRP) or high-sensitivity CRP (hs-CRP), IL-6, TNF-α, malondialdehyde (MDA), oxidized LDL (oxLDL), and antioxidant capacity] measured across
16 studies were systematically reviewed, and results were synthesized narratively. Random-effects model meta-analyses were conducted on 10
studies reporting hs-CRP, IL-6, and/or MDA. After consuming 100% OJ, healthy and at-risk participants showed significantly lower IL-6 concentrations
(pooled net difference: −1.51 pg/mL; 95% CI: −2.31, −0.70) and lower, but nonsignificant, hs-CRP (pooled net change: −0.58 mg/L; 95% CI: −1.22,
0.05) and MDA (crossover trials pooled net difference: −0.06 μmol/L; 95% CI: −0.19, 0.08). Findings suggest that 100% OJ may reduce inflammation,
but results should be interpreted with caution due to moderate risk of bias, very low strength of evidence, and the low number of subjects. This
study was registered on PROSPERO (https://www.crd.york.ac.uk/prospero/) as CRD42021235438. Adv Nutr 2021;00:1–22.

Statement of Significance: This is the first systematic review and meta-analysis to assess the impact of 100% orange juice interventions on
common markers of inflammation and oxidative stress in healthy adult populations and those at risk for chronic diseases. This review further
summarizes current evidence across all reported markers of inflammation and oxidation and highlights gaps in the literature on this topic to
indicate possible areas for future research.
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Introduction
Fruits and vegetables are a cornerstone of healthy diets and
dietary recommendations. Beyond providing basic human
nutrition, fruits and vegetables have health-promoting effects
including their role in reducing inflammation and their
potential to help prevent various chronic diseases. Numerous
systematic reviews of intervention studies have indicated

that certain fruits and vegetables in the diet, particularly
cruciferous vegetables, dark-green leafy vegetables, citrus
fruits, and dark-colored berries, have superior effects on
biomarkers, surrogate endpoints, and outcomes of chronic
disease (1). A recent review found strong scientific evidence
for providing health recommendations to increase fruit
and vegetable consumption for disease prevention (1), and
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fittingly, the 2020–2025 Dietary Guidelines for Americans
(DGAs) advise that fruits and vegetables constitute half of the
plate at each meal (2).

On average, Americans consume only half the recom-
mended fruit servings each day (2) with ∼65% of total
fruit consumed as whole fruit and the remainder as 100%
fruit juice (3). While the DGAs recommend that at least
half of total fruit servings be from whole fruit, including
fresh, canned, frozen, and dried forms (2), adding 100%
fruit juice to whole-fruit intake increases Americans’ total
fruit consumption >50% and brings the population closer
to meeting recommended fruit servings. While much of the
naturally occurring fiber and vitamin C are lost during pro-
cessing, 100% fruit juices show similar vitamin and mineral
content as equal quantities of whole fruit (4). Importantly,
these juices retain much of the antioxidant nutrients and
phytochemicals of the whole fruit, which can reduce both
inflammation and chronic disease risk and support human
health (4, 5). Analyses of NHANES 2003–2006 and 2013–
2016 datasets found that, contrary to popular belief, dietary
fiber intake among 100% fruit juice consumers was not lower
than that in nonconsumers (6, 7). Further modeling analyses
of the 2013–2016 data for adults showed that replacing 100%
fruit juice in the diet with isocaloric whole-fruit equivalents
would increase fiber intake by just 1 g (8). Consumers of
100% orange juice (OJ), the most commonly consumed
100% juice in the United States (9), have shown higher
intakes of bioactive flavonoids, lower added sugars, and
higher-quality diets overall than nonconsumers of 100%
OJ. Specifically, the diets of 100% OJ consumers included
more vitamin C, potassium, calcium, vitamin D, flavanones,
and total flavonoids (7). Adult consumers of 100% OJ have
also shown lower BMI values (7, 10), waist circumferences
(7), total cholesterol concentrations, and LDL-cholesterol
concentrations compared with non-consumers (10). While
this evidence does not imply that 100% OJ consumption
causes these differences, it does suggest that 100% OJ can be
part of a healthy diet.

Although it has been universally accepted that adequate
fruit consumption is protective against inflammation and
oxidative stress (9), there is a lack of consensus on recom-
mending 100% juice consumption due to concerns about
the higher energy density, higher sugar content, and lower
dietary fiber content per serving. Diet may positively or
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negatively impact the risk of chronic disease by modulating
an individual’s inflammatory status and, subsequently, levels
of oxidative stress. Low-grade inflammation, defined as
increased concentrations of inflammatory markers [e.g., C-
reactive protein (CRP) and interleukins], has been recog-
nized as a risk factor for several chronic diseases, including
type 2 diabetes, cardiovascular disease, and cancer (11).
Chronic inflammation increases the risk of cellular damage
through an overproduction of reactive oxygen species, which
leads to oxidative stress and damage to biomolecules (e.g.,
proteins, DNA) (12). Studies have suggested that 100% OJ
consumption modulates antioxidant and anti-inflammatory
properties at both the cellular and molecular level up to
5 h after consumption (13–15). A 2013 narrative review
addressed the intake of OJ and markers of inflammation
in healthy subjects and included some results related to
oxidative stress markers (16); however, no authoritative
systematic review currently exists in the peer-reviewed
literature, and several clinical studies have been published
since this time.

The objectives of this research were to conduct a scoping
review to identify gaps in the research on the role of 100%
OJ in inflammation and oxidative stress and to conduct a
systematic review to examine the effects of 100% OJ on
select markers of inflammation and oxidative stress in healthy
adults and adults at risk for developing chronic diseases.

Methods
This report includes a scoping review of studies on 100%
OJ and any reported markers of inflammation or oxidative
stress as well as a systematic review of studies assessing
commonly reported markers of inflammation and oxidative
stress identified in the scoping review [i.e., CRP or high-
sensitivity CRP (hs-CRP), IL-6, TNF-α, malondialdehyde
(MDA), oxidized LDL (oxLDL), and antioxidant capac-
ity]. This study was conducted according to the National
Academy of Medicine’s Standards for Systematic Reviews
(17) and the Cochrane Handbook for Systematic Reviews
of Interventions, version 6.2 (18). Our reporting follows the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (19, 20) and the extension for
scoping reviews (21). Prior to data extraction, the review pro-
tocol was registered on the International Prospective Register
of Systematic Reviews, PROSPERO (https://www.crd.york.
ac.uk/prospero/; registration number: CRD42021235438).

Data sources and searches
We developed search strategies limited to the English
language and human studies that examined the relation of
100% OJ with markers of oxidative stress and inflammation.
Search terms included “orange juice” and related terms
(e.g., fruit and vegetable juices, beverages), terms related
to inflammation (e.g., cytokines, leukocytes) and oxidative
stress (e.g., free radicals, lipoxygenases), and study de-
sign [e.g., randomized controlled trials (RCTs), prospective
studies]. (See the PROSPERO protocol for search details.)
We implemented searches in the Embase database (1966
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to 24 July 2021) and databases from the Ovid platform
including MEDLINE® (1946 to 24 July 2021), Cochrane
Central Register of Controlled Trials (1991 to 24 July 2021),
Global Health (1910 to 24 July 2021), and CAB Abstracts
(1910 to 24 July 2021). We performed reference mining for
studies included in relevant systematic reviews (16, 22) and
searched for full-text articles related to relevant conference
abstracts.

Study selection
Duplicate citations across databases were removed prior to
the screening process. Titles and abstracts were screened by
2 independent investigators using the Rayyan application
for systematic reviews (23). Full-text articles of included
abstracts were retrieved and screened by 1 investigator
according to the study eligibility criteria presented in
Supplemental Table 1. All rejected articles were reviewed
by a second investigator to confirm or refute exclusion.
Disagreements between investigators were adjudicated by a
third investigator or group consensus.

We considered any intervention study (randomized,
nonrandomized, and single- or multiple-arm), prospective
cohort study, nested case-control study, and case-cohort
study for inclusion regardless of study duration. Eligible
populations included adults (≥18 y old) who were healthy,
generally healthy (<20% of study population with disease),
or considered “at risk” of developing a chronic disease due
to having metabolic syndrome, obesity, mild hypercholes-
terolemia, prediabetes, or hypertension. The intervention or
exposure of interest was 100% OJ, where “100%” was defined
using the US FDA food-labeling criteria of “Juices directly
expressed from a fruit or vegetable (i.e., not concentrated
and reconstituted)” (21 CFR §101.30, i) (24) and without
added ingredients. In addition to juices described as “100%
juice,” we considered these descriptors: fresh, pure, whole,
natural, or not from concentrate. Any study specifying
interventions with “orange juice” or juice from mandarin
oranges, blood oranges, or bergamot oranges was considered
for inclusion. Eligible comparators were different quantities
of 100% OJ, other foods or beverages (including usual diet),
placebos, or no OJ. The outcomes of interest were markers
of inflammation and oxidative stress as identified by each
study.

Data extraction
Standardized data-extraction forms were created to collect
information on characteristics of each study [location,
funding source, design, durations (intervention/exposure,
washout periods, overall), intervention details (juice descrip-
tion, fresh or commercial preparation, dose, citrus variety),
and inflammation/oxidative stress markers assessed] and
population [age, sex, health status, average BMI and asso-
ciated weight status (25), smoking status, and population
description reported by the study], as well as study results.
Due to the immense variety of oxidative stress and inflam-
matory markers identified across included studies, with little
overlap between studies, study results were extracted in 2

phases. In the first phase, the direction and strength of
association with 100% OJ were extracted for all reported
markers along with key findings for significant differences
or trends between 100% OJ and comparator interventions.
In the second phase, controlled trials reporting on the most
reported markers of inflammation and oxidative stress were
identified for systematic review. Here, specific results for
both 100% OJ and comparator study arms were extracted
using separate extraction forms for studies with crossover
and non-crossover designs. For studies reporting outcome
measures at multiple time points, data were extracted from
the baseline and longest follow-up periods. One study with a
4-wk intervention reported baseline and final marker results
at rest and both 30 min and 24 h after a bout of exhaustive
exercise (26). Results were extracted from this study for all
follow-up time points. If studies reported multiple analysis
models, we used the most adjusted model. WebPlotDigitizer
(27) online software (version 4.4) was used to extract data
presented in figures, and study authors were contacted for
data when published results were not reported in sufficient
detail. Data were extracted by 1 investigator and checked
by another investigator for agreement. Disagreements were
resolved by consensus.

Risk of bias
For all included controlled trials, 2 investigators indepen-
dently performed risk-of-bias (ROB) assessments at the study
level using the Cochrane Collaboration’s tool for assessing
ROB in randomized trials (28) with additional considerations
for crossover trials (29). Studies were rated as low, some
concern, or high ROB across 5 domains that assessed bias
due to the randomization process, deviations from intended
interventions, missing outcome data, outcome measurement,
and selection of reported results. An additional domain
measuring bias due to period or carryover effects was
assessed for crossover trials.

Strength of evidence and meta-analyses
The present systematic review focused on the most reported
markers of inflammation or oxidative stress identified in the
scoping review, which included CRP or hs-CRP, IL-6, TNF-
α, MDA, oxLDL, and antioxidant capacity. These outcomes
were synthesized separately as prespecified in analysis plans.
For all included studies, results were synthesized narratively
in text and presented in summary and results tables. Group
comparisons reported with P ≤ 0.05 were considered
statistically significant. The Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) ap-
proach (30, 31) was used to determine collective strength of
evidence (SoE) across studies. For each outcome assessed,
SoE profile tables were compiled to report the number and
design of studies measuring each outcome as well as the
overall limitations, imprecision, inconsistency, indirectness,
and publication bias across relevant studies. Summary of
findings and SoE grades (i.e., very low, low, moderate, or
high) were also reported to indicate the degree of confidence
that estimated effects from reviewed evidence were close to
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FIGURE 1 PRISMA flowchart of literature search and study selection. 1Twenty-two articles reporting on 21 studies. hs-CRP,
high-sensitivity C-reactive protein; MDA, malondialdehyde; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

the true effect. Antioxidant capacity was excluded from SoE
assessments due to the variety of measurement methods used
by included studies.

Meta-analyses were limited to markers measured by 3
or more controlled trials with non-100% OJ comparators.
Only 1 controlled trial reported on CRP (32), only 1
study reported usable quantitative data for TNF-α (33), and
antioxidant capacity was measured by numerous different
methods across studies; therefore, these 3 markers were
excluded from meta-analyses. Due to heterogeneity in the
study designs and health status of study populations, a fixed-
effect model meta-analysis was deemed inappropriate, so
random-effects model meta-analyses were conducted (34).
As prespecified in analysis plans, crossover and parallel trials
were analyzed separately, but overall pooled effects were
calculated across study designs if measures of effect were
identical.

To prepare data for the meta-analyses, several pre-analysis
calculations and assumptions were made, and details are re-
ported in the Supplemental Methods. Meta-analysis results
were interpreted as statistically significant if the confidence
intervals for pooled effect sizes excluded 0. Cochrane’s Q
statistic was calculated as a measure of heterogeneity, where
P ≤ 0.1 was considered significant heterogeneity and I2 values
of 25%, 50%, and 75% were interpreted as low, moderate, and
high heterogeneity, respectively. Stata SE software (version
15.1; StataCorp) was used for all calculations and meta-
analyses.

Results
Figure 1 presents the study search and selection process.
Altogether, 1754 citations were identified through database
searches and 8 more were identified through reference min-
ing. After duplicates were removed, 1183 citations remained
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for screening and 1098 were excluded. We retrieved 85 full-
text publications, and 22 articles covering 21 studies met
inclusion criteria for the scoping review. The 63 excluded
articles and exclusion reasons are presented in Supplemental
Table 2.

Sixteen included studies assessing the most reported
markers were systematically reviewed and synthesized nar-
ratively. Studies deemed ineligible for meta-analysis included
1 study reporting only antioxidant capacity (35) and 5
others with the wrong study design (single-arm or multiple-
arm before-after trials) (36–38), a lack of non-100% OJ
comparator (39), or indirect measurements (i.e., mRNA
expression) of the markers of interest (40). The remaining
10 studies were eligible for meta-analysis (26, 32, 33, 41–47),
and from these studies, the outcomes with sufficient data for
meta-analysis were hs-CRP, IL-6, and MDA.

Study and participant characteristics
A summary of characteristics for all included studies is
presented in Table 1, where potential gaps in the literature
are represented by the value, 0 (0%), where no study met
the given characteristic. Individual study characteristics are
presented in Table 2. The 21 studies included in the scoping
review were all interventional studies. No observational
studies met the eligibility criteria primarily due to insufficient
detail in dietary assessments to identify 100% OJ intake.
Included studies comprised 11 crossover RCTs (32, 33, 35,
39, 41–43, 45, 47–49), 1 parallel RCT (46), 4 nonrandomized
parallel controlled interventions (26, 40, 44, 50), and 5
before-after studies with a single-arm design (36–38, 51)
or multiple study arms (52). A subgroup analysis of one
of the crossover RCTs was also included in the review
(53). Sample sizes ranged from 2 to 100, with nearly
half of the studies (48%) including ≤20 participants. Nine
studies (43%) assessed acute interventions where follow-up
durations ranged from 2 to 24 h. Other studies lasted 1 to 31
wk.

Participants ranged in age from 18 to 84 y, with over half
(57%) of the studies reporting average participant ages in
their 20s or 30s. Most study populations were considered
healthy with normal weight status (48%) or generally healthy
with overweight status (19%). The other 7 study populations
were deemed at risk of chronic diseases due to obesity
(33, 36, 39, 45, 46) and/or cardiometabolic risk factors
such as prediabetes (48) and mild hypercholesterolemia
(32). Two studies were conducted exclusively with athletes
[soccer players (42) and professional athletes practicing
cross-country skiing (44)].

For 100% OJ interventions, most studies (67%) reported
using commercial and/or pasteurized preparations, while 4
studies used fresh OJ, 1 study assessed both commercial and
fresh preparations, and 2 studies did not report preparation
type. Ten studies compared 100% OJ consumption with just
1 comparator or no OJ, while 3 compared different 100% OJs
[i.e., red to blond (39) or commercial to fresh (32, 48)], and 7
studies assessed multiple interventions. No study compared
100% OJ with vegetable juices or with whole, unblended fruit.

Nine studies assessed the impact of 100% OJ on inflammation
or oxidative stress induced by a specified trigger [i.e., high-
fat (32, 48) or high-fat, high-carbohydrate meal (43, 50),
hydrogen peroxide induced in vitro DNA damage (47, 49),
exhaustive exercise (26) or intense training (44), and exercise
in polluted vs. nonpolluted environments (42)].

Inflammation and oxidative stress markers assessed
Included articles reported >50 markers of inflammation or
oxidative stress, which are presented in Table 3. Half of
the articles reported on proteins such as CRP, hs-CRP, NF-
κB, proteomes in peripheral blood mononuclear cells, and
vascular endothelial adhesion molecule 1 (VCAM-1). Several
articles also reported on antioxidants and cytokines. The
most reported markers were CRP or hs-CRP (n = 9), antiox-
idant capacity (n = 7), MDA (n = 6), the proinflammatory
cytokines IL-6 (n = 5) and TNF-α (n = 5), and oxLDL
(n = 3). All other markers were reported by just 1 or 2 articles,
indicating potential gaps in the reviewed literature.

Risk of bias
ROB assessments were carried out at the study level for all
included randomized and nonrandomized controlled trials
with parallel (n = 5) or crossover (n = 11) designs, and
results are presented in Supplemental Figures 1 and 2. Five
studies were rated “high” and 11 were rated “some concern”
for overall ROB. All 16 studies were rated “some concern” for
bias in reporting due to no prepublished analysis plans.

All 5 parallel trials failed to randomize or report details
about randomization and concealment; therefore, 4 studies
warranted some concern for bias and 1 study comparing
athletes with different levels of baseline fitness (44) was rated
high. This same study, as well as another study (26), assigned
participants to self-administer juice daily for a month but
failed to report on adherence so were rated high for this
ROB domain. The remaining 3 studies were rated “low” for
adherence to assigned intervention, and all 5 parallel trials
were rated low for ROB due to missing outcome data and
measurement of the outcomes.

Most crossover studies reported few to no details about the
randomization process, and many failed to report baseline
characteristics by study sequence. Due to these issues, all
but 2 studies (32, 39) showed some concern for bias due to
the randomization process. For period and carryover effects,
2 studies with washout periods of <1 wk were rated high,
and 4 studies not reporting on period effects were rated
as some concern. Although 1 study with technical issues
was rated high for adherence to assigned intervention, and
another warranted some concern for bias due to missing
outcome data, all others were rated low for these domains.
All 11 crossover studies were rated low ROB for outcome
measurement.

Synthesis of results
Table 2 presents results from all included studies for changes
in inflammatory and oxidative stress markers related to 100%
OJ intake along with key findings for 100% OJ compared with
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TABLE 1 Summary of study characteristics overall and by markers of inflammation or oxidative stress most reported by the 21 included
studies1

Top-reported markers of inflammation and oxidative stress

Characteristics Total
CRP or
hs-CRP IL-6 TNF-α MDA OxLDL

Antioxidant
capacity

n 21 9 5 5 6 3 7
Design, n (% of studies)

Randomized, crossover 11 (52%) 4 (44%) 4 (80%) 2 (40%) 3 (50%) 2 (67%) 3 (43%)
Randomized, parallel 1 (5%) 1 (11%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (14%)
Nonrandomized, parallel 4 (19%) 1 (11%) 1 (20%) 1 (20%) 1 (17%) 1 (33%) 0 (0%)
Before-after 5 (24%) 3 (33%) 0 (0%) 2 (40%) 1 (17%) 0 (0%) 3 (43%)

Region, n (% of studies)
North America 4 (19%) 0 (0%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 1 (14%)
South America 4 (19%) 3 (33%) 1 (20%) 1 (20%) 2 (33%) 0 (0%) 3 (43%)
Europe 11 (52%) 5 (56%) 2 (40%) 3 (60%) 3 (50%) 3 (100%) 2 (29%)
Middle East 1 (5%) 1 (11%) 1 (20%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Africa 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (14%)

Sample size, n (% of studies)
<10 2 (10%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
10–20 8 (38%) 2 (22%) 1 (20%) 1 (20%) 3 (50%) 1 (33%) 4 (57%)
21–30 4 (19%) 2 (22%) 2 (40%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
31–50 5 (24%) 4 (44%) 2 (40%) 3 (60%) 1 (17%) 1 (33%) 2 (29%)
51–100 2 (10%) 1 (11%) 0 (0%) 0 (0%) 2 (33%) 1 (33%) 1 (14%)

Total study duration, n (% of studies)
Acute (≤1 wk) 2 (10%) 0 (0%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
>1 to 4 wk 8 (38%) 1 (11%) 2 (40%) 1 (20%) 2 (33%) 0 (0%) 2 (29%)
>1 to 3 mo 10 (48%) 8 (89%) 2 (40%) 3 (60%) 3 (50%) 2 (67%) 5 (71%)
>3 to 8 mo 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (33%) 0 (0%)

Intervention/arm duration, n (% of studies)
Acute (≤24 h) 9 (43%) 1 (11%) 3 (60%) 2 (40%) 1 (17%) 1 (33%) 2 (29%)
>1 to 7 d 1 (5%) 1 (11%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
>1 to 4 wk 6 (29%) 3 (33%) 1 (20%) 0 (0%) 2 (33%) 1 (33%) 1 (14%)
>1 to 3 mo 5 (24%) 4 (44%) 0 (0%) 2 (40%) 3 (50%) 1 (33%) 4 (57%)

Mean or median age, n (% of studies)
18–25 y 4 (19%) 0 (0%) 0 (0%) 0 (0%) 2 (33%) 0 (0%) 3 (43%)
>25 to 50 y 15 (71%) 8 (89%) 5 (100%) 5 (100%) 3 (50%) 3 (100%) 4 (57%)
>50 y 2 (10%) 1 (11%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%)

Health status, weight status,2 n (% of studies)
Healthy, normal weight 10 (48%) 2 (22%) 3 (60%) 1 (20%) 2 (33%) 1 (33%) 3 (43%)
Generally healthy, overweight 4 (19%) 2 (22%) 0 (0%) 1 (20%) 2 (33%) 0 (0%) 2 (29%)
At-risk, overweight 3 (14%) 2 (22%) 1 (20%) 1 (20%) 0 (0%) 1 (33%) 0 (0%)
At-risk, obese 4 (19%) 3 (33%) 1 (20%) 2 (40%) 2 (33%) 1 (33%) 2 (29%)

Comparator intervention,3 n (% of studies)
Water 4 (19%) 0 (0%) 2 (40%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
Glucose or sugar beverage 5 (24%) 1 (11%) 3 (60%) 2 (40%) 0 (0%) 1 (33%) 0 (0%)
Non-100% OJ 4 (19%) 2 (22%) 2 (40%) 1 (20%) 1 (17%) 2 (67%) 0 (0%)
Placebo juice 5 (24%) 1 (11%) 1 (20%) 1 (20%) 1 (17%) 0 (0%) 4 (57%)
Other beverage 2 (10%) 0 (0%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
Without OJ 4 (19%) 2 (22%) 0 (0%) 0 (0%) 3 (50%) 1 (33%) 2 (29%)
No comparator 5 (24%) 4 (44%) 0 (0%) 2 (40%) 1 (17%) 0 (0%) 3 (43%)

1Values of 0 (0%) indicate potential gaps in the literature, where no study in the review met the given characteristic. CRP, C-reactive protein; hs-CRP, high-sensitivity C-reactive
protein; MDA, malondialdehyde (a secondary lipid peroxidation marker); OJ, orange juice; OxLDL, oxidized LDL.
2Categories for weight status based on BMI (in kg/m2): normal-weight BMI = 18.5–24.9, overweight BMI = 25.0–29.9, obese BMI = ≥30.0 (25).
3The sum of each column is greater than the column total n due to multiple comparators for some studies.

comparator interventions. Due to the heterogeneity across
study designs and populations, few studies reporting on each
marker, and small study sample sizes, caution should be
used when interpreting results and drawing conclusions. In
general, study findings suggested that 100% OJ interventions
by themselves improved markers, offered protective effects
against induced inflammation and oxidative stress, or had

no effect. When 100% OJ was compared with non-100% OJ
interventions, studies reported either significantly beneficial
effects from 100% OJ (e.g., attenuated increased inflamma-
tion; reduced rather than increased oxidative stress) or no
difference in markers between interventions. One exception
was a crossover RCT that compared 100% OJ with a
commercial OJ enriched with polyphenols extracted from

6 Cara et al.
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TABLE 3 All markers of inflammation and oxidative stress reported by 22 included articles1

Marker type Articles, % Specific markers n

Antioxidants 41 Antioxidant capacity 7
GSH 2
GSSG 2

Cytokine suppressors (mRNA and/or
protein expression)

9 SOCS-1 1

SOCS-3 2
SOCS-7 1

Cytokines2 32 IFN-γ ∗ 1
IL-1β∗3 2
IL-4∗∗ 2
IL-6∗3 5
IL-10∗∗∗ 2
IL-12∗ 1
TNF-α∗3 5

DNA damage 18 8-OHdG 2
% DNA in tail 1
DNA strand breaks 1
Hemolysis rate 1
Micronuclei rate 1

Endotoxins 9 LPS 2
Enzymes 9 MMP-9 1

MPO 1
NADPH oxidase subunit p47phox protein 1
p38 MAP kinase 1
p38, phosphorylated 1

Glycoproteins 9 E-selectin 1
LBP 1

Hormones 5 Leptin 1
Leukocytes 5 WBC 1
Lipid peroxidation 36 8-epi-PGF2α

1
8-iso-PGF2α

1
MDA 6
LPOs 2

Lipoproteins, pathological 14 OxLDL 3
Metabolites 5 11-Dehydro-TXB2 1

9,10-DiHOME 1
12,13-DiHOME 1
9-HODE 1
13-HODE 1
5-HETE 1
12-HETE 1

Other proteins 50 CRP 2
hs-CRP 7
NF-κB 1
Proteomes in PBMCs 1
VCAM-1 1

Oxypurines 5 Hypoxanthine 1
Xanthine 1

Protein oxidation 5 Plasma protein carbonyl groups 1
Reactive oxygen species 5 ROS-PMN 1

ROS-MNC 1
Toll-like receptor (mRNA and/or protein

expression)
9 TLR2 2

TLR4 2

1Two articles covering 1 study reported different outcomes. CRP, C-reactive protein; Dehydro-TXB2, Dehydrothromboxane B2; hs-CRP,
high-sensitivity C-reactive protein; DiHOME, dihydroxyoctadecanoic acid; GSH, reduced glutathione; GSSG, oxidized glutathione;
HETE, hydroxyeicosatetraenoic acid; HODE, hydroxyoctadecadienoic acid; iso-, isoprostane; LBP, lipopolysaccharide-binding protein;
LPO, lipid peroxidation; MAP, mitogen activated protein; MDA, malondialdehyde (a secondary lipid peroxidation marker); MMP, matrix
metallopeptidase; MNC, mononuclear cell; MPO, myeloperoxidase; OxLDL, oxidized LDL; PBMC, peripheral blood mononuclear cell;
PGF, prostaglandin F; PMN, polymorphonuclear cell; ROS, reactive oxygen species; SOCS, suppresser of cytokine signaling; TLR,
Toll-like receptor; VCAM, vascular endothelial adhesion molecule; WBC, white blood cell; 8-OHdG, 8-hydroxy-2′-deoxyguanosine.
2Cytokines: ∗proinflammatory, ∗∗adaptive immunity, ∗∗∗anti-inflammatory.
3Measured by 1 study as mRNA or protein expression of the marker in mononuclear cells (40).
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oranges. One article covering this study found that 100%
OJ resulted in significantly greater within-group reductions
in lipid peroxidation (LPO) and urinary 8-hydroxy-2′-
deoxyguanosine (8-OHdG; markers of oxidative stress), but
that polyphenol-enriched OJ produced lower concentrations
of urinary 8-OHdG than 100% OJ at endpoint (45). A
secondary analysis conducted in a subgroup of participants
from this study found that polyphenol-enriched OJ produced
significantly beneficial metabolite responses compared with
100% OJ, suggesting stronger protective effects against
oxidative stress (53). It is worth noting that this subgroup
was not randomly selected from the study population and
that only data from sequence 1 of the crossover trial were
used in analyses. Another study of note was a before-after
study with multiple arms that assessed the impact of juice
made from freshly prepared OJ from frozen concentrate
or just-opened commercial 100% OJ compared with these
OJs on day 8 of storage (52). This study found that, when
participants consumed freshly prepared OJ from concentrate,
LPO concentrations decreased, indicating reduced oxidative
stress, but just-opened commercial 100% OJ produced no
change. The study authors attributed this difference to the
higher ascorbic acid content of OJ from frozen concentrate,
which contains and retains more naturally occurring vitamin
C than chilled commercial OJ due to its different processing
and packaging methods. After 8 d of storage, consuming
either juice increased participants’ LPO, and this increase was
significant only after consuming OJ from frozen concentrate
due to the decreased LPO on day 1.

The results of markers reported by 3 or more studies (CRP
or hs-CRP, IL-6, TNF-α, MDA, oxLDL, and antioxidant
capacity) are synthesized below.

C-reactive protein.
Two studies reported on CRP. A before-after study showed
no change from baseline concentrations after female partic-
ipants with obesity consumed 500 mL of red OJ daily for
12 wk (36). An acute (7-h) crossover RCT assigned at-risk
males with mild hypercholesterolemia to a high-fat meal
with 240 mL of commercial 100% OJ without pulp, fresh
OJ, an isocaloric sugar-matched control, or OJ with added
orange pomace fiber (32). This study reported lower CRP
concentrations with time (postprandial 7 h) but no treatment
or interaction effects.

Altogether, 7 studies reported on hs-CRP, and 6 of these
reported significantly reduced hs-CRP concentrations in
healthy [normal weight (41, 44), overweight (38), or both
(37)] and at-risk participants with obesity (33, 46) consuming
500 or 1000 mL of 100% OJ/d for 1 to 12 wk. One other study
reported no change from baseline hs-CRP for participants
with abdominal obesity who consumed 500 mL/d of 100%
standard blond OJ and OJ from Sicilian blood oranges—
each over 4 wk (39). Four of the studies reporting on hs-
CRP had non-100% OJ comparators. Three found significant
improvements in hs-CRP concentrations (P < 0.05) for 100%
OJ interventions compared with placebo juice with water,
orange aroma, sucrose, and citric acid (33) or no OJ (44,

46). The other study found marginally significant differences
between groups, with a greater decrease in mean hs-CRP with
100% OJ intake but lower final hs-CRP concentrations with
OJ from concentrate (P = 0.07) (41).

A random-effects model meta-analysis of these latter 4
controlled trials (2 crossover, 1 nonrandomized parallel,
and 1 randomized parallel) with 138 total participants is
presented in Figure 2. Results showed no difference in net
change hs-CRP concentrations (change from baseline) after
consuming 100% OJ or a comparator intervention (pooled
net change: −0.58 mg/L; 95% CI: −1.22, 0.05) with high
and significant heterogeneity (I2 = 78.8%; P = 0.003). This
heterogeneity was resolved when 2 studies rated high overall
ROB were removed in a sensitivity analysis (I2 = 0.0%;
P = 0.51), and overall conclusions remained nonsignificant
(pooled net change: −0.07 mg/L; 95% CI: −0.14, 0.00).

IL-6.
Five studies measuring IL-6 concentrations produced mixed
results. Two controlled trials conducted in healthy par-
ticipants with normal weight reported no change from
baseline IL-6 concentration 5 h after consuming 300 kcal
of commercial 100% OJ (where IL-6 mRNA expression was
measured in mononuclear cells) (40) or 4 wk after consuming
1000 mL fresh OJ daily (where IL-6 was measured in serum)
(41). These results were similar for all study comparators [i.e.,
OJ from concentrate (41) and glucose, cream, or water (40)].
Two crossover RCTs found significant decreases in serum
IL-6 compared with baseline, with 100% OJ interventions
showing beneficial results over comparators. One of these
was conducted in at-risk participants with obesity who
consumed 500 mL/d of commercial 100% OJ or placebo juice
with water, orange aroma, colorants, sucrose, and citric acid
for 1 wk (33). The second was an acute study where IL-6 was
measured in healthy participants with normal weight 5 h after
consuming a high-fat, high-carbohydrate meal with 500 mL
commercial 100% OJ, water, or an isocaloric beverage with
water and glucose (43). Last, an acute (7 h) crossover RCT
conducted in men with cardiometabolic risk factors (e.g.,
overweight and mild hypercholesterolemia) found IL-6 to be
significantly increased from baseline to 7 h after consuming
a high-fat meal with 240 mL of each intervention beverage
including commercial 100% OJ, fresh OJ, OJ with orange
pomace added, and an isocaloric sugar-matched control (32).

Four of the crossover trials measuring IL-6 (2 acute
and 2 chronic trials) were included in a random-effects
model meta-analysis, and pooled results are presented in
Figure 3 along with results from study duration subgroups.
For this analysis, effect measures represent between-group
differences at the final postintervention measurement period
only (net difference) and not change from baseline IL-6.
Pooled results for 88 total participants showed significantly
lower IL-6 concentrations after consuming 100% OJ com-
pared with comparators with low heterogeneity, which was
not significant (pooled net difference: −1.51 pg/mL; 95% CI:
−2.31 pg/mL, -0.70 pg/mL; I2 = 23.0%; P = 0.27). Subgroup
analyses showed similar results and conclusions for both
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FIGURE 2 Random-effects model meta-analysis of crossover and parallel trials measuring hs-CRP in participants given 100% OJ and
non-100% OJ interventions. 1Nonrandomized study; box sizes represent study weight. hs-CRP, high-sensitivity C-reactive protein; OJ,
orange juice; ROB, risk of bias.

acute and chronic studies. When 1 study rated high ROB
was removed from the analysis, overall conclusions were
similar, but heterogeneity went away (n = 69 participants;
pooled net difference: −1.11 pg/mL; 95% CI: −1.81 pg/mL,
−0.41 pg/mL; I2 = 0.0%; P = 0.48). Subgroup analyses by
juice preparation type are presented in Supplemental Figure
3 and showed similar overall conclusions, with moderate
but nonsignificant heterogeneity for the 3 trials using
commercial 100% OJ (n = 67; pooled net difference: −1.61
pg/mL; 95% CI: −2.63 pg/mL, −0.59 pg/mL; I2 = 48.6%;
P = 0.14).

TNF-ɑ.
Studies assessing TNF-α reported no change from baseline
and/or protective effects with 100% OJ intake. Two before-
after studies reporting no change in TNF-α were conducted
in healthy participants with normal and/or overweight
(750 mL OJ/d for 8 wk) (37) or at-risk females with obesity
(500 mL OJ/d for 12 wk) (36). An acute (7-h) crossover RCT
in at-risk males showed no change from baseline TNF-α after
consuming a high-fat meal plus 240 mL commercial 100%
OJ or fresh OJ, suggesting a protective effect (32). However,
results were similar after intake of OJ with orange pomace
fiber and intake of an isocaloric sugar-matched control. An
acute (5-h) nonrandomized parallel controlled intervention
with healthy participants of normal weight found no change

in TNF-α mRNA expression in mononuclear cells after
consumption of water or 300 kcal 100% OJ, suggesting
protective effects when compared with increased TNF-α
after intake of 300 kcal glucose or cream (40). Last, a
crossover RCT in at-risk participants with obesity found
significantly lower TNF-α concentrations after 1 wk of
500 mL/d commercial 100% OJ compared with baseline and
placebo juice (water, orange aroma, colorants, sucrose, and
citric acid) (33).

Malondialdehyde.
A secondary product of lipid peroxidation, MDA, was
measured in 6 studies reporting beneficial antioxidant effects
(lower MDA) or benign results after 100% OJ consumption.
One before-after study conducted in generally healthy
participants with overweight reported decreased MDA con-
centrations with intake of 750 mL OJ/d for 8 wk (37). A
parallel RCT in at-risk participants with obesity also reported
decreased MDA, but results were similar after 12 wk with or
without 500 mL/d OJ and a reduced-calorie diet (46). One
nonrandomized parallel controlled intervention assigned
generally healthy participants with overweight to 750 mL/d
of fresh red OJ or no OJ for 4 wk and assessed change in MDA
after a single bout of exhaustive exercise (26). This study
found no difference in MDA at rest or 24 h post-exercise, but
100% OJ attenuated increases in MDA 30 min after exercise
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FIGURE 3 Random-effects model meta-analysis of crossover trials measuring IL-6 in participants given 100% OJ and non-100% OJ
interventions with subgroup analysis by study duration (acute or chronic). Box sizes represent study weight. OJ, orange juice; ROB, risk of
bias.

when compared with baseline and the no-OJ group. Two
crossover RCTs showed no change from baseline MDA for
100% OJ or comparator interventions. One assigned healthy
females with normal weight to a standardized diet with
600 mL/d of 100% blood OJ or no OJ for 3 wk (47). The
other assigned at-risk participants with obesity to 500 mL/d
100% OJ or polyphenol-enriched OJ for 12 wk (45). Finally,
1 acute (2.5 h) crossover RCT assigned soccer players to
500 mL of fresh blood OJ or placebo juice before an intense
bout of exercise meant to induce oxidative stress (42). While
both interventions resulted in significant increases from
baseline MDA, 100% OJ significantly attenuated the increase
in MDA, suggesting some protection against oxidative
stress.

Three crossover trials reporting on MDA were included in
a random-effects model meta-analysis, and results are pre-
sented in Figure 4. This forest plot also presents individual
and pooled results from 1 nonrandomized and 1 randomized
parallel trial. In this analysis, crossover trial effect measures
are the difference between group MDA concentrations at the
final time point (net difference), while parallel trial effect
measures represent between-group differences for changes
from baseline MDA (net change). Pooled results for the
3 meta-analyzed crossover trials show no effect of 100%
OJ on MDA for 127 total participants, with moderate but
nonsignificant heterogeneity (pooled net difference: −0.06
μmol/L; 95% CI: −0.19 μmol/L, 0.08 μmol/L; I2 = 45.3%;

P = 0.16). Removing studies rated high ROB resulted in
insufficient data to perform meta-analyses.

Oxidized LDL.
In 3 studies reporting on oxLDL, a measure of lipid
oxidation, 100% OJ interventions were shown to attenuate
oxidative stress or have no effect. One acute (7-h) crossover
RCT conducted in at-risk males with overweight and mild
hypercholesterolemia found no change from baseline plasma
oxLDL concentrations after consumption of a high-fat meal
plus 240 mL of commercial 100% OJ or fresh OJ (32).
These results did not differ from comparator interventions
including OJ with added orange pomace fiber or an isocaloric
sugar-matched control. A nonrandomized parallel controlled
intervention assigned male professional athletes to 500 mL
fresh bergamot juice or no OJ daily for 30 d with intensive
training (44). Here, fresh OJ intake attenuated oxLDL
increases seen with the no-OJ group. Finally, a crossover RCT
in at-risk participants with obesity showed no change from
baseline plasma oxLDL after 12 wk of consuming 500 mL/d
of 100% OJ or polyphenol-enriched OJ (45).

Antioxidant capacity.
Total antioxidant capacity (TAC) was evaluated using various
measures in 2 acute crossover RCTs and 5 multiweek studies.
One acute study conducted in healthy participants with
normal weight measured serum antioxidant capacity using
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FIGURE 4 Random-effects model meta-analysis of crossover and parallel trials measuring MDA in participants given 100% OJ and
non-100% OJ interventions. 1Different effect measures for parallel (net change) and crossover (net difference) trials. 2Nonrandomized
study; Box sizes represent study weight. MDA, malondialdehyde; OJ, orange juice; ROB, risk of bias.

an oxygen radical absorbance capacity (ORAC) assay 1,
2, and 3 h after participants consumed 591 mL fresh,
100% OJ (35). Average ORAC levels increased significantly
from baseline to 1 h after participants consumed the fresh
OJ, but levels decreased significantly from baseline to 3
h. The result at postprandial 1 h suggested improved
serum antioxidant capacity compared with 3 placebo juices
(ascorbic acid and sugar) with or without added flavonoids,
but there were no significant differences between groups
by hour 3. The other acute study used the total antioxi-
dant status (TAS) assay measuring plasma concentrations
and found significantly increased TAS from baseline in
healthy soccer players who drank 500 mL 100% blood OJ
before an intense bout of exercise; however, change in TAS
was no different from what was seen with placebo juice
(42).

Three of the multiweek studies found no changes in
TAC regardless of 100% OJ or no OJ intake. Two of
these studies conducted in at-risk individuals with obesity
assigned participants to 12 wk of either 500 mL/d of red
OJ [female-only before-after study; plasma TAC measured
by ferric reducing antioxidant power (FRAP) assay] (36)
or a reduced-calorie diet with or without 500 mL/d 100%
OJ from Pera Rio oranges [parallel RCT; TAC measured by
radical 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) assay] (46). The other study, a crossover RCT, found
a nonsignificant increase from baseline plasma antioxidant
capacity in healthy participants with normal weight who
consumed a standardized diet with or without 600 mL/d

of commercial 100% blood OJ for 3 wk (47). Two before-
after studies in generally healthy populations used the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) method to measure TAC
and found significantly increased levels after 8 wk of 100%
OJ consumption compared with baseline. One study assigned
participants with overweight to 750 mL/d of 100% OJ (37)
while the other assigned participants with normal weight and
overweight to 500 mL/d of red OJ (38).

Strength of evidence
Evidence from 14 total studies measuring CRP or hs-CRP, IL-
6, TNF-α, MDA, and oxLDL was assessed for SoE. Results
can be found in Supplemental Table 3. All 5 markers had
very low strength of evidence, primarily due to moderate
ROB, small sample sizes and related imprecision, and
inconsistency in reported effects across studies. Collective
evidence suggested that 100% OJ interventions may produce
no effects on CRP, TNF-α, MDA, and oxLDL concentrations
but may produce small beneficial effects on hs-CRP and IL-6
concentrations.

Discussion
Summary of evidence
In this study, we aimed to conduct a scoping review,
systematic review, and meta-analysis to identify gaps in the
literature and summarize available evidence on the impact
of 100% OJ on markers of inflammation and oxidative stress
in healthy and at-risk adults. The 21 studies identified in
this review reported >50 markers of inflammation and
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oxidative stress. Markers reported by 3 or more studies,
including CRP or hs-CRP, IL-6, MDA, TNF-α, oxLDL,
and antioxidant capacity, were systematically reviewed, and
meta-analyses were conducted on hs-CRP, IL-6, and MDA.
Noteworthy gaps in the reviewed literature included the lack
of observational studies on this topic and the paucity of
studies measuring most markers. Only 2 reviewed studies
included >50 participants, no intervention lasted >3 mo,
and no studies compared 100% OJ interventions with
vegetable juices or whole-fruit equivalents. Importantly, only
2 studies assessed samples with an average age >50 y; yet,
incidence of inflammation-related chronic diseases, such as
heart disease and diabetes, is known to increase sharply with
age and to be more prevalent in those over age 65 (54).
Furthermore, few studies were conducted in North and South
America where consumption of OJ is high (55) and diseases
related to chronic inflammation are prevalent (56–58).

Overall, the impact of 100% OJ interventions alone was
either beneficial or null on all markers reported in the in-
cluded studies. These results remained consistent when 100%
OJ was compared with non-100% OJ interventions regardless
of which comparators were used (e.g., water, isocaloric sugar-
matched controls, no 100% OJ), with the possible exception
of a commercial OJ enriched with polyphenols derived
from oranges. The meta-analysis for IL-6 concentrations
also showed significant improvements in inflammation after
100% OJ interventions compared with non-100% OJ com-
parators, with no significant heterogeneity between included
studies. However, our meta-analyses conducted for hs-CRP
and MDA concentrations showed no overall effect after
100% OJ consumption, with some significant heterogeneity
that was at least partially explained by ROB among studies
measuring hs-CRP. Although results from individual studies
and the IL-6 meta-analysis suggested generally improved
or attenuated inflammation and oxidative stress following
consumption of 100% OJ, the paucity of studies measuring
each marker and the very low SoE for commonly reported
markers necessitate caution when drawing conclusions re-
garding effects of 100% OJ on inflammation and oxidative
stress.

To our knowledge, no other systematic review has looked
at the role of 100% OJ in markers of inflammation and
oxidative stress, but 4 reviews published in the last decade
considered the impact of fruit and/or juices on inflamma-
tion and oxidative stress in healthy or at-risk populations.
One very recent systematic review assessed the antioxidant
effects of natural foods, including OJ among many other
juices and foods, for participants with dyslipidemia (59).
Just 1 study using OJ as an intervention in a before-
after design was included [a study also included in the
present review (37)]. The review authors reported that OJ
was among the “natural” foods found to increase plasma
antioxidant activity and decrease inflammation and oxidative
damage of lipids in dyslipidemias. One older review on the
impact of polyphenol-containing fruits and fruit products
on inflammation in humans (60) included 2 acute studies
on OJ [also reviewed in the present study (40, 50)]. This

review concluded that postprandial inflammation induced by
Western eating patterns may be stabilized by polyphenol-rich
beverages, such as OJ, accompanying the meal. Another older
review included 8 studies with OJ interventions (16), 4 of
which were included in the present review (33, 40, 50, 51),
and investigated their acute and chronic anti-inflammatory
properties. The review authors reported that OJ-mediated
plasma inflammatory response and related gene expression
may be due to the presence of bioactive compounds such as
flavonoids. These authors further suggested that fruit juices
such as OJ may be useful in preventing and treating chronic
disease. This is consistent with the findings from a prior
systematic review and meta-analysis that compared incident
type 2 diabetes (T2D) risk associated with intake of 100%
fruit juice with sugar-sweetened fruit juice in prospective
cohort studies (61). Subgroup effects in a stratified meta-
analysis showed no effect of 100% fruit juice on incident
T2D but a significantly higher risk (28%) of T2D incidence
with sugar-sweetened fruit juice intake. It is now well known
that several markers of inflammation and oxidative stress are
involved in the pathogenesis of diet-related chronic diseases
such as T2D (62) and cardiovascular disease (63). While
100% juice has been considered by some to contain too
much sugar and not enough fiber to be healthful, evidence
uncovered in our present work supports potential benefits of
100% OJ for both healthy and at-risk populations.

Strengths and limitations
One major strength of this study is the inclusion and
synthesis of all studies reporting any marker of inflammation
or oxidative stress associated with 100% OJ interventions.
Although not all study designs included in the scoping review
were appropriate for meta-analysis, most studies utilized an
RCT design, which is considered the gold standard to assess
causality. The addition of before-after studies as well as acute
studies provided a comprehensive overview of the literature
on this topic. Despite the low number of studies reporting
on even the most common markers (CRP or hs-CRP, IL-6,
TNF-α, MDA, and oxLDL), the synthesis of available data
provides a foundation of understanding for the association
between 100% OJ compared with non-100% OJ interventions
and inflammation or oxidative stress.

The primary limitations of this study are the low number
of articles reporting on each marker of inflammation or
oxidative stress, the small sample sizes among included
studies, and the very low SoE for commonly reported
markers. Consequently, prespecified subgroup analyses by
health status and juice preparation type were not possible for
most markers of interest, and existing data are insufficient
to conduct meta-regression analyses for evaluating potential
dose–response relations. Post hoc subgroup analyses by study
duration (acute or chronic) were also not possible for most
markers given the current evidence, but future reviews could
include study duration in analyses to better elucidate the
relation between acute postprandial fluctuations and chronic
low-grade inflammatory states.
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Despite these limitations, 1 aim of this study was to iden-
tify gaps in the research, and we believe we were successful
in accomplishing this by summarizing the characteristics
(especially design, populations, and interventions) of all
studies on this topic identified by our search strategies.
Furthermore, the breadth of markers, when taken together,
provides an indication of overall effects of 100% OJ on the
body’s inflammatory and oxidation responses. Although the
inclusion of crossover trials was a strength of this review,
the inappropriate reporting by all included crossover trials
negated our ability to capitalize on the power inherent in
this study design. One other limitation was the variety of
comparators used by studies included in this review. Peluso
et al. (64) warned against misinterpreting the effect of juice
interventions on postprandial inflammation and oxidative
stress and implored the careful consideration of comparator
interventions when interpreting effects. In conjunction with
the lack of published research on each marker, the variety
of reported comparators made it impossible to synthesize
results for 100% OJ compared with comparators of similar
makeup in this review.

Conclusions
Overall, evidence reviewed in this study suggests that
interventions with 100% OJ are not likely to increase
inflammatory or oxidative responses in healthy or at-risk
adults. Rather, 100% OJ may provide beneficial or null effects
on numerous markers of inflammation and oxidative stress in
these populations, although experimental data on long-term
effects (beyond 3 mo of intake) are still lacking. In particular,
100% OJ may reduce hs-CRP and IL-6 concentrations over
time in some healthy individuals and those at risk for chronic
disease. Although evidence across >50 markers supports
these findings, moderate RoB among controlled trials and
very low SoE within the most reported markers urge
caution when interpreting results. More large, well-designed
studies are needed to increase confidence in conclusions,
especially for hs-CRP and IL-6, which may be improved with
regular consumption of 100% OJ in both healthy and at-risk
individuals.
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