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Effect of Lycopene Supplementation on Oxidative Stress: An Exploratory
Systematic Review and Meta-Analysis of Randomized Controlled Trials

Jinyao Chen, Yang Song, and Lishi Zhang

Department of Nutrition and Food Hygiene, West China School of Public Health, Sichuan University, Chengdu, China.

ABSTRACT Lycopene is a potentially useful compound for preventing and treating cardiovascular diseases and cancers.
Studies on the effects of lycopene on oxidative stress offer insights into its mechanism of action and provide evidence-based
rationale for its supplementation. In this analysis, randomized controlled trials of the effects of oral lycopene supplementation
on any valid outcomes of oxidative stress were identified and pooled through a search of international journal databases and
reference lists of relevant publications. Two reviewers extracted data from each of the identified studies. Only studies of
sufficient quality were included. Twelve parallel trials and one crossover trial were included in the systematic review, and six
trials provided data for quantitative meta-analysis. Our results indicate that lycopene supplementation significantly decreases
the DNA tail length, as determined using comet assays, with a mean difference (MD) of —6.27 [95% confidence interval (CI)
—10.74, —1.90] (P=.006) between the lycopene intervention groups and the control groups. Lycopene supplementation does
not significantly prolong the lag time of low-density lipoprotein (MD 3.76 [95% CI —2.48, 10.01]; P=.24). Lycopene
possibly alleviates oxidative stress; however, biomarker research for oxidative stress needs be more consistent with the
outcomes in lycopene intervention trials for disease prevention.
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INTRODUCTION

C ARDIOVASCULAR DISEASES AND CANCERS are main
contributors to human morbidity and mortality, and the
pivotal role of oxidative stress in the etiology of both dis-
eases is well known. Oxidative stress is defined as distur-
bances in the prooxidant-antioxidant balance that favors
oxidation. Thus, oxidative stress is essentially an imbalance
between the production of various reactive species and the
ability of the natural protective mechanisms of organisms to
cope with these reactive compounds and to prevent adverse
effects.! Oxidative status is assessed in terms of the overall
oxidative/reductive potency of a given specimen (e.g., blood
or urine) or the susceptibility of various oxidizable compo-
nents to ex vivo peroxidation.'=

Lycopene is a potentially powerful antioxidant because of
its conjugated double bonds. In vitro evidence suggests that
lycopene protects lipoproteins and vascular cells from oxi-
dation, but in vivo evidence is limited.>* Lycopene report-
edly has the strongest singlet oxygen-quenching capacity
among carotenoids,’ and is the most effective quencher in
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plasma, low-density lipoprotein (LDL), and human lym-
phoid cells in vitro.*® Epidemiologic studies have reported
that the consumption of lycopene-rich foods decreases the
risk of cardiovascular diseases and cancers.”” Several
clinical trials have provided evidence that lycopene lowers
oxidative stress, particularly by preventing LDL oxida-
tion.*!%!" However, in 2000, the panel on Dietary Reference
Intake evaluated the potential health effects of f-carotene
and other carotenoids and concluded that no convincing
evidence indicates that substantially increasing the carot-
enoid intake above current levels significantly affects the
antioxidant status; however, lycopene was not specifically
addressed.'? Considering that lycopene metabolism has not
been fully elucidated and antioxidative nutrients interact
with each other during gastrointestinal absorption and me-
tabolism, the function of lycopene in vivo possibly differs
from that in vitro.!3-1°

Decades of clinical and preclinical studies have broad-
ened our understanding of lycopene and its use in numerous
chronic, oxidative stress-induced pathologies; however, the
results of these studies have shown mixed results, although
with promising implications on the efficacy of lycopene
in vivo.">'7!8 To provide more convincing estimates, this
systematic review and meta-analysis assesses the effect of
lycopene supplementation on oxidative stress. A wide
variety of functional assays for oxidative stress is covered,
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including various measures of lipid oxidation, DNA oxida-
tion, and protein oxidation, for illustrative purposes. This
article is the first systematic review on this topic.

METHODS AND MATERIALS
Search strategy

OVID MEDLINE, EMBASE, Web of Science, Springer,
CNKI, and CENTRAL (The Cochrane Library) were sys-
tematically searched for relevant studies published until
June 2012. Further searches were done by scanning the
reference lists of original studies, meta-analyses, and review
publications on lycopene and tomato. No language or other
limitations were imposed. Figure 1 illustrates the selection
process. Terms used for MEDLINE (and adopted for other
databases) in both subject heading and body text were:

1. Lycopene, carotenoids, antioxidants, tomato, or
dietary

2. LDL oxidation, LDL peroxidation, DNA damage, or
oxidative stress

3. Both (1) and (2)

4. Limit (3) to humans

Studies were included if they met the following criteria:
(1) randomized controlled trials (RCTs) on human subjects;
(2) biomarkers of oxidative stress as outcomes were re-
ported; (3) intervention included oral lycopene supplemen-
tation compared with a concurrent controlled group of
placebo or no intervention treatments that were initiated at
any time during the subject’s lifetime; (4) the trials lasted at
least 7 days. To reduce heterogeneity across interventions,
trials of foods enriched with lycopene and/or unknown ly-
copene doses were excluded from this review. Supple-

Potential relevant studies identified
after initial search: n=385

Studies excluded after
abstract review: n=233

h

Studies retrieved for
further screen: n=152

Studies excluded: observational
studies, reviews, and without

outcome of interest: n=96

h

Studies retrieved for full
analvsis: n=54

Not a RCT: n=22

No concurrent control arm: n=6

o Studies excluded with dietary
intervention of foods enriched with
Iycopene and/or lycopene dose
unknown: n=11;

h 4
Studies included for final
analysis: n=13

FIG. 1. Search strategy flow chart.

mentation with purified lycopene or formulation with small
quantities of other carotenoids and/or flavonoids was in-
cluded because of their usual inclusion in lycopene sup-
plements. Further, each of the included trials was required to
state explicitly the word ‘“‘random’ in the description of
treatment assignment. Further details regarding randomi-
zation methods used (blocking, random-number generation,
etc.) were not required. Missing data were dealt with by
contacting the investigators of the original study to request
the missing data, or to provide further clarification on data.
Analysis was performed on the available data in cases where
the missing data were irretrievable. The selection of these
biomarkers was based on previous research and reviews,
which specified that DNA damage, antioxidant capacity of
plasma, lipid peroxidation, protein oxidation, and anti-
oxidative enzymes could be used as biomarkers for evalu-
ating oxidative stress in vivo.'>*° Various functional in vivo
and ex vivo assays were covered for illustrative purposes.
The assays were further categorized into:

e LDL oxidation: LDL lag-time, LDL oxidation rate

e Lipid and protein peroxidation products: plasma mal-
ondialdehyde (MDA), thiobarbituric acid-reactive sub-
stances (TBARS), urinary 8-iso-PGF,,, plasma thiols.

¢ Plasma antioxidative capability: total antioxidant ca-
pability (TAC), ferric-reducing ability of plasma
(FRAP), oxygen radical absorbance capacity (ORAC),
P/S fatty acid ratio.

¢ Antioxidative enzymes: superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx).

e DNA damage, DNA products (comet assay results,
8-OHdG, etc.).

Data extraction

The following information was retrieved from each in-
cluded study:

Characteristics of study participants

Alterations in plasma lycopene

Outcome measurements

Trial design and blinding methods

Intervention measures, type of control, and trial duration
Allocation of concealment, description of randomiza-
tion, evaluation of losses to follow-up, and subject
compliance

o Dietary advice before and during treatment

The inclusion and exclusion criteria for the study partic-
ipants were also extracted (data not presented).

Quality assessment

All trials were objectively assessed for the risk of bias by
two independent reviewers (J.C. and Y.S.) as recommended
by the Cochrane guidelines.?! The Cochrane protocol ex-
plicitly discourages the use of scales to assess the quality of
trials when empirical support was lacking; thus, the quality
of each trial included in this review was assessed using
seven criteria.”?



LYCOPENE AND OXIDATIVE STRESS 363

Statistical analysis

Data were extracted as baseline and endpoint means,
standard deviations, and sample sizes for both intervention
and placebo groups for each oxidative outcome. When
testing was performed at multiple time points, only data
from baseline and the final time point were extracted. For
each trial following a parallel design, the effect was calcu-
lated as the difference in the baseline and end-trial levels
between the intervention and the control groups; for cross-
over design, the effect was assessed using the data from the
first period.”** A fixed-effect model was used to combine
data where the studies are assumed to estimate the same
underlying treatment effect. If clinical heterogeneity was
sufficient to expect that the underlying treatment effects
differed between trials, or if substantial statistical hetero-
geneity was detected, a random-effect model was adopted
to produce an overall summary. The results of the meta-
analysis are presented as forest plots.

Heterogeneity was assessed using both y? and I?. The y>
test assesses whether the differences in the results are due to
chance only. The data were considered heterogeneous when
the P-value is low. I assesses the percentage of variability
in the estimated effect that is due to heterogeneity rather
than chance. I* values higher than 50% indicate substantial
heterogeneity.?! Sensitivity analysis was performed to
verify the results of the meta-analysis. Publication bias was
assessed by inspecting funnel plots. The analysis was per-
formed using Review Manager 5.0 software.? Data reported
in formats that did not allow entry into RevMan software
were reported in tables or in text.

To investigate the differences in the results across studies,
several prior hypotheses were developed as follows:

e Study population: normal or in a pathologic state,
wherein larger treatment effects were found in the latter.

¢ Different methodological qualities: randomization
concealed or unconcealed; blinded or unblinded; extent
of losses to follow-up; dietary advice (whether taking
lycopene-containing food or not; anticipating that
effect size was overestimated by refraining from
lycopene-containing food).

e Study duration: anticipating longer treatments induce
stronger effects.

e Lycopene formulations and doses: hypothesizing that
the magnitude of the effect varies with the formulation.

e Baseline plasma lycopene level: hypothesizing that the
effect is more pronounced with lower baseline plasma
lycopene levels.

RESULTS

Description of included studies

The characteristics of the 13 clinical trials**~® meeting in-

clusion criteria are summarized in Table 1. We excluded 22
trials for not having an RCT design,**-%° 6 trials for the absence
of concurrent controlled arms,®'=%% 11 trials for dietary inter-
vention with food and/or no lycopene dose mentioned,’~"’
and 2 trials for single-dose administration.””’

These 13 trials were conducted between 1998 and 2011,
comprising 844 participants. The trials were conducted in
the United States, Canada, Ireland, Spain, Germany, Italy,
Iran, France, and Korea. The trial size ranged from 26 to 175
participants (mean age of 25.9-70 years; mean body—mass
index [BMI] of 21.0-28.5 kg/m? across 10 trials). In terms of
trial design, one of the 13 trials was designed as a cross-
over:*? placebo/washout/lycopene and lycopene/washout/
placebo for two groups, with an intermittent washout period
of 26 days. The remaining 12 trials were designed as parallel
trials, 2313338 particularly the trial by Talvas et al.,>® which
was designed as a two-phase RCT: red tomato extract versus
yellow tomato extract as the first phase and lycopene capsule
versus placebo as the second phase, with a washout period of
2 weeks. The second phase was included in this review as a
parallel design. Among the included studies, eight trials were
designed as double-blind,*®**'37 two trials were single-
blind,?** and three trials reported no information regarding
blinding,?%?”-3° as described in Tables 1 and 2.

Six trials administered one lycopene dosage as the only
treatment arm,’0-32343638 three trials designed different ly-
copene doses as several treatment arms,’®¥-7 whereas four
trials designed treatment arms with other carotenoid supple-
ments.?’23% The lycopene formulations differed across the
studies, as shown in Table 1, which could be categorized into
the following four formulations: (1) purified lycopene;**34-3
(2) lycopene with small quantities of tocopherol;**2> (3) ly-
copene capsules containing 10% f-carotene;*”*° and (4) ly-
copene with its metabolites (phytoene and phytofluene) and
small quantities of tocopherol and pB-carotene 630323738
Trial participants were heterogeneous, varying from healthy
adults,?6-2%-31-33.36-38 the most common subjects, to other
particular populations such as those with newly diagnosed
prostate cancer,>® with type 2 diabetes mellitus,>* or with
mildly elevated cholesterol levels.”

For missing data, in the trial by Mackinnon et a
the three lycopene treatment arms were merged into one
LYCOPENE group in the original article. We used the
merged data in this systematic review, because the original
data for each arm were unavailable. The formulation of
lycopene supplementation in the trial of Neyestani et al.>*
was irretrievable, whereas the review by Erdman et al.'
identified the lycopene source in the same article as purified
lycopene. In the present study, we designated the lycopene
source as purified lycopene.

L ’26

Quality assessment

The quality of the trials was assessed, as shown in
Table 2. The majority of trials did not report details re-
garding concealment allocation (12 trials) and randomization
method (12 trials). Only one trial®® reported an appropriate
blinding method. Except for the trial by Carroll et al.,* the
other 12 trials mentioned the methods for evaluating par-
ticipant compliance with intervention protocol, and seven
trials discussed losses to follow-up.26%31:35-38 With regard
to dietary advice, 11 trials described a specific instruc-

tion;?%2739-38 among them, three trials instructed subjects to
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LYCOPENE AND OXIDATIVE STRESS 367

avoid lycopene-containing food during the washout and
treatment periods;?®3>-3¢ one trial instructed subjects to re-
frain from lycopene-containing food during the washout
period and to keep a constant diet during treatment period;**
two trials asked subjects to refrain from food enriched with
lycopene and carotenoids;*!** two trials encouraged sub-
jects to maintain their diets and lifestyle,*3” which possibly
inflated the effect size; one trial provided vitamin E sup-
plement before initiation;>’ one trial instructed the con-
trolled subjects to increase fruit and vegetable intake,
possibly resulting in underestimation of the effect size;*° and
one trial instructed the subjects to keep records of lycopene
and carotenoid intake.*® Compliance and dietary monitoring
were satisfactory in all evaluated trials.

Plasmar/tissue lycopene levels

Except for one trial,>? the other 12 studies reported al-
terations in plasma lycopene levels, among which seven
trials provided explicit data on pretreatment and post-
treatment.?®>%-31-3638 Plasma lycopene at baseline ranged
from 0.053 to 0.69 uM, as shown in Table 3. Among the 12
studies, two reported prostate lycopene levels***® and one
reported the LDL and high-density lipoprotein concentra-
tions of lycopene.?®

Plasma and tissue lycopene in the lycopene intervention
groups of all trials was significantly elevated after supple-
mentation, which further supported the validity of these
clinical trials (Table 3).

Oxidative biomarker assessment

The oxidative parameters assessed in each study were
categorized and are presented in Table 4. In total, at least 20
oxidative parameters were applied across these studies, as
summarized below.

LDL oxidation. Three trials assessed the LDL lag
time,”%2°35 and one reported the LDL oxidation rate.*
These data were considered appropriate for meta-analysis
(Table 5). With a total pooled sample size of 167 subjects,
the lycopene treatment did not significantly prolong the
LDL lag time (MD 3.76 [95% confidence interval (CI)
—2.48, 10.01]; P=.24). A considerable heterogeneity was
observed (I2=100%; P <.00001).

Lipid and protein oxidation and peroxidation prod-
ucts. Lipid oxidation products were investigated in five
trials?®32:3%:36.38 with the same test principle for plasma
MDA, hydroxyl nonenal (HNE), and TBARS, and two trials
for urinary 8-iso-PGF,,.**® Except for one trial,*® which
reported increased TBARS versus baseline in the LYCO-
PENE group, no other significant effect of lycopene on lipid
peroxidation products compared with the placebo or base-
line level was reported. For protein oxidation products, two
trials reported thiol groups in different measurement units,
as umol/g proteins in one trial*® and M in plasma in an-
other.?® A significantly positive effect was found between
the post-treatment level with the baseline level of the LY-
COPENE group in the latter trial.

Antioxidative enzymes and plasma antioxidative capa-
bility. Antioxidative enzymes were investigated in three
trials.?*?7 No significant effect was reported in GPx, glu-
tathione disulfide (GSSG), glutathione (GSH), and SOD,
except that one trial®’ reported increased SOD versus baseline
in an intervention arm of 15 mg/day lycopene (P <.05).

FRAP,*® ORAC,* TAC,?%** and P/S fatty acid ratio®
were adopted to evaluate plasma antioxidative capability.
One trial®® reported increased TAC versus baseline in the
LYCOPENE group. However, no significant effect was
found in other parameters.

DNA damage (by Comet assay or products). Three tri-
als®>333% assessed the lymphocyte DNA tail length, and the
data were considered appropriate for meta-analysis (Table 5).
With a pooled sample size of 115 subjects, lycopene was
found to decrease the DNA tail length significantly, which
was measured using a comet assay (MD —6.27 [95% CI
—10.74, —1.90]; P=.006). Considerable heterogeneity
(?=100%; P <.00001) was observed across the three studies.
The urinary 8-OHdG,* plasma 8-OHdG,?’ and 8-oxo-dG/
10°dG levels in prostate tissue,*® as well as peripheral blood
lymphocyte level of 5-OHmdU*’ were determined in four
trials. Except for Devaraj et al.,> who found decreased uri-
nary 8-OHdG versus baseline at 30 mg/d lycopene, no other
significant effect was reported in the other four trials.

Clinical outcomes

The clinical outcomes assessed in these trials were also
analyzed, and they are listed in Table 1. Clinical outcomes
were evaluated in eight trials:

e Lipid profile: No significant differences were found.>®

e Prostate cancer-related pathologic status: In the trial by
Kucuk ez al.,*° the pathologic stage of prostate cancer in
the lycopene intervention group was less advanced and
had lower PSA. In the trial by Talvas et al.?® the PSA
levels in the healthy men did not change after lycopene
intervention.

e Inflammatory/immune factors: IL-4 production was
reduced by lycopene intervention,*' TNF-« production
was reduced by lycopene intervention,*? and IgG in-
creased after lycopene intervention.>*

e Bone resorption marker (NTx): NTx was reduced after
lycopene intervention.?

o Endothelial cell function: An increase in reactive hy-
peremia peripheral arterial tonometry (RH-PAT) index
from baseline, whereas high-sensitive C-reactive pro-
tein (hs-CRP), systolic blood pressure, soluble inter-
cellular adhesion molecule-1 (sICAM-1), and soluble
vascular cell adhesion molecule-1 (sVCAM-1) were
significantly decreased in the 15mg/d group.’’

Sensitivity analysis and subgroup analysis

Sensitivity analysis was performed by excluding certain
studies to examine the influence of the omitted study on the
pooled effect. Thus, the overall effects were 1.15 (—7.37 to
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TABLE 4. CATEGORIZED OXIDATIVE PARAMETERS OF EACH STUDY

Parameters of oxidative stress

Study ID

LDL oxidation
LDL oxidation lag time
LDL oxidation rate

Lipid oxidation/peroxidation products
Urinary 8-iso-PGF»,,
Plasma malondialdehyde (MDA) and hydroxyl
nonenal (HNE)
Plasma MDA
Plasma thiobarbituric acid reactive substances (TBARS)

Protein oxidation
SH groups (umol/g proteins)
Plasma thiols

Antioxidative enzyme
Glutathione peroxidase (GPx), glutathione disulfide
(GSSG), and glutathione (GSH)
Superoxide dismutase (SOD)

Catalase (CAT)

Plasma antioxidative capability
Ferric reducing ability of plasma (FRAP) and oxygen
radical absorbance capacity (ORAC)
Total antioxidant capacity (TAC) to MDA
Total antioxidant capability (TAC)
P/S fatty acid ratio

DNA damage (by comet assay)
Lymphocyte DNA comet assay visual score
DNA tail intensity
Lymphocyte DNA tail length

Tail DNA(%) and tail moment

DNA damage (by products)
Urinary 8-OHdG/plasma 8-OHdG

Prostate tissue level of 8-oxo-dG/10° dG
Peripheral blood lymphocyte level of 5-OHmdU

Carroll et al.®® (P> .05); Hininger et al.?® (P> .05); Devaraj et al.>® (P >.05)
Devaraj et al.*> (P>.05)

Riso et al.3* (P>.05); Talvas et al.>® (P>.05)
Devaraj et al.*> (P>.05)

van Breemen et al.3® (P> .05)
Mackinnon et al.?® (increased vs. baseline in lycopene-treated groups P <.05)

Hininger et al.?® (P>.05)
Mackinnon et al.?® (decreased vs. baseline in lycopene-treated groups P <.05)

Hininger et al.®*® (P>.05) in GSH-Px, GSSG, and GSH;
Mackinnon et al.*® (P>.05) in GPx

Kim et al.*’ (increased vs. baseline in lycopene-treated group P<.05);
Mackinnon et al.?® (P>.05); Hininger et al.*® (P>.05)

Mackinnon et al.?® (P >.05)

Talvas et al.>® (P>.05)

Neyestani et al.>* (P>.05)
Mackinnon et al.?® (increased vs. baseline in lycopene treated groups P <.05)
Hininger et al.?® (P>.05)

Collins et al.*’ (P>.05)

Briviba et al.®' (P>.05)

Riso et al.3? (P>.05); Zhao et al.®* (decreased lymphocyte DNA tail
length vs. baseline: P<.01); Devaraj et al.*® (decreased lymphocyte DNA
tail length vs. baseline: P <.05)

Kim et al.*” (decreased lymphocyte DNA tail length, tail DNA (%), and
tail moment vs. baseline P <.05)

Collins et al.?” (P>.05 in plasma 8-OHdG); Devaraj et al.®> (decreased urinary
8-OHdG vs. baseline P <.05)

van Breemen et al.’® (P>.05)

Kucuk et al.*® (P> .05)

P>.05 means no significant difference with placebo groups or baseline.

9.68), 2.90 (—9.06 to 14.85), and 7.24 (3.81 to 10.27), re-
spectively, with the exclusion of trials 28, 29, and 35 on the
extension of the LDL lag time. With exclusion of trials 37, 32,
and 33, the effects on the DNA tail length were —3.55
(—8.94 to 1.84), —9.05 (—14.53 to —3.57), and —6.32
(=17.19 to 4.55), respectively. No quantitative subgroup
analysis was conducted because of the small number of in-
cluded studies on the same parameter. Funnel plots were not
constructed because of the small number of included studies.

DISCUSSION
Summary of main results

The present study is the first systematic review of the
antioxidative effects of lycopene, in which all available
RCTs on the subject were pooled. This review included 13
RCTs, which vary in participant characteristics, formula-

tions, and intervention measures of lycopene, parameters of
oxidative stress, and study duration. Pooling the results of
the three trials revealed no statistically significant difference
in the LDL lag time between the lycopene treatment group
and the controlled group. However, a meta-analysis of an-
other three trials suggested that lycopene significantly de-
creases the DNA tail length as measured by comet assays.
Other meta-analyses were impossible to carry out, because
the contributing data for other outcomes came from only one
trial. Comparisons of the effect of purified lycopene with
other formulations and dosage/duration of lycopene is sta-
tistically impossible. However, the results showed no ob-
vious discrepancy based on this systematic review.
Oxidative DNA damage is a potential marker for moni-
toring oxidative stress, as well a marker of oxidative disease
risk,*1%2% one of the major and well-characterized functions
of lycopene antioxidative activity. Despite the uncertainty
posed by the limited population size and the heterogeneity in
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the quantitative meta-analysis for DNA tail length, the
positive effect observed still offers an insight into the in vivo
mechanism of action of lycopene and provides perspectives
for consumers and researchers.

Mackinnon et al.?® reported increased antioxidative ca-
pacity with lycopene supplementation and decreased lipid
and protein oxidation products. Devaraj et al.’® reported
decreased urinary DNA damage products, whereas Kim
et al.’” reported increased plasma SOD activity. No other
- 4 i significant effect was reported in these studies. Several
factors contributed to the conflicting results of antioxida-
tive activity studies. The null results might have resulted
from the very low basal oxidative damage among the
young healthy subjects who participated in several
studies.?’?*-31-3237 Thus, basal variations are likely negli-
gible and have little biological significance. Subjects with
low baseline lycopene levels, such as those in the trial of
Mackinnon et al.,”® where the baseline lycopene level was
0.264 M, may respond better than the subjects with ele-
vated baseline lycopene levels. The dietary advice of the
trials by Mackinnon et al.*® and Devaraj et al.*® both in-
cluded refraining from lycopene-containing food for both
the washout and the treatment period. The former instructed
all participants to refrain from any vitamins and antioxidant
supplementation, which could overestimate the magnitude
of the effect.

Epidemiologic evidence and dietary intervention studies
have associated tomato and lycopene with lower incidence
rates of cardiovascular diseases and cancers.>*® However,
the effect of lycopene supplementation remains uncon-
firmed. Tomatoes contain significant amounts of f-carotene,
vitamin C, folate, and potassium.®° Thus, studies on the
health benefits of tomatoes should consider other bioactive
compounds that could contribute to the beneficial effects
investigated.

100
00

ho control
placeho control

Mean difference
1V, random [95% CI]
-]
-]
ji
0
0

-50

lycopene
lycopene supplement

-100
100

[5.46, 5.54]
[—2.48, 10.01]

[95% CI]
[8.49, 9.51]
[-3.48, —2.92]
[-13.28, —10.50]
[-0.85, —0.75]

[-6.41, —6.19]
[—10.74, —1.80]

Mean difference

9.00
-3.20
5.50
3.76
—11.89
-0.80
-6.30
—6.27

1V, random

Weight
33.3%
33.3%
33.4%

100.0%
32.6%
33.7%
33.7%

100.0%

Total

16

18

45

79
100%

8

13

6

7
100%

Oxidative stress and clinical outcomes

Oxidative stress is often associated with high levels of
reactive oxygen and oxidation products, particularly hy-
droperoxides and DNA fragments.! Pinchuk et al.®' pro-
posed several problems in the commonly used assays for
ranking antioxidants, including that (1) the assays usually
evaluate the effects of antioxidants that quench free radicals,
which constitute only a part of the antioxidative network,
and (2) antioxidative capacity and the potency of antioxi-
dants, as determined by various methods, do not necessarily
correlate with each other. Pinchuk ez al.®' and Dotan et al.®?
further suggested that the term oxidative stress of any given
type is context dependent, and that the evaluation should
be based on the use of the most sensitive probe or combi-
nation for oxidative damage. As shown in Table 1, we in-
cluded five trials that measured DNA damage as the only
biomarker,?”-3%-33 whereas one trial measured DNA damage,
lipid and protein oxidation, and TAC.?® The contrasting
findings on the particular oxidative stress parameters in
chronic diseases highlight the importance of validating and
standardizing biomarkers for oxidative stress.

Control
Mean £ SD
-1£0.67
1.2+0.462
—-15.6+0.093
—-4.61+2.65
0.3+0.056
1.24+0.128

2 (P<.00001); I
2 (P<.00001); I

Total
1
21
51
88
.006)
3
13
8
58
24)

8+0.79
—-210.437
—10.1+£0.088
2.75 (P
Lymphocyte DNA tail length

Lycopene supplement

-0.5+0.076
—5.1+£0.059

Mean £ SD

TABLE 5. EFFECT OF LYCOPENE SUPPLEMENTATION ON LOW-DENSITY LIPOPROTEIN LAG TIME AND LYMPHOCYTE DNA TAIL LENGTH
—-16.5+£3.43

df, degree of freedom.

Zhao et al. >

Total
Heterogeneity: t>=30.45; y*>=3750.86, df

Test for overall effect: Z=1.18 (P

Hininger et al.?

Total
Heterogeneity: t>=15.41; y*>=8057.54, df

Test for overall effect: Z

Carroll et al.®®
Devaraj et al.®
Kim et al.®’
Riso et al.*?

Study ID
LDL lag time
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Among our included studies, Kucuk et al.*° recruited men
with newly diagnosed prostate cancer. After intervention,
the subjects in the lycopene intervention group had smaller
tumors, less involvement of surgical margins and/or extra-
prostatic tissues with cancer, less diffuse involvement of the
prostate by high-grade prostatic intraepithelial neoplasia,
and lower PSA levels compared with subjects in the control
group. However, no significant difference was found in
DNA oxidation products, which implied that DNA oxida-
tion might not be as critical and indicative in the progression
of prostate cancer as it is in the occurrence of prostate
cancer. Lycopene may also exert its anticarcinogenic effect
via another pathway, such as by alteration of cell gap
communication, as the authors suggested. Talvas et al.*®
found that the PSA levels in healthy men were unchanged
after lycopene intervention. This result also suggests the fact
that the efficacy of lycopene might manifest more in the
pathologic state. Kim et al.*’ found that the beneficial ef-
fects of lycopene supplementation on endothelial function
(i.e., RH-PAT, hs-CRP, and sVCAM-1) were remarkable
among subjects with relatively impaired endothelial cell
function. To some extent, this finding confirms the as-
sumption that lycopene is more effective in the oxidative
impaired population. However, the small number of quali-
fied samples limits the correlation of oxidative stress and
outcomes of cancer and cardiovascular diseases in this
meta-analysis.

It is well documented that subjects with risk factors such
as hypertension, diabetes, and smoking have increased
levels of oxidative stress based on the rate of oxidant pro-
duction and by elevated plasma markers for molecular ox-
idation such as lipid hydroperoxides.'>?° However, these
oxidation products or biomarkers have not yet been ade-
quately validated as markers for the onset, progression, and
regression of any chronic diseases, which presents a chal-
lenge to the interpretation and integration of current evi-
dence and justifies the ongoing research on oxidative
biomarkers and antioxidant efficacies.'*%3

Strengths and limitations of this review

The present systematic review has several advantages.
This is the first systematic review that examines the effects
of lycopene supplementation on oxidative stress in vivo.
Also, a detailed research protocol was included, with prior
specification and evaluation of potential study design con-
siderations without language exclusion. The strengths of the
study also include the analysis of only randomized, con-
trolled clinical trials and the objective assessment of trial
quality. Furthermore, variable biomarkers for oxidative
stress were categorized for analysis.

Except for the uncertainty in evaluating oxidative stress
biomarkers as discussed above, the following limitations
warrant further discussion. First, the RCTs of lycopene
supplementation with small quantities of other micro-
nutrients were included, and not all lycopene supplements
are equivalent. However, the same is true for all the
manufactured lycopene supplements, whether purified or

formulations. Thus, this review would still offer insights
into the consumption of lycopene supplements. Second, this
review includes one crossover trial; while in the presence of
carryover, a common strategy is to base the analysis on the
first period. The corresponding data were not a source of
bias, but it usually decreases the weight of trials in meta-
analyses.>> We also did not perform subgroup analysis be-
cause of the limited number of studies. Therefore, we were
unable to confirm whether lycopene has different anti-
oxidative effects among subjects with variable physiologic
states, or whether lycopene may act differently in short-term
versus long-term application, which remains an important
area for future research.

Conclusion and implication for practice and research

The included trials used variable methods to measure
oxidative stress, which caused incomparability across
studies. Understanding the effectiveness of antioxidants
in vivo requires identifying the markers or combinations of
markers that are predictive of human diseases. Thus, bio-
marker research needs to move in parallel with lycopene
intervention trials for disease prevention. In retrospect, di-
etary interventions using antioxidant supplements, lycopene
in this case, may have been premature because of the need
for more fundamental information on the mechanisms of
action of these compounds. Given the current evidence, the
supposition that lycopene is efficient as an antioxidant
in vivo needs further examination. With the elucidation of
the oxidative stress pathways, understanding the efficacy of
lycopene could be clarified. Therefore, until further research
establishes significant health benefits for lycopene supple-
mentation in humans, it should be concluded that the con-
sumption of natural carotenoid-rich fruits and vegetables is
preferential to purified lycopene supplementation.
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