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ABSTRACT

Cardiometabolic risk factors increase the likelihood of cardiovascular disease development by 2-fold. Lycopene, a potent lipophilic antioxidant, may
be able to mediate oxidative stress, a mechanism underpinning metabolic syndrome (MetS) and its risk factors. This is, to our knowledge, the first
systematic review of the literature with the purpose of investigating the relation between circulating lycopene or dietary intake of lycopene and
MetS as well as its risk factors. The reviewwas conducted using PubMed and EBSCOhost databases with the search terms “lycopene”and “metabolic
syndrome.” Inclusion criteria includedhuman studies published in English in a scholarly, peer-reviewed journal and evaluationof lycopene in relation
to ≥3 of the 5 MetS risk factors as defined by the National Cholesterol Education Program’s Adult Treatment Panel III (ATP III) report. The process
identified 11 studies, including 8 cross-sectional and 3 intervention studies. Cross-sectional studies were grouped into 3 categories, with several
studies falling into>1 category, based on results reporting associations of lycopenewith the prevalence and outcomes ofMetS (5 studies), presence
of ATP III risk factors (4 studies), and variablesmediating lycopene’s influence onMetS risk (3 studies). All studies in each category reported significant
protective associations. Of the 3 intervention studies, all reported significant protective effects from a lycopene-rich beverage, despite varying
doses and durations of intake. Although a protective relation between lycopene and MetS was generally supported, different MetS components
appeared to be influenced by lycopene rather than demonstrating consistent improvement in a single component. Thus, additional research is
needed to elucidate the mechanistic effects of lycopene on MetS, as well as to determine evidence-based recommendations concerning dose-
durational effects of lycopene andMetS risk reduction. In conclusion, the evidence of lycopene’s benefit exists such that lycopene status or lycopene
consumption may be associated with favorable alterations to the components of MetS. Adv Nutr 2019;10:19–29.
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Introduction
Currently, cardiovascular disease (CVD) affects 36.6% of
American adults and its prevalence continues to rise, with
an estimated 43.9% to be affected by 2030 (1). The AHA
developed goals to be accomplished by 2020 that emphasize
the improvement of cardiometabolic health and reduction in
related deaths. The AHA recognizes that to maximize the
outcomes of this undertaking, special attention should be
given to metabolic syndrome (MetS), a condition character-
ized by cardiometabolic risk factors that, together, increase
the likelihood of CVD development by 2-fold (2). Although
multiple definitions of MetS exist, the National Cholesterol
Education Program’s Adult Treatment Panel III (ATP III)
report is the most commonly used in the assessment of MetS
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(3). According to the report’s criteria, a diagnosis of MetS is
made if 3 of the following 5 factors are present: abdominal
obesity demonstrated via waist circumference >102 cm
for males and >88 cm for females, TG concentrations
≥150 mg/dL, HDL-cholesterol concentrations <40 mg/dL
for males and <50 mg/dL for females, blood pressure
≥130/≥85 mm Hg, or fasting blood glucose ≥110 mg/dL.
In applying these criteria, ∼35% of American adults have
MetS, a statistic that demonstrates the significance of this
condition that is derived largely from an unhealthy lifestyle
(4, 5). Multiple influences can be targeted for improvement,
such as tobacco abuse, excess alcohol consumption, and
sedentary lifestyles; however, prevention and management
through dietary mechanisms should not be underestimated.

The exact pathogenesis of MetS remains under investi-
gation, but oxidative stress is acknowledged as being a key
process underpinning this condition (6). This takes place
when there is a homeostatic imbalance—reactive oxygen
species production surpasses the capacity of endogenous and
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exogenous neutralization mechanisms—resulting in cellular
damage. In such instances, exogenous methods of restoring
oxidative balance, by dietary antioxidants, are imperative.

Carotenoids are a class of lipophilic compounds, found
predominantly in fruits and vegetables, that have been
demonstrated to positively affect human health (7). Epi-
demiological observations suggest that these compounds
are protective against CVD, certain cancers, and ocular
diseases, among others (7, 8). Their antioxidant functionality
and mediating effects on chronic disease progression have
been widely researched as a collective pigment family;
however, the physiological functions and benefits derived
from individual carotenoid compounds are less studied.
This has resulted in the attribution of positive effects to
a limited number of compounds, primarily β-carotene,
because this carotenoid has been the focus of most studies
(9–11). Nevertheless, lycopene, a potent antioxidant within
this class, has demonstrated superior singlet oxygen–
quenching abilities compared with the other carotenoids,
such as β-carotene, lutein, and zeaxanthin (12, 13). This
heightened antioxidant efficiency warrants further research
regarding its independent relation with physiological mea-
sures related to MetS. As such, this is the first systematic
review of the literature, to our knowledge, with the purpose
of investigating the relation between circulating lycopene or
dietary intake of lycopene andMetS as well as its risk factors.

Methods
Literature search
Relevant studies were identified for potential inclusion in this
systematic review by database searches utilizing PubMed and
EBSCOhost. Using the Boolean search terms “lycopene” and
“metabolic syndrome,” articles published in English from
scholarly, peer-reviewed journals were flagged for further
review. Only human studies were considered, and date of
publication did not serve as an exclusion criterion. After
removing duplicate articles, the titles and abstracts of the
50 identified studies were examined by the lead author
and a list of articles for full-text review was compiled. The
reference list of each article was also examined to identify any
additional studies for inclusion that might not have appeared
in the search results. This led to the identification of 3 more
publications for further review.

Application of inclusion/exclusion criteria
To be included in this systematic review, the studies must
have evaluated lycopene and its relation to ≥3 of the 5 risk
factors ofMetS as defined by the ATP III criteria. Studies that
utilized different criteria for assessing MetS, such as those
of the International Diabetes Federation, were still included
if ≥3 risk factors of the ATP III criteria were measured.
Studies were omitted from this review based on the following
exclusion criteria: ≤2 of the ATP III MetS components
were addressed, assessment of general antioxidant status
or carotenoid concentrations without lycopene as an inde-
pendent measure, articles not published in peer-reviewed

journals, and research presented in abstract or presentation
format only. In total, the screening and eligibility process of
this literature search led to the identification of 11 studies that
were subjected to critical analysis (Figure 1).

Data extraction and analysis
To assess quality and to minimize the risk of reporting bias,
each author independently analyzed the final articles ac-
cording to the Academy of Nutrition and Dietetics Evidence
Analysis LibraryWorksheet (14). The checklist was originally
created for evaluation of randomized controlled trials; how-
ever, this worksheet was adapted for cross-sectional analyses
as well. Discussion was held among authors regarding the
data extracted and differing interpretations were thoroughly
considered before establishing consensus. Brief descriptions
and summaries of results for the final articles included in this
review are presented in Tables 1 and 2.

Results
Study characteristics of the research identified
Of the articles identified and considered for systematic
review, 11 articles met the inclusion criteria for critical
analysis. The articles were published between 2003 and 2016
and originated from Brazil, China, Greece, Japan, Korea,
Netherlands, Taiwan, and the United States. Eight of the
11 studies utilized a cross-sectional study design and the
remaining 3 were intervention trials.

Studies varied widely not only in design but also in
the definition of MetS and its components. Five of the
studies used the ATP III criteria for diagnosis, whereas the
remaining 6 studies utilized either a modified or separate set
of criteria in which ≥3 risk factors of the ATP III criteria
were evaluated. Although some studies assessed additional
outcome measures, only the correlations between lycopene
and components of MetS are highlighted throughout this
review. Furthermore, if the studies satisfying inclusion
criteria also assessed insulin resistance, LDL cholesterol, or
total cholesterol, these significant measures were reported, as
each is closely correlated with 2 formal ATP III risk factors
(blood glucose and HDL cholesterol). In several studies, the
sample sizes reported for outcomes of interest differed from
the overall number of participants. As such, these unique
sample sizes have been reported with the corresponding
measure. Discussion of the 11 articles is separated by study
design.

Cross-sectional studies
Results from the 8 cross-sectional studies reviewed were
grouped according to the following categories: prevalence
and outcomes of MetS, presence of ATP III risk factors, and
variables mediating lycopene’s influence on MetS. It should
be noted that some studies were classified into >1 category.

Utilizing data from NHANES 2001–2006 and the 2001–
2006 NHANES Linked Mortality File, with follow-up data
through 2011, Han et al. (20) assessed the relation between
lycopene and mortality among those living with MetS as
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FIGURE 1 Search strategy flow diagram for research evaluating the relation between lycopene and MetS. ATP III, National Cholesterol
Education Program’s Adult Treatment Panel III; MetS, metabolic syndrome.

defined by the ATP III criteria. Participants (n = 2499,
48.4% male, age ≥20 y, 55.9% non-Hispanic white, 13.5%
non-Hispanic African American, 23.9% Mexican American,
6.7% other) were stratified into tertiles according to serum
trans-lycopene concentrations. Compared with the lowest
tertile’s survival time (mean = 107.4 mo), the survival
time was significantly greater (P < 0.05) among individuals
in the highest and middle tertiles (mean = 120.6 mo
and 116.3 mo, respectively). Furthermore, an adjusted
hazards regression model suggested that those in the highest
and middle tertiles of serum trans-lycopene concentration
showed significantly lower HRs of mortality [HR (95%
CI): 0.61 (0.42, 0.89), P = 0.0113, and 0.67 (0.45, 0.99),
P = 0.0497, respectively] than those in the lowest tertile
(HR: 1.0).

In a cross-sectional study among elderly Chinese adults
(n = 2148, 28.0% male, age 50–75 y), Liu et al. (21) reported
an inverse relation between serum carotenoid concentrations
and the prevalence ofMetS (11.4% prevalence) as established
by the International Diabetes Federation in 2005 (22). Total
and individual carotenoid concentrations (α-carotene,
β-carotene, β-cryptoxanthin, lycopene, and lutein/
zeaxanthin) were measured in serum with results grouped

into quartiles. In the fully adjusted model, the OR of MetS
between the highest and lowest quartiles of serum lycopene
was 0.39 with a significant P for trend (P < 0.001; 95% CI:
0.26, 0.58). In addition, the results suggested that with each
increasing number of MetS components (0 through 4), there
was a significant decrease in serum lycopene concentrations
(P for difference <0.001).

Using data from NHANES III 1988–1994, Ford et al.
(15) investigated the relation between antioxidant intake
(n = 8554) and serum concentrations (n = 8466) among
individuals with and without MetS (49.6% male, age ≥20 y,
76.7% white, 23.3% other). The study sample consisted of
21.9% participants with MetS as confirmed by the ATP
III criteria. To assess antioxidant consumption, an FFQ
and 24-h dietary recall were analyzed for each participant,
and serum concentrations of 5 carotenoids (α-carotene,
β-carotene, β-cryptoxanthin, lutein/zeaxanthin, and ly-
copene) were also measured. There was no significant
difference in antioxidant intake between participants with
MetS and without. In addition, circulating lycopene was
not significantly lower in those with MetS. However, serum
lycopene was inversely associated with hyperglycemia and
HDL cholesterol (P = 0.039 and P < 0.001, respectively).
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In contrast, a positive association between lycopene and TG
concentrations was observed (P = 0.035).

Sluijs et al. (16) studied the relation between consump-
tion of carotenoid compounds (β-carotene, α-carotene,
β-cryptoxanthin, lycopene, and lutein plus zeaxanthin) and
MetS along with its risk factors among individuals from the
Netherlands (n = 374, 100% male, age 40–80 y). To quantify
dietary carotenoid intake, participants completed an FFQ.
Anthropometrics and biochemical markers were compared
to ATP III criteria to assess MetS components, and 22% of
the study sample met the diagnosis criteria. There was a
significant inverse association between carotenoid intake and
MetS diagnosis (P≤ 0.05). After adjustment for confounders,
the risk of developing MetS remained significantly lower
with increased lycopene intake (P-trend= 0.01). In addition,
higher lycopene intake was associated with lower waist
circumference, as well as lower visceral and subcutaneous
fat mass and serum TG concentrations (P-trend = 0.04).
Although a self-reported dietary measure of lycopene was
used, the study was strengthened by inclusion of fat mass
measurements rather than relying solely on waist circumfer-
ence measures or BMI.

A cross-sectional study of 299 Korean men (age 48–50 y)
was conducted by Yeo et al. (17) to investigate the interrela-
tions among brachial-ankle pulse wave velocity—a measure
of arterial stiffness—serum lycopene, and MetS risk. To
define MetS, the ATP III criteria were used with adjustment
of the waist circumference and fasting glucose thresholds
(>90 cm and ≥100 mg/dL, respectively). Participants were
divided according to the number of MetS risk factors
exhibited, and 18.4% participants possessed ≥3 risk factors,
equating to a MetS diagnosis. As the number of MetS risk
factors increased, there was a significant decrease in lycopene
concentrations (P = 0.004). A significant inverse relation
(P < 0.05) between serum lycopene concentration and
risk factors (waist circumference, blood pressure, TGs, and
fasting blood glucose, as well as HOMA-IR) was established;
however, after adjusting for covariates, these correlations
only remained significant for waist circumference, TGs, and
HOMA-IR (P < 0.01, P < 0.001, and P < 0.01, respectively).
Itmust be acknowledged that the results’ generalizabilitymay
be limited owing to the population-based adjustment of 2 of
the MetS diagnosis criteria.

Smoking induces an additional level of oxidative stress
that may influence the development of MetS. To evaluate the
association between serum carotenoids and MetS stratified
by smoking status, Sugiura et al. (18) conducted a cross-
sectional investigation with Japanese participants (n = 958,
31.6% male, age 30–70 y). MetS was defined by criteria ad-
justed from those of the Japanese Committee for Diagnostic
Criteria of Metabolic Syndrome in which BMI was used as
a risk factor instead of waist circumference (19). Participants
were stratified on the basis of smoking habits andMetS status,
resulting in 4 groups for analysis. Among smokers, ∼10.7%
had MetS compared with only 5.6% among nonsmokers.
Results of an adjusted regression analysis among nonsmokers
showed significant inverse correlations of serum lycopene

with BMI (P = 0.003), systolic and diastolic blood pressures
(P = 0.048 and P = 0.024, respectively), and fasting glucose
(P = 0.009); furthermore, a significant positive correlation
was noted between serum lycopene and HDL cholesterol
(P < 0.001). In contrast, there was no significant correlation
between any component ofMetS and serum lycopene among
current smokers. In addition, a significant difference between
serum lycopene and theOR ofMetS was not observed among
smokers or nonsmokers. An inherent limitation of this study
was the inclusion of BMI in place of waist circumference,
because BMI does not directly assess abdominal or visceral
adipose tissue and, therefore, is not an ideal anthropometric
replacement for waist circumference (30–32).

Choi and Ainsworth (23) evaluated associations among
MetS risk, food consumption, and serum antioxidant sta-
tus along with physical activity in high-risk, middle-aged
adults participating in NHANES 2005–2006 (n = 1930,
49.1% male, 40–70 y, 33.3% white, 33.3% black, 33.3%
Hispanic/others). Participants were divided into tertiles
according to the number of daily steps reported by an
accelerometer. For both genders (n = 1661), serum trans-
lycopene was significantly associated with daily steps in a
positive manner (P < 0.01). For example, the active group
(tertile 3) had the highest serum lycopene and the sedentary
group (tertile 1) had the lowest. In an OR comparison to
the active group, sedentary men and women had a 1.9- and
2.5-fold greater risk, respectively, of developing MetS, as
defined by the ATP III criteria. Additional results suggest
that higher concentrations of serum carotenoids, specifically
lycopene, are significantly associated with increased number
of steps and a lower risk of developing MetS (P < 0.01).
It must be acknowledged that participants falling into
the intermediate and active categories also consumed a
greater amount of nutrient-dense foods than did their study
counterparts. Although a host of factors likely influenced the
results, lower circulating lycopene was indirectly linked with
MetS.

Han et al. (24) examined the influence of BMI on the
relation between serum lycopene concentrations and MetS
using data collected from NHANES 2001–2006. The study
sample included 13,196 participants (48% male, age ≥20 y,
52.2% non-Hispanic white, 19.8% non-Hispanic African
American, 20.7% Mexican American, 7.3% other) divided
into tertiles based on serum trans-lycopene concentrations.
After controlling for confounders, individuals in the first
tertile (lowest serum trans-lycopene concentrations) had the
greatest prevalence of MetS (OR: 38.6%; 95% CI: 36.9%,
40.3%), as diagnosed using the ATP III criteria, compared
with individuals in the second and third tertiles (OR: 29.3%;
95% CI: 27.5%, 31.1%, P < 0.05; OR: 26.6%; 95% CI: 24.9%,
28.3%, P< 0.05, respectively). In addition, BMI was found to
have a significant interaction effect on the relation between
serum trans-lycopene andMetS prevalence. For example, the
prevalence of MetS was significantly lower among normal
and overweight individuals in the second and third tertiles
of serum trans-lycopene compared with the first (P < 0.05).
However, the data did not corroborate this relation for obese
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individuals. Results suggest that the protective effects exerted
by lycopene may be mediated by body weight.

Intervention studies
Among the 3 intervention studies identified, each assessed
the reported outcome measures pre- and postintervention,
and each randomized controlled trial was parallel in design.

Tsitsimpikou et al. (25) reported effects of tomato juice
consumption on MetS-related risk factors as defined by
the AHA/National Heart, Lung, and Blood Institute among
Greek individuals with MetS (n = 27, 88.9% male, age
43–67 y) (26). Fifteen participants were instructed to
consume commercially available tomato juice once daily 4
times/wk for 2 mo. Although an exact dose of tomato juice
was not reported, it was noted that 100 g of a tomato beverage
contained a mean ± SD of 2.51 ± 0.351 mg lycopene. The
control group was encouraged to maintain routine dietary
habits and to avoid lycopene-dense food sources or supple-
ments. After the intervention period, a significant decrease
in LDL cholesterol (33.1% mean reduction, P < 0.001) was
observed alongwith a significant increase inHDL cholesterol
(7.6% mean increase, P = 0.049). In addition, a significant
decrease in fasting insulin resistance index (32.9% mean
reduction, P = 0.016) was observed in the treatment group.
An inherent limitation of the study includes the lack of
a standardized amount of tomato juice and its lycopene
content.

In a primary intervention study conducted by Silveira
et al. (27), 35 healthy participants (54.3% male, age
26–46 y) living in Brazil were instructed to drink 750 mL red
orange juice, containing an unspecified amount of lycopene,
daily for an 8-wk period while maintaining all other lifestyle
factors. The study objective was to determine the effects of
daily red orange juice consumption on MetS risk factors
as defined by a combination of the ATP III, International
Diabetes Federation, and WHO definitions (3, 22, 28). For
statistical analysis, participants were separated on the basis
of weight status (normal weight or overweight/obese), and
no changes were observed in body weight, BMI, percentage
body fat, or waist circumference as a result of the interven-
tion. A significant decrease (P < 0.05) in total cholesterol
was observed among normal-weight (12% reduction) and
overweight or obese participants (7% reduction), as was
a significant decrease (P < 0.05) in LDL cholesterol for
both groups (10% reduction). Of interest, HDL cholesterol
was significantly decreased in normal-weight individuals
(14% reduction, P < 0.05). There were also significant
decreases (P < 0.05) in systolic blood pressure among
normal-weight participants (4% reduction) and diastolic
blood pressure among overweight or obese participants
(5% reduction). A 28% reduction (P < 0.05) in HOMA-
IR was observed in normal-weight participants, as was a
nonsignificant reduction (16%) among overweight or obese
participants. Despite significant improvements in MetS risk
factors, this study remains limited by its lack of a control
group. Furthermore, daily consumption of 750 mL of juice

may not be the optimum intervention vehicle owing to its
caloric provision.

In an intervention trial, Li et al. (29) recruited 25 healthy
Taiwanese females (mean± SD age: 22.5 ± 0.6 y) to evaluate
the supplementation effect of tomato juice on metabolic
health and adipokines. For 2 mo, study participants were
instructed to drink 280 mL tomato juice (32.5 mg lycopene)
daily while maintaining their typical diet and physical
activity regimen. Analysis revealed significant decreases in
waist circumference and total cholesterol (P < 0.0001 and
P < 0.0005, respectively). In contrast, a significant increase
in TGs was observed (P< 0.05), although TG concentrations
were still within the normal range. In addition, serum
concentrations of lycopene significantly increased by the end
of the intervention period (P < 0.0005). A subanalysis was
performed to ensure that these results were not mediated by
the significant reductions in body weight (P< 0.01), body fat
(P< 0.05), and BMI (P< 0.01). Upon stratifying participants
as responders (reduction in body fat) and nonresponders (no
reduction in body fat), the results remained significant for
variables of MetS. Despite the strength of the analysis, the
design lacked a control group because the authors noted the
impracticality of developing a realistic placebo beverage. In
addition, the external validity of the results may be limited,
as noted by the authors, because the study sample consisted
of women of normal body weight only.

Discussion
This is, to our knowledge, the first systematic review to assess
the correlation between serum lycopene or dietary intake of
lycopene and MetS. Previous publications have established
biological mechanisms for the potential positive role of
lycopene on outcomes related to metabolic derangement,
such that its heightened efficiency in neutralizing singlet
oxygen radicals may influence the development of MetS
(12, 13). The ATP III criteria were utilized as the primary
reference for this systematic review. Of the included studies,
5 established their diagnoses of MetS on the basis of the ATP
III criteria, allowing for better interpretation and comparison
among studies. However, those studies that applied either
a modified or different definition were still included for
comparison if a minimum of 3 risk factors of the ATP III
criteria were addressed.

Results from the 8 cross-sectional studies reviewed
encompassed various aspects of MetS and were grouped
according to reported associations of lycopene with the
prevalence and outcomes of MetS, presence of ATP III
risk factors, and variables mediating lycopene’s influence on
MetS risk. In assessment of MetS prevalence and outcomes,
5 studies (15, 16, 20, 21, 24) evaluated this relation, and
of these, 4 (16, 20, 21, 24) observed a significant inverse
correlation. Higher serum concentrations of lycopene were
associated with a reduced number of MetS diagnoses, as
well as a decreased mortality risk if already possessing the
condition.

The relation between lycopene and individual ATP III risk
factors was evaluated by 4 studies (15–18). All 4 revealed
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that ≥1 assessed risk factor was inversely associated with
either increased serum or dietary lycopene; however, Ford
et al. (15) also observed an inverse relation between serum
lycopene measures and HDL cholesterol as well as a positive
association with TGs.

In addition, 3 of the 8 studies (18, 23, 24) considered
variables potentially mediating lycopene’s influence on MetS
risk, including physical activity, tobacco use, and BMI.
Stratification of these factors affected each study’s findings,
such that lycopene’s association with the outcome measures
varied depending on the classification of the participants.
For example, Choi and Ainsworth (23) observed a positive
association between serum lycopene concentrations and
physical activity, and an inverse association between the
latter and aMetS diagnosis. Although an indirect connection
between serum lycopene andMetS diagnosis was established,
physical activity as a mediating variable should not be
underestimated. The results suggest an interplay among
several variables that will lower the risk of MetS; thus,
consumption of a nutrient-dense diet, containing lycopene,
paired with an active lifestyle may be an efficacious inter-
vention. Furthermore, serum lycopene was found only to be
protective in nonsmoking participants and those with a nor-
mal or overweight BMI classification, but not among obese
participants (18, 24). These findings are not unexpected,
because elevated levels of oxidative stress have been observed
in the presence of tobacco use and obesity (33, 34). The
prooxidant–antioxidant imbalance that ensues may result in
the increased utilization of endogenous and exogenous an-
tioxidants, depleting circulating antioxidant concentrations;
therefore, any protective association that exists between
serum lycopene and MetS in these populations may be
attenuated (35). Additional mechanisms proposed to explain
reduced serum concentrations, notably in obese populations,
include the deposition of fat-soluble antioxidants in adipose
tissue or simply a lower dietary antioxidant intake (36–38).
Although the mechanisms underpinning reduced lycopene
in obesity and tobacco use are not fully elucidated, other
studies have implicated greater amounts of adiposity and
exposure to cigarette smoke in the reduction of serum
carotenoid concentrations (39, 40).

Overall, the 8 cross-sectional studies reported a protective
relation between lycopene and MetS to varying extents.
Results from cross-sectional studies, though supportive,
preclude the ability to ascribe causality because of both
potential confounding and a lack of knowledge about the
temporal relation between variables of interest.

Three intervention studies were identified which better
elucidate this carotenoid’s effect on MetS risk and outcomes.
Despite the similar study objectives, each one varied in
either its study design (controlled compared with noncon-
trolled), type of intervention, dose administered, and subject
characteristics. These differences in methodology and study
designmake a direct comparison and evaluation of the target
outcomes complex, because the significant findings for each
of the 3 studies encompassed different combinations of MetS
components. Nevertheless, all studies (25, 27, 29) revealed

positive impacts of interventions containing lycopene-rich
foods on the evaluated components of MetS, aside from
TG concentrations and HDL-cholesterol concentrations.
Increased TGs in young females were observed after a tomato
juice intervention by Li et al. (29); however, this was not
necessarily negative, as TG concentrations still remained
within normal limits. In addition, Silveira et al. (27) reported
a significant decrease in HDL-cholesterol concentrations
among normal-weight participants (P < 0.05); however, the
mean HDL-cholesterol concentration was still greater than
the minimum value established as a MetS risk factor by
the ATP III criteria. In a recent systematic review of 100%
fruit juice interventions on blood lipid concentrations, a sig-
nificant HDL-cholesterol–lowering effect was not observed;
however, significantly greater TG concentrations were noted
(41). The studies (n = 5) analyzed in the aforementioned
review (41) were also interventions of short duration or
cross-sectional designs. Thus, evaluation over an extended
time period, in combination with careful appraisal of other
confounding lifestyle factors, is needed to fully understand
the potential health effects of fruit juice interventions.

Although insulin resistance is not one of the 5 formal
MetS components of the ATP III criteria, it is referred
to as an emerging risk factor because its presence is
associated with other metabolic derangements and risk of
CVD (3). Oxidative stress has been implicated in the onset
of insulin resistance, because the increased concentrations
of reactive oxygen species activate stress-induced pathways
such as NF-κB and MAPK, attenuating the insulin response
and subsequent glucose uptake (42, 43). Furthermore,
pancreatic β-cells may be exceptionally susceptible to free
radicals owing to their decreased endogenous antioxidant de-
fense mechanisms, consequently impairing insulin secretion
(43, 44). As such, the oxidative stress underpinning insulin
resistance may be mitigated by lycopene-containing foods,
thus positively affecting the ATP III risk factor of blood
glucose. Two of the 3 studies (25, 27) showed a significant
decrease in insulin resistance, whereas all 3 did not observe
significant differences in blood glucose concentrations after
the intervention. The noted null findings in blood glucose
concentrations are interesting in that the supplemented juices
were rich in carbohydrates and also the dosages ranged
from 280 to 750 mL/d. The results from these intervention
studies suggest that using a lycopene-rich tomato or red
orange juice can exert beneficial effects on MetS risk
factors without adversely contributing to blood glucose
concentrations. However, it should be acknowledged that the
impact a fruit juice will have on blood glucose is dependent
upon the amount of digestible carbohydrates present, thus
these findings should not be extrapolated to other fruit
juices. The intervention studies revealed another interesting
finding in regard to total cholesterol. Total cholesterol is a
measure that encompasses both HDL cholesterol and LDL
cholesterol as well as TG concentrations, thus, if one of these
components is affected, the others will follow suit (45). This
interdependencewarrants themention of significant findings
in 2 of the 3 intervention studies (27, 29) in which a decrease
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in total cholesterol was reported independently of changes in
bodyweight. These findings are consistent with hypothesized
mechanisms regarding lycopene’s influence on hypercholes-
terolemia. This carotenoid has been demonstrated to reduce
the activity and expression of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, the regulatory enzyme
of endogenous cholesterol synthesis, while also inhibiting
LDL-cholesterol receptors and acyl-CoA cholesterol acyl
transferase (46, 47).

Among the intervention studies included in this review,
each implemented a food-first intervention. Although pre-
vious research has observed beneficial effects of lycopene
in its isolated form, the incorporation of a functional food
with the compound of interest could potentially enhance
these protective properties through the provision of an intact
food matrix (48, 49). The matrix may offer a synergistic
environment to promote the bioactivity of phytonutrients;
however, this matrix also presents a challenge, because the
direct effects of lycopene are unable to be teased apart
from other bioactive compounds within the food (50, 51).
As such, each intervention study is limited in that the
protective findings cannot solely be attributed to lycopene
and may have been influenced by other nutrients within the
intervention beverages. In summary, all of the intervention
studies observed effects of lycopene on MetS outcomes,
although 2 of the 3 studies lacked a control group.

Strengths and limitations
Strengths of this review lie in the included studies’ use of
serum lycopene measures. Circulating measures are superior
for assessing relations, because self-reported measures of
lycopene intake are subject to recall bias or memory error
(52). Eight of the 11 studies (15, 17, 18, 20, 21, 23, 24, 29)
utilized a circulating measure for lycopene assessment and
incorporated FFQs or dietary recalls to supplement the data.
Only 1 study (16) relied solely on self-reported measures
to evaluate the associations among variables of interest. In
addition, the overall generalizability and data in support of
the relation between lycopene and MetS are strengthened by
the consistency of findings from multiple countries, as well
as the implementation of whole food interventions.

Despite these strengths, a paucity of intervention studies
in the literature must be acknowledged because 8 of the 11
articles meeting the inclusion criteria for this review were
cross-sectional in design.

Implications for future research and conclusions
Although a generally protective relation between lycopene
and MetS was reported in each of the included studies,
different MetS risk factors appeared to be influenced by
lycopene, rather than demonstrating the consistent improve-
ment of a single MetS component. Thus, a mechanistic
understanding of the science behind lycopene and MetS
would be strengthened by intervention studies utilizing a
single, universally accepted definition for MetS, as well as
the implementation of control groups and dose-duration
studies. In summary, the evidence of lycopene’s benefit exists

such that lycopene status or lycopene consumption may
be associated with favorable alterations to the components
of MetS. The majority of studies included in this review
support a protective relation between lycopene and MetS.
Nevertheless, additional research is needed to determine
evidence-based recommendations concerning specific dose-
durational effects of lycopene and MetS risk reduction.
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