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In recent years, it has become clear that low-grade chronic inflammation is involved in the onset and progression of many

non-communicable diseases. Many studies have investigated the association between inflammation and lycopene,

however, results have been inconsistent. This review reveals that there is strong evidence indicating that lower circulating

lycopene concentrations are related with higher inflammation biomarkers in patients with various diseases. Even though

supplementation with lycopene or an increased intake of tomatoes does result in an increase in circulating lycopene, there

is little evidence that the lycopene increase also results in relieving this inflammation. This phenomenon, also known as

the "antioxidant paradox" limits the added value of lycopene supplementation in both patients and healthy individuals.
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1. Introduction 

The understanding of health has changed in recent years: in addition to medicine and pharmacology, there has been an

increasing interest in lifestyle medicine in which nutrition plays a pivotal role . In addition to conventional drug therapies,

lifestyle adjustments, such as dietary changes, are also advised to reduce disease. Diets with a high proportion of fruits

and vegetables seem to have a particularly positive effect on nutritional status as well as different non-communicable

diseases, such as heart diseases, neurodegenerative diseases, and diabetes type II. As most non-communicable

diseases are partially affected by inflammation, more research is being conducted on potential anti-inflammatory

substances derived from fruits and vegetables .

1.1. Low-Grade Chronic Inflammation

Previous research has shown that the onset and progression of many non-communicable diseases, including heart

diseases, neurodegenerative diseases, and diabetes type II, are (partly) related to, or affected by inflammation: low-grade

chronic inflammation is central to many different symptoms from which patients suffer in these conditions. Chronic

inflammation is believed to aggravate various mechanisms that reflect poor health, including elevated blood pressure,

high blood sugar, excessive waist circumference, and abnormal cholesterol or triglyceride levels (the so-called "deadly

quartet") . In normal homeostasis, the function of inflammation is to eliminate the initial cause of cell injury, dispose of

necrotic cells and damaged tissue caused by both the injury and the inflammation, and to initiate tissue repair. This natural

response, acute inflammation, is a critical survival mechanism used by all higher vertebrates . However, if acute

inflammation is not resolved, it can lead to chronic inflammation, which is not part of the body's natural healing process

and can constitute a damaging process. Damaged tissues release pro-inflammatory cytokines and other biological

inflammatory mediators into the circulation, converting tissue-based low-grade inflammation into a systemic inflammatory

condition. Moreover, autoimmune disorders and long-term exposure to irritants can also lead to a systemic inflammatory

condition . The inflammatory response is the coordinated activation of signaling pathways that regulate

inflammatory mediator levels in resident tissue cells and inflammatory cells recruited from the blood. Although

inflammatory response processes depend on the precise nature of the initial stimulus and its location in the body, for

example, bacterial pathogens trigger Toll-like receptors (TLRs) and viral infections trigger type I interferons (IFN), they all

share a common mechanism, which can be summarized as follows: (1) Cell surface pattern receptors recognize

detrimental stimuli; (2) inflammatory pathways are activated; (3) inflammatory markers are released; and (4) inflammatory

cells are recruited . Inflammatory stimuli activate intracellular signaling pathways that subsequently activate the

production of inflammatory mediators. Primary inflammatory stimuli, including microbial products and cytokines such as

interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α), mediate inflammation through interaction

with the TLRs, IL-1 receptor (IL-1R), IL-6 receptor (IL-6R), and the TNF receptor (TNFR). This receptor activation triggers

important intracellular signaling pathways, including the mitogen-activated protein kinase (MAPK), nuclear factor kappa-B

(NF-κB), NF-E2 p45-related factor 2 (Nrf2), and Janus kinase (JAK)- signal transducer, and activator of transcription

(STAT) pathways . In the state of low-grade chronic inflammation, a typical inflammatory stimulator or pathogen can no

longer be determined, and inflammatory stimuli and pathways remain activated. Inflammatory stimuli, such as IL-6 and C-
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reactive protein (CRP), can then be used as biomarkers to measure inflammation . Low grade inflammation is involved

in the progression of many non-communicable diseases, but also seems to affect apparently healthy people as a

consequence of smoking, stress, or alcohol consumption . A wealth of epidemiological evidence indicates that overall

health is strongly influenced by diets with a high proportion of fruits and vegetables . Phytochemicals with anti-

inflammatory activity present in fruits and vegetables are believed to be largely responsible for overall health. Therefore,

new possibilities may exist in the reduction and prevention of non-communicable diseases by increasing the intake of anti-

inflammatory food (ingredients) in both healthy and diseased individuals .

1.2. Lycopene

One group of nutritional compounds that has been suggested to elicit anti-inflammatory effects are carotenoids. As

carotenoids are pigments in photosynthetic tissue, they are ubiquitous in leafy green vegetables. In non-photosynthetic

tissue, carotenoids are responsible for the characteristic coloration of fruits such as red tomatoes, orange carrots, and red

flesh in watermelon . Of all carotenoids, a substantial amount of research has been conducted on the acyclic

lycopene, present in e.g.; tomatoes.

1.2.1. Physicochemical Properties of Lycopene

Lycopene has a chemical formula of C40H56 and like all carotenoids, is a tetraterpene; assembled from eight isoprene

units that are solely composed of hydrogen and carbon . Lycopene is an acyclic isomer of β-carotene, however, unlike

β-carotene lycopene lacks the β-ionic ring structure. Therefore, it lacks provitamin A activity . However, lycopene is

one of the most potent antioxidants, with a singlet-oxygen-quenching ability twice as high as that of β-carotene and ten

times higher than that of α-tocopherol (Vitamin E) . Lycopene is a highly unsaturated, open-chain hydrocarbon

containing eleven conjugated and two non-conjugated double bonds arranged in a linear array. The double bonds in

lycopene can undergo isomerization from trans to cis isomers by thermal energy, chemical reactions, and light . The

all-trans isomeric form is primarily present in nature, followed by the 5-cis, 9-cis, 13-cis, and 15-cis isomeric forms.

Several methods for analysis of circulating lycopene are described. Methods differ in that (i) either plasma or serum

lycopene is measured, (ii) multiple isomers, trans-lycopene or total lycopene are measured, (iii) circulating lycopene is

adjusted for total cholesterol. The correction for total cholesterol has been made in more recent intervention studies

because there is a risk of carotenoid status being misinterpreted in subjects on cholesterol-lowering therapy if they rely on

crude serum or plasma levels.

1.2.2. Lycopene Kinetics after Oral Administration: Absorption, Distribution, Metabolism, Excretion

Absorption of lycopene is similar to that of other lipid soluble compounds. Ingested lycopene is incorporated into dietary

lipid micelles and absorbed across the gastrointestinal tract via passive diffusion into the intestinal mucosal lining. Then

they are incorporated into chylomicrons and released into the lymphatic system for transport to the liver. Lycopene is

transported by lipoproteins in the blood for distribution to the different organs . Because of its lipophilic nature, the

primary carrier of lycopene is LDL and not HDL . Generally, 10–30% of dietary lycopene is absorbed with the remainder

being excreted. The bioavailability of lycopene is greater from tomato paste than from fresh tomatoes. The increased

absorption of lycopene from processed products is attributed to the presence of cis isomeric forms . The absorption of

lycopene in humans is influenced by several biological and lifestyle factors including gender, age, body mass index and

composition, hormonal status, blood lipids concentrations, alcohol consumption, smoking, and the presence of other

carotenoids in the consumed products . When lycopene is administered as the all-trans isomer it rapidly isomerizes to a

mixture containing more than 50% cis-isomers during absorption in the bloodstream and tissues. Moreover, a study

showed that administration of all-trans lycopene in tomato sauce to human subjects for three weeks resulted in 77.3% cis

isomers in prostate tissue and thus only 22.7% all-trans lycopene . Liver, seminal vesicles, and prostate tissue are the

primary sites of lycopene accumulation in humans . Recent studies indicate that the accumulation in these sites may

be due to the involvement of an active process for the uptake of carotenoids via the scavenger receptor class B type 1

protein (SR-B1) transporter, in addition to passive diffusion . The full metabolic routes of lycopene in humans is still

unclear. Only a few metabolites, such as 5,6-dihydroxy-5,6-dihydro-lycopene, have been detected in human plasma. It is

suggested that lycopene may undergo in vivo oxidation to form epoxides which then may be converted to the polar 5,6-

dihydoxy-5,6-dihydro-lycopene through metabolic reduction .

1.2.3. Mechanism of Action (In Vitro)

Lycopene has been shown to inhibit the binding abilities of NF-κB and stimulatory protein-1 (SP1), and decreased

expression of insulin-like growth factor-1 receptor (IGF-1R) and intracellular ROS concentrations in human SK-Hep-1 cells

. Recently, Fenni et al.  confirmed the potential involvement of lycopene in decreasing the binding abilities of NF-κB.

They demonstrated the ability of lycopene supplementation to inhibit high-fat diet-induced obesity, inflammatory response,
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and associated metabolic disorder in mice. They evaluated the effect of lycopene on the phosphorylation of p65 and IκB,

which are involved as modulators in the NF-κB pathway. Lycopene was able to strongly reduce phosphorylation of p65

and IκB, resulting in the deactivation of the NF-κB pathway, that previously was induced by the consumption of a high-fat

diet. This effect can thus be seen as the induction of an anti-inflammatory effect. These results have also been observed

in SW480 human colorectal cancer cells, where lycopene restrained NF-κB and JNK activation, resulting in a suppression

of TNF-α, IL-1β, IL-6, COX-2, and iNOS expression. However, relatively high concentrations of lycopene were used (10–

30 μM) compared to usual detectable plasma levels (1–2 μM) . While in vitro and animal studies show promise for the

potential health effects of lycopene, the relationship between lycopene and low-grade chronic inflammation in itself has so

far been inconclusive in humans. Various systematic reviews have already been conducted on lycopene and how it affects

different diseases and their symptoms, such as prostate and bladder cancer, Cardiovascular risk and metabolic syndrome

. The cross-sectional and intervention studies assessed in these reviews were often inconclusive, and the

inconsistency among studies and the type of lycopene tested makes comparison difficult. The different lycopene

measurements (self-reported FFQ, measurement of product, circulating lycopene) are a possible reason for the

inconsistent results. Circulating measures are preferred for assessing relations, because self-reported measures of

lycopene intake are subject to recall bias or memory error and intake measurements do not provide insight in the

absorption, distribution, metabolism, and excretion of lycopene in the body. For in vivo studies, however, it is necessary to

not just focus on lycopene intake but to actually measure the circulating lycopene concentrations in plasma or serum, in

order to understand the health effects on humans . C-reactive protein (CRP) and interleukin-6 (IL-6) are most

commonly used to measure inflammation, but some studies have reviewed other inflammatory biomarkers (hyaluronic

acid (HA), malondialdehyde (MDA), adiponectin, monocyte chemoattractant protein 1 (MCP-1), thiobarbituric acid reactive

substances (TBARS), serum amyloid A (SAA), tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β)). These will also be

included in this study .

2.  Discussion

This is, to our knowledge, the first systematic review to assess the correlation and causation between circulating lycopene

(the bioavailable lycopene following consumption) and low-grade chronic inflammation. This review reveals that there is

strong evidence indicating that lower circulating lycopene concentrations are related with higher inflammation biomarkers

in patients with various diseases. In addition, this systematic review shows that there is little evidence that tomato intake

or lycopene supplementation diminishes this inflammation.In only one of the five studies in which CRP or lycopene levels

were arranged into tertiles/quartiles, no association was found between circulating lycopene and CRP . This

could be attributable to the low CRP levels of the studied young adults (18–30); all mean CRP levels measured were

between 0.99 and 1.11 mg/L . On the contrary, the results from another study  showed a significant association and

measured high-sensitivity CRP (hs-CRP) ranging from 0.80 and 1.27 mg/L. Moreover, when comparing the corresponding

lycopene levels, it is striking that the values of Hozawa et al.  lie between 0.0242 and 0.0918 µmol/L, whereas most

lycopene levels measured in all studies are between 0.1 and 1 µmol/L. It is therefore also possible that a non-reliable

lycopene measurement has been carried out, so that no association could be found. The other three studies  did

confirm the findings of Kim et al. , so there is strong evidence to suggest an association between circulating lycopene

and CRP.The eighteen studies evaluating the relationship between circulating lycopene and inflammation in healthy

participants and patients gave similar results. These studies found lower circulating lycopene concentrations coincide with

higher inflammation biomarkers in patients suffering from various diseases. These comparable results suggest that

lycopene levels are adversely affected during inflammation and disturbed homeostasis. One possible explanation is that

the development of oxidative stress during inflammation is responsible for the decreased lycopene levels. The

prooxidant–antioxidant imbalance that ensues during oxidative stress may result in the increased utilization of

endogenous and exogenous antioxidants, depleting circulating antioxidant concentrations. For that reason, any protective

association that exists between serum lycopene and inflammation in patients may be attenuated . Although the

mechanisms underpinning reduced lycopene levels during inflammation are not fully elucidated, depletion of lycopene

may be in part the first sign of low-grade inflammation.Seventeen intervention studies were identified which better

elucidate this carotenoid's causal effect on inflammation and outcomes. Results from cross-sectional studies preclude the

ability to ascribe causality because of both potential confounding and a lack of knowledge about the temporal relation

between variables of interest. Most studies successfully increased lycopene levels through supplementation or tomato

intake. In one study, supplementation with Lactolycopene capsules did not significantly increase lycopene levels. The

authors emphasized the importance of proper supplement development, as another supplement increased circulating

lycopene. In addition, supplementation with a combination of lycopene and rosuvastatin did not increase lycopene levels

either . The latter result could be explained by another study, in which supplementation with simvastatin, a comparable

statin, led to a decrease in circulating lycopene. However, lycopene levels per total cholesterol were significantly

increased following simvastatin treatment. The observed change in carotenoid status during simvastatin treatment was
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mainly attributed to the decrease in cholesterol, emphasizing the importance of cholesterol adjustment for expressing

carotenoid levels . This work found that the effect of lycopene supplementation or tomato intake on inflammation is

incongruent: no changes in inflammation biomarkers were observed in half of the studies, and in the other half not all

results were in line. Inflammatory markers were not altered by lycopene in moderately overweight or obese people,

despite the significant increase in circulating lycopene after supplementation . Intervention studies in patients with

Cardiovascular disease or type 2 diabetes also showed minimal reduction of inflammatory markers . In some

intervention studies, it was stated that the intervention period was too short to observe a decrease in inflammatory

biomarkers in patients. However, previous research has shown that treatment with non-steroidal anti-inflammatory drugs

(NSAIDs) for a short period (two weeks) may reduce inflammatory biomarkers in patients, so these inflammatory

biomarkers are unlikely to take longer to decrease . Likewise, the results of lycopene supplementation in healthy

participants were also inconsistent. Only two studies observed a significant decrease in hs-CRP after high lycopene

supplementation (15 mg/day) or tomato sauce (sofrito) intake , but no effects were found after low lycopene

supplementation (6 mg/day)  nor 7 mg/day . The hs-CRP test accurately measures low CRP levels to identify low but

persistent inflammatory levels. Therefore, it is more suitable for studying low-grade chronic inflammation in healthy

participants in further research. However, it is debatable whether such a significant reduction in CRP below the standard

values of 1–3 mg/L is clinically relevant and shows an actual anti-inflammatory effect, as these low CRP values already

demonstrate that there is hardly any inflammation present. The other studies evaluating CRP report no significant

changes in CRP levels following lycopene intake, probably because of the already low basal value in healthy participants.

In addition, it would be of interest to evaluate new, more sensitive biomarkers in subsequent studies, as MCP-1 and

adiponectin prove to be suitable biomarkers to study inflammation in healthy subjects . Two intervention studies

investigated the potential beneficial effects of lycopene in its isolated form (supplement) and via a lycopene-rich diet.

These particular studies showed that both methods were successful in increasing circulating lycopene, but not in changing

inflammation biomarkers . These results suggest that the form in which lycopene is administered is of less

importance than the absorption per se. For example, the absorption of lycopene can be improved by method of

preparation such as adding olive oil . Current literature indicates that 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.

However, more research is needed to elucidate these speculations. The matrix may provide a synergistic environment to

promote the bioactivity of phytonutrients. However, this matrix also presents a challenge, since the direct effects of

lycopene cannot be separated from other bioactive compounds within the food .

3.  Conclusions

The available evidence indicates that lycopene levels are adversely affected during inflammation and homeostatic

imbalance. Although the mechanisms underpinning these reduced lycopene levels are not fully elucidated, depletion of

lycopene may be one of the first signs of low-grade inflammation. Even though supplementation with lycopene or an

increased intake of tomatoes does result in an increase in circulating lycopene, there is little evidence that the lycopene

increase also results in relieving this inflammation. This phenomenon, also known as the "antioxidant paradox," limits the

added value of lycopene supplementation in both patients and healthy individuals.
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