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Abstract

Skin scanner spectroscopy-based technology that non-invasively quantifies carotenoid levels addresses bias/error found in dietary 
questionnaires and difficulties with processing invasive blood samples. The purpose of this review was to: 1) review carotenoids as 
to their chemical composition and distribution in foods and supplements, 2) cover, in brief, the benefits of carotenoids in health and 
disease, and 3) assess the spectroscopy methods for estimating skin carotenoids by non-invasive scanning technologies. However, 
the primary objective of this review aimed to analyse and present (via biological computation) of global lifetime skin carotenoid 
scores that cover more than a 20-year interval from many different countries/regions by utilizing mega-databases. This summary 
review enhances our awareness and understanding of carotenoid levels worldwide and underscores the translational potential to 
enhance health and wellness along with determining the influence of lifestyle factors. This was accomplished using the following 
database searches [PubMed (US National Library of Medicine at the National Institutes of Health); Google Scholar; Science Direct 
and Scopus by Elsevier]. In general, the findings of this review support the use of non-invasive spectroscopy-based carotenoid 
quantification for estimating and validating fruit and vegetable consumption (FVC) in diverse populations of adults and children. 
Plus, the present results confirm and extend previous findings that lifestyle factors like smoking, high body mass index (BMI), and the 
lack of carotenoid intake from dietary or supplementation significantly decrease skin carotenoid levels. Thus, measuring carotenoid 
levels in skin non-invasively is promising as a way to potentially assess health and wellness, and by increased consumption of 
carotenoids, an individual can presumably improve their wellbeing for the duration of their life. 
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Introduction

People are living longer, and in fact, increases in life expectancy 
worldwide are recognized as not only a societal achievement 
but also have social/economic challenges and health concerns. 
For example, by 2030, 1 in 6 people in the world will be aged 
60 years or older [1]. Notably, data show that while lifespan is 
increasing, the number of years with quality of life or ‘healthspan’ 
is decreasing (healthspan represents having good quality of life 
free of significant illnesses or disease) [2]. This is evident where 
cardiovascular, cancer, neurodegenerative and metabolic disorders 
[like obesity and type 2 diabetes (T2D)] represent the major four 
cornerstones of age-related diseases [3].

Optimal health and wellness can be greatly influenced by factors 
such as diet, lifestyle, quantity and quality of sleep, and social 
connections, etc. [4,5]. These form important foundations to 
maintain optimal wellbeing throughout one’s entire life [4,5]. 
Various factors contribute to aging or ill health, but as early as 
the 1950s it was proposed that aging is caused by free radical 
reactions [6]. However, recent theories include a link between 
epigenetics and lifestyle [7], and the most recent characteristics 
of aging include at least 9 factors that cover genetic, biochemical, 
molecular and cellular dysfunction/communication that have been 
reported elsewhere [8,9]. There is universal agreement that free 
radicals are involved in the physical, biochemical, and pathological 
changes associated with aging [10-12]. Clearly, oxidative stress 
leads to damage of proteins, lipids, and DNA, and this damage 
accumulates and increases with age and is associated with age-
related diseases [10-12]. 

Diet is a key contributor providing many important nutrients to 
combat oxidative stress and promote health [11,12]. Dietary 
patterns have been identified, which are associated with healthy 
aging such as diets rich in plant-based foods and diets having 
moderate amounts of healthy animal-based foods [13,14]. One 
of the emerging dietary interventions is carotenoid intake due to 
their antioxidant ability to neutralize free radicals and their anti-
inflammatory actions [15,16]. Carotenoids are naturally occurring 
pigments found in plants and have been linked to various health 
benefits including reducing the risk of age-related diseases and 
promoting healthy aging [13-16]. Studies suggest that higher 
dietary intake of carotenoids such as β-carotene, lutein, and 
zeaxanthin is associated with slower aging at the biological 
level [17]. For example, a cross-sectional study in 27,338 adults 
from NHANES 1999-2018 found that increased dietary intakes 
of carotenoids was associated with parameters reflecting lower 
biological aging [18]. Additionally, the Mediterranean diet 

is one of the most widely studied diets and probably has the 
highest carotenoid content due to its high proportion of fruits 
and vegetables that appears to enhance health, wellbeing and 
potentially enhance the lifespan [16,19-21]. However, how would 
an individual know (determine) their carotenoid activity levels? 
Carotenoids derived from fruit and vegetable consumption (FVC) 
are metabolized then deposited into the blood, skin and tissues 
that enhance antioxidant activity [16,17,22]. The best method 
(traditionally) for monitoring carotenoid levels was to analyse 
blood samples using high-performance liquid chromatography 
(HPLC) along with mass spectrometry (MS), which made the 
process invasive, expensive and time-consuming [16,17,22]. The 
advancements in technology have provided a non-invasive method 
to determine carotenoid antioxidant levels by scanning the skin 
by via spectroscopy measurements to quantitatively estimate and 
validate the FVC in diverse populations of adults and children 
[22]. While skin carotenoid levels have been reported using 
non-invasive techniques, no long-term investigations have been 
conducted covering global lifetime skin carotenoid scores.

Objective

The objective of this narrative review aims to analyse and present 
(via biological computation of very large databases) global lifetime 
skin carotenoid scores that cover more than a 20-year period and 
suggest how the antioxidant and anti-inflammatory properties 
of carotenoids may provide predictive health and wellness 
outcomes that presumably lead to enhancing or diminishing the 
human healthspan by lifestyle choices such as smoking, obesity, 
lack of dietary intake of fruits and vegetables, and/or nutritional 
supplementation of carotenoids. 

This narrative review aims to summarize recent global and lifetime 
data findings to enhance our awareness and understanding of how 
carotenoids (estimated by skin scanner technology) underscore the 
translational potential of enhanced health, wellness and possibly 
augment longevity and the human healthspan.  

Carotenoids: Chemical Nature, Distribution in Foods & 
Supplements 

Carotenoids are essential pigments in plants with multifaceted 
roles including absorbing light energy to supplement chlorophyll 
during photosynthesis and protecting the photosynthetic machinery 
from excessive light damage [16,22-24]. They also provide vivid 
colours in flowers and fruits, but, moreover, help to quench free 
radicals and prevent the oxidation of lipids within the chloroplast 
membranes, ensuring the proper functioning of the photosynthetic 
system [23,24] . More than 600 naturally occurring carotenoids, 
fat-soluble yellow, orange, and red pigments mostly synthesized 
in fruits and vegetables, have been identified [16,22-24]. 
Traditionally, carotenoids are classified into two main structural 
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groups: hydrocarbon carotenoids called carotenes that only have carbon and hydrogen atoms, and oxygenated carotenoids called 
xanthophylls that have different functional groups (i.e., the presence or absence of oxygen atoms) in addition to carbon and hydrogen 
atoms (Figure 1) [16,23,24].

Figure 1: A. Carotene Structure and B. Xanthophyll-like Structure. This classification is based on the chemical structures containing 
only carbon and hydrogen atom (A) or the presence or absence of oxygen atoms (B). Chemical structures modified from ChemSpider.
com (Royal Society of Chemistry, London, UK).

Humans cannot synthesize carotenoids; therefore, they must be obtained through diet from sources like fruits, vegetables, and other 
plants [16,22-24]. These pigments are synthesized by plants, algae, bacteria, and fungi but are absent in animals and humans, making 
dietary intake their sole source [16,22-24]. However, some carotenoids can also be found in foods of animal origin such as meat, egg 
yolks, dairy products, and fatty fish [16,22-24]. Notably, forty to sixty carotenoids have been reported in humans, but the six major 
carotenoids are α-carotene, β-carotene, lycopene, β-cryptoxanthin, lutein and zeaxanthin. These are metabolized and then accumulate in 
human plasma, skin and tissues (Figure 2) and contribute to the antioxidant activity (to reduce oxidative stress) within the body [16,20].

Figure 2: Structures of the Six Major Carotenoids Found in Human Blood, Skin and Tissues.

Adapted and modified from ChemSpider.com (Royal Society of Chemistry, London, UK).
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In humans, vitamin A is obtained from two dietary sources: 
Preformed vitamin A (retinol and retinyl esters) derived from 
animal products such as meat, dairy, eggs and fish products [14,22-
24] and, Provitamin A carotenoids, which are plant pigments 
found typically in fruits and vegetables that include α-carotene, 
β-carotene, and β-cryptoxanthin. These are the carotenoids, which 
can be converted into retinoids for the body to use [16,22,23]. This 
classification is denoted by how the body converts provitamin A 
carotenoids into vitamin A in the intestine by the beta-carotene 
monooxygenase type 1 BCMO1 enzyme [22,24]. Conversely, 
lycopene, lutein, and zeaxanthin are classified as non-provitamin a 
carotenoids because they are not converted into vitamin A [22-24]. 
However, the non-provitamin A compounds have other important 
activities such as acting as potent antioxidants protecting against 
oxidative stress, supporting immune cell function, promoting 
eye/liver health and decreasing the risk of certain types of cancer 
[22,24,25].

The major carotenoids present in food products, β-carotene, 
α-carotene, β-cryptoxanthin, lycopene, lutein and zeaxanthin, 
contribute to the antioxidant and anti-inflammatory actions 
within the body to decrease oxidative stress, modulate immune 
defense and have protective roles in age-related diseases such as 
cardiovascular, metabolic, ocular, skin and bone health [21,22,24]. 
However, the contents of carotenoids can vary widely due to 
various factors such as climate, soil and cultivation [16,22,24]. 
The food sources that contain the six major carotenoids have been 
reviewed in detail elsewhere, especially on the US Department 
of Agriculture (USDA) weblink [26] and the dietary intake 
recommendations for carotenoids have also been reviewed [27]. 
Therefore, this information will only be summarized in brief. 
Examples of food sources for the carotenes include apricots, 
mangos, cherries, carrots and grapes where β-carotene is the most 
abundant, followed by α-carotene and γ-carotene, where it is 
present in lower concentrations [16,22,24]. 

For β-crytoxanthin high levels are found in Hubbard squash, 
peppers, tangerines and papaya. Additionally, lycopene is 
classified as xanthophylls (with an acyclic characteristic) (see 
Figure 2), that is the main pigment in tomatoes and most abundant 
in many reddish-pink fruits such as in watermelons and grapefruit 
[16,22,23]. For the other xanthophylls, lutein is the most abundant 
in leafy green vegetables, kale, spinach, collard greens, muster 
greens and Swiss chard [16,22,23]. Other sources of lutein include 
egg yolks, broccoli, followed by yellow and orange peppers, 
corn, peas, avocado, Kiwi fruit and squash [16,22,23]. Whereas, 
in especially green vegetables lower amounts of zeaxanthin, 
neoxanthin and luteoxanthin are present [16,22,24]. For example, 
zeaxanthin is found in egg yolks, kale, spinach, collard greens, 
tangerines and honeydew melons. Thus, in summary, the essential 

sources of carotenoids are found principally in fruits and vegetables 
but also in cereals and some animal food products such as meat, 
dairy, fish and eggs [16,22-25,27]. 

Dietary supplements are also a source of carotenoids, and these 
increase antioxidant activity for body defences (to decrease 
oxidative stress and provide anti-inflammatory protection) 
[16,22,27]. Vitamin A is available as a stand-alone supplement 
and found in most multivitamins (in the form of retinyl 
acetate, retinyl palmitate, provitamin A beta-carotene, or some 
combination thereof) [27,28]. A dose of 3,000 micrograms of 
retinol activity equivalents (RAE) of vitamin A in supplements 
represents the tolerable upper intake level (UL) and suggests this 
is the maximum amount that adults may consume daily without 
experiencing adverse health effects, such as liver damage or birth 
defects [28]. While some stand-alone vitamin A supplements 
typically contain 3,000 RAE, most often multivitamins contain 
lower doses (e.g. 750 to 1,050 mcg RAE) [28]. This limit applies 
to preformed vitamin A (from animal sources and supplements 
containing retinyl palmitate). The UL does not apply to provitamin 
A carotenoids (like beta-carotene) found in fruits and vegetables, 
as the liver regulates their conversion into active vitamin A [28]. 
Additionally, lutein, zeaxanthin, and lycopene are often combined 
in supplements particularly for eye health [15-17,22,25,27]. These 
carotenoids act as antioxidants protecting cells from damage and 
have been linked to reduced risk of eye diseases like age-related 
macular degeneration (AMD) [15-17]. Lutein and zeaxanthin are 
particularly concentrated in the macula of the eye, where they 
help filter blue light and protect against oxidative stress [17,29]. 
Lycopene, while not as directly concentrated in the eye as lutein 
and zeaxanthin, also has antioxidant properties and can contribute 
to overall eye health [15-17].

Benefits of Carotenoids in Health and Disease

Dietary carotenoids are essential compounds for the survival of 
photosynthetic plants, and many investigations suggest that blood 
carotenoid levels are associated with a lower risk of chronic and 
age-related diseases due to their potent antioxidant and anti-
inflammatory properties [15-19,21,22,24]. Additionally, some 
experimental investigations suggest that carotenoids may extend 
the lifespan (using a model organism, C. elegans), while in clinical 
studies carotenoid levels were associated with a reduced risk of 
Alzheimer’s disease [20,22,24]. 

Carotenoids ↑ Antioxidant Capacity and ↓ Reactive Oxygen 
Species (ROS)

Carotenoids act as powerful antioxidants and can extinguish singlet 
oxygen and neutralize free radicals preventing damage to living 
cells [15-19, 22, 23]. In humans, they play an indispensable role in 
the overall antioxidant defense system by upregulating antioxidant 
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enzymes via the stimulating of Nrf2, which is the master gene 
for further antioxidant production, detoxification enzymes and 
mitochondrial function [15-17,20,30-38]. Additionally, carotenoids 
influence other cellular signaling pathways such as inhibiting the 
pro-inflammatory factor NFkB [17,18,20,36-38].

In this regard, several studies suggest that carotenoids can positively 
impact aging and healthspan [17,18,20,24,30-38]. Increased 
dietary intake or nutraceutical supplementation of carotenoids 
has been linked to lower biological aging parameters by reducing 
oxidative stress [20,37,39,40]. Oxidative stress (OS) is caused 
when the production of reactive oxygen species (ROS) exceeds 
the body’s antioxidant defenses and leads to cellular damage, lipid 
peroxidation, protein oxidation and DNA fragmentation, which 
can lead to multiple cells signaling dysfunctions [20,37,40-42]. 
In 2023, Fekete et al. showed that nutritional supplementation 
might be an appropriate treatment to consider for COPD patients, 
especially the supplementation of carotenoids with their high 
antioxidant activity [39]. Finally, in 2024, Chen et al. showed from 
19,280 participants in the NHANES survey conducted from 2009 
to 2018 that higher carotenoid intake was linked with a reduction 
in the hastening of biological aging highlighting their protective 
anti-aging actions [40]. 

↓ Risk of Cardiovascular Disease with Carotenoids

Several clinical investigations suggest that carotenoids may 
help reduce the risk of cardiovascular disease (CVD), which 
have been reviewed elsewhere [15,18,22,24,36,37,41,43-49]. In 
brief, carotenoids, found in fruits and vegetables, act as strong 
antioxidants and apparently prevent cholesterol oxidation in arteries 
(i.e., atherosclerosis), a key process in the development of CVD 
[17,43-47]. By preventing cholesterol oxidation in arterial walls, 
carotenoids slow down the buildup of plaque, enhance endothelial 
cell wall function, reduce blood pressure and prevent clots [44,45]. 
Various studies have shown that higher consumption of carotenoid-
containing foods or higher blood levels of carotenoids are linked 
to a lower incidence of CVD and cardiovascular mortality [45-47]. 
For example, Sumalla-Cano et al. (2024) performed a systematic 
review of 31 interventional clinical studies (randomized and 
non-randomized) from 2011 to 2024 [45]. They concluded from 
this analysis that increased blood carotenoid concentrations 
were associated with a reduction in CVDs (for cardiovascular 
risk factors based upon inflammatory biomarkers) [45]. Further 
analysis was conducted by Yao et al. in 2021, which reported a 
comprehensive review of 13 observational studies with over 
100,000 subjects along with the analysis of 22 randomized clinical 
trials with over 1,000 individuals [48]. This analysis supported the 
positive effects of carotenoids against CVDs by attenuating OS 
and decreasing the inflammatory response [48]. Lastly, two reports 
from 2023 examined the association of carotenoids (total levels 

and the six most common carotenoids found in plasma) [44,49]. 
In the first study carotenoids were associated with a decrease in 
CVDs along with congestive heart failure (CHF), angina, heart 
attack and stroke [44] (which was adjusted for age, race, gender, 
poverty, educational level, smoking and alcohol history, BMI, 
physical activity and lipid panel levels), while the results from the 
second study reported a positive association of serum carotenoids 
with decreasing the risk of all-cause mortality in hypertensive 
adults [49]. 

Some of the reasons carotenoids reduce CVDs, as well as 
other benefits of carotenoids on health and wellbeing remain 
controversial, which may be due, in part, to the well-known 
variability in clinical trials, the dosages and types of carotenoids 
tested (whether known or unknown), and the limited brief time 
interval(s) of the interventions [45]. 

 In the study by Obana et al. skin carotenoid levels were estimated 
via refraction spectroscopy, which the authors suggested might be 
a good indicator for recommending carotenoids to prevent CVD 
[46]. Finally, in 2015, Gammone et al. examined how carotenoid 
compounds might help lower blood pressure, reduce inflammation, 
and improve insulin sensitivity in muscle, liver and adipose 
tissues, which are factors that can contribute to cardiovascular 
health [47]. While the current evidence suggests that carotenoids 
reduce the risk of CVD, more research is warranted to understand 
the mechanisms by which they exert their protective effects 
(collectively, individually and/or synergistically).

Carotenoids ↑ Skin Health & Acts as a UV Protectant

Much research attention has been focused on carotenoid’s positive 
impact on skin health and as a protectant against ultraviolet (UV) 
rays, which have been reviewed elsewhere [51-59]. In summary, 
carotenoids, especially beta-carotene and lycopene, offer several 
skin health benefits including photo-protection against sunburn, 
reducing skin aging, improving skin elasticity, hydration, and 
increased collagen and elastin production to reduce the appearance 
of wrinkles and improve skin firmness [16,17,22,50,51]. 
Additionally, carotenoids may help reduce inflammation and 
improve skin texture and tone [52,53,56,57]. Recent studies 
suggest the role of ingestible carotenoids in reference to skin 
protection, which decreases OS by inhibiting the molecular 
biomarker intercellular adhesion molecule 1, heme oxygenase-1, 
and matrix metalloproteinases 1 and 9 [58,59]. However, while 
carotenoids offer some photo protection, they should not replace 
the use of broad-spectrum sunscreen products. Reviews of clinical 
studies have shown that lycopene to be a promising topical and 
nutraceutical product for cosmetic applications to decrease skin 
photo damage and skin photo-aging and for the treatment of 
melasma [56-58].
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In 2021 Baswan et al. reviewed 25 intervention studies from 
1970 until 2020, where the total number of subjects was 966 [56]. 
Only four of the randomized placebo-controlled studies will be 
summarized here and represent 262 subjects tested from 2018 to 
2020. Ito et al. in 2018 reported a 10-week study of 23 healthy 
Japanese subjects (21 female & 2 male) administered 4 mg of 
astaxanthin per day, which showed a significant improvement in 
protection against UV-induced erythema along with significant 
improvement in skin texture [60]. In 2019, Groten et al. studied 
149 healthy volunteers (34 men and 115 women) for 12 weeks 
administered 15 mg lycopene along with 5.8 mg of phytoene and 
phytofluene and 0.8 mg of β-carotene daily, which resulted in 
protection against UVB-induced erythema and decreased levels 
of proinflammatory cytokines (IL-6 and TNF-α) compared to 
placebo values [61]. Notably, phytoene and phytofluene are known 
as colorless carotenoids, which are present in apricots, tomatoes, 
red grapefruit, watermelons and carrots that provide good photo-
skin protection as well as known for lowering the risk of CVDs 
and certain cancers [62,63]. In 2020, Baswan et al. reported a 12-
week study of 60 healthy females administered a multi-carotenoid 
softgel containing 12.8 mg β-carotene, 3.3 mg α-carotene, 3.4 mg 
lutein and 0.2 mg of zeaxanthin daily that significantly reduced 
UV-induced pigmentation and erythema, while significantly 
increasing blood carotenoid levels [64]. Also in 2020, Zmitek 
et al. reported a 12-week study in 30 healthy Caucasian females 
administered 20 mg of lutein daily, which resulted in significant 
improvement in photo protection against UV-induced erythema 
compared to placebo values [65]. Finally, Varghee et al. presented 
a recent report, in 2025, on the mechanisms of how carotenoids 
enhance skin health [59].

↑ Immune Health via Carotenoids

Great research attention has been directed into the potential 
role of carotenoids to enhance the immune response. Vitamin A 
deficiency in children suffer from compromised immunity and 
have xerophthalmia (night blindness) and from mortality due to 
infections like measles or diarrhea [66]. In general, carotenoids, 
β-carotene and lutein specifically, are known for their role as 
antioxidants, and can benefit the immune system by supporting 
cell-mediated (increased lymphocyte production) and humoral 
immune (increased production of antibodies by B cells) responses, 
boost immune cells to stimulate phagocytic and bacteria-killing 
blood neutrophils and peritoneal macrophages and enhance natural 
killer (NK) cell cytotoxicity, which helps the immune system 
combat abnormal cells [67-70]. The presence of carotenoids 
in immune cells protects them against OS and cellular damage 
thus helping to ensure optimal functions that include apoptosis 
(programmed cell death), cell signaling, and gene regulation 
[67,68,70,71]. For example, carotenoids and their metabolites 

may interact with nuclear receptors involved in immune system 
regulation and influence downstream target genes and proteins 
involved in OS, inflammation and cellular differentiation [70]. 
Such immune system differentiation can act through vitamin-A-
active retinoids receptors RAR/RXR [37,70]. Earlier studies on 
carotenoids, in the late 1990s, showed that β-carotene enhanced 
NK cells especially in elderly men [72,73], and a diet low in 
carotenoids had a suppressive effect on the mitogenic proliferation 
of blood lymphocytes, which was corrected with when the subjects 
increased their dietary intake of vegetables rich in carotenoids [74].

Only three clinical trials will be summarized here reported from 
2003 to 2023. In 2003, Watzl et al. reported a blinded, cross-over 
study of male subjects on a low-carotenoid diet that consumed 330 
ml/day of tomato juice (37 mg/day lycopene) or carrot juice (27 mg/
day of β-carotene and 13 mg of α-carotene) for 2 weeks [75]. The 
results showed activation of NK cells and lymphocyte proliferation 
during the depletion period. The authors concluded that increased 
plasma carotenoids levels after vegetable juice consumption 
modulated immune function in a time-delayed manner in healthy 
men [75]. In 2011, Kim et al. reported the protective effects of 
carotenoids on the oxidative stress status in healthy smokers [76]. 
In this clinical study 39 heavy smokers (> 20 cigarettes per day) and 
39 non-smokers were tested and randomly divided into 3 treatment 
groups that received 5, 20, or 40 mg of astaxanthin (n =13 each) 
once daily for 3 weeks. Oxidative stress biomarkers were quantified 
at baseline, after 1, 2 and 3 weeks. The results suggest that the 
carotenoid treatments decreased the levels of the OS biomarkers in 
a dose-dependent manner in heavy smokers [76]. The last clinical 
study examined the role of carotenoids in a common autoimmune 
disease such as systemic lupus erythematosus (SLE) in a cross-
sectional investigation. Pocovi-Gerardino et al. in 2021 studied the 
beneficial effect of a Mediterranean diet on disease activity and 
cardiovascular risk in 280 systemic lupus erythematosus patients 
(average age 47 years) [77]. The authors concluded that adherence 
to the Mediterranean diet exerted a beneficial effect on disease 
activity and cardiovascular risk in SLE patients.

Finally, Median-Garcia et al. examined the influence of carotenoids 
on the immune system by in vitro, in vivo, observational and 
clinical studies (of more than 40 reports) published in 2025 
[78]. Based upon their review of the literature these authors 
concluded that: “it can be conclusively stated that carotenoids play 
a fundamental role in regulating and strengthening the immune 
system….by modulation of cytokine expression, regulation of 
cell differentiation and proliferation, and reduction in oxidative 
stress…and attenuating the progression of autoimmune diseases 
by modulating an overactive immune response and suppressing 
autoantibody production.”[78].



Citation: Knaggs H, Barrett J, Fisk N, Ferguson S, Lephart ED, et al. (2025) Assessing Global Lifetime Skin Carotenoids Scores (2003 
to 2025) Implications to Wellness, Lifestyle Factors Potentially Enhance or Diminish Healthspan -A Narrative Review. Advs Prev Med 
Health Care 8: 1084. DOI: 10.29011/2688-996X.001084

7 Volume 8; Issue 2

Adv Prev Med Health Care, an open access journal

ISSN 2688-996X

↑ Bone Health (↓ in Osteoporosis) with Carotenoids 

Studies have shown that higher consumption of carotenoids is 
associated with a lower risk of osteoporosis and a higher bone 
mineral density (BMD), which have been reviewed elsewhere 
[16,22,33,79]. For example, Crupi et al. in 2023 reviewed the 
beneficial effects of carotenoids in health and wellbeing that 
highlighted carotenoids as natural antioxidants by neutralizing 
ROS to protect against OS and bone loss [16]. In 2009, Sahni et al. 
in a cross-sectional and longitudinal analyses of 334 men and 540 
women (mean age 75 years) from the Framingham Osteoporosis 
Study found protective effects of carotenoids in bone mineral 
density in men and the lumbar spine in women [80].

In 2016, Xu et al. reported in a meta-analysis of five prospective 
and 2 case-control studies with 140,265 participants and 4,324 
cases that circulating carotenoid levels of β-carotene may lower 
the risk of hip fracture [81]. Hayhoe et al in 2017, reported via a 
cross-sectional investigation (n = 14,803) for bone density status 
and in a longitudinal analysis (n = 25,439) in middle-aged men and 
women that higher plasma α-carotene and β-carotene levels were 
associated with higher bone density and reduced bone fracture 
[82].

The association of dietary carotenoid intake and bone mineral 
density in Korean adults age 30-75 years (that included 8,026 
subjects; 3,767 males and 4,259 females) was studied from 2008 
to 2011 by Regu et al. in 2017 [83].This report along with others 
suggested that higher β-carotene and β-cryptoxanthin along with 
lutein/zeaxanthin intake was linked to positive effects on bone 
health, particularly in postmenopausal women [80,83,84]. In 
addition, lycopene may offer some protection against bone loss, 
especially in the lumbar spine in women and pelvis (hip) region 
in men [80]. 

In 2020, Charkos et al found an inverse association between 
dietary carotenoids (especially β-carotene) and the risk of high 
fractures in a meta-analysis of nine observational studies with 
190,545 participants [85]. The Charkos study is supported by 
broader scientific research on the role of carotenoids in bone health 
[16,33,80,83,84]. For example, Kan et al. in 2021 [86] reported on 
the link between dietary carotenoid intake and osteoporosis from 
the National Health and Nutrition Examination Study (NHNES) 
from 2005 to 2018 with more than 10,000 participants and Zheng 
et al in 2025 from 2023-2014 with 2,053 participants [87]. The 
average age in these two studies was 50 and 62 years, respectively. 
In the first study using the NHNES database Kan et al. showed 
that higher β-carotene and β-cryptoxanthin levels were linked to 
a decreased risk of osteoporosis [86]. While the second NHNES 
investigation found that dietary intake of carotenoids (especially 
β-carotene) was associated with decreased vertebral fractures 

in women [87]. Thus, carotenoids may promote bone health 
through their antioxidant activity particularly in reducing OS 
and inhibiting bone resorption while stimulating bone formation 
[16,22,33,80,83-87]. While promising, more research is needed, 
especially randomized controlled trials to fully understand the 
mechanisms, and to what extent carotenoids benefit bone health.

↓ Neurodegenerative Disease (Alzheimer’s) with Carotenoids

Due to the very high interest in neurodegenerative diseases 
(Alzheimer’s, Huntington’s, Parkinson’s and amyotrophic lateral 
sclerosis), there is an abundance of research suggesting that 
carotenoids may offer neuroprotective benefits and play a role in 
supporting brain health [15,17,20,33,37,88-97]. Neurodegenerative 
diseases are characterized by the gradual loss of neuronal 
structure/function and other protective mechanisms that lead to the 
loss of cognitive and motor function and intellectual impairment 
[97]. Currently, there are no cures or effective treatments for 
neurodegenerative diseases. However, carotenoids acting as: 1) 
powerful antioxidants, protect brain cells from damage by free 
radicals [88-96], 2) anti-inflammatory compounds to reduce 
inflammation, a key factor in neurodegeneration [88,96,98-101], 
3) inhibitors of or reduction in microglial function [98-100] and 4) 
anti-plaque agents that reduce or prevent the buildup beta-amyloid 
(Aβ) plaques and neurofibril formation that are the hallmarks of 
neurodegeneration [90-92,98,99].

It is beyond the scope of this sub-subsection to present even 
a fraction of the available research that shows carotenoids help 
prevent age-related neurodegeneration. However, there appears to 
be a significant correlation (from several studies) between higher 
carotenoid levels with better cognitive function in humans [89-
96,98], decreased incidence of Alzheimer’s disease and disease 
remediation [89-91,93-96,98-101], and even protection of the 
physical brain structures with aging [102].

For example, in 2021 three studies examined dietary carotenoids 
and cognitive function. In the first study, Davinelli et al. reported on 
the meta-analysis of nine studies with a total of 4,402 participants 
(aged 45 to 75 years) found that dietary carotenoids significantly 
reduced the risk of cognitive impairment and dementia [89]. 
The second study by Liu et al. found that high blood α-carotene 
levels were linked with better cognitive function(s) using the 
Mediterranean-DASH Intervention for Neurodegenerative Delay 
(MIND) trial, which was a randomized controlled intervention 
of 295 participants over a 3-year period where plasma nutrients 
were quantified in subjects (65-84 years of age) [90]. The third 
study, Yuan et al., reported on the Rush Memory and Aging Project 
with 927 participants (a community-based cohort of older adults; 
mean age 80 years), where a clear link between dietary carotenoid 
intake protecting against Alzheimer’s disease incidence and 
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neuropathology was found [91]. The Yuan et al. study confirmed 
and extended a previous report with 960 participants followed for 
over 4 years from the Memory and Aging Project (MAP), where 
it was found that dietary carotenoids slowed cognitive decline and 
neurodegeneration [92]. Finally, in 2023 Wang et al. reported via a 
systematic review and meta-analysis (from twenty-three studies, n 
= 6,610 with 1,422 patients with dementia, 435 patients with mild 
cognitive decline, and 4,753 controls that blood carotenoid levels 
were significantly lower in subjects with dementia compared to 
controls [93]. 

Additionally in this milestone cross-sectional study of 2,050 
people (median age, 61 years, 61 % female) underwent magnetic 
resonance imaging (MRI) scans to determine whether intake of 
carotenoids protected against neurodegenerative parameters (e.g., 
choroid plexus volume, lateral ventricle volume and perivascular 
spaces in the brain) [92]. The investigators showed that β-carotene 
concentrations in serum were associated with better neurological 
volumes and parameters, most likely due to the antioxidant activity 
maintaining the glymphatic system function of the brain [102]. 
Specifically, the glymphatic system is a unique clearance pathway 
in the brain that relies on cerebrospinal fluid (CSF) and glial cells 
to remove metabolic waste and other harmful substances and is an 
emerging therapeutic approach for neurological disorders [103].

While many studies have examined carotenoids in general, other 
investigations have focused on lutein and lycopene that have 
promising in vitro and in vivo results supporting the amelioration 
of neurodegenerative parameters [104-109]. For instance, in 2018 
Power et al. showed that supplementation with “retinal” carotenoids 
(lutein at 10 mg, zeaxanthin at 10 mg and meso-zeaxanthin at 2 
mg) for 12-months enhanced memory in 91 healthy participants 
with low levels of macular pigmentation in a randomized, double-
blind, placebo-controlled clinical trial reflecting enhancement of 
cognitive function given the antioxidant, anti-inflammatory and 
neuroprotective properties of these phytochemicals [109].

In summary, carotenoids are thought to act through several 
mechanisms in the fight against neurodegenerative diseases by- 
enhanced antioxidant defenses via the Keap1/Nrf2 pathway to 
decrease ROS and neuroinflammation by suppressing cytokines 
and reducing apoptotic factors, while promoting clearance of Aβ 
plaques [15,17,88,102,110]. Thus, carotenoids may help to reduce 
the risk of neurodegenerative disorders that are associated with 
aging along with depression [111-121], a topic that will not be 
covered herein due to limiting the scope of this review.

↓ Metabolic Syndrome, Type 2 Diabetes (T2D) & Weight Loss/
Control with Carotenoids

 Several studies suggest that carotenoids are associated with reduced 
risk of metabolic syndrome [15-17,123-128], type 2 diabetes (T2D) 

[15-17,37,68,88,129-131], and weight gain or obesity [132-135]. 
For metabolic syndrome, there is an inverse association between 
higher intake of total carotenoids and the presence of metabolic 
syndrome [123-128]. For example, two studies in 2021 and four 
studies in 2024 highlighted the therapeutic potential of carotenoids 
in preventing and managing metabolic disorders, supporting their 
antioxidant and anti-inflammatory roles in mitigating metabolic 
syndrome (MetS) [123-128]. In 2021 Takayanagi et al. examined 
the relationship between skin carotenoid scores (SCS) quantified 
by reflection spectroscopy in 1,812 Japanese participants (mean 
age 58 years; 859 males and 953 females) total [those with MetS 
(n = 151) and those without (n=1,661)] underwent physical 
examinations, provided lifestyle factors (smoking, medications/
prescriptions, etc.) and had their blood chemistries quantified 
[124]. The authors concluded that lower SCS were observed in 
patients with MetS compared to those without MetS, and smoking 
and poor lipid profiles were significantly associated with lower 
SCS in both groups [124]. Additionally, the report by Yen et al. in 
2021 also found that obese patients displayed a higher prevalence 
of MetS and lower β-carotene levels compared to non-obese 
subjects [123].

The review by Ortega-Regules et al. [127] along with other 
reports in 2024 [125-128], (particularly the observational and 
Mendelian randomization study by Sun et al. [126]) showed that 
high carotenoid levels mitigated and potentially prevented MetS, 
which was attributed to their regulating lipid metabolism, decrease 
blood glucose levels, and enhancing the activity of antioxidant 
enzymes (via Nrf2) to prevent and protect against cellular damage. 
Moreover, some studies have shown that specific carotenoids like 
α-carotene, β-carotene, lutein and zeaxanthin have been linked to 
reduced risk of metabolic syndrome particularly in women [124].

In examining T2D, evidence suggests that dietary intake of 
carotenoids (especially β-carotene) is linked with a reduced 
risk of T2D [16,17,33,69,129-131]. Also, in 2021, Jiang et al 
showed that higher levels of carotenoids (especially β-carotene) 
were associated with a lower risk of T2D in a dose-dependent 
response in a meta-analysis [130]. Lastly, lutein and zeaxanthin 
supplementation has been shown to have a positive impact on 
regulating blood sugar levels (HbA1c) [132,133]. Weight loss 
has also been shown to be linked to higher intake of carotenoids, 
where lower levels of carotenoids increase adiposity, including 
increased waist circumference, and visceral and subcutaneous fat 
mass [130,133-135]. From several studies evidence suggests that 
carotenoids promote fatty acid oxidation, which may account, in 
part, for lower weight gain [133-135]. For instance, Yao et al. in 
2021 in a systematic and meta-analysis review showed a clear 
association in the prevalence in overweight or obese subjects that 
displayed low carotenoid levels [135]. Moreover, carotenoids have 
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been shown to improve obesity and fatty liver disease via the gut 
microbiome [132,136,137]. While these studies show associations, 
they may not prove causation, more randomized controlled trials 
are needed to confirm the causal link between carotenoids and 
reduced risk of metabolic syndrome, T2D, and weight gain.

Summary Linking Carotenoid Intake to Enhancing the Body’s 
Antioxidant Capacity and Potentially the Human Healthspan

In summary carotenoids act through a variety of mechanisms to 
enhance healthspan. For example, they influence gene expression 
by regulating transcription factors and signal transduction pathways 
involved in aging [15-17,33,37]. Carotenoids may enhance SIRT1 
activity, a critical enzyme linked to cellular longevity plus stress 
resistance while at the same time can reduce chronic inflammation 
contributing to age-related disease by inhibiting NFkB signaling 
[33,37,88]. Carotenoids exert additional antioxidant activity by 
neutralizing ROS, inhibiting additional inflammatory compounds, 
and modulating cytokine production like interleukin-6 (IL-6) 
and tumor necrosis factor-alpha (TNF-α), which are involved in 
systemic inflammation [15-17,37,88]. Carotenoids also improve 
mitochondrial function through their antioxidant activity by 
reducing oxidative damage and enhancing cellular energy 
metabolism [22,24,36,37,68]. Also, more direct effects on 
immune modulation include the ability of β-carotene to increase 
immunoglobulin synthesis, supporting adaptive immune defenses 
by stimulating macrophage function and T-cell proliferation, 
to strengthen innate immunity [36,37,67,68]. Carotenoid 
supplementation has been linked to protection from infections 
by fortifying both the epithelial barrier and immune surveillance 
mechanisms [59,68,138,139]. In this regard, Zhuang et al, in 2022, 
examined the effects of oral carotenoids on oxidative stress and 
other parameters in a 20-year meta-analysis showing that intake 
duration of 8 weeks should be sufficient to reach effective systemic 
concentrations for improved physiological function [140]. Finally, 
Shanaida et al. in 2025, reported on the antiaging benefits of 
nutraceutical, pharmaceutical and cosmetic applications [141]. 

Spectroscopy Methods for Quantification of Skin Carotenoids 
(introduction and peer-reviewed reports) 

Since humans cannot synthesize carotenoids, the concentrations 
of these pigments traditionally were determined in blood samples, 
which provided the best markers of FVC through foods or 
supplements [143-146]. However, due to the invasive nature of 
blood collections and the associated high costs of conducting 
large-scale studies alternative methods have emerged, where non-
invasive techniques for estimating carotenoid levels that reflect 
FVC were developed and have been in use from 10 to over 20 
years that use spectroscopy-based technologies [143-146]. The 
two major methods employed to determine skin carotenoid levels 

are presented, in brief, below.

RS Spectroscopy-based Skin Carotenoid Measurements

Pressure-Mediated Reflection Spectroscopy (RS) uses a 
broad-band light source (460-500 nm) to measure the levels 
of skin carotenoids [143,144,146]. Pressure is applied during 
the measurement to temporarily limit blood flow minimizing 
interference from hemoglobin [143,146]. This RS method is 
considered to be more cost-effective and portable compared to 
Resonance Raman Spectroscopy (RRS), and the Veggie Meter® 
is an example of an RS-based device, which was invented in 2015 
[144]. RS-based measurements have shown good correlations 
in infants, children, adolescents and adults using both RRS and 
plasma carotenoid levels as reported in many journal articles and 
in several reviews over the past 10 years [143-146].

For example, Radtke et al. in 2020 published a systematic review, 
which covered over 20 studies on the validity of spectroscopy-
based skin carotenoid measurements as an estimate for fruit 
and vegetable intake [145]. In 2025, Wu et al. reported that RS 
technology quantification of skin carotenoid scores (SCS) highly 
correlated with plasma concentrations (determined by HPLC) for 
all the major dietary carotenoids compounds except for lycopene 
[147]. Additionally, Hwang et al. in 2023 and Ahn et al. in 2024 
evaluated the Veggie Meter in quantifying skin carotenoid levels 
in randomized control trials [148,149]. The first study showed that 
the RS method could be an alternative to the RRS technology in 
testing 80 participants in a randomized control trial [148], and 
the second study, also with 80 subjects where skin and blood 
carotenoid levels were quantified weekly, demonstrated that 
after 4 weeks the RRS method corresponded to serum carotenoid 
concentrations (determine by HPLC), which supported using SCS 
to assess carotenoid FVI [149].

Furthermore, the use of the Veggie Meter as a tool to objectively 
estimate FVI has been studied in: a) pre-school and school-based 
nutritional meals [151,152], b) adolescents in Southern Italy that 
reflected carotenoid consumption on a Mediterranean diet [153], c) 
in positive pregnancy outcomes [154], d) older urban adults [155], 
and e) among American indigenous families of the Osage Nation 
(in children, adolescents and adults) [156]. In addition, some 
studies noted that obesity and smoking significantly decreased 
SCS [152,154-156].

In another clinical study, the RS method quantified SCS in a 
6-week randomized control feeding trial in 162 subjects of racially 
and ethnically diverse origins (25 % Black, 25 % Asian, 27 % 
non-Hispanic White and 23 % Hispanic) showed that Veggie 
Meter SCS reflected daily changes in FVI, but this study was not 
statistically powered to determine differences between the racial/
ethnical groups [157]. 
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Johnston et al. in 2025, reported the correlation between Veggie Meter SCS to self-reported carotenoid FVI among older adults in a 
diabetic prevention program in a geriatric population (n = 79, age > 65 years) [158]. The author’s findings supported the Veggie Meter 
SCS that reflected carotenoid FVI records and suggested the potential utility of Veggie Meter to assess carotenoid status in older adults 
with prediabetes [158]. However, this positive correlation was not significant in smokers or individuals with high BMIs that displayed 
lower SCS [158]. 

In 2023, Obana et al. demonstrated good inter-device correspondence of the Veggie Meter’s reliability and accuracy to estimate SCS to 
FVI [159]. Finally, Hasin et al. in 2023 and Obana in 2025 reported systematic reviews of RS-based technology to quantify SCS and 
their association in health and disease [160,161] and more than 50 peer-reviewed articles have been published since its invention. 

For the Veggie Meter, scores range from 0 to 800 with higher scores indicating a greater presence of carotenoids suggesting more FVC. 
Each 100 units on the Veggie Meter is thought to generally correspond to about one cup of FVC daily [144]. Notably, the manufacturer of 
the Veggie Meter states it is not designed to give specific dietary advice [162]. However, a skin carotenoid score at 350 or below suggests 
an inadequate FVC, while a score above 400 indicates good FVC [144,162]. An example of the Veggie Meter display is shown in Figure 
3. While figure 3 is just an example, many reports describe skin carotenoid scan levels to range between 250 to 350 [144,148,160].

Figure 3: Veggie Meter example display, showing the overall skin carotenoid score (red pointer-indicator) and in the right-hand panel 
a comparison (red bar) to a reference population histogram indicating the general population. Adapted and modified from Radtke et al. 
[144], license under CC BY 4.0.

RRS Spectroscopy-based Skin Carotenoid Measurements

Resonance Raman Spectroscopy (RRS) uses a laser, typically around 488 to 514 nm, to excite the carotenoids in the skin. This excitation 
generates an inelastic scatter response including characteristic Stoke or spectral lines (around 530 nm), whose magnitude is used to 
determine the carotenoid levels in the skin. The RRS is a validated method via numerous published studies, which correlate with 
blood carotenoid levels and corresponding dietary intake journal surveys [142,143,145,161,163]. In general, it is highly specific to 
carotenoids in the skin due to the strong resonance enhancement of their Raman signal(s), when excited with their absorption bands 
[142,143,145,161,163]. For example, devices like the NuSkin BioPhotonic S1 Scanner utilize RRS technology, which was invented in 
2003, and subsequent next generation versions were introduced in 2006 (S2) and 2013 (S3 BioPhotonic Scanner) [164].

In this regard, the review by Obana in 2025 entitled the measurement of skin carotenoids and their associations with diseases described: 
a) the factors associated with skin carotenoid levels, b) how skin carotenoids are measured by RS and RRS methods (with figure 
illustrations), c) how skin carotenoids serve as biomarkers for disease prevention and covered the following diseases/disorders such as 
CVD, MetS, asthma, age-related macular degeneration (AMD), and cognitive function(s) [161]. In this review, Obana concluded that 
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“extensive research has been conducted on the relationship between carotenoid levels and disease, with carotenoid indices indicating 
susceptibility to certain diseases …and disease prevention”[161]. In 2021, Pitts et al. performed a meta-analysis of 15 studies that 
included 1,155 individuals (963 adults and 192 children), where the overall results demonstrated a positive, significant correlation 
between RRS quantified skin and blood carotenoid levels [165].

Finally, in 2020, Radtke et al. performed a systematic review of spectroscopy-based skin carotenoid measurements with age and/
or disease status, which included 29 research articles, where most of the studies used RRS technology [145]. For utilization of RRS 
technology in this review, seven investigations used the BioPhotonic scanner. One study examined asthma and FVI [166]. Others studied 
children and adults [167-170] that showed a positive association with FVC [142,171]. In another five-year study that quantified SCS in 
breast cancer operated patients provided evidence for a positive impact of FVI on decreasing oxidative stress in the body and favourable 
BC prognostic indications [172]. Particularly, in this five-year study, women, who had significant reductions in their waist circumference 
and, BMI, displayed higher SCS [172]. 

Since the SCS data presented in the review used the Nu Skin BioPhotonic Scanner the results range from 10,000 to over 89,000 Raman 
Intensity Units (RIU), with 32,000 RIU being an approximate average score (see below). This range indicates a moderate consumption 
of fruits and vegetables. Scores below 37,000 RIU may suggest a need for increased FVC or antioxidant supplementation, while scores 
above 46,000 RIU indicate a high level of carotenoids likely from a diet rich in carotenoids and/or supplementation. As shown in Figure 
4, the color-coded skin carotenoid scan scores are displayed. 

Figure 4: Example of skin carotenoid (color-coded) ranges with a NuSkin BioPhotonic S3 Scanner used with permission.

Finally, more than 75 publications over 20 years have utilized NuSkin’s BioPhotonic Scanner [142,143,145,163,164]. 

Advantages and Limitations of RS and RRS Spectroscopy-based Skin Carotenoid Measurements

The advantages of both RS and RRS technologies, as stated previously, are non-invasive, rapid (taken within 30 to 60 seconds), do 
not require specialized training or data processing (compared to blood sample analysis) and have been shown to correlate with plasma 
carotenoid levels in several research investigations [142,145,161,173].

The limitations of both RS and RRS technologies can be identified by knowing the scans do not quantify all carotenoids (minor 
compounds, isomers, etc.) and this is especially the case for the colorless carotenoids (like phytoene and phytofluene) that are not taken 
into account at all during skin scans [37,161]. 

There are various factors associated with skin carotenoid levels that have been reviewed in detail elsewhere, but in brief include: 
smoking, high BMI, gender, alcohol intake, medication use, genetics, health status, dietary fat and fiber intake, the food matrix, plant 
stanol/sterol intake and skin melanin and hemogloblin levels in the skin’s blood vessels affecting underlying redness, of different skin 
tones [37,55,143,145,161,173,174]. 
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Other Methods of Estimating Skin Carotenoid Concentrations

Some reports suggest that near-infrared, mid-infrared and 
molecular fluorescence can detect carotenoids in food samples 
[175]. Therefore, the two main methods of estimating carotenoids 
levels in a non-invasive manner are RRS and RS using skin 
scanners.

Non-invasive RRS Spectroscopy-based Skin Carotenoid 
Levels, Implications to Healthspan

Can Daily Habits Influence Healthspan?

Since recent data shows that our diets are lacking in adequate 
micronutrients [176], and it is challenging to get people to 
change their diet to increase carotenoids by eating more fruits 
and vegetables, supplementation offers an attractive alternate 
approach. With the growing increase in digital technologies, there 
are now a number of non-invasive measurement tools and trackers, 
which can be used to monitor various aspects of health like apps 
for glucose monitoring, sleep quality, number of steps on a daily 
basis, monitoring food intake etc. One approach that does seem 
to be proving effective in getting people to change their habits is 
leveraging these non-invasive tools to help individuals understand 
their current practices, monitor their health situation, and more 
importantly, provide feedback on how they can positively change 
their habits [3-5]. 

For the first time, individuals are able to measure things regularly 
and provides positive reinforcement to influence habits in a 
healthier direction. This concept has been emphasized in the 
highly cited publication in the British Journal of General Practice, 
in 2012, by Gardner et al. that encouraged patients to make health 
habitual by making healthy habits for simple and sustainable 
changes in behaviour leading to healthier lifestyles [177]. More 
recently Ballard et al. in 2024 reported how “habits are powerful 
determinants of daily decisions that contribute to goal-directed 
behaviours for a lasting impact on life”, and how past histories 
influence future selections toward favourable outcomes [178]. 

For example, blood glucose levels are influenced by various factors 
such as nutrient composition, meal timing, physical activity, 
circadian rhythm and stress (cortisol) levels [179]. Continuous 
glucose monitoring (CGM) is now a behaviour modification 
tool [180] for not only diabetes but also non-diabetic individuals 
wearing CGM can avoid pre-diabetes or diabetic conditions, 
improve mental and physical performance, and modify food 
intake pattern for a healthier life [179-181]. Similar benefits have 
been reported in tracking daily step counts that decrease all-cause 
mortality, cardiovascular disease and metabolic disorders [182-
184]. In addition, tracking sleep patterns [185] enhance wellbeing, 
and using internet-base smartphone apps improve healthy eating 

behaviours [186], which potentially may enhance an individual’s 
healthspan. As a result of the growth in these non-invasive tracking 
devices, there has been a rapid increase in peoples’ understanding 
of one’s own wellbeing with a goal to be healthier on an individual 
level for a more personalised approach. Not only do they allow 
a person to keep track over time, but also they can provide 
actionable insights on ways an individual can improve their 
health. Thus, putting all these pieces together, we propose that 
measuring carotenoids noninvasively can actually provide a guide 
to an individual’s overall healthspan with carotenoids playing a 
key role in many aspects that lead to positive wellness outcomes. 
Moreover, these measurements can be effective in helping to 
encourage behaviours and interventions to improve health. 

Methods for Lifetime and Worldwide Skin Carotenoid 
Scanning RRS Data 

Skin carotenoids scores (SCS) were obtained from worldwide 
scans at corporate events, academic institutions and schools, 
where individuals filled out: a) consent form to process an 
individual’s data relating to their health and ethnicity for research 
and statistical purposes (signed by a parent or guardian if a minor) 
and b) answered an electronic survey that contained demographic 
information such as birthdate, sex, height/weight, ethnicity, daily 
sun exposure (time in hours), tobacco use (per day), fruit and 
vegetable (daily) intake, and use of other supplements, including 
marine omega, LifePak or an antioxidant juice blend (G3). There 
were no exclusions of individuals who gave their consent and 
desired a scan to obtain a skin carotenoid score. Individuals ranged 
in age from 1 to 90 years of age.

The skin carotenoid scans were performed in a uniform manner 
using the palm of the hand below the little finger, but above the 
wrist, where there is low skin pigmentation [164]. These data 
were collected worldwide over more than a 20-year period using 
three generations of Nu Skin’s BioPhotonic scanners. Due to the 
volume of data collected from 2002 to 2025 using the BioPhotonic 
Scanners the skin carotenoid scanner scores represent thousands 
to millions of scans.

Results of Global, Lifetime Skin Carotenoid Scores by RRS 
Technology by Country or World Regions

Some of the data presented herein has been provided in the public 
domain in past presentations at scientific and life science society 
meetings as posters or as preprints in non-peer-reviewed reports 
[187-190]. Only with the advent of better computational entry 
and management of large data sets has it been possible to create 
this magnitude of database, which can be queried (mined) in a 
consistent and accurate manner.
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While skin carotenoid scanning data has advanced through non-invasive measurements that can estimate FVI and/or carotenoid 
supplementation, all previous published studies reported on defined and/or presented limited subject populations (i.e., with no more than 
2,000 subjects) in various areas and regions throughout the world. This is the first time this magnitude of data analysis by biological 
computation has been presented on skin carotenoid scores via RRS technology and represents a milestone in scientific reporting for 
antioxidant research. Therefore, this analysis and present results have now made it possible to demonstrate global-lifetime SCS [187-
190] that may have implications to wellness as demonstrated by the large volume of research reported on carotenoids health benefits 
(see section 3). 

For example, lifetime SCS globally averaged 32.74K RIU. Korea displayed the highest SCS of 46.28K RIU of all countries studied (that 
had at least 1,000 scans) and displayed significantly higher SCS compared to the global average of 32.74K RIU (see Figure 5 for global 
data and Figure 6 for Korean data).

Figure 5: Total Global Data Collected from 2002 to 2025 Representing 21.27 Million Scans.

The average skin carotenoid score was 32.74K RIU globally. The count on the y-axix represents the percentage of scans within a 
given bar of the histogram profile that is color-coded. Low Carotenoid Concentration in skin: Red-10,000-19,000 RIU, Orange 20,000-
29,000 RIU; Average Carotenoid Concentration in skin: Yellow- 30,000-39,000 RIU, Green 40,000 -49,000 RIU and High Carotenoid 
Concentration in skin: Blue 50,000-59,000 RIU, Purple 60,000-90,000 RIU.
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 Figure 6: Korean Average Skin Carotenoid Score = 46.28K RIU from 547,780 scans. (See Figure 5 legend for additional information 
about this histogram.)

Japan displayed an average skin carotenoid score of 36.18K RIU from a total of 2.29 million scans (Figure 7), which was significantly 
below that of the Korea average of 46.28K RIU.

Figure 7: Japanese Average Skin Carotenoid Score = 36.18 K RIU from 2.29 million scans. (See Figure 5 for more information about 
this histogram information.)

Skin carotenoids scores from mainland China are shown in Figure 8 and the average skin carotenoid score = 32.23K RIU (from 3.99 
million scans), which was lower than the Korean or Japanese average scores.
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Figure 8: Mainland China Average Skin Carotenoid Score = 32.23K RIU from 3.99 million scans. (See Figure 5 legend for additional 
information about this histogram.)

Skin carotenoid scanner information from Taiwan is displayed in Figure 9 for the average skin carotenoid score. 

Figure 9: The Average Skin Carotenoid Score in Taiwan was 28.85K RIU from 1.73 million scans. (See Figure 5 legend for additional 
information about this histogram.)

When other Southeastern Asia countries (Malaysia, Indonesia, Philippines, Singapore, Thailand & Vietnam) were examined the average 
skin carotenoid score = 27.20K RIU that was lower than the global average of 32.73K RIU (see Figure 10). 
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Figure 10: The Average Skin Carotenoid Score in Southeastern Asia was 27.70K RIU from 2.92 million scans. (See Figure 5 legend for 
additional information about this histogram.)

In particular the Philippines and Indonesia displayed the lowest average skin carotenoid scores compared to the global data at 20.65K 
RIU and 25.29K RIU, respectively. (see Figures 11 and 12). These populations might be at risk for carotenoid deficiency and may benefit 
from supplemental dietary carotenoids.

Figure 11: The Average Skin Carotenoid Score in the Philippines was 20.65K from 204,500 scans. See Figure 5 legend for additional 
information about this histogram).
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Figure 12: The Average Skin Carotenoid Score in Indonesia was 25.29K from 204,500 scans. See Figure 5 legend for additional 
information about this histogram).

In analyzing the data from Thailand the average skin carotenoid score = 29.16K RIU from 705,790 scans shown in Figure 13.

 

Figure 13: Thailand Average Skin Carotenoid Score = 29.16K RIU from 705,790 scans. (See Figure 5 legend for additional information 
about this histogram.)

The data from South East Asia and Pacific region that included Australia and New Zealand are shown in Figure 14 for the score range 
profiles.
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Figure 14: Australia and New Zealand Average Skin Carotenoid Score = 28.90K RIU from 3.48 million scans. (See Figure 5 for 
additional information about this histogram.)

When Europe was examined the skin carotenoid scores are shown in Figure 15 and the average skin carotenoid score = 34.50K RIU 
from 3.18 million scans. 

Figure 15: The Europe Average Skin Carotenoid Score = 34.50K RIU from 3.18 million scans. (See Figure 5 legend for additional 
information about this histogram.)

In examining certain European regions, the skin carotenoid data from the United Kingdom is displayed in Figure 16, while data from 
France and Germany that were combined due to the similarities of the data results, which are displayed in Figure 17. 
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Figure 16: United Kingdom Average Skin Carotenoid Score = 36.68K RIU from 104,990 scans. (See Figure 5 legend for additional 
information about this histogram.)

Figure 17: France and Germany Average Skin Carotenoid Score = 42.68K RIU from 155,700 scans. (See Figure 5 legend for additional 
information about this histogram.)

When the European data was analysed during the period of the pandemic (April 2020 to January 2025) interesting results were discovered 
where skin carotenoid scores increased, possibly reflecting a greater interest in a healthier lifestyle and dietary FVC. This information 
is displayed in Figure 18.
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Figure 18: European Average Skin Carotenoid Scores = 44.34K RIU from 392,600 scans during the Pandemic. (See Figure 5 legend for 
additional information about this histogram.)

When North America (Canada and the United States of America) data was analysed the results are displayed in Figure 19.

Figure 19: North America (Canada and The United States of America) Average Skin Carotenoid Score = 33.00K RIU from 4.89 million 
scans. (See Figure 5 legend for additional information about this histogram.)

In analyzing results from Latin America for skin carotenoid scores, this data is displayed in Figure 20.
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Figure 20: Latin America Average Skin Carotenoid Score = 32.39K RIU from 306,490 scans. (See Figure 5 legend for additional 
information about this histogram.)
Skin carotenoid score data from Iceland, Sweden, Norway and Russia were also analysed as displayed in Table 1.

Country Average Skin Carotenoid Score (RIU) From Number of Scans
Iceland 40.00K 1086
Sweden 42.99k 34110

Sweden (Pandemic) 46.83K 10280
Norway 42.15K 70560
Russia 27.89K 125970

Table 1: Skin Carotenoid Scores from the Nordic Countries and Russia.
During the pandemic (February 21, 2020 to January 31, 2025) the average skin carotenoid scores increase by almost eleven percent in 
Sweden, suggesting that like the data from the United Kingdom individuals become more interested in a healthier lifestyle and dietary 
intake of fruits and vegetables, even though there was a hesitancy to vaccinate, especially children, in Sweden [191]. RIU=Raman 
Intensity Units
Additionally, the global average skin carotenoid scores were analysed by ethnicity which is shown in Table 2 for White Caucasians, for 
African Americans, for Hispanics and for Asians.

Low Concentration Average Concentration High Concentration Average 
Score

Number of 
Scans

Red Orange Yellow Green Blue Purple

30.30K 732,730

10-19K 20-29K 30-39K 40-49K 50-59K 60-89K

White 
Caucasian 22.9% 31.4% 24.2% 12.8% 5.6% 3.1%

African 
American 36.1% 31.9% 18.5% 8.2% 3.3% 2.0% 25.99K 23,870

Hispanic 23.3% 32.1% 23.5% 12.3% 5.5% 3.3% 30.00K 97,000

Asian 20.0% 28.3% 25.3% 15.6% 7.3% 3.5% 32.00K 1,650,000

Table 2: Global Average Skin Carotenoid Scores (RIU) by Ethnicity.
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Low Concentration=Low Carotenoid Concentration in Skin; Average Concentration=Average Carotenoid Concentration in Skin and 
High Concentration=High Carotenoid Concentration in Skin. The percentages displayed above fall within a specific range under the 
color-coded concentration labels. RIU=Raman Intensity Units.

Previous reported studies on SCS are mixed, with some studies finding significant differences by race/ethnicity [37,55,145,192], while 
other find no significant differences [55]. From an extensive review by Madore et al. in 2023, a majority of the published research has not 
identified significant differences in skin carotenoids across ethnic groups [55]. However, in a few reports Asian adults had significantly 
higher skin carotenoid compared to other ethnic groups [55]. In the present analysis by ethnicity Asians displayed the highest average 
skin carotenoid score at 32.00K RIU, while African Americans displayed the lowest score at 25.99K RIU. Both White Caucasians and 
Hispanics scores were similar at 30.30K RIU and 30.00K RIU, respectively. Notably, previous investigations on this topic typically 
studied relatively small numbers of subjects (from less than 100 to 500) of different ethnicities [55]. In the present analysis, African 
Americans had the lowest number of scans at 23,870 while Asians had the highest number of scans at 1.65 million. The results in Table 
3 imply the differences observed among the test groups suggest that geographical location and national dietary patterns play a greater 
role on skin carotenoid levels compared to an individual’s ethnic origin.

Finally, the ranking of the global lifetime average skin carotenoid scores are displayed in Table 3 for 20 different countries/regions 
(including specific time periods), see next page.

Rank Average Skin Carotenoid Score (RIU) Number of Scans 

Sweden (Pandemic) 46.80K 10,280

Korea 46.38K 547,780

European (Pandemic) 44.34K 392,600

Sweden 42.99K 34,110

France & Germany 42.68K 155,700

Norway 42.15K 70,560

Iceland 40.00K 1,086

United Kingdom 36.68K 104.990

Japan 36.18K 2,290,000

Europe 34.50K 3,180,000

North America (Canada & USA) 33.00K 4,890,000

Latin America 32.39K 306,490

China (Mainland) 32.23K 3,990,000

Thailand 29.16K 705,790

Australia & New Zealand 28.90K 3,480,00

Taiwan 28.85K 1,730,000

South-eastern Asia 27.79K 2,920,000

Russia 27.89K 125,970

Indonesia* 25.29K 487,430

Philippines* 20.65K 204,500

Table 3: Global Ranking of the Average Skin Carotenoid Scores in Different Countries/Regions and during the Pandemic.



Citation: Knaggs H, Barrett J, Fisk N, Ferguson S, Lephart ED, et al. (2025) Assessing Global Lifetime Skin Carotenoids Scores (2003 
to 2025) Implications to Wellness, Lifestyle Factors Potentially Enhance or Diminish Healthspan -A Narrative Review. Advs Prev Med 
Health Care 8: 1084. DOI: 10.29011/2688-996X.001084

23 Volume 8; Issue 2

Adv Prev Med Health Care, an open access journal

ISSN 2688-996X

USA=United States of America. The average skin carotenoid 
scores correspond to the range of values for carotenoid pigment 
concentration in skin. For example, 10-19K RIU and 20-29K RIU 
indicate low concentration of carotenoids in skin; 30-39K RIU 
and 40-49K RIU indicated average concentration of carotenoids in 
skin; and 50-59K RIU and 60-90K RIU indicate high concentration 
of carotenoids in skin. * indicates for Indonesia and the Philippines 
displayed particularly low skin carotenoid levels and the risk of 
carotenoid deficiency may be high. RIU = Raman Intensity Units.

It should be noted that skin carotenoid profiles may be associated 
with gut bacteria. In this regard, there is growing evidence 
suggesting that the absorption and metabolism of carotenoids are 
influenced by the bacteria in the intestines (i.e., gut microbiome) 
[136]. The gut microbiome is constantly changing throughout 
life, and adolescence is a period of significant development and 
change, where a greater abundance and diversity of certain bacteria 
has been reported compared to adults [193-195]. However, this 
association warrants further investigations to determine whether 
this factor is involved in age-related profiles of carotenoid scores.

Can Nutraceutical Supplementation Increase Skin Carotenoids 
Levels?

Early studies published in the 1990s clearly showed that 
administering an oral nutraceutical supplement containing 

carotenoids increased serum and skin carotenoid levels to enhance 
skin attributes in women [196]. However, in a recent published 
review in 2023, some authors suggested that “is it not currently 
known whether the magnitude of these increases (with carotenoid 
oral supplementation) is greater than that produced by a similar 
intake of carotenoids from food sources” [55]. While this may or 
may not be the case depending on the nutraceutical supplement 
given, there are several current reviews published in 2025 that 
suggest nutraceutical interventions to be effective for a variety of 
human health applications [197-199].

For example, a recent randomized, doubled-blind, placebo-
controlled study compared two non-invasive methods (RS and 
RRS) to detect changes in skin carotenoid levels with the 12-week 
administration of a multivitamin supplement to men and women 
ages 20 to 65 years old (n = 46) that subsequently quantified six 
quality of life parameters at the end of the treatment [200]. The 
effectiveness of the supplementation treatment was validated 
by significant increases in vitamin C (by 44 %) and selenium 
(by 25 %) in plasma compared to placebo values, where the 
treatment supplement contained vitamins, minerals, carotenoids 
and phytonutrients, while the placebo supplement contained 
maltodextrin. The comparison of the RRS vs RS skin carotenoid 
levels are shown in Figure 21.

Figure 21: Left-panel RRS Skin Carotenoid Levels. Right-panel RS Skin Carotenoid Levels.

* = significantly increased skin carotenoid levels compared to placebo-control values.

This comparison suggests that oral nutraceutical supplementation can increase skin carotenoid levels, but it appears that the RRS method 
was more sensitive compared to the RS method in detecting changes in skin carotenoid levels. However, both the RRS and RS methods 
were able to detect the significant changes in skin carotenoid levels from taking a nutraceutical supplement for 12 weeks [200]. Finally, 
all six of the quality of life parameters (energy, health, immune, recovery from illness, improved life quality and enhancement in long-
term health) were significantly improved that ranged from 44% to 58 % over control values.
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Again, through data biological computational analysis, it is now possible to determine how oral nutraceutical supplementation of 
carotenoids compare with FVC recorded over a very large data set of 21.27 million scans performed with RRS technology along with 
correlating information for demographic/dietary intake questionnaires [187-190]. This information is shown in Figure 22, which shows 
that individuals consuming less than 2 servings of FV daily displayed a skin carotenoid score mean at 27.90K RIU, those consuming 
2-3 servings a day displayed a mean SCS of 31.10K RIU. Those taking supplementation irregularly had a mean SCS of 31.00K RIU, 
while individuals taking Life Pak twice daily improved skin carotenoid levels to 37.77K RIU, which was greater than multiple servings 
of RVC daily (Figure 22).

The data presented in Figure 22 suggests that oral nutraceutical supplementation can provide a similar or greater magnitude for the 
increase in skin carotenoid levels compared to high or multiple daily servings from food sources [187-190], which has not been previously 
reported. Additionally, the data showed 8.6 million people, who never took LifePak supplementation, and 4.2 million respondents, who 
consumed less than 2 servings of FV daily, compared to a mere 327,000 respondents, who indicated they consumed more than 6 servings 
daily of FVC. Clearly, there are a lot more people with poor eating and supplementation habits in the world than there are people with 
good habits implying a need for better lifestyle choices as a broad population issue. This data is consistent with the recent Lancet paper 
identifying global micronutrient deficiencies [176].

Figure 22: Global Skin Carotenoid Scores Correlated with Fruit and Vegetable (F&V) Daily Intake or with Individuals Taking the 
Nutraceutical Supplement (Life Pak) twice daily. Life Pak contains vitamins, minerals, carotenoids and phytonutrients. (See Figure 5 
legend for additional information about this histogram.)

Of course, while carotenoids exhibit protective effects at low concentrations, high doses (20-30 mg/day) may lead to pro-oxidative 
effects and toxic metabolic interactions. For example, in smokers, β-carotene can degrade into reactive aldehydes and epoxides, which 
can lead to tissue damage, and high doses of β-carotene can disrupt retinoid receptor balance and potentially increase cancer risk [201]. 
A proposal of scanning your skin to know your carotenoid levels in order to go forward and enhance one’s healthspan by lifestyle factors 
is shown in Figure 23. 
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Figure 23: The Importance of Carotenoids in Well-being to Enhance Human

Healthspan by Knowing Skin Carotenoid Levels.

Lifestyle factors such as: a) smoking*, b) high body mass index (BMI of 30 or greater), c) no or low FVC and d) no nutraceutical 
supplementation provide a different histogram curve skewed to the left (Figure 24). Here 60% of individuals are scoring low for skin 
carotenoids. This is a major concern for this demographic. Not only are they not getting an adequate level of carotenoids in their diet, but 
they are also being exposed to oxidative stress with a less-than-ideal body volume to distribute their antioxidants [202,203].

Figure 24: This figure displays data from 38K scans of individuals pursuing ‘unhealthy’ lifestyle factors, such as smoking with a high 
BMI, no or low FVC and no nutraceutical supplementation. The average scan score was 19.16K RIU. A smoker * is an adult who smokes 
any amount of tobacco (cigarettes etc.) regularly every day. (See Figure 5 legend for additional information about this histogram.)
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For consideration, we propose that SCAN-KNOW-GO educates people on lifestyle factors supporting healthspan and provides 
information around key lifestyle modifications that can enhance carotenoid levels and provide healthspan benefits. For example by 
making one lifestyle modification such as choosing not to smoke (but having a high BMI and no nutraceutical supplementation), the skin 
carotenoid scores improved as shown in Figure 25. Also, if two lifestyle changes are made, such as not smoking and having a normal 
BMI, but having less than 2 servings of FVC daily, the skin carotenoid scores were further improved (Figure 26).

Figure 25: This figure displays data collected from 128K scans of individuals with high BMI parameters, less than 2 servings FVC 
daily and did not smoke. The average scan score improved to 23.65K RIU. (See Figure 5 legend for additional information about this 
histogram).

Figure 26: This figure displays data collected from 263.3K scans of individuals that had a normal

BMI, were not smokers, had less than 2 servings of FVC daily and did not consume any nutraceutical supplementation. The average scan 
score improved to 29.74K RIU. (See Figure 5 legend for additional information about this histogram.)
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Comparing the impact of lifestyle factors in tabular form of the data shown above in figures 24 through 26 is shown in Table 4, below. 
Thus, the ranking of how lifestyle factors affects skin carotenoids levels is apparent from this data.

Smoker High BMI No OR Low FVC No Nutrition 
Suppl.

Skin Carotenoid 
Score Scans

YES YES YES YES 19.16K RIU 30,000
NO YES YES YES 23.65K RIU 128,000
NO NO YES YES 29.74K RIU 263,300

Compared to global data (without  
knowledge of lifestyles factors ) 32.74K RIU 21,270,000

           
Table 4: Lifestyle changes impact global skin carotenoid scores and influences healthspan.

Supplementation = Suppl.; the skin carotenoid levels in RIU represent the average scan score. Raman Intensity Units = RIU

Taking this analysis into account, the low levels of carotenoids 
observed in the Philippines (see Figure 11), may be due to diet, 
which is a significant problem that affects a large population of 
this country, where there is a “double burden of nutrition” that 
experiences high rates of undernutrition (including micronutrients) 
alongside a rise in individuals that are overweight and obese [204]. 
Conversely, Indonesia has one of the highest smoking rates in 
the world, where 39 % of the population (males at 75 %, while 
female rates are low at 4 %) smoke. This may account for the low 
carotenoid levels recorded in this country [205] (see Figure 12). 
The smoking rate in the Philippines is 19 %, which is moderate, 
but the malnutrition factors appear to be the leading cause of the 
low carotenoid levels [205].

In analyzing this database of skin carotenoid scores (Figures 24 
through 26) if individuals at an ‘unhealthy’ status move toward a 
more healthy lifestyle will improve their SCS, therefore, higher 
levels of carotenoids are then available to defend the body 
against daily stressors, that may provide overall wellness benefits 
[16,17,22,24,161]. 

Increasing carotenoid consumption through diet or supplementation 
offers a route to enhance ones overall health, as measured and 
indicated through skin carotenoid levels. Thus, SCAN-KNOW-
GO is a simple, non-invasive way to monitor important health 
biomarkers to potentially improve the human healthspan. 
Measuring carotenoid levels in skin non-invasively might be a 
promising way to assess healthspan and wellness for a lifetime.

With regard to potential limitations regarding the computational 
analysis of this megadata, the carotenoid skin scans were performed 
in a uniform manner over a 22-year period along with individual 
questionnaires (where the palm of the hand was scanned, which has 
little melanin). However, the BioPhotonic scanners increased in 
accuracy with each new generation of equipment used (see section 

4, S2, S3 generation of scanners), which may have influenced the 
datasets. Conversely, the very large number of scans undoubtedly 
increased the precision of the carotenoid values recorded and 
the factors associated with skin carotenoid levels (melanin/skin 
tone, age, gender, geographical region) have been reviewed in 
detail elsewhere [55]. Future data analysis by age, gender, and 
examining different time intervals (covering different years) may 
reveal changes in dietary habits and lifestyles. The analysis of these 
parameters are currently being performed that will be presented in 
upcoming scientific meetings, journal reports and reviews. 

Conclusion

To our knowledge, this is the first review to report global, lifetime 
skin carotenoid levels from 20 different countries/regions over 
a 22-year interval using non-invasive RS-spectroscopy-based 
technology that represents thousands to millions of scans. For 
example, Korea had the highest SCS at 46.38K RIU from 547,780 
scans, while the Philippines had the lowest SCS at 20.65K RIU 
from 204,500 scans. In comparison, to date, the largest study 
reported 2,078 participants in Southern Italy and the Dominican 
Republic among university students for skin carotenoid levels 
that showed higher SCS of students on a Mediterranean diet 
[206]. Thus, present study’s primary strength lies in its focus on 
analyzing very large numbers of SCSs by country over a lifetime 
(from individuals aged 1 to 90 years). Another distinguishing 
strength of the present analysis is the display of skin carotenoid 
levels, which were color-coded ranging from low to above average 
carotenoid values along with the percentage of each level over the 
24 histogram bars that show the overall carotenoid profile for each 
country.

The present results confirm and extend previous reports, but with 
much larger data sets, that smoking and high BMI significantly 
decrease SCS [55,68,152,154-156,161,172]. The impact of these 
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lifestyle factors is thought to have a detrimental impact on skin 
carotenoid levels by reducing the antioxidant capacity of the 
body to combat oxidative stress [55,68,88,161,207]. In this 
regard, previous reports suggest that carotenoid intake via diet 
or nutraceutical supplementation may benefit smokers, but the 
positive impact is greatly reduced in this lifestyle factor [201,202]. 
In addition, several published reports suggest high skin carotenoid 
scores are associated with a lower likelihood of having MetS, 
which demonstrates the positive actions of carotenoids (see section 
3.7). Finally, some previous reported studies suggest that Asian 
individuals display higher skin carotenoid levels, while other 
investigations found no significant ethnic differences [55,145,192]. 

However, in the present analysis by ethnicity, Asians displayed the 
highest average skin carotenoid score at 32.00K RIU, while African 
Americans displayed the lowest score at 25.99K RIU. Both White 
Caucasians and Hispanics scores were similar at 30.30K RIU and 
30.00K RIU, respectively. Notably, previous investigations on this 
topic typically studied relatively small numbers of subjects (from 
less than 100 to up to 400 individuals) of different ethnicities [55]. 
In the present analysis, African Americans had the lowest number 
of scans at 23,870, while Asian data had the highest number 
of scans at 1.65 million. Thus, the results in Table 2 imply that 
geographical location and national dietary patterns play a greater 
role on skin carotenoid levels compared to an individual’s ethnic 
origin.

Also, this review presented evidence that nutraceutical 
supplementation with carotenoids may be as good or better than 
multiple servings of fruits and vegetables per day, which represents 
a more convenient and less costly way to increase and sustain an 
individual’s carotenoid levels to potentially enhance health and 
wellbeing, which has been reported by other investigators [208-
210].

Since it is well established that non-invasive spectroscopy-based 
technologies can estimate carotenoid levels via skin carotenoid 
scans, this may be a method to help individuals determine their 
carotenoid status to improve their health and quality of life, 
especially when personal portable carotenoid skin scanners 
become available in the future.
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