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Abstract

Diet is a key lifestyle factor that provides many important nutrients to combat oxidative stress (OS)
and promote health. 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. Advancements in technology have provided a non-invasive method to determine
carotenoid antioxidant levels by scanning the skin by spectroscopy measurements to quantitatively
estimate and validate the fruit and vegetable consumption (FVC) in individuals from diverse
populations. In addition to diet as a lifestyle factor, smoking and increased body weight or high body
mass index (BMI > 30) have been shown to reduce the body’s capacity to combat oxidative stress.
Intake of nutraceutical supplements have been shown to enhance its defensive function. This report
examined data from a global database of approximately 21 million skin scans, providing evidence
that these lifestyle factors and smoking had the greatest negative impact in skin carotenoid scores
(SCS) (at 19.16 K). Next individuals with an increased BMI (at 23.65 K) who did not smoke had a SCS
at 23.65 K. Lastly, individuals that had a normal BMI and did not smoke but had no or low FVC and
no nutraceutical supplementation had SCS at 29.74 K. All these negative lifestyle factors had lower
SCS compared to the average global skin carotenoid score (at 32.74 K). The present findings confirm
and extend previous reports on the important impact lifestyle factors have on skin carotenoid scores.

Keywords: lifestyle; skin; carotenoid; smoking; BMI; fruit/vegetable intake; nutritional
supplementation; antioxidant; oxidative stress

1. Introduction

Diet is a key lifestyle factor that contributes to providing many important nutrients to combat
oxidative stress and promote health [1,2]. 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 [3,4]. One of the emerging heroes of dietary interventions are carotenoids
due to their antioxidant ability to neutralize free radicals along with their anti-inflammatory actions
[5,6]. 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 [5-
8]. Studies suggest that higher dietary intake of carotenoids such as (3-carotene, lutein, and zeaxanthin
are associated with slower aging at the biological level [7,8]. For example, a cross-sectional study in
27,338 adults from NHANES 1999-2018 found that increased dietary intakes of carotenoids were
associated with parameters reflecting lower biological aging [9]. Carotenoids derived from fruit and
vegetable consumption (FVC) are metabolized then deposited into the blood, skin and tissues that
enhance antioxidant activity [5-8]. The best method (traditionally) for monitoring carotenoid levels
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was to analyze blood samples using high-performance liquid chromatography (HPLC) or mass
spectrometry (MS), which made the process invasive and time-consuming [10,11]. 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 ranging from children to adults [10,11].

In addition to diet as a lifestyle factor, smoking and increased body weight or high body mass
index (BMI > 30) have been shown to reduce the body’s capacity to combat oxidative stress [8,12],
whereas intake of nutraceutical supplements has been shown to enhance its defensive function
[6,8,12]. For example, several lifestyle factors like smoking, physical inactivity and poor diet may
contribute to up to 50 % of premature deaths and can reduce life expectancy by 7 to 17 years [12,13].

We previously reported global skin carotenoid levels using spectroscopy-based RRS technology,
where the average skin carotenoid score was 32.74 K Raman intensity units (RIU) based on 21.27
million scans from over 20 countries in individuals age 0 (or before 1 year of age) to 100 years of age
[14-16]. This was accomplished by data mining of previously collected skin carotenoid scores (SCS)
(of data collected for more than 20 years from 2002 to 2025 totaling over 21 million scans) using the
BioPhotonic Scanner revealing the lifelong profiles of skin carotenoid levels [14-16].

In this report (again via data mining of the available data) we compared the average global skin
carotenoid scores or levels to groups of individuals with different lifestyle factors or parameters such
as a) smokers b) high BMI, c) no or low FVC and d) no consumption of nutraceutical supplements
daily. The results of this comparative analysis are displayed in section 3.

2. Methods

A typical Skin Carotenoid Score (SCS) measured by the Nu Skin BioPhotonic S3 Scanner ranges
from 10,000 to over 89,000 Raman Intensity Units (RIU), with 42,000 RIU being an average score [14—
16]. 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 1, the color-coded skin carotenoid scan scores are displayed.
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Figure 1. Example of skin carotenoid (color-coded) ranges with a NuSkin BioPhotonic S3 Scanner used with

permission.

As stated previously data was mined from a vast bank of skin carotenoid scans from 2002-2025,
which represented thousands to millions of scans [14-16]. This data was collected from corporate
events, academic institutions and schools where individuals filled out a questionnaire and were
scanned in a uniform manner over several years to quantify global skin carotenoid antioxidant scores.
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3. Impact of Lifestyle Factors on Skin Carotenoid Levels
The lifetime SCS globally averaged 32.73K RIU, is displayed in Figure 1.
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Figure 1. Total 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-axis represents the percentage of scans within a given bar of
the histogram profile that is color-coded. Low Carotenoid Absorption into Tissue: Red — 10,000 - 19,000 RIU,
Orange 20,000-29,000 RIU; Average Carotenoid Absorption into Tissue: Yellow — 30,000 — 39,000 RIU, Green
40,000 — 49,000 RIU and Above Carotenoid Absorption into Tissue: Blue 50,000 — 59,000 RIU, Purple 60,000 —
90,000 RIU.

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 3). 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 [17,18] with a less-than-ideal body volume to distribute
their antioxidants [19,20].
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Figure 2. 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 cigarettes every day. Raman intensity units =
RIU.

For consideration, we proposed that SCAN-KNOW-GO from a previous scientific report [16].
For example, Scanning your skin (non-invasively) you can Know your carotenoid levels to Go
forward and enhance your healthspan by lifestyle factors (e.g., diet, smoking, managing body weight,
stress and exercise). Thus, this educates people on lifestyle factors supporting healthspan and
provides information around key lifestyle modifications that can enhance carotenoid levels and
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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 3. 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 4).
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Figure 3. 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
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Figure 4. 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.

Comparing the impact of lifestyle factors in tabular form of the data shown above in figures 1
through 4 is shown in Table 1, below. Thus, the ranking of how lifestyle factors impact skin
carotenoids levels is apparent from this data.
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Table 1. Lifestyle Changes Impact Global Skin Carotenoid Scores and Influences Healthspan.

Smoker High BMI No or Low FVC  No Nutrtion Suppl. Skin Carotenoid Score Scans

YES YES YES YES 19.16K RIU 30,000

NO YES YES YES 23.65 KRIU 128,000

NO NO YES YES 29.74 KRIU 263,300
Compared to Global Data (without knowledge of lifestyles factors)  32.74 K RIU 21,270,000

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

In analyzing the database of skin carotenoid scores for individuals improving their lifestyle from
“unhealthy’ to including more healthy lifestyle choices improves their score, therefore indicating
higher levels of endogenous carotenoids available to defend the body against daily stressors,
providing overall wellness benefits [17-20].

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 improving healthspan [16]. Thus,
measuring carotenoid levels in skin noninvasively is promising as a way to assess healthspan;
improving this measurement though the increased consumption of carotenoids is a way an
individual can improve their health for the duration of their life.

4. Discussion and Conclusions

The growing interest in natural antioxidants with their potential health benefits has fueled
academic, industrial and corporate reseach to investigate and report on the antioxidant capabilities
of carotenoids [5-9]. Carotenoids are essential to protect and maintain human health and well-being
[5-9]. The therapeutic potential of carotenoids in preventing and managing human
disorders/diseases covers a variety of tissues, organs and conditions for nutraceutical,
pharmaceutical and cosmetic applications. A recent study revealed that the carotenoid market is
projected to reach up to 1.9 billion USD by 2026 [21]. It is well established that non-invasive
spectroscopy-based technologies can estimate carotenoid levels via skin carotenoid scans [10,11,22]
in order for individuals to determine their carotenoid status to improve their health and quality of
life. This report proposes that the multi-faceted impact that carotenoids have on human health can
enhance healthspan, and the non-invasive methods to determine skin carotenoid levels can assist
individuals in monitoring and maintaing healthy carotenoid levels and confirms and extends
previously reported data from our laboratory [14-16] as well as those of other investigators [5,6,8,11]

The impact of lifestyle factors such as smoking, increased body weight or a high BMI along with
no or low fruit and vegetable intake (FVI) and no nutraceutical supplement intake has a detrimential
impact on skin carotenoids levels, and the implications for reduced antioxidant capacity for the body
to combat oxidative stress is greatly reduced. The present results are aligned with previous reports
that suggest carotenoid intake via the diet or nutraceutical supplementation may benefit smokers,
but the impact is greatly reduced due to this lifesytle factor [12,19,20]. Also, the present results
support the recent findings, where high skin carotenoid scores were associated with a lower
likelyhood of having metabolic syndrome in the general Japanese poplution [23]. Thus the
importance of lifesytle factors on skin carotenoids levels and on general health parametrs plays an
important role in human wellbeing and influencing the healthspan of individuals.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Remarkably using data mining of published studies, where millions of skin carotenoids scans
have been performed worldwide [14-16], provides an exploration into the variation of carotenoid
levels in individuals that reflect health and wellness. Addditionally, the impact of lifestyle factors
such as smoking, increased body weight and whether individuals consume fruits and vegetables
and/or nutraceutical supplementation is reported herein. In this regard, almost every body organ and
tissue is impacted by these lifestyle factors, which have been reviewed [24]. Previous results showed
that nutraceutical supplementation from a vast database suggest that this method of consuming
carotenoids may be as good or better compared to multiple dietary servings of carotenoids daily from
food sources [16]. By harnessing the synergistic potential of carotenoids to improve health,
healthspan may be enhanced through advancing modern technology [16,25-28].

Supplement statement: The global average skin carotenoid levels by RRS technology have been published as
separate studies, however, the impact of lifestyle factors on skin carotenoid levels has not. 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 in a consistent and accurate manner.
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Abbreviations

The following abbreviations are used in this manuscript:
BMI body mass index

FvC fruit and vegetable consumption

FVI fruit and vegetable intake

HPLC high-performance liquid chromatography
MS mass spectrometry

(O] oxidative stress

RIU Raman intensity units

RS reflective spectroscopy

RRS resonance Raman spectroscopy

SCS skin carotenoid score
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12D type 2 diabetes
USD United States dollar
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