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Abstract

Humans cannot synthesize carotenoids; they must be obtained through dietary sources and/or by nutraceutical supplementation. 
Carotenoids have been linked to reducing the risk of age-related diseases, promoting healthy aging, and enhancing dermal health. 
Emerging technologies over the last 20 years have provided non-invasive alternative methods to determine carotenoid antioxidant 
levels by scanning the skin via spectroscopy measurements. Therefore, the objective of this report is to present the results of 
a clinical study analyzing the correlation between Skin Carotenoid Scores (SCS) measured with the established BioPhotonic 
Scanner S3 versus a new novel compact personalized scanner (Prysm iO), and via quantified serum carotenoid levels (SCL, 
measured in µg/ml) in adult men (n = 28) and women (n = 69). The correlation from the S3 BioPhotonic Scanner between SCS 
and SCL was R2 = 0.7789. The correlation from the Prysm iO between SCS and SCL was R2 = 0.7659, showing very similar 
relationships between SCS and SCL in both devices. In conclusion, this report introduces an alternative technology based on 
custom built Reflectance Spectroscopy (RS) which is small, personalized, and inexpensive and allows individuals to scan their 
skin in order to know their carotenoid levels, then make changes in their dietary intake to enhance health, wellbeing, and lifespan.
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Abbreviations: 

µg		  :	 microgram

R2		  :	 coefficient of determination

FVC		  :	 fruit and vegetable intake

HPLC		  :	 high-performance liquid chromatography

ml		  :	 milliliter

MS		  :	 mass spectrometry

NFkB		  :	 nuclear factor kappa B

RIU S3		  :	 Raman Intensity Units

RIU Prysm iO	 :	 Reflectance intensity units

RRS		  :	 Resonance Raman Spectroscopy

RS		  :	 Reflectance Spectroscopy

SCL		  :	 serum carotenoid levels

SCS		  :	 skin carotenoid score

SIRT 1		  :	 NAD-dependent deacetylase sirtuin-1

Introduction

Carotenoids are naturally occurring pigments found in plants, 
particularly fruits and vegetables that have antioxidant activities 
[1-3]. Well-known experimental research has demonstrated that 
oxidative stress is the leading cause of the onset and progression 
of major human health disorders [1-3].  Humans cannot synthesize 
carotenoids and must ingest them from foods or by nutraceutical 
supplementation [1-3].  Once carotenoids are consumed, they are 
metabolized and then deposited into the blood, skin, and tissues 
of the body, where they exhibit antioxidant activity due to their 
ability to neutralize free radicals. Traditionally, the standard 
method for monitoring carotenoid levels has been to analyze 
blood samples using High-Performance Liquid Chromatography 
(HPLC) along with Mass Spectrometry (MS), which makes the 
process invasive, expensive, and time-consuming [2-4]. However, 
emerging technologies over the last 20 years have provided non-
invasive alternatives to determine carotenoid antioxidant levels by 
scanning the skin via spectroscopy measurements to quantitatively 
estimate the dietary intake of carotenoids in diverse populations of 
adults and children.  

Early development of non-invasive alternatives focused on 
Resonance Raman Spectroscopy (RRS) technology. In brief, the 
BioPhotonic Scanner S3 uses a blue wavelength of light at 478 
nm to excite carotenoids in the skin to provide a spectral signature 
that quantifies carotenoid levels in the skin [5-8]. The BioPhotonic 
Scanner translates this Raman signal into Raman Intensity Units 
(RIU), which are reported as a number and color on a standardized 
scale for ease of tracking and comparing scores over time. The 
scoring results range from 10,000 to 89,000+ RIU, with 32,000 
RIU being an approximate average score [8]. 

RRS technologies are non-invasive, rapid (taken within 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 
[6,7,9-11]. However, even with technological improvements and 
advances to RRS devices over the last 20 years, such devices 
are still relatively bulky and expensive to manufacture. These 
drawbacks mean that accessibility to RRS devices is restricted 
due to their limited numbers. Since skin carotenoid concentration 
correlates with levels of FVC, it would be of public interest to 
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have this technology more readily available on a personalized 
basis. This short report introduces an alternative technology based 
on Reflectance Spectroscopy (RS) which overcomes many of the 
issues with RRS devices.

Objective: The objective of this clinical study is to analyze 
correlations between skin carotenoid scores (SCS) from the 
established BioPhotonic Scanner S3, SCS from a new novel 
compact personalized scanner (Prysm iO), and quantified serum 
carotenoid levels from blood.

Methods

Adult men and women (n = 97) were recruited to participate in 
this validation study.  The demographics of the subjects included 
28 males and 69 females. The mean participant age was 49 years 
(range: 22–77). The participants a) filled out consent form to 
process an individual’s data relating to their health and ethnicity 
for research and statistical purposes and b) answered a survey that 
contained demographic information such as birthdate, and sex, 
height/weight, which was approved by the Allendale Institutional 
Review Board on October 30, 2025, with the assigned study 
number (DCS-68-25). The study was conducted in accordance 
with the ethical principles of the 1975 Declaration of Helsinki and 
its subsequent amendments. Prior to the performance of any study 
procedures, subjects were provided with an explanation of the 
nature of the study, including the purpose, procedures, expected 
duration, and potential risk. Prospective subjects were informed of 
their right to withdraw from the study at any time without being 
obliged to give a reason. 

SCS was quantified using the BioPhotonic Scanner S3 by placing 
the right index finger of each subject on the scanner probe for 30 
seconds until the data-readout was obtained. SCS was obtained 
using the Prysm iO by placing the right index finger on the 
scanning lens for 15 seconds until the data-readout was obtained.

A blood sample was drawn from each subject at the antecubital 
vein to determine the serum carotenoid levels (SCL) (µg/ml) by 
using High-Performance Liquid Chromatography (HPLC) along 
with Mass Spectrometry (MS) [2-4].

For each subject the scanner score and the quantified serum 
carotenoid levels were analyzed using a coefficient of determination 
(R2), which is  a statistical measure that not only evaluates the 
strength but also direction of the relationship between two 
continuous variables.

Results

For the BioPhotonic Scanner S3 data, the correlation between SCS 
and SCL was R2 = 0.7789. SCS ranged from 10,000 to 83,000 and 
SCL ranged from 0.357 to 5.65 µg/ml (see Figure 1).

For the Prysm iO data, the correlation between SCS and SCL was 
R2 = 0.7659. SCS ranged from 49 to 1112 and SCL ranged from 
0.357 to 5.65 µg/ml (see Figure 2), which was similar to the results 
obtained with the BioPhotonic Scanner S3. Importantly for both 
the Prysm iO and S3, SCS were strongly and positively associated 
with serum carotenoid levels, demonstrating the effectiveness 
of these devices as reliable methods for evaluating systemic 
carotenoid levels. 

Figure 1: Correlation between BioPhotonic Scanner S3 Skin 
Carotenoid Scores (SCS) in Raman Intensity Units (from 0 to 
90,000) and quantified Serum Carotenoid Levels (SCL) (in µg/
ml).
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Figure 2: Correlation between Prysm iO Skin Carotenoid Scores 
(SCS) in Reflectance Intensity Units (0 to 1200) and quantified 
Serum Carotenoid Levels (SCL) (in µg/ml).

Discussion 

The present study evaluated the relationship between non-
invasive skin carotenoid measurements and serum carotenoid 
concentrations across different optical devices: Prysm iO and the 
BioPhotonic Scanner S3. For both devices, skin carotenoid scores 
were strongly and positively associated with serum carotenoid 
levels, demonstrating the effectiveness of these devices as reliable 
methods for estimating circulating carotenoid levels.

Carotenoids have been reported to act through a variety of 
mechanisms to enhance health and wellbeing that include a) 
increasing the antioxidant capacity and decreasing reactive 
oxygen species, b) decreasing the risk of cardiovascular disease, 
c) increasing skin health and act as a ultraviolet protectant, d) 
increasing immune health, e) increasing bone health, f) decreasing 
metabolic syndrome and type 2 diabetes, and g) decreasing the 
risk of neurodegenerative disorders like Alzheimer’s disease [12]. 
Additionally, 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 [12-14]. Carotenoids 
also improve mitochondrial function through their antioxidant 
activity by reducing oxidative damage and enhancing cellular 
energy metabolism [1-4,12,15]. There are numerous reports that 
have demonstrated the health benefits of the dietary intake of 
carotenoids via foods and/or nutraceutical supplementation [1-
4,7,12,13,15,16]. As such, it would be beneficial for the general 
population to have greater access to this technology to quickly 
measure carotenoids. In fact, a recent review [12] summarized 
findings from a database of global skin carotenoid scores from more 
than 20 different countries. It showed correlations between dietary 
intake of carotenoids from fruits, vegetables, and nutraceutical 

supplementation and SCS, as well as correlations between certain 
lifestyle choices and SCS (particularly obesity and smoking) [12]. 

The present validation study demonstrated that a new compact 
skin carotenoid scanner, Prysm iO, allows individuals to estimate 
SCS quickly and accurately. Notably, when the clinical results 
were compared between the BioPhotonic Scanner S3 and the 
Prysm iO, the two correlations of SCS to SCL were similar.  The 
results obtained demonstrate that both correlation plots were close 
in slope, range, and profile for estimating carotenoid levels. Thus, 
the Prysm iO can provide individuals an accurate estimate of skin 
carotenoid levels as a biomarker for overall antioxidant status, 
which in turn can encourage lifestyle adjustments in their dietary/
supplemental intake to support long-term health and wellness 
[17,18].

Conclusions

In this clinical validation study, correlations between the SCS from 
two skin carotenoid scanners were compared to SCL to determine 
whether the devices were similarly effective at estimating systemic 
carotenoid levels.  The obtained results demonstrated that the 
Prysm iO was equivalent to the established BioPhotonic Scanner 
S3 to estimate carotenoid levels in humans to benefit their health, 
wellness, and lifespan.
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