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1  | INTRODUC TION

The skin is the largest organ of the human body, and it gradually ac-
cumulates damage over time, with both endogenous and exogenous 
aging impairing functions at the cellular, tissue, and organ levels.1,2 
Recently, the accumulation of advanced glycation end products 
(AGEs) has been proposed as a causative agent of aging, and inhibiting 

such accumulation has been adopted as a potential antiaging strat-
egy in the development of novel cosmetic compounds.3,4 AGEs are 
derived from the modification of proteins or lipids that are glycated 
by reducing sugars,5-7 and they can change the cell structure and 
function by modifying extracellular matrices, which also results in the 
release of free radicals.8 In addition, AGE accumulation in the dermis 
leads to yellow discoloration of the skin and causes amino acids in 
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Abstract
Background: The accumulation of advanced glycation end products has been pro-
posed as a causative agent of skin aging, but there are no conventional devices for 
quantifying advanced glycation end-product accumulation in facial skin.
Aims: This study aimed to develop a convenient and accurate in situ advanced glyca-
tion end-product measurement system for the human face.
Methods: We developed a facial glycation imaging system, which consisted of illu-
mination (white light-emitting diode, ultraviolet light-emitting diode) and image ac-
quisition modules to capture face images. Advanced glycation end product–related 
autofluorescence and total skin reflectance were calculated to obtain the skin glyca-
tion index using an image analysis algorithm. Correlations between the skin glycation 
index and facial skin elasticity and age were examined in 36 healthy Korean women.
Results: The facial glycation imaging system was validated against a volar forearm 
skin autofluorescence measurement device, that is, the AGE Reader mu, with fore-
arm skin glycation index (R = 0.64, P <  .01). Cheek elasticity was negatively corre-
lated with cheek skin glycation index (R = −0.56, R = −0.57, and R = −0.61, P < .01 
for R2, R5, and R7, respectively). Age was significantly correlated with forearm skin 
glycation index (R = 0.44, P < .01) and cheek skin glycation index (R = 0.48, P < .01).
Conclusion: We successfully developed a novel in situ facial skin glycation index 
measurement device. Our convenient and accurate system enables in situ skin glyca-
tion index monitoring for skin aging studies such as those on anti-glycation cosmetics.
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collagen, such as lysine and arginine, to form cross-links between col-
lagen fibers, which results in loss of collagen mobility.8-11 Therefore, 
collagen proteins are deteriorated by glycation, and the skin loses its 
elasticity.12,13 Further, AGEs display a strong nuclear factor-κB acti-
vation activity and induce inflammatory changes in the skin through 
pro-inflammatory cytokines.14,15

Given the detrimental effects of AGEs on skin aging, evaluating the 
ability of antiaging products to inhibit AGE accumulation is extremely 
important. Recent studies have shown noninvasive fluorescence in-
tensity to be significantly correlated with the levels of AGEs, such as 
carboxymethyl-lysine, carboxyethyl-lysine, and pentosidine.10,16,17 A 
commercial device, the AGE Reader mu (Diagnoptics Technologies, 
NL), is capable of evaluating skin autofluorescence (SAF) for clinical 
purposes, such as in disease diagnosis.18-20 The AGE Reader mu ir-
radiates the skin with ultraviolet (UV) light at a wavelength of 300-
420 nm and then measures fluorescent light emitted in the range of 
420-600 nm. However, its measurement area is limited to the forearm, 
which limits its use in the study of facial skin aging. A technique for 
evaluating AGE-related autofluorescence in the facial skin is therefore 
needed.

In this study, we demonstrated a novel facial glycation imaging 
system (FGIS) for assessing the skin glycation index (SGI) in the 
facial skin. We expect that this novel instrument can be conve-
niently used to obtain in situ facial skin glycation data for cosmetic 
research.

2  | MATERIAL S AND METHODS

2.1 | Subjects

A total of 36 Korean women aged 20-59 years were enrolled in the 
study and distributed by age as follows: 5 subjects, aged 20-29 years; 8, 
30-39 years; 13, 40-49 years; and 10, 50-59 years. The subjects were 
recruited from the general population, excluding diabetic and obese in-
dividuals. Through the lifestyle questionnaire, smokers, and subjects 
who were exposed to UV rays for more than 3 hours per day were 

excluded from the experiment to control for external factors of skin 
aging. On the day of the measurement, all subjects were asked to clean 
their face and volar forearm to remove skin care products and pollut-
ants. After cleaning, the subjects waited in an air-conditioned room 
(22°C and 45% relative humidity) for 20 min to equilibrate their skin 
status.

2.2 | The FGIS

The FGIS was made by modifying the facial aging measurement device 
Mark-Vu® (PSIPLUS, KR). The configuration of the FGIS is illustrated in 
Figure  1. This system consisted of illumination and image acquisition 
modules. The illumination module comprised white light-emitting diode 
(LED) and UV LED light sources for adjusting the position of the light so 
that the LED light could reach the face evenly. As shown in Figure 1, a 
365-nm short pass filter (Ruisen Optics, CN) was mounted in front of 
the UV LED light sources to specifically excite skin AGEs, such as pen-
tosidine. The image acquisition module consisted of a monochromatic 
camera (Canon 100D, JP) and filter in-out system, in which a 440-nm flu-
orescence band-pass filter (Edmund Optics Inc, USA) was mounted. The 
switching of the illumination light and filter in-out system was computer 
controlled, allowing for image acquisition to be completed in less than 1 s.

In this study, we tried to predict the facial SGI using the AGE-
related autofluorescence emission intensity induced by UV exci-
tation. However, the amount of autofluorescence depends not only 
on the amount of AGE accumulation but also on the intensity of skin 
reflectance. For example, AGE-related SAF measurements in sub-
jects with darker skin are typically lower than in those with fair skin. 
Therefore, the SGI was analyzed by empirical optimization using a 
correlation factor between the average intensity of the AGE-related 
autofluorescence light from the skin (IAF) and the average intensity of 
the total reflected light from the skin (IR) in healthy nondiabetic sub-
jects. The covariates for empirical correction (α and β) differed ac-
cording to the measurement site. The SGI was calculated as follows:

SGI = IAF − (�× IR + β )

F I G U R E  1   (a) Facial glycation imaging system (FGIS). (b) The configuration of the FGIS
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2.3 | Image acquisition and SGI analysis

The following steps describe the flow of SGI analysis by the FGIS 
(Figure 2):

Step 1: Acquire the autofluorescence image in the range of 430-
450 nm by UV LED illumination.

Step 2: Acquire the diffused total reflectance image by white 
LED illumination.

Step 3: Compute the SGI from both acquired images.
In steps 1 and 2, the autofluorescence and diffused total reflec-

tance face images were acquired by the FGIS. In step 3, we selected 
a 100 × 100-pixel region of interest (ROI) on the cheek and volar 
forearm to analyze the SGI. To acquire accurate average intensity 
data within the ROI, sebum and pigmentation regions were automat-
ically excluded using the intensity cutoff value. After removing the 
sebum and pigmentation regions within the ROI, the average intensi-
ties of the autofluorescence face image (IAF) and diffused reflectance 
face image (IR) were calculated.

2.4 | Measurement of reference AGEs

The commercially available AGE Reader mu (Diagnoptics Technology, 
NL) was used to obtain the reference measurements from the volar 
forearm (AFref). All reference AGE data were acquired three times 
and expressed as a mean. The reference values were compared with 
the FGIS-generated SGI values for the forearm (SGIforearm) and the 
cheek (SGIcheek).

2.5 | Skin elasticity measurement

We measured skin elasticity with a noninvasive MPA 580 Cutometer 
probe (Courage + Khazaka, DE), which used a negative pressure to 
aspirate a small section of the skin. From each subject, measure-
ments were taken from the skin of the cheek, lateral to the nostril. 

The time/strain mode was used with three cycles of 3s traction 
under a negative pressure separated by 3-s relaxation periods. The 
skin elasticity parameters were calculated from the measured val-
ues, R2, R5, and R7 which represented gross elasticity, net elasticity, 
and skin firmness, respectively. Data for all skin elasticity parame-
ters were acquired three times and expressed as a mean.

2.6 | Statistical analysis

All statistical analyses were performed using SPSS 25.0 (IBM, 
Armonk, US). Pearson's correlation coefficient was used to examine 
any correlation between variables, and a P value < 0.05 was consid-
ered statistically significant.

3  | RESULTS

3.1 | Validation of FGIS

We verified the FGIS measurement accuracy using a commercial SAF 
measuring instrument. Figure 3A shows that reference SAF (AFref) 
was highly correlated with SGIforearm (R = 0.64, P <  .01). Figure 3B 
shows that SGIcheek had a relatively moderate correlation with AFref 
(R = 0.40, P < .01). Meanwhile, SGIforearm and SGIcheek were moder-
ately correlated with each other (R = 0.51, P < .01).

3.2 | Skin elasticity according to AGE accumulation

We compared the SGI with skin elasticity data to evaluate whether 
the AGE accumulation was directly related to facial cheek skin elas-
ticity reduction. Figure 4 shows that SGIcheek was negatively corre-
lated with cheek skin elasticity (R2cheek, R5cheek, and R7cheek). Neither 
AFref nor SGIforearm (both measured in the forearm) was significantly 
correlated with cheek skin elasticity (Table 1).

F I G U R E  2   Process of skin glycation index (SGI) evaluation by the facial glycation imaging system (FGIS). UV, ultraviolet; ROI, region of 
interest; IAF, average intensity of autofluorescence under UV LED illumination; IR, average intensity of the total reflected light from the skin 
under white LED illumination
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3.3 | Correlation between AGEs and age

Figure 5 shows the correlation between the SGI and age. A signifi-
cant correlation was observed between age and SGIforearm (R = 0.44, 
P < .01; Figure 4A) and between age and SGIcheek (R = 0.48, P < .01; 
Figure 5B). Figure 5C shows that the average AGE level increased 
with age group. Compared with subjects in their 20s, the average 
SGIcheek values were significantly higher in those subjects in their 
40s and 50s. However, there was no significant difference between 
subjects in their 20s and those in their 30s.

4  | DISCUSSION

In this study, we developed a convenient and accurate FGIS to evalu-
ate facial SGI measurement in situ. Nonfluorescent chromophores 
in the skin, such as melanin in the epidermis and hemoglobin in the 
dermis, can selectively absorb excitation light and affect SAF.21 
Therefore, various studies have used skin brightness correction to 

accurately measure the SAF. For example, Hull et al performed a sim-
ple calibration for AGE autofluorescence based on empirical optimi-
zation using both fluorescence and reflection spectra.22 Meanwhile, 
Coremans et al initially calculated SAF by dividing the average light 
intensity of the emission range by the average light intensity of the 
light reflected from the tissue within the excitation range for skin 
color correction.23 In this study, the SGI calculation algorithm that 
corrected skin reflectance was also able to derive an accurate facial 
SGI with high correlation with the reference device. The correlation 

F I G U R E  3   Scatter plots for instrument comparison of the 
advanced glycation end product (AGE) level to validate the facial 
glycation imaging system (FGIS). Correlations between AFref and 
(a) SGIforearm (R = 0.64, P < .01) and (b) SGIcheek (R = 0.40, P < .01). 
AGEs, advanced glycation end products; AU, arbitrary unit; AFref, 
skin autofluorescence from the volar forearm measured using 
the AGE Reader mu; SGIcheek, skin glycation index from the cheek 
measured using the FGIS; SGIforearm, skin glycation index from the 
volar forearm measured using the FGIS

F I G U R E  4   Scatter plots of cheek skin elasticity according to the 
AGE level. Correlations between SGIcheek and (a) R2 cheek (R = −0.56, 
P < .01), (b) R5cheek (R = −0.57, P < .01), and (c) R7cheek (R = −0.61, 
P < .01). AGEs, advanced glycation end products; SGIcheek, skin 
glycation index from the cheek measured using the facial glycation 
imaging system; R2 cheek, gross elasticity; R5cheek, net elasticity; 
R7cheek, skin firmness; AU, arbitrary unit
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between SGIforearm and SGIcheek was only moderate, which is consist-
ent with the findings of a previous study by Larson et al17 Since the 
volar forearm skin was less frequently exposed to UV rays and the 
melanocytes were small compared with those in the facial skin, the 
SGI in the volar forearm seemed to be relatively high.

We tried to directly observe the correlation between AGE ac-
cumulation in the facial skin and skin elasticity. In skin aging, the 
AGE accumulation is mainly formed in collagen residues such as 
lysine and arginine. Collagen not only serves as a mechanical sup-
port frame for cells and tissues in the skin but also represents an 
active ingredient that can interact with cells and affect various cel-
lular functions, such as migration, differentiation, and proliferation. 
Collagen glycation forms cross-links between adjacent collagen fi-
bers, leading to a decrease in overall skin elasticity owing to reduced 
flexibility.24,25 As a result, we observed that the cheek SGI was neg-
atively correlated with the skin elasticity values R2cheek, R5cheek, and 
R7cheek. Furthermore, the SGI as well as other signs of aging sharply 
increased in subjects who were in their 40s and 50s. These results 
show that in cosmetic studies, anti-glycation strategies, such as pre-
venting or inhibiting the formation of AGEs and destroying already 
formed AGEs, are likely to have a significant correlation with improv-
ing skin elasticity. The FGIS can be useful to clarify the in situ degra-
dation of AGEs in the clinical assessment of anti-glycation cosmetics.

Here, we demonstrated a novel FGIS and identified a correlation 
between the SGI, skin elasticity, and aging. The SGI showed a good 
correlation with a decrease in skin elasticity and aging. The FGIS 
offers great potential for understanding AGE accumulation in facial 
skin. Ultimately, our novel system allows in situ SGI measurement 
and the SGI trend to be tracked over time and used to recommend 
anti-glycation cosmetics.

ACKNOWLEDG MENTS
We express our appreciation to PSIPLUS for the assistance with de-
vice modification for measurement and analysis. We would like to 
thank Editage (www.edita​ge.co.kr) for English language editing.

AUTHOR CONTRIBUTIONS
All authors participated in the conduct of the research and writing 
of the manuscript.

E THIC AL S TATEMENT
The clinical experimental protocol was approved by the Ethical 
Committee of LG Household & Health Care (HEET-20191008, 

TA B L E  1   Pearson's correlation coefficients between the skin 
glycation index and skin elasticity

Skin glycation 
index

Skin elasticity

R2cheek R5cheek R7cheek

SGIcheek −0.56** −0.57 ** −0.61 
**

SGIforearm −0.16 −0.24 −0.32

AFref −0.25 −0.29 −0.34*

Note: SGIcheek, skin glycation index from the cheek measured using 
the facial glycation imaging system (FGIS); SGIforearm, skin glycation 
index from the volar forearm measured using the FGIS; AFref, skin 
autofluorescence from the volar forearm measured using the AGE 
Reader mu; R2 cheek, gross elasticity; R5cheek, net elasticity; R7cheek, skin 
firmness.
*P < .05. 
**P < .01. 

F I G U R E  5   Scatter plots of the AGE level according to age 
(years). Correlations between age and (a) SGIforearm (R = 0.44, 
P < .01) and (b) SGIcheek (R = 0.48, P < .01). (c) Average SGIcheek 
value by age group (NS, no significant difference; *P < .05; 
**P < .01; compared with the 20s age group). AGEs, advanced 
glycation end products; SGIcheek, skin glycation index from the 
cheek measured using the facial glycation imaging system (FGIS); 
SGIforearm, skin glycation index from the volar forearm measured 
using the FGIS; AU, arbitrary unit
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October 31, 2019). Written informed consent was obtained from all 
subjects included in this study.
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