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Background/purpose: Various methods have been used to

objectively record skin changes. However, estimating the intrin-

sic and extrinsic aging of skin remains a challenge. Our objec-

tive was to study intrinsic skin aging with respect to patient

age and extrinsic photo-aging of human dorsal (photo-

exposed) and volar (photo-protected) forearm in vivo through

skin auto-fluorescence (AF). We also examined the correla-

tions between serum antioxidant enzyme, malondialdehyde

(MDA), and skin AF.

Methods: 37 healthy volunteers were enrolled. We measured

skin AF and its heterogeneity on the dorsal and volar forearms.

We also examined serum concentration of catalase, superox-

ide dismutase, vitamin E, and MDA levels in every participant.

Results: In photo-protected areas, skin AF intensity in the 40

years or older group was significantly higher compared to the

group less than 40 years-old. On the other hand, heterogeneity

value was significantly higher in the less than 40 years-old

group in photo-protected area. With respect to serum antioxi-

dant enzyme and MDA level, only MDA level showed a nega-

tive correlation with skin AF intensity in photo-exposed area.

Conclusion: We determined that skin AF intensity of the

photo-protected area reflects intrinsic skin aging. In addition,

degree of photo-aging could be indirectly inferred by skin AF of

photo-exposed area and serum MDA level.
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THE AGING of skin is influenced by both
intrinsic and extrinsic factors. Cumulative

damage from sunlight exposure in human skin
is a major extrinsic aging factor that leads to
photo-aging, which is characterized by solar
elastosis (increased disorganization of elastic
fibers in the superficial dermis) and irregular
and reduced collagen within the dermis (1, 2).
Photo-aging is mediated by the direct impact of
ultraviolet radiation (UVR) and UVR-induced
matrix metalloproteinases, which degrade colla-
gen and other matrix proteins within the der-
mis (3, 4). Oxygen-derived free radicals play an
important role in this process. In addition to
increased free radical production, a decrease in
the enzymatic and non-enzymatic antioxidant
defenses are observed after exposure to light
(5). On the other hand, intrinsic aging occurs

within the tissue itself, via reductions in dermal
mast cells, fibroblasts, collagen production, and
flattening of the dermal-epidermal junction,
which are generally under genetic and hor-
monal influences (6). Various methods have
been used to objectively record skin changes
with aging such as changes in the micro- and
macro-relief, elasticity, and hydration (conduc-
tance). Recently, one study estimated photo-
aging by measuring the structure of the ker-
atinocytes, collagen fibers, and dermal papillae
using reflectance confocal microscopy. These
authors found that sun-exposed areas more fre-
quently showed an irregular honeycomb pat-
tern, polycylic papillary contours, coarse
collagen, huddled collagen, and curled bright
structures with higher epidermal thickness and
furrow depth values (7). However, these
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methods require complex imaging analysis and
expensive equipment.
Our objective was to examine intrinsic and

extrinsic skin aging of the human dorsal
(photo-exposed) and volar (photo-protected)
forearm in vivo through skin auto-fluorescence
(AF). We also examined the correlations
between serum antioxidant enzyme, malondi-
aldehyde (MDA), and skin AF.

Materials and Methods

This study was prospectively conducted with
volunteers between November 2013 and Febru-
ary 2014 in Kyung Hee Medical Center. 37
healthy Korean volunteers with Fitzpatrick skin
type IV and V were included in this study.
Inclusion criteria were age between 20 to
80 years-old. All volunteers provided written
informed consent.

Auto-fluorescence was measured using the
EcoSkin� fluorescence video dermatoscope, a
hand-held device that yields multispectral
images of AF in skin areas 19.3 9 14.5 mm2

in size with a resolution of 782 9 582 pixels.
The fluorescence is excited by an array of
LEDs that emit a wavelength of 408 nm. The
fluorescence pattern is recorded by means of
an RGB television detector with sensitivity
maxima in the color channels 620 nm (red
channel; R), 530 nm (green channel; G), and
470 nm (brown channel; B), and with hetero-
geneity (H) of R, G, and B (HR, HG, and HR,
respectively).
To calculate the H value that related to the

heterogeneity of the skin, we set a region of
interest (N, M) and cleave it into 20 9 20 pixels.
The parts used in the estimation of aging were
set to avoid from the specific area such as scars
(Fig. 1). After this, we calculated the average of
the signal, Si;j, of each unit. Red, green, and
brown signals were extracted separately to
determine the heterogeneity of the skin, as
shown in Fig. 2. In order to measure the hetero-
geneity of the image, the differences between
the peripheral units need to be considered. We
calculated the value of H, while scanning the
sum of the difference between the unit and the
left unit, and the unit and the lower unit. There-
fore, larger calculated values of H reflected
reduced homogeneity of the skin, and thus
increased heterogeneity.
We measured skin AF and the heterogeneity

of the dorsal forearm (photo-exposed) and volar
forearm (photo-protected), as shown in Fig. 3.
We also examined the serum concentration of
catalase, superoxide dismutase (SOD), vitamin
E, and MDA in each participant.
Analysis was performed based on the paired

t-test and Spearmann’s nonparametric test. In

Fig. 1. The region of interest (N, M) was cleaved into 20 9 20 pix-
els. The parts used in the estimate of aging were set to avoid from
the specific area such as scars.

(a) (b)

Fig. 2. (a) The extracted image from the green signal. (b) The reconstructed image with the average value, black bars = 5 mm.
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all analyses, SPSS software (version 22.0; SPSS
Inc., Chicago, IL, USA) was used. Data were
valued within a confidence interval of 95%. A
P-value less than 0.05 was considered a signifi-
cant difference.

Results

A total of 37 volunteers were enrolled in our
study. The volunteers’ mean age (�SD) at the
time of inclusion was 44.3 (�11.43) years (range
20–76 years). 20 volunteers were female and 17
were male. We also divided volunteers into two
groups based on whether they were above or
below 40 years of age. There were 19 volunteers
less than 40 years-old and 18 participants were
40 years or older.

Auto-fluorescence data from both the photo-
protected and photo-exposed areas according to
age is shown in Table 1. In the photo-protected
area, the R, G, and B values of the 40 years or
older group were significantly higher compared
to the less than 40 years-old group (P = 0.005,
0.015, 0.031 respectively). On the other hand,
the heterogeneity value was significantly higher
in the less than 40 years-old group in the
photo-protected area (P = 0.019, 0.022, 0.009
respectively). In contrast with the photo-pro-
tected area, the AF and heterogeneity values of
photo-exposed areas did not show significant
differences according to age, with the exception
of the R value (P = 0.005).
Correlations between the serum antioxidant

enzyme, MDA levels and AF in both the photo-

(a) (b)

(c) (d)

Fig. 3. Representative auto-fluorescence (AF) image of the photo-protected and photo-exposed skin. AF image of the photo-protected skin (a) and
photo-exposed skin (b) in a 31-year-old woman. AF image of the photo-protected skin (c) and photo-exposed skin (d) in a 56-year-old woman. AF
intensity and homogeneity are significantly higher in the photo-protected skin of a 56-year-old woman (c) than in the photo-protected skin of a 31-
year-old woman (a), black bars = 5 mm.

TABLE 1. AF intensity of both the photo-protected and photo-exposed areas classified according to age. Values are presented as means � SEMs

Photo-protected R G B HR HG HB

Age <40 54.05 � 14.20 120.21 � 35.56 54.26 � 18.12 4.96 � 0.89 7.71 � 1.63 9.86 � 2.52

Age ≥40 66.43 � 15.37 140.82 � 26.29 63.11 � 12.89 4.49 � 0.59 6.93 � 0.87 8.51 � 1.09

(P = 0.005)* (P = 0.015)* (P = 0.031)* (0.019)* (0.022)* (0.009)*

Photo-exposed R G B HR HG GB

Age <40 54.42 � 19.11 120.05 � 46.57 54.47 � 22.42 5.17 � 1.19 7.71 � 1.53 10.02 � 2.19

Age ≥40 65.07 � 22.11 134.21 � 31.05 58.79 � 14.72 5.16 � 1.02 7.40 � 1.06 9.17 � 1.44

(P = 0.005)* (P = 0.114) (P = 0.171) (0.484) (0.220) (0.061)

*P < 0.05 by paired t-test. R, AF intensity peaking around 620 nm; G, AF intensity peaking around 530 nm; B, AF intensity peaking around 470 nm;

HR, heterogeneity of R value; HG, heterogeneity of G value; HB, heterogeneity of B value.
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protected and photo-exposed areas are shown
in Table 2. There was a negative correlation in
the R value and serum catalase level between
the photo-exposed and photo-protected areas
(P = 0.016, 0.020 respectively). Similarly, the
MDA level showed a negative correlation with
the R, G, and B values in the photo-exposed
area (P = 0.048, 0.013, 0.026 respectively). There
was also a negative correlation in the G value
and MDA level in the photo-protected area
(P = 0.046). However, the SOD and vitamin E
level did not show statistical correlations with
AF intensity.

Discussion

The potential of using AF to evaluate age-
related changes of the skin has been investi-
gated in a number of papers. Experiments in
mice have established that the excitation spectra
possess bands in the near-UV region that can
serve as objective indicators of biological aging
and photo-aging (8). In addition, AF can be
used to measure the advanced glycation end-
products (AGEs), which are related to aging (9).
In this study, volunteers in the 40 years or

older group had a significantly higher AF inten-
sity compared to the less than 40 years-old
group in the photo-protected area. However,
the AF value of the photo-exposed area did not

show significant differences according to age,
with the exception of the R value. In the photo-
protected area, AF intensity may increase due
to collagen cross-linking with increasing
chronologic age (Fig. 4). On the other hand, in
the photo-exposed area, the lack of statistical
difference between the two groups could be the
result of increased elastin deposition due to
photo-aging which compensates for the increase
in skin AF intensity by collagen cross-linking.
Such findings are consistent with other studies
that have reported that the intensity of the skin
AF increases as chronological age was increased
(10).
Photo-aging of the skin can induce dyschro-

mia that results in increasing heterogeneity of
skin pigmentation. However, there was no sta-
tistical difference in the heterogeneity of AF in
the photo-exposed area between the two groups
based on age. On the other hand, the photo-
protected area showed decreased heterogeneity
in the group above the age of 40 as compared
to the group below the age of 40. In the areas
with intrinsic aging, pigmentary changes due to
photo-aging is not clinically prominent. There-
fore, we can hypothesize that other factors
related to intrinsic aging such as AGEs and fla-
vin adenine dinucleotide have a greater impact
than the melanin reflectance, and that the
homogeneity of the skin was increased due to

TABLE 2. AF data of both the photo-exposed and photo-protected areas with statistical analysis according to antioxidant enzyme and MDA levels

R G B

Photo-exposed Photo-protected Photo-exposed Photo-protected Photo-exposed Photo-protected

Catalase �0.349 (P = 0.016)* �0.339 (P = 0.020)* 0.149 (P = 0.920) �0.230 (P = 0.091) �0.244 (P = 0.219) �0.174 (P = 0.134)

SOD �0.111 (P = 0.413) 0.141 (P = 0.212) �0.011 (P = 0.942) �0.117 (P = 0.341) �0.087 (P = 0.482) 0.051 (P = 0.421)

Vitamin E 0.213 (P = 0.543) 0.147 (P = 0.109) 0.071 (P = 0.712) �0.133 (P = 0.501) �0.091 (P = 0.355) �0.091 (P = 0.497)

MDA �0.290 (P = 0.048)* �0.249 (P = 0.091) �0.360 (P = 0.013)* �0.292 (P = 0.046)* �0.325 (P = 0.026)* �0.226 (P = 0.127)

*P < 0.05 by Spearmann’s nonparametric test. R, AF intensity peaking around 620 nm; G, AF intensity peaking around 530 nm; B, AF intensity peaking

around 470 nm; HR, heterogeneity of R value; HG, heterogeneity of G value; HB, heterogeneity of B value.

Crosslinked
collagen fiber

due to glycation

Flattening of
rete ridge

Irregular elongation
of  rete ridge

Excitation light

Skin auto-
fluorescence (AF)

AF intensity was increased and 
heterogeneity was dereased

(a) (b)

Excitation light

Fig. 4. Diagram of the skin in younger age (a) and in older age (b). As intrinsic skin aging progresses, AF intensity increases due to collagen
crosslinking and the heterogeneity of AF decreases because of epidermal flattening caused by a loss of the rete ridges.
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the deposition of oxidants related to aging. In
addition, it is thought that the statistical signifi-
cance of HG is the lowest because HG is closest
to the wavelength of pigment. On the other
hand, for HR and HB, homogeneity related to
the aging process seems to increase and hetero-
geneity seems to decrease. From a structural
perspective, it is thought that the heterogeneity
of AF increases with the number of dermal
papillae. In intrinsic skin-aging, the flattening of
the previously undulating epidermis is the most
striking change caused by a loss of the rete
ridges and reciprocal inter-digitation with capil-
lary-rich dermal papillae (6). Therefore, it is
hypothesized that the heterogeneity value of
the photo-protected area in the less than
40 years-old group is higher than the 40 years
or older group because of these structural
changes, as shown in Fig. 4.
Generally, the AF emitted from the skin is

increased with skin aging. In contrast, there are
significant negative correlations between skin
AF and the majority of measures of cumulative
UVR doses in photo-aging (11). The skin’s enzy-
matic antioxidant defenses include catalase,
SOD, and vitamin E. It is known that chronic
and acute photo-damage is mediated by the
depletion of these antioxidant enzymes (12).
Therefore, we could expect a positive correla-
tion between the antioxidant enzyme level and
skin AF intensity of the photo-exposed area. In
contrast, we expect a negative correlation
between the serum MDA level and skin AF
intensity of the photo-exposed area because the
lipid peroxidation product MDA accumulates
in tissues under conditions of increased

oxidative stress. In our study, we found a nega-
tive correlation between serum MDA level and
skin AF in the photo-exposed area. However,
the catalase, SOD and vitamin E levels did not
show statistical positive correlations with the
AF intensity of the photo-exposed area. Based
on these results, we hypothesized that photo-
aging is more relevant to serum MDA level
than serum antioxidant enzyme level because
MDA is directly related with UVR-induced
lipid peroxidation while antioxidant enzymes
are influenced by various factors such as smok-
ing, BMI, and chronic wasting disease.
Auto-fluorescence is a non-invasive and rapid

tool for skin analysis, but is limited because it
is influenced by various factors such as intrinsic
and extrinsic skin aging. In order for AF to be
effective as a research tool, future research
should account for these factors in AF analysis.
In this study, we determined that the AF inten-
sity in the photo-protected area reflects intrinsic
skin aging. In addition, the degree of photo-
aging can be indirectly inferred by the skin AF
of the photo-exposed area and serum MDA
level.
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