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Background : Skin color is determined by many factors including melanin and non-
melanin pigments like hemoglobin and extraneous chemicals. Various factors such as race, sex,
and age have been reported to have an influence on skin color.

Methods : Measurement of malanin index (M-index) was made by reflectance spectropho-
tometer at three different sites including forehead, abdomen and forearm in total 800
healthy subjects consisting of 100 males and 100 females of neonates (three days after
birth) and children (male:8.08 + 0.84, female:8.03 + 0.80, total :8.06 +0.82 years of age), ado-
lescence (male:13.89+ 0.76, female:13.96+ 0.79, total:13.93 + 0.78 years of age), and
adults(male:24.26 +0.82, female:24.40+0.89, total:24.33 + 0.86 years of age). We also
investigated the change of M-index by each skin phototype of college students determined by
Fitzpatrick classification.

Results : From the birth to the puberty, sex difference of melanin index was generally not not-
ed, but adult females showed lower levels of melanin index in all sites measured. M-index in-
creased from birth to adolescence, and decreased after adulthood. Forehead showed highest
melanin index compared with other sites. Increase of M-index was noted as skin phototype goes
from III to V.

Conclusions : Factors including sex, age, body sites and skin phototype have a significant in-

71

fluence on the changes of skin color in humans. (Ann Dermatol 14(2) 71-76, 2002).
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The human skin color depends not only on its
constituent elements such as melanin, distribution of
blood vessels, hemoglobin and thickness of stra-
tum corneum, but equally on the light source with
which it is illuminated and the detector with
which it is perceived. Constitutive elements are
the absorbing chromophores, scatters, and their
constellation and distribution!. There are many
factors that determine the color of human skin.
They include quantity of melanin pigment and its
chemical structure and nonmelanin pigments such as
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oxygenated and reduced hemoglobin which pass
through the papillary capillaries, extraneous chem
icals like carotene and other chemicals like ly-
copenic acid or licorice?. Various factors including
race, sex and age are reported to have an influence
on change of human skin color. Human skin color is
generally thought to be fairly constant throughout
the life. For a long time, variation of human skin col-
or has been of great concern for physical anthro-
pologists. However, visual comparisons of skin
color with standardized sets of colored paper were too
subjective to obtain reliable results’. The first qu
antitative measurement of skin pigmentation in
humans was made by Hardy spectrophotometer
which could measure and analyze skin color ob-
jectively®. Recently, a hand-held microprocessor-
controlled reflectance spectrophotometer with
digital readout (Derma-Spectrophotometer®, Cortex
technology, Hadsund, Denmark) began to be used in
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many dermatological studies. This instrument pro-
vides a readout of the erythema and melanin in-
dices as a function of the absorbance characteristic of
human skin’. Each index increases as the skin be-
comes more erythematous and more pigmented,
respectively, so the M-index can be regarded as a pa-
rameter which is mainly influenced by the mela
nin content®.

The purpose of this study is to investigate the
patterns of variation of skin color according to
sex, age, site and skin phototype in Koreans by using
a hand-held microprocessor-controlled reflectance
spectrophotometer.(Derma-Spectrophotometer®,
Cortex technology, Hadsund, Denmark).

SUBJECTS AND METHODS

Subjects

Total 800 healthy subjects consisting of 100
males and 100 females of neonates (three days after
birth) and elementary school (male:8.08+ 0.84,
female:8.03 +0.80, total :8.06 +£0.82 years of age),
middle school (male:13.89+0.76, female:13.96+
0.79, total:13.93+0.78 years of age), and college
students (male:24.26+ 0.82, female:24.40+ 0.89,
total:24.33 +0.86 years of age) participated in this
study in spring to avoid seasonal variations. All of
neonates had a known gestational age (37-42
week) calculated from the date of mothers last
menstrual period. We also investigated the change of
melanin index (M-index) by each skin phototype of
college students determined by Fitzpatrick classifi-
cation.

They were all healthy without any dermatologic
problems such as ance, melasma, or nevi and other
systemic diseases. Women in their menstrual period
were excluded.

Measurement

Measurements of cutaneous pigmentation using
M-index by reflectance spectrophotometer(Derma-
Spectrophotometer®, Cortex technology, Hadsund,
Denmark) at three sites, forehead, abdomen and inner
aspect of forearm were performed after calibration
to every series of the measurement. For neonates,
all measurements were taken between 6:00 AM
and 7:00 AM, and for elementary, middle school,
and college students, all measurements were taken

between 5:00 PM and 6:00 PM.
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The reflectance spectrophotometer is a narrow-
band spectrophotometer designed for measuring
specific colors due to two major chromophores,
hemoglobin and melanin. The light sources are
two light-emitting diodes with selected narrow
bands of emitted wavelengths. The peaks of the
two bands are centered at 568nm (green light)
and 655nm (red light). They emit light in se-
quence, and the reflected light from skin is detected
with a photodetector. After being converted into
digital form with a built-in microcomputer, the re-
flectance in the two bands are transformed into
the erythema index (E-index) and the melanin index
(M-index).

On every subject, three readings were taken at
each of the three sites after cleansing with cotton
swabs. On the forehead, midway between the hair-
line and the base of nose, on the medial aspect of
forearm and in the abdominal area just above the
umbilicus. All skin color examinations were made in
the same room circumstances. It was a room
blocked from sunlight, and the room temperature
maintained between 21°C and 26°C because readings
became unstable above 26°C possibly due to the
temperature increase, change in humidity, or some
combination of these variables. For measurement
of M-index in newborn infants, exposure to sun-
light was almost completely obviated because the
newborn infants were born under electric light
and, after immediate washing, they were roomed
in neonate care center with only the face exposed.

Statistical Analysis

All measurements of M-index were expressed by
mean £ SD. For comparison of M-index between
male and female, students t-test was used. Analysis of
variance (F-test) was used for determination of the
change of melanin index according to ages, sites
and each skin phototype (p<0.05 was considered
significant). We also performed Dunkans multiple
range test to determine the difference of the values
obtained by each age, site, and skin phototype
from each other.

RESULTS

1. Difference according to gender
In neonates, no significant sex difference of M-in-
dex was observed in all sites measured (Table. 1, Fig
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Table 1. Sex and age difference of melanin index (M-index)

Site Subjects (yrs. of age) Male Female Total
Forehead Neonates (3 days after birth) 33.14+4.01 32.294+4.29 32.72+3.11
Elementary school students (8.06 0.82 yrs) 37.36+3.40 37.54+3.26 37.45+2.45
Middle school students (13.93 +=0.78 yrs) 40.89+3.13" 39.534+2.90 40.21+1.94=
College students (24.33 £=0.86 yrs) 38.57+3.06" 34.99+3.20 36.718+2.14
Total 37.49+4.42 36.09+4.39 36.79+3.63
Forearm Neonates (3 days after birth) 25.2243.07 24.67+3.51 24.95+2.52
Elementary school students (8.06 +0.82 yrs)  34.58 £3.01 34.35+2.57 34474195
Middle school students (13.93 0.78 yrs) 34.7343.10 34.57+2.66 34.65+1.89¢
College students (24.33 £0.86 yrs) 31.07+3.10° 29.7942.87 3043+2.17
Total 31.40+4.93 30.85+4.99 31.124+4.49
Abdomen Neonates (3 days after birth) 25.45+3.82 24.76 +3.74 25.10+3.04
Elementary school students (8.06 +0.82 yrs) 31.48+3.11" 29.3943.08 30.44£2.17
Middle school students (13.93 0.78 yrs) 32.854+4.23
32.40+3.49 32.631+2.522
College students (24.33 £0.86 yrs) 31.70+3.72° 29.04+3.84 30.37+2.75
Total 30.37+4.72 28.90+4.47 29.63+3.82
*: p<0.01, male vs female
1:p<0.05, middle school students vs neonates, elementary school students, college students
b:p<0.05, elementary school students vs neonates, college students
¢:p<0.05, middle school students vs neonates, college students
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Fig. 1. In abdomen of elementary school students and
forehead of middle school students. male showed signif-
cantly higher level of melanin index (M-index). For
college students, male showed higher lenel of M-index
in all sites measured (" : p<0.01, male vs female).

Fig. 2. In all sites measureed, M-index increased from
birth to adolescence, and decreased after adulthood.
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Fig. 3. In all subject, the forehead showed highest M-
index comparing other sites. In elementary and middle
school students, the M-index significantly decreased as
following order. Forehead>forearm>abdomen (* :
p<0.05, forehead vs forearm, abdomen, ** : p<0.05, ab-
domen vs forehead, forearm).

1). In elementary school students, no significant
sex difference of M-index was noted at the fore-
head and arm, but males showed significantly
higher levels of melanin index in the abdomen
(p<0.01) (Table 1, Fig. 1). In middle school students,
no significant sex difference of M-index at the
forearm and abdomen, but males showed signifi-
cantly higher levels of melanin index at the forehead

(p<0.01) (Table. 1 Fig. 1). In college students,

Table 2. Site difference of M-index
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Fig. 4. In all sites measured, M-index increased as skin
type gose from III to V However, difference between
type I and type IV was not significant (" : p<0.05, type
V vs type 111, tye VI).

males showed significantly higher levels of M-in-
dex in all sites measured (p<0.01) (Table 1, Fig. 1).

2. Changes to the ages

In all sites measured, M-index increased as fol-
lowing orders (neonates<elementary school stu-
dents<middle school students), and thereafter, M-in-
dex decreased(Table 1 and Fig. 2).

3. Difference according to sites
In all sites measured, forehead showed highest

Subjects (yrs of age) Site Melanin index
Neonate (3 days after birth) Forehead 32.72+3.112
Forearm 24.954+2.52
Abdomen 25.1043.04
Elementary school students(8.06 +0.82 yrs) Forehead 37.45+2.45°
Forearm 34471195
Abdomen 3044 £2.17°
Middle school students (13.93 £0.78 yrs) {Forehead 40.214+1.94=
Forearm 34.65+1.89
Abdomen 32.6342.52°
College students (24.33 £0.86 yrs) Forehead 36.78 +£2.14*
Forearm 30.43+2.17
Abdomen 30.3742.75

a: p<0.05, forehead vs forearm, abdomen

b: p<0.05, abdomen vs forehead, forearm
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Table 3. M-index according to skin phototype

Site skin phototype  Number Melanin index
Forehead I 40 35.14+3.04
I\Y 78 35.60+2.93
\Y% 82 38.70+3.61
Forearm I1I 40 29.54+2.67
I\Y% 78 29.68+2.46
\Y% 82 31.58£3.37
Abdomen I11 40 30.11+£3.12
I\Y 78 29.31+3.92
\Y% 82 31.52+4.19

*: p<0.05, type V vs type II, type VI

M-index regardless of age (p<0.05) (Table 3 and
Fig. 3). However, forearm and abdomen showed
no difference of M-index in neonates and college
students (Table 3 and Fig. 3). In elementary sch
ool students and middle school students, the M-
index significantly decreased as following order,
(forehead>forearm>abdomen, p<0.05) (Table 3 and
Fig. 3).

4. Difference according to skin phototype

In all sites measured, M-index increased as fol-
lowing orders (type IlI<type [V<type V). Type V
showed higher melanin index than type III and
type IV (p<0.05). However, the difference be-
tween type Il and type [V was not statistically sig-
nificant. (Table 3 and Fig. 4)

DISCUSSION

The number of factors intrinsic and extrinsic to the
individual that are responsible for variations in
skin color is large™®. The skin site, gender, and
age differences suggest a number of explanatory
hypotheses. However, none of them seems to be
mutually exclusive. Since the development of
spectrophotometer, the skin colors of many small
tribes and isolated groups of people have been
studied. According to these studies, it has been
observed that females are significantly darker than
males just prior to the onset of menarche’®!12,
Except this time, females are reported to be lighter
than males”®!113-16, However, sometimes the dif-
ference is minimal and does not show statistical

significance between males and females. We have
not found significant differences of M-index in
neonates and in elementary school students ex-
cept the abdomen in elementary school children. In
middle school students, males showed slightly
higher level of M-index at all sites measured, but the
statistical significance was observed only in the
forehead. In college students, the level of M-index
was significantly higher in males than in females
at all sites. In other words, our data revealed that
from the birth to the puberty, sex difference was
generally not noted, but in adults, females were
indeed significantly lighter than males. This factor
confirmed the results which was obtained by other
researchers during the developmental period both in
Spanish populations and in other populations,
which showed no sexual difference in skin color
until puberty!'”!S. Our data also showed that sex
difference was greater in the forehead than in
forearm or abdomen. This finding suggests that
women’s fairer skin may be due to life-style, and
facultative color that develops after exposure to a
stimulant like sunlight is more likely to be respon-
sible for sex difference in skin color, rather than
constitutive skin color. However, various factors
including genetics, environments, and hormones
have been suggested to be related to sexual dimor-
phism!®?!. According to Mesa'?, from the end of
infancy to the onset of puberty, skin color progres-
sively darkens in both sexes without sex difference in
color, but during adolescence, both sexes lighten
in color, and in male, this lightening occurs later and
is less pronounced and during the later stages of
adolescence, the skin color also lightens although
not as rapidly as at puberty, so sex difference is
noted from the adolescence. Our data also showed
the same results.

As for the sites, in all subjects, the forehead
showed highest M-index comparing other sites in our
data. Site difference is probably due to a difference in
the density of epidermal melanocytes in the forehead
compared with the forearm or abdomen and a dif-
ference in the frequency and intensity of exposure to
UV light resulted from the more sheltered anat
omical position of the forearm or abdomen and in
certain instances, from the shielding effects of
clothing?>?.

According to skin phototype by Fitzpatrick?, in
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all sites measured, M-index was highest in subjects of
type V in our data. The M-index was higher in
subjects of type IV than those of type III, however,
the difference was not statistically significant in
our data. Woo et al®> also reported that the M-index
increased significantly as skin phototype goes from III
to V. This result suggests that there is correlation be-
tween skin phototype assessed subjectively and M-in-
dex assessed objectively.

10.

I1.

REFERENCES

. Kollias N: The physical basis of skin color and its

evaluation. Clin Dermatol 13:361-7, 1995.

. Anttila V], Makela JP, Soininen K, Helminen V,

Tenhunen R: Discolouration of skin and serum af-
ter sweet ingestion. Lancet 5:1476-7, 1993.

. Harrison GA: Differences in human pigmentation:

measurement, geographic variation, and causes. ]
Invest Dermatol 60:418-26, 1973.

. Edwards EA, Duntley SQ: pigments and color of

living human skin. Amer ] Anat 65:1-33, 1939.

. Troilius A, Ljunggren B: Reflectance spectropho-

tometry in the objective assessment of dye laser-
treated port-wine stains. Br ] Dermatol 132:245-50,
1995.

. Takiwaki H, Overgaard L, Serup ]J. Comparison of

Narrow-band reflectance spectrophotometric and
Tristimulus colorimetric measurements of skin col-
or. Skin Pharmacol 7:217-225, 1994.

. Nordlund J], Boissy RE, Hearing V], King RA, Or-

tonne JP: The pigmentary system. In Nordlund JJ,
Ortonne JP. The normal color of human skin. 1st
ed. New York:Oxford University Press. 1998:475-
4817.

. Jaswal 1J: Pigmentary variation in Indian popula-

tions. Acta Anthropogenet 7:75-83, 1983.

. Roberts DF, Kahlon DP: Skin pigmentation and as-

sortative mating in Sikhs. ] Biosoc Sci 4:91-100,
1972.

Roberts DF, Kahlon DP: Environmental correla-
tions of skin colour. Ann Hum Biol 3:11-22, 1976.
Frost P. Human skin color: a possible relationship
between its sexual dimorphism and its social per-

ception.Perspect Biol Med 32:38-58, 1988.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Annals of Dermatology
Vol. 14, No. 2, April 2002

. Kahlon DP: Age variation in skin color: a study in

Sikh immigrants in Britain. Hum Biol 48:419-28,
1976.

Cartwright RA. Skin reflectance results from Holy
Island, Northumberland. n Hum Biol 2:347-54,
1975.

Clark P, Stark AE, Walsh R], Jardine R, Martin
NG: A twin study of skin reflectance. Ann Hum Bi-
ol 8:529-41, 1981.

Mehrai H, Sunderland E: Skin colour data from Now-
shahr City, northern Iran. Ann Hum Biol 17:115-20,
1990.

Williams-Blangero S, Blangero J: Skin color variation in
eastern Nepal. Am ] Phys Anthropol 85:281-91, 1991.
Mesa MS: Analyse de la variabilit de la pigmenta-
tion de la peau durant la croissance. Bull. M m.
Soc. Anthropol . Paris13, 10:49-60, 1983.

Kalla AK: Ageing and sex differences in human
skin pigmentation. Z Morphol Anthropol 65:29-33,
1973.

Omoto K: measures of skin reflectance in a Japanese
twin sample. ] Anthropol Soc Nippon(Jin ruigaku
zassi) 73;115-122, 1965.

Edwards EA, Duntley SQ: Cutaneous vascular changes
in women in reference to the menstrual cycle and
ovariectomy. Am ] Obstet Gynecol 57:501-509. 1949.
Edwards EA, Hamilton ]JB, Duntely SQ. and Hu-
bert G: Cutaneous vascular and pigmentary chages
in castrate and eunuchoid men. Endocrinology
28:119-128, 1941.

Jimbow K, Quevedo WC, Prota G, Fitzpatrick TB:
Biology of melanocytes. In Freedberg IM, Eisen AZ,
Wolff K, Austen KF, Goldsmith LA, Katz SI, Fitz-
patrick TB(eds): Dermatology in General Medicine.
5th ed. McGraw-Hill, New York, 1999, pp192-220.
Harvey RG: Ecological factors in skin color varia-
tion among Papua New Guineans. Am ] Phys An-
thropol 66:407-16, 1985.

Fitzpatrick TB: The validity and practicality of sun-
reactive skin types I through VI. Arch Dermatol
124:869-871, 1988.

Woo JH, Park CW, Lee CH: Erythema index and
melanin index according to skin phototype in nor-
mal skin. Korean Journal of Investigative Dermatol-

ogy. 4:35-38, 1997.



