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Introduction

As our society is growing older, the consequences of aging have 
begun to gain particular attention. Improvement of quality of life 
at old age and prevention of age-associated diseases have become 
the main focus of the aging research. In particular, skin aging has 
gained increasing interest, not only because it is the most obvious 
sign of the aging process but mostly because it represents a win-
dow for human health, being likely to predict systemic diseases 
and their outcome, such as chronic metabolic diseases includ-
ing obesity,1 osteoporosis,2 the outcome of cardiac surgery3 or the 
occurrence of neurodegenerative diseases.4

Skin has long been recognized to protect the organisms from 
deleterious environmental (physical, chemical, microbiological) 
agents, and is crucial for the maintenance of temperature, elec-
trolyte and fluid balance. In addition, skin is a sensory organ, 
a biofactory for the synthesis, processing and/or metabolism of 
a wide range of structural proteins, glycans, lipids and it fulfils 
the requirements of a classic endocrine organ.5 With accelerat-
ing age skin loses its structural and morphological characteristics 
and as a consequence all its functions deteriorate.6 This deteriora-
tion is enhanced cumulatively by various environmental physical, 
chemical and mechanical insults. Exposed areas of the body e.g., 

*Correspondence to: Christos C. Zouboulis; 
Email: christos.zouboulis@klinikum-dessau.de
Submitted: 09/24/12; Accepted: 09/24/12
http://dx.doi.org/10.4161/derm.22372

Skin aging is a complex process and underlies multiple 
influences with the probable involvement of heritable and 
various environmental factors. Several theories have been 
conducted regarding the pathomechanisms of aged skin, 
however fundamental mechanisms still remain poorly 
understood. This article addresses the influence of genetics 
on skin aging and in particular deals with the differences 
observed in ethnic populations and between both genders. 
recent studies indicate that male and female aged skin differs 
as far as the type, the consistency and the sensitivity to external 
factors is concerned. The same has been also documented 
between elderly people of different origin. Consequently, the 
aging process taking place in both genders and in different 
ethnic groups should be examined separately and products 
specialized to each population should be developed in order 
to satisfy the special needs.
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face and neck suffer the most by the influence of extrinsic factors 
such as UV irradiation and overexposure of these regions may 
result in premature skin aging and skin diseases such as non-heal-
ing ulcerations and benign (e.g., actinic keratosis) and malignant 
skin tumors (e.g., basal cell carcinoma, spinal cell carcinoma and 
malignant melanoma). These processes are augmented by mito-
chondrial DNA mutations, protein oxidation, disturbed defense 
against protein macromolecular damage and apoptosis induc-
tion. On the other hand, in non-exposed areas e.g., inner side 
of the upper arm aging is mainly attributed to intrinsic factors, 
e.g., genetic predisposition and changes in the endocrine environ-
ment and reflects degradation processes of the entire organism.6,7 
Hormone replacement therapy and the use of antioxidants have 
been suggested to be a promising strategy to retard the skin aging 
process.

Genes and Mutations

In current years, microarray technology has become a valuable 
tool for screening genetic material of several model organisms 
in order to map genes and pathways which are involved in the 
mechanisms of aging and extension of lifespan.8,9 This informa-
tion has also led to the development of new strategies to enable 
better skin repair and anti-aging benefits.10

Gene expression patterns were examined in sun-protected 
(buttocks) and sun-exposed skin (extensor forearm) from 10 
young (age 19 to 20 y) and 10 aged women (age 63 to 67 y) in 
order to examine gene expression profiles associated with chrono-
logical skin aging and photoageing. Both chronologic and pho-
toageing were associated with downregulation of the biological 
process of lipid synthesis. In particular, genes were downregu-
lated involved in the cholesterol and fatty acid synthesis. In addi-
tion, genes associated with epidermal differentiation, including 
keratin filaments and cornified envelop components were down-
regulated. An upregulation of the biological processes of inflam-
matory response and wound healing, the molecular functions of 
cytokine activity and protease activity and the cellular compo-
nent theme of extracellular matrix was also observed in both skin 
aging types. The elastin gene expression was upregulated with 
aging only in the photodamaged arm and remained unchanged 
in the sun-protected buttock. This finding corresponds to the 
histopathological findings which show typical elastotic changes 
the so called ‘solar elastosis’ in photoaged skin.11

Further studies conducted to investigate changes in gene 
expression during skin aging have been performed on naturally 
aged human foreskin obtained from children and elderly males. 
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multiple pituitary hormone deficiency (MPHD) including GH, 
as well as primary insulin-like growth factor I (IGF-I) deficiency 
(GH resistance, Laron syndrome) present signs of early skin 
aging such as dry, thin and wrinkled skin, obesity, hyperglucae-
mia, reduced body lean mass, osteopenia, lowered venous access, 
rise in serum cholesterol, tendency for cardiovascular diseases 
and subsequent premature mortality.18-20 These studies illustrate 
the importance of the hormone environment for deterioration of 
the human organism and the aging process.

Gender-Specific Human Skin Aging

Androgens may play a substantial role in skin morphology. This 
fact has been described in several animal and human studies, 
which have documented gender-specific characteristics of the 
skin structure. A comparison between male and female mouse 
dorsal skin revealed that the dermis in the male is much thicker 
than in the female (+190%, p < 0.01). In contrast, epidermis and 
subcutaneous tissue are thicker in the female (+40%, p < 0.01 
and 11-fold, p < 0.01, accordingly), thus resulting in total skin 
that is 40% thicker in the male. In addition, significant larger 
sebaceous glands were observed in males (+45%, p < 0.01).21 
In females, gonadectomy resulted in a decrease of epidermal 
thickness (-40%, p < 0.01), an increase of the dermal thickness 
(+22%, p < 0.05) and of the thickness of the hair shaft. Our own 
data32 correspond to previous studies22 showing that in humans, 
male skin is thicker than female skin, while females have thicker 
subcutaneous tissue and provide evidence that androgens and 
their decline with age may play a significant role in the regula-
tion of the dermis and the hair shaft thickness. A comparison 
between male and female sun-protected skin derived from the 
inner side of the upper arm revealed that the male dermis is much 
thicker than the female one (1.8-fold, p < 0.05). In contrast, epi-
dermis and subcutaneous tissue is thicker in the female (3.5-fold,  
p < 0.05 and 10-fold, respectively) (Fig. 1).

In our own further experiments32 whole genome gene profiling 
was employed in sun-protected skin obtained from 24 European 
Caucasian young and elderly donors. In total, only 39 genes were 
common in the target lists of significant regulated genes in males 
and females. Furthermore, analysis of regulations in biological 
processes, cellular compartments, molecular functions and path-
ways showed that these were only in some cases overlapping or 
belonging to a similar cluster. These results provide biomarkers of 
endogenous human skin aging in both genders and indicate that 
the process of male aging may significantly differ from female 
aging.

This observation has been also verified by others. Increased 
lipid oxidation with age has been described in non-exposed pelvic 
skin only in males.23 This finding suggests an increase in oxida-
tive potential in males which according to the authors it may be 
linked to either greater muscle mass and therefore, increased oxy-
gen respiration in males and/or differences in ‘hormone related’ 
antioxidant capacity. Furthermore, in order to investigate a possi-
ble association between increased oxidative stress, DNA damage 
and poly-ADP-ribosylation, the activity of the NAD-dependent 
DNA repair enzyme PARP has been measured across the range of 

Some of the mechanisms proposed to be involved in the induction 
of aging comprise disturbed lipid metabolism, altered insulin and 
STAT3 signaling, upregulation of apoptotic genes partly due to 
the deregulation of FOXO1, downregulation of members of the 
jun and fos family, differential expression of cytoskeletal proteins 
(e.g., keratin 2A, 6A, and 16A), extracellular matrix components 
(e.g., PI3, S100A2, A7, A9, SPRR2B), and proteins involved in 
cell-cycle control (e.g., CDKs, GOS2).9 Similar results have been 
presented by a study related to aging of skeletal muscle.12

In a previous study, we proposed that one of the factors which 
may play a significant role in the initiation of aging may be the 
physiological decline of hormones occurring with age. Human 
SZ95 sebocytes in vitro treated with hormone levels that can be 
found in 60-year-old women produce less lipids than sebocytes 
treated with a hormone mixture representing that found in serum 
of 20-year-old women.13 A differential gene expression between 
SZ95 sebocytes under the 20- and 60-year-old hormone mixture 
detected differentially expressed genes, which are involved in bio-
logical processes such as DNA repair and stability, mitochondrial 
function, oxidative stress, cell cycle and apoptosis, ubiquitin-
induced proteolysis and transcriptional regulation corresponding 
to the results by Lener et al.9 and Robinson et al.11 A compari-
son of these results with data obtained from the aged kidney14 
identified key genes which may be of great importance for global 
aging. The most significantly altered signaling pathway was that 
of TGFβ. A disturbed function of this cascade has been also 
associated with tumorigenesis, i.e., in pancreatic, prostate, intes-
tine, breast, and uterine cancer. Interestingly, genes expressed 
in signaling pathways operative in age-associated diseases such 
as Huntington’s disease, dentatorubral-pallidoluysian atrophy, 
and amyotrophic lateral sclerosis were also identified. These data 
demonstrate that hormones interact in a complex fashion, and 
sebocytes may be affected to a large extent by the changes in their 
circulating blood levels with age.13

In recent studies researchers have been focusing on gene 
mutations accompanying known progeroid syndromes e.g., 
Hutchinson-Gilford progeria, Werner’s syndrome (WS), 
Rothmund-Thomson syndrome, Cockayne syndrome, Ataxia 
teleangiectasia and Down syndrome.15 The most common skin 
disorders of these syndromes which are characterized by an 
acceleration of the aging phenotype are alopecia, skin atrophy 
and sclerosis, teleangiectasia, poikiloderma, thinning and gray-
ing of hair and several malignancies. Most of these syndromes 
are inherited in an autosomal recessive way and mostly display 
defects in DNA replication, recombination, repair, and transcrip-
tion. Expression gene patterns of skin cells derived from Werner 
patients,16 old and young donors show that 91% of the analyzed 
genes have similar expression changes in WS and in normal aging 
implying transcription alterations common to WS and normal 
aging represent general events in the aging process.

An assessment of mRNA levels in fibroblasts isolated from 
young, middle-aged, and elderly patients with progeria has 
sown that chromosomal pathologies may lead to misregulation 
of key structural, signaling, and metabolic genes associated with 
the aging phenotype.17 In addition, in humans evidence is pre-
sented that isolated growth-hormone (GH) deficiency (IGHD), 
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significantly more severe wrinkles in the lower halves of their 
faces compared with Chinese women.25 In particular, Caucasian 
females showed marked age-related wrinkle formation in the 
lower areas of the face, probably due to sagging in the subzy-
gomatic area, which suggests a higher susceptibility to sagging 
in the subzygomatic area of Caucasian females.25 For each facial 
skin area, wrinkle onset is delayed by about 10 y in Chinese 
women as compared with French women and is most between 
age 40 and 50.

In general increased pigmentary problems are seen in skin of 
color although one large study reported that East Asians living in 
the USA had the least pigment spots.24 Pigmented spot intensity 
is a much more important aging sign in Chinese women (severe 
for 30% of women over 40) than in French women (severe for 
less than 8% of women, irrespective of age).26 Induction of a 
hyperpigmentary response is thought to be through signal-
ing by the protease-activated receptor-2 which together with its 
activating protease is increased in the epidermis of subjects with 
skin of color.24 Changes in skin biophysical properties with age 
demonstrate that the more darkly pigmented subjects retaining 
younger skin properties compared with the more lightly pig-
mented groups.24 Melanosomes have found to be more numerous 

aging human skin and has been shown to correlate significantly 
with age only in males aged between 0–77 y (p < 0.0001; r = 
0.768).23 This has been also accompanied by a significant decline 
in NAD+ levels in males which could lead to cell death through 
reduced ATP production and activation of apoptosis.23 Overall, 
the data show that aging may be caused by different pathways 
and mechanisms in males and females.

Population-Specific Human Skin Aging

Among Europeans, Asians, Americans, even between countries 
and cities of one continent, exist different characteristics of skin 
and skin aging. Several clinical manifestations in scaling, uneven 
distribution of melanin pigment, wrinkling, sagging, sebaceous 
secretion have another prevalence, intensity and physiology. 
People of skin of color comprise the majority of the world’s popu-
lation and Asian subjects comprise more than half of the total 
population of the earth.

Caucasians have an earlier onset and greater skin wrinkling 
and sagging signs than other skin types.24 In a study, Chinese 
women had significantly more severe wrinkles in the area around 
the eyes compared with Japanese women, while Thai women had 

Figure 1. A comparison between male (A and C) and female (B and D) endogenous aged skin. Staining via hematoxylin eosin (A and B) and elastica 
staining (C and D), respectively, revealed that the dermis in the male is significantly thicker than in the female. in contrast, epidermis and subcutane-
ous tissue are significantly thicker in the female.
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different racial groups. In response to coal tar, Caucasians 
develop inflammatory lesions whereas subjects with Black skin 
open comedones develop. Thus, in subjects with white skin rup-
ture of the follicles occurs but in Negroid subjects hyperprolif-
eration and retention of horny cells occur.24 Interestingly, serum 
levels of insulin-like growth factor-1 (IGF-1) correlate with 
facial pore size and impairment of the perifollicular epidermal 
architecture where IGF-1 positive cells were more abundant.31

Skin changes influenced by age and the ethnic difference 
in the skin features at young and old age can have their basis 
in different organization of skin surface lipids. This has been 
partly investigated clinically.24,27 One has to remember that bar-
rier function relates to the total architecture of the stratum cor-
neum (SC) and not just its lipid levels. Asian skin is reported 
to possess a similar basal transepidermal water loss (TEWL) to 
Caucasian skin and similar ceramide levels but upon mechanical 
challenge it has the weakest barrier function SC.24 Nevertheless, 
several studies indicate that Asian skin maybe more sensitive to 
exogenous chemicals probably due to a thinner SC and higher 
eccrine gland density.24

Concluding Remarks

Research that can lead to novel intervention to extend the health 
span and improve quality of life at older age has the potential 
for enormous impact in an ever-aging society. Understanding 
the impact of genetics and elucidating the mechanisms of skin 
aging in both genders and in different populations is the first step 
toward the development of accurate diagnostic kits and effective 
strategies of prevention and treatment.
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in American and African Blacks and Australian aborigines. 
Melanosomes in these ethnic groups are also larger and indi-
vidually dispersed compared with those found in other racial 
groups.24 Variations in melanosome arrangement, together with 
the quantity and type of melanin present, are responsible for the 
differences in skin pigmentation. Variability in the structure of 
melanosomes in diverse ethnic skin types may also contribute to 
differences in tyrosinase activity.24 The number of melanocytes 
decreases with aging.

Scaling has been studied in a wide range of ages in different 
ethnicities. Caucasian subjects have a higher prevalence of des-
quamating skin, which increases with age.27 The range of values 
was larger in the dorsal forearm than the upper inner arm and 
was greater in Caucasian subjects than African-American sub-
jects. Another study has revealed that the hydration of the skin is 
influenced by ethnicity, suggesting anatomical or physiological 
property differences in ethnic skin. With age, the dryness of the 
skin is higher for African American and Caucasian women, with 
a higher percentage increase in Caucasian women.28

Investigations on the role of sebaceous secretion in aging and 
in the variability observed between different ethnicities are very 
limited. The dimension of facial pores can be interrelated with 
the activity of the sebaceous gland.29 Facial pore size and the 
architecture of the interfollicular epidermis differ between eth-
nic groups. Many endogenous and exogenous factors are known 
to cause enlarged pilosebaceous pores. Such factors include sex, 
genetic predisposition, aging, chronic UV light exposure, com-
edogenic xenobiotics, acne and seborrhea.29 Asian women show 
smaller pore areas compared with other racial groups.30 African 
Americans showed substantially more severe impairment of 
architecture around facial pores than any other racial group.30

The incidence of acne is similar across diverse racial groups 
but acne responses appear to show differences between the 
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