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Abstract

Increased life spans have created a need for
greater understanding of the diseases of old
age including the integumentary system — the
skin. The skin is the largest organ of the human
body and performs multiple functions’ includ-
ing homeostatic regulation; prevention of per-
cutaneous loss of fluid, electrolytes, and
proteins; temperature maintenance; sensory
perception; and immune surveillance. Aging
involves both internal aging processes and
external stressors to produce consistent
changes such as thinning, drying, wrinkling,
and uneven pigmentation. Understanding the
fundamental physiology of changes in the epi-
dermis, dermis, and hypodermis provides a
foundation for progress in understanding the
dermatological needs of those whose skin is
aging. Physiological changes in aged skin
include changes in biochemistry, permeability,
vascularization and thermoregulation,
response to irritants, immune response, repair
capacity and response to injury, and neurosen-
sory perception as well as changes at the
genome level. Although aging of the skin,
like other systems, is inevitable, research is
beginning to define ways to both delay and
minimize the troublesome effects of aging on
the skin.
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Introduction

Medical science, over the last two centuries, has
dramatically extended the human life span, more
than doubling the average global life expectancy
from about 25 (for both sexes) to 68 for men and
73 for women [1]. With that increase, however,
has come a pressing need for greater understand-
ing of the diseases of old age. Biological aging
consists of a variety of ongoing changes both
intrinsic to internal biological processes and pro-
duced by external factors acting on body pro-
cesses. These changes proceed, as the body ages,
in every organ system [2], including the integu-
mentary system — the skin.

The skin serves as the bulwark between the
body and the environment and is the largest
organ of the human body. As a sophisticated and
dynamic organ comprising 17 % of the body’s
weight, the skin primarily acts as the barrier
between the internal environment and the world
outside. It performs multiple functions beyond
simply acting as a barrier [3], including homeo-
static regulation; prevention of percutaneous loss
of fluid, electrolytes, and proteins; temperature
maintenance; sensory perception; and immune
surveillance [4].

As such (although incredibly durable), the skin
is subjected not only to internal aging processes
but also to various external stressors, which in
concert lead to distinct structural changes that
influence not only the skin’s appearance but also
its various physiological functions [5—7]. Natural
intrinsic aging appears as fine wrinkles, a gradual
thinning of the skin with a loss of the fatty tissue
that underlies it, and progressive drying of the
entire integument [8]. Aging caused by external
factors (primarily sunlight) typically produces
rough dry skin with coarse wrinkling, spider
veins, and irregularities of pigmentation [8].

Skin permeability is deranged in aged skin, as
is permeability, angiogenesis, lipid and sweat pro-
duction, immune function, and vitamin D synthe-
sis; these disturbances in skin function manifest
themselves as impaired wound healing, atrophy,
vulnerability to external stimuli, and development
of several benign and malignant diseases [9].

Distinguishing the precludable aspects of cuta-
neous aging (primarily hormonal and lifestyle
influences) from the inexorable (primarily intrin-
sic aging) is essential to preventing and treating
the ailments of the aging skin. As the population
ages, medical care of older skin must shift in focus
from cosmetic improvements to reducing morbid-
ity and mortality from the dermatological disor-
ders. This will improve the quality of life for the
growing population of elderly adults [10].

Aging involves both intrinsic and extrinsic
processes occurring in parallel [11]. Intrinsic
aging proceeds at different rates in all organisms
at a genetically determined pace. Intrinsic aging
has been long believed to be primarily related to a
buildup of reactive oxygen species (ROS) as a
by-product of cellular metabolism and by
ROS-induced damage to critical cellular compo-
nents like membranes, enzymes, and
deoxyribonucleic acid (DNA). Further evidence
suggests that intrinsic aging may actually result
from an intrinsic activation of signal transduction
pathways that trigger an over-activation of normal
cellular functions which appear to drive cellular
senescence. Cellular senescence, in turn, causes
the degenerative diseases associated with aging,
as well as age-associated increases in cancer
[2]. Skin cells become increasingly senescent as
they age [12], and the rate of cell proliferation in
the epidermis drops, which contributes to deteri-
oration of skin structure and function [13].

Extrinsic aging is accelerated aging
superimposed on the intrinsic aging that occurs
as a natural consequences of growing old, i.e.,
aging that occurs as a result of additional environ-
mental insult to the intrinsically aging skin.
Extrinsic aging, then, occurs from generally con-
trollable exposures such as smoking [14—17] or
solar radiation [18].

The effects of intrinsic and extrinsic aging
combine, as a human ages, to produce consistent
changes to the integumentary system. The skin
thins, dries, wrinkles, and becomes unevenly
pigmented [19]. A loss of subcutaneous fat, as
well as underlying bone and cartilage, manifests
as sagging skin and fallen nasal tips [20]. Chronic
dryness and itching are particularly prevalent; in



3 Degenerative Changes in Aging Skin

17

one study of healthy Japanese over 60 years of
age, 95 % suffered dry skin at least part of the year
[21]. Irritant contact dermatitis associated with
incontinence also rises among older adults [22,
23].

Skin complaints by older adults, particularly
women, are largely esthetic — plastic surgery has
become the fastest growing medical specialty [19]
—but aging of the skin also can produce significant
morbidity. In fact, most people over 65 have at
least one skin disorder, and many have two or
more [24]. Various inflammatory, infectious, and
vascular disorders become more common [25],
and the prevalence of cutaneous malignancy also
rises with age [25, 26].

Distinguishing the precludable aspects of
cutaneous aging (primarily hormonal and life-
style influences) from the inexorable (primarily
intrinsic aging) is essential to preventing and
treating the ailments of the aging skin. As the
population ages, medical care of older skin must
shift in focus from cosmetic improvements to
reducing morbidity and mortality from the der-
matological disorders. This will improve the

Fig. 1 Normal skin
structure showing layers of
epidermis, dermis, and
hypodermis

quality of life for the growing population of
elderly adults [10].

Structure and Function of Normal Skin

The skin is composed of three layers: epidermis,
dermis, and hypodermis (Fig. 1).

Epidermis

The outer layer of the skin, the epidermis, contains
primarily keratinocytes with smaller populations
of melanocytes and immune cells (primarily
Langerhans cells) [10]. Epidermal thickness,
which varies according to anatomic site and indi-
vidual, averages from 50 to 100 pm [27].

The epidermis is a dynamic system whose
structure and metabolism serve two principal
functions: to protect the skin from external insult
and maintain hydration of internal tissues
[28]. Both functions are accomplished primarily
by the outermost layer of the epidermis, the
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stratum corneum [29]. Epidermal keratinocytes
originate in a single layer of cells at the basement
membrane (the layer between the dermis and the
epidermis). Keratinocytes produced at this layer
then move upwards; as they ascend, they produce
the definitive skin cell protein, keratin, in addition
to a variety of lipids.

Keratinocytes also change shape and mature as
they move upward toward the skin surface. The
stratum corneum (SC), the surface layer of the
skin, is composed of the flattened cell bodies of
dead keratinocytes, now called corneocytes
[30]. This layer of dead keratinocytes averages
15 layers over most of the body but ranges widely
from as little as 3 layers in the very thin skin under
the eye [31] to more than 50 layers on the palms
and soles of the feet [32]. As a dynamic and
metabolically interactive tissue [29], the SC com-
prises about 60 % structural proteins, 20 % water,
and 20 % lipids [10, 33].

The corneocytes of the SC are covered by a
highly cross-linked and cornified envelope. The
extracellular lipid lamellae consist of ceramides,
long-chain free fatty acids, and cholesterol. The
ceramides strongly adhere to the cornified enve-
lope of the corneocytes, yielding a barrier mem-
brane which, in healthy adults, maintains the
water content of the viable portion of the epider-
mis at about 70 % [34]. The strength of the water
barrier also depends on its specific lipid composi-
tion [29] and relative proportions of cholesterol,
ceramides, and free fatty acids [10, 29]. These
intercellular lipids, as well as sebum, natural
moisturizing factor (NMF), organic acids, and
inorganic ions, impart the water-holding capacity
of the SC [30].

Several minor components also contribute to
maintaining skin hydration. Hyaluronic acid, a
major water-binding component of the dermis,
has been recently shown to play a role in the
barrier function and hydration of the SC
[35]. Glycerol, which acts as an endogenous
humectant, has been identified as another compo-
nent of the SC [36]. In addition, a water-
transporting  protein named  aquaporin-3,
expressed from the basal layer up as far as one
cell layer below the SC, acts to facilitate the
movement of water between the basal layer of

the epidermis and the SC in order to maintain a
constant level of hydration in the viable
epidermis [37].

The water content of the SC (about 20 %)
contrasts dramatically with that of the epidermis
(about 70 %), a sharp drop observable at the
juncture between the stratum granulosum
(SG) and the SC [34]. Protein aggregates called
tight junction structures, recently identified at the
corneo-epidermal junction, prevent water in the
epidermis from escaping into the stratum corneum
in addition to controlling paracellular
permeability [38].

When the barrier function and water-retaining
capacity of the SC are compromised [10], patho-
logic skin dryness can develop, at which point the
stratum corneum becomes less flexible and begins
to crack or fissure [28]. Skin is considered clini-
cally dry when moisture content of the stratum
corneum falls below 10 %. Skin dehydration and
cracking may facilitate entry of pathogenic
microbes [10].

Dermis

The dermis is a dense and irregular layer of con-
nective tissue, 2-3 mm in thickness, that com-
prises the most of the skin’s thickness (Fig. 1)
[39]. Dermal connective tissue contains elastin
and collagen; collagen fibers contribute most of
the mass of the skin and the bulk of its tensile
strength [39]; elastin fibers provide elasticity and
resilience [39]. The dermis also contains much of
the skin’s vasculature, its nerve fibers and sensory
receptors, and its primary water-holding compo-
nents, i.e., hyaluronic acid (responsible for normal
turgor of dermis because of its extraordinary
water-holding capacity) and supportive glycos-
aminoglycans [39]. The dermis also serves as the
underpinning of the epidermis, binding it to the
hypodermis [4].

Hypodermis

The hypodermis is a layer of loose connective
tissue below the dermis (Fig. 1), containing the
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larger blood vessels of the skin, subcutaneous fat
(for energy storage and cushioning), and areolar
connective tissue. The hypodermis provides cush-
ioning, insulation, and thermoregulation and sta-
bilizes the skin by connecting the dermis to the
internal organs (Fig. 1) [40].

Structural Changes in Aged Skin

Changes in the thickness and other characteristics
of the epidermis and dermis as skin ages are
detailed below (Fig. 2 and Table 1).

Skin Thickness

Skin thickness rises over the first 20 years of life
and then (even though the number of cell layers
remains stable) [41] begins to thin progressively
at a rate that accelerates with age [42]. This phe-
nomenon occurs in all layers of the skin. The
epidermis, specifically, decreases in thickness
with age [26] when unexposed epidermal skin
thins by up to 50 % between the ages of 30 and
80 [43]. Subsidence of epidermal thickness is

Dermis -

Younger

Subcutaneus

fat layer

Epidermis

most pronounced in exposed areas, such as the
face, neck, upper part of the chest, and the exten-
sor surface of the hands and forearms [44]. Over-
all, epidermal thickness decreases at about 6.4 %
per decade [42, 45], decreasing faster in women
than in men.

The loss of dermal collagen and elastin makes
up most of the reduction in total skin thickness in
aging adults: for example, in postmenopausal
women, a decrease in skin thickness of 1.13 %
per year parallels a 2 % decrease per year in
collagen content [46]. Dermal thickness decreases
at the same rate in both genders [28]. Dermal
thickness [42], vascularity, and cellularity also
decrease with age [20].

The hypodermis loses much of its fatty cushion
as humans age, while the basement membrane, a
very small fraction of the total skin thickness,
actually increases in thickness with age [47].

Changes in Composition of Aging Skin
Epidermis

As skin ages, epidermal cell numbers [48] and the
epidermal turnover rate decrease [40, 49]. With

Age spot

Fig. 2 Differences in skin structure between young and aged skin (With kind permission from Informa Healthcare —

Farage et al. [7])
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Table 1 Changes in the structure of aged skin

Observed effect of aging Reference
Lower lipid content [95]
Epidermis Dermoepidermal junction flattens [63]
Number of enzymatically active melanocytes decreases by 8-20 % per decade [27]
Number of Langerhans cells decreases [49]
Capacity for reepithelization diminishes [96]
Number of pores increases [97]
Dermis Thickness reduced (atrophy) [42]
Vascularity and cellularity decrease [20]
Collagen synthesis decreases [52]
Pacinian and Meissner’s corpuscles degenerate [52]
Structure of sweat glands becomes distorted, number of functional sweat glands decreases ~ [52]
Elastic fibers degrade [28]
Number of blood vessels decreases [20]
Number of nerve endings reduced [13]
Hypodermis  Distribution of subcutaneous fat changes [52]
Overall volume decreases [98]
Appendages  Hair loses normal pigments [52]
Hair thins [52]
Number of sweat glands decreases [52]
Nail plates become abnormal [52]
Sebum production reduced [97]

age, characteristic changes occur in each of the
cell types in the epidermis. Cells of the basal layer
become less uniform in size, although average
cellular size rises [50]. Keratinocytes change
shape as the skin ages, becoming shorter and fatter
[48]; corneocytes become bigger due to decreased
epidermal turnover [41, 51]. Enzymatically active
melanocytes decrease at a rate of 820 % per
decade, resulting in uneven pigmentation in
elderly skin [52]. Langerhans cells, like most
other epidermal cells, display more uniformity in
appearance and function [53]. The number of
Langerhans cells in the epidermis also decreases
with age, leading to impairment of cutaneous
immunity [52]. Langerhans cells that are pro-
duced have fewer dendrites and therefore
impaired antigen-trapping capability
[53]. Although the number of sebaceous glands
in the epidermis does not change, sebum produc-
tion decreases [52]; the evolutionary and biologic
significance of this remains unclear.

The water content of aged skin, particularly
that of the stratum corneum, is less than that of
younger skin [10, 26, 28]. Age-related changes in

the amino acid composition [28], in addition,
reduce the amount of cutaneous NMF, thereby
decreasing the skin’s water-binding capacity
[10]. The water content of the SC, particularly,
decreases progressively with age, eventually
dropping below the level necessary for effective
desquamation. This abrogation of desquamation
causes corneocytes to pile up and adhere to the
skin surface, thereby producing the rough, scaly,
and flaky skin that accompanies xerosis in
aged skin.

The integrity of the SC barrier is dependent on
an orderly arrangement of critical lipids
[36]. Total lipid content of the aged skin decreases
by as much as 65 % [48]. Ceramide levels, partic-
ularly ceramide 1 linoleate [54] and ceramide
3 [55], are significantly depleted in older skin.
Triglycerides are also reduced, as is the sterol
ester fraction of stratum corneum lipids
[26]. Although the levels of NMF in the SC are
higher in aged skin than in younger
(a consequence of the slower rate of epidermal
turnover in older individuals [30]), amino acid
levels are lower [30]. Corneocytes are fewer but
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much larger [30],
cohesiveness [56].

Because permeability does not appear to be
significantly increased in the skin of the aged
individual, under it has been generally assumed
that barrier function does not alter significantly
with aging [57]. Some differences in barrier
function parameters, however, have been noted:
baseline transepidermal water loss (TEWL), a
measure of the functional capacity of the stratum
corneum to maintain the moisture content of the
skin, however, is lower in older patients as com-
pared to younger [26, 58], an observation
believed to be due to the reduction of the water
content of aged skin (i.e., the elderly have less
water to lose) [58]. Recovery of baseline TEWL
values after occlusion is also impaired in older
skin [26].

It has been demonstrated, in addition, that the
permeability barrier of aged skin is also more
vulnerable to disruption. In a study which used
tape stripping to effect loss of barrier integrity,
adults over 80 required only 18 strippings as com-
pared to 31 strippings in young and middle-aged
adults. (Tape stripping is a common method of
abrogating the SC by removing one layer of skin
at a time by applying and then removing a strip of
tape.) Recovery of barrier function in the aged
subjects also differed dramatically [57]. Only
15 % of those older than 80 had recovered barrier
function at 24 h (as assessed by return to baseline
TEWL), compared to 50 % of the younger group
[57]. Attificially induced water gradients (such as
produced by occlusion) were shown to dissipate
more slowly in older skin than in younger, again
indicating reduced recovery capacity in aged
skin [59].

These findings reveal that aging may have a
profound impact on barrier integrity even though
barrier function appears normal. In the aged skin,
a significant disruption of functional capacity is
exposed when the epidermal permeability barrier
is under stress and barrier function is more easily
disturbed and less able to recover. Interestingly,
one study found that as skin dries as an inevitable
aspect of intrinsic aging, TEWL and the water
content of the stratum corneum drop in parallel,
while in pathological conditions, TEWL increases

with higher intercorneal

even though stratum corneum water content stays
low. In stripped skin, both values increase,
confirming a derangement of actual barrier func-
tion as skin ages [60].

The most widely observed structural change in
aged skin is a flattening of the dermoepidermal
junction, which occurs as a result of the decreas-
ing numbers and size of dermal papillae [61]. His-
tological studies reveal that the number of papillae
per unit of area decreases dramatically [62],
dropping from an average of 40 papillae/mm? in
young skin to 14 papillae/mm? in those aged over
65 [61]. The flattening of the dermoepidermal
junction, observed by about the sixth decade
[42], creates a thinner epidermis primarily
because of retraction of rete pegs [42], decreasing
the thickness of the dermoepidermal junction by
35 % [40, 63].

As a consequence of the reduced interdigita-
tion between dermis and epidermis and the flat-
tened dermoepidermal junction, the skin becomes
less resistant to shearing forces and more vulner-
able to insult [41]. Furthermore, flattening of the
dermoepidermal junction results in a smaller con-
tiguous surface between the two layers and
reduces communication between the dermis and
epidermis; consequently, the supply of nutrients
and oxygen to the epidermis diminishes [40,
61]. This flattening also may limit basal cell pro-
liferation and may affect percutaneous absorption
[42]. The flattening of the dermoepidermal junc-
tion may also contribute to wrinkle formation [41]
by increasing the potential for dermoepidermal
separation [40, 61].

Dermis

The three major extracellular components of the
dermis are collagen, elastin, and hyaluronic acid.
All three are depleted in older skin. Collagen
content decreases at about 2 % per year [46],
primarily because the production of matrix
metalloproteinases, which degrade collagen,
increases with age [64]. Degradation of dermal
collagen by matrix metalloproteinases impairs
the structural integrity of the dermis
[65]. Mechanical tension or stress on dermal
fibroblasts, created by a healthy collagen matrix,
is critical for the maintenance of a proper balance
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between the synthesis of collagen and the syn-
thesis  of  collagen-degrading  enzymes
[66]. Fibroblast collapse, due to the accumula-
tion of degraded collagen fibers that prohibit
construction of a healthy collagen matrix, causes
the ratio of collagen synthesis to collagen degra-
dation to become deranged in a self-perpetuating
cycle [65].

Aging is also associated with a decrease in
collagen turnover (due to a decrease in fibroblasts
and their collagen synthesis) [20]. The relative
proportions of collagen types are also disrupted
over the life span. The proportion of Type I colla-
gen to Type III collagen in young skin is approx-
imately 6:1, a ratio which drops significantly over
the life span as Type I collagen is selectively lost
[67], although some increase in collagen Type III
synthesis occurs as well [68].

In the aged dermis, collagen fibers become
thicker and collagen bundles more disorganized
than in younger skin [49]. Collagen cross-links
stabilize, reducing elasticity in aged skin. Func-
tional elastin also declines in the dermis with age,
as elastin becomes calcified in aged skin and
elastin fibers degrade [44]. Elastin turnover also
declines [20]. The amount of glycosaminoglycans
(GAGs), an important contributor to the structure
and water-holding capacity of the dermis, declines
with age [40, 61], as does the amount of
hyaluronic acid produced by fibroblasts [40, 61]
and the amount of interfibrillary ground sub-
stance, also a component of a healthy dermal
matrix [69].

The loss of structural integrity of the dermis
leads to increased rigidity, decreased torsion
extensibility [40, 49], and diminished elasticity
[28, 39], these properties eroding faster in
women than in men [28], with a concomitant
increase in vulnerability to shear force injuries
[40, 49]. The impact of these changes is dramatic:
for example, when skin is mechanically
depressed, recovery occurs in minutes in young
skin, but takes over 24 h in skin of aged individ-
uals [40, 49]. Perception of pressure and light
touch also decrease in aged skin as pacinian and
Meissner’s corpuscles degenerate. The number of
mast cells and fibroblasts in the dermis also
decreases [20].

Hypodermis

The overall volume of subcutaneous fat typically
diminishes with age, although the overall propor-
tion of subcutaneous fat throughout the body
increases until approximately age 70. Fat distribu-
tion changes as well; that in the face, hands, and
feet decreases, while a relative increase is observed
in the thighs, waist, and abdomen. The physiolog-
ical significance may be to increase thermoregula-
tory function by further insulating internal organs.

Physiological Changes

Physiological changes in aged skin include
changes in (i) biochemistry, (ii) neurosensory per-
ception, (iii) permeability, (iv) vascularization,
(v) response to injury, (vi) repair capacity, and
(vii) increased incidence of some skin diseases
as discussed below (Table 2).

Biochemical Changes

Vitamin D content of aged skin declines: synthesis
of this compound slows because the dermis and
epidermis lack its immediate biosynthetic precur-
sor (7-dehydrocholesterol), which limits forma-
tion of the final product [49].

The surface pH of normal adult skin averages
pH 5.5. This cutaneous acidity discourages bacte-
rial colonization; it also contributes to the skin’s
moisture barrier as amino acids, salts, and other
substances in the acid mantle absorb water
[62]. The pH of the skin is relatively constant
from childhood to approximately age 70 [42],
then rises significantly. This rise is especially pro-
nounced in lower limbs, possibly due to impaired
circulation [42].

Permeability

The penetration and transit of permeants through
the skin involves (i) absorption to the stratum
comeum; (ii) diffusion through the stratum
corneum, epidermis, and papillary dermis; and
(iii) the removal by microcirculation [26]. The
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Table 2 Changes in the function of aging skin
Function Change Reference
Barrier function Renewal time of stratum corneum increased by 50 % [49]
Baseline TEWL lower in elderly skin [57]
Sensory and pain perception Loss in sensitivity, especially after age 50 [41]
Increased itching [99]
Thermoregulation Decreased sweat production [52]
Response to injury Lower inflammatory response (erythema and edema) [41]
Decreased wound healing [49]
Reduced reepithelization [49]
Increased vulnerability to mechanical trauma [49]
Permeability Decreased percutaneous absorption [52]
Decreased sebum production [49]
Decreased vascularization [72]
Decreased chemical clearance [49]
Immune function Decreased number of circulating thymus-derived lymphocytes [41]
Decreased risk and intensity of delayed hypersensitivity reactions [77]
Miscellaneous Decreased vitamin D production [52]
Reduced elasticity [39]

TEWL transepidermal water loss

first two steps depend on the integrity and hydra-
tion of the stratum corneum, which in turn is a
function of the level and composition of intracel-
lular lipids [26]. The final step depends on the
integrity of the microcirculation [26].

Heightened interest exists in transdermal
administration of medications for long-term drug
delivery in chronic disease, as this results in fewer
side effects and promotes compliance. Conse-
quently, data on percutaneous drug absorption in
older adults have gained importance [31]. In gen-
eral, older adults seem to absorb topical substances
more slowly than younger subjects [70]. However,
studies on percutaneous absorption in the aged
have produced conflicting results. In people over
65, tetrachlorosalicylanilide was absorbed more
slowly, but ammonium hydroxide was absorbed
more rapidly than in younger adults [41]. Increased
permeability of aged skin to fluorescein and testos-
terone was observed in vitro [40, 49]. Absorption
of radiolabeled testosterone was demonstrated to
be three times that of younger subjects [31]. How-
ever, in a separate in vivo study, no difference
between estradiol and testosterone absorption was
observed in aged skin, while hydrocortisone and
benzoic acid were both absorbed far less readily in
aged skin as compared to younger [58].

These conflicting results may reflect com-
pound and body-site differences in the rates of
percutaneous absorption [31]. Epidermal penetra-
tion of a substance is strongly associated with its
hydrophobicity relative to the lipid content of the
skin: consequently, hydrophobic compounds pen-
etrate more readily in areas of the body that have
high percentage of skin lipids. For example, on
the face, where the weight percentage of skin
lipids is 12-15 %, hydrophobic compounds
(lipophiles) penetrate more readily than hydro-
philic ones, whereas on the soles of the feet,
where the weight percentage of skin lipids is
1-2 %, hydrophilic compounds penetrate more
readily than hydrophobic ones [40, 58].

Using topically applied radiolabeled pene-
trants, excretion of lipophilic compounds, testos-
terone, and estradiol was compared to excretion of
the more hydrophilic hydrocortisone and benzoic
acids. Percutaneous absorption was quantified
from urinary excretion profiles of radiolabel. No
difference in percutaneous absorption of testoster-
one and estradiol was noted between younger and
older skin, but absorption of both hydrocortisone
and benzoic acid were nearly doubled in younger
skin [31]. Because aged skin is drier and has a
lower lipid content than younger skin, it may be
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Table 3 Percutaneous absorption of testosterone, estradiol, hydrocortisone, and benzoic acid in young and elderly

people
Molecular Log K Aqueous
Compound weight® (O/W)* solubility
Testosterone 288.4 3.31 Insoluble
Estradiol 272.4 2.7 Almost
insoluble
Hydrocortisone ~ 362.5 1.93 0.28 g/L
Benzoic acid 122.1 1.87 34¢L

Source: Roskos 1986 [31]

Cumulative % dose excreted in 5 days

Young® Older® Elderly®

13.2 £ 3.0 10.6 £+ 5.7 152 + 84
n=17 n=238 n=717

10.6 + 4.9 11.5 £ 3.5 9.0+ 5.6
n=3 n==~6 n==~6

1.87 £ 1.6 0.67 + 0.58%** 0.86 + 0.5**
n=15 n=3_8 n=9

42.6 £ 16.5 27.5 £ 11.6%** 231 £ 7.0%**
n==6 n=2, n=29

**Significantly different from young control group (p < 0.01)
***Significantly different from young control group (p < 0.05)
*Values taken from the Merck Index; O/W = octanol-water partition

18-35 years
€65-75 years
dOver 75 years

less amenable to penetration by hydrophilic moi-
eties [31] (Table 3).

Vascularization and Thermoregulation

In older skin, capillaries and small blood vessels
regress and become more disorganized [41],
blood vessel density diminishes [42], and a 30 %
reduction in the number of venular cross sections
per unit area of the skin surface occurs in
nonexposed areas of the skin [41]. Capillaroscopy
measurements using fluorescein angiography and
native microscopy suggest a decrease in dermal
papillary loops, which house the capillary net-
work [42]. Although the pattern of blood flow
through individual capillaries remains unchanged
[26], the maximum level of blood flow diminishes
as functional capillary plexi are lost.

A significant time delay in autonomic vasocon-
striction in the aged (e.g., after postural changes,
cold arm challenge, inspiratory gasp, body
cooling) [26, 42] is well-documented; this phe-
nomenon is due primarily to declining function of
the autonomic nervous system [26].

Eccrine sweating is markedly impaired with
age. Spontaneous sweating in response to dry
heat was 70 % lower in healthy older subjects
compared to young controls, due primarily to

decreased output per gland [71]. Vascularity is
also lost. Cross sections of photodamaged skin
reveal a 35 % reduction in vascularity in the
papillary dermis of aged skin [72], as well as
reduced blood flow, depleted nutrient exchange,
dysfunctional thermoregulation, reduced skin sur-
face temperature, and increased skin pallor
[73]. Facial skin temperatures were lower in
aged subjects [41], and older people exhibited a
wider temperature difference between groin and
toes [41].

The elderly are predisposed to both hypother-
mia and heat stroke, as reduced eccrine sweating
rates, lower vasodilation or vasoconstriction of
dermal arterioles, and the loss of subcutaneous
fat impair thermoregulation [71].

Irritant Response

Inflammatory response to an exogenous agent
declines in people over 70 years old [26, 40,
58]. The inflammatory response is slower and
less intense, and some clinical signs of skin dam-
age are absent [26, 41] (Fig. 3 shows the lack of
skin response after patch testing with a known
irritant in an older person). Diagnosis of com-
mon dermatological problems becomes difficult,
and allergic sensitization tests may be
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Fig. 3 The inflammatory response is slower and less
intense in older people, and some clinical signs of skin
damage are visually absent when exposed to a known
irritant chemical through patch testing on the forearm

meaningless [41]. Sunburn response also is atten-
uated and delayed [41]. Fewer inflammatory cells
are seen in cantharidin blisters in older
subjects [41].

The manifestation of skin irritation is blunted.
Patch testing found less erythema, vesicles, pus-
tules, and wheals in aged skin, as well as a
decrease in TEWL [40, 58] in response to a
range of skin irritants, including toilet soap [41],
kerosene [41], dimethyl sulfoxide [DMSO], ethyl
nicotinate, chloroform-methanol, and lactic acid
[26], chemicals which elicit inflammation by
clearly different mechanisms [26]. In some
cases, the response is also delayed. Analysis of
changes in TEWL after sodium lauryl sulfate
(SLS) application to the skin confirmed that in
aged skin, the irritation reaction is slower and
less frequent in postmenopausal than in
premenopausal women [74]. Moreover, although
blistering caused by ammonium hydroxide expo-
sure is elicited more rapidly in older people, the
time required to attain a full response is much
longer than in younger ones [26].

The characteristics of the irritant response may
be compound dependent in ways specific to older
skin, as chemical irritants induce their effects
through different mechanisms. SLS as well as
nonanoic acid disrupted keratinocyte metabolism
and differentiation, while dithranol induced
marked swelling of keratinocytes in the upper
epidermis [40, 58]. In a study of croton oil,
thymoquinone, and crotonaldehyde on older

skin, decreased responsiveness was observed
only to croton oil [26, 75].

Immune Response

The immune response of aged skin is generally
diminished. Numbers of Langerhans cells in the
epidermis decrease by about 50 % between the
age of 25 and the age of 70 [49]. The total number
of circulating lymphocytes decreases, as does the
number of T-cells [40, 49] and B-cells [40, 49],
both of which lose functional capacity with
age [76].

Delayed hypersensitivity reactions decrease
with age: numerous reports have demonstrated a
decrease in the capacity for allergic response
[40, 49, 77]. For example, healthy older subjects
did not develop sensitivity to some known sen-
sitizers and exhibited a lower frequency of
positive reactions to standard test antigens com-
pared to young adult controls [40, 49]. The fre-
quency of IgE-mediated, positive prick tests to
common allergens declined with age: peak reac-
tivity was observed among people in their
twenties, with 52 % of subjects reacting to at
least one test allergen; positive response rates
dropped steadily with age, declining to 16 %
frequency among subjects older than 75
years [26]. Levels of circulating autoantibodies
increase with age; this occurs in parallel with a
decrease in useful antibodies as the aged indi-
vidual’s existing immunity to specific allergens
erodes [40, 49].

Regenerative Capacity and Response
to Injury

In healthy skin, about one layer of corneocytes
desquamates every day, so that the whole stratum
corneum replaces itself about every 2 weeks
[30]. In contrast, elderly stratum corneum may
take twice as long [78]. Repair of an impaired
barrier requires the presence of the three main
lipids in appropriate proportions [79] as well as
stratum corneum turnover, both of which are
suboptimal in older subjects.
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Injury repair diminishes with age. Wound
healing events begin later and proceed more
slowly. For example, a wound area of 40 cm?,
which in 20-year old subjects took 40 days to
heal, required almost twice as long — 76 days —
in those over 80 [40, 49]. The risk of postoperative
wound reopening increased 600 % in people in
their mid-80s compared to those in their mid-30s
[40, 49]. The tensile strength of healing wounds
decreased after the age of 70 [40, 49]. Repair
processes like collagen remodeling, cellular pro-
liferation, and wound metabolism are all delayed
in the aged [40, 49]. The rate at which fibroblasts
initiated migration in vitro following wound initi-
ation was closely related to the age of the cell lines
[40, 49, 80].

Barrier function requires twice as long to
restore in the aged as compared to younger con-
trols [81]; stratum corneum renewal times were
much longer in the aged (about 30 days compared
to 20 days in normal skin) [81]. Reepithelialization
of the stratum corneum after blistering is also
diminished [81], being twice as long for people
over 75 than for those aged 25 [40, 49]. The
production of messenger ribonucleic acid
(mRNA) and interleukin-1 (IL-1) protein is also
decreased in the aged, contributing to sluggish
barrier recovery [82].

Neurosensory Perception

Itching is reported more frequently by older
adults. However, pain perception declines, and
pain perception is delayed after age 50 [41]. Con-
sequently, the risk of tissue injury rises, as the
most obvious warning signals — pain, erythema,
and edema — appear more slowly [41]. This,
coupled with longer wound repair times, results
in higher morbidity in the aged.

Changes at the Genome Level

Aging brings profound changes in phenotype (the
outward appearance) without changing the funda-
mental genetic sequence encoded by an individ-
ual’s DNA. It is now known that many of the

deleterious changes in skin have their origin in
changes to DNA that do not affect the genetic
sequence known as epigenetic changes. Epige-
netic changes consist of modifications to the
DNA packaging and translation into proteins by
either covalent modification of histones or meth-
ylation of cytosine residues in DNA that changes
phenotype, thus acting a kind of arbitrator
between the environment and genome. DNA in
the aged shows tissue-specific hypermethylation
which may be causative in the phenotypic
changes associated with aging [83]. MicroRNAs,
also recently recognized as a regulator of gene
expression, are also believed to play key roles in
integumentary processes [84].

The hormonal milieu of the body also has
dramatic effects on the skin dependent on the
gender of its owner and the sequential hormone
changes (i.e., growth hormones, sex-related hor-
mones) to which it is exposed as its owner
ages [85].

Falls in hormone levels late in life are associ-
ated with skin changes and skin cancer [86].

Aging Skin: Mitigating the Damage

Although aging of the skin, like other systems, is
inevitable, research is beginning to define ways
to both delay and minimize the troublesome
effects of aging on the skin. The impact of vari-
ous dietary exposures, for example, is the focus
of much current research. One study found that
sugar consumption (both fructose and glucose)
links amino acids in collagen and elastin in the
dermis, producing advanced glycation end prod-
ucts (AGES) which produce a cross-linking of
collagen fibers that blocks repair. Elevated levels
of'blood sugar have been shown to accelerate this
cross-linking in all body tissues when skin is
exposed to ultraviolet light [87]. Analyses have
shown that many fruits and vegetables contain
antioxidant components like carotenoids, flavo-
noids, vitamins, and minerals that provide natu-
ral antiaging benefits. Antioxidants like
phytoestrogens, omega-3 fatty acids, and
co-enzyme Q have proven ability to regulate the
processes of aging [88].
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Excessive exposure to ultraviolet light, known
to activate reactive oxygen species that damage
DNA and other cellular components resulting in
numerous undesirable changes to the skin, should
be avoided or protected against (with an aware-
ness that not only ultraviolet (UV)B but UVA rays
are now known to cause those changes: sunburn,
pigmentation changes, thickening of the skin, and
skin cancer) [89]. Interestingly, the body’s own
mechanisms for ameliorating UV damage are still
being uncovered. It was recently shown that
11,14,17-eicosatrienoic acid (ETA) which is sig-
nificantly increased in photoaged human skin
in vivo as well as acutely UV-irradiated human
skin in vitro was found to be significantly
decreased in intrinsically aged human skin. ETA
inhibits matrix metalloproteinase (MMP) expres-
sion after UV irradiation, which may be
photoprotective [90]. Interestingly, however,
sunbathing’s role in its most infamous conse-
quence, melanoma, is now being reevaluated,
with blame shifting to early genetic processes
rather than later environmental exposures, eluci-
dating how urgent the need for greater fundamen-
tal understanding of the skin’s biology [91].

Pollution (more specifically the airborne parti-
cles that comprise it, primarily from auto exhaust)
is an increasingly recognized contributor to skin
problems. Pollution has been strongly correlated
to the degenerative processes of skin aging, par-

and lipids in the skin makes the skin itchy and
increasingly uncomfortable. The decrease in the
skin’s ability to repair itself slows wound repair
and reepithelization dramatically and increases
the risk of surgical dehiscence.

Understanding the fundamental physiology of
the skin provides a foundation for progress in
understanding the dermatological needs of those
whose skin is aging. Further research will drive
better ability to evaluate risk of exposures and
provide optimal nutritional foundation for healthy
aging skin and medications or ointments that
block or even reverse negative epigenetic
changes. As the proportion of older adults in the
industrialized world increases, the dermatology of
aging skin emerges as a focus for research. Fur-
thermore, skin aging becomes increasingly of
interest due to a growing awareness that the skin
is a window into the overall health of the aging
individual, predictive and/or revelatory of internal
systemic disease in multiple organ systems
[94]. Understanding and learning to care for the
problems of aged skin will improve the quality of
life in twilight years, as well as facilitate better
therapies for dermatological diseases over the
life span.
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