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GENERAL PURPOSE: To provide information about changes associated with aging skin and the implications for wound care practitioners.
TARGET AUDIENCE: This continuing education activity is intended for physicians, physician assistants, nurse practitioners, and nurses
with an interest in skin and wound care.
LEARNING OBJECTIVES/OUTCOMES: After participating in this educational activity, the participant should be better able to:
1. Describe proposed biologic theories of aging and the biology of aging skin.
2. Discuss the clinical consequences of aging skin and the implications for wound care practitioners.

INTRODUCTION

ABSTRACT Aging is a complex phenomenon manifested by
macromolecular damage, adverse changes to the genome,
blunted immunologic function, alterations in body
composition, and decreased adaptation to stress.
Understanding the changes that skin undergoes with age is
essential for wound care practitioners. Accordingly, this
article will introduce the reader to theories of aging, the
biologic changes associated with aging skin, and clinical
considerations for the wound care practitioner, including the
concepts of skin failure, Skin Changes At Life’s End, and
frailty.
KEYWORDS: aging, frailty, photoaging, skin,
Skin Changes At Life’s End, skin failure, wound care

Aging is a complex phenomenon manifested by macromolecular damage, adverse changes to the genome,
blunted immunologic function, alterations in body composition, and decreased adaptation to stress.1 The skin is
the most visible organ of the body and undergoes numerous changes with age that have important physiologic consequences.2 Aging skin is visually apparent in
wrinkling, hair graying and loss, and pigmented age
spots (Figure 1). A critical question is how aging skin intersects with disease states, leading to skin failure and
impaired wound healing.3
The US is undergoing profound demographic change
with a rapidly aging population. About 75 million people will join the ranks of the older population during
the next 20 years.4 This has major implications for
healthcare delivery, particularly because of the shift from
acute to chronic illnesses that accompanies old age.5 Because many nonhealing wounds are the consequence of
functional changes and diseases that accompany aging,
it is important that practitioners are equipped to meet
this healthcare challenge.6
This article introduces the reader to changes associated with aging skin, as well as clinical considerations
for the wound care practitioner. It also explores the
theoretical relationship among skin failure, Skin Changes
At Life’s End (SCALE), and frailty, which are components of the aging process.7 Finally, these concepts are
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Figure 1. AGING SKIN

the radical without forming another.10 Because of this biochemical reaction, antioxidants are credited with delaying
the effects of aging.

The hand on the right belongs to a 28-year-old medical resident. The hand on
the left belongs to a woman who is 92 years old and spent much of her life in
a Mediterranean country with extensive sun exposure, who therefore has
signs of both intrinsic and extrinsic aging (photoaging). Her skin exhibits thinning, loss of appendages, loss of hydration and elasticity, dryness, age spots,
deep wrinkles, and loss of subcutaneous fat.

Telomere Shortening
Telomeres are repetitive sequences of DNA located at
the ends of each chromosome that do not encode any
gene products. They protect the chromosomes from
fraying and sticking to each other, which could scramble
the genetic information. Telomeres therefore have a stabilizing function for the genome. However, telomeres
shorten with each round of cell division and are also
affected by UV exposure.11 Telomere length is inversely
proportional to cell age, which supports the theory that
the shortening process contributes to aging and causes
cells to enter a senescent, nonreplicating state.

Inflammaging
A major source of inflammatory stimuli includes misplaced
or altered molecules and debris resulting from damaged or
dying cells.12 On a molecular level, this is manifested by secretion of proinflammatory cytokines that dysregulate the immune response (immunosenescence). The result is a state of
low-grade inflammation, or “inflammaging.” This is a process that fuels the onset or progression of chronic disease
and accelerates or propagates the aging process. Many experts believe that inflammaging is a common link between
aging and age-related diseases.13

Photo courtesy of J. M. Levine, MD.

illustrated with a short case report. The goal is to unite
known aspects of aging skin with common clinical observations from the bedside.

THEORIES OF AGING
The Stem Cell Hypothesis

There are several proposed biologic theories of aging.
These are neither competing nor mutually exclusive
and likely take place simultaneously in terms of their impact upon cellular and organ function.8 The following is
a brief introduction to selected theories of aging.

The stem cell is an undifferentiated cell capable of selfrenewal and differentiation into multiple lines of mature
cell types.14 They maintain homeostasis by replenishing
depleted reserves of differentiated cells in a variety of tissues and are a critical source of renewal for naturally dying cells. Stem cells are also involved in wound healing,
including re-endothelialization and neovascularization.15
The stem cell hypothesis states that aging results from the
depletion or failed differentiation of stem cells attributed
to injury, illness, environmental challenge, or aberrant
gene expression.16

Free Radical Theory and Mitochondrial DNA Damage
Mitochondria are organelles within cells that are responsible for respiration, which promotes energy production
using oxygen and simple sugars to produce adenosine
triphosphate. Mitochondrial DNA is in close proximity
to the location where reactive oxygen species (ROS) are
produced, and this type of DNA has limited protection
and cannot repair itself.9 Reactive oxygen species are
natural byproducts of cellular metabolism that cause
damage to mitochondrial DNA, leading to mutations
with a further increase of ROS and accumulation of free
radicals such as superoxide and nitric oxide that result
in apoptosis.
Free radicals are atoms or molecules containing unpaired electrons that initiate a damaging chain reaction
resulting in DNA crosslinking that leads to aging and
may contribute to cancer genesis. Antioxidants such as
ascorbic acid are presumed to be helpful in mitigating
this reaction because they donate electrons, neutralizing
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INTRINSIC AND EXTRINSIC SKIN AGING
Intrinsic or endogenous aging refers to genetically dependent changes in the aging process, whereas extrinsic
or exogenous aging refers to environmental influences.2
It is sometimes difficult to separate intrinsic from extrinsic factors because of diet and lifestyle factors, but there
are profound genetic and ethnic differences in the body’s
response to both.17
Intrinsic aging is dependent on cellular aging, telomere
shortening, mitochondrial DNA mutations, oxidative stress,
and changes in hormone levels. Intrinsic aging impacts multiple macromolecules that make up cells and tissues.
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Figure 3. MALIGNANCY ASSOCIATED WITH SUN
EXPOSURE

Collagen, a major component of the extracellular matrix
of the dermis, becomes fragmented and coarsely distributed.18 Collagen deterioration and reduction lead to impaired fibroblast function and further decrease of
dermal collagen.19 Other components of the extracellular matrix also are altered by aging, including elastic
fibers, glycosaminoglycans, and proteoglycans.19
Extrinsic aging arises primarily from UV light exposure (photoaging) and biologic reactions to exogenous
substances such as cigarette smoke and organic compounds in air pollution.20 The biologic effect of UV radiation is based on light absorption; the conversion of
energy into chemical reactions results in skin aging and
carcinogenesis. There are two types of UV radiation: UVB
is mainly absorbed in the epidermis, whereas UVA penetrates deeper, generating ROS that damage lipids, proteins,
and DNA. Darker skin tones with increased melanocytes
are protective against the deleterious effects of UV radiation.21 An example of sun-damaged skin in an exposed
area is presented in Figure 2.
Extrinsic aging also is triggered by substances that induce xenobiotic metabolism such as cigarette smoke,
traffic-related pollutants, and industrial effluents.22
Xenobiotic metabolism is the set of metabolic pathways
that modify the chemical structure of compounds foreign to the organism’s normal biochemistry. Cigarette
smoke contains a variety of toxicologically significant
chemicals and is a known cause of premature skin aging.
Persons who smoke have deeper wrinkles than nonsmokers,
and as with UVexposure, cigarette smoke induces the expression of harmful matrix metalloproteases.23

This man has a malignancy known as lentigo maligna melanoma that typically occurs in sun-exposed areas.

Photo courtesy of J. Levitt, MD, Department of Dermatology, Icahn School of Medicine at Mount Sinai.

Air pollution is composed of organic and inorganic
substances that include ozone, particulate matter, sulfur
dioxide, carbon monoxide, nitrogen oxide and dioxide,
heavy metals such as cadmium and lead, and others.24
Exogenous toxins in air pollution cause premature skin
aging through several mechanisms including free radical
generation, inflammatory cascade induction, skin barrier disruption, hydrocarbon receptor activation, and microbiome
alteration.20 Skin on persons living in highly polluted cities
is subject to higher oxidative stress and has higher lactic acid
content and lower hydration level when compared with
those living in less polluted areas.25

Figure 2. SUN-DAMAGED SKIN (PHOTOAGING)
This back of this man’s neck has been chronically sun exposed, resulting in a
condition that dermatologists call cutis rhomboidalis nuchae. Note the deep
crisscrossed wrinkles.

THE BIOLOGY OF AGING SKIN
There are numerous biologic changes in aging skin that
impair its adaptive and homeostatic capacity, as well as
its response to mechanical and physiologic stress such
as hypoxia and hypoperfusion.26 These changes lead to
an increased susceptibility to internal and external
stresses that result in acute and chronic skin failure and
impaired wound healing. Sun exposure leads to DNA
damage that can lead to malignancy. An example of malignancy associated with sun exposure is presented in
Figure 3. The cutaneous functions that decline with age
are presented in Table 1.
A schematic diagram of age-related histologic changes
is presented in Figure 4. In the epidermis, there is reduced keratinocyte proliferation and turnover time and
atrophy of the stratum spinosum, and surface pH is less
acidic.2 Epidermal turnover is 50% lower in octogenarians
than in persons younger than 60 years.2 Desquamation

Photo courtesy of J. Levitt, MD, Department of Dermatology, Icahn School of Medicine at Mount Sinai.
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and arrector pili muscles. Impaired thermoregulation results from loss of subcutaneous fat along with decreased
autonomic nerves from the sympathetic nervous system
and decreased dermal vascularity. The loss of sweat glands
also contributes to impaired thermoregulation as well as a
decreased ability to manage water balance in response to
antidiuretic hormone. The number, growth rate, and diameter of hair follicles decline with aging.27
With aging comes a reduction in microvascular reactivity and vascular dysregulation. Blood flow to the skin
is reduced by 40% between the ages of 20 and 70 years.28
Aging has a direct effect on microcirculation, including
arterioles, capillaries, and venules, with effects that are
both anatomic and physiologic. Arterioles are a major
component of the microvasculature that contain endothelial smooth muscle that contracts (vasoconstriction)
or relaxes (vasodilatation) to regulate blood flow and
systemic BP. Atherosclerotic arteries become stiff, and
there is decreased blood vessel density with increased
vascular disorganization.28

Table 1. CUTANEOUS FUNCTIONS THAT DECLINE
WITH AGE
• Barrier function
• Cutaneous immune response
• Cellular replacement
• Injury response
• Dermal clearance
• Vascular response
• Sebum production
• Sweat production
• Thermoregulation
• Sensory perception
• Vitamin D production
Reprinted from Fenske and Lober33 with permission from Elsevier.

is less effective, and lipid biosynthesis in the stratum
corneum is impaired. Fewer melanocytes exist to protect
from UV radiation, and fewer Langerhans cells are available to process microbial antigens and present them to
other immune system cells. This is accompanied by altered T- and B-cell function and a proinflammatory environment referred to as inflammaging (see the section on
THEORIES OF AGING).13 Further, the dermal-epidermal
junction is flattened; the effacement of the rete ridges leads
to decreased contact between dermis and epidermis, predisposing the skin to separation along this interface.26
The dermis becomes atrophic with reduced fibroblasts
and mast cells, and collagen becomes disorganized, with
an accompanying change in synthesis from type I to
type III. For example, collagen synthesis declines by
30% in the first 4 years of menopause and then by 2% annually.23 There is decreased elastin synthesis, and elastic
tissue degrades. Decreased mechanoreceptors including
Meissner and Pacini corpuscles result in a diminished
sensation to touch, pressure, and vibration.
The number and function of skin appendages such as
pilosebaceous units and sweat glands also decrease with
age. Pilosebaceous units include hairs, sebaceous glands,

CLINICAL CONSEQUENCES OF AGING SKIN
Aging is associated with progressive loss of functional
reserve of all organs, including skin. Under normal conditions, the physiologic compensation for age-related
deficits is sufficient, but during times of stress, the lack
of physiologic reserve becomes evident. This is further
impacted by acute and chronic comorbidities. Many
older individuals develop the clinical syndrome of frailty
(discussed later). The result of age-related changes and
superimposed comorbidities is increased vulnerability
to mechanical stress with a predisposition to skin failure
and impaired wound healing.29,30 Some authors have
used the term “dermatoporosis” to encompass chronic
cutaneous insufficiencies associated with aging.31 An example of skin fragility with age is presented in Figure 5.

Figure 5. FRAGILE, AGED SKIN
This 93-year-old woman has been bumping into objects at home and shows
multiple abrasions and hematomas of both lower extremities. Her medical
history includes venous stasis disease.

Figure 4. HISTOLOGIC CHANGES IN AGING SKIN

© J. M. Levine, MD, 2019.
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Human skin, because of its complex multilayered structure, exhibits a range of effects resulting from mechanical
deformation in both macrostructures and microstructures.36 Experimental studies demonstrate that sustained
deformations inflict cellular and tissue damage that results in skin ulceration.37 It is postulated that tissue distortion leads to the loss of cellular cytoskeletal integrity,
providing for the transport of abnormalities through the
plasma membrane, resulting in a loss of homeostasis,
apoptosis, inflammation, edema, and damage spread.37
This theory may account for the deleterious effect of
shear forces, which are considered a major risk factor
for pressure injury.
In recent years, there has been extensive discussion on
whether pressure injuries are always avoidable and
whether some ulcers are associated with the dying process, also known as terminal ulceration.38,39 There is a
need for a cohesive theory that unites aging and altered
physiology with unavoidable pressure injuries and impaired wound healing, and this is accomplished with
recognition of skin failure.29,38,40 Like any other organ,
skin can fail, and failure can be acute or chronic.41 Skin
failure is a topic that engenders controversy because it

The process of wound healing occurs in overlapping phases that include inflammation, proliferation,
angiogenesis, epidermal restoration, and wound contraction and remodeling.32 Wound healing is prolonged
in older individuals, with increased rates of postoperative
wound disruption and dehiscence.33 There is decreased
tensile strength of healing wounds in persons older than
70 years, and the rate of skin fibroblast migration slows
with age.34 The age-associated reduction in healing
ability in conjunction with senescence of the immune
system results in increased risk of secondary infection
in older patients.35
Surprisingly, little is known about the biologic mechanisms by which aging impacts wound healing.30 The
multifactorial pathogenesis and heterogeneity of chronic
wounds have made it challenging to identify predictive
and diagnostic biomarkers of wound healing.30 Adding
to the challenge is the diversity of the aging population;
multiple comorbid conditions impair wound healing in
addition to the aforementioned intrinsic and extrinsic
factors. Mechanical factors and disease states that may
impact skin integrity and promote skin failure are listed
in Table 2.

Table 2. FACTORS BEYOND AGING THAT MAY IMPACT SKIN INTEGRITY
Tissue deformation
Hypotension
Hypoxia
Anemia
Hypoalbuminemia
Congestive heart failure
Moisture-associated skin damage
Fungal infection
Nutritional disorders: malnutrition and
obesity
Frailty
Systemic inflammatory response
syndrome (SIRS)
Metastatic cancer
Atherosclerotic disease
Diabetic microvascular disease
Edema
Multiple organ dysfunction syndrome

Causes cellular cytoskeletal distortion that leads to plasma membrane defects leading to cell death
Decreases perfusion in skin depriving it of oxygen and nutrients
Cells are dependent upon oxygen and will die in states of inadequate oxygen delivery
Low blood count will decrease the amount of oxygen available for cellular survival
Causes fluid leakage into extravascular space (edema), which inhibits oxygen and nutrients delivery to cells
Promotes states of decreased perfusion that decreases delivery of oxygen and nutrients to cells
Causes maceration, inflammation, and edema that result in increased vulnerability of skin
Causes inflammation and local edema that results in increased vulnerability of skin
Malnutrition alters skin structure with thinning and loss of adipose tissue and leads to hypoalbuminemia and
edema. Obesity leads to an array of metabolic disorders and increased susceptibility to immobility
A chronic, progressive condition, which is a final common physiologic pathway in older adults that accelerates
vulnerability to adverse health outcomes including pressure injuries
This is the complex pathophysiologic response to an insult such as infection, trauma, burns, and other injuries.
Through multiple mechanisms including endothelial damage and hypoalbuminemia with edema, SIRS can cause
decreased ability of the skin to respond to mechanical stress
The combination of immobility, pain, debility, and nutritional depletion can lead to altered skin structure with
increased susceptibility to mechanical stressors
Atherosclerotic disease of major arteries leading to the lower extremities impairs circulation to the lower
extremities, causing decreased delivery of oxygen and nutrients
Diabetes mellitus, particularly when longstanding and uncontrolled, causes changes in skin that result in in
impaired perfusion, barrier function, and response to infection
Fluid in the interstitial space interferes with delivery of oxygen and nutrients to cells and tissues and increases
vulnerability of skin
This is the derangement of two or more organs arising in the wake of potentially life-threatening physiologic insult
that results in SIRS, hypoalbuminemia, and other consequences such as lower stress tolerance
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Figure 7. PATIENT BUTTOCKS ON DAY 15
OF HOSPITALIZATION

Table 3. SKIN FAILURE CLASSIFICATIONS AND
DEFINITIONS29,40
Acute skin failure

Chronic skin failure

The state in which tissue tolerance is so
compromised that cells can no longer survive
in zones of physiologic impairment such as
hypoxia, local mechanical stresses, impaired
delivery of nutrients, and buildup of toxic
metabolic byproducts
Disruptions in skin integrity that fail to heal
in a normal sequential manner to regain
structure and function

overlaps with critical concepts of unavoidability and terminal ulceration and does not yet have a universally recognized definition.38 This article uses the following
definition, which builds upon the definition originally
provided by Langemo et al:29,41 “Skin failure is the state
in which tissue tolerance is so compromised that cells can
no longer survive in zones of physiologic impairment such
as hypoxia, local mechanical stresses, impaired delivery of
nutrients, and buildup of toxic metabolic byproducts.”40
Most experts agree that skin failure is a true clinical
syndrome that can be acute or chronic, although disagreements exist on precise definitions.38,41 A proposed
conceptual schema of acute and chronic skin failure is
presented in Table 3. According to this model, acute skin
failure results from the compromise of physical structure
of aging skin including deficits in microcirculation with
impaired delivery of oxygen and nutrients and removal
of waste products.29 These deficits also give rise to delayed
or absent wound healing, which can be characterized as
chronic skin failure, because tissues cannot undergo the
normal sequence of regeneration.38,41 A clinical example
of acute skin failure is presented here.

included morbid obesity, obstructive sleep apnea, type 2
diabetes mellitus, chronic kidney disease, anemia, and
inability to ambulate because of spinal stenosis. Laboratory values included hemoglobin 9.5 g/dL, white blood
cell count 12.6 µL, glucose 305 mg/dL, blood urea nitrogen
42 mg/dL, creatinine 3.0 mg/dL, and albumin 2.8 g/dL.
He was diagnosed with pneumonia, septic shock, and
hypoxia and required intubation, ventilator support,
and pressor agents.
He was maintained on a bariatric low air-loss mattress, but desaturation prohibited turning. Ventilation
and feeding via nasogastric tube required head-of-bed
elevation at 45 degrees. Figure 6 shows his buttocks on
day 8, and Figure 7 shows the same view on day 15, illustrating progressive skin failure with tissue infarction.
His clinical condition and respiratory status improved,
and he was extubated, but his wound required debridement and negative-pressure wound therapy. After a
28-day admission, he was returned to the subacute facility.

CASE REPORT

FRAILTY AND SCALE: A FINAL COMMON PATHWAY

A 66-year-old resident of a subacute facility was transferred to the hospital for shortness of breath. His history

In recent years, the concept of frailty in older adults has
become widely accepted in the geriatric literature and
may have relevance to the development of skin failure
in its overlap with SCALE.42 Published in 2008, SCALE
is a set of consensus statements regarding tissue breakdown at the end of life that emerged from a group of international opinion leaders.7 In contrast, frailty is a
chronic and progressive clinical syndrome with no universally agreed-upon set of diagnostic criteria.42 However,
experts concur that this clinical syndrome includes features such as sarcopenia or decreased muscle mass,
slowed motor performance, decreased strength, physical activity and exercise tolerance, decreased metabolic
rate, and inadequate nutrition intake.43 An examination
of both SCALE and frailty reveals similarities that provide a common conceptual link between these two
concepts (Table 4).

Photo courtesy of J. M. Levine, MD.

Figure 6. PATIENT BUTTOCKS ON DAY 8 OF
HOSPITALIZATION

Photo courtesy of J. M. Levine, MD.
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blood. Regenerative therapies on the horizon include
stem cells that secrete paracrine factors or proteins that
diffuse into neighboring cells to modify the aging effects
of a variety of macromolecules such as collagen, elastin,
and glycosaminoglycans.46
Many patients opt for surgery to recover the appearance of youth, including procedures such as facelifts.
There are numerous variations with a trend toward limited procedures with smaller incisions, supplemented by
nonsurgical strategies, particularly in older patients.47
Cosmetic surgery and most other aesthetic procedures
are costly and generally not covered by insurance. Ultimately, despite the scope and cost of antiaging strategies, the basic pathophysiology of aging is not altered.

Table 4. COMMONALITIES BETWEEN FRAILTY
AND SCALE AS REFLECTED IN SCALE CONSENSUS
STATEMENT 67
Risk factors, symptoms, and signs associated with SCALE have not been
fully elucidated, but may include
• Weakness and progressive limitation of mobility;
• Suboptimal nutrition, including loss of appetite, weight loss, cachexia
and wasting, low serum albumin/prealbumin level, and low hemoglobin,
as well as dehydration;
• Diminished tissue perfusion, impaired skin oxygenation, decreased
local skin temperature, mottled discoloration, and skin necrosis;
• Loss of skin integrity from any of a number of factors, including
equipment or devices, incontinence, chemical irritants, chronic exposure
to body fluids, skin tears, pressure, shear, friction, and infections; and
• Impaired immune function.

CONCLUSIONS
The skin is an organ that changes profoundly over a lifetime, becoming progressively compromised in numerous
ways, even as medical technology and improvements in
public health have endowed us with an extended life
span and prolonged the trajectory of old age.48,49 The
growth of the aging population has altered the epidemiology of chronic wounds, leading to the increased importance of wound care as an interdisciplinary specialty.50
Understanding the changes that skin undergoes with
age is essential for wound care practitioners. The knowledge of molecular, cellular, and physiologic components
of skin aging will facilitate better understanding of the biology of wounds and assist in improved treatment decisions.

Frailty is considered a common pathway of physiologic alterations that result in decreased ability to respond to stressors such as hospitalizations, illness, and
environmental extremes, a phenomenon aptly named
homeostenosis.42 Research has demonstrated that patients
who are frail are at higher risk of mortality and multiple
adverse outcomes including pressure injuries.44 The similarities between SCALE and frailty lend support for the
occurrence of skin failure as an unavoidable adverse outcome in this subset of the aging population.

ANTIAGING STRATEGIES
The search for a youthful appearance is as old as human
civilization, and modern technology offers many interventions intended to achieve this goal. In 2018, the antiaging market was valued at more than $50 billion, with a
projected annual growth rate of 2.7%.45 Antiaging cosmetics, sometimes referred to as cosmeceuticals, are a
mainstay of the armamentarium.25 There exists a strong
demand for products that reduce wrinkles, restore texture and smoothness, lighten age spots, augment lipid
layers, and so on. Strategies include covering up wrinkles and blemishes, preventing photoaging with sunscreen, applying topical antioxidants to reduce ROS,
protecting and restoring skin from damage from environmental exposure, and boosting cell metabolism and
cell renewal to restore mechanical properties diminished
by the aging process.25
There are numerous additional strategies to reverse
or diminish the aging process including hair restoration,
laser resurfacing, and antipigmentation therapies. Other
procedures include implants, chemical peels, microdermabrasion, injectable dermal fillers, muscle relaxers such
as botulinum toxin, liposuction, cryolipolysis, high-intensity
focused ultrasound, radiofrequency microneedling, intense
pulsed light rejuvenation, and apheresis techniques that
filter substances that cause or promote aging from the
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PRACTICE PEARLS
• Both intrinsic and extrinsic factors result in the multitude of anatomic and physiologic changes of aging skin.
• Skin failure is becoming accepted by the wound care
community as an entity that accounts for unavoidable
skin breakdown with multiple irremediable risk factors
including the dying process.
• Frailty is a common pathway of physiologic alterations in advanced age that shares characteristics with
the widely accepted concept of SCALE.
• Despite the scope and cost of antiaging strategies, the
basic pathophysiology of aging is not altered.

•

REFERENCES
1. Wagner KH, Cameron-Smith D, Wessner B, Franke B. Biomarkers of aging: from function to
molecular biology. Nutrients 2015;8(6):E338.
2. Tobin DJ. Introduction to skin aging. J Tissue Viability 2017;26(1):37-46.
3. Thomas DR, Burkemper NM. Aging skin and wound healing. Clin Geriatr Med 2013;29(2):xi-xx.
4. Population Reference Bureau. Fact sheet: aging in the United States. 2019. www.prb.org/agingunitedstates-fact-sheet. Last accessed September 26, 2019.
5. Sen CK, Gordillo GM, Roy S, et al. Human skin wounds: a major snowballing threat to public
health and the economy. Wound Repair Regen 2009;17(6):763-71.
6. Jaul E. Non-healing wounds: the geriatric approach. Arch Gerontol Geriat 2009:49:224-6.
7. Sibbald RG, Krasner DL, Lutz J. SCALE: Skin Changes at Life’s End: final consensus statement:
October 1, 2009. Adv Skin Wound Care 2010;23(5):225-36.

18

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

WWW.ASWCJOURNAL.COM

30. Gould L, Abadir P, Brem H, et al. Chronic wound repair and healing in older adults: current status
and future research. J Am Geriatr Soc 2015;63(3):427-38.
31. Dyer JM, Miller RA. Chronic skin fragility of aging: current concepts in the pathogenesis,
recognition, and management of dermatoporosis. J Clin Aesthet Dermatol 2018;11(1):13-8.
32. Shaw TJ, Martin P. Wound repair at a glance. J Cell Sci 2009;122(Pt 18):3209-13.
33. Fenske NA, Lober CW. Structural and functional changes of normal aging skin. J Am Acad
Dermatol 1986;15:571-85.
34. Oh M, Lee J, Kim YJ, et al. Exosomes derived from human induced pluripotent stem cells
ameliorate the aging of skin fibroblasts. Int J Mol Sci 2018;9;19(6):E1715.
35. Castro MCR, Ramos-E-Silva M. Cutaneous infections in the mature patient. Clin Dermatol 2018;
36(2):188-96.
36. Nagano K, Alexander O, Barbic J, et al. Measurement and modeling of microfacet distributions
under deformation. SIGGRAPH 2014. http://gl.ict.usc.edu/Research/skinstretch/SkinStretch_
SIG14t.pdf. Last accessed September 26, 2019.
37. Gefen A, Weihs D. Cytoskeleton and plasma-membrane damage resulting from exposure to
sustained deformations: a review of the mechanobiology of chronic wounds. Med Eng Phys 2016;38(9):
828-33.
38. Ayello EA, Levine JM, Langemo D, et al. Reexamining the literature on terminal ulcers, SCALE,
skin failure, and unavoidable pressure injuries. Adv Skin Wound Care 2019:32(3):109-21.
39. Levine JM. Terminal ulceration: a critical reappraisal. Wound Manag Prev 2019;65(8):44-47.
40. Levine JM. Unavoidable pressure injuries, terminal ulceration, and skin failure: in search of a
unifying classification system. Adv Skin Wound Care 2017;30(5):200-2.
41. Langemo DK, Brown G. Skin fails too: acute, chronic, and end stage skin failure. Adv Skin Wound
Care 2006;19(4):206-11.
42. Watson JD. Frailty. In: Harper GM, Lyons WL, Potter JF, eds. Geriatrics Review Syllabus: A Core
Curriculum in Geriatric Medicine. 10th ed. New York, NY: American Geriatrics Society; 2019.
43. Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv Aging 2014;9:433-41.
44. Hubbard RE, et al. Frailty status at admission to hospital predicts multiple adverse outcomes.
Age Ageing 2017;46:801-6.
45. Shahbandeh M. Size of the anti-aging market worldwide from 2018 to 2023. 2019. Statistica.
www.statista.com/statistics/509679/value-of-the-global-anti-aging-market. Last accessed
September 26, 2019.
46. Taub AF, Pham K. Stem cells in dermatology and anti-aging care of the skin. Facial Plast Surg Clin
North Am 2018;26(4):425-37.
47. Roh DS, Panayi AC, Bhasin S, et al. Implications of aging in plastic surgery. Plast Reconstr Surg
Glob Open 2019;14;7(1):e2085.
48. Crimmins EM. Lifespan and healthspan: past, present, and promise. Gerontologist 2015;55(6):901-11.
49. Cohen-Mansfield J, Cohen R, Skornick-Bouchbinder M, et al. What is the end of life period? Trajectories
and characterization based on primary caregiver reports. J Gerontol Med Sci 2018;73(5):695-701.
50. Ennis JE. ACGME Proposal for New Specialty of Wound Care. July 12, 2018. www.acgme.org/What-WeDo/Accreditation/New-Specialty-or-Subspecialty-Proposals. Last accessed September 26, 2019.

8. McNabney MK, Fedarko NS. Biology: theories of aging. In: Harper GM, Lyons WL, Potter JF, eds.
Geriatrics Review Syllabus: A Core Curriculum in Geriatric Medicine. 10th ed. New York, NY:
American Geriatrics Society; 2019.
9. Gruber J, Schaffer S, Halliwell B. The mitochondrial free radical theory of aging—where do we
stand? Front Biosci 2008:13:6554-79.
10. Kammeyer A, Luiten RM. Oxidation events and skin aging. Ageing Res Rev 2015;21:16-29.
11. Buckingham EM, Klingelhutz AJ. The role of telomeres in the ageing of human skin. Exp Dermatol
2011;20:297-302.
12. Francheschi C, Garagnani P, Vitale G, et al. Inflammaging and ‘garb-aging.’ Trends Endocrinol
Metab 2017;28(3):199-212.
13. Fulop T, Witkowski JM, Olivieri F, Larbi A. The integration of inflammaging in age-related
diseases. Sem Immunol 2018;40:17-35.
14. Goodell MS, Rando TA. Stem cells and healthy aging. Science 2015;350:1199-204.
15. Kosaric N, Kiwanuka H, Gurtner GC. Stem cell therapies for wound healing. Expert Opin Biol Ther
2019;19(6):575-85.
16. Chen D, Kerr C. The epigenetics of stem cell aging comes of age. Trends Cell Biol 2019;29(7):563-8.
17. Vierkötter A, Krutmann J. Environmental influences on skin aging and ethnic-specific
manifestations. Dermatoendocrinol 2012;4(3):227-31.
18. Quan T, Fisher GJ. Role of age-associated alterations of the dermal extracellular matrix
microenvironment in human skin aging: a mini-review. Gerontology 2015;61(5):427-34.
19. Shin JW, Kwon SH, Choi JY, et al. Molecular mechanisms of dermal aging and antiaging
approaches. Int J Mol Sci 2019;20(9):E2126.
20. Mancebo SE, Wang SQ. Recognizing the impact of ambient air pollution on skin health. J Eur Acad
Dermatol Venereol 2015;29(12):2326-32.
21. Alexis AF, Obioha JO. Ethnicity and aging skin. J Drugs Dermatol 2017;16(6):s77-s80.
22. Araviiskaia E, Berardesca E, Bieber T, et al. The impact of airborne pollution on skin. J Eur Acad
Dermatol Venereol 2019;33(8):1496-505.
23. Kohl E, Steinbauer J, Landthaler M, Szeimies RM. Skin ageing. J Eur Acad Dermatol Venereol
2011;25(8):873-84.
24. Bazyar J, Pourvakhshoori N, Khankeh, et al. A comprehensive evaluation of the association
between ambient air pollution and adverse health outcomes of major organ systems: a systematic
review with a worldwide approach. Environ Sci Pollut Res Int 2019;26(13):12648-61.
25. Verschoore M, Nielson M. The rationale of anti-aging cosmetic ingredients. J Drugs Dermatol
2017;16(6):s94-s97.
26. Kurban RS, Bhawan J. Histologic changes in skin associated with aging. J Dermatol Surg Oncol
1990:16(10):908-14.
27. Goodier M, Hordinsky M. Normal and aging hair biology and structure ‘aging and hair’. Curr Prob
Dermatol 2015;47:1-9.
28. Bentov I, Reed MJ. The effect of aging on the cutaneous microvasculature. Microvasc Res 2015;
100:25-31.
29. Levine JM. Skin failure: an emerging concept. J Am Med Dir Assoc 2016;17(7):666-9.

For more than 154 additional continuing education articles related to Skin and Wound Care topics,
go to NursingCenter.com/CE.

CONTINUING MEDICAL EDUCATION INFORMATION FOR PHYSICIANS

and DOs only. All other healthcare professionals participating in this activity will receive a certificate
of participation that may be useful to your individual profession's CE requirements.

Lippincott Continuing Medical Education Institute, Inc., is accredited by the Accreditation
Council for Continuing Medical Education to provide continuing medical education
for physicians.

CONTINUING EDUCATION INSTRUCTIONS

Lippincott Continuing Medical Education Institute, Inc., designates this journal-based CME activity for
a maximum of 1 AMA PRA Category 1 CreditTM. Physicians should claim only the credit
commensurate with the extent of their participation in the activity.



PROVIDER ACCREDITATION INFORMATION FOR NURSES



Lippincott Professional Development will award 1.5 contact hours for this continuing nursing
education activity.

Read the article beginning on page 12. For nurses who wish to take the test for CNE contact
hours, visit http://nursing.ceconnection.com. For physicians who wish to take the test for CME
credit, visit http://cme.lww.com. Under the Journal option, select Advances in Skin and Wound Care
and click on the title of the CE activity.
You will need to register your personal CE Planner account before taking online tests. Your planner
will keep track of all your Lippincott Professional Development online CE activities for you.

 There is only one correct answer for each question. A passing score for this test is 14 correct

LPD is accredited as a provider of continuing nursing education by the American Nurses Credentialing
Center's Commission on Accreditation.

answers. If you pass, you can print your certificate of earned contact hours or credit and access
the answer key. Nurses who fail have the option of taking the test again at no additional cost. Only the
first entry sent by physicians will be accepted for credit.

This activity is also provider approved by the California Board of Registered Nursing, Provider
Number CEP 11749 for 1.5 contact hours. LWW is also an approved provider by the District of
Columbia, Georgia, and Florida CE Broker #50-1223.

Registration Deadline: December 31, 2021 (physicians); December 3, 2021 (nurses).

OTHER HEALTH PROFESSIONALS

PAYMENT

The registration fee for this CE activity is $17.95 for nurses; $22.00 for physicians.

This activity provides ANCC credit for nurses and AMA PRA Category 1 CreditTM for MDs

WWW.ASWCJOURNAL.COM

19

ADVANCES IN SKIN & WOUND CARE • JANUARY 2020

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

