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Abstract: Studies assessing the impact of extrinsic factors on skin aging have increased dur-

ing the last with the increase in life expectancy. Although most of the studies are about the sun 

radiation impact, many factors should be considered in elderly people, beyond environmental 

conditions. Lifestyle factors, like diet, sleeping, smoking, should be analyzed carefully, as 

common age-related conditions (menopause, diabetes, pulmonary diseases, etc.). All these 

factors could accelerate the natural decline of skin structure and functions, possibly affect-

ing the responses to treatments and drugs. This review demonstrates that growing evidence 

regarding environmental factors that are associated with lifestyle and comorbidities deserve 

greater attention from researchers and dermatologists and may require new approaches in the 

management of skin aging.
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Introduction
Skin aging is the cumulative effect of intrinsic and extrinsic factors. Among extrinsic 

factors, the effect of solar radiation on skin health is well characterized.1 Beyond sun 

damage factors such as smoking and atmospheric pollution have also been studied and 

considered in extrinsic aging. Studies have shown a clear correlation between these 

factors and the appearance of melanosis and wrinkles.2,3 Both of these factors contrib-

ute to aging through a common mechanism called oxidative stress that has a negative 

impact on cellular processes, such as DNA replication. In addition to the ultraviolet 

(UV) region of solar radiation that contributes to cellular injury, visible radiation has 

an oxidative effect similar to that of infrared radiation via heat generation.4

Additional mechanism to consider is glycation that occurs in common diseases, such 

as diabetes mellitus, and promotes dermal damage. Glycation also favors oxidation and 

is implicated in tissue repair disorders.5 Furthermore, the pathophysiological changes that 

result during menopause have been thoroughly studied, and it has been found that there 

exists a correlation between aging and skin changes related to reductions in estrogen levels.6

The effects of comorbidities, such as metabolic illnesses common in the elderly, 

nutritional deficiencies, and the use of drugs such as corticosteroids, and even cancer 

treatments, should be assessed by dermatologists attending to skin conditions associ-

ated with aging.

As life expectancy increases, age-related diseases, lifestyle habits, and environmen-

tal factors have a cumulative and synergetic effects on skin aging. Studies assessing the 
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impact of extrinsic factors of aging have increased during the 

last decade, probably because of the medical advancements 

that have prolonged the lifespan and consequently led to an 

increase in the number of the elderly. According to the 2015 

United Nations World Population Aging Report, the number 

of individuals aged >60 years and >80 years will double and 

triple, respectively, by 2050.7

In 2005, the epidemiologist Christopher Wild coined the 

term “exposome” to describe the totality of exposures that an 

individual is subjected to from conception to death.8 Later, 

Krutmann et al9 published a review article on this topic and 

defined the exposome for skin aging and proposed the fol-

lowing as the major environmental factors associated: solar 

radiation (ie, UV, visible, and infrared), atmospheric pollu-

tion, and tobacco smoke.

Maintaining the functional and anatomical integrity of 

the skin is essential. Although vitality is reflected in esthetic 

characteristics, such as wrinkles, spots, and sagging, the 

challenge goes beyond maintaining appearance.

Essential functions such as the defensive and repair capa-

bilities of the skin tend to decline and must be preserved in 

the elderly. During the process of aging, the skin becomes 

thinner, stiffer, less tense and less flexible, which lowers its 

protective functions against mechanical injuries.10

Transepidermal water loss (a measure of the stratum 

corneum integrity) seems to be unaltered with chronological 

aging; however, surface lipid production decreases signifi-

cantly with age increasing incidence of xerosis, pruritus, and 

skin irritation in elderly populations.11

These alterations may worsen with extrinsic factors that 

affect the skin structure; not only photodamage or skin pol-

lution but lifestyle factors (emotional stress, smoking, diet, 

etc.)12 or even aging-related conditions such as diabetes, 

menopause or chronic inflammatory diseases.13,14

The dermatologic complications that accompany longev-

ity include 1) skin diseases and age-related dysfunctions;15 

2) changes in the pattern of skin responses to dermatological 

procedures and treatments, such as healing and reductions in 

barrier functions;16–18 and 3) the repercussions of new treat-

ments for skin and systemic diseases that are more common 

in the elderly.19,20

This review highlights conditions beyond photoaging 

that affect skin aging, the relevance of which increases with 

longer life expectancy.

Phototype X photodamage
The mere occurrence of a low Fitzpatrick phototype should 

be considered a major risk factor for age-related skin damage 

because the lower melanin synthesis reduces the first defense 

against UV rays. Although phototype is a physiological char-

acteristic, intense and early manifestation of a large portion 

of extrinsic factors predominantly happens in light-skinned 

individuals.21

In addition to having lower melanization, individuals 

with lower phototypes (1 and 2) have significantly fewer 

dermal papillae, as observed with confocal microscopy, than 

those with higher skin phototypes and with darker skin. This 

phenomenon increases significantly with age, particularly in 

individuals with light skin.22 Pheomelanin, which predomi-

nates in light-skinned individuals, is synthesized in response 

to UV stimuli. This synthesis is associated with increased 

oxidative stress and possibly carcinogenesis.23

Similarly, the presence of photodamage, which is 

clinically characterized by the gradient of color and texture 

between exposed and covered skin, reveals information 

about patient environment and habits. In addition to pho-

toaging and photocarcinogenesis, photodamage can lead to 

dermal repair alterations because it impacts the expression 

of metalloproteinases.24

UV damage can also cause significant changes in some of 

the mechanical properties of the stratum corneum, reducing 

its cell cohesion and mechanical integrity; the UV radia-

tion also affects the molecular structure of cell proteins and 

lipids.25

Environmental factors beyond UV 
radiation
Infrared radiation and heat
Infrared thermogenic radiation can reach the dermis (65%) 

and hypodermis (10%), and its capacity to induce metallo-

proteinase expression in the dermis is well known along with 

its oxidative role.26 Both infrared radiation and heat-induced 

acute stress increase in the number of mast cells and expres-

sion of tryptase. Chronic exposure induces angiogenesis and 

cellular inflammatory infiltrates and damages the dermal 

extracellular matrix and protein structures of the dermis, 

thus promoting the skin aging.27

Short exposures of electronic device generated light 

(EDGL) increase reactive oxygen species (ROS) generation, 

but the long-term effects associated with repeated exposures 

of EDGL are still unknown.28

In human skin, UV radiation can initiate neutrophilic 

inflammatory infiltrates. Similarly, infrared radiation and 

heat can lead to macrophage recruitment.29 The association 

between non-melanoma skin cancer and erythema ab igne, 

a disease typically caused by heat, has been established.30
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Pollution
Oxidative damage derived from atmospheric pollution can 

cause various types of skin damage.31 This relationship was 

demonstrated in a study showing that exposure to air pollution 

in traffic was related to skin aging in light-skinned women.32 

Polycyclic aromatic hydrocarbons are associated with signs of 

extrinsic aging, pigmentation, and skin cancer. This damage is 

worsened by solar radiation. UVA combined with environmen-

tal pollutants (including cigarette smoke) significantly increases 

the risk of skin cancer. When ozone exposure precedes UV 

exposure, there is an enhancement of UV-induced depletion of 

protective vitamin E from the skin’s stratum corneum.33

Even in indoor conditions, Ding et al showed that PM2.5 

exposure levels were positively associated with skin aging 

manifestation. The major mechanism of ambient PM is 

the generation of ROS. Particles can serve as carriers for 

organic chemicals and metals that are capable of localizing 

in mitochondria and generating ROS directly in mitochondria 

leading to collagen degradation in human skin.34

Lifestyle-related factors
Smoking
Harmful effects of smoking have been known for decades.35 

Particularly owing to nicotine, smoking negatively affects the 

dermal microvasculature and hinders the healing process.36 

It also has a toxic effect on keratinocytes and fibroblasts by 

increasing the expression of metalloproteins and tropoelas-

tin. Furthermore, smoking increases the expression of small 

proteoglycans and reduces the synthesis of procollagen.37 

The clinical manifestations of these phenomena are pale and 

wrinkled skin; DNA mutations also result from oxidative 

effects or direct toxic damage.38,39

Smoking is an important independent factor in skin 

aging, observed in an identical twin study, which concluded 

that 5-year difference in smoking history is associated with 

skin changes.40

Smoking can accelerate  advanced glycation end-products  

formation and increases their deposition in various tissues, 

including the skin, similarly to UV radiation.41

Sleep
A clinical study of post-menopausal women showed that those 

who slept for <5 h/day had higher levels of transepidermal 

water loss and decreased skin barrier recovery after UV-

induced erythema.42 Even after a single night of sleep depri-

vation, periocular areas show worsened dark circles probably 

because of slight edema, which gives a tired or “saddened” 

appearance.43 As sleeping is critical for cellular growth and 

renovation, poor sleep quality leads to cellular dysfunction 

due to disruption of the circadian rhythm and therefore results 

in changes in various tissues, including the skin.44,45

A large Japanese study with 10,946 volunteers demon-

strated that lifestyle habits such as physical activity, non-

smoking, adequate sleep, low mental stress level, eating 

breakfast, and abstaining from sugary food were each inde-

pendently associated with lower AGE generation.46

Low-antioxidant diet
Nutritional status is a relevant concern throughout life. In 

older age, the diet should be considered carefully, because 

micronutrients are more difficult to obtain in restricted diets.47 

Micronutrients with antioxidant activity are present in various 

vegetables, and a rich and varied diet including these foods 

meets antioxidant requirements. However, when oxidative 

stress is present, antioxidants obtained from the diet and 

endogenous systems may be insufficient.48

Another relevant issue is the greater loss of micronutri-

ents (due to lower absorption) or even lower ingestion that 

may occur in the elderly. Folic acid, vitamin D, calcium, and 

vitamin B12 deficiencies are prevalent,49 and they tend to 

increase with age, particularly when reduced absorption or 

decreased ingestion occurs.50

A Dutch study correlates Dietary habits with facial wrin-

kling in women. The authors demonstrated that red meat and 

snack consuming pattern was associated with more facial 

wrinkles whereas a fruit dominant consuming pattern was 

associated with fewer wrinkles.51

Higher intake of vegetables and olive oil appeared to 

protect against actinic damage. In another study of over 

4,000 women, patients’ skin was analyzed for features of skin 

aging. After controlling for other factors, a diet reported as 

high in potassium and vitamins A and C correlated to fewer 

wrinkles.52

Long, hot baths with harsh soap
Dry skin often occurs in the elderly and tends to worsen in 

association with hot baths and the use of standard alkaline 

bar soaps.53 Even in younger individuals, long and hot baths 

are associated with skin pH changes and irritation due to 

the consequent disruptions to the skin barrier, which worsen 

xerosis.54

Systemic morbidities and drugs
Diabetes mellitus
Diabetes mellitus is among the most common aging-related 

comorbidities, and the generation of advanced glycation 
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end products is intimately related to dermal damage since 

it changes the properties of collagen types I and IV.55 Clini-

cally, reductions in flexibility and rigidity and an increase 

in susceptibility to mechanical stimulation are observed.56 

These changes are not restricted to dermal collagen and 

affect endothelial collagen as well, with a concomitant loss in 

wound-healing capability. The effects of increased advanced 

glycation end products are worsened by the presence of a 

hyperglycemic diet and smoking.19 Diabetes is also very 

common in the elderly and is an important predictive factor 

in the development of chronic ulcers and the itching associ-

ated with skin xerosis.57

Obesity
Obesity is more prevalent in older age groups for various 

reasons, predominantly lower metabolic rate and reduced 

physical activity. A hyperglycemic state is common in obesity 

and is associated with peripheral resistance to insulin and a 

higher risk of glycation.58

One study investigated the association between glucose 

metabolism and perceived age. Perceived age was assessed 

using facial photographs, and the mean glycemia and insulin 

levels were measured in 602 individuals, who were divided 

into diabetic and nondiabetic groups according to the level 

of glycemia. A significant correlation was found between 

the increase in perceived age and glycemia levels in these 

patients, which demonstrated that elevated glucose levels 

are associated with older apparent age, even in nondiabetic 

individuals.59

Menopause
Reduced estrogen levels during menopause affect skin com-

ponents with estrogen receptors, particularly in epidermal 

cells and sebaceous glands.60 By contrast, androgenic hor-

mone levels do not decline significantly during this period. 

Although the response to this new ratio of sexual hormones is 

often clinically mistaken for the natural functional decline of 

the skin, menopause can increase xerosis, changes in texture 

and capillary density, and dermal atrophy.61,62

Body mass index <18.5
Although research has shown that calorie-restricted diets can 

improve longevity and reduce comorbidities associated with 

aging.63 The risk of protein-caloric malnutrition, which leads 

to immunosuppression and healing deficiencies, remains 

relevant.64,65 On the contrary, no studies have demonstrated 

that undernutrition or malnutrition, which leads to a body 

mass index below normal levels, has negative impacts on 

the skin senescence process. However, there is evidence 

suggesting that a lack of macronutrients can be deleterious 

in this process.65

Acne scarring
Skin with acne scarring has reduced elasticity due to scar 

fibrosis and shows a worsened appearance of furrows and 

wrinkles.66 There are no studies investigating this ailment 

alone because the treatments for scarred and aged skin can 

be similar.67

Frequent use of systemic corticosteroids
Increased cortisol levels are associated with vasoconstric-

tion, immunosuppression, changes in wound healing, and 

increased glycemia. Although these drugs do not have direct 

effect on skin, however, their chronic use worsens the degen-

erative process of aging.68

Other chronic clinical conditions
The more common comorbidities of advanced age can have a 

negative impact on the process of skin aging through various 

mechanisms and should, therefore, be recognized and studied 

on a case-by-case basis.69 For example, there are peculiari-

ties of chronic diseases that have direct effects on the skin. 

COPD is correlated with chronic skin ulcers and increases 

the signs of skin aging.70 Chronic renal insufficiency leads 

to persistent itching with neural and immune changes in 

addition to impairing wound-healing response.71 Rheumatic 

diseases interfere with dermal microvasculature and collagen 

synthesis.72 Although these diseases are prevalent in more 

advanced age groups, only a few studies have investigated 

their impact on the skin and their interference with proposed 

esthetic treatments.73,74

Emotional stress
Chronic emotional stress alters barrier homeostasis, possibly 

through increases in cortisol levels.75 A study using animal 

models of stress reported increases in lipid peroxidation, 

inflammatory infiltrates, and metalloproteinase levels, thus 

demonstrating that stress can trigger aging mechanisms.76 

Another study correlated the subjective older appearance with 

greater stress because of financial difficulties.77 However, lev-

els of cortisol or other oxidative markers were not measured.

Other indirect factors
Some factors may be correlated with skin aging because they 

are implicated in oxidative processes or worsen conditions 

that are directly related to skin aging.
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Sedentarism X intensive exercises
The benefits of moderate exercise vary and include improved 

circulation, dermal oxygenation, and reduced glycation 

indexes.78,79 However, no clinical study has demonstrated a 

clear relationship between physical inactivity and skin aging. 

Conversely, the heavy exercise performed by professional 

athletes can increase oxidative stress, but there are no clini-

cal studies showing a relationship between degenerative skin 

processes and intense physical activity.80

Hypoproteic diet
The relationship between skin aging and the ingestion of mac-

ronutrients requires further study. Low-protein diets are associ-

ated with wound-healing problems, particularly in the elderly; 

however, few studies have investigated the correlation between 

low protein ingestion and changes in the pattern of skin element 

synthesis.81 A clinical study showed that intake of specific bioac-

tive collagen peptide had positive effects on dermal matrix syn-

thesis, but these results could not be similar to the whole protein.82

Hyperglycemic diet
Due to its greater risk of glycation, a hyperglycemic diet is a 

predisposing factor for skin aging.83 It is challenging to study 

this relationship because obesity and diabetes are associated 

in most patients.

It is important to consider the possibility that any pro-

cess that increases oxidative stress can create an imbalance 

in endogenous systems and deplete physiological reserves. 

Oxidative damage increases with advanced age because 

intrinsic aging itself is more oxidative. In addition, the ability 

of human cells to repair DNA damage decreases over time.84 

Thus, these factors and mechanisms can overlap, increasing 

the potential for cumulative skin damage.

The Consensus Statement of the Delegates of the 2014 

Manchester Summit discusses key issues related to skin 

aging and health – in particular, the increasing prevalence 

of dermatosis, including skin cancer, and the importance of 

awareness and prevention measures. According to the authors, 

maintaining healthy skin should be one of the foundations 

of overall health and better quality of life.85 Therefore, in 

anticipation of a longer lifespan, it is essential to investigate 

factors that contribute to aging of the skin. Dermatologists 

should focus on helping patients to maintain not only skin 

appearance but also on skin health.

Conclusion
As life expectancy increases, its related comorbidities require 

greater attention within the context of skin aging because 

wound healing, skin barrier maintenance, and other functions 

decline with age. Although the major concerns are often 

esthetic features, such as wrinkles or melanosis, the incidence 

of skin carcinogenesis also tends to increase in older adults. 

Environmental factors associated with lifestyle and systemic 

comorbidities deserve greater attention from dermatologists 

when managing skin aging in patients. Understanding these 

factors related to life expectancy and preventing their reper-

cussions on the skin are the new missions of dermatologists.

Disclosure
The author reports no conflicts of interest in this work.

References
	 1.	 Sveikata K, Balciuniene I, Tutkuviene J. Factors influencing face aging. 

Literature review. Stomatologija. 2011;13(4):113–116.
	 2.	 Vierkötter A, Krutmann J. Environmental influences on skin aging 

and ethnic-specific manifestations. Dermatoendocrinol. 2012;4(3): 
227–231.

	 3.	 Krutmann J, Liu W, Li L, et al. Pollution and skin: from epidemiologi-
cal and mechanistic studies to clinical implications. J Dermatol Sci. 
2014;76(3):163–168.

	 4.	 Rinnerthaler M, Bischof J, Streubel MK, Trost A, Richter K. Oxidative 
stress in aging human skin. Biomolecules. 2015;5(2):545–589.

	 5.	 Gkogkolou P, Böhm M. Advanced glycation end products: Key players 
in skin aging? Dermatoendocrinol. 2012;4(3):259–270.

	 6.	 Owen CM, Pal L, Mumford SL, et al. Effects of hormones on skin 
wrinkles and rigidity vary by race/ethnicity: four-year follow-up fromthe 
ancillary skin study of the Kronos Early Estrogen Prevention Study. 
Fertil Steril. 2016;106(5):1170–1175.e3.

	 7.	 United Nations, Department of Economic and Social Affairs, Population 
Division. World Population Ageing 2015. ST/ESA/SER.A/390.

	 8.	 Wild CP. Complementing the genome with an “exposome”: the outstand-
ing challenge of environmental exposure measurement in molecular 
epidemiology. Cancer Epidemiol Biomarkers Prev. 2005;14(8): 
1847–1850.

	 9.	 Krutmann J, Bouloc A, Sore G, Bernard BA, Passeron T. The skin aging 
exposome. J Dermatol Sci. 2017;85(3):152–161.

	10.	 Pawlaczyk M, Lelonkiewicz M, Wieczorowski M. Age-dependent 
biomechanical properties of the skin. Postepy Dermatol Alergol. 
2013;30(5):302–306.

	11.	 Rittié L, Fisher GJ. Natural and sun-induced aging of human skin. Cold 
Spring Harb Perspect Med. 2015;5(1):a015370.

	12.	 Muizzuddin N, Matsui MS, Marenus KD, Maes DH. Impact of stress 
of marital dissolution on skin barrier recovery: tape stripping and 
measurement of trans-epidermal water loss (TEWL). Skin Res Technol. 
2003;9(1):34–38.

	13.	 Hung CF, Chen WY, Aljuffali IA, Lin YK, Shih HC, Fang JY. Skin 
aging modulates percutaneous drug absorption: the impact of ultraviolet 
irradiation and ovariectomy. Age (Dordr). 2015;37(2):21.

	14.	 Miłkowska-Dymanowska J, Białas AJ, Zalewska-Janowska A, Gór-
ski P, Piotrowski WJ. Underrecognized comorbidities of chronic 
obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis. 
2015;10:1331–1341.

	15.	 MacLaughlin J, Holick MF. Aging decreases the capacity of human 
skin to produce vitamin D3. J Clin Invest. 1985;76(4):1536–1538.

	16.	 Gould L, Abadir P, Brem H, et al. Chronic wound repair and healing in 
older adults: current status and future research. Wound Repair Regen. 
2015;23(1):1–13.

	17.	 Choi EH, Man MQ, Xu P, et al. Stratum corneum acidification is 
impaired in moderately aged human and murine skin. J Invest Dermatol. 
2007;127(12):2847–2856.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical, Cosmetic and Investigational Dermatology 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

442

Addor

	18.	 Panda A, Arjona A, Sapey E, et al. Human innate immunosenescence: 
causes and consequences for immunity in old age. Trends Immunol. 
2009;30(7):325–333.

	19.	 Ventura MT, Scichilone N, Paganelli R, et al. Allergic diseases in the 
elderly: biological characteristics and main immunological and non-
immunological mechanisms. Clin Mol Allergy. 2017;15:2.

	20.	 Wu A, Coresh J, Selvin E, et al. Lower extremity peripheral artery 
disease and quality of life among older individuals in the community. 
J Am Heart Assoc. 2017;6(1):e004519.

	21.	 Berneburg M, Plettenberg H, Krutmann J. Photoaging of human skin. 
Photodermatol Photoimmunol Photomed. 2000;16(6):239–244.

	22.	 Lagarrigue SG, George J, Questel E, et al. In vivo quantification of 
epidermis pigmentation and dermis papilla density with reflectance 
confocal microscopy: variations with age and skin phototype. Exp 
Dermatol. 2012;21(4):281–286.

	23.	 Morgan AM, Lo J, Fisher DE. How does pheomelanin synthesis contrib-
ute to melanomagenesis?: Two distinct mechanisms could explain the car-
cinogenicity of pheomelanin synthesis. Bioessays. 2013;35(8):672–676.

	24.	 Quan T, Qin Z, Xia W, Shao Y, Voorhees JJ, Fisher GJ. Matrix-degrading 
metalloproteinases in photoaging. J Investig Dermatol Symp Proc. 
2009;14(1):20–24.

	25.	 Biniek K, Levi K, Dauskardt RH. Solar UV radiation reduces the bar-
rier function of human skin. Proc Natl Acad Sci U S A. 2012;109(42): 
17111–17116.

	26.	 Cho S, Shin MH, Kim YK, et al. Effects of infrared radiation and 
heat on human skin aging in vivo. J Investig Dermatol Symp Proc. 
2009;14(1):15–19.

	27.	 Chen Z, Seo JY, Kim YK, et al. Heat modulation of tropoelastin, fibril-
lin-1, and matrix metalloproteinase-12 in human skin in vivo. J Invest 
Dermatol. 2005;124(1):70–78.

	28.	 Austin E, Huang A, Adar T, Wang E, Jagdeo J. Electronic device gener-
ated light increases reactive oxygen species in human fibroblasts. Lasers 
Surg Med. 2018:689–695.

	29.	 Seo JY, Chung JH. Thermal aging: A new concept of skin aging. J 
Dermatol Sci Suppl. 2006;2(1):S13–S22.

	30.	 Milchak M, Smucker J, Chung CG, Seiverling EV. Erythema Ab Igne 
due to heating pad use: a case report and review of clinical presentation, 
prevention, and complications. Case Rep Med. 2016;2016:1862480.

	31.	 Puri P, Nandar SK, Kathuria S, Ramesh V. Effects of air pollution on the 
skin: A review. Indian J Dermatol Venereol Leprol. 2017;83(4):415-423.

	32.	 Vierkötter A, Schikowski T, Ranft U, et al. Airborne particle exposure 
and extrinsic skin aging. J Invest Dermatol. 2010;130(12):2719–2726.

	33.	 Burke KE, Wei H. Synergistic damage by UVA radiation and pollutants. 
Toxicol Ind Health. 2009;25(4–5):219–224.

	34.	 Ding A, Yang Y, Zhao Z, Kanner R, Lyon JL, Zone JJ. Indoor PM2.5 
exposure affects skin aging manifestation in a Chinese population. Sci 
Rep. 2017;7(1):15329.

	35.	 Kadunce DP, Burr R, Gress R, Kanner R, Lyon JL, Zone JJ. Cigarette 
smoking: risk factor for premature facial wrinkling. Ann Intern Med. 
1991;114(10):840–844.

	36.	 Black CE, Huang N, Neligan PC, et al. Effect of nicotine on vasocon-
strictor and vasodilator responses in human skin vasculature. Am J 
Physiol Regul Integr Comp Physiol. 2001;281(4):R1097–R1104.

	37.	 Knuutinen A, Kokkonen N, Risteli J, et al. Smoking affects collagen 
synthesis and extracellular matrix turnover in human skin. Br J Der-
matol. 2002;146(4):588–594.

	38.	 Leung WC, Harvey I. Is skin ageing in the elderly caused by sun expo-
sure or smoking? Br J Dermatol. 2002;147(6):1187–1191.

	39.	 Raduan AP, Luiz RR, Manela-Azulay M. Association between smoking 
and cutaneous ageing in a Brazilian population. J Eur Acad Dermatol 
Venereol. 2008;22(11):1312–1318.

	40.	 Okada HC, Alleyne B, Varghai K, Kinder K, Guyuron B. Facial changes 
caused by smoking: a comparison between smoking and nonsmoking 
identical twins. Plast Reconstr Surg. 2013;132(5):1085–1092.

	41.	 Nicholl ID, Stitt AW, Moore JE, Ritchie AJ, Archer DB, Bucala R. 
Increased levels of advanced glycation endproducts in the lenses and 
blood vessels of cigarette smokers. Mol Med. 1998;4(9):594–601.

	42.	 Oyetakin-White P, Suggs A, Koo B, et al. Does poor sleep quality affect 
skin ageing? Clin Exp Dermatol. 2015;40(1):17–22.

	43.	 Sundelin T, Lekander M, Kecklund G, Van Someren EJ, Olsson A, 
Axelsson J. Cues of fatigue: effects of sleep deprivation on facial 
appearance. Sleep. 2013;36(9):1355–1360.

	44.	 Kahan V, Ribeiro DA, Egydio F, et al. Is lack of sleep capable of inducing 
DNA damage in aged skin? Skin Pharmacol Physiol. 2014;27(3):127–131.

	45.	 Walia HK, Mehra R. Overview of common sleep disorders and intersec-
tion with dermatologic conditions. Int J Mol Sci. 2016;17(5):E654.

	46.	 Isami F, West BJ, Nakajima S, Yamagishi SI. Association of advanced 
glycation end products, evaluated by skin autofluorescence, with 
lifestyle habits in a general Japanese population. J Int Med Res. 
2018;46(3):1043–1051.

	47.	 Boelsma E, Hendriks HF, Roza L. Nutritional skin care: health effects 
of micronutrients and fatty acids. Am J Clin Nutr. 2001;73(5):853–864.

	48.	 Schagen SK, Zampeli VA, Makrantonaki E, Zouboulis CC. Discover-
ing the link between nutrition and skin aging. Dermatoendocrinol. 
2012;4(3):298–307.

	49.	 Fabian E, Elmadfa I. Nutritional situation of the elderly in the European 
Union: data of the European Nutrition and Health Report 2004. Ann 
Nutr Metab. 2008;52(Suppl 1):57–61.

	50.	 Forster S, Gariballa S. Age as a determinant of nutritional status: a cross 
sectional study. Nutr J. 2005;4:28.

	51.	 Mekic S, Jacobs LC, Hamer MA, et al. A healthy diet in women is 
associated with less facial wrinkles in a large Dutch population-based 
cohort. J Am Acad Dermatol. Epub 2018 Mar 27. 

	52.	 Katta R, Kramer MJ. Skin and Diet: An Update on the Role of Dietary 
Change as a Treatment Strategy for Skin Disease. Skin Therapy Lett. 
2018;23(1):1–5.

	53.	 Thune P, Nilsen T, Hanstad IK, Gustavsen T, Lövig Dahl H. The 
water barrier function of the skin in relation to the water content of 
stratum corneum, pH and skin lipids. The effect of alkaline soap and 
syndet on dry skin in elderly, non-atopic patients. Acta Derm Venereol. 
1988;68(4):277–283.

	54.	 Kottner J, Lichterfeld A, Blume-Peytavi U. Maintaining skin integrity 
in the aged: a systematic review. Br J Dermatol. 2013;169(3):528–542.

	55.	 Serban AI, Stanca L, Geicu OI, Munteanu MC, Dinischiotu A. 
RAGE and TGF-β1 cross-talk regulate extracellular matrix turnover 
and cytokine synthesis in AGEs exposed fibroblast cells. PLoS One. 
2016;11(3):e0152376.

	56.	 Nguyen HP, Katta R. Sugar sag: glycation and the role of diet in aging 
skin. Skin Therapy Lett. 2015;20(6):1–5.

	57.	 Seité S, Khemis A, Rougier A, Ortonne JP. Importance of treatment of 
skin xerosis in diabetes. J Eur Acad Dermatol Venereol. 2011;25(5): 
607–609.

	58.	 Lyons TJ, Bailie KE, Dyer DG, Dunn JA, Baynes JW. Decrease in skin 
collagen glycation with improved glycemic control in patients with insu-
lin-dependent diabetes mellitus. J Clin Invest. 1991;87(6):1910–1915.

	59.	 Noordam R, Gunn DA, Tomlin CC, et al. High serum glucose levels 
are associated with a higher perceived age. Age. 2013;35(1):189–195.

	60.	 Piérard GE, Humbert P, Berardesca E, et al. Revisiting the cutaneous impact 
of oral hormone replacement therapy. Biomed Res Int. 2013;2013:971760.

	61.	 Hall G, Phillips TJ. Estrogen and skin: the effects of estrogen, meno-
pause, and hormone replacement therapy on the skin. J Am Acad 
Dermatol. 2005;53(4):555–568.

	62.	 Ohnemus U, Uenalan M, Inzunza J, Gustafsson JA, Paus R. The hair fol-
licle as an estrogen target and source. Endocr Rev. 2006;27(6):677–706.

	63.	 Rexbye H, Petersen I, Johansens M, Klitkou L, Jeune B, Christensen 
K. Influence of environmental factors on facial ageing. Age Ageing. 
2006;35(2):110–115.

	64.	 Pessanha FP, Lustosa LP, Carneiro JA, et al. Body mass index and its 
relationship with disability, chronic diseases and frailty in older people: 
a comparison of the lipschitz and who classifications. J Frailty Aging. 
2017;6(1):24–28.

	65.	 Hew J, Solon-Biet SM, McMahon AC, et al. The effects of dietary 
macronutrient balance on skin structure in aging male and female mice. 
PLoS One. 2016;11(11):e0166175.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical, Cosmetic and Investigational Dermatology 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Clinical, Cosmetic and Investigational Dermatology

Publish your work in this journal

Submit your manuscript here:  https://www.dovepress.com/clinical-cosmetic-and-investigational-dermatology-journal 

Clinical, Cosmetic and Investigational Dermatology is an interna-
tional, peer-reviewed, open access, online journal that focuses on  
the latest clinical and experimental research in all aspects of skin  
disease and cosmetic interventions. This journal is included  
on PubMed. The manuscript management system is completely online 

and includes a very quick and fair peer-review system, which is all easy 
to use. Visit http://www.dovepress.com/testimonials.php to read real 
quotes from published authors

Dovepress

443

Beyond photoaging: additional factors involved in the process of skin aging

	66.	 O’Daniel TG. Multimodal management of atrophic acne scarring in the 
aging face. Aesthetic Plast Surg. 2011;35(6):1143–1150.

	67.	 Darby IA, Laverdet B, Bonté F, Desmoulière A. Fibroblasts and 
myofibroblasts in wound healing. Clin Cosmet Investig Dermatol. 
2014;7:301–311.

	68.	 Guillot B. Glucocorticoid-induced cutaneous adverse events. Rev Med 
Interne. 2013;34(5):310–314.

	69.	 Gilchrest BA. Age-associated changes in the skin. J Am Geriatr Soc. 
1982;30(2):139–143.

	70.	 Maclay JD, McAllister DA, Rabinovich R, et al. Systemic elastin 
degradation in chronic obstructive pulmonary disease. Thorax. 
2012;67(7):606–612.

	71.	 Maroz N, Simman R. Wound healing in patients with impaired kidney 
function. J Am Coll Clin Wound Spec. 2013;5(1):2–7.

	72.	 Ićurup Z, Vucković N. Specific inflammatory processes in collagenosis, 
degenerative and malignant diseases of the skin of the face and neck 
during aging. Med Pregl. 1994;47(5–6):160–163.

	73.	 Bitterman-Deutsch O, Kogan L, Nasser F. Delayed immune mediated 
adverse effects to hyaluronic Acid fillers: report of five cases and review 
of the literature. Dermatol Reports. 2015;7(1):5851.

	74.	 Lemperle G, Rullan PP, Gauthier-Hazan N. Avoiding and treating dermal 
filler complications. Plast Reconstr Surg. 2006;118(3 Suppl):92S–107S.

	75.	 Denda M, Tsuchiya T, Elias PM, Feingold KR. Stress alters cutaneous 
permeability barrier homeostasis. Am J Physiol Regul Integr Comp 
Physiol. 2000;278(2):R367–R372.

	76.	 Romana-Souza B, Santos Lima-Cezar G, Monte-Alto-Costa A. Psy-
chological stress-induced catecholamines accelerates cutaneous aging 
in mice. Mech Ageing Dev. 2015;152:63–73.

	77.	 Agrigoroaei S, Lee-Attardo A, Lachman ME. Stress and subjec-
tive age: those with greater financial stress look older. Res Aging. 
2017;39(10):1075-1099.

	78.	 Couppé C, Svensson RB, Grosset JF, et al. Life-long endurance running 
is associated with reduced glycation and mechanical stress in connective 
tissue. Age (Dordr). 2014;36(4):9665.

	79.	 Tew GA, Klonizakis M, Saxton JM. Effects of ageing and fitness on 
skin-microvessel vasodilator function in humans. Eur J Appl Physiol. 
2010;109(2):173–181.

	80.	 Arsic A, Vucic V, Glibetic M, et al. Redox balance in elite female 
athletes: differences based on sport types. J Sports Med Phys Fitness. 
2016;56(1–2):1–8.

	81.	 Rao JS, Rao VH. Effect of protein malnutrition on the metabolism of 
dermal collagen in the rat. Ital J Biochem. 1980;29(1):1–12.

	82.	 Proksch E, Schunck M, Zague V, Segger D, Degwert J, Oesser S. Oral 
intake of specific bioactive collagen peptides reduces skin wrinkles 
and increases dermal matrix synthesis. Skin Pharmacol Physiol. 
2014;27(3):113–119.

	83.	 Danby FW. Nutrition and aging skin: sugar and glycation. Clin Derma-
tol. 2010;28(4):409–411.

	84.	 Poljšak B, Dahmane RG, Godić A. Intrinsic skin aging: the role 
of oxidative stress. Acta Dermatovenerol Alp Pannonica Adriat. 
2012;21(2):33–36.

	85.	 Blume-Peytavi U, Kottner J, Sterry W, et al. Age-associated skin condi-
tions and diseases: current perspectives and future options. Gerontolo-
gist. 2016;56(Suppl 2):S230–S242.

www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


