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Sunscreens and Photoaging:  
An Update
Elizabeth Gaines-Cardone, MD; Elizabeth K. Hale, MD

UV radiation (UVR) can lead to the development of nonmelanoma skin cancers (NMSCs) and pre-

mature skin aging. Sunscreens are safe and effective in protecting against photocarcinogenesis and 

photoaging. Many types of sunscreens are available, including organic and inorganic products, as 

well as those containing antioxidants and other additives that may enhance the protective quali-

ties of a sunscreen. Additionally, the new US Food and Drug Administration (FDA) policy on sun-

screen labeling and testing ensures that consumers are offered protection against both UVA and 

UVB radiation. If photodamage does occur, there are many treatments available to improve both 

the medical and cosmetic consequences of sun damage. Regular and appropriate sunscreen use 

minimizes the risk for developing skin cancer and slows the process of premature skin aging. 

	 Cosmet Dermatol. 2012;25:212-217.

P
hotoaging is the result of both the acute 
and chronic effects of exposure to UV radia- 
tion (UVR). Acute inflammatory changes 
include erythema, edema, and hyperpigmen-
tation. Chronic effects include photoaging, 

photocarcinogenesis, and immunosuppression. Skin- 
damaging UV rays fall in the UVA (320–400 nm) or UVB  
(290–320 nm) spectrums. UVA causes immediate pig-
ment darkening from the redistribution of melanin. UVB 
causes delayed tanning from an increase in melanocyte 
number and activity. Exposure to UVR from sunlight is 
associated with approximately 90% of nonmelanoma skin  
cancers (NMSCs). Additionally, up to 90% of skin changes 
attributed to premature aging are caused by UV damage.1

UVB is more potent in the induction of NMSC and 
actinic keratoses (AKs),2 but both UVA and UVB radiation 

cause DNA damage. UVB has a direct effect by inducing 
the formation of cyclobutane pyrimidine dimers. The 
accumulation of C-to-T mutations results in oncogenesis. 
UVA generates reactive oxygen species (ROS), result-
ing in mutagenic oxidative products and carcinogenesis. 
Excessive exposure to UVR is thought to deplete the 
skin’s natural stores of antioxidants that normally provide 
protection against ROS.3 Additionally, repeated UVR ex-
posure can cause mutations in the p53 gene, TP53, leading 
to skin cancer.4,5 A study by Cui et al6 showed that when 
p53 recognized DNA damage it stimulated the production 
of pro-opiomelanocortin. Pro-opiomelanocortin subse-
quently induces the production of melanocyte-stimulating  
hormone, which in turn increases the production of mela-
nin and results in a tan. Tanning is the manifestation of 
a stress response in the skin and the result of the same 
DNA damage that leads to the formation of skin cancers.4 
Therefore, DNA damage is the first step for both tanning 
and photo-oncogenesis.

Clinically, photoaging manifests as wrinkles, roughness,  
dryness, irregular pigmentation, telangiectasia, sallowness,  
and brown spots. Actinic elastosis and Favre-Racouchot  
syndrome are specific phenotypes resulting from chronic  
sun exposure.7 Wrinkles and telangiectasia are associated 
with an increased risk for AKs and NMSCs.8-10 Risk factors 
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for photoaging and skin cancer include fair skin, difficulty 
tanning, proneness to sunburns, sunburn before 20 years 
of age, use of tanning beds, and advanced age. Smoking  
is a moderate independent risk factor for wrinkling,  
telangiectasia, and squamous cell carcinoma.11

Histologically, photoaged skin may show a loss of epider-
mal polarity, increased keratinocyte atypia, and increased 
epidermal thickness. Photodamaged skin also has 
decreased amounts of types I and III collagen, with abnor-
mal accumulation of elastin.12,13 A study by Fisher et al14 
found that UVR increased the expression of matrix 
metalloproteinases, which likely contributes to the deg-
radation of type I collagen. They also found that pre-
treatment with tretinoin inhibited the induction of these 
matrix metalloproteinases. Matrix metalloproteinase– 
mediated dermal damage is thought to contribute to 
wrinkling and may help explain the utility of tretinoin  
for photorejuvenation.14

SUNSCREENS
Sun avoidance is the single most effective method of 
skin cancer and photoaging prevention. Additional sun 
protection methods include sun-protective clothing and 
sunscreens. Sunscreens are an important first step in 
protecting against photocarcinogenesis and premature 
aging. Various organic and inorganic UV filters have 
been identified and developed to protect across the UV 
spectra, acting via absorption, reflection, and/or dif-
fusion. Specifically, organic, or chemical ingredients, 
act as sponges to absorb UV rays. Examples of organic 
sunscreens, which mostly protect against UVB radia-
tion, include p-aminobenzoic acid derivatives such as 
padimate O, avobenzone (Parsol 1789, DSM Nutritional 
Products Ltd), and oxybenzone. Inorganic, or physical 
ingredients, such as titanium dioxide and zinc oxide 
deflect UV rays. 

Until recently, most sunscreens were marketed accord-
ing to their sun protection factor (SPF), which reflects the 
ratio of doses of UVR that result in erythema with protec-
tion to the doses that result in erythema without protec-
tion. Because UVB is responsible for inciting erythema, 
SPF largely does not measure a product’s ability to protect 
against UVA radiation. Organic blockers that only protect 
against UVA typically are classified as SPF 3. Inorganic 
blockers provide a greater degree of both UVB and UVA 
protection but often are not cosmetically acceptable. The 
advent of micronized particles has improved the cosmetic 
elegance of many inorganic sunscreens. Many of today’s 
sunscreen products contain a combination of organic and 
inorganic screens to yield broad-spectrum protection. 
Some recent concerns about specific sunscreen ingredi-
ents will be addressed in this article.

In 2006, a study conducted in Australia found that 
regular sunscreen use decreased the occurrence of 
squamous cell carcinoma by 38% and basal cell carci-
noma by 25%.15 A prospective study published in 2010 
found that regular sunscreen use reduces the incidence 
of melanoma by 50% to 73%.16 Protection from the sun 
at any age reduces the risk for AKs and squamous cell 
carcinoma as well as the progression of photoaging.17-20 
Animal studies suggest that sunscreens can repair pre-
existing sun damage in addition to providing photopro-
tection.20 A human study showed that use of sunscreen 
with an SPF of at least 15 showed improvement of pho-
todamage at 24 weeks compared to baseline.21 Therefore, 
regular sunscreen use not only prevents sun damage but 
also has reparative effects. 

It has been known for some time that sunscreens offer 
excellent protection against UVR, but appropriate usage of 
sunscreens still falls short.22 The majority of users do not 
apply enough product with each application. The recom-
mended dose per application of sunscreen is 2 mg/cm2. 
Sun protection factor levels have a direct linear correla-
tion to application densities. Additionally, most users do 
not apply sunscreen frequently enough. Reapplication is 
recommended every 2 hours. Fortunately, higher SPFs 
offer more protection and actually may compensate for 
the underapplication of sunscreens.22

Although sunscreens are considered effective for protec-
tion against photocarcinogenesis and photoaging, there is 
some concern about photostability. It is thought that cer-
tain UV filters may lose some of their protective abilities 
and/or degrade following exposure to UVR. For example, 
avobenzone, a potent UVA blocker, loses 50% to 60% of its 
photoprotective properties after 1 hour of sun exposure.23 
Much research has focused on improving the photostabil-
ity of avobenzone. Methods include eliminating actives that 
can interact with and degrade avobenzone, such as octi-
noxate, and adding actives that can act as photostabilizers 
such as octocrylene or oxybenzone.24,25

The addition of antioxidants to sunscreens is another 
method of enhancing their photoprotective effects. The 
skin possesses a network of both enzymatic and non-
enzymatic host antioxidants to fight ROS. Naturally 
occurring enzymatic antioxidants include superoxide 
dismutase, catalase, and glutathione peroxidase. Exam-
ples of nonenzymatic antioxidants include ascorbic acid, 
tocopherols, glutathione, and ubiquinone. Although 
naturally occurring antioxidants offer protection against 
free radicals, they are not able to neutralize the abun-
dance of free radicals produced by UVR and other envi-
ronmental stressors. Adding antioxidants to sunscreens 
helps overcome this deficit. Antioxidants are able to 
neutralize free radicals by donating an electron. They 
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also may provide reparative effects when the sunscreen’s 
defense capability is overwhelmed.26

Advances in technology and the development of more 
sophisticated sunscreens have led to several unsubstan-
tiated concerns about the safety of certain sunscreens. 
Oxybenzone is a synthetic estrogen that has been used in 
sunscreens as a physical blocker since the 1980s. A 2001 
rodent study showed systemic absorption and hormonal 
effects when applied in astronomical doses.27 There is 
no evidence that oxybenzone has any adverse effects 
in humans, where it is excreted and not accumulated. 
Another unsupported concern is that retinyl palmitate 
actually leads to the generation of free radicals. Retinyl 
palmitate, a form of vitamin A, is another common sun-
screen ingredient. Unpublished studies in rodents sug-
gested that retinyl palmitate generates free radicals on 
exposure to UVR. Naturally occurring antioxidants can 
neutralize free radicals and there is no scientific evidence 
that retinyl palmitate causes cancer in humans.28 

Concerns regarding nanoparticles and the risk for their 
absorption span beyond sunscreens. Micronizing the size 
of sunscreen particles, specifically zinc oxide and titanium 
dioxide, can maximize protection with a more appeal-
ing cosmetic appearance. It has been demonstrated that 
nanoparticles do not penetrate the skin and do not harm 
living tissue. A review conducted by the Australian gov-
ernment concluded that nanosized zinc oxide and titanium 
dioxide particles remain on the skin’s surface without pen-
etrating the stratum corneum.29 Similar results have been 
found with confocal microscopy.30 Despite this consensus, 
the issue of nanoparticles remains somewhat controversial. 
An animal study showed that nanoparticles can actually 
penetrate the skin and enter other organs, namely the liver, 
and cause damage when applied in extremely high quanti-
ties for long periods of time.31 

NEW US FOOD AND DRUG  
ADMINISTRATION POLICY 
In an ongoing effort to keep up with emerging scien-
tific data, the US Food and Drug Administration (FDA) 
recently updated its policy on sunscreen development 
and marketing.32 In 2011, the FDA joined the rest of the 
medical and scientific community in its public recogni-
tion of sunscreen’s ability to prevent skin cancer and pre-
mature aging. A final rule was issued on how sunscreens 
must be tested and labeled, which came as an update to 
the 2007 proposed rule. All sunscreens, including cos-
metics and moisturizers with SPF claims, must undergo 
and pass an established broad-spectrum test to be 
labeled as such. The broad-spectrum label indicates that 
a product provides UVA protection that is proportional 
to its UVB protection. The final rule also eliminated the 

proposed 2007 star system that graded a product’s UVA 
protection on a scale of 1 to 4 stars.32 

The purpose of the broad-spectrum test is to assure 
consumers that they are being protected from both UVA 
and UVB, not just UVB as indicated by the SPF.32 Only 
products with a broad-spectrum SPF of 15 or higher are 
considered by the FDA to reduce the risk for skin cancer 
and premature skin aging. The higher the SPF (up to 50),  
the greater the protection from UVR afforded. Non–
broad-spectrum sunscreens and those with an SPF of less 
than 15 can only claim protection from sunburn. Labeling 
provisions will require these products to include a warn-
ing that alerts consumers to these limitations.32

This final rule also eliminates the use of terms such as 
waterproof, sweat proof, and sunblock, as these terms over-
state a product’s effectiveness.32 No sunscreen is water-
proof because all sunscreens will eventually wash off. 
Sunscreens cannot claim to provide protection for more 
than 2 hours without reapplication and they cannot 
claim to provide immediate protection. Finally, products 
labeled water resistant must specify effectiveness for either 
40 or 80 minutes while swimming or sweating, which is 
based on standard testing.32

In addition to the final rule for sunscreen testing and 
labeling, the FDA issued a proposed rule that would limit 
the maximum SPF value labeled on sunscreen to 50 

because there are not sufficient data to support that the use 
of higher SPF products affords greater sun protection. The 
FDA also reaffirmed that there are no safety issues with any 
of the active ingredients in sunscreens and concluded that 
nanoscale titanium dioxide and zinc oxide are safe and do 
not penetrate the skin.33 The FDA is requesting data and 
information on different dosage forms of sunscreens. For 
sunscreen spray products, the agency requests additional 
data to establish effectiveness and to determine if they pre-
sent a safety concern if unintentionally inhaled.34 

TREATMENT OF PHOTOAGING
Treatment of photoaging is 2-fold; it must address both 
the medical concerns caused by photocarcinogenesis as 
well as the cosmetic concerns associated with photoag-
ing. Many treatments address both effectively. Patients 
must be educated on the benefits and limitations of 
a treatment method to ensure realistic expectations. 
Various treatments have either localized or global 
effects. Topical therapies with global effects include 
sunscreen; retinols; antioxidants; microdermabrasion; 
and -hydroxy acids, which are used as both cosmeceu-
ticals and chemical peels. Photodynamic therapy (PDT) 
targets both the cosmetic and medical consequences of 
photoaging. Localized treatments include Q-switched 
lasers for lentigines; pulsed dye lasers for telangiectasia; 
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botulinum toxin for dynamic rhytides; and fillers for 
nondynamic wrinkles, folds, and volume loss. 

Topical retinoids are considered by many to be first line 
in the field treatment of photoaging. Several studies have 
shown that retinoids improve fine wrinkling, mottled 
hyperpigmentation, and roughness.35-37 In low concentra-
tions, - and -hydroxy acids act as exfoliants but are 
used as peels in higher concentrations. The keratolytic and 
irritant effects of - and -hydroxy acids depend on the 
acid and concentration; they have been shown to improve 
pigmentation and roughness in photoaged skin but have 
little effect on AKs and wrinkles.38,39 Microdermabrasion 
exfoliates and ablates the superficial epidermis and also 
activates a dermal wound-healing cascade, resulting in 
the production of type I procollagen messenger RNA.40

Photodynamic therapy is another field approach for 
the treatment of photodamage. Aminolevulinic acid com-
bined with a light source has a comparable efficacy to top-
ical therapies, such as 5-fluorouracil, in the treatment of 
actinic damage, while also providing photorejuvenation 
benefits. A recent study demonstrated global improve-
ment of photodamage in 69% (33/48) of patients treated 
with methyl aminolevulinate plus red light. Improvement 
was noted in fine and coarse lines, mottled pigmentation, 
tactile roughness, sallowness, erythema, and sebaceous 
hyperplasia.41 This dual benefit is not without its limita-
tions. First, patients must be aware that not all AKs will 
respond to treatment; second, lentigines and seborrheic 
keratoses cannot be treated with PDT. Additionally, PDT 
may bring subclinical lesions to the surface,42 and per-
haps most importantly, patients should understand that 
the side effects of PDT, which include erythema and sun 
sensitivity, can result in substantial downtime. 

Various lasers also can provide global cosmetic 
improvements. Lasers provide options for the destruc-
tion of pigmented and vascular lesions as well as der-
mal remodeling.43 The 10,600-nm ablative fractional 
resurfacing laser, the 1550-nm nonablative erbium laser 
(Figure 1), and the 1927-nm thulium laser increase der-
mal collagen production and therefore are alternative 
options for photorejuvenation. Nonablative lasers are 
less effective than ablative therapies but result in less 
downtime. The thulium laser has the potential to effec-
tively treat AKs, similar to other field treatments such 
as topical 5-fluorouracil or PDT (Figure 2). When com-
pared to these other treatment modalities, the thulium 
laser has the advantages of relatively less downtime and 
concurrent aesthetic benefits, which may be beneficial 
to the patient.44 Laser therapies may be an expensive 
option, however, for patients looking to treat only AKs, 
as the alternative options generally are covered by insur-
ance. Cryosurgery and electrosurgery are less expensive 
than lasers and can lighten limited numbers of discrete 
pigmented lesions, such as seborrheic keratoses, as well 
as treat AKs.45

Current research is focused on the combination of vari-
ous treatments for optimized results. For example, a pro-
spective split-face study by Dover et al46 demonstrated 
that the effects of treatment with 5-aminolevulinic acid 
followed by intense pulsed light were superior to intense 
pulsed light alone. Results of combination nonablative 
therapies are superior to a nonablative laser alone.47-52 
Additionally, combining topical therapies with lasers 
results in greater improvements in photoaging. A review 
by Tierney and Hanke53 outlined the studies that have 
shown the benefits of these combination therapies.

BA

Figure 1. A patient before (A) and after treatment of photoaging, including fine lines and dyspigmentation, with a 1550-nm nonablative 
erbium laser (B).
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CONCLUSION
Photoprotection is a primary means of preventing skin 
cancer and premature skin aging. Sunscreens are safe and 
effective in reducing development of future skin cancers  
and in preventing photoaging. Products with added 
antioxidants may further mitigate UV damage. The FDA 
supports regular sunscreen use and continually regulates 
product testing and marketing to improve both consumer 
knowledge and photoprotective benefits. If photodam-
age occurs, many treatments exist to improve both the 
medical and cosmetic effects of UVR. Preventing further 
damage with regular sunscreen use is key to diminishing 
the chance of developing future skin cancers as well as to 
slow the process of premature skin aging.
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