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Abstract
Photoprotection behaviors can mitigate skin damage caused by ultraviolet radiation, and common methods include seek-
ing shade, avoiding sun exposure during peak daylight hours, wearing sun-protective clothing, applying sunscreen, and 
using sunglasses. While the role of sun protection in preventing sunburns, photoaging, and skin cancer is well established 
in fair-skinned populations, individuals with skin of color (SOC) are presumed to suffer fewer negative effects from solar 
radiation. Thus, the importance of photoprotection in this population is understudied and may be underestimated. In SOC 
populations, sun exposure is known to cause pigmentary disorders, photoaging, and basal cell carcinoma (BCC), highlighting 
the potential benefits of photoprotection. Although SOC populations tend to practice photoprotection by seeking shade and 
wearing sun-protective clothing, survey and interview-based studies have consistently found relatively low use of sunscreen 
among these populations. Common motivators for photoprotection in individuals with SOC include preventing sunburn 
and pigmentation, with the prevention of skin cancer being a less important reason. As a skin cancer risk behavior, indoor 
tanning is relatively rare in SOC populations, but its use may increase with acculturation to US norms. While more studies 
are necessary to clarify whether photoprotection behaviors may decrease skin cancer-related mortality in SOC populations, 
regular dermatologic care and counseling on photoprotection remain essential in patients with SOC for overall skin health.
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Key Points 

Photoprotection is important to prevent the development 
and exacerbation of pigmentary disorders, photoaging, 
and basal cell carcinoma in patients with skin of color 
(SOC).

Common motivators for photoprotection in patients with 
SOC include preventing sunburn and pigmentation.

Sunscreens based on inorganic filters (e.g., titanium 
dioxide, zinc oxide) are often impractical for SOC due to 
their unfavorable cosmetic appearance, leaving patients 
to rely on sunscreens with organic filters or other forms 
of photoprotection (e.g., seeking shade, wearing sun-
protective clothing, avoiding sun exposure).

Regular dermatologic care and counseling on the options 
and health benefits of photoprotection remain essential in 
patients with SOC.

1 Introduction

Photoprotection behaviors can prevent skin damage by 
ultraviolet (UV) radiation. The American Academy of Der-
matology recommends practicing multiple forms of pho-
toprotection to prevent photodamage and skin cancer [1], 
and common methods include seeking shade, avoiding sun 
exposure during peak daylight hours, wearing sun-protective 
clothing, applying sunscreen, and using sunglasses. While 
the role of photoprotection in preventing sunburns and the 
long-term consequences of sun exposure (e.g., photoaging, 
photocarcinogenesis) is well established in fair-skinned 
populations, individuals with dark skin are less likely to 
experience these outcomes, which may affect the perceived 
importance of practicing photoprotection. To discuss the 
potential benefits of photoprotection for these populations, 
it is necessary to first review biological and social factors 
relevant to the concept of skin of color (SOC).

Various methods have been developed to classify skin 
pigmentation, which arises from the interaction of external 
light with chromophores within the skin, such as melanin, 
hemoglobin, bilirubin, and β-carotene [2, 3]. Among these 
molecules, melanin contributes significantly to differences in 
skin pigmentation between light- and dark-skinned individu-
als, as well as darkening of the skin (i.e., tanning) after UV 
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exposure [4–6]. The Fitzpatrick skin type (FST) categorizes 
skin based on self-reported likelihood to experience sun-
burn and tanning with sun exposure and ranges from type I 
(always burns, never tans) to type VI (never burns, always 
tans) [7]. FST is correlated with skin pigmentation, which 
becomes increasingly darker from FST I (pale white) to FST 
VI (dark brown or black) [8]. While not a perfect system, 
in dermatological practice clinicians often determine FST 
based on visual observation of the patients’ skin color [9]. 
Quantitative methods such as colorimetry and spectropho-
tometry [3, 10–14] have been studied but are rarely used in 
clinical practice.

The terms ‘SOC’ and ‘ethnic skin’ refer to individuals 
with darker skin complexion compared with White indi-
viduals and typically include those with FST IV, V, and VI 
[15]. Examples of racial and ethnic groups that have been 
categorized under SOC in the US include Hispanics, Asians, 
African Americans, and Native Americans, among others 
[15, 16]. While individuals of the same race and ethnic-
ity may share similar phenotypic characteristics, these self-
identifications may also reflect shared cultures and values, 
consistent with the socially defined nature of racial and eth-
nic groups [17, 18]. The use of race and ethnicity to define 
SOC is complicated by the significant heterogeneity in skin 
phototype and pigmentation within individual groups. For 
instance, prior studies have found that clinician-graded FST 
may range from I to V among Hispanic/Latino individuals 
[9, 13], from II to V among Asian/Pacific Islander individu-
als [13], and from IV to VI among Black individuals [9, 13]. 
Self-reported FST also varies significantly within racial and 
ethnic groups [9, 19] and may be inadequate for predicting 
the minimal erythema dose in Asian and Hispanic/Latino 
populations [20–22]. For these reasons, caution should be 
exercised in interpreting race/ethnicity and FST as surro-
gates for skin color. However, the use of self-identified race 
and ethnicity in epidemiologic studies may aid the study 
of health behaviors from a psychosocial perspective, given 
the possibility of shared attitudes and practices within racial 
and ethnic communities. Given this framework, the current 
article reviews photoexacerbated conditions such as pig-
mentation, photoaging, and photocarcinogenesis as well as 
photoprotection in SOC. We discuss motivating factors and 
barriers to photoprotection commonly reported by individu-
als with SOC, followed by recommendations on photopro-
tection for these patient populations.

2  Pigmentation and Pigmentary Disorders

Pigmentation in SOC arises from elevated levels of mela-
nin, which is synthesized by melanocytes in the basal layer 
of the epidermis and stored in melanosomes for trafficking 
to surrounding keratinocytes. Compared with lighter skin, 

darker skin tends to have higher melanin content and number 
of melanosomes, but no difference in the number of mel-
anocytes is seen [5, 15, 23–26]. The size and distribution 
of melanosomes follow a gradient across skin types, with 
smaller and grouped melanosomes in lighter skin and larger 
and non-grouped melanosomes in darker skin [15, 27, 28].

By absorbing, scattering, and reflecting incident light, 
epidermal melanin attenuates the transmittance of potentially 
damaging radiation to deeper skin structures; this includes 
UVA radiation (320–400 nm) that contributes most to pho-
toaging and UVB radiation (280–320 nm) that contributes 
most to sunburn and skin cancer development [6]. In a study 
that measured UV transmission through epidermal sheets 
isolated from human cadavers, UVA transmission through 
black epidermis was one-third that of white epidermis 
(17.5% vs. 55.5%), while UVB transmission through black 
epidermis was one-quarter that of white epidermis (7.4% vs. 
29.4%) [29]. In terms of sun protection factor (SPF), based 
on protection against UVB radiation, black epidermis was 
estimated to have an SPF of 13.4, nearly four times greater 
than that of white epidermis [29]. Consistent with these 
findings, individuals with darker skin pigmentation are less 
likely to experience sunburns and more likely to experience 
tanning after exposure to UV radiation [30–32]. Differences 
in tanning response among skin types may arise from the 
degree of melanin redistribution from basal to upper layers 
of the epidermis following UV exposure [26], as well as 
differences in levels of protease-activated receptor 2, which 
mediates the uptake of melanosomes by keratinocytes in a 
UV-inducible manner [33, 34]. In addition to UV radiation, 
melanin can also play a role in visible light (400–700 nm) 
exposure, which has received increased study in recent years 
for its ability to independently induce skin erythema and 
hyperpigmentation [35, 36].

Despite increased photoprotection provided by darker 
skin, individuals with SOC are more susceptible to devel-
oping certain pigmentary disorders. While a comprehensive 
discussion of pigmentary disorders in SOC is beyond the 
scope of this review, post-inflammatory hyperpigmenta-
tion (PIH) and melasma deserve mention as two of the most 
common conditions in this category that disproportionately 
affect patients with darker skin. PIH is characterized by the 
formation of hyperpigmented macules and patches follow-
ing skin inflammation (e.g., acne, eczema) or injury (e.g., 
trauma, sunburn) [37]. Due to the risk of causing PIH, der-
matologic procedures associated with significant skin dam-
age, such as deep chemical peels and ablative lasers, are rela-
tively contraindicated in SOC [37]. Melasma presents with 
hyperpigmented macules and patches, most commonly on 
the face with a symmetric distribution, and is also frequently 
seen in African Americans, Hispanics, and Asians [38, 39]. 
These cosmetically disfiguring pigmentary disorders may 
significantly impact quality of life [37, 38, 40, 41] and are 
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among the top reasons for dermatology visits among patients 
with SOC [42, 43]. The practice of photoprotection methods 
such as sun avoidance and sunscreen use are essential to 
prevent the development and worsening of PIH and mel-
asma [37, 38]. Besides UV radiation, visible light has also 
been found to exacerbate PIH and melasma, which may be 
mitigated by using sunscreens containing non-micronized 
inorganic filters (e.g., titanium dioxide, zinc oxide) or tinted 
sunscreens that combine iron oxide or titanium dioxide pig-
ments with inorganic UV filters [36, 44]. The practice of sun 
protection in individuals with SOC may also modulate two 
other long-term effects of UV and visible light exposure, 
namely photoaging and photocarcinogenesis.

3  Photoaging

The skin undergoes premature aging with sun exposure, also 
known as extrinsic aging or photoaging. While both UVA 
and UVB radiation contribute to photoaging, UVA radiation 
is up to 20-fold more abundant than UVB radiation in sun-
light and plays a greater role in photoaging due to its ability 
to reach the deep dermis (whereas UVB only reaches the 
upper dermis) [45–48]. In addition to promoting the release 
of reactive oxygen species (ROS) from the mitochondria 
and causing DNA damage, UV radiation also stimulates 
activator protein 1 (AP-1), which leads to the upregulation 
of matrix metalloproteinases (e.g., MMP1, MMP3, MMP9) 
and subsequent breakdown of dermal collagen and elastin 
[49]. UV-induced activation of AP-1 also inhibits transform-
ing growth factor (TGF)-β signaling, which is responsible 
for dermal collagen regeneration [49]. Visible light, which 
has longer wavelength and penetrates deeper in the skin, 
has also been shown to induce the production of ROS and 
MMPs, albeit to a lesser extent than UV radiation [50]. The 
accumulation of photodamaged collagen and elastic fibers, 
or solar elastosis, is one of the histological hallmarks of 
photoaging and contributes to the major clinical features of 
photoaging [51].

Clinical manifestations of photoaging are similar to, 
but do not completely overlap with, those of chronologic 
or intrinsic aging. Whereas chronologic aging primarily 
presents with fine wrinkles, soft tissue volume loss, and 
increased skin laxity, photoaging is more likely to present 
with coarse wrinkles, telangiectasias, solar lentigines, mot-
tled hyperpigmentation, and skin dullness [46, 47]. Due 
to protection by epidermal melanin, individuals with SOC 
develop wrinkles from sun exposure later in life than those 
with lighter skin [23, 52–55]. Nevertheless, histological 
evidence of solar elastosis in sun-exposed skin has been 
observed in Hispanics [56], Asians [39], and African Ameri-
cans [57, 58]. Features of photoaging more likely to develop 
in SOC have also been found. In addition to wrinkling, 

photoaging commonly manifests in Asians as pigmented 
spots, solar lentigines, and pigmented seborrheic keratoses 
[39, 52, 53, 59]. In African Americans, photoaging is asso-
ciated with hyperpigmentation, dyschromia, increased skin 
laxity, and dermatosis papulosa nigra [55]. Hispanics often 
show significant heterogeneity in skin types, and predomi-
nant signs of photoaging may exist on a gradient between 
those commonly seen in light- and dark-skinned individu-
als [47, 55]. Differences in prominent features of photoag-
ing have led to the development of photonumeric scales for 
grading skin photoaging in specific racial and ethnic groups, 
including Caucasians [60, 61], Asians [59], and African 
Americans [62].

The positive relationship between sun exposure and 
increased severity of photoaging is well established in fair-
skinned individuals, and similar associations have been 
found in Asian [59] and African American participants [62]. 
Due to the increased risk of PIH with certain dermatological 
procedures (e.g., dermabrasion, deep chemical peels, abla-
tive lasers), caution is necessary to select modalities less 
likely to cause PIH (e.g., topical retinoids, fillers, superficial 
chemical peels, and non-ablative and/or fractionated lasers) 
when treating photoaged skin in patients with SOC [55]. 
Nevertheless, photoprotection remains the most important 
method for preventing photoaging and its associated psy-
chosocial consequences in patients with SOC [16, 63, 64].

4  Photocarcinogenesis

UV radiation, especially UVB radiation, is associated with 
the development of melanoma and non-melanoma skin can-
cer (NMSC; e.g., basal cell carcinoma [BCC], squamous 
cell carcinoma [SCC]) [6, 65]. Mechanisms of UV-induced 
DNA damage underlying photocarcinogenesis include the 
formation of cyclobutane pyrimidine dimers (CPDs) and 
pyrimidine-pyrimidone (6-4) photoproducts [32, 65]. The 
immunosuppressive effect of UV radiation also decreases 
immune surveillance against tumor formation [6]. The 
higher melanin content in SOC provides improved light-
scattering and absorbing properties, as well as the ability to 
scavenge ROS generated by UV radiation and visible light 
[6, 50, 66].

Consistent with findings on the photoprotective charac-
teristics of melanin, there is lower incidence of skin cancer 
in SOC populations [16, 63]. Between 2014 and 2018 in the 
US, the age-adjusted incidence of melanoma per 100,000 
individuals was 26.0 in Whites, 5.8 in American Indians/
Alaskan Natives, 4.6 in Hispanics, 1.3 in Asian/Pacific 
Islanders, and 1.0 in Blacks [67]. While cancer registries 
normally exclude data on NMSC, multiple epidemiologic 
studies have shown the lower incidence of NMSC in dark-
skinned populations [68, 69]. Melanoma accounts for most 
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deaths caused by skin cancer, which makes its early diag-
nosis essential. While individuals with SOC have a lower 
incidence of melanoma, their mortality rates are dispropor-
tionately higher than those of White individuals [70–74]. 
Racial and ethnic disparities in skin cancer mortality often 
result from delayed diagnosis, which may arise from underu-
tilization of dermatologic care [75, 76] and differences in the 
clinical presentation of skin cancer among SOC patients. 
The tendency for melanoma to present in sun-protected 
regions in patients with SOC may delay their detection, 
while pigmentary variations in melanoma, BCC, and SCC 
may increase the likelihood of misdiagnosis [16, 77, 78].

While the high mortality rate of melanoma in SOC has 
contributed to recommendations for increased sun protection 
in these populations [16, 63], the relationship between sun 
exposure and the development of melanoma in SOC remains 
unclear. A recent systematic review of 13 epidemiological 
studies concluded that UV exposure is not a significant risk 
factor for the development of melanoma in SOC, although 
the authors noted that the reviewed studies were of low to 
moderate quality [79]. The lack of association between UV 
exposure and the development of melanoma in studies on 
SOC may result from the greater proportion of acral len-
tiginous melanomas (ALMs) among melanomas diagnosed 
in these populations [71, 74, 80]. A study of the Surveil-
lance, Epidemiology, and End Results (SEER) registry from 
1986 to 2005 found that ALMs accounted for 36%, 18%, 
and 9% of melanomas diagnosed in Blacks, Asian/Pacific 
Islanders, and Hispanic Whites, respectively, compared with 
1% of melanomas in non-Hispanic Whites [71]. Due to its 
similar incidence across racial/ethnic groups and tendency 
to develop in the relatively sun-protected palms and soles, 
ALM is not thought to be associated with UV radiation [16, 
71, 74, 79] and instead has been linked to mechanical stress 
and injury [81, 82].

However, despite the greater proportion of ALMs, mela-
nomas may still develop in sun-exposed regions among 
patients with SOC. In a study of 38 population-based can-
cer registries in the US from 1999 to 2006, melanomas of 
the head and neck accounted for 10.5%, 13.5%, and 18.1% 
of all melanomas among Blacks, Asian/Pacific Islanders, 
and Hispanics, respectively [74]. Consistent with these 
epidemiologic observations, prior laboratory studies have 
also shown that melanin attenuates but does not completely 
prevent DNA damage from UV exposure even in the most 
pigmented skin types [32, 83].

In contrast to melanoma, BCC is strongly associated with 
UV exposure and tends to present on the head and neck 
even in individuals with SOC [16, 68, 78, 84]. SCC tends 
to develop in the lower extremity in Black and Hispanic 
patients, with scarring, inflammation, and immunosuppres-
sion being the most important risk factors [16, 78]. However, 
studies in Asian populations have suggested an association 

between sun exposure and SCC [84–86]. While BCC and 
SCC have a significantly lower risk of metastasis and mortal-
ity than melanoma, they can be locally disfiguring and affect 
patients’ quality of life [87]. The current recommendations 
for photoprotection regardless of skin type are reasonable 
from a standpoint of caution, but more studies are needed 
to clarify the reductions in incidence and mortality associ-
ated with photoprotection behaviors, if any, especially for 
melanoma in sun-exposed regions.

5  Photoprotection

Photoprotection may improve certain pigmentary disorders 
and prevent photoaging and photocarcinogenesis in SOC, 
but various survey-based studies have shown relative gaps in 
photoprotection behaviors among racial and ethnic groups. 
In the 2015 US National Health and Interview Survey 
(NHIS), 10.9% of non-Hispanic Blacks and 24.7% of His-
panics reported using sunscreen with an SPF of 15 or higher 
always or most of the time for sun protection, compared with 
40.4% in non-Hispanic Whites [88]. Despite lower use of 
sunscreen compared with non-Hispanic Whites, the preva-
lence of frequent sunscreen use increased between 2000 and 
2015 among both non-Hispanic Blacks (7.5–10.9%) and 
Hispanics (16.9–24.7%) [88]. Compared with non-Hispanic 
Whites, both non-Hispanic Blacks and Hispanics are more 
likely to wear sun protective clothing and seek shade, and 
the rates of these behaviors have increased over the past 
decade [88]. As a skin cancer risk behavior, indoor tanning 
is relatively rare in Black and Hispanic individuals in the 
US and its use has been declining in recent years [88, 89].

Despite promising trends in several photoprotection 
behaviors, studies have consistently found low use of sun-
screen among non-Hispanic Blacks [90–94], Hispanics [91, 
92, 94], and Asians [94, 95] relative to White individuals. In 
considering these statistics, it is important to note that higher 
rates of sunscreen use in White populations may be driven 
by intentional sun-seeking behavior and the desire to achieve 
skin tanning without burning [96]. Nevertheless, examining 
attitudes toward skin cancer prevention and sun protection in 
SOC populations may allow health professionals to optimize 
approaches to encourage photoprotection behaviors.

Studies using surveys and focus groups have found 
that individuals with SOC may underestimate the risk and 
preventability of skin cancer. By analyzing data from the 
Health Information National Trends Survey (HINTS), Buster 
et al. found that compared with White participants, Black 
participants tended to have a low perceived likelihood of 
developing skin cancer, and both Black and Hispanic par-
ticipants were more likely to believe that skin cancer can-
not be prevented [97]. Similarly, a focus group-based study 
by Buchanan Lunsford et al. involving 72 Black and 87 
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Hispanic/Latino adults in Chicago, Miami, Atlanta, and Los 
Angeles observed a low perceived risk of skin cancer among 
participants, with negative family history and lack of expo-
sure to the topic in their communities being major contrib-
uting factors [98]. Robinson et al. conducted focus groups 
in Chicago involving 40 African American, 40 Hispanic, 
and 40 Asian adults, and participants generally showed lit-
tle concern about getting skin cancer due to not knowing 
family members or acquaintances affected by it [99]. Most 
participants in this study did not know that melanoma tends 
to develop on the palms and soles in SOC, which resulted 
in confusion about the importance of sun protection [99]. 
Older participants in the study also reported difficulty with 
self-examining the soles of their feet [99]; this may contrib-
ute to delayed detection of ALMs, especially since patients 
with SOC are already less likely to visit a dermatologist and 
receive total body skin examinations [76, 100, 101]. In the 
context of patient counseling, these findings highlight the 
importance of discussing the multifactorial nature of mela-
noma development, as well as how photoprotection may help 
prevent other conditions in SOC, such as pigmentary disor-
ders, photoaging, and BCC.

To encourage photoprotection behaviors among patients 
with SOC, understanding common motivating factors is 
essential. Multiple survey and interview-based studies have 
suggested that regardless of race or ethnicity, avoidance of 
sunburn is a more important reason than the prevention of 
skin cancer in the context of sunscreen use [98, 102, 103]. 
However, the proportion of participants who used sunscreen 
to avoid sunburn was only slightly higher than that of par-
ticipants who used sunscreen to prevent skin cancer among 
both Asian/Pacific Islanders (84.3% vs. 83.3%) and Hispan-
ics (87.9% vs. 77.4%) surveyed in the study by Mahler [102]. 
In contrast, less than half of Asian/Pacific Islander and His-
panic participants in this study reported using sunscreen to 
prevent wrinkles (36.1% and 43.4%, respectively), possibly 
due to their relatively young age (early to mid-20s) [102]. 
In the survey by Coups et al. of 787 Hispanic adults in five 
southern and western states in the US, more participants 
endorsed the benefit of avoiding sunburns than reducing skin 
cancer risk for sunscreen use (75.5% vs. 63.4%), whereas 
approximately equal percentages of participants endorsed 
these benefits for sun-protective clothing use (72.5% 
vs. 71.8%) and shade seeking (60.3% vs. 61.4%) [103]. 
However, fewer than half of the participants in this study 
endorsed that using sunscreen, seeking shade, and wearing 
sun protective clothing may help maintain younger-looking 
skin [103]. Unlike the prior two studies, Hispanic women 
in the focus group-based study by Buchanan Lunsford et al. 
reported practicing photoprotection to prevent wrinkles and 
skin aging, while Black participants reported practicing pho-
toprotection to not only avoid sunburns but also to prevent 
worsening of skin conditions such as vitiligo, melasma, and 

eczema [98]. Given the potential psychological effects of 
photoaging and the financial costs of cosmetic treatments 
[104], it is important to clarify whether the low concern 
for wrinkles observed in some studies may reflect a lack 
of awareness on the possibility and cumulative nature of 
photoaging in SOC. The variability in reasons for photopro-
tection among SOC populations shown across studies is not 
unexpected, as they may be affected by other factors such as 
sex, age, socioeconomic status, and location. Reviewing all 
major reasons for photoprotection during patient counseling 
is important and will help identify barriers to this preventa-
tive measure.

Studies involving African American, Hispanic, and Asian 
participants have found that prevention of skin darkening is 
an important motivator for photoprotection [98, 99, 102], 
consistent with findings that individuals in these groups are 
less likely to regard tanned skin as attractive [94, 105, 106]; 
however, views on tanning may be influenced by surround-
ing environments and communities. The practice of sun pro-
tection and avoidance is common across various regions in 
Asia, such as Korea, Taiwan, China, and Japan, and this has 
been attributed to a traditional aesthetic preference for fair 
skin, particularly among Asian women [39, 85, 105–107]. 
In contrast, acculturation to Euro-American communities 
has been associated with greater preference for tanned skin, 
increased sun-seeking behaviors, and decreased practice of 
sun protection in individuals of Asian descent [108–110]. 
Among Hispanics, acculturation with norms in the US have 
also been associated with a decreased likelihood of seek-
ing shade and wearing sun protective clothing [111–113]. 
These findings show the importance of considering not only 
patients’ skin type but also their personal values, culture, and 
environment when discussing photoprotection behaviors.

Recognizing and addressing barriers may help to encour-
age photoprotection among patients with SOC. Using sur-
veys on sunscreen use, Mahler found that the most common 
reasons for failing to use sunscreen among Asian/Pacific 
Islanders and Hispanics included forgetting to apply it, fol-
lowed by a dislike of its greasiness; whereas one-third of 
Hispanics noted that sunscreen is too greasy, over half of 
the Asian participants in the study had this concern [102]. 
Similar barriers to sunscreen use were reported by Black 
participants in focus groups [98]. Concerns for greasiness 
may arise from the use of physical sunscreens based on inor-
ganic filters (e.g., titanium dioxide, zinc oxide), which not 
only tend to be thick and oily but also leave white residue 
that may be cosmetically unacceptable for darker-skinned 
individuals [114, 115]. Due to recent concerns that the appli-
cation of sunscreen at recommended levels may lead to sys-
temic absorption [116], titanium dioxide and zinc oxide are 
the only ingredients that are generally recognized as safe 
and effective (GRASE) by the US FDA [115]. Chemical 
sunscreens with organic filters and transparent formulations 
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are often marketed to individuals with SOC [117], which 
may address some of the previously mentioned barriers to 
sunscreen use, but more studies are needed to verify their 
safety under current FDA provisions [118]. Oral photopro-
tection agents such as Polypodium leucotomos extract, nico-
tinamide, and sulforaphane are also currently being inves-
tigated as adjunctive agents to decrease skin photodamage 
[119–122], and future studies may explore their use in SOC 
populations.

6  Recommending Photoprotection for Skin 
of Color

Despite their decreased risk of sunburns, photoaging, and 
photocarcinogenesis, we suggest that patients with darker 
skin still practice multimodal photoprotection behaviors 
routinely (Table 1), in line with previously published rec-
ommendations [16, 63, 64], due to the association of sun 
exposure with pigmentary disorders, photoaging, and BCC 
in SOC. Patients should use sunscreens that are broad spec-
trum (i.e., protects against UVA and UVB radiation), water 
resistant, and with an SPF of 30 or higher. To allow adequate 
photoprotection, sunscreen should be applied at 2 mg/cm2, 
which may be estimated with the teaspoon rule [123, 124], 
at 15 min before sun exposure and every 2 h afterwards. 
Physical sunscreens with non-micronized inorganic filters 
(e.g., titanium dioxide, zinc oxide) may protect against UV 
radiation and visible light, but the thick texture and signifi-
cant white hue of many formulations (when applied at the 
recommended amount) make them impractical in darker-
skinned individuals. Tinted sunscreens, which provide 
protection against both UV radiation and visible light, is a 
potential alternative considering that different shades may 
be available for individuals with SOC [44]. Patients seek-
ing transparent formulations may consider using sunscreens 
with nanosized inorganic filters or organic filters, although 
these do not provide protection against visible light. Despite 
the possibility for systemic absorption and the need for addi-
tional safety data on chemical sunscreens based on organic 

filters, the FDA has cautioned against discontinuing their 
use [116, 118].

Besides applying sunscreen, patients may also wear hats 
and sun-protective clothing (e.g., long-sleeved shirt, pants) 
to decrease the area of sun-exposed skin. This is especially 
important in this population given the aforementioned 
limitations associated with sunscreens. Commercial cloth-
ing may have inadequate UV protection factor (UPF), and 
patients should use sun-protective clothing labeled with 
UPF of 40 or higher to provide additional photoprotection 
[125, 126]. In general, patients with SOC are more likely 
to wear sun-protective clothing and seek shade compared 
with White individuals, and these photoprotection behav-
iors should continue to be encouraged since they have been 
shown to be more effective at preventing sunburns than 
sunscreen [127, 128], likely due to increased duration of 
sun exposure among those using sunscreen [129]. The use 
of umbrellas for sun protection is common in East Asian 
countries [39, 85, 105–107], and its social acceptability has 
also been found to be moderate in a cross-sectional survey 
of 382 women in Atlanta, supporting its use as an adjunc-
tive form of a photoprotection method [130]. The increased 
wearing of masks while outdoors due to the coronavirus 
disease 2019 (COVID-19) pandemic has also likely allowed 
increased photoprotection of the face [131].

For both patients and health professionals, vitamin D defi-
ciency is a common concern when discussing photoprotec-
tion for SOC. National data in the US have shown racial 
and ethnic disparities in the prevalence of vitamin D defi-
ciency, affecting Hispanics and particularly Black individu-
als [132, 133]. However, whether photoprotection behaviors 
may affect the likelihood of vitamin D deficiency has been 
unclear. Prior reviews of the literature have suggested that 
sunscreen use is not associated with a significant decrease 
in serum vitamin D levels [134–136], but most studies to 
date have been conducted in light-skinned participants. A 
study of National Health and Nutrition Examination Survey 
(NHANES) data from 2003 to 2006 by Linos et al. found 
that while Hispanics and Blacks had lower 25-hydroxyvita-
min D [25(OH)D] levels compared with Whites on average, 
the practice of photoprotection behaviors, including staying 

Table 1  Recommendations for photoprotection in individuals with skin of color

SPF sun protection factor, UPF UV protection factor, UV ultraviolet

Recommendations
Apply broad spectrum sunscreen with SPF of 30 or higher at 2 mg/cm2 15 min before sun exposure and every 2 h afterwards
Tinted sunscreens and sunscreens based on non-micronized inorganic filters are preferred for protection against both UV radiation and visible 

light
Sunscreens with nanosized inorganic filters or organic filters are suitable options if transparent formulations are desired, but they protect against 

UV radiation and not visible light
Wear hats, sunglasses, and sun-protective clothing (e.g., long-sleeved shirt, pants) with UPF of 40 or higher
Seek shade and avoid sun exposure during peak daylight hours
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in the shade, wearing long sleeves, wearing a hat, and using 
sunscreen, were not associated with a significant decrease 
in 25(OH)D levels in Hispanics and Blacks [137]. In fact, 
sunscreen use was associated with increased 25(OH)D levels 
among Black participants [137], possibly due to increased 
sun exposure or insufficient application/reapplication of sun-
screen. More studies are needed to examine the relationship 
between photoprotection behaviors and vitamin D levels in 
other contexts and SOC populations.

Deliberate sun exposure or indoor tanning, even if prac-
ticed to increase vitamin D levels, is not recommended due 
to the difficulty and impracticality of maintaining a safe level 
of UV exposure for vitamin D synthesis among patients. 
Instead, we recommend that individuals with SOC follow 
the National Academy of Medicine’s (formerly called the 
Institute of Medicine) recommended dietary vitamin D 
intake (400 IU/day between 0 and 12 months of age, 600 IU/
day between 1 and 70 years of age, and 800 IU/day above 70 
years of age), which may be achieved through the consump-
tion of natural food sources, vitamin D-fortified products, 
and supplements [138]. Importantly, these recommended 
intake values were developed based on the assumption of 
little to no sun exposure and accounts for variations in vita-
min D synthesis due to skin pigmentation [138].

The use of photosensitizing drugs may also increase 
patients’ susceptibility to skin photodamage, and drugs that 
have been implicated include tetracycline, doxycycline, 
hydrochlorothiazide (HCTZ), amiodarone, naproxen, piroxi-
cam, chlorpromazine, and thioridazine, among others [139]. 
The US FDA recently approved a label change for HCTZ 
to recommend increased photoprotection among patients 
taking the drug, due to its association with drug-induced 
photosensitivity and increased risk of developing NMSC, 
particularly SCC [140]. Since thiazide diuretics are com-
monly recommended as first-line treatment for hypertension 
in Black patients [141, 142], they may have an increased 
risk of developing skin photodamage due to HCTZ use. We 
previously found increased susceptibility to recent sunburn 
in non-Hispanic Black patients taking HCTZ, particularly 
among non-Hispanic Black women [143], which shows the 
importance of inquiring and counseling on photoprotection 
behaviors in these populations.

7  Conclusion

Current recommendations for patients with SOC to prac-
tice sun protection are complicated by areas in need of 
further study, including the relationship between sun expo-
sure and melanoma in SOC, as well as the extent to which 
individual photoprotection behaviors may affect vitamin D 
levels. These uncertainties should be conveyed when dis-
cussing sun protection and avoidance with patients, along 

with the well-established consequences of sun exposure 
in SOC, such as dyspigmentation, photoaging, and BCC. 
Appearance-based interventions have been shown to pro-
mote photoprotection behaviors [144, 145], and their utility 
in comparison with health-based approaches will depend on 
individual patient’s concerns and priorities. While the find-
ings discussed in this review article are not generalizable to 
all SOC populations and geographic regions, they highlight 
the unique considerations and challenges to photoprotection 
that need to be further examined. As we learn more, coun-
seling remains the critical piece in SOC patients [146, 147] 
and this will only become more important as the relative 
sizes of SOC populations continue to increase over the next 
decades in the US [148].
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