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ORIGINAL RESEARCH
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OBJECTIVE: We sought to evaluate the impact of the coronavirus-19 (COVID-19) pandemic on sun-seeking and sun-safe behaviors. METHODS:
We conducted an online, cross-sectional, population-based survey. RESULTS: In total, 1,001 respondents participated in the survey and reported
being exposed to 12 or more hours of sunlight (i.e., direct and indirect ultraviolet light, and blue light) each day. Participants self-reported a net
increase in all types of light exposure since the onset of the COVID-19 pandemic, especially to blue light (+38%). Notably, while the effects of direct
sunlight were well known among survey respondents, they were less aware of the potential damaging impact of indirect sunlight and blue light.
LIMITATIONS: As the survey was only conducted among residents of the United States, results might not be generalizable to all geographical
regions. CONCLUSION: Social outreach strategies are required to improve sun-safe behaviors. Future behavioral interventions should encourage
the implementation of broad-spectrum sun protection. KEYWORDS: Solar radiation, ultraviolet radiation, sun protective factor, sun protection

United States population may have shifted, altering the relative

risk of photodamage caused by various sources (e.g., direct
light, indirect light, and blue light). For example, as many people began
working and studying remotely, their exposure to direct sunlight may
have decreased, while their exposure to indirect sunlight (e.g., by working
and studying near a window; reflected, or scattered by cloud cover and
atmosphere; or reflectivity from ground surface) and blue light (e.g., from
computers, phones, tablets) most likely increased.’ To better understand
the impact of the pandemic on sun-seeking and sun-safe behaviors, a
cross-sectional, population-based survey of residents in the United States
was conducted.

D ue to the COVID-19 pandemic, sun seeking behaviors among the

METHODS

In consultation with advisors, a cross-sectional, population-based
survey was developed and deployed between July and August 2021. The
survey targeted men and women between the ages of 15 and 74 years.
The estimated time to complete the survey was 10 minutes. The survey
questions are included in the supplemental material. Answers represented
consumers'self-reported behaviors as a yearly average.

The survey questions were designed to establish the population’s
general knowledge of the risks of and protective measures against

ultraviolet (UV) radiation, and in particular, the damaging effects from
various light sources (i.e., direct and indirect UV radiation and blue
light). Additionally, the survey evaluated the current state of sun-seeking
behaviors since the COVID-19 pandemic as well as the current state of
sun-safe behaviors since the COVID-19 pandemic, including sun protective
factor (SPF) methods employed and SPF application patterns in different
seasons, from different light sources, and on oneself versus one’s children.

Definitions. An important aim of the data collection process was to
ensure a diverse sample was attained, with representative participants
from regional, ethnic, gender, and generational subgroups accounted for
between data collection waves. Generational subgroups were defined as
the following:

« “Boomers”: Cohort born between the years 1946 to 1964

« “Generation (Gen) X": Cohort born between the years 1965 to 1980

« “Millennials”: Cohort born between the years 1981 to 1996

« “Generation (Gen) Z”: Cohort born between the years 1997 to 2012

Prior to initiating the study, respondents were provided with the
following definitions:
Direct sunlight: An uninterrupted path of light from the sun
directly to the skin.
Indirect sunlight: Sunlight that passes through a medium,
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FIGURE 1. Sample demographics (N=1,001)

SPF Usage Compared to Before the Pandemic

(among those working from home)

% of US Population 22% 18% 4%
5% 4% 5%
Alot less now than before 5% 5% 5%

Alittle less now than before

u The same amount now as before 78%
Alittle more now than before 24% 28%
39% 44%
Alot more now than before 15 (429) 1% 39 5% 13%
8% (+3)
Total of everyone Total WFH Due WFH Not Due
working from home to Pandemic to Pandemic
a b c
Base: Work from home (220) (180) (40)

(+) indicates a positive shift since before the pandemic

FIGURE 2. Survey participants working from home due to the pandemic were more likely to increase their sun protective

factor usage compared to those working from home for alternative reasons. The behavior of those working from home for
alternative reasons remained largely unchanged from the pre-pandemic period.
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whether that is through a window,
a shade or shutter, a tree’s leaves, or
surface reflection.

«  Bluelight: Blue light is part of the
visible light spectrum (i.e., what the
human eye can see). Sunlight is the
most significant source of blue light.
Electronic devices, including light
emitting diode (LED) televisions,
computer monitors, smart phones, and
tablet screens, are also sources of blue
light.

Sample size calculation and statistical
analyses. Using a global population size of 7.9
billion, a confidence interval of 95 percent and
amargin of error of 5 percent, 395 respondents
were required to ensure a sufficient sample
size. Data were analyzed using descriptive and
inferential statistics.

RESULTS

In total, 1,001 respondents participated in
the survey, which reduced the actual margin
of error from 5 to 3 percent. The achieved
sample size was well above the general
recommendation of what is considered a
“good” sample size to use during a priori
power calculations for predictive models of
behavior (e.g., N>200).2 Clinical, scientific, and
statistically significant findings are described
below.

Sample demographics. A roughly equal
number of men (48%) and women
(52%) participated in the survey. The majority
of respondents were Caucasian (73%), although
representatives from all Fitzpatrick Skin Types
(I'to VI) were included. The average age of the
sample was 44 years. Of those working from
home (32%), 82 percent were doing so due to
the pandemic. Further demographic details of
the sample are depicted in Figure 1.

Light exposure. Participants self-reported
a netincrease in all types of light exposure since
the onset of the COVID-19 pandemic, especially
to blue light. This included a 12-percent
increase in exposure to direct sunlight, a
15-percent increase in exposure to indirect
sunlight, and a 38-percent increase in exposure
to blue light exposure (Figure 2). Figure 3
displays respondent’s SPF application patterns
when exposed to different UV light sources.
Participants also reported that following the
onset of the pandemic, they were exposed to
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greater than12 hours of sunlight (i.e., direct,
indirect, and blue light) each day, including an
average of 3.1 hours of direct sunlight, 4.4 hours
of indirect sunlight, and 5.0 hours of blue light.

Direct sunlight. On average, participants
self-reported an average of 3.1 hours of
direct sunlight per day. Significant subgroup
correlations were apparent. For example,
African Americans spent significantly more
time exposed to direct sunlight than all other
ethnicities (e.g., an average of 3.8 hours versus
3.1 hours). In addition, men and participants
over the age of 40 years reported being exposed
to direct sunlight for a greater amount of time
(3.3and 3.5 hours, respectively). While the
majority of respondents were very familiar with
direct sunlight, just 4 in 10 were concerned with
it.

Indirect sunlight. Participants who worked
from home reported sitting either directly next
to a window or within a room with a window
in 91 percent of cases, versus 74 percent of
those who worked in an office outside the
home. In both groups, the average amount
of time spent next to or near a window (i.e.,
being exposed to indirect sunlight) was 6.1
hours per day. However, when asked how many
hours a day they thought was spent exposed
to indirect sunlight, the average response was
only 4.4 hours a day. There were no significant
differences between subgroups (i.e., age,
ethnicity, gender) and the average amount
of time spent exposed to indirect sunlight
(p>0.05). Regardless of season, respondents
were less likely to apply SPF to protect
themselves against indirect light than direct
light.

Blue light. Participants were exposed to
an average of five hours of blue light per day.

A significant subgroup skew was observed for
“Gen 2", who spent an average of 5.9 hours a
day exposed to blue light. This represented a
significantly increased duration compared to
all other generational groups (p<0.05). The
impact of blue light was a greater concern to
respondents than indirect sunlight and created
nearly as much concern as direct sunlight.

Familiarity and concern. Consumers were
familiar with the different light sources, but

there were significant subgroup skews observed.

For example, 81 percent of “Boomers” reported
being “very familiar” with risks associated with
direct sunlight, which was significantly higher

than other generations (p<0.05); 50 percent of

TABLE 1. Participant’s concern regarding the different sources of ultraviolet radiation (direct sunlight, indirect sunlight,

blue light) was not as strong as familiarity with their risk (N=1,001).

ULTRAVIOLET SOURCE FAMILIARITY CONCERN
Direct sunlight 90% 40%
Indirect sunlight 85% 24%
Blue light 74% 34%
SPF Application for Different UV light sources
Wear sunscreen 61% 24% 9%
Base: Wear sunscreen for light type N=775 N=d17 N=351
| apply SPF when exposed to each
R typa 12%
19%
I rarely do this 41%
B 21%
| occasionally do 1%
this 38% 35%
I do this most of 27%
the time
| always do this 20 20k 1%
Direct Sunlight Indirect Sunight Blue Light

FIGURE 3. Respondent’s sun protective factor application during exposure to different ultraviolet light sources
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= e
— - B
17%
Never heard of it
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73%BC
Somewhat familiar 61%C
. 43%
Very familiar
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a b c
Concern
21% 23%
38% AC
Not at all concerned
14%
15%
Slightly concerned
16%
[l Somewhat concerned
Very concerned
21%8B
20%B
Extremely concerned
15%
19% BC
14%B
9%
Direct Sunlight Indirect Sunlight Blue Light
a b ¢

FIGURE 4. The level of familiarity and concern regarding the different sources of ultraviolet radiation (direct sunlight,

indirect sunlight, blue light) among respondents (N=1,001)
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“Gen Z"reported being “very familiar” with the
risks associated with indirect sunlight, which
was significantly lower than other generations
(p<0.05); and 34 percent of “Boomers” reported
being “very familiar” with the risks associated
with blue light, which was significantly lower
than other generations (p<0.05).

Consumers’ concern was found not to be
as strong as their familiarity (Figure 4). For
example, 54 percent of the sample reported
being “slightly/not at all” concerned with
indirect light, 38 percent of the sample reported
being “slightly/not at all” concerned with blue
light, and 35 percent of the sample reported
being “slightly/not at all concerned” with direct
light (Table 1). The low level of concern could
be because 1in 5 to 1in 4 respondents did not
know the potential damaging impact of indirect
or blue light, and approximately half of
the sample realized that blue light could result
in headaches and damage to eyesight (Figure
5).“Millennials” were 24 percent, 16 percent,
and 24 percent more concerned than other
generations regarding direct, indirect, and blue
light sources, respectively (significant difference
at the 90 percent confidence level).

Parent-child correlations. Parents were
particularly concerned with keeping their
children sun safe (Figure 6). Parents were
more likely to apply SPF to their children than
themselves, regardless of the light source.
Parents had strong beliefs about their young
child's sun-protective behaviors. However,
this did not translate into their own sun safe
behaviors. Often, parents reported a high
awareness of the need to keep their child sun
safe and would implement multiple methods to
ensure their safety. Despite this finding, parents
did not show improved sun safety behaviors
compared to other adults in their demographic
group (p>0.05). This supports that a lack of
concern, rather than knowledge, contributes to
the risky sun behaviors among parents.

Potential for behavioral modification.
Despite some of the unsatisfactory sun safe
behaviors reported by the respondents,
there was significant potential for behavioral
modifications. For example, 54 percent of
participants agreed that they would use
SPF if they knew UV light could penetrate
through glass and windows; 52 percent of
participants agreed that they would use SPF if
they knew they could be at risk of harmful UV
light exposure when indoors in a room with

JCAD

Possible Effects From Different UV Light Sources
Direct Sunlight Indirect Sunlight Blue Light
Base: Total Respondents (1001} (1001} (1001}
A 8 c

Can cause sunbum 2% 23% 7%
Can cause cancer 67% 21% 16%
Ages skin faster 63% 23% 12%
Can help increase Vitamin D intake 62% 25% 6%
Damages skin cells 61% 22% 14%
Can cause damage to eyesight 51% 19% 52%
Can cause headaches 38% 19% 47%
Don't know/nat sure 5% 7% 20%
None of these 3% 14% 7%
Average # of Effects Associated 4.2 19 18

Boomers & Caucasians Millennials Have Stronger

Sub-Group Have Stronger Associations Across All
Skews Associations Across All (except “eyesight” &
(except “headaches”) “headaches”)

FIGURE 5. The effects of direct sunlight were well known among survey respondents, but 1in 45 did not know the

potential damaging impact of indirect sunlight or blue light. Only about half of respondents realized blue light can cause
headaches and damage to eyesight.

@Iﬁl@# SPF Application on Children for Different Light Types
Direct Sunlight Indirect Sunlight Blue Light
Children Parent Children Parent Children Parent
5% 6%
% 20% " 5%
dothi 15% “
edoths E
28% 4%
w | occasionally do this 5%
28% 24% 13%
Ido this most of the time m _—
4% 1%
atways do th 3B% 15%
LR gothE 7% 7%

FIGURE 6. Parents are more likely to apply a sun protective factor product to their children than themselves.

windows; and 57 percent of participants agreed
that if they knew using products that contained
SPF could help prevent the negative effects on
skin caused by indirect light exposure, that they
would use them.

DISCUSSION

A comprehensive understanding of
people’s health-behavior decisions is vital
to determining which interventions might
be most useful. In our study, we conducted
a survey aimed at collecting and comparing
data related to UV exposure risk, knowledge,
concern, and protective behaviors, and explore
how these data could potentially inform a
social intervention or educational materials to
improve sun-safe behaviors. These results can
provide quidance to dermatologists and other
healthcare practitioners who seek to discuss
photoprotection with their patients.?

The top insights provided by the survey
results include:

« The lack of consumer awareness regarding

the negative effects of indirect light and
blue light.

« The apparent apathy of “Gen 2" regarding
sun safe behaviors and light sources.

« The limited use and concern with
implementing SPF into standard of care,
especially during colder months.

- The finding that “children come first” when
it comes to applying SPF.

- Parents do not protect themselves as much
as their children.

« The lack of consumer knowledge regarding
effective SPF and protection against
different light sources.

- The finding that consumers are open to
education.

To improve sun-safe behaviors among the
general population, the authors provide the
following guidance to educators and healthcare
professionals:

« Working and studying from home is

“the new normal” for an unprecedented
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number of patients, therefore physicians
need to counsel and educate their patients
on occupational sun safety.

« It may be beneficial for physicians to
incorporate questions about where
patients work and their proximity to
different light sources during procedural
consults and routine skin check ups.

- Physicians should remind patients that
the majority of sun damage comes from
daily, incremental light exposure, and is
often incurred during the younger years.
The results from our survey suggest
that younger generations lack this
knowledge. This may increase patients’
understanding of the importance of daily
photoprotection, which the current data
demonstrate is lacking outside of the older
“Boomer” generation.

(linicians and members of the general
population need to consider the risks associated
with all UV light sources, and not simply the
more commonly discussed UVA/UVB rays. This
is a topic that should be implemented into
educational curriculums. Industry and lobbying
groups could develop podcasts, web series, and
host “lunch and learns” in an effort to better
educate clinicians and support staff. Educating
support staff may be more effective than
educating dermatologists, who often spend less
time with patients. Additionally, educational
websites could be developed. Consumers could
be directed to such websites through the use
of QR codes, which could provide a coupon or
free sample after watching a short educational
video. Dermatologists should become aware of
the relevance for protecting against blue light
in patients with melasma and those with darker
skin types.

Physicians have a responsibility to educate
their patients about the risks of UV light and
potential sun-safe behaviors. Healthcare
practitioners should implement educational
methods that promote increasing the personal
choice and responsibility of patients in their
decision to practice sun-safe behaviors. After
a skin treatment, clinics could provide patients
with samples of sunscreen, along with a
short educational consult. This may promote
continued SPF use and give consumers the
opportunity to “try before they buy”. Educational
campaigns need to address cultural beliefs (e.g.,
being in the sun and having a tan are a part of

Australian identity and culture). The industry
needs to develop more effective social media
campaigns, particularly for targeting “Gen

7" Based on the findings from a randomized
controlled trial,> educational materials should
include UV imagery, as this was found to be
most effective at increasing sun safe behaviors.

The way in which consumers employ
sun protection methods (when, what [i.e.,
ability to differentiate between products with
appropriate filters], how often, how much)
needs to restructure in a way that will promote
implementing sunscreen into standard,
everyday skincare regimens, not only for anti-
aging purposes, but for supporting skin health
(e.g., transepidermal water loss, hydration,
excessive melanin production, elasticity, fine
lines and wrinkles, sun damage, skin cancer),
as well.

A concept to be developed is that there are no
“cheat days” when it comes to sun protection.
Consistent with previous investigations, attitude
and concern, group norm and familiarity, and
personal choice (e.g., parental responsibility)
emerged as significant predictors of people’s
intentions which, in turn, significantly predicted
sun-safe behaviors. However, compared to
previous research, the level of direct sunlight
has decreased since the pandemic and the
level of indirect light and blue light exposure
has increased.>" As many industries and
institutions have indicated their willingness to
maintain the home office and virtual learning
modality, these patterns likely reflect the
"new normal".'?" Unfortunately, the general
consumer's knowledge of indirect and blue light
is limited, and often, they do not consider using
products containing SPF when in the presence
of blue light."

According to our survey results, parents
generally had knowledge of the broad sun
safety recommendations; however, the specific
details of the recommendations were not
always known. Parents reported adopting a
range of sun-protective measures for their
child, which depended on the time of year. A
range of advantages (e.g., reducing the risk of
skin cancer, developing good habits early and
parental peace of mind), disadvantages (e.q.,
false sense of safety and preventing vitamin
D absorption), barriers (e.g., child refusal) and
facilitators (e.g., routine and accessibility) to
performing sun safe practices were identified.
Normative pressures and expectations also
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affected parents’motivation to be sun safe

for their child. These findings have important
implications for policy development and
suggest that, although parents may be informed
about sun safe behaviors for their child, this
knowledge is not necessarily a prerequisite

for effective action. Given that parents adopt
different behaviors across the year, which is
contrary to recommendations, educational
campaigns that often focus on imparting
accurate information may not produce desirable
behavior. Despite a fairly thorough knowledge
regarding the relationship between skin

cancer and sun exposure, parents’ behavior

was unsatisfactory. This also supports that
knowledge is not sufficient to produce a positive
behavior, as determinants of these two aspects
are different.

The finding that participants were exposed to
greater than12 hours of UV radiation and or blue
light per day is significant. In effect, participants
are continuously exposed to one or more light
sources during regular waking hours. Healthcare
professionals should be considered as key
figures for future multicomponent intervention
strategies in the field of photoprotection. Future
interventions targeting cultural beliefs will be
more effective, as the health messages can
be tailored to the specific group and behavior.
These identified beliefs can be used to inform
interventions to improve sun safe behaviors.’
Computer-based educational resources may
also be effective at increasing knowledge and
changing behaviors."®

Educational materials should also target
specific subgroups of the population. For
example, African Americans were exposed to the
highest levels of direct sunlight, yet this cohort
had the most infrequent use of SPF. Moreover,
despite participants with higher skin phototypes
(Fitzpatrick skin types IV to VI) have an increased
susceptibility to the damaging effects of blue
light, the general population’s knowledge of this
fact was extremely limited.”"® Another area of
improvement concerns the inconsistent use of
SPF throughout the seasons. Given the known
damaging effects of indirect light and blue light,
educators should promote the continued use of
SPF, even in colder months.

Limitations. Health decision making is a
complicated process involving influences from
many sources, and motivational factors often
vary between individuals. Therefore, theory-
based research, such as the current evaluation,
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may fail to predict future actions with complete
accuracy. The interpretation of the current
survey results should be considered within the
limitations of cross-sectional studies, which are
observational and descriptive in nature and may
not be causal or relational. Lastly, although this
survey collected data on consumers’ average
behavior throughout the year, irradiances vary
widely in a country like Canada.

CONCLUSION

The effects of direct sunlight were well
known, but survey respondents were less aware
of the potential damaging impact of indirect
sunlight or blue light. Moreover, sun-seeking
and sun-safe behaviors, level of concern
regarding UV exposure, and knowledge of risk
vary significantly among major subgroups
of the general population (e.g., generations,
ethnicities). Evidence supports that social media
campaigns may provide an effective outreach
strategy for improving sun-safe behaviors,
particularly among the “Gen Z” cohort. Future
behavioral interventions should encourage
the implementation of broad-spectrum sun
protection, including protection against solar
radiation that can damage the cutaneous
layers and negatively affect skin heath (i.e.,
direct light, indirect light, and blue light).
Lastly, committed support from healthcare
practitioners, cancer foundations and employers
may encourage the widespread implementation
of sun-safety education programs.
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