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Objectives. To examine indoor tanning trends among US adults, and the relation to

indoor tanning youth access legislation.

Methods.This study analyzed theHealth InformationNational Trends Survey (HINTS), a

mailed survey, from the years 2007, 2011, 2013, 2014, 2017, and 2018 (combined

n =202019).

Results. Indoor tanning prevalence decreased significantly over time among all US

adults from 2007 (10%) to 2018 (4%; P < .001), among young adults aged 18 to 34 years

(14% to 4%; P< .001), and among bothwomen (14% to 4%; P < .001) andmen (5% to 4%;

P < .05). Indoor tanning significantly decreased in states that enacted youth access

legislation by 2018, but did not significantly decrease for other states. Frequent indoor

tanning was common in 2018; about one quarter of respondents who reported any

indoor tanning did so 25 times or more in the past year.

Conclusions. This study identifies several challenges in continuing to reduce indoor

tanning in the United States. Youth access legislation may be effective for reducing

tanning among the broader population of tanners; however, there remains a need for

focus on highly frequent tanners, as well asmen. (Am J Public Health. 2020;110:823–828.

doi:10.2105/AJPH.2020.305605)

Approximately 5.4 million cases of skin
cancer are diagnosed per year.1 Mela-

noma, the most deadly form of skin cancer,
led to 9000 deaths in the United States in
2018.1 Incidence rates of melanoma in the
United States have been rising for several
decades and continue to rise.2,3 Ultraviolet
radiation exposure, from outdoor sun ex-
posure or artificial sources such as indoor
tanning, is the main cause of most skin can-
cers.4–6

Indoor tanning—the intentional use of
tanning beds or lamps to achieve a tan—is a
major risk factor for the most common types
of skin cancer: melanoma, basal cell carci-
noma, and squamous cell carcinoma.7 In
general, indoor tanners tend to be young,
female, and non-Hispanic White.8,9 Of
concern, indoor tanning before the age of 30
years is associated with developing melanoma
at a young age,10,11 and about a third of in-
door tanners begin tanning before the age of
18 years.12 In 2014, the Surgeon General’s
Call to Action to Prevent Skin Cancer

identified the need to reduce indoor tanning
for skin cancer prevention.13 As such, young
people are a key target group for indoor
tanning reduction interventions, including
age-restrictive legislation for indoor tanning
facilities.

Indoor tanning rates are declining in the
United States. Among adults, the trend has
been examined from 2010 to 2015, during
which indoor tanning prevalence signifi-
cantly declined among both men and
women.14 Understanding the factors related
to this downward trend could galvanize en-
hanced prevention and cessation efforts.
Potential explanations might include that

implementation of state-level indoor tanning
youth access legislation has been steadily in-
creasing in recent years. Beginning in 2012
(with modal years of 2013–2014),15 43 states
and Washington, DC, have passed legislation
to regulate and restrict indoor tanning for
older adolescents; this legislation included
prohibition of indoor tanning for all minors
younger than 18 years (15 states and the
District of Columbia), prohibition of tanning
for minors younger than 14 through 16 years
(12 states), and requirement of parental per-
mission or accompaniment to tanning for
those aged younger than 14 through 17 years
(16 states).15 Yet the relation between state
legislation and indoor tanning prevalence is
not well known and has not been examined
for adult populations. To date, indoor tanning
bans and other restrictive legislation pertain
only to minors.

It is possible that these types of legislation
may affect the wider community of indoor
tanners. The Social Amplification of Risk
Framework16 posits a theoretical approach to
understanding how risk information may be
amplified by factors such as media exposure.
The passing of state legislation, coupled with
corresponding media coverage of that legis-
lation, could potentially act as a “risk sig-
nal”—for example, that indoor tanning is
dangerous enough to be restricted for minors
—which is then amplified as it passes through
multiple information channels and social
networks, such as parents, physicians, and
both the traditional and social media. The
consistency and volume of such information
further amplify public risk perceptions. As
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such, social amplification of riskmay explain a
potential “spillover” effect of indoor tanning
youth access legislation into the indoor tan-
ning behavior of adults, leading to risk in-
formation being shared more broadly.

Existing research showing declining in-
door tanning prevalence are positive devel-
opments; however, adult indoor tanning
prevalence has not yet been reported using
longer-term data, which could demonstrate a
more complete picture of the indoor tanning
public health problem. Through use of
available longer-term data, including a
snapshot of years preceding modern indoor
tanning regulations and laws, a fuller picture
of the indoor tanning public health problem
can be demonstrated. The present study uses
nationally representative, cross-sectional data
from 6 time points over 11 years from the
Health Information National Trends Survey
(HINTS) to examine patterns of indoor
tanning and other potentially associated
variables among US adults. The study aims
were (1) to examine indoor tanning preva-
lence from 2007 to 2018 (a) in the general
population, (b) among those aged 18 to 34
years, (c) by gender, and (d) by tanning fre-
quency, and (2) to examine the potential
relationship between indoor tanning youth
access legislation—the majority of which was
enacted during the study period—and indoor
tanning prevalence over time to consider the
potential spillover effects of this legislation on
adults.

METHODS
Weobtained data from6 cycles ofHINTS,

which is administered by theNational Cancer
Institute (NCI). HINTS measured indoor
tanning frequency during several cycles, in-
cluding HINTS 3 (2007), HINTS 4-Cycle 1
(2011), HINTS 4-Cycle 3 (2013), HINTS
4-Cycle 4 (2014), HINTS 5-Cycle 1 (2017),
andHINTS 5-Cycle 2 (2018), all of which are
included in this study. During HINTS 3, the
survey transitioned to a paper mode that used
random address sampling; the NCI simulta-
neously administered a telephone survey to a
separate sample using random digit dialing. In
this study, we utilized only samples using
paper mode data collection modes; we ex-
cluded the telephone mode sample from
HINTS 3 (n= 4092) because of detected

mode differences such that the telephone
sample reported a significantly lower preva-
lence of indoor tanning.

Variables
We examined indoor tanning in each of

the 6 cycles. In the first 5 cycles, we used 1
item that asked, “Howmany times in the past
12 months have you used a tanning bed or
booth?”; responses were categorized as “0
times,” “1 to 2 times,” “3 to 10 times,” “11 to
24 times,” and “25 or more times.” The last
cycle (HINTS 5-Cycle 2) used an open re-
sponse. We obtained data representing 2018
indoor tanning youth access legislation from
the National Conference of State Legisla-
tures.15 We coded each state according to the
legislation enacted prior to the most recent
HINTS data collection (January 2018), such
that “under-18 access ban”was coded as 2 (16
states), “other youth access restrictions” was
coded as 1 (28 states), and “no restriction”was
coded as 0 (7 states). “Under-18 access ban”
refers to exclusion of all individuals aged
younger than 18 years from using indoor
tanning; “other youth access restrictions”
refers to parental permission or accompani-
ment requirements for various ages younger
than 18 years, or access bans for some minors
younger than 17 years (commonly ages 13–16
years); “no restrictions” refers to a state that
has no such legislation for indoor tanning.We
used these codes to assign participants to
mutually exclusive groups to represent leg-
islation categories for analysis rather than
using individual states’ estimates.

Analytic Approach
We used percentages from weighted fre-

quency calculations to describe indoor tan-
ning prevalence overall and by cycle year.We
used the Wald c2 test to assess group differ-
ences (the Mantel–Haenszel test may also
have been appropriate but was not available
as a procedure that incorporated survey
weights). We used linear regression to test for
significant differences in prevalence over
time: overall (including all years), within strata
(e.g., ages 18–34 years and women), by the
potential moderator of legislation category,
and—for under-18 legislation for which dates
were available—legislation implementation
dates. We linked sampling weights (50 rep-
licate weights, calculations, and procedure

described elsewhere17) to each individual,
then combined data into 1 final data set, with
each cycle’s samples labeled.18 We tested
nonlinear patterns with Joinpoint Version
4.7.0.0 (Bethesda, MD: Statistical Research
and Applications Branch, NCI), an analysis
program that tests for the fit of multi-
segmented line patterns. The unit of analysis
was the individual participant level. We
coded missing data as such and excluded
them. We primarily used SAS version 9.4
programming (SAS Institute, Cary, NC) for
analysis to account for sample weighting; all
data reported are weighted and therefore
representative of the US noninstitutionalized
adult population.

RESULTS
The results of the 2 study aims are as

follows.

Indoor Tanning Prevalence from
2007 to 2018

Weighted percentages of those reporting
indoor tanning in the past 12 months in the
general sample and among those aged 18 to 34
years are reported in Figure 1. In the general
sample, for eachmeasured year through 2017,
the prevalence of indoor tanning decreased,
falling from about 9.7% in 2007 to 3.9% in
2018. The linear regression model for indoor
tanning over time from 2007 to 2018 dem-
onstrated a significant decrease (P< .001;
Table 1). The Joinpoint analysis did not detect
a nonlinear trend. Women (51% of the
population) reported higher levels of indoor
tanning than men in each cycle, accounting
for an average of 73% of tanners overall
(P < .001). In 2007, 13.8% of women re-
ported past-year indoor tanning; by 2018,
only 4.4% did (Figure 1), with linear re-
gression indicating a significant reduction
over time (P< .001). For men, 5.4% reported
indoor tanning in 2007 and 3.6% in 2018
(Figure 1); linear regression indicated a sig-
nificant reduction over time (P< .05).

Among participants aged 18 to 34 years,
indoor tanning prevalence decreased in 2011,
2014, 2017, and 2018, with an overall
downward trend from 14.3% in 2007 to 4.0%
in 2018 (Figure 1). The linear regression
model for a decrease among those aged 18 to
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34 years from 2007 to 2018 was significant
(P < .001). Female participants aged 18 to 34
years reported higher levels of indoor tanning
than their male counterparts: although they
accounted for only 51% of that age group,

female participants accounted for an average
of 82% of tanners aged 18 to 34 years
(P < .001). In 2007, 23.7% of women aged 18
to 34 years reported past-year indoor tanning;
by 2018, this figure decreased to 5.4%

(P < .001). For men aged 18 to 34 years, 5.3%
reported indoor tanning in 2007 and 2.8% in
2018, but the difference was not statistically
significant (P= .16; Figure 1).

The frequency of tanning reported by
indoor tanners in each cycle is reported in
Figure 2. In all cycles except 2014, 3 to 10
times per year was the modal frequency.
Indoor tanning frequency did not signifi-
cantly differ by cycle (P= .14). In 2018, the
only year for which an open response was
used, the number of indoor tanning sessions
per respondent ranged from 1 to 200, with a
weighted mean of 27.4 and median of 9.2. In
2018, 44.4% of indoor tanning users reported
11 or more tanning sessions in the past 12
months and 24.0% reported 25 or more
sessions, nearly double the 12.6% who re-
ported 25 or more sessions in 2007.

Indoor Tanning and Legislation
Table 1 reports overall indoor tanning

prevalence for states’ respective indoor tan-
ning youth access legislation category and
regression results. Respondents in states with
an under-18 access ban in 2018 averaged an
indoor tanning prevalence rate of 5.1% across
all years; those with some legislation averaged
5.3%, and those with no legislation averaged
7.4%. The linear regression model for indoor
tanning over time from 2007 to 2018 among
states with an under-18 access ban demon-
strated a significant decrease (P < .001), with
the moderator of legislation year also signif-
icant (P< .05). A significant decrease was also
observed among states with some legislation
(P < .001). Among states with no legislation,
indoor tanning did not significantly decrease
over time (P= .53). A test of the interaction
effect of cycle year and legislation category
was not statistically significant (P= .93).
Figure 3 shows changes over time by legis-
lation category.

DISCUSSION
Results from this analysis demonstrate that

indoor tanning significantly decreased over
time among the US adult population from
2007 to 2018, a broad time frame that allows
for an expansive examination of this en-
couraging development in public health. This
decrease was also observed among the most
frequent users—young adults aged 18 to 34
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a
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2011
Cycle 4.3, 

2013
Cycle 4.4, 

2014
Cycle 5.1, 

2017
Cycle 5.2, 

2018 Total
All ages

No. 3548 3890 3141 3638 3233 3269 20219

Indoor tanners, % 9.7 5.5 5.4 4.5 3.5 3.9 5.4

Female indoor tanners, % 13.8 8.5 7.9 6.7 5.3 4.4 7.7

Male indoor tanners, % 5.5 2.5 2.7 2.2 1.6 3.6 3.0

Missing (excluded), % 1.3 1.7 1.4 1.1 1.6 6.7 2.3

Aged 18–34 y

No. 619 578 424 467 365 406 2859

Indoor tanners, % 14.3 8.6 10.9 8.2 6.1 4.0 8.9

Female indoor tanners, % 23.7 15.3 15.9 13.7 9.6 5.4 14.3

Male indoor tanners, % 5.3 2.3 5.3 2.5 1.5 2.8 3.3

Pe
rc

en
ta

ge

Year

Note. Includes at least 1 reported incident of indoor tanning. Percentages are weighted.
aHINTS Cycle 3 includes only the address sample.

FIGURE 1—Past-Year Indoor Tanning Prevalence Among US Adults: Health Information
National Trends Survey (HINTS), United States, 2007–2018

TABLE 1—Regression Results for US Adult Indoor Tanning (IT) Over Time by Type of Youth
Access Legislation: Health Information National Trends Survey, United States, 2007–2018

Parameter Weighted Estimate (95% CI; SE) IT Prevalence, %

Under-18 access ban 5.1

Survey year –0.005 (–0.007, –0.002; 0.001)

Year legislation enacted 0.012 (–0.001, 0.025; 0.006)

Other youth access restrictions 5.3

Survey year –0.006 (–0.007, –0.004; 0.001)

No youth access restrictions or bans 7.4

Survey year –0.002 (–0.008, 0.004; 0.003)

All states 5.4

Survey year –0.005 (–0.007, –0.004; 0.001)

Note. CI = confidence interval.
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years. In 2007, about 1 in 7 US young adults
reported using indoor tanning in the past year;
in 2018, this figure decreased to 1 in 25.
However, a remaining challenge is that to-
day’s indoor tanning population is enriched
with frequent users; 24% of indoor tanners
reported high rates of indoor tanning in 2018
(‡ 25 times during the past year), compared
with 13% in 2007. As such, very frequent
tanning appears to be a significant problem
among those who still use tanning beds.
Emerging research on tanning addiction
supports this result, according to a recent

review that described excessive tanning
among some users, as well as the addictive
properties of ultraviolet radiation.19 This is
also supported by the hardening hypothesis,20

which states that tobacco control has had the
most success among those who found it easier
to quit and were likely less addicted to nic-
otine. In the case of indoor tanning, it is
possible that highly frequent, potentially
addicted users are likely to continue tanning as
indoor tanning regulations continue, whereas
less committed or addicted users have ceased
tanning over time. We agree that better

interventions are critical to curb excessive
tanning.

Most indoor tanners in this analysis were
women. In 2007, nearly 1 in 4 adult women
aged younger than 35 years reported past-year
indoor tanning; in 2018, this figure decreased
to 1 in 20. Appropriately, youngwomen have
been the subject of much indoor tanning
research. Although men’s reported tanning
prevalence was higher than reported else-
where,14 in 2018 it was similar to that of
women (about 4%). Additionally, men
accounted for 27% of all adult indoor tanners;
future interventions should recruit men as
well as gender minorities to better understand
and prevent tanning among all people.21,22

The findings of this study also demonstrate
differences in reduction of adult indoor
tanning over time by the presence or absence
of indoor tanning youth access legislation.
The interaction tested between legislation
category and cycle year did not indicate that
legislation category (under-18 access ban,
other youth access restrictions, or no legis-
lation) moderates the decrease of indoor
tanning over time.However, analyses of the 7
states that have no age restrictions on indoor
tanning use15 indicate no significant reduc-
tion over time; by contrast, significant re-
ductions over time were found for the 28
states with some indoor tanning youth access
legislation and for the 16 states with an
under-18 access ban for indoor tanning. Thus,
it is possible that over time, as states intro-
duced indoor tanning youth access legisla-
tion (which typically became only more
restrictive over time), the restrictions and the
publicity about them led to steeper decreases
in tanning over time. States with other youth
access legislation did not appear to have a
statistically different outcome in tanning
over time compared with states with an
under-18 access ban; these findings are
consistent with the Social Amplification of
Risk Framework,16 as it is possible that
media coverage and interpersonal interac-
tions following any legislation amplified
perceptions of risk as a function of the at-
tention that legislation garners. Public risk
perceptions can be amplified by events or
widely disseminated publicity.16 For ex-
ample, California was the first state to im-
plement an under-18 access ban on indoor
tanning, and compared with before the
legislation, long-term media coverage

No. of Times 2007 2011 2013 2014 2017 2018
a

Total

1–2, %

All 27.0 27.5 29.3 45.7 16.6 9.7 26.8

Aged 18–34 y 28.8 29.9 18.5 60.0 5.4 0.8 28.2

Female 25.6 23.8 19.8 47.1 13.5 10.5 24.6

Male 30.6 41.0 55.0 36.7 23.3 8.7 31.2

3–10, %

All 37.3 44.7 43.9 26.9 52.8 45.9 41.0

Aged 18–34 y 39.9 38.4 47.1 22.1 46.8 59.5 40.0

Female 35.8 44.8 47.6 23.6 50.9 45.9 40.4

Male 41.0 44.8 34.7 39.7 60.0 45.9 43.2

11–24, %

All 23.2 18.3 10.4 12.9 12.8 20.4 17.3

Aged 18–34 y 20.0 20.3 6.4 5.8 16.6 19.1 14.5

Female 26.7 22.5 11.8 14.4 12.4 27.8 20.0

Male 13.9 2.4 6.7 9.5 15.7 11.0 10.3

≥ 25, %

All 12.6 9.5 16.4 14.4 17.8 24.0 15.0

Aged 18–34 y 11.2 11.4 28.0 12.1 31.2 20.6 17.3

Female 11.9 8.9 20.8 14.9 23.2 15.7 15.0

Male 14.6 11.8 3.6 14.1 1.0 34.4 15.3
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Note. Percentages are weighted.
aFor 2018, this question was posed in an open-ended manner. For this analysis, the open responses were
collapsed into the previously used categories.

FIGURE 2—Indoor Tanning (IT) Frequency Among Those Reporting Past-Year IT: Health
Information National Trends Survey, United States, 2007–2018
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following the ban included significantly
more skin cancer risk information dissemi-
nated widely.23 HINTS data sets include
general cancer risk perception items and
once included a skin cancer–specific risk
perception item; a future analysis of skin
cancer–specific risk perceptions over time
may be valuable for understanding reduced
indoor tanning behavior.

The association between adult indoor
tanning and state indoor tanning youth access
legislation has not been examined in prior
research. A recent systematic review of 7
studies found that, overall, legislation was
associated with a slight decrease in youth
indoor tanning.24 One study by the Centers
for Disease Control and Prevention found
that indoor tanning youth access legislation,
particularly legislation including age restric-
tions, has helped to significantly reduce in-
door tanning among female high school
students.25 However, a study of indoor tan-
ning before and after the New Jersey access
ban for ages 17 years and younger found no
reduction in youth tanning following the
ban26; lack of tanning facility compliance
with age restrictions or parental accompani-
ment laws may contribute to mixed effects.27

Additionally, studies may require a longer
time frame to find larger effects.24 Further
work is needed to better understand the role

of state youth access legislation in tanning
prevalence.

Limitations
Several limitations must be considered in

interpreting these findings. HINTS is a
cross-sectional survey; this analysis lacked the
ability to examine changes in individuals over
time, and instead looked at changes at the
population level over time. The incidence of
missing data for indoor tanning was higher in
2018, which is likely a result of the open-
ended format. Indoor tanning frequency in
2018 may not be comparable with the other
data because of the open-ended format that
was introduced in this cycle.Outdoor tanning
data were not available to analyze over time; it
is possible that outdoor tanning increases as a
potential replacement for indoor tanning.28

Importantly, it is not possible to determine
a causal relationship between legislation and
reduced tanning prevalence. Historical shifts
in indoor tanning regulation, such as the
classification of indoor tanning as a group 1
carcinogen,7 the Food and Drug Adminis-
tration’s regulation of indoor tanning, and
a federal indoor tanning tax through the
Affordable Care Act, may also partially ex-
plain lower indoor tanning prevalence over
time. States that passed legislation may also

differ from those that did not in ways that
affect indoor tanning, such as geography.
Additionally, examining legislation by
implementation year for legislation other than
under-18 bans, such as parental accompani-
ment and permission laws, was beyond the
scope of the current study because of an
inability to precisely confirm many im-
plementation dates. However, tanning leg-
islation typically changes to become more
restrictive over time, and public perception
and behavior may have shifted in association.
Even unpassed legislation may communicate
risk through media coverage. For example, a
2009 article from NBC News, titled “Cancer
Fears Have States Mulling Teen Tan Bans,”29

described the dangers of indoor tanning in the
context of several proposed state bills,many of
which ultimately did not pass that year. These
bills resulted in original media coverage about
the dangers of indoor tanning in 2009;
eventually, several of the 17 states referenced
in the article passed restrictions and bans.
Categorizing states according to their current
legislation best captured the potential impact
of these laws over time without compro-
mising power and accuracy. The law-making
process, media reporting, and public health
have complicated connections that should be
further explored.

Public Health Implications
The reduced adult indoor tanning prev-

alence reported here and elsewhere14 is a
positive development for public health in the
United States. This study uniquely contrib-
utes to the understanding of indoor tanning
prevalence in the US population by reporting
that rates of adult indoor tanning also went
down in states with legislation restricting
indoor tanning for minors, and by examining
a period of 11 years, broader than previous
studies. Findings demonstrate that indoor
tanning prevalence decreased significantly
among US adults as well as among young
adults, women, andmen, and decreasedmore
in states that enacted indoor tanning legisla-
tion than in those that did not. Despite these
positive developments over the past decade,
melanoma rates are still rising.2 Potentially
high levels of outdoor tanning,30 and the fact
that many persons in the United States are
former indoor tanners,31,32 are likely con-
tributing factors. There are future
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FIGURE 3—US Adult Indoor Tanning Prevalence (Weighted) by 2018 Indoor Tanning Youth
Access Legislation Category: Health Information National Trends Survey, United States,
2007–2018
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opportunities in public health research to
reduce all forms of tanning through inter-
ventions, to study appearance-based motives
for all tanning, to prevent excessive tanning,
and to strengthen legislative efforts for further
reduction of indoor tanning.
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