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Use of Sunscreen, Sunburning Rates, and Tanning Bed Use Among
More Than 10 000 US Children and Adolescents

Alan C. Geller, RN, MPH*; Graham Colditz, MD, DrPH‡; Susan Oliveria, ScD, MPH�;
Karen Emmons, PhD¶; Cynthia Jorgensen, DrPH#; Gideon N. Aweh, MS‡; and

A. Lindsay Frazier MD, MSc‡§

ABSTRACT. Objectives. To describe the association
of sunscreen use, sunburning, and tanning bed use by
age, sex, residence, and psychosocial variables associated
with tan-seeking behaviors, and to compare these find-
ings with sun protection recommendations from federal
agencies and cancer organizations.

Methods. A cross-sectional study, from all 50 states,
of 10 079 boys and girls 12 to 18 years of age in 1999. Data
were collected from self-report questionnaires with the
children of the participants from the Nurses Health
Study (Growing Up Today Study).

Results. The prevalence of sunscreen use was 34.4%
with girls more likely to use sunscreen than boys (40.0 vs
26.4, odds ratio: 1.86; 95% confidence interval: 1.70–2.03).
Eighty-three percent of respondents had at least 1 sun-
burn during the previous summer, and 36% had 3 or
more sunburns. Nearly 10% of respondents used a tan-
ning bed during the previous year. Girls were far more
likely than boys to report tanning bed use (14.4 vs 2.4),
and older girls (ages 15–18) were far more likely than
younger girls (ages 12–14) to report tanning bed use
(24.6% vs 4.7). Tanning bed use increased from 7% among
14-year-old girls to 16% by age 15, and more than dou-
bled again by age 17 (35%; N � 244). Multivariate anal-
ysis demonstrated that attitudes associated with tanning,
such as the preference for tanned skin, having many
friends who were tanned, and belief in the worth of
burning to get a tan, were generally associated with spo-
radic sunscreen use, more frequent sunburns, and in-
creased use of tanning beds.

Conclusions. Our findings suggest that many chil-
dren are at subsequent risk of skin cancer because of
suboptimal sunscreen use, high rates of sunburning, and
tanning bed use. Recommendations in the United States
for improved sun protection and avoidance of tanning
beds and sunburning, which began in the early 1990s,
have been primarily unheeded. Nationally coordinated

campaigns with strong policy components must be de-
veloped and sustained to prevent skin cancer in a new
generation of children and adolescents. Pediatrics 2002;
109:1009–1014; melanoma, skin cancer prevention, chil-
dren, epidemiology.

ABBREVIATIONS. UV, ultraviolet; GUTS, Growing Up Today
Study; NHS II, Nurses’ Health Study II; SPF, Sun Protection Fac-
tor; OR, odds ratio; CI, confidence interval.

Results from epidemiologic studies have shown
that sun exposure is the major environmental
risk factor for the development of both mela-

noma and nonmelanoma skin cancers.1–3 It has been
estimated that ultraviolet (UV) radiation from the
sun is responsible for at least 65% of the melanoma
cases worldwide.4 It has been suggested that limiting
sun exposure during childhood and adolescence,
through the use of sunscreen, could reduce the life-
time risk of developing nonmelanoma skin cancers
by as much as 78%.5

Although skin cancers are rare in individuals un-
der the age of 20, there is evidence to support a role
of sun exposure during early life and subsequent risk
of skin cancer during adulthood.6–9 Furthermore,
patterns of sun exposure seem to be important in the
development of these cancers, specifically intermit-
tent sun exposure received during the critical periods
of childhood and adolescence.9,10

The effects of sun exposure during early life are
important because most of an individual’s exposure
occurs during childhood and adolescence.11,12 Chil-
dren spend an estimated 2.5 to 3 hours outdoors each
day13,14 and may receive 3 times more annual UV-B
rays than adults, because they have a greater oppor-
tunity for midday sun exposure during the summer
months.13,15 Health behaviors, including unprotected
sun exposure, are established early in life and may
“track” into adulthood.16,17 Furthermore, there is
some evidence to suggest that primary prevention
programs to reduce sun exposure are beginning to
have a beneficial effect on reducing skin cancer in
younger age cohorts.18

Recent recommendations from the Centers for Dis-
ease Control and Prevention, the American Cancer
Society, the American Academy of Dermatology, the
Environmental Protection Agency, and the Skin Can-
cer Foundation, among others, have called for in-
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creased use of sun protection, minimizing sunburns,
and avoiding tanning beds.19–23

The purpose of the current study was to assess
adherence to these new recommendations, and to
examine the relationship between sunscreen use,
sunburning, and tanning bed use by demographics
and psychosocial correlates related to tan-seeking.
We hypothesized that adolescents were not adopting
these recommendations and that tan-seeking behav-
iors were related to noncompliance. In addition, we
hypothesized that tan-seeking behaviors, including
use of tanning beds, would be more prevalent among
female adolescents. This is the first study to jointly
examine sunscreen use, sunburning, and tanning bed
use in US children.

METHODS

Study Population and Survey Methods
In the current study, we analyzed the findings from white

preadolescents and adolescents aged 12 to 18 years. Because chil-
dren of nonwhite races have a far lower risk of skin cancer and
sunburn, the focus of this study was on white children.

The Growing Up Today Study (GUTS) is a longitudinal study
that was established in 1996 and originally involved the children
and adolescent offspring of women participating in the Nurses’
Health Study II (NHS II). NHS II is a national longitudinal cohort
study of 116 671 female nurses, established in 1989. Letters were
first sent to the approximately 40 000 women who participated in
NHS II and who had indicated that they had a child between 9 and
14 years of age. Mothers who gave permission for their child to
participate provided each child’s name, age, gender, and address.
These 25 000 children then were sent a packet including a letter
inviting them to participate in a new study and a gender-specific
questionnaire. Return of a completed questionnaire was consid-
ered consent to participate. This study was approved by the
Human Subjects Committees at the Harvard School of Public
Health and the Brigham and Women’s Hospital in Boston, Mas-
sachusetts. Mothers who gave permission to contact their children
were slightly different from those who did not grant permission in
terms of mother’s smoking status (8% vs 10%, respectively), age
(37.7 vs 37.8 years), and body mass index (25.3 kg/m2 vs 25.7
kg/m2).24

In 1999, 16 625 adolescents of all races (ages 12–18) were eligible
to complete the survey, and 94% of these were white (N � 15 627).
Sunscreen questions were completed by 10 843 respondents, of
whom 10 079 were white. The overall response rate for white
adolescents was 65%.

Measures
We created a variable based on the child’s state of residence

and then categorized these into warmer states (N � 13) and cooler
states (N � 37; see methodology used elsewhere).25 In general,
warmer climates included Hawaii, Southern California, the South-
east, and the Southwest defined as having the highest mean UV
Index at the time of survey completion.

In 1999, 7 questions on sun protection attitudes and practices
were added to the GUTS questionnaire. The questions, divided
into predictors and outcomes were:

Predictors
1. What is the color of your untanned skin?

Color of untanned skin was categorized as very fair, fair, olive,
and dark.

2. How many of your friends had a tan at the end of the summer
(this past summer)?

Responses were categorized on a 5-point scale, ranging from
none to all.

3. How much do you agree with the following statement?

It’s worth getting a little burned to get a good tan?

Responses were categorized on a 5-point scale, from strongly
agree to strongly disagree.

4. What kind of tan is most attractive to you?

Responses included natural skin color, a little color from the
sun, a light brown suntan, a moderate brown suntan, and a very
dark brown suntan.

For these 3 psychosocial questions, we then further categorized
respondents into 2 groups: all, most, some friends tanned versus
none and a few; worth getting a little burned to get a good tan into
strongly agree and agree versus others; and attractiveness of tan
into natural color and a little color from the sun compared with a
light brown suntan, a moderate brown suntan, and very dark
brown suntan.

Outcomes
The primary endpoints of interest included: 1) routine use of

sunscreen, 2) the presence of at least 3 sunburns during the past
summer, and 3) use of a tanning booth or salon during the past
year. The outcomes are further described below:

1. When you were outside on a sunny day this past summer for
�15 minutes, how often did you use sunscreen or sunblock
with a Sun Protection Factor (SPF) of 15 or more?

Sunscreen use was defined as “routine” if the child reported
using sunscreen always or often.26 Sporadic use of sunscreen was
defined as sometimes, rarely, and never.

2. How many times did you get a sunburn this past summer (that
is, how many times did exposed parts of your skin stay red for
several hours after you had been out in the sun)?

No sunburn, 1 to 2 times, 3 or more times.

3. During the past year, how many times did you use a tanning
booth or tanning salon?

Responses ranged from never to 10 or more times.

Data Analysis Plan
Statistical analyses were performed using SAS (SAS Insitute,

Cary, NC). All analyses were stratified by gender. We calculated
descriptive statistics to describe sun protection practices and atti-
tudes of the study cohort. Univariate and multivariate analyses
were performed to evaluate associations between the primary
endpoints and demographic factors (age, gender, and residence),
skin color (very fair, fair, olive, and dark), and psychosocial factors
and attitudes related to beliefs about tanning. �2 analysis tests for
categorical data were performed and regression modeling was
done to identify the sets of predictor variables for the three pri-
mary endpoints. In logistic regression analysis, we evaluated the
association between the predictor variables and the trend toward
the occurrence of multiple sunburns.

RESULTS
The mean age of the 10 079 respondents was 14

years of age, and girls represented 59% of the sam-
ple. Nearly one third of the cohort lived in warmer
climates. Seventy-five percent of respondents had
very fair or fair skin.

Summary of Practices and Psychosocial Variables
Girls used sunscreen more routinely than boys

(40.0% vs 26.3%; odds ratio [OR]: 1.86; 95% confi-
dence interval [CI]: 1.70–2.03), but were more likely
to have received at least 3 sunburns the previous
summer, (OR: 2.06; 95% CI: 1.83–2.32). Girls were far
more likely than boys to have used a tanning booth
during the past year (14.4% vs 2.4%; OR: 6.99; 95%
CI: 5.65–8.65; Table 1).

Girls were more likely than boys to state that it
was worth burning to get a good tan (29.2 vs 22.8;
OR: 1.39; 95% CI: 1.27–1.52) and were also more
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likely to report that all, most, or some of their friends
tanned (89.2 vs 77.8; OR: 2.35; 95% CI: 2.10–2.63).
Tanned skin was more strongly preferred by girls
compared with boys (OR: 1.45; 95% CI: 1.32–1.59;
Table 1).

Sunscreen Use
Only one third of the respondents reported routine

use of sunscreen during the past summer. Use of
sunscreen was inversely associated with age for both
boys and girls. Overall, very fair children were more
likely than olive-complected and dark-complected
children to report routine use (49% vs 29% and 20%,
respectively; P � .001). These relationships were con-
sistent when stratified by gender. There were no
differences between routine and sporadic users by
residence. Children reporting that it was worth get-
ting burned to get a good tan used sunscreen less
frequently (21% vs 39%; OR 0.42; 95% CI: 0.37–0.46)
as did those who preferred a tan versus natural or
light color (31% vs 44%: OR: 0.57; 95% CI: 0.52–0.62).
Univariate analyses showed strong differences be-
tween boys and girls for most variables. Multivariate
analysis confirmed that girls, younger children, chil-
dren with very fair skin and fair skin, children not
believing that it was worth burning to get a tan, those

preferring natural skin color or a little color, and
having friends who were not tanned were more
likely to report sunscreen use (Table 2).

Sunburns
Most respondents (83%; N � 8355) reported sun-

burning at least once, and 36% of children reported 3
or more burns during the previous summer (Table
1). The 3 psychosocial variables emerged as strong
predictors of multiple burning. For example, 49% of
multiple burners agreed that it was worth burning to
get a tan compared with 31% of those who did not
burn (OR: 3.24; 95% CI: 2.79–3.76). Likewise, having
friends who were tanned at the end of last summer
was associated with multiple burning (OR: 2.72; 95%
CI: 1.32–3.18). In the multivariate analysis, the trend
toward multiple burning was most common for girls,
older children, those in warmer climates, children
with very fair and fair skin, children who stated that
it was worth getting burnt to get a tan, those who
preferred tanned skin, and children whose friends
tanned (Table 2).

Tanning Bed Use
Nearly 10% of respondents used a tanning bed

during the previous year. Girls were far more likely

TABLE 1. Sun Protection Practices and Attitudes in GUTS Cohort (n � 10 079)

Characteristics Participants OR
(95% CI)*

Overall
(n � 10 079)

%

Male
(n � 4147)

%

Female
(n � 5932)

%

Practices
Routine use of sunscreen† (n � 3452) 34.2 26.3 40.0 1.9 (1.7,2.0)
Used tanning booth in past year (n � 954) 9.5 2.4 14.4 7.0 (5.7,8.7)
Sunburn experience (past summer)

No sunburns (n � 1681) 16.7 21.1 13.6
1-2 sunburns (n � 4757) 47.2 48.7 46.2 1.5 (1.3,1.6)
3 or more sunburns (n � 3606) 35.8 30.0 40.0 2.1 (1.8,2.3)

Psychosocial variables
Worth getting a little burnt to get a tan

(n � 2676)
26.6 22.8 29.2 1.4 (1.3,1.5)

All/some of friends had a tan at the end
of last summer (n � 8520)

85.0 77.8 89.2 2.4 (2.1,2.6)

Preference for tanned skin (n � 7475) 75.3 71.1 78.1 1.5 (1.3,1.6)

* OR comparing females with males.
† Routine sunscreen use defined as always or often.

TABLE 2. Adjusted ORs for Factors Associated With Sunscreen Use, Sunburning, and Tanning
Bed Use

Characteristics Routine Sunscreen Sunburning
0 Versus 3� Burns*

Tanning Bed
Use

OR (95% CI)† OR (95% CI)† OR (95% CI)†

Sex (female) 2.05 (1.87–2.24) 1.45 (1.34–1.57) 6.24 (5.01–7.77)
Age (older) 0.70 (0.64–0.77) 1.09 (1.01–1.18) 5.55 (4.65–6.61)
Climate (warmer) 1.04 (0.95–1.14) 1.10 (1.01–1.20) 0.87 (0.74–1.02)
Very fair and fair skin versus

olive/dark
1.49 (1.34–1.65) 2.20 (2.01–2.40) 0.73 (0.64–0.87)

Worth getting burnt 0.42 (0.38–0.48) 2.03 (1.86–2.21) 1.91 (1.65–2.22)
Preference for natural or

light color
1.56 (1.41–1.73) 0.83 (0.76–0.91) 0.31 (0.24–0.40)

All/most/some friends tan 1.31 (1.15–1.49) 1.76 (1.58–1.96) 1.98 (1.41–2.77)

* Evaluation of the odds of 0 sunburns versus 3� sunburns while simultaneously adjusting for
predictor variables.
† OR for routine sunscreen use, sunburning 3� times, and using tanning bed (ever).
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to report tanning bed use and older girls (ages 15–18)
were far more likely than younger girls to report
tanning bed use (24.6% vs 4.7; P � .001). Tanning bed
use increased from 7% among 14-year-old girls to
16% by age 15, and more than doubled again by age
17 (35%; P � .001).

A significant trend toward increased tanning bed
use for olive- and dark-complected children was ob-
served (OR: 1.90; 95% CI: 1.44–2.51). This may be
partly explained by the fact that olive-skinned chil-
dren were more likely than very fair children to
prefer tanned skin (P � .001). Overall, having friends
who tanned was strongly associated with tanning
bed use (OR: 4.37; 95% CI: 3.18–6.00) as was stating
that it was worth getting a little burned to get a tan
(OR: 2.58; 95% CI: 2.26–2.96). Of those using tanning
beds, 23% used sunscreen routinely compared with
35% among children who did not use tanning beds
(P � .001).

Among girls, all 3 psychosocial variables were pre-
dictive of tanning bed use. In particular, tanning bed
use among girls reporting that it was worth getting
burned was nearly double than for those without this
belief (22.3 vs 11.3; OR: 2.25; 95% CI: 1.94–2.60).
Similarly, tanning bed use by girls was much higher
when they believed that all, most, or some of their
friends tanned, (OR: 3.57; 95% CI: 2.47–5.16) or if
they preferred tanned skin, (OR: 4.45; 95% CI: 3.38–
5.85). In the multivariate analysis, girls, older age,
report of darkest untanned skin, stating that it was
worth getting burnt to get a tan, having a preference
for tanned skin, and having friends who were tanned
remained significant (Table 2).

DISCUSSION
Current public health recommendations endorse

“safe sun” behaviors, including use of sunscreens
with SPF of 15 or higher, minimizing sunburns, and
avoidance of tanning beds.19–23 In this, the largest
national survey on the sun protection attitudes and
practices of US children and adolescents, we find
that a majority of teens are not following these rec-
ommendations. Our findings suggest that many chil-
dren are at subsequent risk of skin cancer because of
suboptimal sunscreen use, high rates of sunburning,
and tanning bed use. Specifically, we found that
during the prior summer, only 34% of teenagers used
sunscreen routinely and 83% sunburned at least one
time. Moreover, among female adolescents, 14%
used a tanning bed at least one time. Contrary to
expectations, there were few differences in sunscreen
use and sunburning rates in warmer versus cooler
states.

Our study demonstrates that attitudes associated
with tanning, such as the preference for tanned skin,
having many friends who were tanned, and belief in
the worth of burning to get a tan were generally
associated with sporadic sunscreen use, more fre-
quent sunburns, and increased use of tanning beds.
There seems to be a gender difference as girls are
more likely to be influenced by their peer network. In
particular, the very high use of tanning beds among
older teenage girls merits additional study.

Limitations
Although the results presented here are self-re-

ported, we are less concerned about bias as the re-
spondents report 2 findings of low social desirabili-
ty-suboptimal use of sunscreen and high rates of
sunburning. Furthermore, because these respon-
dents are generally from middle-class families and
the children of health professionals, the rates re-
ported in this study may be different from those for
other children. However, the lack of generalizability
does not invalidate the data or preclude raising gen-
eral hypotheses for other groups. Third, without data
on cumulative exposure and intentional sunbathing,
we cannot explain the contradictory finding of
higher sunburning rates and more routine sunscreen
use by girls. It is possible that facial or body creams,
more frequently used by girls, lull girls into a false
sense of protection thus enhancing their exposure to
the sun. We were also surprised that tanning booth
use was higher for olive- and dark-complected chil-
dren compared with those of fairer skin, and we can
only speculate that adolescents use tanning booths to
maintain their tanned or darker appearance. Future
studies will also need to determine whether children
are applying enough sunscreen, using SPF of 15 or
more, and seek to corroborate their report of sun-
screen use. Finally, sunscreen use was the only type
of sun protection examined, therefore overall rates of
sun protection may be higher than reported.

Prevalence reported in this study is generally sim-
ilar to that reported in other studies, although com-
parisons are limited because of variation in the word-
ing and methodology of other surveys.26–37 Coogan
et al27 asked a single question on the use of sun
protection among 25 000 Connecticut children com-
pleting a Health Check survey and found that only
14% of boys and 20% of girls ages 13 to 18 routinely
used sun protection. Tanning bed use in this current
study is also similar to findings of a population-
based survey in Quebec, where rates were highest
among women and young people.28 Geller and col-
leagues29 surveyed lifeguards (median age 19) at
poolsites in Massachusetts and Hawaii and found
sunburning rates approaching 80%. However, sun-
burning rates of 83% in this study were markedly
higher than parent reported rates of 53% for 10- to
11-year-olds in a Massachusetts coastal town.30

In the United States, selected small-scale inter-
ventions for skin cancer prevention in community
settings,30,38 outdoor pools29,39 and other recreation
facilities40,41 have shown the feasibility of imple-
menting broader programs to change sun protection
behaviors. But larger public educational campaigns
and especially policy changes are also needed if we
are to influence behavior and change social norms.42

After many years, such programs in the Australian
State of Victoria have resulted in decreased value of
a tan, although adolescents remain the most resistant
to changing attitudes regarding the appeal of a tan.43

In 1998, the Centers for Disease Control and Pre-
vention launched the “Choose Your Cover” cam-
paign,19 designed to influence social norms related to
sun protection and tanned skin, and to increase
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awareness, knowledge and behaviors related to skin
cancer prevention. Campaign planners conducted
formative research with young people and found
strongly held beliefs about the benefits of tanned
skin, including how it can help one look younger,
healthier, sexier, and thinner.19 The glamour and
attractiveness of a tan seems to be widespread and
seems to be a forerunner in the pathway toward
inadequate sun protection and excessive burning.
Changing these beliefs is crucial in increasing the
acceptability and adoption of sun protection behav-
iors. In addition, focus group participants viewed
sunburns as inconsequential, although few teens
knew that sunburns increased one’s risk of skin can-
cer.19

Using multiple, mutually reinforcing strategies
holds the most promise for successful sun protection
educational programs. Long-term policy, for exam-
ple, age restrictions on tanning bed use, and environ-
mental changes can help encourage and support
changes in attitudes and behaviors.43 Finding few
differences between the geographic regions supports
a nationally based series of policies and recommen-
dations. Such strategies may include improving sun
protection education at US schools37; building sun
safe schools,37 parks, and facilities; and incorporating
sun safety awareness into everyday events, such as
using the daily UV Index in weather, news, and other
broadcasts.42,44 Peer education programs in schools,
commonly used in tobacco education but sparingly
used for sun protection, holds promise for future
interventions.

CONCLUSION
Recent recommendations in the United States for

improved sun protection and avoidance of tanning
beds and sunburning have apparently yielded few
positive results. As we look to the lessons learned
from Australia, preventing skin cancer will require a
long-term, sustained effort. Nationally coordinated
campaigns must be developed and sustained to pre-
vent skin cancer in a new generation of children and
adolescents.
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DO YOU REALLY WANT TO KNOW? PREDICTING WHICH BABIES ARE
AT HIGH RISK FOR DIABETES

“Physicians in every state routinely screen newborns for phenylketonuria (PKU)
and congenital hypothyroidism. Now Florida will become the first state to offer
screening to determine an infant’s lifetime probability of developing type 1 diabe-
tes. The parents of at-risk children will be offered the opportunity to have the child
monitored for antibodies throughout his life.

The program, funded by a $10 million grant from the American Diabetes
Association, is expected to launch within a year. A smaller-scale, nationally funded
infant screening program for type 1 diabetes has been underway at 4 hospitals in
central Florida for the past 4 years.“

Medical Economics. March 8, 2002:19

Noted by JFL, MD
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