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Abstract

Introduction—Sunburns during childhood increase melanoma risk. Children of melanoma 

survivors are at higher risk, but little is known about their sunburn and sun protection. One study 

showed that almost half of melanoma survivors’ children experienced sunburn in the past year. 

This study evaluated sunburn and sun protection in melanoma survivors’ children, and relevant 

survivor characteristics from Social Cognitive Theory and the Health Belief Model.

Methods—Melanoma survivors (N=340) were recruited from a comprehensive cancer center. 

Survivors completed a baseline questionnaire administered by telephone to report on the behavior 

of their children (N=340) as part of an RCT of a sun protection intervention. Data were collected 

in 2008 and analyzed in 2015.

Results—In the prior 6 months, 28% of children experienced sunburn. “Always” or “frequent” 

sun protection varied by behavior: sunscreen, 69%; lip balm, 15%; wide-brimmed hats, 9%; 

sleeved shirts, 28%; pants, 48%; sunglasses, 10%; shade, 33%; and limiting time outdoors, 45%. 

Survivors’ sunburn and sun protection were positively associated with these outcomes in children. 

Correlates of sunburn also included older child age and higher risk perceptions. Correlates of sun 

protection behaviors included younger child age; stronger intentions, higher self-efficacy, and 

more positive outcome expectations about sun protection; and greater number of melanomas in 

survivors.
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Conclusions—Melanoma survivors may have a heightened awareness of the importance of their 

children’s sun protection, but their children are not routinely protected. Correlates of children’s 

sunburn and sun protection suggest subgroups of survivors to target with interventions to improve 

sun protection.

Introduction

Melanoma incidence has doubled over the past 30 years, with 73,870 new cases expected in 

2015.1 Sunburns during childhood increase risk.2 Using sunscreen, wearing protective 

clothing, seeking shade, and limiting exposure to midday sun are recommended.1,3 Between 

55% and 72% of children are sunburned annually.4–6 Some (25%–65%) children always or 

often use sunscreen4,6; fewer wear wide-brimmed hats (5%) or protective clothing (21%) or 

seek shade (26%).6

Melanoma survivors’ children are at twofold or higher melanoma risk, depending on family 

history and susceptibility characteristics.7–11 Little is known about their sunburn and sun 

protection. Of melanoma survivors from the California Cancer Registry, 43% reported their 

children were sunburned in the past year.12 Most children were protected often or always by 

sunscreen (79%) or sleeved shirts (75%). Fewer wore hats (30%) or sunglasses (8%) or 

sought shade (23%).12 Findings approximate earlier results.13 Of children whose mothers 

were diagnosed with skin cancer (mostly basal cell carcinoma), 39% reported at least three 

sunburns during the past summer; 42% often or always used sunscreen.14

This study evaluated sunburn and sun protection in melanoma survivors’ children by 

analyzing data drawn from the baseline assessment of an RCT of a sun protection 

intervention.15 Although there were positive effects on children’s sunscreen reapplication 

and wide-brimmed hat use, the intervention had limited effects on other outcomes.15 This 

study is different from and builds upon the trial by examining the associations of survivors’ 

characteristics with children’s outcomes, to inform intervention refinement. It was expected 

that children would be more protected when survivors reported higher self-efficacy, more 

positive expectations, and stronger intentions regarding sun protection and higher-risk 

perceptions per Social Cognitive Theory16 and the Health Belief Model.17

Methods

Sample and Procedures

Eligible survivors were identified from the tumor registry of The University of Texas MD 

Anderson Cancer Center, diagnosed between 1990 and 2008 with Stage 0 to Stage IIIB 

melanoma,18 aged ≥18 years, fluent in English, and had at least one child aged ≤12 years. 

Up to ten calls were attempted to contact survivors. Of 1,171 survivors who completed 

screening, 372 were eligible (797 [99.7%] ineligible survivors did not have a child aged ≤12 

years); 340 provided informed consent and completed the 2008 baseline telephone 

questionnaire to report on their children’s behavior. Researchers randomly selected one child 

when a survivor had more than one child. The child did not answer any questions. Survivors 

resided in the U.S.; most (82%) resided in Texas. The study was approved by the MD 

Anderson IRB (ClinicalTrials.gov NCT00394134).
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Measures

Children’s and survivors’ age, sex, race, ethnicity, and sun sensitivity, as well as survivors’ 

education and marital status, were reported. The survivor sun sensitivity index asked about 

eye and hair color, skin’s reaction to an initial dose of summer sun without protection 

(adapted from Fitzpatrick’s scale19), and skin’s sensitivity to sun exposure (i.e., from 

extremely sensitive to not sensitive at all). To minimize nonresponse, skin’s reaction was 

omitted from the children’s index because pilot work showed that some survivors could not 

answer this question, stating their children were not outside without sun protection. Scores 

could range from 1 to 4. Lower scores indicated higher sun sensitivity. Number of 

melanomas, time since diagnosis, stage, and number of survivors’ first-degree relatives with 

melanoma were assessed.

Sunburn was defined as any reddening or discomfort of the skin that lasts longer than 12 

hours after exposure to the sun. Survivors reported on their children’s and their own number 

of sunburns experienced during the past 6 months.

Items assessed frequency of using sunscreen (six items); wearing a wide-brimmed hat (one 

item), clothing (two items), and sunglasses (one item); staying in the shade (one item); and 

limiting time outdoors between 10AM and 4PM (one item) (Table 2). The sunscreen 

measure omitted the seventh item, which was included in the original trial report,15 to 

enhance comparison of findings with the literature. Responses ranged from never (1) to 

always (5); response options were not combined. Survivors reported on their children’s and 

their own behavior. For multi-item measures, scores were averaged to create composite 

behavior scores. A composite sun protection score was the average of the composite 

sunscreen score, composite clothing score, wide-brimmed hat score, sunglasses score, shade 

score, and limiting time outdoors score.

Two items about sunscreen and one item each about shade, clothing, and limiting time 

outdoors assessed knowledge relevant to practicing sun protection (e.g., the interpretation of 

sunscreen’s sun protection factor). Items were coded as correct/incorrect (missing/don’t 
know responses were coded as incorrect). A summed knowledge score could range from 0 to 

5. The measure omitted the sixth item about swimwear, which was included in the original 

trial report,15 as it was outdated given the increased availability of protective swimwear.

Measures associated with Social Cognitive Theory included self-efficacy, outcome 

expectations, behavioral intention, and perceived availability/accessibility of materials. Item 

scores were averaged to create a scale score; Cronbach’s alpha (α) estimated internal 

consistency reliability. Measures were based on previous research.20,21 Self-efficacy 

measures assessed belief in the capability to protect children with sunscreen (three items, 

α=0.79), hats (one item), clothing (one item), shade (two items, α=0.76), and limiting 

children’s time outdoors midday (three items, α=0.89). Responses ranged from not 
confident at all (1) to extremely confident (5).

Outcome expectation measures assessed expectations about the outcomes of protecting 

children with sunscreen (two items, α=0.37), hats (three items, α=0.73), clothing (three 

items, α=0.74), shade (three items, α=0.66), and limiting time outdoors (three items, 
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α=0.67). Expectations could relate to convenience, comfort, practicality, difficulty, or 

children’s reactions. Responses ranged from strongly disagree (1) to strongly agree (5). 

Higher scores indicated more negative outcome expectations, analogous to barriers. Three 

items (α=0.74) assessed positive expectations of tanning outcomes (i.e., would make a 

person look healthier or more attractive, and would be relaxing). Responses ranged from 

strongly disagree (1) to strongly agree (5). Higher scores indicated more positive outcome 

expectations.

Measures assessed intentions during the next 3 months to protect with sunscreen (two items, 

α=0.77), a wide-brimmed hat (one item), clothing (one item), shade (one item) and limiting 

time outdoors (one item). Responses ranged from strongly disagree (1) to strongly agree (5). 

Perceived availability/accessibility measures asked (yes/no) about wide-brimmed hat, 

clothing, and shade materials availability and sunscreen, hat, and clothing accessibility.

Health Belief Model measures included perceived risk, worry, perceived benefits, and 

doctor/healthcare provider recommendations. Two items assessed perceptions of the child’s 

risk of developing sunburn, or melanoma/skin cancer, in the future if they are not protected 

from sun exposure. Responses ranged from very unlikely (1) to very likely (4). Two items 

adapted from the literature22 included: How worried are you that your child may develop 
melanoma/skin cancer in the future, and how much does worry about your child developing 
skin cancer affect your mood? Responses ranged from not at all (1) to a lot (4). Four items 

assessed beliefs about whether behaviors would reduce child’s skin cancer risk. Responses 

ranged from strongly disagree (1) to strongly agree (5). Finally, measures asked whether 

survivors had received recommendations (yes/no) to use sunscreen or hats and clothing to 

protect children.

Statistical Analysis

Variables were described using raw means (baseline means reported in the trial15 were 

adjusted for covariates in the mixed models of intervention effects), SDs, and proportions. 

Because sunburn prevalence was low, sunburn variables were treated as binary (i.e., zero or 

one or more sunburns). The association between each study variable (Table 1) and children’s 

sunburn or sun protection was assessed by Pearson correlation, regression, one-way 

ANOVA, or chi-square test. Each sociocognitive characteristic was examined for its 

association with children’s sunburn and sun protection (individual behavior and composite). 

A behavior-specific characteristic (e.g., sunscreen self-efficacy) was examined for 

association with that behavior (e.g., sunscreen) only. Survivors’ sunburn and sun protection 

was examined for its association with the corresponding child outcome. Associated variables 

(p<0.10) were included in a multivariable model (logistic regression for sunburn and linear 

regression for sun protection outcomes) that adjusted for all other model variables. 

Reference categories were male (sex), Hispanic or Latino (ethnicity), white (race), not 

married (marital status), and high school or some college (education). Data were analyzed in 

2015 using SPSS, version 22.
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Results

Survivors were not highly confident that they could protect their children from sun exposure 

(Table 1). Slightly positive expectations were reported for sunscreen use. Survivors held 

mostly neutral opinions about the expected outcomes of other behaviors. Survivors reported 

slightly negative tanning expectations. Survivors had stronger intentions to protect their 

children with sunscreen or shade or by limiting time outdoors. Survivors thought it was 

likely that their children would develop sunburn or melanoma/skin cancer if they were not 

protected from sun exposure. Survivors were somewhat worried that their children would 

develop melanoma/skin cancer. This worry did not appear to affect their mood. Survivors 

strongly agreed about the perceived benefits of sun protection. Most believed sun protection 

materials were accessible. Most reported doctor recommendations to use sunscreen; only 

half reported hat and clothing recommendations.

The majority of children (n=245, 72%) did not experience any sunburns in the past 6 

months. Twenty-eight percent of children experienced one (n=58, 17%), two (n=26, 8%), 

three (n=7, 2%), four (n=2, 0.6%), or six (n=2, 0.6%) sunburns. Mean sun protection scores 

ranged from 2.03 (SD=1.05) for wide-brimmed hats to 3.24 (SD=0.70) for shade (Table 2). 

Overall, survivors reported that children were “sometimes” protected. Most (69%) children 

always or frequently wore sunscreen. Half or fewer always or frequently had sunscreen 

cover all exposed skin, applied 30 minutes before going outdoors, or reapplied within 1 hour 

or after each hour outdoors (Table 2). Few (15%) children always or frequently used lip 

balm with a sun protection factor. Some children always or frequently wore shirts with 

sleeves to the elbow or longer (28%) or knee-length or longer pants (48%), stayed in the 

shade (33%), or had their midday hours outdoors limited (45%). Few children were 

routinely protected with wide-brimmed hats (9%) or sunglasses (10%).

The odds of children’s sunburn increased with children’s age (OR=1.34, 95% CI=1.20, 1.50) 

and survivors’ sunburn (OR=6.96, 95% CI=3.44, 14.08), perception about child’s sunburn 

risk (OR=1.65, 95% CI=1.02, 2.67), and belief that their worry about the child developing 

melanoma/skin cancer affects their mood (OR=1.82, 95% CI=1.22, 2.72) (Table 3). The 

odds of children’s sunburn decreased if survivors were female (OR=0.25, 95% CI=0.12, 

0.53), perceived greater shade benefits (OR=0.69, 95% CI=0.52, 0.91), and had higher 

worry that their children may develop melanoma/skin cancer (OR=0.61, 95% CI=0.39, 

0.95). Other sociocognitive factors, demographics, sun sensitivity, melanoma history, and 

knowledge were not associated.

Children’s sunscreen use was positively associated with child age, survivors’ number of 

melanomas, intentions to protect children, and survivors’ sunscreen use (Appendix Table 

1A). Children’s wide-brimmed hat use increased with survivors’ intentions, self-efficacy, 

more positive outcome expectations for protecting the child with a hat, perceived availability 

of a wide-brimmed hat, and survivors’ wide-brimmed hat behavior. Children were more 

likely to wear wide-brimmed hats if they were younger, survivors were not Hispanic or 

Latino, and survivors held more negative expectations about tanning (Appendix Table 1B). 

Children’s protection by clothing increased if they were male, and if survivors had more 

positive expectations about protecting children with clothing and used protective clothing 
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more frequently themselves (Appendix Table 1C). Wearing sunglasses was positively 

associated with survivors’ number of melanomas, time since diagnosis, and use of 

sunglasses (Appendix Table 1D). Children were more frequently protected by shade if they 

were younger or if their parents had higher levels of shade self-efficacy, more positive shade 

expectations, stronger shade intentions, and more frequently sought shade for themselves 

(Appendix Table 1E). Survivors more frequently limited their children’s time outdoors if 

they had stronger intentions to do so, were more likely to limit their own time outdoors, and 

if their children were younger (Appendix Table 1F). Other sociocognitive characteristics, 

demographics, sun sensitivity, melanoma history, and knowledge were not associated with 

all or most outcomes.

Discussion

In this study, children’s sunburn prevalence (28%) was lower than that reported in the 

general population for similar recall periods (55%–72%),4–6 but remains concerning. 

Melanoma survivors’ children are at higher risk, and risk increases with sunburns.2 Sun 

protection was somewhat more frequent in this sample, compared with the general 

population, but still relatively infrequent, particularly wide-brimmed hats, protective 

clothing, and shade. All sun protection behaviors are recommended to be used in 

combination, to maximize protection.1,23 Most children routinely used sunscreen. A subset 

was protected on all exposed skin or had sunscreen reapplied frequently.

Children were seven times more likely to have experienced sunburn if survivors experienced 

sunburn, accounting for sun sensitivity. Survivors who practiced sun protection for 

themselves were more likely to protect their children. These findings, consistent with 

community studies,24–26 could inform research on mechanisms of survivor influences on 

child behavior. Results underscore the importance of designing interventions for melanoma 

survivors, to motivate their own sun protection and support their children’s protection. This 

is critical because surveys show that few pediatricians note patients’ skin cancer family 

history27 or use it to prioritize sun protection counseling.28 Children and parents are 

important intervention populations in “The Surgeon General’s Call to Action to Prevent Skin 

Cancer.”3 The retail industry may serve as a strong ally, given its interest in growing sales of 

sun protection products.

Melanoma history was not associated with children’s sunburn or most sun protection 

behaviors. Children of female survivors were less likely to experience sunburn, controlling 

for survivors’ own sunburn experience. This finding may be attributed to the primary 

caregiver role that women often assume, but suggests a potential need for enhanced 

interventions for male survivors. Consistent with other studies, sunburn was more prevalent 

with increasing child age and sun protection was more frequent with decreasing child 

age29,30 (except sunscreen use was more frequent with increasing age in this study).

Survivors were not highly confident they could protect children when faced with challenges. 

Survivors did not hold positive expectations or strong intentions about protecting their 

children. Further research would inform whether these characteristics are affected by 

survivors’ melanoma experiences, fatalism, or negative expectations about their ability to 
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influence children’s behavior as they age. Although Social Cognitive Theory characteristics 

were associated with children’s sun protection, no characteristic remained significant in all 

models. Further scale development to expand content domains may enhance associations. 

Significant parent characteristics from Social Cognitive Theory and the Health Belief Model 

in this study were associated with children’s sun protection in community studies.20,31,32

Risk perceptions and worry, which may be driven by survivors’ melanoma experiences, were 

not associated with children’s sun protection. Higher sunburn risk perceptions were 

associated with greater odds of children’s sunburn. Given the cross-sectional design, it is 

unknown whether risk perception influenced sunburn, or survivors perceived their children 

to be at higher risk because they had experienced sunburn. Similarly, it cannot be determined 

whether worry that is strong enough to affect mood influenced survivors to inadequately 

protect their children, which resulted in sunburns, or whether a history of sunburns in 

children increased survivors’ worry enough to affect mood. Prospective studies will enhance 

understanding of the relationship among risk perceptions, worry, and skin cancer risk 

behaviors in this population.

It is challenging to compare findings with the California Cancer Registry study, which 

reported on melanoma survivors, because sunburn recall periods differed (1 year vs 6 

months in this study) and samples were notably different: The California study12 reported 

more Hispanic and Latino survivors (16% vs 3.5% in this study), fewer college graduates 

(61% vs 79%), fewer survivors diagnosed with Stage 2 or higher disease (7% vs 15%), and a 

higher mean child age (9 vs 7 years). Both studies clearly showed that melanoma survivors’ 

children receive significant sun exposure. Prevalence of sunscreen, sunglasses, and shade 

behavior in the California study was similar (within 10%) to reports in this study. Sleeved 

shirt protection was much lower in this study (75% vs 28%), possibly because most of this 

sample resided in the southern U.S., where year-round temperatures are higher. This study 

assessed additional protective behaviors (limiting time outdoors, using lip balm with a sun 

protection factor, wearing pants and wide-brimmed hats) and sociocognitive characteristics 

(behavior-specific self-efficacy, intentions and outcome expectations, tanning outcome 

expectations, and sunburn risk perceptions).

Limitations

The study design limits the ability to draw conclusions about causality. The sample was 

limited in regard to diversity of respondents’ racial, ethnic, and educational characteristics, 

which may limit generalizability of findings to melanoma survivors identified from 

population-based cancer registries or community settings. The observed associations are 

reported as preliminary, given the few studies of sunburn and sun protection in children of 

melanoma survivors, and the examination of understudied sociocognitive characteristics in 

this population. Thus, analyses were not adjusted for multiple testing.34 Future studies using 

independent data are warranted to establish the correlates reported in this study. The 

proportions of variance explained by regression models were typical of sun protection 

research, but suggest other characteristics not present in the models may be associated with 

behavior. Investigation of parent–child relationship characteristics may enhance the 

explanatory power of models.35 Characteristics that have become relevant after these data 
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were collected, such as awareness of the indoor tanning tax of 201036 or indoor tanning 

laws,37 also may be informative. Validated measures of parental sociocognitive 

characteristics specific to children’s individual sun protection behaviors are lacking.38 

Measures were developed for this study based on previous validity and reliability research.21 

The lack of standardized measures in this study may limit interpretation of findings.

Conclusions

Melanoma survivors may have a heightened awareness of the importance of protecting their 

children from sun exposure, but they are not routinely doing so. Correlates of sunburn and 

sun protection suggest subpopulations for enhanced intervention, including children of 

melanoma survivors who are not protecting themselves, and theoretic variables that may be 

influenced by intervention to increase sun protection. Research is warranted to translate 

these findings into clinical practice to enhance skin cancer prevention practices in this group 

at higher risk.
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Table 1

Descriptive Statistics of Study Variables, N=340 Melanoma Survivors and Their Children

Study variable n (%) Mean (SD)

Children’s demographics and sun sensitivity

 Age, y (range, newborn-12) 7.3 (3.84)

 Sex, female 167 (49.1)

 Ethnicity, not Hispanic or Latino 315 (93.2)

 Race, white 334 (99.1)

 Sun sensitivity 2.31 (0.68)

Survivors’ demographics and sun sensitivity

 Age, y (range, 24–55) 40.5 (6.45)

 Sex, female 210 (61.8)

 Ethnicity, not Hispanic or Latino 328 (96.5)

 Race, white 337 (99.7)

 Education, college graduate 266 (78.5)

 Marital status, married 311 (91.7)

 Sun sensitivity 2.23 (0.60)

Survivors’ melanoma history

 Number of melanoma diagnoses

  1 289 (85.3)

  2 36 (10.6)

  3 or more 14 (4.1)

 Time since melanoma diagnosis, y 4.50 (3.64)

 Stage of melanoma at diagnosis

  0 57 (16.8)

  I 232 (68.2)

  II 21 (6.2)

  III 30 (8.8)

 Number of survivor’s first-degree relatives diagnosed with melanoma

  0 273 (81.3)

  1 51 (15.2)

  2 12 (3.6)

Survivors’ knowledge (5 items)b 2.71 (1.00)

Survivors’ sociocognitive characteristics

 Self-efficacy to protect children from sun exposure

  Sunscreen 3.32 (0.96)

  Hats 2.69 (1.18)

  Clothing 2.56 (1.16)

  Shade 2.95 (1.04)

  Limiting time outdoors 3.48 (1.02)

 Outcome expectations about children’s sun protection

  Sunscreen 2.36 (0.94)
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Study variable n (%) Mean (SD)

  Hats 3.22 (1.08)

  Clothing 3.45 (1.00)

  Shade 3.16 (0.98)

  Limiting time outdoors 2.63 (1.12)

 Outcome expectations about tanning 2.31 (1.03)

 Intentions to protect children from the sun during the next 3 months

  Sunscreen 3.77 (0.99)

  Wide-brimmed hat 2.97 (1.21)

  Clothing 3.08 (1.17)

  Shade 3.77 (1.00)

  Limiting time outdoors 3.64 (1.19)

 Availability of sun protection materials (yes)

  Wide-brimmed hat 173 (52.1)

  Clothing 252 (77.5)

  Shade materials 241 (71.7)

 Accessibility of sun protection materials (yes)

  Sunscreen 321 (94.7)

  Hat 274 (82.5)

  Clothing 290 (87.1)

 Perceived risk

  Child developing sunburn 3.52 (0.79)

  Child developing melanoma or another form of skin cancer 3.27 (0.67)

 Worry

  How worried that child may develop melanoma/skin cancer in the future 3.16 (0.75)

  How much does worry about child developing skin cancer affect mood 1.75 (0.88)

 Perceived benefits in reducing children’s risk of skin cancer

  Sunscreen 4.80 (0.58)

  Hats/clothing 4.57 (0.71)

  Shade 4.17 (1.12)

  Limiting time outdoors 4.46 (0.83)

 Doctor/health care provider recommendations (yes)

  Use sunscreen to protect child 260 (80.5)

  Use hats and clothing to protect child 146 (46.6)

Note: Valid percentages are reported. Percentages may not total 100 due to rounding.
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Table 3

Correlates of Children’s Sunburn in Multivariable Analyses, N=340 Melanoma Survivors Reporting on One of 

Their Children

Independent variables Sunburn

AOR 95% CI p-value

Child

Age 1.34 1.20, 1.50 <0.001

Sun sensitivity 0.61 0.37, 1.02 0.06

Survivor

Sex (Reference category, male) 0.25 0.12, 0.53 <0.001

Self-efficacy

 Sunscreen 1.35 0.83, 2.18 0.22

 Hat 0.74 0.50, 1.08 0.12

 Shade 1.28 0.77, 2.13 0.34

 Limiting time 0.66 0.39, 1.10 0.11

Outcome expectations

 Sunscreen 1.11 0.73, 1.69 0.62

 Hat 0.92 0.59, 1.43 0.70

 Clothing 1.17 0.79, 1.72 0.43

 Shade 1.29 0.78, 2.12 0.32

 Limiting time 0.93 0.60, 1.46 0.75

Intentions

 Hat 0.90 0.64, 1.28 0.56

 Shade 1.32 0.88, 1.98 0.18

 Limiting time 0.93 0.65, 1.34 0.71

Perceived benefits

 Shade 0.69 0.52, 0.91 0.010

Perceived risk

 Sunburn 1.65 1.02, 2.67 0.04

Worry

 Worry child may develop melanoma/skin cancer 0.61 0.39, 0.95 0.03

 Worry about child developing melanoma/skin cancer affects survivor’s mood 1.82 1.22, 2.72 0.004

Survivor sunburn 6.96 3.44, 14.08 <0.001

Note: An independent variable was included in the table if it was significantly associated (p<0.10) with sunburn in univariate analyses. AOR, 95% 
CI and p-value estimates are from the multivariable model, where boldface indicates statistical significance (p<0.05).
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