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Abstract 

Skin cancer is the most commonly diagnosed cancer in the United States; it is 

estimated that the number of Americans who have had a skin cancer in the last three 

decades is higher than the number for all other cancers combined.
1
 Fortunately, there are 

known prevention methods, effective treatments available for early-stage cases, and 

behavioral practices that can reduce the risk of secondary and recurrent cancer. However, 

in spite of these, skin cancer incidence continues to increase and mortality still exists,
2,3

 

making skin cancer prevention of the utmost importance.  

Outlined in this dissertation are factors identify as associated with the 

development, diagnosis, and prognosis of skin cancer that could be targeted during 

primary, secondary, and tertiary skin cancer control and prevention interventions in 

Arizona. Utilizing the 2013 Arizona Behavior Risk Factor Surveillance System survey, 

aim one of this dissertation investigates factors associated with UVR exposure (as 

measured by sun protection use and sunburn history) that could be targeted during 

primary prevention efforts in order to reduce the disease burden. The results of this 

research are that approximately 20% of Arizona adults are protecting their skin with 

sunscreen or protective clothing every time they go outdoors and 28% of Arizona adults 

experienced one or more sunburns in the past 12 months. Compared with males, females 

were more likely to report that they protect their skin. Other factors associated with use of 

sun protection were higher education, higher income, good general health, and living in a 

more urban area. A recent history of sunburns was associated with being non-Hispanic 

white and a history of indoor tanning.  
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Given that melanoma diagnosed in the earlier progression of the disease is 

associated with improved prognosis and significantly higher survival rates,
4
 secondary 

prevention interventions are essential to skin cancer control efforts. The second aim of 

this dissertation was to gain a better understanding of patient and community factors 

associated with late-stage melanoma diagnosis in Arizona. Based on Arizona Cancer 

Registry and community-level data, among melanoma patients there is evidence for 

significant associations between late-stage of diagnosis and being male (OR 1.22 

[95%CI1.09-1.37]), non-white (OR 3.15 [95%CI 2.01-4.95]), and Hispanic (OR 2.13 

[95%CI 1.61-2.81]). Additionally, access to care was found to influence stage of 

diagnosis. Residence in a rural area compared to an urban area, was associated with late-

stage melanoma diagnosis. Similarly, zip codes with a dermatologist density of less than 

6 dermatologists per 100,000 persons, when compared to zip codes with greater than 12 

dermatologists per 100,000 persons, were associated with late-stage melanoma diagnosis. 

A travel distance to the reporting hospital or clinic of over 40 miles, as compared to 

travel distance of 20 miles or less, was also associated with melanoma cases being 

diagnosed at a late-stage.  

Even after the progression of the disease, skin cancer survivors’ prognosis and 

quality of life can be improved by following healthy lifestyle recommendations. The final 

aim of this study was to examine at what levels skin cancer survivors are meeting the 

recommended healthy lifestyle behaviors. Skin cancer survivors’ behaviors were similar, 

with the exception of increased sun protection use, to behaviors among survivors of other 

non-skin forms of cancer. However, skin cancer survivors were more likely to practice 

healthy lifestyle behaviors than individuals without a reported history of cancer.   
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Although skin cancer survivor did report better behaviors than non-cancer 

controls, there was still a considerable amount of survivors not practicing the 

recommended behaviors. Over 25% of skin cancer survivors only protected their skin 

during the summer or not at all. Additionally, low levels of other healthy lifestyle 

behaviors were noted among skin cancer survivors: slightly over half of skin cancer 

survivors met the physical activity recommendations, approximately half reported 

receiving their annual influenza vaccination, and less than 20% consumed 5 fruit or 

vegetable servings daily.  

This research suggests that there are opportunities for improved clinical and 

public health interventions targeted at increasing sun protection use, preventing sunburns, 

reducing disparities associated with late-stage melanoma, and improving healthy lifestyle 

behaviors among skin cancer survivors. 
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1. Introduction 

1.1 Explanation of the problem 

Skin cancer is a significant public health burden causing high levels of morbidity 

and mortality in the United States (US) and worldwide. 
5-7

 The three most common types 

of skin cancer are melanoma, basal cell carcinoma (BCC), and squamous cell carcinoma 

(SCC).
8
 In 2015, it was estimated that more than 3 million melanoma and nonmelanoma 

skin cancers are diagnosed annually.
3
 All forms of skin cancer are ideal candidates for 

primary, secondary, and tertiary prevention strategies since many occurrences are 

preventable and, if detected early, effectively treatable.
9,10

  

Several modifiable skin cancer risk factors have been discovered that could be 

targeted during primary prevention programs. However, in order to develop the most 

effective programs possible, high risk populations associated with these modifiable 

behaviors need to be identified and baseline measurements of behaviors need to be 

established.  

If skin cancer tumors develop, strategies of secondary prevention become 

paramount. While effective treatments for melanoma and nonmelanoma skin cancers 

exist during the early progression of the disease (e.g. in-situ or local SEER summary 

stages), late-stage skin cancer (e.g. regional or distant), are highly problematic. 

Melanoma, the most deadly form of skin cancer, has a dramatic decrease in its five-year 

relative survival rate from 98.3% if diagnosed in the local stage to 16.6% if diagnosed in 

the distant stage.
11

 Since melanoma survival depends heavily on the stage of diagnosis,
12

 

it is critical to identify the disease at its early stages. To help secondary prevention 
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efforts, populations at high risk of late-stage diagnosis need to be identified to facilitate 

and guide cancer control programs. 

Tertiary prevention focuses around cancer survivors and aims to lessen the lasting 

effects of the cancer. Since skin cancer is highly treatable when detected early, a large 

percentage of cases turn into cancer survivors.
3,13

 Survivors of all types of skin cancer, 

including melanoma and nonmelanoma skin cancers, have been found to be at a high risk 

of secondary and recurrent cancer.
14-18

 Furthermore, risky lifestyle behaviors have been 

found to be associated with an increased risk of cancer mortality.
19

 The Centers for 

Disease Control and Prevention’s (CDC) National Action Plan for Cancer Survivorship 

called for research to identify and prioritize cancer survivorship needs.
20

 This research 

seeks to understand current lifestyle and skin cancer prevention behaviors of skin cancer 

survivors to identify targets for future tertiary prevention programs. 

1.2 Specific aims and significance 

The overall goal of this dissertation is to research the current status of three levels 

of skin cancer prevention (primary, secondary, and tertiary) in Arizona adults. To address 

this goal, the specific aims of this dissertation are as follows: 

1. Aim 1- Primary Prevention: Utilizing data from the Arizona 2013 Behavior Risk 

Factor Surveillance System (BRFSS), 

a. describe the frequency of sun protection behaviors, as well as sunburn 

history, in Arizona adults, and  

b.  identify demographic and lifestyle behaviors that are associated with 

adoption of sun protection behaviors and a lower occurrence of sunburns 

in this adult population. 
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 This information will help assist public health professional in prioritizing which 

populations are in the greatest need of primary prevention interventions and 

which sun related risk factors should be targeted during these interventions.  

2. Aim 2- Secondary Prevention: Utilizing data from the Arizona Cancer Registry 

(ACR) and other secondary data sources, investigate the association between 

patient and neighborhood-related factors and late-stage diagnosis of melanoma.  

 This information will help identify high-risk groups and geographic areas in 

Arizona that could benefit from a greater focus on early detection during 

secondary prevention programs. 

3. Aim 3- Tertiary Prevention: Utilizing 2013 Arizona BRFSS data, 

a. examine the prevalence of lifestyle health behaviors among skin cancer 

survivors and 

b.  compare the lifestyle health behaviors of skin cancer survivors to 

behaviors among individuals without a reported history of skin cancer 

(survivors of other cancer types and individuals without a reported history 

of any cancer). 

 This information will help assist clinicians and health professionals in the 

implementation of effective education and programs aimed at reducing morbidity 

and mortality after a skin cancer diagnosis by identifying which lifestyle 

behaviors should be targeted by tertiary prevention interventions directed at skin 

cancer survivors. 
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This research utilized interdisciplinary analysis tools to assess variations in 

demographic, geographic, and behavioral characteristics related to skin cancer 

development and prognosis. Public health professionals can then target the identified high 

risk populations, leading to improved planning, management, and the delivery of 

effective skin cancer prevention and treatment services. 
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1.3 Dissertation format 

The work presented in this dissertation is an analysis of Arizona BRFSS and ACR 

data, and has been prepared as three manuscripts for submission to peer reviewed 

journals. This dissertation utilizes the “three-publishable-paper approach” with three 

specific aims of research corresponding to three separate manuscripts, rather than a 

traditional dissertation format. This dissertation will first provide an overview of the 

literature and background on the topic. This section will be subsequently followed by a 

summary of the present study, including methods and results of the three manuscripts 

produced (manuscripts can be found in Appendices A-C). The dissertation will conclude 

with overall discussion of the dissertation work and conclusions based on the study as a 

whole. All statistical analysis and test on these data were conducted by this author, with 

the guidance of committee members.  
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2. Background 

2.1 Skin cancer: Overview and descriptive epidemiology 

The cutaneous membrane, or skin, acts as the first line of defense for the body 

against environmental exposures.
21

 The main components of normal skin are the 

epidermis, dermis, and hypodermis. The epidermis is composed of a stratified squamous 

epithelium and contains five main sublayers. The deepest layer is the stratum 

germinativum, or stratum basale (basal layer).
21,22

 The main cells of this layer are stem 

cells known as basal or germinative cells. Basal cells divide and replace the more 

superficial keratinocytes (epithelial cells) that are lost or shed at the surface. This layer 

also contains Merkel cells (receptor cells) and melanocytes (pigment cells).
21

 The next 

layer of the epidermis is the stratum spinosum, or spiny layer, composed of 

differentiating cells.
22

 The stratum spinosum layer contains keratinocytes bound together 

by desmosomes and Langerhans cells (immunologically active cells). This layer is 

followed by the stratum granulosum, or grainy layer, where keratinocytes displaced from 

the stratum spinosum lose their nuclei and cytoplasm, and secrete lipid into the 

intercellular spaces.
21,22

 The top layer of skin is the stratum corneum; this layer is 

composed of 15-30 layers of keratinized cells, which form a protective superficial layer 

that prevents foreign substances from entering the body.
23

 In the palms of the hands and 

soles of the feet there is a fifth layer known as the stratum lucidum, which is a translucent 

layer of thick skin that covers the stratum granulosum layer.
21

  

Between the epidermis and hypodermis layer is the dermis. The dermis provides 

support and nutrients for the epidermis and contains nerve endings, hair follicles, sweat 

and oil glands, and blood vessels.
22,23

 The deepest layer is the hypodermis, also known as 
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Year of Diagnosis 

Figure 1: Malignant melanoma age-adjusted incidence,  

United States1, 1995-2013 

1U.S Rates based on 13 

areas of SEER (San 

Francisco, Los Angeles, 
San Jose-Monterey, 

Connecticut, Detroit, 

Hawaii, Iowa, New 
Mexico, Seattle, Utah, 

Rural Georgia, Alaska,& 

Atlanta). Reported on 
seer.cancer.gov.  

Rates are age-adjusted to 

the 2000 US Std 
Population. 

the subcutaneous or fat layer.
21,23

 This layer contain fat, connective tissue, blood vessels, 

and nerves and helps to store fat, regulate temperature, and act as a shock absorber.
22

   

The main form of cancer associated with the cutaneous membrane is skin cancer. 

Skin cancer, or cutaneous carcinoma, begins in the epidermis of the skin, and is 

becoming an increasingly significant public health problem. It is the most common form 

of cancer in the US and its incidence is rising.
6
 The three most common types of skin 

cancer are melanoma, basal cell carcinoma, and squamous cell carcinoma.
8
 These three 

types account for more than 99% of all skin cancers.
1
  

2.1.1 Melanoma 

Melanoma is the type of skin cancer that originates in melanocytes (the pigment 

producing cells of the skin).
24

 In the United States, melanoma is the fifth leading type of 

cancer in men and the seventh leading type of cancer in women; 
15

 with approximately 

73,870 people diagnosed in 2015.
3
 Melanoma is also one of the most rapidly increasing 

malignancies in the US.
2
 In 1935, the lifetime risk of developing melanoma was 

estimated at 1 in 1,500 Americans; by 2002, it had increased to 1 in 68 Americans.
2
 

Figure 1 shows the more recent increase in age- adjusted incidence from 1995-2013.
25
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US, 2012

Incidence 

rate
a

Mortality 

rate
a 

State
b32

Alabama 22.1 3

Alaska 13.7 ~

Arizona 14.5 3.1

Arkansas 19.9 2.8

California 21.1 2.5

Colorado 22.2 2.5

Connecticut 19.6 2.3

Delaware 29.7 3

DC 7.1 ~

Florida 20.6 3

Georgia 26.3 2.3

Hawaii 18.7 1.9

Idaho 26.9 3.4

Illinois 18.5 2.6

Indiana 17.1 2.6

Iowa 24.1 2.9

Kansas 23.6 3

Kentucky 25.3 2.9

Louisiana 17.1 2.4

Maine 23.5 3

Maryland 20.6 2.7

Massachusetts 19.3 2.8

Michigan 16.6 2.3

Minnesota 28.3 2.6

Mississippi 17 2.3

Missouri 18.2 3.2

Montana 26.3 3.6

Nebraska 17.6 3.4

Vermont 29.4 2.6

Virginia 16 2.5

Washington 25 2.8

West Virginia 20.5 3.5

Wisconsin 22.5 2.6

Wyoming 21.6 ~

International

Europe, 2008
c33

Germany 12-13 <2

Norway 16-18 4-6

Spain 4-6 <2

Switzerland 19.2 <2

Romania 2.8 1

Australia
d34

2011/2012 48 5.9

Table 1: Age-adjusted incidence and mortality 

rates of melanoma

a 
Rates are per 100,000 persons & age-adjusted to the: 

b
2000 US Standard Population; 

c
World Standard 

Population, & 
d
2001 Australian Population

 In 2015, the estimated annual age-

adjusted melanoma incidence rate was 25 per 

100,000 non-Hispanic whites and 4 per 100,000 

Hispanics whites.
1,3

 Age-specific incidence 

increases with age: incidence rates per 100,000 

persons in young adults (under 30 years) are less 

than 10, by middle age (50-54 years) rates 

increase to 29.8, and in those over 85 years rates 

increases significantly to 103.7.
26

 Overall, 

melanoma accounts for nearly 5% of all newly 

reported diagnosed malignancies; however, it is 

likely that reported rates in the US under-

represent the true melanoma burden due to 

under-reporting of thin superficial and in-situ 

melanomas.
15,27-29

 Although melanoma is the 

third most frequent type of skin cancer and only 

accounts for less than 2% of all skin cancer 

cases,
3
 it accounts for 75% of skin cancer deaths 

in the US.
30

 In the US for 2015, there was an 

estimated 9,940 deaths from melanoma.
3
 

Rates of melanoma vary by location both 

within the US and outside of the US (Table 1). In 

Australia melanoma is a significant problem, 
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Figure 2: Map of Arizona melanoma cases by CHAA, aggregated for 

1995-2009, ACR data 

with rates roughly twice as much as those reported in the US.
31

 Melanoma is also a 

problem in Europe; however, the incidence there has not in general reached the same 

magnitude as it has in Australia or the US.
31

   

Melanoma in Arizona 

 The CDC reported the age-adjusted Arizona incidence rate of melanoma in 2012 

as 14.5 per 100,000 persons (Table 1).
32

 This 

low rate can be explained, at least partially, by 

substantial under-reporting by dermatologists,
28

 

as discussed further in the Arizona Melanoma 

Task Force section of this dissertation. Using 

more recent and updated data, the ACR 

reported an age-adjusted incidence rate of 24.8 

per 100,000 in non-Hispanic white Arizonians 

for 2012.
33

 Utilizing melanoma case data 

supplied by the ACR,
34

and Arizona population denominators retrieved from the Arizona 

Vital Statistics (Arizona Department of Health Services), the author of this dissertation 

noted that for the melanoma aggregated age-specific incidence (per 100,000) from 1995-

2008, females had higher age-specific incidence than 

males until the age of 40; however, male incidence 

rates were higher than females after the age of 40 

(Table 2). Spatial trends of the geographic distribution 

of melanoma cases in the state were also analyzed and 

are shown in Figure 2.
35

  

Table 2: Age-specific incidence and 

age-adjusted incidence in Arizona, 

aggregated for 1995-2008 

  

Aggregated (1995-2008)  

Incidence per 100,000 

Age Total  Male Female 

Under 10 0.14 0.10 0.18 

10-19 1.35 1.17 1.53 

20-29 5.77 4.13 7.58 

30-39 13.40 10.87 16.09 

40-49 25.26 25.59 24.92 

50-59 42.95 53.88 32.69 

60-69 71.76 99.82 46.32 

70-79 102.81 152.61 61.15 

80+ 109.59 191.50 58.07 
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Arizona Melanoma Task Force 

The Arizona Melanoma Task Force was created in 2012 to address local issues of 

melanoma in Arizona, including under-reporting. The group is composed of local 

dermatologists; ACR staff; and faculty/students, including the author of this dissertation, 

from the University of Arizona and Skin Cancer Institute. Utilizing ACR data, the Task 

Force discovered that, similar to what is occurring nationwide, melanoma is under-

reported in Arizona.
28

 A review of melanoma cases diagnosed in 15 dermatology 

practices around Arizona in 2009 found that 71.7% of cases were not reported to the 

ACR. The cases missing from the Registry were predominantly in-situ or locally staged 

cases.
28

  

Although under-reporting had a substantial impact on the reported melanoma 

incidence rates in Arizona, recent reports from the ACR indicate that the artificially 

lowered incidence rates are being revised. A recent review of melanoma cases in 2016 

found that from 2008 to 2013 there was an 85% increase in the number of melanomas 

reported to the ACR.
36

 

2.1.2 Nonmelanoma skin cancers (NMSC) 

NMSC are the most common form of cancer and constitute more than one-third of 

all cancers in the US.
37

 Information on NMSC is not routinely collected by US 

population-based cancer registries; consequently, it is difficult to estimate the true 

burden. However, estimates suggest that the incidence is increasing.
6
 Two recent 

estimates calculated that in the US alone there were over 3.5 million new cases of NMSC 

diagnosed among over 2 million people in 2006,
6
 and that in 2007 the prevalence of  
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NMSC was approximately 13 million in non-Hispanic whites.
38

 The two most common 

forms of NMSC are basal cell carcinoma and squamous cell carcinoma.  

Basal cell carcinoma (BCC) 

BCC is the type of NMSC that originates in the cells of the epidermis (the 

outermost layer of the skin). Basal cells are located deep within the epidermis and 

although BCC cases do not always originate in actual basal cells, it is referred to as basal 

cell carcinoma because the cancer cells resemble basal cells.
24

 Not only is BCC the most 

common form of skin cancer, it is the most common form of cancer that occurs in 

humans.
22,24

 The actual incidence of BCC is difficult to measure because of poor 

registration practices in the US and the majority of other countries;
39

 however, Table 3 

lists some of the most recent estimates of BCC incidence.  

Arizona incidence was measured during a study in 1996 of southeastern counties 

of Arizona (Cochise, Pima, and Santa Cruz County). This study estimated the age-

adjusted BCC incidence rate (per 100,000) to be 936 among men and 497 among 

women.
40

 Since BCC has a low metastatic potential it is considered less harmful in terms 

of mortality.
41,42

Although metastasis is rare and the disease is rarely deadly, local growth 

of the cancer can be highly destructive to the area and some BBCs do recur.
22,43-45

 

Therefore, prevention and treatment of BCC is still necessary. 

Squamous cell carcinoma (SCC) 

SCC is the type of NMSC that originates in the squamous cells or keratinocytes. 

Squamous cells develop in the outer layer of the skin and are the main structural cells of 

the epidermis.
24

 SCC malignant tumors can also invade the dermis.
22

 SCC account for 

approximately 16% of skin cancer cases.
22

 In 2012, it was estimated that in the US 
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186,157 to 419,543 whites were diagnosed with SCC.
46

 Similar to BCC, incidence of 

SCC is not routinely collected in the US and estimates are not widely avaiable.
39

 In 

Arizona, the age-adjusted incidence rate (per 100,000) for SCC in 2006 was estimated at 

271 among men and 112 among women (Table 3).
40

 If detected, SCC is highly curable.
3
 

However, although most cases will only affect the areas around them and penetrate into 

nearby tissue,
24

 approximately 3-10% will metastasize;
22

 these SCC cases can then be 

fatal.
24

 It was recently estimated that in the US in 2012, 3,932 to 8,791 died from SCC. 
46

 

Table 3: Estimates of incidence rates of BCC and SCC per 100,000 person-years in the US and internationally 

Location BCC SCC 

US     

Northern California, 1998-2012
a;47

 640 men; 439 women - 

HPFS, 2004-2006
b;48

 1,488 men - 

NHS, 2004-2006
b;48

 1019 women - 

Arizona, 1996
e; 40

 935.9 men; 497.1 women 270.6 men; 112.1 women 

New Mexico, 1999
f; 49 

 930.3 men; 485.5 women 356.2 men; 150 women 

New Hampshire, 1993-94
e; 50

 309.9 men; 165.5 women 97.2 men; 32.4 women 

Minnesota, 1976-1984
e;51

/1990-

1992
f;52

 175 men; 124 women 155.5 men; 99.6 women  

Hawaii, 1983-1986/7
e;53,54

 576 men; 298 women 153 men; 92 women 

Europe      

Netherlands, 2008
g;55

 148 men; 141women - 

Denmark, 2007
h;56

 91.2 men;96.6 women 19.1 men; 12 women 

England, 2000-06
g; 39

 76.21 22.65 

Scotland, 2000-06
g; 39

 90.4 27 

Northern Ireland, 2000-06
g; 39

 86.8 30.6 

Canada     

Alberta, 2006
i; 57

 131.8 43.4 (invasive only) 

Manitoba, 2000
h; 58

 93.9 men; 77.4 women 26.1 men; 12.1 women 

Australia     

Nambour, 1997-2006
h;

 
59

 1,541 - 

Australia, 2002
h; 60

 884 387 

Standardized to the (a) 2010 US population, (b) Nurses’ Health Study/Health Professionals’ Follow-up Study 

population; (c) 1970 US population, (d) 2000 US standard population, (e ) 1980 US white population (f) 1990 

US white population, (g) European population, (h) World population, (i) 1991 Canadian population 
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2.2 Economic burden of skin cancer 

In addition to causing morbidity and mortality, skin cancer also results in a large 

economic burden (Table 4). Costs due to lost productivity as a result of premature 

mortality due to melanoma have been estimated at $3.5 billion (USD) annually.
61

 

Furthermore, the cost of skin cancer morbidity in the US is estimated to be from $28.9 

billion to 39.2 billion (USD).
62

 

Costs related to skin cancer are directly correlated with stage of the disease. In the 

earlier stages, most care and treatment can occur in an outpatient setting; however, as the 

disease progresses more care is required and the cost of case management becomes 

exceedingly high. There is roughly a 40-fold increase in costs between treating a patient 

during an early-stage to treating a patient during a late-stage of skin cancer. 
15

  

Table 4: Economic burden of skin cancer in US 

 

1st Author 

Pub 

Year 

Study 

Year Data Source Findings 

Melanoma 

Ekwueme
61

 2011 
2000-

2006 

Mortality & 

life tables 

Est. annual US productivity loss attributed 

to melanoma mortality: $3.5 billion 

Seidler
63

 2010 
1991-

1996 

SEER-

Medicare 

Est. annual cost of treating melanoma in  

>65 y.o.: $390 million.  

Davis
64

  2009 
1991-

2005 

SEER-

Medicare  

Adj. total costs per patient per month: late 

stage $11,471  vs. early stage $2,338 

Yabroff
65

 2008 2000 Life Tables 
Indirect premature mortality costs: 2000- 

$18.8billion; projected 2020-$21.6billion 

Bradley
66

 2008 
Est. 

2010 

Human 

Capita 

Present value of lifetime earnings lost:  

$3.3billion 

Guy
62

 2011 
1990-

2009 
Review 

Skin cancer morbidity: $28.9-39.2 billion; 

mortality: $1 -3.3 billion 

Bickers
67

 2006 2004 
Human 

capita 

Indirect premature mortality costs 

(annual): melanoma- $3.2billion; NMSC- 

$1 billion 

Guy
68

 2015 
2007-

2011 

Medical 

Expenditure  

Avg. annual total treatment costs: NMSC- 

$4.8 billion; Melanoma- $3.3 billion  
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Figure 3: Risk factors for skin cancer 
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2.3 Risk factors for skin cancer 

The risk of developing skin cancer is dependent on a combination of 

environmental and genetic risk factors (Figure 3). The following sections will describe 

the most common risk factors associated with skin cancer. 

2.3.1 Physical environment 

Ultraviolet radiation (UVR)  

The main established and preventable risk factor for skin cancer is UVR 

exposure.
1,69

  UVR is a type of electromagnetic radiation. There are two sources of UVR 

radiation: natural and artificial. The most common source of UVR is solar radiation from 

the sun; however, artificial UVR from sources such as indoor tanning devices, are equally 

as dangerous.
1
 The two types of UVR rays associated with skin cancer are ultraviolet A 

(UVA) and ultraviolet B (UVB). UVA rays are able to penetrate deep into the skin and 

induce skin damage, such as elastosis.
22

 UVA exposure indirectly produces damage to 

DNA, damage is facilitated by free radical formation and damage to cellular membranes. 
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UVA exposure can mediate carcinogenesis of stem cells of the skin.
22

 UVB rays emit 

intermediate levels of energy that do not penetrate into the skin as deep as UVA rays.
1,22

 

These rays predominantly result in superficial reddening of the skin (erythema) and 

sunburns. UVB rays cause direct damage to DNA through inflammatory responses and 

tumorigenesis.
22

  

Populations’ skin pigmentation evolved to best suit their physical environment.
70

 

However, with the increased ability for human migration, populations and individuals are 

now in geographical locations to which their skin pigmentations are not adapted. This 

increases their vulnerability to UVR exposure.
70,71 

Additionally, the level of UVR 

reaching the Earth’s surface has been modified over time. Ozone and other components 

of the atmosphere shield the Earth from the majority of UVR emitted from the sun. The 

level of UVR absorbed before reaching Earth’s surface depends on factors such as time 

of day, latitude/longitude, elevation, weather, and season.
1
 It also can be affected by 

human actions. As human societies become more industrialized, the use of new chemical 

compounds has become more prevalent. One chemical compound that is particularly 

destructive is chlorofluorocarbons (CFCs). CFC use resulted in a depletion of the 

stratospheric ozone layer, which acts as a shield protecting Earth’s surface from UVR; 

and consequently, the level of UVB reaching the Earth’s surface increased.
1,71,72

  

Climate change also has the potential to substantially affect the incidence of skin 

cancer.
73

 It has been reported that ambient temperatures can influence human behaviors 

and the amount of time spent outside and exposed to the sun.
73

 In addition to changes in 

exposure levels associated with temperature, it has been suggested that increases in 
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ambient temperatures can enhance UVR-induced carcinogenesis and amplify the 

induction of NMSC.
74

  

There is substantial scientific evidence that supports UVR exposure as an 

important etiological factor for melanoma, BCC, and SCC (Table 5). 
22,69

 Reducing sun 

exposure in childhood could reduce the lifetime risk of developing NMSC by up to 

78%.
22

 For melanoma, the World Health Organization (WHO) estimated that the fraction 

of melanoma in the US attributable to UVR exposure was 96% among males and 92% 

Table 5: Solar UVR and skin cancer 

Melanoma NMSC 

Ambient solar radiation 

Strong association between average UVR 

exposure based on residential histories 

and risk
75

 

Incidence rates of BCC and SCC 

increase with increasing estimated 

ambient solar UV
69

 

Association between lifetime 

(cumulative) UVR exposure based on 

residential histories and risk
75,76

 

SCC risk increases with increases in 

average annual hours of sunlight at all 

residences
69

 

 

Ambient UVR exposure before the age of 

10 (based on residential histories), 

significantly increases the risk of multiple 

primary melanomas
77

 

Lifetime sun exposure associated with 

increased risk of SCC
78,79

 

 

Intermediate (recreational or vacation) 

sun exposure associated with increased 

incidence
77,80-82

 

Intermediate (recreational or vacation) 

sun exposure associated with increased 

incidence of BCC
78,79,83

 

Exposure to mid-range UVR levels 

associated with risk 
84

 

Higher mean daily UVR associated with 

NMSC incidence
85

  

Inconsistency in patterns between solar radiation and skin cancer could be explained 

by differences in population characteristics and susceptibility
86

 

Melanoma NMSC 

Sunburns 

Increase in risk with sunburns at any 

age
80,87

 

Sunburns increase the risk of BCCs 

located on the trunk of the body.
88,89

 

Increase in risk with sunburns in adult 

life
80,87

 

A history ≥5 blistering sunburns is 

associated with BCC and SCC 
90

 

Increase in risk with sunburns in 

adolescences
80,87

 

Increase in risk of SCC with sunburns in 

adolescences or childhood
90

 

Increase in risk with sunburns in 

childhood
80,87

 

Increase in risk of BCC with sunburns 

from age 15-20
90
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among females.
71

 Differences in the etiology among the skin cancer types and exposure 

exist. Intermediate exposure to UVR is hypothesized as the major risk factor for 

melanoma.
37

 Conversely, the strongest association for SCC is with cumulative or lifetime 

UVR exposure.
22,43

 In BCC, evidence suggest that lifetime, childhood, and intermediate 

exposures may be significant risk factors.
22,37

 Table 5 provides a brief summary of 

evidence in support of solar UVR exposure as a risk factor for skin cancer. 

 Artificial ultraviolet radiation 

The main source of artificial UVR in humans is indoor tanning devices. Indoor 

tanning devices can include tanning beds/booths, sun lamps, and other cosmetic devices. 

These devices emit dangerously high levels of UVR in order to promote rapid tanning.
91

 

Research has consistently linked indoor tanning use to melanoma.
1,91

 Evidence suggests 

the risk of melanoma is 75% higher in individuals who first use an indoor tanning device 

before the age of 35.
15

 Tanning bed use has also been found to be associated with a risk 

increase of 1.5-fold in BCC and a 2.5-fold in SCC.
92

 The evidence was strong enough 

that in 2009, WHO classified indoor tanning devices as Class I human carcinogens,
1,93

 

and in 2015 the FDA proposed a ban of sunlamp use in individuals under the age of 18 

and an increase on prominent warnings on the device.
94

 Indoor tanning is the most easily 

avoidable risk factor for skin cancer; however, regardless of the risks, tanning bed use 

remains high. A study using 2005 National Health Interview Survey data reported that 

approximately 20% of 18 to 29 year olds used indoor tanning devices in the previous 

year.
95
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Occupation 

Occupational related skin cancer risk can be produced through on-job chemical 

and UVR exposures.
96

 Skin cancers attributed to occupation are most commonly 

associated with industrial exposure to chemical carcinogens (arsenic, inorganic arsenic 

compounds, polycyclic aromatic hydrocarbons [PAHs] with high levels of coal tars, and 

coke oven emissions) and outdoor solar UVR exposures.
96,97

 

 2.3.2 Host factors 

 Age 

Melanoma can develop in both younger and older age groups. However, 

melanoma mortality increases with age,
82

 and the median age of diagnosis is around 61 

years.
4
 Of those who live to the age of 65, 40-50% will have at least one NMSC.

98
 Older 

skin cancer patients have poorer survival compared to younger patients. Among those 

over the age of 70, melanoma lesions tend to have an increase thickness, more ulceration, 

and higher mitotic rates than among younger groups.
15

 

  Although incidence is higher in older age groups and survival is worse, melanoma 

is still a significant health problem in younger persons. In young adults and adolescents, 

melanoma is the second leading cause of cancer (second to lymphoma) and accounts for 

one out of every nine patients with cancer in those 15 to 29 years of age.
99

  

Sex 

Melanoma risk and incidence varies by sex, primarily due to differences in 

exposures.
3
 In males, melanoma accounts for 5% of all cancer cases and is the fifth 

leading type of cancer in the US. In females, melanoma accounts for 4% of all cancer 

cases and is the seventh leading type of cancer in the US.
3,100

 The lifetime probability of 
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developing invasive melanoma is 1 in 34 for males and 1 in 54 in females. The 

probability of developing invasive melanoma in the US before 49 years of age is higher 

in females than men; however, after 49 years of age it is consistently higher in males.
3
 

Melanoma mortality is also higher among males than females.
1,100

  

Location of the melanoma tumor 

varies by sex as well. Based on 

data provided to this author from 

the ACR,
34

 cancer sites of the 

extremities, hips, or shoulders 

were more frequent in females; 

whereas, cancer sites of the ear, 

neck, or scalp were more 

frequent in males (Table 6). Differences by sex are also present in NMSC. For BCC, men 

are approximately two times as likely as women to develop the disease. Men are also 

more likely to develop SCC, with three times the risk of developing SCC as women.
22

   

Phenotype 

 Certain phenotypes have an increased susceptibility to skin cancer. In regards to 

hair, red hair carries the highest susceptibility, followed by blond and light brown hair 

color.
15

 The relative risk of melanoma in those with red hair is 3.6 times the risk of those 

with dark hair.
101

 Similarly, those with light colored eyes, such as blue or hazel, are at an 

increased risk when compared to those with dark brown eyes.
15

 Having blue eyes is 

associated with a relative risk of 1.5 when compared to those with darker eyes.
101

 

Location on Body Male  (%) Female (%)

Skin of the lips 0.25 0.14

Eyelid 0.55 0.56

External ear 5.51 1.07

Cheek, chin, face or forehead 14.85 12.19

Scalp or neck 9.52 4.28

Trunk 36.25 26.09

Upper limp & shoulder 20.92 26.06

Lower limb & hip 7.26 25.3

Unknown 4.88 4.31

Total 100 100

Table 6: Primary site of melanoma, Arizona, aggregated 

for 1995-2008, ACR data
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Skin type also plays an important role in skin cancer susceptibility. The standard 

measure of classifying skin sensitivity and skin types is the Fitzpatrick system (Table 7). 

Skin sensitivity has been found to be associated with both melanoma and NMSC. 

Armstrong and Kricker found that after adjustment for age and sex, the relative risk of 

those who do not at all tan, compared to those that tan deeply, was 3.5 for melanoma, 3.7 

for BCC, and almost 7 for SCC.
69

 

Table 7: Fitzpatrick skin type
102

 

Type Description 

I Always burns, never tans 

II Burns easily, tans minimally 

III Burns moderately, tans gradually  

IV Burns minimally, always tans 

V Rarely burns, tans profusely 

VI Never burns, deeply pigmented 

 

Race/Ethnicity  

Caucasian/white races have the highest risk of developing melanoma, with a 2007 

study reporting that melanoma was 30 times more common among whites than among 

African Americans.
82

 Whites with fair personal characteristics, such as pale skin that 

burns easily when exposure to the sun, blue eyes, blond/red hair, and freckled 

complexions, have greater sensitivity to the sun which leads to an increased risk of 

melanoma.
8,81

  The current incidence rate of invasive melanoma (per 100,000) is 22.2 

among Caucasians/whites, 4.7 among American Indians/Alaska Natives, 4.3 among 

Hispanics, 1.3 among Asian/Pacific Islanders, and 1.0 among African Americans/blacks.
1
 

In Arizona, non-Hispanic whites comprised 97% of the reported cases of melanoma in 

2012.
103
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Although skin cancer is most common among whites, minority groups appear to 

have a worse prognosis when they are diagnosed. When looking at 5-year relative 

survival rates for melanoma, white cases’ survival rate was 93%; whereas, 5-year 

survival was only 75% for black cases. Additionally, when analyzing recent trends, there 

was an increase in 5-year survival among white cases and decreased among black cases. 
3
 

Personal history of cancer 

Persons with a history of skin cancer are at a significantly increased risk of 

recurrent cancers. It has been reported that populations with a history of skin cancer of 

any type have nearly a 3-fold relative risk of developing melanoma.
15

 One review found 

that cutaneous melanoma survivors were four times as likely to develop NMSC (95%CI 

1.81-8.87).
16

 Likewise, there is an increased risk of melanoma in populations with a 

previously diagnosed non-skin type of cancer, such as breast, prostate, and childhood 

leukemia.
15,104,105

 For instance, Pappo et al. reported an approximate 2.5-fold increase in 

the risk of melanoma for childhood cancer survivors.
104

  

Predisposing skin lesions and precancerous lesions 

Nevi (singular nevus), also known as moles, are growths on the skin that develop 

when melanocytes grow in clusters. Nevi can be present at birth (congenital nevi) or 

develop later in life (acquired nevi). Two of the main types of nevi are common (single 

uniformed color) and atypical/dysplastic (unusual moles, without symmetry) nevi.
106 

Total body nevus counts, as well as common nevus and dysplastic nevus counts exclusive 

of each other, have been linked to melanoma by numerous studies.
107-110

 It has been 

found that melanoma risk increase in a linear manner with the number of total body 

nevi.
111

 Studies have placed the relative risk for melanoma when a person has a total of 
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100 or more common nevi between 6.9 - 9.8.
108,112-114

 The risk increases even higher 

when dysplastic nevi are examined.
108

 When looking at the combined effects, it was 

reported that the risk of melanoma from greater than 100 total nevi increased five-to-

tenfold when there were also dysplastic nevi present.
107

 

Actinic keratosis (AK), or solar keratosis, is a form of intraepidermal 

keratinocytic neoplasia and is the most common premalignant skin lesion and a precursor 

to SCC.
22,115

 AKs develops on skin with habitual sun exposure.
22

 It has been estimated 

that among those 40 years of age and older, 60% will develop one or more AKs.
22

 The 

estimated 10-year rate of malignant transformation of AKs is from 6 to 10%, and roughly 

60% of SCC arise from an AK.
92

  

2.3.3 Family history 

The risk of melanoma increases if an individual has one or more first degree 

relatives with a history of melanoma.
22,112,116

 An estimated eight to ten percent of 

malignant melanoma cases also have a first-degree relative with melanoma.
15,22

 

Melanoma patients with a history of melanoma in their family are also at an increased 

likelihood of developing multiple primary melanomas.
117

   

Family history is a risk factor for NMSC as well. A family history of skin cancer 

in a first-degree relative prior to the age of 50 was associated with an almost 5-fold 

increase in BCC risk. The risk between early-onset BCC and family history remained 

strong even after adjustment for pigment characteristics, UVR exposure, and other MC1R 

genotype.
118

 Family history is also an important risk factor for SCC. There is a 4-fold 

increased risk of SCC with any known family history of skin cancer.
119

 The increase in 

risk is due to a combination of factors, including shared lifestyles and gene mutations. 
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2.4 Skin cancer prevention 

Skin cancer is an ideal candidate for public health prevention interventions 

because known prevention methods are known and effective treatments are avaiable.
9,10

 

There are three main levels of skin cancer prevention: primary, secondary, and tertiary 

(Figure 4). 

 

2.4.1 Primary prevention 

Primary prevention is the first level of cancer prevention and is aimed at 

preventing the development of the disease.
120

 Since UVR is the leading preventable risk 

factor for skin cancers,
1,69

 primary prevention for skin cancer is predominantly concerned 

with reducing UVR exposure. There are many methods that can be employed to reduce 

UVR exposure, such as use of sunscreen and protective clothing. Sunscreen use has been 

shown in studies to lower the incidence of SCC and melanoma.
121-124
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Sun protection 

 One major goal in primary prevention of skin cancer is promotion of sun protection 

methods and avoidance of UVR (Figure 5).
1
  Sun protection includes: 

 Use of sunscreen with a SPF (Sun Protection Factor) of 15 or higher that 

offers both UVA and UVB protection 

 Avoidance of indoor tanning devices 

 Seeking shade, especially during the mid-day hours 

 Wearing a wide brim hat that shades the face, head, ears, and neck 

 Wearing protective clothing that covers both the arms and legs 

 Wearing sunglasses with UVA and UVB protection
125

 

 

 

 

 

Figure 5: Behaviors associated with primary prevention of skin cancer 
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2.4.2 Secondary prevention 

The goal of secondary prevention is to try to identify the disease at the earliest 

stage possible so treatment can be given in hopes of limiting the disease severity and 

impact.
120

 For this reason, it is also referred to as “disease control” since its purpose is not 

to reduce the incidence of a disease but to control the consequences of the disease.
82

 

Secondary prevention is critical for melanoma control efforts. Methods of identifying 

melanoma lesions and pre-cancerous lesions are known, and effective treatments for 

early-stage melanoma exist (see Table 11, Appendix D for staging classification).
3
 In the 

US, if melanoma is identified when it is locally-staged, the five-year relative survival is 

98.3%; however, survival of melanoma depends heavily on the stage of diagnosis and 

decreases drastically after the disease progressing into the more advanced stages.
12

 The 

five-year relative survival rate reduces to 63% for cases staged as regional at diagnosis 

and then drastically reduces to 16.6% for cases staged at diagnosis as distant.
11

 In 

Arizona, the ACR reported similar 5-year survival rates: 91.7% local, 57.6% regional, 

and 17.1% distant.
33

 

Race/ethnicity and stage of diagnosis 

Late-stage diagnosis occurs in minority populations at a disproportionate rate. A 

study on predictors of neighborhood risk of late-stage melanoma in Florida reported that 

white Hispanics were more likely to live in neighborhoods with high levels of late-stage 

melanoma than non-Hispanic whites.
126

 Similarly, a study in Connecticut reported that 

there was a significantly higher proportion of late-stage melanoma cases in non-Hispanic 

blacks and Hispanics when compare to non-Hispanic whites.
127

  In Arizona it was 

reported in 2012 that in non-Hispanic whites the composition of cases was 86.1% early-
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stage and 6.9% late-stage (7% unknown stage); whereas, in Hispanics 63% of the cases 

were classified as early-stage and 20.4% as late-stage (16.7% unknown).
33

  

Spatial access to care and stage of diagnosis 

Health care access depends on the degree of difficulty for an individual or 

population to obtain needed medical services. One component of health care access is 

spatial access to care, or how access varies across populations by geographic space. 

Spatial access to care can be measured in multiple ways, including distance to care and 

healthcare provider density. Distance to care is generally defined as the miles or travel 

time between a person’s residence and a care provider. A greater distance to care was 

shown to be associated with negative general health outcomes.
128

 One study examining 

the association between access to care and melanoma in 42 North Carolina counties 

reports that the distance to a diagnosing provider, but not dermatologist density (number 

of dermatologists per physical area or population), was associated with Breslow thickness 

(tumor depth).
12

 Conversely, other prior research observed a reduction in melanoma 

mortality with an increase in dermatology density.
129

 

2.4.3 Tertiary prevention  

The last level of prevention is tertiary prevention (also known as therapeutic 

prevention). Tertiary prevention is aimed at assisting those in a population who already 

are diseased and trying lessen the impact of their disease.
120

 For skin cancer, tertiary 

prevention should be aimed at improving prognosis, lessening negative health outcomes, 

and reducing the risk of recurrent and secondary cancers. Melanoma survivors are at an 

increased risk of developing a secondary melanoma or a second primary cancer (other 

than melanoma), such as NMSC, bone, soft-tissue, or kidney cancer.
16
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Studies have shown that avoiding high-risk lifestyle behaviors (e.g. smoking, 

alcohol intake, and low physical inactivity) and adopting healthier lifestyles can reduce 

all- and malignant-cancer mortality, and improve the quality of life among melanoma 

survivors.
19,130-132

 Guidelines for recommended health behaviors applicable to cancer 

survivors have been published by The American Cancer Society (ACS), Centers for 

Disease Control and Prevention, and the United States Preventive Service Task Force.
133-

137
 Additional, clinical sun protection recommendations have been created with the goal 

of reducing the impact of skin cancer.
138

 

2.5 Surveillance  

Cancer surveillance is fundamental to public health. Surveillance exists to 

monitor changes in disease frequencies and changes in prevalence of risk factors.
139

 The 

goal of cancer surveillance is to provide a quantitative descriptive measure of cancer 

incidence, morbidity, prognosis, and mortality. Surveillance also is a tool to aid in the 

assessment of predisposition, environmental and behavioral risk factors, screening 

practices, and quality of care.
140

 The three main uses of cancer surveillance are 1) identify 

emerging problems, 2) assisting in the measurement of the outcomes of programs, and 3) 

identify groups of people who are at greater risk of developing cancer or who would 

benefit from interventions.
82

 In the US, cancer data is collected by state-based cancer 

registries under the direction of the National Program of Cancer Registries (NPRC) of the 

CDC or by the Surveillance, Epidemiology, and End Results (SEER) program of the 

National Cancer Institute (NCI).  
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2.5.1 Arizona Cancer Registry (ACR) 

In Arizona, the ACR of the Arizona Department of Health Services collects case 

data on all cancers (excluding NMSC). The ACR is a population-based surveillance 

system funded by the state of Arizona with assistance from the CDC. Operations for the 

ACR began in 1980 and cancer case collection was initiated in 1981.
141

 Although, the 

reporting was initially voluntary, in 1992 reporting of became mandatory for all hospitals, 

clinics, physicians, dentists, registered nurse practitioners, and doctors of naturopathic 

medicine (Arizona Administrative Code Title 9, Chapter 4). Mandatory reporting extends 

to all in-situ and malignant melanoma, but not NMSC. The ACR collects incident cancer 

data from all Arizona non-federal hospitals, 71 in total, and 3 of 6 federal facilities. In 

addition to hospitals, the ACR collects data from outpatient freestanding clinics, 

pathology laboratories, and private physician offices. To capture Arizona resident cases 

diagnosed out of state, the ACR has interstate data exchange agreements with 21 other 

US states. New Mexico and the Indian Health Services (IHS) also shares information 

with the ACR on American Indians residing in Arizona who are seen at USPHS Indian 

Hospitals.  

2.5.2 Behaviors Risk Factor Surveillance Survey (BRFSS) 

One of the largest US surveillance systems for behavioral risk factors is the 

BRFSS. The BRFSS is run by individual state health departments in collaboration with 

the CDC. It was initiated in 1984 with the goal of collecting prevalence data on risk 

behaviors and preventative practices that influence health. It is a cross-sectional 

assessment conducted as a random-digit dial telephone survey.
142
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The BRFSS questionnaire was developed by a partnership between the Behavioral 

Surveillance Branch of the CDC and state health departments. Annually the BRFSS 

working group, using state provided input and feedback, review and modify the current 

survey.
142

 Each state survey contains a set of core questions; states may also add modules 

and questions that address specific local needs. In 2013, thanks to a funding from the Bert 

W. Martin Foundation to the Skin Cancer Institute, Arizona was able to add questions 

associated with skin cancer risk. 

2.6 Utilization of Secondary data 

One tool readily available for epidemiologic research are comprehensive 

secondary data sets.
143

 These data sets differ from primary data in that primary data sets 

are collected by the researcher who will also examine the data; whereas, secondary data 

sets are collected by someone other than the researcher.
144

 Secondary data sets are 

generally collected by governments, research institutions, and other agencies and can 

provide a robust resource of information and  provide a strong alternative to the 

collection of primary data.
143

 Advantages and disadvantages associated with the use of 

secondary data are described in Table 8. 
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Table 8: Secondary data advantages and disadvantages 

Advantages Disadvantages 

Size- Generally representative of a large 

segment of the population and frequently are 

more comprehensive than primary data 

sets.
143,144

  

Quality- Researcher lacks control over quality 

of data.
144

 However, detailed documentation 

about data collection and data cleaning process 

are often provided.
145

 

Time- Researchers do not have to dedicate time 

to data collection; additionally, data sets are 

frequently already cleaned and stored in 

electronic formats reducing time required for 

data management.
144

 This allows researchers to 

spend more time on research approaches and 

testing hypotheses than when have to also 

collect data.
145

 

Inappropriateness of the data- Data is not 

collected by the researcher to answer a specific 

research question so may be missing needed 

information, be conducted on the wrong 

geographic region, etc.
144,145

 

Low costs- Resources to do not need to be 

allocated to data collection, which can lower 

costs related to salaries, transportation, 

equipment, etc.
144

 The fees sometime required 

to obtain the data are usually substantially less 

than the costs of primary data collection.
145

 

Variables- Researcher lacks control over how 

variables are measured and recorded. A 

variable that the research desires may be 

present but categorized differently than 

desired.
144

 

Accessibility- Large data sets are often readily 

available.
143

 

Confidentiality- Data may be collected that is 

not available to researchers due to 

confidentiality reasons.
144

 

Advanced techniques- Often secondary  data 

sources have the resources to conduct large-

scale population based surveys that employ 

ready to use weights.
145

 For example, the 

BRFSS uses a complex sampling design and an 

advanced system of weighting the data to allow 

for better representation.
144
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3. Present Study 

The main methods, results, and conclusions of this study are presented in the 

manuscripts appended to this dissertation (Appendices A-C). The following sections 

summarize the methods, results, and conclusion of each manuscript.   

3.1 Overview 

The ultimate goal of this dissertation was to identify factors with the potential to 

improve primary, secondary, and tertiary prevention efforts of skin cancer in Arizona. 

 

Figure 6: Dissertation aims and corresponding papers 
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3.1.1 Primary Prevention Aim (Paper 1) 

Surveillance of preventive behaviors provides information on which behaviors a 

population is practicing at optimal or sub-optimal levels, allowing for interventions to be 

structured around those at sub-optimal levels. Additionally, it provides information for 

the comparison of behaviors among different segments of a population, facilitating the 

targeting of high-risk populations during primary prevention efforts. Furthermore, 

behavioral surveillance establishes a baseline measure that can be utilized to evaluate 

later intervention efforts. Reducing exposure to UVR is the prime strategy for primary 

prevention of skin cancer due to its significant role in the pathogenic process.
1,69

 The aim 

of this research was to use data from the Arizona BRFSS, a behavioral surveillance 

database, to describe the frequency of sun protection behaviors and sunburn history 

among Arizona adults residents. Additionally the research aimed to characterize factors 

associated with adoption of sun protection behaviors and the occurrence of sunburns. 

This knowledge can then be used to support future primary prevention skin cancer 

endeavors. 

Study population 

Research for Paper I employed a secondary analysis of the 2013 Arizona BRFSS. 

The population for this study consisted of BRFSS respondents with information on sun 

behaviors. In total, 3,370 respondents were included in the analyses of sunburns and 

3,353 respondents were included in the analyses of sun protection. The sampling design 

of the BRFSS allows for weighted population estimates. Weighting methods compensate 

for unequal probabilities of respondent selection and allows the survey to reflect and be 

consistent with population estimates. The total estimated weighted population size of this 
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sample was 3,520,145 persons. The weighted age composition of the sample population 

was comprised of an older population (all over the age of 18 years, 23% over the age of 

65 years). The sample population was also predominantly non-Hispanic white (63%) and 

had roughly similar amounts of male and female respondents. Based on US census data, 

the study sample population characteristics are representative of state characteristics. 

Ethics review 

This research was reviewed by the University of Arizona Human Subjects 

Protection Program and deemed exempt from human subjects review (Appendix E). 

3.1.2 Secondary Prevention Aim (Paper II) 

Although skin cancer lesions and pre-cancerous lesions can be identified through 

screening, and effective treatments for early stage melanoma exist, melanoma is still the 

primary cause of over 9,000 deaths in the U.S. annually.
3
 Survival of melanoma depends 

heavily on the stage of diagnosis.
12

 The aim of this research was to investigate the 

association between patient and neighborhood-related factors and late-stage diagnosis of 

melanoma. The factors identified as associated with late-stage diagnosis can then be 

targeted during secondary prevention and control programs. 

Study population 

The research for Paper II includes Arizona incident melanoma case data from the 

ACR for the years of 1995-2009,
35

 which are the years with available ACR geocoded 

data. A total of 20,652 incident cases of melanoma were reported to the ACR during this 

time period. Of the 20,652 cases, 2,192 cases were excluded due to incomplete or missing 

data on spatial location and/or stage of diagnosis. Excluded cases and the remaining 

18,460 eligible cases shared similar demographic compositions (Table 12; Appendix H). 
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The sample population is representative of melanoma cases: predominantly white, almost 

60% male, and 58% were 60 years of age or older.  

Ethics review  

The University of Arizona Institutional Review Board and Human Subjects 

Review Board for the Arizona Department of Health Services approved this research 

(Appendix F and G).  

3.1.3 Tertiary Prevention Aim (Paper III) 

The proportion of skin cancer survivors in the U.S. is expected to increase with 

improvements in primary and secondary prevention methods. Information regarding the 

behavioral practices among this population, separate from individuals without a history of 

skin cancer, is not readily available. A better understanding of skin cancer survivors’ 

behaviors is critical for tertiary care. Paper three aimed to identify the prevalence of 

recommended health behaviors among skin cancer survivors. These behaviors were then 

compared to behaviors in skin cancer free individuals. Knowledge gained from this study 

can inform clinicians on which behaviors need to be pursed further in skin cancer patient 

populations and aid in the creation of effective tertiary prevention programs targeting 

skin cancer survivors. 

Study population 

Similar to the first paper, research for Paper III employed a secondary analysis of 

the 2013 Arizona BRFSS survey. In 2013, a total of 4,252 persons completed the Arizona 

BRFSS. Due to missing data on skin cancer histories, 18 of these respondents were 

excluded from the current analysis. After further exclusion of respondents who reported a 

skin cancer in addition to another type of cancer, there were 4,094 total respondents. The 
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study population was composed of three mutually exclusive groups: [1] skin cancer 

survivors, excluding cases with additional non-skin cancers types reported (11%); [2] 

survivors of other non-skin types of cancer, excluding cases with a history of skin cancer 

(7%); and [3] respondents reporting no history of cancer (82%). The total sample had 

approximately equal amounts of males and females with almost half of respondents under 

the age of 45. The population was predominantly non-Hispanic white.  

Ethics review 

This research was reviewed by the University of Arizona Human Subjects 

Protection Program and deemed exempt from human subjects review. 

3.2 Methods 

          In order to address the research questions of the present study, a variety of 

statistical methods were employed. These methods are presented in Table 9. Further 

detail on the methods is presented in the below sections. 

 

Table 9: Statistical methods used in papers 

Method Manuscript 

Frequency analysis 1,2,3 

Rao Scott χ2
 1, 3 

Pearson's χ
2
 2 

Stratified analysis 1,2,3 

Univariate logistic regression, accounting 

for complex sampling design 
1,3 

Multivariate logistic regression, accounting 

for complex sampling design 
1,3 

Univariate logistic regression 2 

Multivariate logistic regression 2 

GIS, Arc Map geodesic distance 2 
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           3.2.1 Methods: Paper I & III (BRFSS) 

Statistical analysis 

           The BRFSS utilizes a complex sampling design involving stratification and 

clustering sampling. All analysis accounted for this design to provide weighted 

population estimated. Weighting compensates for any unequal probabilities in participant 

selection and allows for a representative sample of population statistics. Weighted 

descriptive prevalence statistics and the Rao-Scott chi-square test were calculated for all 

factors of interest. The Rao-Scott chi-square test was developed using a weighted Pearson 

chi-square test with a design correction to account for complex sampling survey data. 
146

  

Weighted crude and adjusted logistic regression was used to test for associations between 

outcomes of interests and demographic and behavioral factors. The goal for Paper I was 

to identify which, if any, behaviors influenced ‘use of sunscreen or clothing to protect 

skin’ and ‘a history of one or more sunburns within the past 12 months’. The aim of 

Paper III was to analyze how a previous skin cancer diagnosis influenced health 

behaviors. For the Paper III analysis, the outcomes of interest were lifestyle health 

behaviors, such as sun protection use, smoking, alcohol consumption, physical activity, 

and vaccinations. Odds ratios (OR) and their corresponding 95% confidence intervals 

(CI) were presented for all logistic regression models. All data were analyzed using SAS 

9.3 (SAS Institute, Inc.). 
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3.2.2 Methods: Paper II (ACR) 

Data acquisition  

           The research for Paper II was accomplished using archival secondary data 

available through the Arizona Cancer Registry (a state-wide cancer registry), geographic 

data, and aggregated community level data. Data was either at the individual or 

community level. Individual data was obtained from the ACR. Community data was 

obtained through several sources; these sources are listed in Table 10. 

 

 

             

 

 

 

            Rural-urban classification 

Rural and urban status of a residence was measured by linking zip codes to Rural-

Urban Commuting Area Codes (RUCA) developed through a collaboration between the 

Office of Rural Health Policy, the Department of Agriculture’s Economic Research 

Services, and the WWAMI Rural Health Research Center.
147

 RUCAs are a rural-urban 

classification scheme that utilizes the standard Bureau of Census Urbanization Area and 

Urban Cluster definitions in combination with work commuting information. The zip 

code approximation of the RUCA codes was utilized for this research. The zip code 

approximation is based on Census tract codes with commuting data that is not unique to 

the zip code geographic unit. According to RUCA codes, an urban/metropolitan area has 

Table 10: Sources of community level data 

 Type of data  Source 

Rural-urban classification  RUCA 

Median household income per zip code PSC 

Dermatologist data SCI 

Reporting hospital and clinic data ACR 

Population size per zip code PSC 

Latitude and Longitude coordinates Esri 

State boundaries, road, & other geographic data Esri 
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a population of 50,000 or above, a large rural/micropolitan area has a population of 

10,000-49,999, a small town area has a population of 2,500 through 9,999, and a small 

rural area has a population of less than 2,500.
147

  

Access to care 

Two proxy measures for access to care were developed. The first was 

dermatology density by zip code. For this measure the number of dermatologists in a 

given zip code were summed and divided by the population size for the zip code. This 

measurement was reported as dermatologists per 100,000 persons. The estimate of the 

approximate number of dermatologists in a given zip code was based on a list of 

dermatologists in Arizona created by the Skin Cancer Institute (SCI) of the University of 

Arizona Cancer Center. 
148

 SCI utilized Arizona Board of Medical Examiners (BOMEX) 

lists of dermatologists and information on local dermatologist collected by their staff in 

2012. Denominator data on population size by zip code was retrieved from PSC.
149

 

The second measure was travel distance to care. Distance to care was found for all 

cases with information on reporting facility (hospital or clinic). A list of facilities and 

their street addresses was provided by the ACR. Facility data was geocoded into latitude 

and longitude coordinates and then mapped alongside geocoded melanoma case data 

using Geographic Information Systems, ArcMap 10 software (ESRI, Redlands, 

California). The geodesic straight-line distance (in miles) between each case and 

reporting facility was then calculated to give a proxy measure for travel distance to care.  

Statistical analysis 

Descriptive and chi-squared statistics were calculated for all factors of interest by 

stage of diagnosis. The goal of paper three was to identify which, if any, socio-
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demographic and community factors affected stage of melanoma diagnosis. For this 

analysis, the outcome of interest was late-stage diagnosis (i.e. regional or distant stage). 

Crude and adjusted logistic regression utilizing SAS 9.3 (SAS Institute, Inc.) was 

conducted to test for associations between late-stage diagnosis and socio-demographic 

and community factors, including access to care measurements. Regression analyses 

results are presented as OR with their corresponding 95% CI. 

3.3 Results 

The results of each manuscript and their corresponding aim are summarized in the 

“main results” sections below.  Further results, not included in the manuscripts, are 

presented in the sections titled “supplementary results”. 

3.3.1 Paper I:  Sun protection behavior and sunburns among Arizona adults 

(Appendix A) 

The following is a summary of the analysis for the Primary Prevention Aim:  

 Utilizing 2013 Behavior Risk Factor Surveillance System (BRFSS), describe the 

frequency of sun protection behaviors, as well as sunburn history, and identify 

demographic and lifestyle behaviors that are associated with adoption of sun 

protection behaviors and a lower occurrence of sunburns in an adult population 

Main Results 

Demographic factors 

Among Arizona residents 36% of males and 29% of females reported 

experiencing one or more sunburns in the previous 12 months. Among this same 

population, approximately 20% of respondents reported they protected their skin with 

sunscreen or protective clothing every time when going outdoors; however, among those 
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aged 18-24 years, this percentage dropped to only 8%. Age differences relating to 

sunburns were also noted. When compared to the oldest age group (65 years and older), 

younger individuals were more likely to report one or more recent sunburns; this was 

especially true in non-Hispanic whites. Males were slightly more likely to report a recent 

sunburn, and to report having four or more recent sunburns, than females. Whereas, 

females were significantly more likely to report protecting their skin from the sun by 

using sunscreen or clothing (OR 2.06 [95%CI: 1.47-2.87]). In the Hispanic only strata, 

this difference increased, with Hispanic females being 4 times as likely to report use of 

sun protection as Hispanic males. When compared to the lowest income bracket 

(<$25,000), Arizonians who made ≥$50,000 were more likely to report a recent sunburn. 

The magnitude of this association was also stronger in Hispanics than non-Hispanic 

whites. Furthermore, as income increased the likelihood of sun protection use increased.   

Lifestyle behavior factors 

A behavior strongly associated with sunburns, but not sun protection, was indoor 

tanning; indoor tanning use increased the likelihood of recent sunburns by almost 4-fold. 

Additionally smoking was suggested to be a risk factor for sunburns in females (OR 1.71 

[95%CI 0.95-3.08]) but a protective factor for males (OR 0.40 [95%CI 0.21-0.75]). The 

interaction term between smoking and gender was not found to be statistically significant 

for sunburns. Similarly, in males but not females, binge drinking and heavy alcohol 

consumption were associated with a decreased likelihood of sun protection (OR 0.51 

[95%CI: 0.27-0.96] and OR 0.27 [95%CI: 0.11-0.63], respectively). 

Although compared to individuals who report never using sun protection, 

individuals who protection their skin at any frequency had a higher likelihood of 
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experiencing a recent sunburn, the likelihood was stronger for those who report they only 

protect their skin at intermittent levels compared to those who always protect their skin 

(“every time” OR 1.90 [95%CI 1.04-3.46]; “often” OR 3.21 [95%CI: 1.89-5.43], “only 

summer” OR 2.64 [95%CI: 1.57-4.45]).  

Supplementary Results 

The Arizona BRFSS survey did not include a sun sensitivity question to estimate 

skin tolerance to UVR.
102

 Since it is possible that some respondents who report they 

never protect their skin have a lower sensitivity to the sun or avoid sun exposure, the 

analysis between sunburn likelihood and sun protection use was re-run excluding those 

who report they never protect their skin with sunscreen or clothing. After excluding 

“never” respondents, and adjustment for other factors, those who report using sun 

protection less than always were more likely to report one or more recent sunburns (OR 

1.51 [95%CI 0.95-2.41]) (Table 13 , Appendix I). 

Additional analyses of the data were completed to examine possible recall 

differences related to reported frequency of sun protection use and sunburns based on the 

month the BRFSS interview were conducted. Regardless of month, the percentage of 

respondents reporting zero recent sunburns ranged from roughly 60-70%, and 5-10% 

reported 4 or more sunburns. January, July and August all had percentages of respondents 

reporting zero sunburns of  less than 65%; September through December ranged from 

approximately 66-67% for zero reported sunburns, and February through June had a 

reported percentage above 68%. No clear or consistent patterns by interview month for 

one sunburn, two-three sunburns, or four sunburns in the past 12 months were noted 

(Figure 7, Appendix J). For sun protection use by interview month, the highest reported 



55 
 

 

frequency (≥80%) of sun protection use occurred in the months of June through 

September and April; the months with the lowest reported percentages of sun protection 

use were January through February, May, and October (<75%) (Figure 8, Appendix K). 

These preliminary analyses highlight the potential for differences of self-reported 

behaviors by month of interview; however, to confirm this possibility more in depth 

research is required into seasonality trends. 

Supplementary analyses were also conducted to describe the prevalence of indoor 

tanning use by demographic characteristics and sun behaviors. This analysis found that 

overall only 2% of respondents reported indoor tanning use within the past 12 months. A 

higher percentage was observed for females, than males. Among individuals who 

reported using indoor tanning 1 to 10 times in the past 12 months, 66% were under 44 

years of age and 33% were non-Hispanic white. Among individuals who reported indoor 

tanning of 11 times or more in the past 12 months, 50% were under 44 years of age and 

88% were non-Hispanic white. A much higher frequency of sunburns was reported in 

indoor tanning users. Only 15% of non-indoor tanners reported 2 or more sunburns in the 

past 12 months compared to 46% of individuals who had used indoor tanning 1 to 10 

times and 50% of individuals who reported using indoor tanning devices greater than 10 

times in the past 12 months. Extreme tanners (more than 10 times) also had a much 

higher prevalence of individuals who never used sunscreen or clothing to protect their 

skin then lower or never users (Table 14, Appendix L). 
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3.3.2 Paper II: Disparities in stage of diagnosis of Arizona melanoma cancer 

patients (Appendix B) 

The following is a summary of the analysis for Secondary Prevention Aim:  

 Utilizing data from the Arizona Cancer Registry, investigate the association 

between patient and neighborhood-related factors and late-stage diagnosis of 

melanoma 

Main Results 

A total of 18,460 melanoma patients were included in these analyses, with 40% 

being diagnosed initially as in-situ, 52% as local, 5% as regional, and 3% as distant 

melanomas. After adjustment for other factors and year of diagnosis, melanoma cases 

residing in rural areas were 1.29 times as likely as melanoma cases residing in urban 

areas to be diagnosed at a late-stage. In rural areas, the mean travel distance to the 

reporting hospital or clinic for early-stage (in-situ or local) cases was 60.18 miles 

compared to 70.76 miles for late-stage cases. The travel distance was greatly reduced in 

urban areas; however, the distance for urban melanoma case diagnosed as late-stage 

(16.92 miles) remained higher than the distance traveled for early-stage cases (13.45 

miles). Melanoma cases that travel greater than 40 miles were 1.42 times as likely to have 

a late-stage diagnosis as cases that traveled 20 miles or less to the reporting hospital or 

clinic (95%CI 1.15-1.75). Furthermore, a dermatologist density of 6 or less 

dermatologists per 100,000 persons at the zip code level when compared to zip codes 

with greater than 12 dermatologists per 100,000 was associated with late-stage melanoma 

diagnosis. 
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In addition to geographic access to care, individual socio-demographic factors 

were also found to be associated with late-stage melanoma diagnosis. Male were slightly 

more likely than females to be diagnosed at a late-stage. When compared to white 

melanoma cases, non-white melanoma cases were 3.15 times as likely to have a late-

stage diagnosis (95% CI 2.01-4.95). Similarly, when compared to non-Hispanic 

melanoma cases, Hispanic melanoma cases were at an increased likelihood of a late-stage 

diagnosis (OR 2.13 [95%CI 1.61-2.81]). 

Supplementary Results 

Additional analyses were conducted on rural-urban variations in melanoma 

diagnosis. When analyzing trends of the proportion of melanoma cases in Arizona 

diagnosed as late-stage (regional or distant) over time (1995-2009) between rural and 

urban areas, rural areas consistently had a higher percentage of cases diagnosed in a late-

stage. However, the magnitude of the difference between the two areas varied over time 

(Figure 9, Appendix M). While this figure demonstrates a potential increase in the 

percentage of late-stage incident cases over time, it is possible that some or all of this 

increase is the result of an under-reporting of early-stage cases and consequently a 

decrease in denominator data. However, the substantial under-reporting that was 

documented in Arizona occurred mainly in early stage cases and appeared to be related to 

physician reporting issues and did not vary by demographic factors of cases
28,150

 

The median annual income by zip code for both rural and urban areas was 

graphed. This graph showed that community median annual income was higher among 

urban areas than rural (Figure 10, Appendix N). Median income was adjusted for in all 
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the previous multivariate logistic regression analyses to avoid issues related to these 

noted differences.   

3.3.2 Paper III:  A population-based estimate of health behaviors among adult 

skin cancer survivors (Appendix C) 

The following is a summary of the analysis for the Tertiary Prevention Aim:  

 Utilizing 2013 BRFSS data, examine the prevalence of lifestyle health behaviors 

among skin cancer survivors, and compare these lifestyle health behaviors to 

those among populations without a reported history of skin cancer 

Main Results 

Nearly 30% of skin cancer survivors protected their skin with sunscreen or 

clothing every time they went outdoors; whereas, approximately 24% experienced one or 

more sunburns within the past 12 months. Only 5.50% of skin cancer survivors 65 years 

of age or older reported current smoking; however, this percentage increased to 19.94% 

among those under 65 years of age. Regardless of age, only slightly over half of skin 

cancer survivors were meeting the aerobic physical activity recommendations of ≥150 

minutes of physical activity or vigorous equivalent a week. Additionally, less than 15% 

of all skin cancer survivors met the recommendation of five or more fruit or vegetable 

servings daily. Over 60% of skin cancer survivors 65 years of age or older reporting 

receiving their annual influenza vaccination; in those under 65 years of age, this 

percentage decreased to approximately 35%. Similarly, the majority (74.79%) of skin 

cancer survivors 65 years of age or older received a pneumococcal vaccination in their 

lifetime; whereas, only 23.07% of those under the age of 65 years received the 

vaccination.  
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When comparing healthy lifestyle behaviors of skin cancer survivors to behaviors 

among survivors of non-skin types of cancers, similar percentages were noted in all 

behaviors except sun protection use. For skin cancer survivors nearly 30% always 

protected their skin when outdoors compared to only 12.23% of survivors of other 

cancers.  

When comparing skin cancer survivors to non-cancer controls, overall skin cancer 

survivors were more likely to engage in 3 or more recommended lifestyle behaviors than 

non-cancer controls (OR 1.92 [95%CI 1.34-2.73]). After adjustment for sex, age, 

race/ethnicity, educational attainment, BMI, and health insurance coverage, the 

recommended behaviors of sun protection use (OR 3.70 [95%CI: 2.25-6.08], not 

participating in binge drinking (OR 1.72 [95%CI: 1.10-4.36], receiving an annual 

influenza vaccination (OR 1.70 [95% CI:1.12-2.58]), receiving a tetanus shot since 2005 

(OR 1.57 [95%CI: 1.05-2.33]), and receiving a lifetime pneumococcal vaccination (OR 

1.67 [95%CI 1.13-2.47]) were associated with a previous skin cancer diagnosis (non-

cancer controls were used as the reference group).   

Supplementary Results 

An additional analysis was conducted on the excluded respondents who reported 

as having both a skin cancer and another form of cancer (n=131). When those with only a 

reported history of skin cancer were compared to those with a reported history of both a 

skin cancer and another form of cancer, the skin cancer only group had a higher 

prevalence of using sun protection, reporting current smoking, and receiving a tetanus 

vaccination and a lower percentage who had met the physical activity recommendation 

and had received a lifetime pneumococcal vaccine. After removing missing data and 
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running a Rao-Scott Chi-Squared analysis, the only statistically significantly difference 

between the two groups was pneumococcal vaccinations (Table 15; Appendix O). 

3.4 Strengths and limitations 

The sections below discuss the strengths and weaknesses of the three papers. 

Since study one and three shared the same data source (BRFSS), they also share similar 

strengths and weaknesses and will be discussed as one section. 

3.4.1 Paper I & III (BRFSS) 

Strengths of these studies are: 

i. Use of a large representative sample of the state of Arizona, making the results 

more generalizable. 

a. Complex sampling techniques that compensate for unequal selection 

probability to allow weighted data to be used for population level 

estimates. 

ii. Recruitment and interviews conducted by the BRFSS using well-established 

quality controlled methods. 

iii. Sun behavior questions added onto the Arizona 2013 BRFSS offered a unique 

source of information for planning that is otherwise not available. 

a. The addition of the sun behavior questions made the BRFSS the current 

largest available source of information on sunscreen use and sunburns 

history for Arizona adults. 

iv. The BRFSS provides an opportunity to report representative estimates of lifestyle 

behaviors of skin cancer survivors and allowed for a comparison between these 

individuals and individuals without a history of skin cancer. 
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v. Sufficient sized sample of Hispanics, making comparisons between the 

magnitudes of risk between ethnicities possible. 

a. It has been projected that the Hispanic population will be growing in the 

coming years, 
151

 making it important to gain a further understanding of 

disparities effecting this population. Arizona offered an ideal location to 

study melanoma in Hispanic due to its large Hispanic population 

(approximately 30% of the total population) (U.S. Census Bureau, 2010). 

b. To date there are no large comprehensive studies of Hispanics in the US 

and skin cancer prevention. 

There are also weaknesses associated with utilizing the BRFSS as a secondary data 

source: 

i. Data on both skin cancer diagnosis and behaviors are self-reported and subject to 

recall bias. Recall bias is systematic error caused by differences in recollections 

that vary by study respondents’ shared experiences.
152

 

ii. Cross-sectional design: Temporality between sun protection use and sunburns 

cannot be assessed. Similarly, it is not possible to ascertain whether the skin 

cancer diagnosis changed lifestyle behaviors measured or if behaviors were 

present prior to diagnosis. 

a. Paper III (tertiary prevention) is concerned with current behaviors among 

skin cancer survivors making temporality less of an issue. 

iii. Data lacked information on skin cancer time of diagnosis, stage of diagnosis, and 

treatment history. 
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iv. Data lack information on skin type, other measures of sun sensitivity, occupation, 

outdoor exposure, and family history of skin cancer, all of which are risk factors 

that could impact sun exposure levels and skin cancer risk. 

v. On questionnaires, sun protection use was described using a Likert scale. A Likert 

scale is a summated rating scale that restricts respondents to a number of response 

categories,
153

 such as “often” or “only during the summer”. These types of 

responses can be open to interpretation. For example, how “often” is defined is 

subjective and may vary from person to person. 

vi. Sun protection measure lacks information on the reasons for use or lack of use of 

sun protection. Based on the available data it was not possible to determine if 

some individuals did not protect their skin because they did not go outdoors, 

purposely avoided UVR exposure, or had a skin tone did not burn easily 

(Fitzpatrick skin type IV). 

vii. Data on skin cancer may also be subject to survivor bias. Only individuals who 

had survived long enough to become participants in the Arizona BRFSS would be 

interviewed. 

a. If survivor bias does exist in the study, it could lead to an over-estimate of 

healthy behaviors. However, since skin cancer survival is high it is 

unlikely that this is a significant issue for the current study and overall 

recommendations would not change. 
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3.4.2 Paper II (ACR) 

Strengths of this study are: 

i. Large statewide sample of melanoma cases. 

ii. Geographic data of melanoma cases, allowing for spatial analysis. 

iii. Ability to measure access to care (rural-urban, dermatology density, and distance 

to care). 

iv. Arizona is an optimal location to study skin cancer and skin cancer risk factors 

because it has high levels of UVR exposures. 

a. Arizona is considered a high-UVR exposure state since it has a low 

latitude and frequent days of clear, dry skies, creating year-round 

moderate to extreme levels of UVR.
154,155

   

v. State with large Hispanic population making it possible to analyze the association 

between late-stage melanoma diagnosis with race and ethnicity. 

Weaknesses of this study are: 

i. ACR melanoma data does not include information on individual income, marriage 

status, genetic types, family history, and other individual factors that have the 

potential to contribute to late-stage diagnosis. 

ii. Income was measured at a community level and not an individual level. Due to 

the nature of the data, it is important not to assume that all patients within a 

certain zip code have the same income (ecological fallacy). 

a. Therefore, these results are not denoted to indicate individual income’s 

role on late-stage diagnosis, but the effects of living in an area with 

low/high income on late-stage diagnosis. 
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iii. ACR melanoma data lacks information on health care coverage. 

a. Health care coverage could impact if a person sees a medical provider and 

which medical provider is accessible. 

b. Consequently, not all dermatologists in an area may be accessible to the 

patient due to lack of insurance, the provider being out of network for their 

current insurance plan, etc. 

iv. Estimates of dermatologists per zip code were based off a single year of 

practicing physicians, and it is possible that the prevalence of dermatologists 

varied by year. 

a. Consequently, this analysis should be considered only a preliminary 

analysis of the association between dermatologist density and late-stage 

diagnosis. 
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4. Discussion and Conclusions  

4.1 Key findings and discussions 

4.1.1 Primary skin cancer prevention in Arizona 

This statewide survey suggests that segments of the Arizona populations are not 

adequately protecting their skin from the sun. 

 Only 20% of adults reported protecting their skin with sunscreen or protective 

clothing every time they go outdoors; in the youngest age category (18-24 years) 

this percentage dropped to only 8%. 

 Additionally, 28% of adults reported having one or more sunburns in the past 12 

months. 

It was found that the likelihood of sunburns increased with sun protection use. 

This finding may be the result of: 

 The lack of a sun sensitivity measure to estimate skin tolerance to UVR.  

o It is possible that those who are more likely to burn (greater sensitivity to 

the sun) also might be more likely to protect their skin. Potential evidence 

of this was the observation that when respondents who reported “never” 

using sun sunscreen or protective clothing were excluded from the 

analysis, individuals who reported sun protection use every time they 

went outdoors were less likely to report a recent sunburn compared to 

those who reported less frequent sun protection use. 

 The lack of measures of actual UVR exposure. 

o Other studies have found that some people apply sunscreen only during 

risky sun behaviors.
156

 There was no measure available to ascertain if any 
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respondents who reported “never” protecting their skin with sunscreen or 

protective clothing, did not need to use those protection methods because 

they avoided the sun or had minimal exposures. 

 The possibility of incorrect or inconsistent application of sunscreen by 

respondents.  

o Regular and correct application of sunscreen is associated with a 

reduction in SCCs and melanomas.
121,123

 However, past literature reports 

high levels of incorrect sun protection application methods, 
157-159

 

possibly leading to false sense of protection. 

High-risk Arizona sub-populations, such as males, to target during prevention 

interventions were identified during this research. 

 Males had a higher prevalence of sunburns and were less likely to protect their 

skin than females (especially among Hispanics). 

4.1.2 Secondary skin cancer prevention in Arizona 

Male melanoma patients were more likely to have a late-stage diagnosis than 

female melanoma patients. Possible explanations include: 

 Men have been previously reported to be less likely to discover their own lesions 

and attend melanoma/skin cancer screenings than women. 
160

,
161

 

 Women, when compared to men, reported being more worried about developing 

skin cancer and a better understanding that skin cancer can present without 

symptoms.
162

  

Late-stage diagnosis disproportionally affected minorities. While these 

populations had a lower incidence of melanoma for all age groups and both sexes, they 
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had a higher likelihood of late-stage melanoma diagnosis than non-Hispanic white cases. 

Possible explanations include: 

 Past literature has shown that minority populations have a lower perception of 

risk of skin cancer, a lower perception of control over skin cancer diagnosis, and 

a reduced knowledge of skin cancer, all of which may contribute to a delay in 

diagnosis. 

o Hispanic individuals, compared to non-Hispanic individuals, reported 

lower levels of awareness about skin cancer, perceived risk, and 

education on skin self-examination.
163

  

o Black and Hispanic individuals, compared to non-Hispanic white 

individuals, reported they were more likely to agree with the following 

statement, “There’s not much you can do to lower chance of getting skin 

cancer.”
162

 

o Black individuals, compared to white individuals less often reported skin 

exams as important.
162

 

  A survey of dermatologists and dermatology residents found evidence that 

suggests the possibility that there is reduced medical training for dermatologic 

problems in darker skinned populations. This survey reported that 47% of 

dermatology residents surveyed reported that they felt that their medical training 

inadequately covered skin conditions in blacks.
164
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Individuals with less access to dermatological care geographically were at 

increased odds of being diagnosed at a more advanced stage of melanoma. These findings 

included: 

 Melanoma cases residing in rural areas were more likely to have a late-stage 

diagnosis than cases in urban areas. 

 Melanoma cases residing in zip codes with < 6 dermatologists per 100,000 

persons were more likely to have a late-stage melanoma diagnosis than cases in 

areas with 12+ dermatologists per 100,000 persons. 

 Melanoma cases with a travel distances >40 miles to the reporting facility were 

more likely to have a late-stage diagnosis than cases traveling ≤ 20 miles. 

4.1.3 Tertiary skin cancer prevention in Arizona 

Skin cancer survivors were more likely to practice healthy behaviors than non-

cancer controls. However, skin cancer survivors were similar in all lifestyle behaviors, 

except for reported sun protection use, to survivors of other cancer types. 

 These findings are consistent with the Health Belief Model (Figure 11; Appendix 

P), which suggests that an individual's likelihood for change can be predicted by 

their perception of personal threat of an illness and by their belief in the 

perceived benefits or effectiveness of the recommended preventative action.
165-

167
 A history of cancer may act as a cue to action and to increase perceived 

susceptibility of illness and thus increase likelihood in engaging in positive 

health behaviors. Since sun exposures are a known risk factor specifically for 

skin cancer, 
1
 skin cancer survivors may perceive sun exposure as a greater threat 

than those with other cancer types. 
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Although skin cancer survivors in Arizona are practicing healthy lifestyle 

behaviors at higher levels than those without a history of cancer, there is still room for 

improvements among survivors, particularly younger survivors. 

 23-29% of adults report they only use sun protection during summer or not at all. 

This finding is similar to reports of sun protection in other populations:  

o A recent review of previous literature reported that 7-38% of melanoma 

patients never apply sunscreen when outside on sunny days.
168

 

o A study on sun protection among 121 NMSC patients found after Mohs 

surgery over 30% of these patients still did not report sunscreen use.
169

 

The ACS recommends all cancer survivors should avoid tobacco products, stay 

physically active, and eat diets high in fruits/vegetables.
135

 The present study found that: 

 12% of Arizona skin cancer survivors continued to smoke after diagnosis. 

 53% of Arizona skin cancer survivors met the physical activity 

recommendations. 

 14% of Arizona skin cancer survivors reported a mean intake of 5 or more fruits 

or vegetables servings per day. 

It has also been recommended that due to cancer survivors increased 

susceptibility to infection, cancer survivors can benefit from increased vaccine 

coverage.
170

 The present study found that: 

 Arizona skin cancer survivors 65 years of age or older were doing fairly well at 

receiving an annual influenza or lifetime pneumococcal vaccination. However, in 

skin cancer survivors under 65 years of age only 35% received their annual 

influenza vaccination and 23% received a lifetime pneumococcal vaccination. 
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4.2 Recommendations for future research and practice 

Several areas for future research and practices related to skin cancer prevention that 

could expand on the present study’s findings and benefit control efforts are listed in the 

section below. 

1. There needs to be more regular monitoring of sun protection use, sun exposure 

levels, and sunburns in Arizona. This monitoring would allow for the continual 

measurement of risk factor behaviors, and could assist with evaluating the impact 

of future interventions. 

2. With this regular monitoring, through the Arizona BRFSS, suggested revisions to 

the questions are recommended:  

o Revise the sun protection question on behavioral surveillance to include an 

option of sun exposure avoidance or “does not go outside during peak UV 

hours” so that those who are practicing an alternative form of sun safe 

behaviors do not get grouped together with “never” protectors. 

o Additionally, it is suggested that future surveys add a measure of skin 

sensitivity to help explain differences among sun protection use 

frequencies. 

3. This research identified sub-populations who are at greater likelihood of late-stage 

melanoma diagnosis. Future research should focus on trying to identify why there 

is this variation. Specific next steps might include: 

o Assessing the differences between individuals who seek prompt care for 

melanoma and individuals who delay care, including measures of beliefs, 
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attitudes, and knowledge, as well as barriers to care, so that these factors 

could be targeted by interventions. 

o  Estimating the number of recent physician (both primary care and 

specialty) care visits prior to melanoma diagnosis among late/early stage 

cases and white/non-white cases. This research could help assess if there 

are care utilization differences between races; and if so, if these 

differences impacted stage of diagnosis.  

4.  Expand research on access to care and melanoma stage of diagnosis to gain more 

insights into geographic disparities related to stage of diagnose: 

o Evaluate the impact primary care physician and other health care provider 

density on melanoma outcomes to identify if there are differences between 

the effects of access to specialty verse primary care. 

o Analyze distance to care and stage of diagnosis among melanoma cases 

diagnosed at private physician offices. This research would be especially 

important for early-stage cases since these cases are more likely to be seen 

in private offices. 

o Examine the impact of teledermatology on melanoma stage of diagnosis in 

areas of reduced access to care as one possible method to reducing barriers 

to care. 

5. Expand research of skin cancer survivors. Further research into this topic could 

include research to try to identify perceived barriers among skin cancer survivors 

for behavioral change and methods to reduce found barriers. 
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4.3 Conclusions and public health implications  

The overarching goal of this dissertation was to utilize a multilevel approach to 

analyzing skin cancer prevention in Arizona. The findings of this dissertation can be used 

to inform approaches to the prevention and control of skin cancer; as well as, provide a 

baseline tool of prevalence levels of behaviors related to skin cancer risk and skin cancer 

survivors that can be used to measure the effects of future Arizona interventions and 

policies on behavioral outcomes. By looking across the multiple levels of prevention, this 

research indicates that more work is needed in all three levels (primary, secondary, and 

tertiary) of skin cancer prevention. 

Arizona is a high UVR state and consequently sun protection behaviors are 

critical. However, levels of protection are fairly low and similar to levels reported in 

populations in lower UVR exposure areas. Primary prevention interventions should be 

targeted at identified high-risk populations, such as males. These programs should also be 

tailored to meet the needs of the targeted population, as risk factors associated with sun 

protection varied by gender and race/ethnicity. Additionally, since factors associated with 

sun protection are not always the same risk factors associated with sunburns, 

interventions need to be aimed at not only increasing sun protection use but decreasing 

sunburns as well.  

Secondary prevention efforts need to try to address disparities in late-stage 

melanoma diagnosis by targeting high-risk groups, such as non-whites and Hispanics. 

This research is especially important as a demographic shift is occurring with increases in 

minority populations in the US, rendering disparities research even more prudent. 

Although genetic risk factors associated with race cannot be altered, disparities in late-
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stage diagnosis by race and ethnicity associated with social, behavior (both patient and 

physician level), or socio-economic determinants related to race/ethnicity can and should 

be addressed. 

Although Arizona skin cancer survivors are on the right track, further tertiary 

preventative strategies are still needed, both at the public health and clinical level. These 

prevention strategies should be aimed at promoting sun protection methods and other 

recommended health modifiable lifestyle behaviors in the Arizona skin cancer survivor 

population. It is important to educate skin cancer survivors about the benefits of healthy 

lifestyle behaviors, as well as provide survivors with tools to lessen barriers to practicing 

these behaviors.  

This research provides information on what prevention steps are still needed and 

high-risk populations to target during prevention efforts.  This improved understanding 

can be utilized to help decrease both skin cancer morbidity and mortality Arizona.
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5. Appendices 
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Abstract 

Importance: Skin cancer has the highest incidence rate of any malignancy in the United 

States. Sun protection behaviors are recommended to prevent skin cancer but are not 

always practiced.  

Objective: To examine the prevalence of sun protection behaviors, as well as sunburn 

history, among adults in a region of the United States with high ultraviolet radiation 

exposure. 

Design and Setting: Data on self-reported sun protection and sunburns in adults were 

obtained using supplemental questions added to the 2013 Arizona Behavioral Risk Factor 

Surveillance System survey.  

Participants: 3,370 Arizona adults over the age of 18 years (estimated weighted 

population: 3,520,145). 

Exposures: Demographic and lifestyle health risk factors were evaluated. 
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Main Outcomes: Prevalence of sun protection (use of sunscreen and protective clothing) 

and reported sunburns within past 12 months. Weighted descriptive frequencies and odds 

ratios (OR) and 95% confidence intervals (CI) were calculated for each outcome using 

univariate and multivariate logistic regression. 

Results: Approximately 20% of Arizona adults reported they protected their skin with 

sunscreen or protective clothing every time when going outdoors; however, among those 

aged 18-24 years, this percentage dropped to only 8%. Additionally, 28% of Arizona 

adults reported they experienced one or more sunburns in the past 12 months. Compared 

with males, females were more likely to protect their skin (OR 2.06, 95%CI: 1.47-2.87). 

Other factors associated with use of sun protection were higher education, higher income, 

good general health, and living in a more urban area. Additionally, binge drinking and 

heavy alcohol consumption were associated with a decreased likelihood of sun protection 

in males (OR 0.48, 95%CI: 0.27-0.83 and OR 0.32, 95%CI: 0.14-0.72, respectively), but 

not females. A recent history of sunburns was associated with being non-Hispanic white 

and a history of indoor tanning. 

Conclusions and Relevance: A large percentage of Arizona adults are not adequately 

protecting themselves from the sun. Factors related to use of sun protection are not 

always the same as those related to sunburns, and these factors can differ by demographic 

sub-population. Comprehensive tailored approaches to skin cancer prevention are needed. 
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Introduction 

Skin cancer is the most common form of cancer diagnosed in the United States (US),
1
 

with an estimate of greater than 3 million skin cancer cases diagnosed annually.
2
 National 

estimates suggest that the incidence of non-melanoma skin cancer (NMSC) has 

approximately doubled from 1994 to 2006.
1
 Similarly, melanoma incidence rates have 

increased by 41% from 1994 to 2006.
3
 Excessive ultraviolet radiation (UVR) is the 

leading preventable risk factor for all skin cancers. 
4,5

 A history of sunburns, regardless of 

the age at which the sunburns occurred, has been found to be associated with an increased 

risk for melanoma and NMSC. 
5-9

 Past research has provided evidence that regular 

application of sunscreen is associated with a reduction in cutaneous squamous-cell 

carcinomas and melanomas. 
10,11

 Although sun protection strategies, such as using 

sunscreen or wearing protective clothing, are known to help prevent the harmful effects 

of UVR and reduce skin cancers, the 2010 National Health Interview Survey (NHIS) 

indicated that US adults still report a substantial number of sunburns.
5,12

 These findings 

suggest that many adults are practicing suboptimal sun protection behaviors. Research to 

increase the understanding of factors related to inadequate sun protection practices would 

facilitate the development of more effective and targeted behavioral change programs for 

skin cancer prevention. 

One of the recommendations in the 2014 “Surgeon General’s Call to Action to Prevent 

Skin Cancer” was for better surveillance of skin cancer risk factors in order to make the 

most of future prevention efforts. 
5
 The report also stated that the ongoing national 

Behavioral Risk Factor Surveillance System (BRFSS) should include questions regarding 

sun protection to better allow for state-specific analyses to aid in the creation of effective 
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interventions. 
5
 In 2013, a set of questions about sun protection behaviors, sunburns, and 

indoor tanning were included in the Arizona BRFSS survey in addition to the core survey 

questions. Arizona is considered a high-UVR exposure state since it has a low latitude 

and frequent days of clear, dry skies, creating year-round moderate to extreme levels of 

UVR.
13,14

  The purpose of this study is to describe the frequency of sun protection 

behaviors, as well as sunburn history, among adults living in a high UVR exposure 

region, and to identify demographic and lifestyle behaviors that are associated with 

adoption of sun protection behaviors and occurrence of sunburns. 

Methods 

Data Source and Study Population 

The BRFSS is a state-based, random-digit-dial telephone health and health behavior 

survey of US noninstitutionalized adult civilian population aged 18 years or older.
15

 The 

BRFSS collects data on a representative sample in all 50 states, the District of Columbia, 

and 3 US territories.
15

 Each state executes their own survey and can independently opt to 

add additional modules to their statewide survey.  Sampling methodology for the BRFSS 

is described in detail elsewhere, 
15

  and additional information about BRFSS 

questionnaires and methods are available at www.cdc.gov/brfss/.  The present work 

utilizes 2013 Arizona BRFSS survey.
16

  

Measures 

The main outcomes were frequency of appropriate sun protection and recent history of 

sunburns. Frequency of sun protection was measured using the question, “How often do 

you protect your skin with clothing or sunscreen to avoid skin cancer?” with the 

responses “Every time I go outdoors”, “Often”, “Only during the summer”, and “Never”. 

http://www.cdc.gov/brfss/
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Number of recent sunburns was assessed with the categorical question, “Including times 

when even a small part of your skin was red for more than 12 hours, how many sunburns 

have you had within the past 12 months”.   

Self-reported demographic characteristics included sex, age at interview, race/ethnicity, 

highest grade or year of school completed, annual household income, and general health 

based on 30 days prior to interview. Race and ethnicity were grouped into non-Hispanic 

whites and Hispanics (the two largest groups of the sample) and all other racial groupings 

were combined as ‘other’. Rural/urban location was derived using zip code and rural-

urban Commuting Area Codes (RUCAs) from the Rural Health Research Center. 
17

 

Regions were classified as “metropolitan” or “urbanized area” (population of ≥50,000); 

“micropolitan” or “large rural” (population of 10,000-49,999); “small town” (population 

of 2,500 – 9,999); and “rural” (population < 2,500).  

Lifestyle behaviors included indoor tanning, physical activity, smoking status, heavy 

alcohol intake, and binge drinking. Indoor tanning was assessed with the question,” "How 

many times in the past 12 months have you used indoor tanning devices such as a sun 

lamp, a sun bed, or a tanning booth?". Physical activity was categorized as whether or not 

the respondent participated in the recommended ≥150 minutes (or the vigorous 

equivalent minutes) of physical activity/week (American Cancer Society Guidelines).
18

 

Smoking status was categorized as current smokers and non-current smokers. A 

respondent was classified as a heavy drinker if they were a male who consumed >2 

drinks/day or a female who consumed >1 drink/day. Binge drinking was defined as males 

who reported ≥5 drinks/day or females who reported ≥4 drinks/day at least once over the 

past 30 days. 
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Statistical Methods 

Data were analyzed using SAS 9.3 (SAS Institute, Inc.) and all analyses accounted for the 

BRFSS complex sampling design to provide weighted population estimates. All missing 

data were shown in frequencies but excluded from statistical tests and models. All 

percentages were reported based on weighted population estimates, while unweighted 

sample sizes were reported. Both crude and adjusted odds ratios (OR) point estimates and 

95% confidence interval limits (CI) were reported using bivariate and multivariate 

logistic regression models. For sun exposure factors, tests for linear trend based on Chi 

Squared tests were reported. Age, sex, and race/ethnicity were selected to be included in 

all multivariate models based on previously published literature.
5
 Other factors were 

retained if their removal altered any other factors’ OR point estimate by ≥10%, with the 

exception of binge drinking and heavy alcohol consumption which were measured using 

the same survey question and thus inherently related.
19

 Because rates of melanoma vary 

by sex and race/ethnicity,
5
 we conducted separate stratified for these factors . 

Results 

Demographic Characteristics  

A total of 4,252 persons responded to the Arizona BRFSS. However, only 3,370 

participants (estimated weighted population: 3,520,145) responded to the sunburn 

question and 3,353 participants responded to the sun protection level question. The 

sample population had a slightly higher percentage of females (53%) than males, and had 

a higher percentage in the older age groups (23% above the age of 65). The sample 

population was 63% non-Hispanic white, 26% Hispanic, and 10% other (1% was 

unknown) (Table 1). These demographics were similar to the 2013 state census 
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demographics of 57% non-Hispanic whites, 50% females, and 15% of persons 65 years 

of age and older.
20

 

Prevalence of Sunburns among Arizonans 

A total of 28% of respondents experienced one or more sunburns in the past 12 months; 

36% males compared to 29% of females (Table 1). The occurrence of sunburns was 

lowest among those 65 years of age and older (12%). A greater proportion of non-

Hispanic whites reported sunburns (36%) compared to Hispanics (26%) or other (22%). 

There was a higher frequency of sunburns in the higher income (23% ≤$24,999  vs. 30% 

25,000-49,999  vs. 45% ≥$50,000 )  and educational attainment (29% ≤high school vs. 

31% some college vs. 40% ≥college graduate) groups. Having sunburns was more 

common in respondents with self-reported good health (35%) than those with poor health 

(19%).  

Factors Associated with Occurrence of Sunburns  

After adjusted for other factors, those age 65 years and older were less likely to report a 

recent sunburns than the other age categories (Table 2). When compared to non-Hispanic 

whites, other race/ethnicity groups had a lower likelihood of reported sunburns. Those 

with higher incomes were at a higher risk of a recent sunburn than those with lower 

incomes. Respondents who reported good or better general health were also more likely 

to report sunburns than those individuals who reported fair to poor general health. There 

was a decrease in sunburn likelihood for those living in more urban areas compared to 

more rural areas (OR 0.59, 95%CI: 0.40-0.86).  

Individuals reporting one or more recent sunburns, were almost 4 times as likely to report 

indoor tanning use than those without a recent history of sunburns (95%CI: 1.42-10.56). 
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Among males, smokers were less likely to report sunburns (OR 0.40, 95%CI: 0.21-0.75); 

however, female smokers had an increased likelihood, although it was not statistically 

significant (OR 1.71, 95%CI: 0.95-3.08).  

Compared to individuals who reported they never used sun protection, individuals who 

protect their skin had a greater likelihood of experiencing a recent sunburn. However, the 

likelihood was stronger for those who report they only protect their skin at sometimes 

compared to those who always protect their skin (“every time” OR 1.90, 95%CI 1.04-

3.46; “often” OR 3.21, 95%CI: 1.89-5.43, “only summer” OR 2.64, 95%CI: 1.57-4.45; 

trend p= 0.024) (Table 2).  

As a sensitivity analysis, a separate model that excluded those who never protected their 

skin was run and yielded similar results (data not shown). 

Prevalence of Skin Protection Behaviors among Arizonans 

Twenty-four percent (24%) of respondents reported that they never protect their skin with 

clothing or sunscreen to avoid skin cancer (Table 3). There was substantial variation by 

sub-group. Almost 30% of males never used sun protection compared to 18% of females. 

In all except the youngest age category, approximately 20-23% reported they protected 

their skin every time they go outdoors; the exception was for the 18-24 age group, with 

only 8% always protecting their skin when going outdoors. A larger percent of non-

Hispanic whites reported using at least some level of sun protection as compared to 

Hispanics or other race/ethnicities (80%, 69%, and 72%, respectively). Twelve percent of 

college graduates, 24% of those with some college, and 30% of those with a high school 

degree or less reported they never protected their skin. Respondents who reported their 

health as good or better were more likely to report use of sun protection than those who 
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reported fair to poor health (80% vs.59%, respectively). Although those living in rural 

areas had a lower percentage of respondents who protected their skin every time they 

went outdoors than other areas of residence, they also had a lower percentage of those 

who never protected their skin. 

Factors Associated with Sun Protection Use  

As shown in Table 4, women were more likely to protect their skin than men (OR 2.02, 

95%CI: 1.39-2.95) and the prevalence of sun protection use increased as income 

increased. Similarly, the use of sun protection was higher in respondents reporting good 

or better general health as compared to fair or poor health (OR 2.30, 95% CI: 1.38-3.82). 

There was a decrease in use of sun protection for those living in a more urban area as 

compared to more rural areas (OR 0.56, 95% CI: 0.37-0.84).  

In males, binge drinking and heavy alcohol consumption were both associated with a 

lower use of sun protection use (OR 0.51, 95% CI: 0.27-0.96; OR 0.27, 95% CI: 0.11-

0.63); however, this relationship was not observed in females (Table 4). Physical activity 

was not found to be associated with sun protection. Compared to respondents without a 

recent history, the odd ratio for those with one sunburn was 1.88 (95%CI: 1.08-3.28), two 

to three sunburns was 3.04 (95%CI: 1.40-6.62), and four or more sunburns was 3.18 

(95%CI: 1.29-7.79; trend p= 0.0003). 

Hispanics and non-Hispanics 

Since Arizona has a larger Hispanic population than many other areas, we were able to 

explore differences in the magnitude of risk among Hispanics compared to non-Hispanic 

whites. Table 5 shows that age was more strongly associated with sunburns among non-

Hispanic whites than among Hispanics. Non-Hispanic white respondents with higher 
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educational attainment were at increased likelihood of a recent sunburn than those with 

lower educational attainment; although, the same association was not found among 

Hispanics. Both Hispanics and non-Hispanic whites had increased likelihood of a 

sunburn with increased income but that magnitude of association was stronger among 

Hispanics. Hispanics who protected their skin with sunscreen or clothing were at a 14 

fold increased risk of a recent sunburn. 

While being female and in good general health were overall associated with adequate sun 

protection (Table 4), larger magnitudes of association were observed in Hispanics than 

for non-Hispanic whites (Table 5). There was also a modest increase in use of protection 

among college degree educated for non-Hispanic whites but not Hispanics (OR 1.73, 

95%CI 1-2.99; OR 0.57 95%CI 0.17-1.96, respectively). Recent sunburns were 

associated with sun protection use in both non-Hispanic whites and Hispanic; however, 

the magnitude was much higher in Hispanics. Hispanics reported a recent sunburn were 

more 16.57 times as likely to practice sun protection behaviors than those without a 

sunburn reported. 

Discussion  

The results of this study show that in 2013 approximately 20% of Arizona adults 

protected their skin with clothing or sunscreen every time they went outdoors, and in the 

youngest age category this percentage was reduced to just 8%. Additionally, 28% of 

Arizonans experienced one or more sunburns within the past 12 months, with a frequency 

of 36% among non-Hispanic whites, and 26% among Hispanics.  

In the present study, participants with a recent history of one or more sunburns were more 

likely to also report use of sun protection, especially among Hispanics. Previous studies 
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have shown inconsistent relationships between self-reported sun protection and 

sunburns.
12,21

 While regular and consistent sunscreen use can reduce sunburns, 
11

the 

association between sun protection and sunburns may reflect sun sensitivity. The Arizona 

BRFSS survey did not include a sun sensitivity question to estimate skin tolerance to 

UVR.
22

 It is possible that the reason for higher sunburn frequency among those who 

protect their skin is because individuals who are more likely to burn also may be more 

likely to try to protect themselves. When we focused the analysis on only those 

respondents who reported any sunscreen or protective clothing use, those individuals who 

reported sun protection use every time they went outdoors, were less likely to report a 

recent sunburn compared to those who reported less frequent use. This suggests that 

increased frequency of sun protection can reduce the frequency of sunburns. 

Additionally, the survey did not include measures of actual exposure levels. It is possible 

that individuals who protect their skin also might be more likely to be exposed to UVR 

for longer periods of time without properly reapplying sunscreen. One study on UVR 

doses and sunscreen use found that many people only apply sunscreen during risky sun 

behaviors.
23

 Furthermore, other studies report high levels of incorrect sun protection 

application methods, 
21,24,25

 which could lead to a false sense of protection and greater 

exposure to UVR . 

This survey identified several demographic and lifestyle behaviors affecting the 

utilization of sun protection practices and sunburns. Sex and income were factors 

associated with adequate sun protection; whereas, age, race, and indoor tanning were the 

main factors associated with an increased likelihood of reporting recent sunburns. Rural 



86 
 

 
 

or urban residence and general health were associated with both sun protection practices 

and the likelihood of sunburns.  

Consistent with prior population studies, 
26-32

 this study suggests that females are more 

likely to use sun protection than males, with higher use of sun protection methods and 

lower frequency of sunburns. This association was even stronger among Hispanics than 

non-Hispanic whites.  

This study also found that income was significantly associated with sun protection. It has 

been suggested that disadvantaged social economic status (SES), as measured by income, 

may act as a barrier to adopting sun protection behaviors, possibly though a decreased 

ability to purchase sunscreen.
21,27

 These finding suggest that skin cancer prevention 

programs should target lower SES groups and focus on not only on prevention education 

but also on strategies to reduce possible economic barriers. However, higher income was 

associated with increased likelihood of sunburn(s) among both non-Hispanic whites and 

Hispanics. 

A previous study reported higher risk for sunburns was associated with heavy drinking 

and binge drinking. 
33

 In Arizona, these alcohol consumption behaviors were associated 

with a decrease in sun protection use among males but not females. This highlights the 

importance of targeted prevention programs since difference demographic subgroups 

report different behaviors and associations.  

Strengths of this study include that it is a large representative sample of the Arizona 

population and that the sample was sufficient to compare magnitudes of risk among 

Hispanics and non-Hispanic whites. The sun behavior questions added onto the Arizona 

2013 BRFSS offer a unique source of information for planning that is otherwise not 
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available. There are weaknesses associated with using BRFSS data: the data are self-

reported; one cannot assess temporality between sun protection use and sunburns; and the 

data lack information on skin type, other measures of sun sensitivity, and family history 

of skin cancer. Additionally the Likert scale used to describe sun protection use restricts 

respondents to a few response categories, such as “often”, which can be open to 

interpretation. The measure of sun protection also lacks information on the reasons for 

use or lack of use; we could not determine if some individuals did not protect their skin 

because they did not go outdoors or purposely avoided UVR exposure, or had darker skin 

(Fitzpatrick skin type IV). However, at this time, it is largest available source of 

information on sunscreen use and sunburns history for Arizona adults. 

Implications and Conclusions 

One of the “Surgeon General’s Call to Action to Prevent Skin Cancer” goals seeks to 

“strengthen research, surveillance, monitoring, and evaluation related to skin cancer 

prevention.” These data not only enhance the behavioral research related to UVR 

exposure but create a baseline tool for which the effects of future Arizona interventions 

and policies on behavioral outcomes can be measured.   

This statewide survey suggests that there are segments of the population are more likely 

to report inadequate protection and sunburns. Further, it was found that factors associated 

with sun protection are not always the same risk factors associated with sunburns. Sun 

protection interventions aimed at behavioral change in adults are still needed and that 

these programs should be tailored. 

 

 



88 
 

 
 

Acknowledgement 

 Funding for addition of questions to the BRFSS module were provided from the Bert W. 

Martin Foundation to the Skin Cancer Institute.  

 

References 

1. Rogers HW, Weinstock MA, Harris AR, et al. Incidence estimate of 

nonmelanoma skin cancer in the United States, 2006. Arch Dermatol. 

2010;146(3):283-287. 

2. American Cancer Society. Cancer facts & figures 2015. Atlanta, Georgia: 2015. 

3. Howlader N NA, Krapcho M, Garshell J, Miller D, Altekruse SF, Kosary CL, Yu 

M, Ruhl J, Tatalovich Z, Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA 

(eds). SEER Cancer Statistics Review, 1975-2012, National Cancer Institute. 

Bethesda, MD, http://seer.cancer.gov/csr/1975_2012/, based on November 2014 

SEER data submission, posted to the SEER web site, April 2015. 

4. Armstrong BK, Kricker A. The epidemiology of UV induced skin cancer. J 

Photochem Photobiol B. 2001;63(1-3):8-18. 

5. US Department of Health and Human Service. The Surgeon General's call to 

action to prevent skin cancer. Washington, DC: U.S. Dept of Health and Human 

Services, Office of the Surgeon General; 2014. 

6. Dennis LK, Vanbeek MJ, Beane Freeman LE, Smith BJ, Dawson DV, Coughlin 

JA. Sunburns and risk of cutaneous melanoma: does age matter? A 

comprehensive meta-analysis. Ann Epidemiol. 2008;18(8):614-627. 

7. Iannacone MR, Wang W, Stockwell HG, et al. Patterns and timing of sunlight 

exposure and risk of basal cell and squamous cell carcinomas of the skin--a case-

control study. BMC Cancer. 2012;12:417. 

8. Veierod MB, Weiderpass E, Thorn M, et al. A prospective study of pigmentation, 

sun exposure, and risk of cutaneous malignant melanoma in women. J Natl 

Cancer Inst. 2003;95(20):1530-1538. 

9. Wu S, Han J, Li WQ, Li T, Qureshi AA. Basal-cell carcinoma incidence and 

associated risk factors in U.S. women and men. Am J Epidemiol. 

2013;178(6):890-897. 

10. Green AC, Williams GM, Logan V, Strutton GM. Reduced melanoma after 

regular sunscreen use: randomized trial follow-up. J Clin Oncol. 2011;29(3):257-

263. 

11. Green A, Williams G, Neale R, et al. Daily sunscreen application and 

betacarotene supplementation in prevention of basal-cell and squamous-cell 

carcinomas of the skin: a randomised controlled trial. Lancet. 

1999;354(9180):723-729. 

12. Holman DM, Berkowitz Z, Guy GP, Jr., Hartman AM, Perna FM. The association 

between demographic and behavioral characteristics and sunburn among U.S. 

adults - National Health Interview Survey, 2010. Prev Med. 2014;63:6-12. 



89 
 

 
 

13. Day TA, Zhang ET, Ruhland CT. Exposure to solar UV-B radiation accelerates 

mass and lignin loss of Larrea tridentata litter in the Sonoran Desert. Plant 

Ecology. 2007;193(2):185-194. 

14. Jacobs ET, Alberts DS, Foote JA, et al. Vitamin D insufficiency in southern 

Arizona. Am J Clin Nutr. 2008;87(3):608-613. 

15. Centers for Disease Control and Prevention [CDC]. Behavioral Risk Factor 

Surveillance System. Overview--2013. Atlanta (GA): CDC; August 15, 2014. 

16. CDC. Behavioral Risk Factor Surveillance System Survey Data.U.S. Department 

of Health and Human Services, CDC. Atlanta, Georgia; 2013. 

17. Rural Health Research Center. Rural-Urban Commuting Area Codes (RUCAs).  

http://depts.washington.edu/uwruca/; 2015. 

18. Kushi LH, Doyle C, McCullough M, et al. American Cancer Society guidelines 

on nutrition and physical activity for cancer prevention. CA: A Cancer Journal for 

Clinicians. 2012;62(1):30-67. 

19. Greenland S. Modeling and variable selection in epidemiologic analysis. Am J 

Public Health. 1989;79(3):340-349. 

20. US Census Bureau. State and County QuickFacts. Data derived from Population 

Estimates, American Community Survey, Census of Population and Housing, 

State and County Housing Unit Estimates, County Business Patterns, 

Nonemployer Statistics, Economic Census, Survey of Business Owners, Building 

Permits; 2015. 

21. Stanton WR, Janda M, Baade PD, Anderson P. Primary prevention of skin cancer: 

a review of sun protection in Australia and internationally. Health Promot Int. 

2004;19(3):369-378. 

22. Fitzpatrick TB. The validity and practicality of sun-reactive skin types I through 

VI. Arch Dermatol. 1988;124(6):869-871. 

23. Thieden E, Philipsen PA, Sandby-Møller J, Wulf H. Sunscreen use related to UV 

exposure, age, sex, and occupation based on personal dosimeter readings and sun-

exposure behavior diaries. Archives of Dermatology. 2005;141(8):967-973. 

24. Pruim B, Wright L, Green A. Do people who apply sunscreens, re-apply them? 

Australas J Dermatol. 1999;40(2):79-82. 

25. Neale R, Williams G, Green A. Application patterns among participants 

randomized to daily sunscreen use in a skin cancer prevention trial. Arch 

Dermatol. 2002;138(10):1319-1325. 

26. Santmyire BR, Feldman SR, Fleischer AB, Jr. Lifestyle high-risk behaviors and 

demographics may predict the level of participation in sun-protection behaviors 

and skin cancer primary prevention in the United States: results of the 1998 

National Health Interview Survey. Cancer. 2001;92(5):1315-1324. 

27. Hall HI, May DS, Lew RA, Koh HK, Nadel M. Sun protection behaviors of the 

U.S. white population. Prev Med. 1997;26(4):401-407. 

28. Hall HI, Rogers JD. Sun protection behaviors among African Americans. Ethn 

Dis. 1999;9(1):126-131. 

29. Kann L, Kinchen S, Shanklin SL, et al. Youth risk behavior surveillance--United 

States, 2013. MMWR Surveill Summ. 2014;63 Suppl 4:1-168. 

 



90 
 

 
 

30. Haluza D, Moshammer H, Kundi M, Cervinka R. Public (Skin) Health 

perspectives of gender differences in tanning habits and sun protective behaviour: 

a cross-sectional questionnaire survey. Wien Klin Wochenschr. 2015;127(3-

4):124-131. 

31. Lee A, Garbutcheon-Singh KB, Dixit S, Brown P, Smith SD. The influence of age 

and gender in knowledge, behaviors and attitudes towards sun protection: a cross-

sectional survey of Australian outpatient clinic attendees. Am J Clin Dermatol. 

2015;16(1):47-54. 

32. Berwick M, Fine JA, Bolognia JL. Sun exposure and sunscreen use following a 

community skin cancer screening. Prev Med. 1992;21(3):302-310. 

33. Mukamal KJ. Alcohol consumption and self-reported sunburn: a cross-sectional, 

population-based survey. J Am Acad Dermatol. 2006;55(4):584-589. 

  



91 
 

 
 

 

Factor n Row %
a n Row %

a n Row %
a n Row %

a

Participants 2435 72.26 475 14.09 303 8.99 157 4.66

Gender

Male 925 64.02 203 16.27 141 11.25 88 8.47

Female 1510 71.05 272 16.18 162 8.77 69 3.99

Age

18-24 69 55.45 37 18.65 34 11.78 30 14.13

25-34 101 50.54 63 22.78 39 16.52 29 10.16

35-44 158 56.05 85 23.87 60 12.81 33 7.27

45-54 318 66.48 97 15.72 67 12.45 27 5.34

55-64 565 74.58 108 14.96 62 6.81 23 3.64

65+ 1224 88.3 85 7.01 41 3.62 15 1.07

Race/Ethnicity

White, non-Hispanic 1814 63.72 365 17.24 238 11.7 122 7.34

Hispanic 343 73.71 64 15.34 36 7.36 18 3.59

Other 230 77.53 41 12.89 23 6.03 15 3.55

Unknown 48 68.18 5 9.71 6 5.36 2 16.75

Education

≤ High school 910 71.44 137 13.47 86 9.29 44 5.8

Some college 738 68.68 149 16.94 80 8.43 52 5.95

≥ College graduate 774 59.53 188 20.09 136 13.39 60 6.99

Unknown 13 95.07 1 1.88 1 2.03 1 1.03

Income ($)

≤ 24,999 750 77.03 97 10.19 60 7.17 45 5.61

25,000-49,999 655 69.79 118 16.67 63 8.61 33 4.93

≥ 50,000 666 55.4 211 22.6 144 13.77 61 8.24

Unknown 364 76.45 49 11.34 36 8.18 18 4.03

Rural/Urban

Metropolitan 1206 69.55 239 14.49 158 9.58 81 6.38

Micropolitan 380 70.65 53 15.99 37 8.56 20 4.81

Small town 298 64.78 45 11.95 40 16.39 21 6.88

Rural area 78 71.93 11 12.99 10 9.27 6 5.81

Unknown 473 59.1 127 25.44 58 10.18 29 5.28

General Health

Good or better 1868 64.71 402 17.66 264 10.94 136 6.68

Fair or poor 561 81.37 73 9.75 38 5.33 21 3.56

Unknown 6 84.58 0 - 1 15.42 0 -
a
Percentages are weighted to the non-institutionalized population (weighted sample size 3,520,145)

Table 1: Prevalence of self-reported frequency of sunburns in last 12 months by selected demographic and geographic 

characteristics among Arizona adults in 2013, n=3,370

82.03

17.84

0.13

1.46

16.35

70.76

6.41

5.01

34.49

14.74

26.27

24.5

34.74

24.24

0.49

1.25

40.53

63.22

25.45

10.08

17.64

22.67

12.77

16.46

17.82

52.53

12.63

100

47.47

Total      

Column         

%
a

Sunburns in past 12 months

None 1 burn 2-3 burns 4 or more burns
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ref ref - -

0.73 (0.56, 0.94) 0.79 (0.57, 1.10) - -

6.06 (3.59, 10.24) 7.3 (3.37, 15.78) 6.26 (2.20, 17.82) 10.06 (3.11, 32.56)

6.52 (4.45, 9.56) 8.66 (5.02, 14.94) 6.98 (3.47, 14.02) 12.17 (5.07, 29.25)

3.16 (2.23, 4.48) 3.43 (2.09, 5.60) 4.1 (2.12, 7.93) 2.88 (1.38, 6.01)

ref ref ref ref

ref ref ref ref

0.63 (0.44, 0.90) 0.35 (0.20, 0.63) 0.47 (0.22, 1.02) 0.21 (0.10, 0.44)

0.51 (0.33, 0.78) 0.38 (0.19, 0.76) 0.3 (0.11, 0.81) 0.39 (0.14, 1.08)

ref ref ref ref

1.14 (0.83, 1.57) 0.93 (0.59, 1.47) 0.76 (0.39, 1.49) 1.28 (0.72, 2.28)

1.7 (1.26, 2.29) 1.23 (0.78, 1.95) 1.18 (0.61, 2.31) 1.34 (0.73, 2.48)

ref ref ref ref

1.45 (1.00, 2.11) 1.26 (0.77, 2.05) 1.5 (0.71, 3.18) 1.03 (0.57, 1.85)

2.7 (1.93, 3.78) 1.98 (1.26, 3.11) 2.41 (1.21, 4.83) 1.54 (0.87, 2.71)

2.38 (1.68, 3.37) 1.7 (1.02, 2.85) 1.76 (0.86, 3.60) 1.77 (0.90, 3.48)

ref ref ref ref

0.86 (0.63, 1.19) 0.59 (0.40, 0.86) 0.55 (0.33, 0.94) 0.63 (0.36, 1.10)

ref

4.93 (2.23, 10.89) 3.87 (1.42, 10.56) 5.2 (1.04, 26.11) 3.19 (0.76, 13.42)

ref ref ref ref

0.75 (0.53, 1.07) 0.76 (0.48, 1.22) 0.4 (0.21, 0.75) 1.71 (0.95, 3.08)

ref ref ref ref

1.78 (1.22, 2.59) 1.33 (0.80, 2.21) 1.47 (0.74, 2.90) 1.1 (0.52, 2.34)

ref ref ref ref

0.86 (0.51, 1.46) 0.83 (0.38, 1.79) 0.77 (0.25, 2.40) 0.91 (0.32, 2.60)

ref ref ref ref

1.43 (1.10, 1.86) 1.37 (0.97, 1.95) 1.28 (0.76, 2.17) 1.53 (0.96, 2.44)

ref ref ref ref

1.71 (1.12, 2.61) 1.9 (1.04, 3.46) 2.34 (0.98, 5.59) 1.39 (0.66, 2.92)

3.51 (2.39, 5.15) 3.21 (1.89, 5.43) 3.01 (1.45, 6.23) 2.97 (1.43, 6.19)

2.96 (2.04, 4.31) 2.64 (1.57, 4.45) 3.8 (1.79, 8.07) 1.65 (0.82, 3.31)

ref ref ref ref

b
 Adjusted OR takes into account age, sex, race, income, rural/urban location, indoor tanning use, and physical activity.

c
 Adjusted OR takes into account age, race, income, rural/urban location, indoor tanning use, and physical activity.

Table 2: Weighted crude and adjusted associations for one or more sunburns in the past 12 months
a
 by demographic and lifestyle 

behaviors among Arizona adults in 2013

Protect skin with clothing or sunscreen   

Total

Crude OR  (95% CI)
Adjusted OR

b      

(95% CI)

Male

Adjusted OR
c      

(95% CI)

Female

Adjusted OR
c 
     (95% 

CI)

a
 Sunburn as a dichotomous factor (1+ vs. no sunburns).

d
 P for Trend based on Chi Squared.

Every time go outdoors

Often

Only during summer

Never

P for Trend
d 0.0048

OR: odds ratio; CI: Confidence Interval; ref: reference.

0.0241 0.0758 0.1343

Met recommendation

Didn't meet recommendation

Yes

No

Heavy Drinker

Yes

No

Physical Activity Index

Yes

No

Smoker

Yes

No 

Binge Drinker

Indoor tanning

Metropolitan/Micropolitan

Small town/Rural area

25,000-49,999

≥ 50,000

General Health

Good or better

Fair or poor

Rural/ Urban

Education 

≤ High school 

Some college

≥ College graduate

Income ($)

≤ 24,999

44-64

65+

Race

White, non-Hispanic

Hispanic

Other

Sex

Male

Female

Age

18-24

25-44

Predictors
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Factor n Row %
a n Row %

a n Row %
a n Row %

a

Participants 100 733 23.71 987 29.89 873 26.43 760 19.98

Gender

Male 47.33 367 29.59 423 29.71 311 22.92 251 17.79

Female 52.67 366 18.43 564 30.05 562 29.58 509 21.94

Age

18-24 12.81 40 28.01 70 33.86 42 30.28 21 7.86

25-34 12.88 47 22.06 71 30.82 69 25.5 46 21.63

35-44 16.67 42 17.55 115 32.89 96 26.92 80 22.64

45-54 17.87 101 22.51 149 27.88 144 26.78 114 22.83

55-64 17.39 167 27.14 209 29.02 196 23.82 186 20.02

65+ 22.37 336 25.07 373 27.14 326 26.13 313 21.66

Race/Ethnicity

White, non-Hispanic 62.76 509 20.12 727 30.5 731 30.83 552 18.56

Hispanic 25.73 123 30.95 151 29.16 79 17.01 108 22.89

Other 10.26 86 27.79 92 26.51 54 25.21 81 20.49

Unknown 1.24 15 21.46 17 42.25 9 9.12 19 27.17

Education

≤ High school 40.41 332 30.4 355 29.04 205 17.79 278 22.77

Some college 34.96 233 23.76 294 27.74 279 32.31 213 16.19

≥ College graduate 24.14 165 12.25 334 34.37 385 32.49 265 20.9

Unknown 0.48 3 33.25 4 32.86 4 19.67 4 14.22

Income ($)

≤ 24,999 26.7 266 35.72 265 29.09 181 14.46 245 20.72

25,000-49,999 24.54 194 23.66 269 28.92 215 25.37 185 22.05

≥ 50,000 34.15 150 13.51 331 32.7 365 36.05 228 17.74

Unknown 14.61 123 25.68 122 26.4 112 27.56 102 20.37

Rural/Urban

Metropolitan 70.62 336 25.19 494 29.39 462 26.43 378 18.99

Micropolitan 6.43 125 22.57 142 33.04 113 23.07 109 21.33

Small town 5.09 97 21.78 122 35.68 98 21.68 92 20.86

Rural area 1.5 21 15.12 35 36.18 29 32.32 21 16.39

Unknown 16.36 154 19.14 194 28.44 171 28.65 160 23.77

General Health

Good or better 82.42 526 20.07 776 30.22 740 28.77 622 20.94

Fair or poor 17.46 204 40.83 209 28.23 133 15.54 136 15.4

Unknown 0.13 3 32.83 2 42.46 0 - 2 24.73
a 
Percentages are weighted to the non-institutionalized population (weighted sample size 3,494,680)

Table 3: Prevalence of self-reported frequency of sun protection behaviors by selected demographic and geographic 

characteristics among Arizona adults in 2013, n= 3,353 

Total 

Column 

%
a

How often protect skin with clothing or sunscreen:

Never Only during summer Often
Every time  go 

outdoors
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Predictors

Sex

Female 1.86 (1.36 , 2.54) 2.02 (1.39 , 2.95) - -

Male ref ref - -

Age

18-24 0.86 (0.48 , 1.56) 0.93 (0.42 , 2.07) 0.65 (0.23 , 1.84) 1.44 (0.48 , 4.35)

25-44 1.38 (0.90 , 2.11) 1.36 (0.84 , 2.22) 1.07 (0.54 , 2.12) 1.96 (1.00 , 3.84)

44-64 1.02 (0.73 , 1.41) 1.31 (0.85 , 2.01) 1.21 (0.66 , 2.24) 1.43 (0.78 , 2.60)

65+ ref ref ref ref

Race/Ethnicity

White, non-Hispanic ref ref ref ref

Hispanic 0.56 (0.37 , 0.86) 0.65 (0.40 , 1.04) 0.53 (0.27 , 1.01) 0.82 (0.41 , 1.63)

Other 0.66 (0.42 , 1.03) 0.67 (0.37 , 1.21) 0.82 (0.37 , 1.82) 0.54 (0.24 , 1.19)

Education 

≤ High school ref ref ref ref

Some college 1.40 (0.97 , 2.03) 1.04 (0.66 , 1.63) 0.87 (0.44 , 1.69) 1.23 (0.70 , 2.16)

≥ College graduate 3.13 (2.17 , 4.52) 1.58 (0.98 , 2.55) 1.00 (0.51 1.96) 2.61 (1.29 , 5.29)

Income ($)

≤ 24,999 ref ref , ref

25,000-49,999 1.79 (1.18 , 2.73) 1.69 (1.07 , 2.67) 1.47 (0.74 , 2.90) 2.01 (1.14 , 3.56)

≥ 50,000 3.56 (2.33 , 5.43) 3.11 (1.92 , 5.03) 3.26 (1.73 6.15) 2.63 (1.34 5.17)

General Health

Good or better 2.75 (1.84 , 4.12) 2.30 (1.38 , 3.82) 2.19 (1.10 , 4.36) 2.31 (1.19 , 4.48)

Fair or poor ref ref ref ref

Rural/ Urban

Metropolitan/Micropolitan 0.76 (0.55 , 1.07) 0.56 (0.37 , 0.84) 0.55 (0.32 , 0.96) 0.61 (0.35 , 1.08)

Small town/Rural area ref

Indoor tanning

Yes 0.67 (0.28 , 1.61) 0.68 (0.22 , 2.12) 0.60 (0.09 , 4.09) 0.74 (0.16 , 3.53)

No ref ref ref ref

Smoker

Yes 0.66 (0.45 , 0.98) 0.99 (0.58 , 1.70) 1.00 (0.46 , 2.16) 0.96 (0.48 , 1.92)

No ref ref ref ref

Binge Drinker

Yes 0.61 (0.39 , 0.95) 0.69 (0.41 , 1.17) 0.51 (0.27 , 0.96) 1.06 (0.42 , 2.70)

No ref ref ref ref

Heavy Drinker

Yes 0.55 (0.30 , 1.03) 0.56 (0.28 , 1.11) 0.27 (0.11 , 0.63) 1.60 (0.64 , 4.00)

No ref ref ref ref

Physical Activity Index

Met recommendation 1.56 (1.12 , 2.17) 1.32 (0.91 , 1.91) 1.40 (0.84 , 2.34) 1.33 (0.83 , 2.13)

Didn't meet recommendation ref ref ref ref

Number of burns, past 12m

0 ref ref ref ref

1 2.47 (1.61 , 3.79) 1.88 (1.08 , 3.28) 2.33 (1.07 , 5.07) 1.50 (0.69 , 3.28)

2-3 3.15 (1.86 , 5.33) 3.04 (1.40 , 6.62) 3.12 (1.11 , 8.75) 3.02 (0.89 , 10.23)

4+ 3.01 (1.54 , 5.89) 3.18 (1.29 , 7.79) 3.29 (1.08 , 10.03) 3.21 (0.73 , 14.08)

P for Trend
d

OR: odds ratio; CI: Confidence Interval; ref: reference.
a
 Protection of skin with sunscreen or clothing as a dichotomous factor (ever vs. never)

b
 Adjusted OR takes into account age, sex, race, income, rural/urban location, general health, and physcial activity.

c
 Adjusted OR takes into account age, race, income, rural/urban location, general health, and physical activity.

d
 P for Trend based on Chi Squared.

Table 4: Weighted crude and adjusted associations for use of sun protection behaviors (use of clothing or sunscreen)
a
 by 

demographic and lifestyle behaviors among Arizona adults in 2013

<.0001

Total Male Female

0.0003 0.005 0.0185

Crude OR            

(95% CI)

Adjusted  OR
b,    

(95% CI)

Adjusted  OR
c,      

(95% CI)

Adjusted  OR
c    

(95% CI)
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Weighted 

%

Weighted 

%

Weighted 

%

Weighted 

%

Gender

Female 53.02 0.87 (0.60 , 1.27) 49.69 0.50 (0.21 , 1.18) 53.31 1.78 (1.19 , 2.64) 49.70 4.04 (1.68 , 9.75)

Male 46.98 ref 50.31 ref 46.69 ref 50.30 ref

Age

18-24 9.38 17.84 (6.86 , 46.44) 18.69 2.50 (0.43 , 14.45) 9.50 1.70 (0.62 , 4.69) 18.61 0.39 (0.06 , 2.64)

25-44 24.30 14.12 (8.30 , 24.02) 39.59 2.73 (0.65 , 11.52) 24.67 1.52 (0.85 , 2.70) 39.94 0.66 (0.13 , 3.47)

44-64 36.94 4.00 (2.60 , 6.14) 32.93 1.77 (0.40 , 7.97) 36.63 0.98 (0.63 , 1.50) 32.95 2.02 (0.43 , 9.48)

65+ 29.38 ref 8.80 ref 29.20 ref 8.50 ref

Education 

≤ High school 32.30 ref 62.19 ref 31.77 ref 62.77 ref

Some college 37.58 1.23 (0.73 , 2.08) 27.68 0.58 (0.17 , 1.94) 38.23 0.97 (0.60 , 1.56) 27.14 0.71 (0.23 , 2.23)

≥ College graduate 30.12 1.84 (1.09 , 3.10) 10.13 0.34 (0.08 , 1.37) 30.00 1.73 (1.00 , 2.99) 10.09 0.57 (0.17 , 1.96)

Income ($)

≤ 24,999 22.40 ref 53.13 ref 22.68 ref 53.75 ref

25,000-49,999 27.89 1.28 (0.76 , 2.15) 28.33 2.75 (0.89 , 8.50) 27.99 1.22 (0.71 , 2.08) 27.77 2.18 (0.77 , 6.21)

≥ 50,000 49.71 1.96 (1.20 , 3.20) 18.54 5.70 (1.93 , 16.79) 49.33 2.99 (1.72 , 5.20) 18.49 3.80 (1.16 , 12.50)

General Health

Good or better 84.63 1.79 (1.02 , 3.14) 74.87 1.97 (0.55 , 7.07) 84.97 1.51 (0.85 , 2.71) 75.54 5.28 (1.96 , 14.21)

Fair or poor 15.37 ref 25.13 ref 15.03 ref 24.46 ref

Rural/ Urban

Metropolitan/Micropolitan 92.73 0.79 (0.52 , 1.20) 96.11 0.36 (0.11 , 1.13) 92.57 0.67 (0.44 , 1.04) 95.92 0.81 (0.21 , 3.12)

Small town/Rural area 7.27 ref 3.89 ref 7.43 ref 4.08 ref

Smoker

Yes 15.13 0.88 (0.52 , 1.49) 15.11 0.37 (0.09 , 1.46) 15.41 0.60 (0.35 , 1.03) 14.76 3.33 (0.80 , 13.85)

No 84.87 ref 84.89 ref 84.59 ref 85.24 ref

Binge Drinker

Yes 12.79 1.19 (0.69 , 2.07) 9.40 0.50 (0.12 , 1.98) 12.90 0.70 (0.38 , 1.30) 8.83 0.82 (0.25 , 2.76)

No 87.21 ref 90.60 ref 87.10 ref 91.17 ref

Heavy Drinker

Yes 6.22 0.74 (0.33 , 1.68) 3.47 0.07 (0.01 , 0.46) 6.22 0.60 (0.28 , 1.30) 3.46 0.55 (0.10 , 3.11)

No 93.78 ref 96.53 ref 93.78 ref 96.54 ref

Physical Activity Index

Met recommendation 55.56 1.80 (1.22 , 2.66) 42.91 0.65 (0.24 , 1.76) 55.60 1.01 (0.68 , 1.51) 42.46 2.18 (0.91 , 5.27)

Didn't meet  recommendation 44.44 ref 57.09 ref 44.40 ref 57.54 ref

Sunburns, past 12m

None - - 63.47 ref 73.58 ref

1 or more - - 36.53 1.75 (1.06 , 2.88) 26.42 16.57 (4.37 , 62.81)

Protect skin with clothing or sunscreen   

Yes 79.89 1.79 (1.06 , 3.01) 68.79 14.39 (4.32 , 47.90) - -

No 20.11 ref 31.21 ref - -

OR: odds ratio; CI: Confidence Interval; ref: reference.
a
Sunburn as a binary variable (one or more sunburns vs. no burns).

b
Protection of skin as a binary variable (yes they protected their skin to some degree or no they never protect their skin with clothing or sunscreen)

d
Adjusted OR takes into account age, sex, income, rural/urban location, general health, and physical activity.

c
Adjusted OR takes into account age, sex, income, rural/urban location, and physical activity. Not enough sample size to include indoor tanning.

Non-Hispanic Whites, n=2,539                                                            Hispanics, n=461

Adjusted  OR
c           

(95% CI)

Adjusted  OR
c          

(95% CI)

Sunburns

Table 5: Weighted crude and adjusted associations for recent sunburns
a
 and use of sun protection behaviors (use of clothing or sunscreen)

b 
 by race/ethnicity among Arizona adults in 

2013

Non-Hispanic Whites, n=2,519                                                            Hispanics, n=461

Adjusted  OR
d                   

(95% CI)

Adjusted  OR
d                 

(95% CI)

Use of sunscreen or clothing to protect skin
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ABSTRACT 

Objective. To examine patient and community factors associated with late-stage 

diagnosis of melanoma in Arizona in order to inform cancer control methods and to 

improve prognosis and survival from melanoma. 

Participants. Incident melanoma cases reported to the Arizona Cancer Registry from 

1995-2009. Of the 20,651 cases reported, 2,191 (10.6%) were excluded due to missing 

spatial or stage data. 

Primary outcome. Melanoma stage at diagnosis.  

Results. Out of 18,460 eligible melanoma cases in Arizona, 1,472 (8%) late-stage cases 

were diagnosed. After adjusting for other factors, there was evidence for statistically 

significant associations between late-stage of diagnosis and male gender (Odds ratio 

(OR) 1.22 [95%CI1.09-1.37]), non-white race (OR 3.15 [95%CI 2.01-4.95]), and 

Hispanic ethnicity (OR 2.13 [95%CI 1.61-2.81]). In unadjusted models, age was not 

associated with stage of diagnosis; however, after adjustment patients 60 years of age and 

older had a lower odds of late-stage diagnosis than those under 40 years. Patients from 
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rural areas were 1.29 times as likely to have a late-stage diagnosis as those from an urban 

area (95%CI1.10-1.51). Similarly, when comparing extremes, a low dermatologist 

density area (OR 1.29 [95%CI 1.11-1.50]) and travel distance over 40 miles to the 

reporting hospital or clinic (OR 1.42 [95%CI 1.15-1.75]) were associated with being 

diagnosed with a late-stage melanoma.  

Conclusion. Stage of diagnosis is a primary predictor of melanoma prognosis and 

mortality. Understanding the factors associated with late-stage diagnosis, such as gender, 

race, ethnicity, and lower access to care, can guide Arizona community-based risk 

reduction efforts. Strategies should be targeted at these high-risk groups to try to reduce 

health disparities in health seeking behaviors and barriers to access of care to increase 

early-stage diagnosis, which will improve melanoma prognosis. 

 

INTRODUCTION 

Melanoma is a serious public health problem for the United States. The incidence of 

melanoma in the US increased annually by an estimated 2.4% in males and 2.1% in 

females from 1992 to 2008 (Eheman et al., 2012). The lifetime probability of developing 

invasive melanoma was estimated in males as 1 in 34 persons and 1 in 53 persons in 

females (Society, 2015). Average treatment costs attributable to melanoma are 

approximately $3.3 billion annually (Guy, Machlin, Ekwueme, & Yabroff, 2015), with a 

calculated annual productivity loss attributed to melanoma mortality of $3.5 billion 

(Ekwueme et al., 2011).  

Despite available screenings of melanoma lesions and pre-cancerous lesions, and 

effective treatments for early-stage melanoma, melanoma is the primary cause of over 
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9,900 deaths in the U.S. annually (Society, 2015). Survival of melanoma depends 

primarily on the stage of diagnosis (Stitzenberg et al., 2007). In the early progression of 

the disease when the cancer is restricted to the epidermis and dermis (i.e. in-situ or local 

stage of diagnosis) there are highly effective treatments available (Marzuka, Huang, 

Theodosakis, & Bosenberg, 2015); and the five-year relative survival rate for locally 

staged cases is 98.3% (Howlader et al., 2015). However, when melanoma is diagnosed at 

its most advanced stage, distant, survival drastically reduces to 16.6% (Howlader et al., 

2015). For that reason, understanding the determinants of late-stage melanoma diagnosis 

is critical for cancer control efforts. 

Social variations in health care utilization, possibly mediated by cultural factors and 

inequalities in access to care, could influence the distribution of melanoma stage at 

diagnosis, and thereby, survival. Disparities in melanoma late-stage diagnosis have been 

suggested among different socio-demographic groups, such as males and Hispanics 

(Clairwood, Ricketts, Grant-Kels, & Gonsalves, 2014; Hu, Soza-Vento, Parker, & 

Kirsner, 2006; Van Durme et al., 2000). Although research is sparser, it is also possible 

that disparities in spatial access to care, measured by travel distance and provider density, 

may influence melanoma stage of diagnosis as well. However, previous literature on 

dermatologist supply and stage of diagnosis has been inconclusive. Although an 

increased density of dermatologist in an area has been reported to be associated with a 

lower odds of thick nodular melanomas and an increase in early detection in some studies 

(Moreau, Weinstock, Geller, Winger, & Ferris, 2014; Roetzheim et al., 2000); others 

studies have reported that provider supply is not statistically associated with Breslow 

thickness (Stitzenberg et al., 2007). A better understanding of these possible disparities in 



99 
 

 
 

melanoma stage of diagnosis can help provide direction for targeting public health 

prevention and control programs at high-risk populations.  

The objective of the present study was to provide a detailed analysis of disparities in 

melanoma diagnosis by identify patient and neighborhood-related factors associated with 

late-stage melanoma diagnosis in Arizona.  

METHODS 

The study sample consisted of incident melanoma cases (identified through site codes by 

the International Classification of Diseases for Oncology, 2
nd

 ed.) among Arizona 

residents reported to the Arizona Cancer Registry (ACR) from 1995-2009. The ACR is a 

statewide population-based cancer registry that began operating in 1980 and collecting 

case data in 1981. Reporting of all cancer cases by hospitals, clinics, and physicians 

became mandatory in 1992. The ACR collects incident data from all Arizona non-federal 

hospitals (71 hospitals) and three of six federal facilities. In addition, the ACR also 

collects data from outpatient freestanding clinics, pathology laboratories, and physician 

offices. Data collected by New Mexico and the Indian Health Services (IHS) on 

American Indians residing in Arizona who are seen at USPHS Indian Hospitals, are also 

shared with ACR (Newton, 2011; Services). For this study, we selected all diagnosis 

years with available geocoded data from the ACR. A total of 20,652 incident melanoma 

cases where reported to the ACR during these years. We excluded 2,192 cases whose 

ACR data had incomplete spatial location and/or missing stage of diagnosis, resulting in a 

final sample of 18,460 cases. Excluded cases shared similar socio-demographic 

characteristics as the sample population. The University of Arizona Institutional Review 
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Board and the Arizona Department of Health Services Human Subjects’ Review Board 

approved this study.  

Stage at diagnosis was categorized, according to Surveillance Epidemiology and End 

Result summary staging, as in-situ (pre-invasive disease), local, regional, or distant 

spread (Young JL Jr, 2011). Early-stage melanoma cases was defined as in-situ or local 

disease (SEER Summary Stage 0-1) and late-stage melanoma cases was defined as 

regional or distant (SEER Summary Stages 2-5 and 7). The main outcome examined was 

late-stage of diagnosis. 

Potential explanatory factors existed at two levels: individual-level patient factors 

provided by the ACR and community-level factors. Individual factors included age, 

gender, race, ethnicity (Hispanic or non-Hispanic), year of diagnosis, residence in an 

urban or rural area, and patient zip code. Age was classified into three categories (under 

40, 40-59, & 60+ years of age). Gender was reported as male, female, or transsexual. 

Since a minimal number of persons reported their gender as transsexual (<1%) this 

gender category will not appear on tables in this report to maintain confidentiality. Over 

90% of the sample population reported white race, so race was dichotomized to white or 

non-white. Rural-urban area of residence was categorized using the Rural-Urban 

Commuting Area (RUCA) classification scheme developed by the Office of Rural Health 

Policy (R. H. R. Center). A patient’s zip code was deemed an urban/metropolitan area if 

it had a population of 50,000 or above; a large rural/micropolitan area if it had a 

population of 10,000-49,999; or a small town/rural area if the population was below 

10,000.  
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In addition to individual factors, two community-level factors based on patient zip code 

were analyzed. The median household income (2006-2010) per zip code was used as an 

area-based indicator of environmental socioeconomic status. This information was 

retrieved from the Population Studies Center (PSC) of the University of Michigan (P. S. 

Center).  The second community factor was the geographic classification of 

dermatologist density, which was used as a measure for access to care. Dermatology 

density was measured as the number of dermatologists per zip code by the population 

size for that zip code and reported as dermatologists per 100,000 persons. The estimate of 

the approximate number of dermatologists in a given zip code was based on a list of 

dermatologists in Arizona provided to us by the Skin Cancer Institute (SCI) of the 

University of Arizona Cancer Center (Insitute). SCI utilized Arizona Board of Medical 

Examiners (BOMEX) lists of dermatologists and information on local dermatologist 

collected by their staff in 2012. Population size by zip code was retrieved from PSC (P. 

S. Center).  

The ACR data also included 10,504 melanoma cases with information on the reporting 

hospital or clinic. We transformed the addresses of these reporting facilities into latitude 

and longitude coordinates and geodesic straight-line distance (in miles) was calculated 

between the patient geocoded address provided by the ACR and the reporting facility 

using Geographic Information Systems, ArcMap 10 (ESRI, Redlands, California). 

Straight-line distance is highly correlated with actual travel distance and considered an 

acceptable proxy for travel distance (Boscoe, Henry, & Zdeb, 2012; Phibbs & Luft, 

1995). 

 



102 
 

 
 

Statistical methods  

Descriptive statistics were used to provide an overview of characteristics by stage of 

diagnosis. Unadjusted relationships between socio-demographic and economic 

characteristics (e.g. gender, age, race, ethnicity, zip code median income), as well as 

spatial accessibility to and availability of health care (e.g. rural-urban residence  and zip 

code dermatology density), and stage of diagnosis were assessed with a χ
2
 test and 

bivariate regression analyses. All reported P values were 2-tailed with statistical 

significance set at α=0.05. Missing data were included in counts and percentages but 

excluded from statistical tests and models. 

 Multivariate logistic regression was used to determine the relationship between 

individual and community factors and an individual patient’s odds of late-stage 

melanoma diagnosis. We evaluated the extent to which each factor is potentially 

associated with late-stage of diagnosis independently of other factors by calculating 

multivariate models adjusted for available patient socio-demographic factors (age, 

gender, race, and ethnicity) and community factors (median income, dermatology 

density, and rural-urban geographic setting). Restricting model adjustment to only factors 

that were significant in bivariate analyses did not change the results. Additionally, in 

order to account for any differences in melanoma diagnosis, screening, and reporting over 

time, models were adjusted by year of diagnosis. Due to the potential of uncertainty for 

melanoma in-situ diagnosis and the malignant potential of all cases, we repeated the 

models only including invasive disease. Results of the regression analyses are presented 

as odds ratios with their corresponding 95% confidence intervals. Models were estimated 

using SAS version 9.2 statistical software (SAS Institute, Inc, Cary, North Carolina).  
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Out of the 18,460 cases included in our study, 10,504 cases had information related to the 

hospital or clinic that reported the case to the ACR. For these cases, we analyzed the 

relationship between distance to care (base on the reporting facility) and late-stage 

diagnosis.  

RESULTS 

Of the 18,460 eligible patients, 7,429 (40%) were diagnosed as in-situ, 9,559 (52%) as 

local, 935 (5%) as regional, and 537 (3%) as distant melanomas. All comparisons 

between early- (in-situ and local) and late- (regional and distant) stage cases by socio-

demographic (gender, race, and ethnicity) and community characteristics (median 

income, dermatologist density, and rural-urban location), with the exception of age, were 

significantly different (Table 1). This may be a reflection on the study population size; 

therefore, the magnitude of the differences holds more clinical importance. 

Approximately 59% of patients who were diagnosed at an early-stage and 64% of those 

staged as late were male. Both early- and late-stage patients groups shared similar age 

distribution, with over 50% of patients being 60 years of age or older.  Late-stage cases 

were 97.69% white and 1.97% non-whites (<1% had unknown race); early-stage cases 

were 92.97% white and 0.51% non-whites (6.52% had unknown race). When cases with 

an unknown race were removed from the percentages, both early- and late-stage cases 

shared similar race compositions. When compared to early-stage cases, a higher 

proportion of late-stage cases were Hispanic (1.83% vs. 4.76%; respectively). When 

compared to early-stage cases, a lower percentage of late-stage cases resided in a zip 

code with a median income of $50,000 or greater (59% vs. 48%; respectively). 

Additionally, a higher percentage of early-staged cases resided  in an area with a 
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dermatologist density of more than 12 dermatologists per 100,000 persons; whereas, a 

higher percentage late-stage cases resided in a zip code with one or less dermatologists 

per 100,000 persons. Approximately 82% of late-stage melanoma cases and 88% of 

early-stage cases resided in urban areas (Table 1).  

Table 2 describes associations between individual factors and late-stage diagnosis of 

melanoma. After controlling for the other factors, males were slightly more likely to have 

a late-stage diagnosis than females. Compared to cases diagnosed under 40 years of age, 

those who were diagnosed at 60 years of age and older were statistically significantly less 

likely to have a late-stage melanoma diagnosis (Odds Ratio (OR) 0.77 [95%CI 0.64-

0.92]). Analysis also revealed racial disparities; compared to white patients, non-white 

patients were significantly more likely to have a late-stage diagnosis (OR 3.15 [95%CI 

2.01-4.95]). Similarly, the odds of late-stage diagnosis among Hispanics was 2 times that 

of non-Hispanics (95%CI 1.61-2.81) (Table 2).   

Table 2 also describes associations between community factors and a late-stage diagnosis 

of melanoma. Although cases living in communities with lower median incomes were 

more likely to have a late-stage diagnosis than cases in areas with a median income of 

$50,000 or above; clear income gradients were not noted during our analysis. Lower 

dermatologist density at the zip code level was associated with late-stage melanoma 

diagnosis. Compared to zip codes with greater than 12 dermatologists per 100,000 

persons, the presence of only one or less dermatologists per 100,000 persons was 

associated with 1.29 times the odds of late-stage melanoma diagnosis (95%CI 1.11-1.50). 

Similarly, the presence of >1 to 6 dermatologists per 100,000 persons was associated 

with 1.26 times the odds of late-stage diagnosis. No differences were noted when 
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comparing >6 to 12 dermatologists per 100,000 persons to greater than 12 dermatologists 

per 100,000 persons. The likelihood of late-stage diagnosis was increased for melanoma 

cases residing in rural areas, as compared to urban areas (Table 2). 

Removing in-situ cases during modeling resulted in an overall slight reduction in the 

magnitude of the association between factors and late-stage diagnosis. Gender, race, 

ethnicity, one or less dermatologist per 100,000 remained significant predictors; however, 

there was a loss of statistical significance for age, >1 to 6 dermatologists per 100,000 

persons, and rural-urban location (data not shown). 

Figure 1 shows the mean travel distance to the reporting hospital or clinic among rural 

and urban melanoma patients. The mean travel distance for late-stage cases (26.68 miles) 

was higher than early-stage cases (18.21 miles). Late-stage cases from urban areas 

traveled a mean distance of 16.92 miles compared to 13.45 miles for early-stage cases. 

Regardless of stage, as expected, rural cases had significantly higher mean travel distance 

for both late-staged (70.76 miles) and early-staged cases (60.18 miles) (Figure 1).  

After adjustment for other factors, a significant difference was noted when comparing the 

lowest travel distance (20 miles of less) to the highest travel distance (greater than 40 

miles), with patients living over 40 miles from the reporting facility having 1.42 time the 

odds of late-stage melanoma diagnosis (95%CI 1.15-1.75). Significant associations were 

not found for cases that traveled 21-40 miles (Table 3).  

DISCUSSION 

The present study  of 18,460 melanoma patients provides further insights about health 

disparities associated with late-stage melanoma. We report that individual factors of 

gender, race, and ethnicity and the community factors of rural-urban area, low 
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dermatology density, and a travel distance over 40 miles are associated with late-stage 

melanoma diagnosis. 

In general, this study confirmed previous findings of socio-demographic determinate of 

late-stage melanoma diagnosis; as well as, provided extended insight regarding the 

association between geographical access to care and late-stage melanoma diagnosis.  

In agreement with results from Van Durme et al. (Van Durme et al., 2000), male 

melanoma patients were diagnosed at later stages. This corresponds with previous 

findings that men are less likely to discover their own lesions than women (Koh et al., 

1992) and less likely to attend melanoma/skin cancer screenings (Koh et al., 1991). 

Additionally, women previously reported being more worried about developing skin 

cancer and a better understanding that skin cancer can present without symptoms; 

(Buster, You, Fouad, & Elmets, 2012).  

We also noted disparities by race and ethnicity. It has been projected that the Hispanic 

population will be growing in the coming years (Colby & Ortman, 2014), making it 

important to gain a further understanding of disparities effecting this population. Arizona 

offers an ideal location to study melanoma in Hispanic due to its large Hispanic 

population (approximately 30% of the total population) (U.S. Census Bureau, 2010), and 

its high levels of UV exposures (Day, Zhang, & Ruhland, 2007; Jacobs et al., 2008). As 

in previous studies in different population, (Byrd, Wilson, Hoyler, & Peck, 2004; 

Clairwood et al., 2014; Hu, Parker, Thomas, & Kirsner, 2004; Hu, Sherman, Arheart, & 

Kirsner, 2014) our results suggest that although melanoma occurs more frequently in 

non-Hispanic whites, late-stage diagnosis disproportionally affects minorities and 

Hispanics. Previous evidence suggests that skin cancer awareness and perceptions may 



107 
 

 
 

play a partial role in delayed diagnosis. Pipitone et al. (Pipitone, Robinson, Camara, 

Chittineni, & Fisher, 2002) indicated that when compared to non-Hispanics, Hispanics 

reported lower levels of awareness about skin cancer, perceived risk, and education on 

skin self-examination. A similar study found that when compared to whites both blacks 

and Hispanics were more likely to agree with the statement, “There’s not much you can 

do to lower chance of getting skin cancer”, and blacks less often reported skin exams as 

important (Buster, You, et al., 2012).  The perception of low risk and lack of control, in 

addition to reduced knowledge of warning signs of skin cancer may contribute to a delay 

in diagnosis. A survey of dermatologists and dermatology residents found evidence that 

alludes to the possibility that delays in diagnosis may not only be due to  lack of 

education on the patient’s part but also a lack of medical training in health professionals 

for dealing with dermatologic problems in darker skinned populations. In that survey, 

47% of residents surveyed reported that their medical training inadequately covered skin 

conditions in blacks (Buster, Stevens, & Elmets, 2012). Although possible genetic factors 

associated with race cannot be altered, disparities in late-stage diagnosis by race and 

ethnicity associated with social, behavior (both patient and physician), or socio-economic 

determinants related to race/ethnicity can and should be addressed.  

Apart from socio-demographic factors, late-stage of diagnosis may relate to factors 

influencing physical access to care. A recent study found that ambulatory visits to a 

dermatologist or primary care provider increased the odds of diagnosis of a thin 

melanoma (Breslow thickness <1mm) and lowed mortality, and another preliminary 

analysis reported that urgent access track visits (over routine tract appointments) were 4 

times as likely to yield a melanoma diagnosis (Lipworth et al., 2011). These studies 
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suggest the importance of access to care on melanoma detection. This study examined 

three different possible measures of access to care: rural-urban residence, dermatology 

density, and distance to care. We found that when compared to those in urban Arizona 

areas, Arizona rural areas had a slight increase in the odds of reporting late-stage cases. A 

study in Florida reported that, similar to our findings, there was a trend for patients in 

rural communities being diagnosed at later stages than urban settings; however, in Florida 

the trend was statistically insignificant (Van Durme et al., 2000). Conversely, a past study 

in California found no difference among rural-urban dwellers for early-stage melanoma 

incidence (Blair et al., 2006).  

Previously, dermatologist density at the zip code level was reported to be associated with 

earlier detection of melanoma (Roetzheim et al., 2000), and at the county level, lower 

mortality rates for melanoma (Aneja, Aneja, & Bordeaux, 2012). When looking at 

dermatologist density and stage of diagnosis independent of other measured factors, 

compared to zip codes with an estimate of more than 12 dermatologists per 100,000 

persons, areas with 0-1 dermatologist and >1 to 6 dermatologists per 100,000 persons had 

higher odds of late-stage melanoma diagnosis. However, no significant differences in 

melanoma late-stage diagnosis were observed beyond the presence of 6 dermatologists 

per 100,000 persons in a given zip code. The current data also included the reporting 

source location for a select group of cases. This enabled the utilization of Geographic 

Information Systems software to estimate travel distance between the patient and the 

reporting facility. A travel distance of 21-40 miles when compared to less than 20 miles 

did not have a significant effect on reporting of late-stage diagnosis; however, cases with 

travel distances over 40 miles were at increased odds of being diagnosed at a late-stage. 
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Similar to our study, a previous study found that Breslow thickness (another measure for 

melanoma disease progression) at diagnosis was significantly associated with distance to 

diagnosing provider (Stitzenberg et al., 2007).   

There are strengths and limitations to this research. Strengths include a large sample 

population of melanoma cases, a large population of Hispanics, and access to spatial data 

to look at access to care issues, specifically distance to care. However, it also is important 

to acknowledge the limitations of this study. We corrected for available demographic 

factors in the regression models; however, the ACR data did not include information on 

individual income, marital status, family history, or other individual factors that have the 

potential to contribute to stage of diagnosis. For income, we employed an ecological 

approach using community level data. These data are not meant as a proxy for individual 

income but as a measurement of community influences independent of individual factors. 

Therefore, our results are not denoted to indicate an individual’s income as having a role 

on stage of diagnosis, but rather reflecting community attributes of living in an area with 

lower/higher income on diagnosis of a later-stage tumor (Diez-Roux, 1998). Furthermore, 

we lacked individual-level data on health care coverage. In addition to its possible role in 

patient education, health care coverage and coverage type has the potential to impact if a 

person sees a medical provider and which medical provider is accessible. These factors 

may affect the interpretation of dermatologist density. Additionally, this study was reliant 

on secondary data sources and results may be influenced by missing data from these 

sources. Although we tried to include all known dermatologists in Arizona practicing 

within the relevant time period, we used an aggregated count available to us and this 

analysis should be considered only a preliminary analysis. More in-depth analyses 
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focusing on dermatologist density utilizing historical counts of the dermatologists by year 

should be conducted.  Furthermore, it has been suggested that having more specialist in 

an area may not always be beneficial to health outcomes (Phillips, Dodoo, & Green, 

2005) so future research should be conducted analyzing not only the impact of 

dermatologist density but also primary care physician density on melanoma outcomes.  

In summary, the findings of this study further strengthen the evidence for disparities 

occurring in late-stage diagnosis of melanoma. Although the overall percentage of 

melanoma cases being diagnosed in a late-stage was low in Arizona, finding suggest that 

late-stage diagnosis disproportionally affects certain subsets of the population, such as 

Hispanics and individuals with reduced access to care. This research is especially 

important as a demographic shift is occurring with increases in minority populations in 

the U.S., rendering disparities research even more prudent. Future studies need to seek 

information on how these disparities can be reduced.  
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Table 1. Characteristics of Melanoma Cancer Cases, Arizona, 1995-2009

Characteristic n (%) n (%) n (%) P-value

n 18460 16988 1472

Gender 0.0005

Males 10963 (59.39) 10026 (59.02) 937 (63.65)

Females 7497 (40.61) 6962 (40.98) 535 (36.35)

Unknown

Age (years) 0.6922

<40 2126 (11.52) 1951 (11.48) 175 (11.89)

40-59 5565 (30.15) 5111 (30.09) 454 (30.84)

60+ 10749 (58.23) 9906 (58.31) 843 (57.27)

Unknown 20 (0.11) 20 (0.12) 0 -

Race <.0001

White 17232 (93.35) 15794 (92.97) 1438 (97.69)

Non-White 116 (0.63) 87 (0.51) 29 (1.97)

Unknown 1112 (6.02) 1107 (6.52) 5 (0.34)

Ethnicity <.0001

Hispanic 381 (2.06) 311 (1.83) 70 (4.76)

Non-Hispanic 16220 (87.87) 14831 (87.30) 1389 (94.36)

Unknown 1859 (10.07) 1846 (10.87) 13 (0.88)

Zip code Median Income (USD) <.0001

<$25,000 84 (0.46) 75 (0.44) <10 (<1.00)

$25,000-34,999 1578 (8.55) 1409 (8.29) 169 (11.48)

$35,000-49,999 5433 (29.43) 4896 (28.82) 537 (36.48)

≥$50,000 10738 (58.17) 10031 (59.05) 707 (48.03)

Unknown 627 (3.40) 577 (3.40) 50 (3.40)

Dermatologist Density          

(per 100,000 persons)

<.0001

0-1 7623 (41.29) 6941 (40.86) 682 (46.33)

1.001-6 2735 (14.82) 2507 (14.76) 228 (15.49)

6.001-12 2970 (16.09) 2739 (16.12) 231 (15.69)

12.001+ 4505 (24.40) 4224 (24.86) 281 (19.09)

Unknown 627 (3.40) 577 (3.40) 50 (3.40)

Rural/Urban <.0001

Urban (Metropolitan) 16229 (87.91) 15029 (88.47) 1200 (81.52)

Rural (Micropolitan/rural) 2231 (12.09) 1959 (11.53) 272 (18.48)

Unknown 0 - 0 - 0 -

Diagnosis Year N/A

1995-1997 2791 (15.12) 2645 (15.57) 146 (9.92)

1998-2000 3550 (19.23) 3312 (19.50) 238 (16.17)

2001-2003 4511 (24.44) 4218 (24.83) 293 (19.90)

2004-2006 3713 (20.11) 3360 (19.78) 353 (23.98)

2007-2009 3895 (21.10) 3453 (20.33) 442 (30.03)

Early-stage= in situ/localized; late-stage= regional/distant; N/A=not applicable

P values were determined using χ
2 

test. All missing or unknown data was removed during χ
2
 tests.

Total Early Late

Stage of Diagnosis
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Gender

Males 1.22 (1.09 - 1.36) 1.22 (1.09 - 1.37)

Females 1.00 (Ref) 1.00 (Ref)

Age (years)

<40 1.00 (Ref) 1.00 (Ref)

40-59 0.99 (0.83 - 1.19) 0.92 (0.76 - 1.11)

60+ 0.95 (0.80 - 1.12) 0.77 (0.64 - 0.92)

Race

White 1.00 (Ref) 1.00 (Ref)

Non-White 3.66 (2.40 - 5.59) 3.15 (2.01 - 4.95)

Ethnicity

Hispanic 2.40 (1.84 - 3.13) 2.13 (1.61 - 2.81)

Non-Hispanic 1.00 (Ref)

Zip code Median Income 

(USD)

<$25,000 1.28 (0.97 - 1.69) 1.22 (0.92 - 1.63)

$25,000-34,999 1.70 (1.43 - 2.03) 1.62 (1.35 - 1.95)

$35,000-49,999 1.56 (1.38 - 1.75) 1.50 (1.32 - 1.71)

≥$50,000 1.00 (Ref) 1.00 (Ref)

Dermatologist Density 

(per 100,000 persons)

0-1 1.46 (1.27 - 1.69) 1.29 (1.11 - 1.50)

1.001-6 1.37 (1.14 - 1.64) 1.26 (1.05 - 1.52)

6.001-12 1.27 (1.06 - 1.52) 1.12 (0.93 - 1.35)

12.001+ 1.00 (Ref) 1.00 (Ref)

Rural/Urban

Urban (Metropolitan) 1.00 (Ref) 1.00 (Ref)

Rural (Micropolitan/rural) 1.74 (1.51 - 2.00) 1.29 (1.10 - 1.51)

OR: odds ratio; CI: Confidence Interval; Ref: reference

Table 2. Individual and community factors associated with melanoma late-

stage diagnosis, n=18,460

a
 Adjusted OR for late-stage diagnosis (regional or distant) simultaneously adjusted for 

all other factors in the table and year of diagnosis.

OR (95% CI)

Adjusted
a

OR (95% CI)

Unadjusted
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Figure 1. Mean patient distance to hospital or clinic reporting 

facility by melanoma stage of diagnosis and rural-urban 

residence, Arizona, 1995-2009 

Distance (miles)

≤ 20 1.00 (Ref) 1.00 (Ref)

21-40 0.92 (0.75 - 1.13) 0.88 (0.71 - 1.08)

>40 1.97 (1.66 - 2.32) 1.42 (1.15 - 1.75)

OR: odds ratio; CI: Confidence Interval; Ref: reference
a
Adjusted OR for late stage diagnosis (regional or distant) 

simultaneously adjusted for sex, age, race, ethnicity, rural/urban 

residence, dermatology density, zip code median income, and year of 

diagnosis.

Table 3. Association between patient distance (miles) to 

reporting clinic or hospital facility and late-stage diagnosis of 

melanoma, Arizona, 1995-2009, n=10,504

Unadjusted Adjusted
a

OR (95% CI) OR (95% CI)
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Abstract  

Purpose: Little is known about the behaviors of patients after a skin cancer diagnosis. 

This study estimates the prevalence of health behaviors of adult cancer survivors of 

melanoma and non-melanoma skin cancer and compares these behaviors with individuals 

without a reported history of skin cancer. 

Methods: Data were obtained from the 2013 Arizona Behavioral Risk Factor Surveillance 

System survey. Weighted sample prevalence of lifestyle behaviors were estimated among 

4,094 adult participants, 448 (10.9%) of which had a reported a history of skin cancer. 

Logistic regression estimated the magnitude of associations, adjusting for age and other 

variables. 

Results: Skin cancer survivors were significantly more likely to meet multiple behavior 

recommendations than non-cancer respondents. However, with the exception of sun 
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protection, there were few differences in behavior prevalence between skin cancer 

survivors and survivors of other cancer types. Among skin cancer survivors, 26.3% only 

protected their skin during the summer or not at all; slightly more than half met the 

physical activity recommendations; and roughly half reported receiving their annual 

influenza vaccination. 

Conclusion: Skin cancer survivors report higher engagement in enhanced healthy lifestyle 

behaviors when compared to individuals without a reported history of cancer. However, 

skin cancer survivors are still not achieving the recommended levels for sun protection 

and other cancer prevention behaviors, such as vaccinations. 

Implications for Cancer Survivors: This research suggests that there are opportunities for 

improved clinical and public health interventions to target skin cancer survivors, as well 

as demonstrating the need for further research into barriers to engaging healthy behaviors 

among survivors. 

Introduction 

Skin cancer is the most common form of cancer diagnosed in the United States (U.S.) 
3
. 

Close to 5 million people in the U.S. are treated for a skin cancer annually 
1
. Most forms 

of skin cancer, including melanoma and non-melanoma skin cancer (NMSC), are highly 

treatable and curable if detected early, resulting in a large proportion of cases who 

become cancer survivors 
3,13

. A cancer survivor is defined as someone who has received a 

diagnosis of cancer and who remains alive; a person is considered a cancer survivor from 

the time of diagnosis until the end of life 
171

. With incidence rates increasing, 
1,46,172

  and 

continual improvements in early detection and treatment methods of skin cancer, 
173-175

  

the skin cancer survivor population can be expected to increase 
16,175

.  
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Although the rate of survival from skin cancer is high, these patients are still at increased 

risk for recurrent and secondary cancers 
16

. High-risk lifestyle behaviors, such as 

smoking, poor diet, and physical inactivity, have been found to be associated with poorer 

cancer prognosis and a higher risk of cancer mortality 
176

. Conversely, adaptation of 

healthier lifestyle behaviors in cancer survivors has been found to be associated with 

improved survival, a reduction of secondary cancers, and improved quality of life 

137,176,177
.  The American Cancer Society (ACS), Centers for Disease Control and 

Prevention, and the United States Preventive Service Task Force have published 

guidelines for recommended health behaviors to cancer survivors 
134,135,178,179

, with 

additional sun avoidance recommendations specific to skin cancer survivors 
178,180

. 

It is important to identify whether survivors are following recommendations that improve 

survival outcomes. Although previous findings have been mixed, several studies have 

reviewed health behaviors in cancer survivors of any type; however, these studies 

excluded NMSC 
181-184

. Most of these studies report suboptimal levels of healthy 

behaviors among cancer survivors, as well as differences in lifestyle behaviors among 

cancer survivors of any cancer type when compared to non-cancer controls 
181-184

. Less is 

known about behaviors of skin cancer survivors compared to the skin cancer-free 

populations.  

With an increase in the number of skin cancer survivors, effective tertiary prevention 

methods are critical and ways to attenuate secondary health problems among these 

survivors need to be investigated. This study examines the prevalence of lifestyle health 

behaviors among skin cancer survivors in a large population-based survey. Additionally, 

the study compares lifestyle health behaviors between skin cancer survivors and 
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individuals without a reported history of skin cancer (survivors of other cancer types and 

non-cancer controls). A better understanding of skin cancer survivors’ behaviors can help 

health professionals implement effective programs to reduce morbidity and mortality 

after a skin cancer diagnosis.  

Methods 

Data Source and Study Population 

The Behavioral Risk Factor Surveillance System (BRFSS) is a state-based, random-digit-

dialed telephone health and health behavior survey in the United States, which includes 

the non-institutionalized adult civilian population aged 18 years or older. The BRFSS 

collects data to measure behavioral risk factors related to morbidity and mortality on a 

representative sample in all 50 states, the District of Columbia, and 3 US territories 
185

. 

Sampling methodology for the BRFSS is described elsewhere 
186

. Detailed information 

about BRFSS is available at www.cdc.gov/brfss/. The BRFSS is approved by the Centers 

for Disease Control and Prevention (CDC) and Institutional Review Board prior to 

collection of data. 

The CDC mandates use of a set of core questions that are included in all BRFSS surveys; 

states may then include additional sets of questions that address specific local needs. 

Arizona is a state with high ultraviolet radiation, 
154

 creating optimal conditions for the 

development of skin cancer 
1
. In 2013, the Arizona BRFSS instrument included the 

standard core questions, which included history of skin cancer, and an additional three 

questions that asked about use of sun protection, frequency of sunburns in the last year, 

and recent indoor tanning. The Skin Cancer Institute at the University of Arizona 

identified funds for inclusion of these questions on the survey. Employees of the Arizona 

http://www.cdc.gov/brfss/
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Department of Health Services conducted all the interviews following all procedures 

required by the CDC.  

A total of 4,252 respondents completed the 2013 Arizona BRFSS 
187

. Of these 

respondents, 18 were excluded from this analysis due to missing information on skin 

cancer history. After we further excluded respondents who reported a skin cancer in 

addition to another type of cancer, there were 4,094 respondents. Of these respondents, 

448 (11%) reported ever having a skin cancer. 

Measures 

All measures were assessed using the 2013 Arizona BRFSS questionnaire. Three 

mutually exclusive respondent groups were created: 1) skin cancer survivors (excludes 

cases with multiple cancers types reported), 2) survivors of other types of cancer 

(respondents reporting no history of skin cancer but a history of a non-skin type of 

cancer), and 3) respondents reporting no history of cancer of any type. Skin cancer 

survivors were identified from a question regarding whether participants had ever been 

told they had skin cancer. We compared skin cancer survivors to respondents reporting 

no history of cancer and to survivors of other cancers on the following self-reported 

demographic characteristics: sex, age at interview, race/ethnicity, highest grade or year of 

school completed, and annual household income from all sources. Body mass index 

(BMI) was computed from the questions, "About how much do you weigh without 

shoes?" and "About how tall are you without shoes?”, and calculated as weight in 

kilograms divided by height in meters squared.  A BMI of less than 18.5 was classified as 

underweight, 18.5-24.9 normal, 25.0-29.9 overweight, and ≥30.0 as obese. Health care 

access was assessed using the question, "Do you have any kind of health care coverage, 
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including health insurance, prepaid plans such as HMOs, or government plans such as 

Medicare or Indian Health Service?". General health was self-reported as “excellent”, 

“very good”, “good”, “fair”, or “poor” and based on the thirty days prior to the interview. 

Rural-urban residence was derived using zip code and rural-urban commuting area codes 

(RUCAs) from the Rural Health Research Center 
147

. A “metropolitan” or “urbanized” 

area was a region with a population of 50,000 or above; a “micropolitan” or “large rural” 

area was a region with a population of 10,000-49,999; a “small town” area was region 

with a population of 2,500 – 9,999; and a small “rural” area was a region with a 

population below 2,500 persons.  

The following factors related to sun safe practices and behaviors were analyzed: sun 

protection, sunburns, and indoor tanning. Frequency of sun protection was measured 

based on the question, "How often do you protect your skin with clothing or sunscreen to 

avoid skin cancer?" with response categories of  “Every time I go outdoors”, “Often”, 

“Only during the summer”, and “Never”. Frequency of recent sunburns was assessed 

utilizing the question, “Including times when even a small part of your skin was red for 

more than 12 hours, how many sunburns have you had within the past 12 months?”. 

Respondents had six available categories ranging from one through five sunburns, or “six 

or more” sunburns. Indoor tanning use was measured with the question, "How many 

times in the past 12 months have you used indoor tanning devices such as a sun lamp, a 

sun bed, or a tanning booth?", with responses of  “0 times”, “1-2 times”, “3-10 times”, 

“11-24 times”, or “25 times or more”. 

Other lifestyle health behaviors reviewed included smoking, alcohol consumption, 

physical activity, and diet. Smoking status was categorized into three-levels: current 
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smokers, former smokers, and non- or never smokers. Heavy alcohol consumption was 

computed by the BRFSS staff and based on the respondent’s sex and the calculated total 

number of alcoholic beverages consumed per day. A respondent was classified as a heavy 

drinker if they were a male with a mean intake of >2drinks/day or a female with a mean 

intake of >1 drink/day. A respondent was classified by the BRFSS as a binge drinker if 

they were a male who consumed ≥5 drinks or a female who consumed ≥4 drinks on at 

least one occasion in the past 30 days. Physical activity was assessed as whether the 

respondent met the American Cancer Society’s Physical Guidelines for physical activity 

or did not meet the guidelines 
134

. If the respondent reported 150 or more minutes/week 

(or the vigorous equivalent) of physical activity, they met the aerobic recommendations. 

Respondents did not meet the aerobic recommendation if they reported zero to 149 

minutes/week of physical activity. The dietary measurement included was whether 

respondents met or did not met the ‘5-A-Day’ recommendation of  ≥5 combined servings 

of fruits and vegetables daily and was based on variables calculated by the BRFSS staff 

regarding total fruits consumed per day and total vegetables consumed per day. 

Additional preventative health measures reviewed included influenza vaccination (shot or 

nasal spray) within past 12 months, at least one previous pneumococcal vaccination 

during the respondent's lifetime, tetanus vaccination since 2005, and how often the 

respondent used a seat belt when driving or riding in a car.  

Responses were aggregated across healthy behaviors to create a multiple health behavior 

score (with values from 0 to 6). For each of the following behaviors one point was 

awarded: physical activity (meeting the recommendation), diet (consuming at least five 

fruit and vegetable servings daily), sun protection use (using sun protection at a minimum 
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level of in the summer), receiving a vaccination (vaccinated for influenza, tetanus, or 

pneumococcal), not smoking, and not being a binger or heavy drinker. 

Statistical Methods 

All data were analyzed using SAS 9.3 (SAS Institute, Inc.) and accounted for the 

complex sampling design involving stratification and clustering sampling of the BRFSS 

to provide weighted population estimates utilizing the ‘PROC SUVEYFREQ’ procedure, 

which incorporates the sample design into the analysis. Weighted frequencies were 

calculated for all factors of interest. All proportions listed in this paper were based on the 

weighted population estimates. Weighting compensated for any unequal probabilities of 

participant selection related to non-responses and telephone non-coverage, allowing 

survey results to reflect and be consistent with population estimates. Weighted 

descriptive prevalence statistics and the corresponding Rao-Scott chi-square test were 

used to examine demographic characteristics and behavioral differences between skin 

cancer survivors and those without a history of skin cancer (other cancer survivors and 

cancer-free respondents).  The Rao-Scott chi-square test was selected because it was 

developed using a weighted Pearson chi-square test with a design correction to account 

for complex sampling survey data 
146

.  To identify potential age-related differences in 

health behavior among skin cancer survivors, and to account for age difference between 

survivors and non-cancer controls, we age-stratified the prevalence estimates into two age 

categories under 65 years of age and 65 years of age and older. There was not enough 

sample size in younger age group for meaningful comparisons when divide further. 

During analyses, responses of “refused” were combined with “do not know” and labeled 

as “missing” in tables; all missing data were removed during chi-square tests.  
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Unadjusted and adjusted logistic regression analyses, which accounted for the complex 

sampling design through use of the ‘PROC SUVEYLOGISTIC’ procedures in SAS, were 

used to examine the association between skin cancer history and each behavior outcome. 

Parameter estimates were odds ratios (OR) and their corresponding 95% confidence 

intervals (CI), with separate models constructed for each behavior adjusting for age (’18-

44’, ’45-64’ and ‘65+’ years), race/ethnicity (‘non-Hispanic white’, ‘Hispanic’, ‘other’), 

and sex because these factors previously have been shown to be associated with skin 

cancer 
1
. Additional covariates were included in multivariate models (educational 

attainment, BMI, and health insurance status).  

Results 

Demographic Characteristics 

The demographic characteristics of the skin cancer survivor sample are shown in Table 1. 

A slightly greater weighted proportion of men (54.17%) as compared to women (45.83%) 

reported a diagnosis of skin cancer.  The majority of skin cancer survivors were older 

than 65 years of age (55.80%), non-Hispanic white (97.69%), and attended at least some 

college or technical school (71.32%). Approximately 31% percent had a normal BMI, 

less than 2% were underweight, 65% were overweight or obese, and BMI was unknown 

for the remaining 2%. The majority (90.71%) had some sort of health care coverage 

(health insurance, prepaid plans such as HMOs, or government plans such as Medicare, 

or Indian Health Service), good or better self-reported general health (80.56%), and lived 

in a more urbanized area (77.28%). 

Table 1 also compares the demographics of skin cancer survivors to survivors of other 

cancer types and to those reporting no history of cancer. Skin cancer survivors and 
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survivors of other cancer shared similar characteristics; however, skin cancer survivors 

were more likely to be male and non-Hispanic white. When compared to individuals 

without a reported history of cancer, skin cancer survivors had a significantly higher 

percentage of respondents 65 years of age or older. Approximately 98% percent of skin 

cancer survivors were non-Hispanic white compared to 56% of those reporting no history 

of cancer. Additionally, skin cancer survivors were more likely to report a higher 

education and some form of health care coverage. The two groups were similar with 

respects to respondent’s sex, income, self-reported general health, and geographic area 

(Table 1). 

Prevalence of Sun Protection and Lifestyle Health Behaviors  

Because of the wide variation in age between skin cancer survivors and cancer-free 

respondents, the use of sun protection and other lifestyle health behaviors were compared 

separately for respondents less than age 65 and age 65 and above.  Table 2 shows that, 

regardless of age-group, a higher percentage of skin cancer survivors than survivors of 

other types of cancers and those without a history of cancer, reported protecting their skin 

with clothing or sunscreen. Over 77% of skin cancer survivors reported use of sun 

protection at a minimum frequency of during the summer or more often, compared to 

approximately 59% of survivors of other cancer types and 51% of those without a 

reported history of cancer (Table 2). Younger skin cancer survivors (under 65 years of 

age) were more likely to report one or more sunburns than older survivors. Additionally, 

among those under 65 years of age, when comparing skin cancer survivors to individuals 

without a reported history of cancer, skin cancer survivors were more likely to report 

having received no burns over the past 12 months (66.03% vs. 41.64%, respectively). 
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Few, regardless of cancer status, reported ever using an indoor tanning device within the 

12 months prior to the survey (Table 2). 

Differences in other lifestyle behaviors among the groups were also noted and described 

in Table 2. Skin cancer survivors had a greater percentage of former smokers (34.04%) 

than those reporting no history of cancer (23.20%); however, they were less likely to be 

current smokers (11.88% vs. 16.44%, respectively) or never smokers (51.99% vs. 

56.54%, respectively). After stratifying for age, both groups shared similar former 

smoking frequencies. Similarly, no differences in alcohol consumption were observed 

between skin cancer survivors and non- cancer respondents 65 years of age and older. In 

those under 65 years of age, skin cancer survivors were slightly less likely to binge drink 

and be heavy drinkers as compared to those with no reported history of cancer. A greater 

proportion of skin cancer survivors (52.67%) than those with no cancer history (40.90%) 

met the aerobic recommendation for physical activity. Skin cancer survivors remained 

more active than non-skin cancer respondents in both age strata, although the comparison 

was no longer statistically significant. Daily fruit and vegetable consumption was low for 

all groups, with only 14% of skin cancer survivors consuming 5 or more servings a day.  

In addition to the lifestyle behaviors of smoking, physical activity, and diet, skin cancer 

survivors reported higher levels of preventative health measures, such as vaccinations, 

than those with no reported history of cancer (Table 2). A substantially higher percentage 

of skin cancer survivors (49.73%) compared to those reporting no history of cancer 

(26.99%) reported that they received their annual influenza vaccine; however, differences 

were attenuated, after stratifying by age, particularly in the oldest age group. 

Interestingly, among skin cancer survivors, older survivors were more likely to have 
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received their annual influenza vaccine than younger survivors (61.08% vs. 35.40%, 

respectively). Conversely, older skin cancer survivors were less likely to have received a 

tetanus shot since 2005 then younger skin cancer survivors. When comparing skin cancer 

survivors to non-cancer respondents, survivors were slightly more likely to report tetanus 

vaccination. The biggest difference between skin cancer survivors and those without a 

reported history of cancer was in pneumococcal vaccination rates, with almost 30% more 

skin cancer survivors vaccinating. Skin cancer survivors and survivors of other types of 

cancers had similar frequencies in all behaviors, other than sun protection. When 

comparing a combined score of healthy behaviors, skin cancer survivors were similar to 

survivors of other cancer types, but had an overall higher score than non-cancer 

respondents (Table 2).   

Multivariate Associations between Skin Cancer Diagnosis and Sun Protection and 

Lifestyle Health Behaviors  

Table 3 displays the crude and adjusted associations between a reported history of skin 

cancer and recommended health behaviors. After adjustment for demographic factors 

(sex, age, race/ethnicity, educational attainment, BMI, and health insurance), a reported 

history of skin cancer was significantly associated with ever using sun protection (Table 

4). Compared to those without a reported history of cancer, skin cancer survivors were 

3.70 times as likely to report sun protection use during the summer or more often 

(95%Confidence Interval [CI] 2.25-6.08). A history of skin cancer was also associated 

with not participating in binge drinking (Odds Ratio [OR] 2.19 [95%CI 1.10-4.38]), an 

increased likelihood of receiving a seasonal influenza vaccination (OR 1.70 [95%CI 

1.12-2.58]), and a lifetime pneumococcal vaccine (OR 1.67 [95%CI 1.13-2.47]). When 
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healthy behaviors were aggregated, skin cancer survivors were more likely to engage in 3 

or more behaviors than those without a history of cancer (OR 1.92 [95%CI 1.34-2.73]). 

Discussion 

The results of this study provide important information about lifestyle health behaviors 

among Arizona skin cancer survivors who have demographic characteristics that align 

with known skin cancer risk factors (older and non-Hispanic whites) 
1,3

. These survey 

findings indicate that, in general, individuals with a history of skin cancer are more likely 

to practice positive health behaviors than those reporting no history of cancer but are 

similar in behaviors to survivors of non-skin cancers. 

The Health Belief Model suggests that an individual's likelihood for change can be 

predicted by their perception of personal threat of an illness and by their belief in the 

perceived benefits or effectiveness of the recommended preventative action 
165,166

. A 

history of skin cancer may act as a cue to action and to increase perceived susceptibility 

of illness and thus increase likelihood in engaging in positive health behaviors. 

Previously, cancer survivors have been found to be highly motivated to seek information 

about how lifestyle changes can improve their quality of life and survival 
135

. Our results 

are consistent with the Health Belief Model. Lifestyle behaviors of the skin cancer 

survivors were, in general, improved compared to those reporting no history of cancer. Of 

note, they also were comparable to other cancer survivors in all these behaviors except 

for the use of sun protection. With sun exposure being a known risk factor specifically for 

skin cancer 
1
, skin cancer patients may perceive sun exposure as a greater threat than 

those with other cancer types; whereas, other behaviors may be viewed similarly. 
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It is particularly important for skin cancer survivors to engage in regular sun protection 

methods to reduce the risk of recurrent or secondary cancers. Most prior research on skin 

cancer survivors has focused primarily on melanoma patients and skin cancer specific 

prevention methods, such as sun protection and self-examinations 
138,166,168,188-190

. Focus 

groups of melanoma patients reported that they were more conscious about sun exposure 

after the diagnosis 
191

. Similarly, another study noted that after their melanoma diagnosis 

patients reported a significant positive change in sun protection behaviors 
190

. Although 

survivors may have an increase in sun protection behaviors, the level of these behaviors 

still may be below recommended levels. A recent review of skin cancer prevention 

practices among melanoma survivors reported that 7-38% of melanoma patients never 

apply sunscreen when outside on sunny days 
168

. Additionally, another study on cancer 

survivor behaviors found that melanoma survivors reported “always engaging” in sun 

protection behaviors at rates lower than breast cancer and colon cancer survivors 
181

. 

Although less is known about patients with NMSC, one study on sun protection among 

121 NMSC patients found after Mohs surgery patients reported an increase in sunscreen 

use; although over 30% of these individuals still did not report sunscreen use 
169

. The 

current study found that skin cancer survivors (which included both melanoma and 

NMSC survivors) employed sun protection practices at higher percentages than those 

reporting no history of cancer, and survivors of other non-skin cancers. While it is 

promising that skin cancer survivors in Arizona are utilizing sun protection methods more 

frequently than other population groups, these study finding still suggest that many skin 

cancer survivors are not meeting clinical recommendations. Only 56-61% of skin cancer 

survivors reported  using sunscreen or protective clothing “often” to “always”  and 23-
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29% were only using sun protection methods during the summer or not at all. More 

patient education, as well as interventions aimed at increasing sun protection use, need to 

be targeted toward these patients and survivors. A recent study of melanoma, 

demonstrated that these patients may be very open to such education with 53% of skin 

cancer survivors requesting additional education on melanoma specific issues 
188

.  

To fill the gap in knowledge about current practices of skin cancer survivors, this study 

analyzed how general cancer prevention lifestyle behaviors practiced by skin cancer 

survivors compared to behaviors among those individuals without a reported history of 

cancer. The American Cancer Society recommends that cancer survivors avoid tobacco 

products, stay physically active, and eat a healthy diet high in fruits and vegetables 
135

. 

The ACS recommendations are aimed at preventing recurrence, secondary primary 

cancers, and other chronic diseases 
137

. Since smoking can be detrimental to health in 

general and can result in negative cancer outcomes, 
176

 we determined the number of 

survivors who labeled themselves as current, former, or never smokers. It was noted that 

those with a history of skin cancer were less likely to be current smokers or never 

smokers and more likely to be former smokers, suggesting that skin cancer survivors are 

quitting smoking. However, approximately 12% of the survival population continued to 

smoke after their cancer diagnosis.  

Physical activity has been found to not only to be beneficial to cancer survivors health 

outcomes but also their reported quality of life 
176

. Skin cancer survivors in our study 

were more likely than those reporting no history of cancer to meet the physical activity 

recommendations. However, still only about 53% of survivors were meeting the 

recommendations. Even more surprising, only 14% of skin cancer survivors reported 



132 
 

 
 

consuming on average 5 or more servings of fruits or vegetables a day. This low 

prevalence is a similar to fruit and vegetable consumption levels reported in the general 

population measured in other states using BRFSS surveys, with 7.5% in Tennessee to 

17.7% in California meeting the fruit recommendation and 5.5% in Mississippi to 13% in 

California meeting the vegetable recommendation 
192

. 

In addition to improvements per healthy physical activity and diet, past research has 

advocated that because of their increased susceptibility to infection, cancer survivors 

could benefit from increased vaccine coverage 
170

. We found that when compared to a 

population reporting no history of skin cancer, survivors had higher rates of vaccination; 

yet, still these rates were lower than the desired levels. A previous study of influenza 

vaccinations among cancer survivors (excluding NMSC) found that the prevalence of 

vaccination was 65% for white survivors 
170

. Our study found lower rates in our skin 

cancer survivors, with only around half of our participants having their annual influenza 

vaccination. For survivors under the age of 65 years this percentage dropped to only 35%. 

This low overall prevalence is a significant concern and suggests that despite the possible 

increased risk of influenza complications, many skin cancer survivors are not meeting the 

influenza annual vaccine recommendation.  This is an area that should be targeted by 

future interventions.    

A strength of this study is in the large population based sample recruited and interviewed 

using well-established quality controlled methods. The BRFSS data source provides an 

opportunity to report representative estimates of lifestyle behaviors of skin cancer 

survivors. This opportunity allowed for the comparison between individuals with and 

without a history of skin cancer in lifestyle behaviors and practices. However, the BRFSS 



133 
 

 
 

is a cross-sectional study so it is not possible to ascertain whether the skin cancer 

diagnosis changed the behaviors measured or if these variations in behaviors were 

different prior to diagnosis. All questions from the BRFSS are self-reported, and 

therefore, open to recall bias. Additionally, we lacked information on actual sun 

exposure, skin sensitivity to the sun, and information on skin cancer diagnosis, and 

treatment history, which are all factors with the potential to influence health behaviors. It 

should also be noted that the BRFSS uses a short instrument to measure fruit and 

vegetable intake, and use of such instruments can lead to an underestimate of actual 

intake 
193

. Survivor bias also may be present since this statewide, cross-sectional survey 

only interviewed individuals who had survived long enough to become participants in the 

Arizona BRFSS. It is possible that this bias could lead to an overestimate of healthy 

behaviors, which given the less than optimal level of adoption would further enhance the 

need for new strategies for behavior change. 

Conclusion 

Our findings have several important implications for tertiary prevention and educational 

programs for skin cancer survivors. Although survivors are on the right track, more 

improvements are needed. Preventative strategies both at the public health and clinical 

level should be implemented to promoting sun protection methods and other 

recommended health modifiable lifestyle behaviors in the skin cancer survivor population 

in order to improve health outcomes. Future studies are needed to identify perceived 

barriers among skin cancer survivors for behavioral change. 
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Table 1: Demographic and health care characteristics of sample, by cancer history (2013 Arizona BRFSS) 

 

Skin Cancer 

Survivors        

n=448 

Other Cancer 

Survivors           

n=292 

No History of 

Cancer          

n=3,354 

 

Characteristic n (%) n (%) 

 

n (%) 

 

 

Sex 

        

 

Male 209 (54.17) 104 (30.03) ** 1373 (49.68) 

 

 

Female 239 (45.83) 188 (69.97) 

 

1981 (50.32) 

 

 

Age (years) 

        

 

18-44 17 (8.17) 18 (15.05) 

 

1036 (53.04) **  

45-64 134 (36.03) 103 (36.85) 

 

1310 (32.06) 

 

 

65+ 297 (55.80) 171 (48.10) 

 

1008 (14.90) 

 

 

Race/Ethnicity 

        

 

Non-Hispanic white 430 (97.69) 236 (81.10) ** 2296 (55.79) **  

Hispanic 5 (0.91) 28 (12.21) 

 

567 (29.34) 

 

 

Other 9 (1.04) 23 (4.71) 

 

420 (13.36) 

 

 

Missing 4 (0.36) 5 (1.99) 

 

71 (1.50) 

 

 

Education 

        

 

High school grad or less 131 (28.51) 103 (34.92) 

 

1224 (42.36) **  

Attd college/technical school 126 (38.02) 82 (35.65) 

 

1048 (35.02) 

 

 

College/technical graduate 189 (33.30) 107 (29.43) 

 

1064 (22.21) 

 

 

Missing 2 (0.17) 0 (0.00) 

 

18 (0.40) 

 

 

Income (USD $) 

        

 

<25,000 103 (23.48) 93 (28.57) 

 

996 (27.71) 

 

 

25-49,000 121 (23.45) 70 (21.58) 

 

823 (23.65) 

 

 

50,000+ 160 (44.87) 84 (27.92) 

 

1062 (33.82) 

 

 

Missing 64 (8.20) 45 (21.93) 

 

473 (14.81) 

 

 

BMI 

        

 

Underweight 6 (1.60) 9 (2.74) 

 

78 (2.25) *  

Normal 164 (31.43) 93 (28.89) 

 

1111 (33.98) 

 

 

Overweight 170 (44.60) 104 (40.55) 

 

1107 (31.57) 

 

 

Obese 94 (20.52) 76 (25.83) 

 

867 (25.65) 

 

 

Missing 14 (1.84) 10 (1.98) 

 

191 (6.55) 

 

 

Health Insurance 

       

*  

Yes 426 (90.71) 269 (92.90) 

 

2840 (77.53) 

 

 

No 21 (9.23) 23 (7.10) 

 

499 (22.02) 

 

 

Missing 1 (0.06) 0 (0.00) 

 

15 (0.45) 

 

 

General health 

        

 

Good or better 344 (80.56) 194 (73.68) 

 

2723 (83.91) 

 

 

Fair or poor 103 (19.38) 96 (26.13) 

 

624 (15.86) 

 

 

Missing 1 (0.07) 2 (0.19) 

 

7 (0.23) 

 

 

Rural-urban 

        

 

Metropolitan/micropolitan 279 (77.28) 178 (76.61) 

 

2141 (76.17) 

 

 

Small town/rural 80 (7.96) 43 (7.32) 

 

513 (6.39) 

 

 

Missing 89 (14.76) 71 (16.07) 

 

700 (17.45) 

 

 

Note: All percentages are weighted. 

      

 
*
Rao-Scott Chi-Square Test, statistically different from skin cancer survivors at P≤ 0.05; **P ≤ 0.001. 

Missing/unknown data removed during Chi-Squared Test 
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Total  (%)
18-64 

years (%)

≥65 years 

(%)
Total  (%)

18-64 

years (%)

≥65 years 

(%)
Total  (%)

18-64 

years (%)

≥65 years 

(%)

n. 448 151 297 292 121 171 3354 2346 1008

Always 29.59 32.13 27.57 12.23 ** 10.91 * 13.66 * 12.79 ** 12.49 ** 14.53 **

Often 28.54 28.73 28.39 23.06 26.66 19.16 17.33 17.29 17.56

Only summer 19.27 17.81 20.44 24.16 29.89 17.97 20.88 20.58 22.6

Never 7.01 5.03 8.58 15.09 11.09 19.39 17.34 16.42 22.55

Missing 15.59 16.3 15.02 25.47 21.44 29.82 31.66 33.22 22.76

0 burns 61.28 66.03 76.53 53.36 48.2 58.93 45.99 41.64 * 70.82

1 burn 13.81 14.88 4.57 8.74 8.06 9.48 11.44 12.57 4.99

2-3 burns 8.23 8.87 3.98 11.49 20.45 1.83 6.68 7.4 2.62

4+ burns 1.95 2.1 2.01 0.96 1.86 0 4.7 5.41 0.65

Missing 14.73 8.11 12.91 25.44 21.44 29.76 31.19 32.99 20.92

Indoor tanning use, past 12m.

Yes 0.25 0.57 0 0.18 0.35 0 0.99 1.15 0.07

No 84.79 81.68 87.25 74.38 78.21 70.24 67.88 65.9 79.18

Missing 14.96 17.75 12.75 25.44 21.44 29.76 31.13 32.95 20.75

Smoking status

Current 11.88 19.94 5.5 11.94 19.32 3.97 16.44 * 17.66 9.44

Former 34.04 21.99 43.59 44.19 33.93 55.26 23.2 19.76 42.85

Never 51.99 57.94 47.28 42.77 45.36 39.97 56.54 58.87 43.22

Missing 2.08 0.13 3.63 1.11 1.39 0.8 3.83 3.71 4.49

Binge drinking

Yes 6.24 7.15 5.52 9.22 12.91 5.25 13.46 * 14.85 * 5.52

No 90.62 91.69 89.76 88.5 84.05 93.3 80.56 79.08 88.95

Missing 3.14 1.16 4.71 2.28 3.04 1.45 5.98 6.06 5.52

Heavy drinker

Yes 4 1.6 5.91 3.78 3.26 4.34 6.16 6.53 * 4.06

No 92.42 97.25 88.59 93.06 92.55 93.6 87.68 87.45 88.96

Missing 3.58 1.16 5.5 3.16 4.18 2.06 6.16 6.02 6.98

Yes 52.67 53.47 52.04 46.65 40.26 53.54 40.9 * 39.87 46.73

No 33.49 38.03 29.9 34.78 42.21 26.77 41.92 42.29 39.82

Missing 13.84 8.5 18.07 18.57 17.54 19.69 17.18 17.83 13.45

≥5 servings/day 14.09 15.62 12.88 18.64 25.51 11.23 15.99 15.74 17.42

< 5 servings/day 85.91 84.38 87.12 81.36 74.49 88.77 83.91 84.14 82.56

Missing - - - - - - 0.11 0.12 0.02

Flu vaccine, past 12m

Yes 49.73 35.4 61.08 47.96 39.48 57.12 26.99 ** 22.5 52.63

No 44.16 61.91 30.09 42.75 53.14 31.54 61.09 64.98 38.91

Missing 6.11 2.69 8.83 9.28 7.38 11.34 11.92 12.52 8.46

Yes 54.55 63.8 47.22 49.91 58.3 40.85 41.19 * 41.19 * 41.2

No 33.67 29.56 36.93 32.81 25.73 40.46 37.59 37.2 39.81

Missing 11.78 6.64 15.85 17.28 15.97 18.69 21.22 21.61 19

Yes 51.93 23.07 74.79 50.08 37.5 63.65 22.87 ** 16.78 57.69 **

No 36.47 64.57 14.21 34.65 48.74 19.45 49.76 53.35 29.22

Missing 11.6 12.36 11 15.27 13.75 16.91 27.37 29.87 13.09

Seat belt use

Always/ almost always 90.37 91.11 89.78 84.81 83.47 86.25 81.83 80.7 88.26 *

Sometimes/ seldom/never 3.52 6.2 1.4 5.91 9.15 2.41 6.6 7.14 3.53

Missing 6.11 2.69 8.83 9.28 7.38 11.34 11.57 12.16 8.21

Health behavior score
b

≥ 3 healthy behaviors 73.41 75.48 71.78 60.31 * 63.62 56.73 50.67 ** 48.8 ** 61.36 *

< 3 healthy behaviors 26.59 24.52 28.22 39.69 36.38 43.26 49.33 51.2 38.64

a 
Physical activity recommendation   ≥ 150 minutes/week physical activity

b
High health behavior score= respondent reported a minimum of 3 of the following health behaviors: use of sun protection; meeting the physical activity recommendations; 

consuming at least 5 fruit/vegetable per day; being vaccinated for influenza, tetanus, or pneumococcal; not smoking; and not binge or heavy drinking

Met physical activity recommendation
b

Number sunburns, past 12m.

Fruits/vegetables servings

Tetanus shot, since 2005

Pneumococcal vaccine, ever

Note: All percentages are weighted

*
Rao-Scott Chi-Square Test, statistically different from skin cancer survivors at P≤ 0.05; **P ≤ 0.001. Missing/unknown data removed during Chi-Squared Test

Table 2: Frequency of sun and lifestyle behaviors by cancer status, age-stratified (2013 Arizona BRFSS)

Skin Cancer Survivors Other Cancer Survivors No History of Cancer

Frequency of sun protection use
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Behaviors

Protects skin with clothing or sunscreen 3.75 (2.40 , 5.88) 3.7 (2.25 , 6.08)

Non/former smoker 1.49 (0.85 , 2.61) 1.09 (0.58 , 2.05)

Not a binge drinker 2.43 (1.30 , 4.51) 2.19 (1.10 , 4.36)

Not a heavy drinker 1.62 (0.79 , 3.35) 1.72 (0.84 , 3.52)

Met physical activity recommendation
b 1.61 (1.10 , 2.37) 1.3 (0.88 , 1.93)

Met fruit/vegetable ‘5-A-Day’ recommendation 0.86 (0.57 , 1.31) 0.8 (0.51 , 1.26)

Received a flu vaccine, past 12m 2.55 (1.78 , 3.65) 1.7 (1.12 , 2.58)

Received a tetanus shot, since 2005 1.48 (1.02 , 2.14) 1.57 (1.05 , 2.33)

Received pneumococcal vaccine, ever 3.1 (2.11 , 4.54) 1.67 (1.13 , 2.47)

Seat belt use, always or almost always 2.07 (0.89 , 4.81) 1.2 (0.47 , 3.07)

High health behavior score
c 2.48 (1.80 , 3.42) 1.92 (1.34 , 2.73)

b 
Physical activity recommendation   ≥ 150 minutes/week physical activity

c
High health behavior score= respondent reported a minimum of 3 of the following health behaviors: use of

 sun protection; meeting the physical activity recommendations; consuming at least 5 fruit/vegetable per day;

 being vaccinated for influenza, tetanus, or pneumococcal; not smoking; and not binge or heavy drinking

Table 3: Crude and adjusted odds ratios and 95% confidence intervals for the association between skin 

cancer survivorship and recommended health behaviors (2013 Arizona BRFSS)

Skin Cancer Survivor

Unadjusted OR     (95% 

CI)

Adjusted OR         (95% 

CI)
a

Note: Reference=No history of cancer; OR=Odds Ratio; CI=Confidence Interval

a
Adjusted for sex, age (’18-44 years’, 45-64 years’, ‘65+years), race/ethnicity (Non-Hispanic white, Hispanic, Other), education 

(‘high school grad or less’, ‘attended college/technical school’, ‘college/technical school graduate’), BMI (‘underweight’, 

‘normal’, ‘overweight’, ‘obese’), and health insurance (‘yes, covered’, ‘no coverage’)
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Appendix D: Melanoma Staging 

Table 11: Melanoma Staging 
  

Staging Classification 
Clarks 
Level  Description 

SEER Summary Stage194     

Early Stages     

 0- In-situ I 
Noninvasive; basement membrane of the epidermis is 
intact 

1- Localized II-IV 
Papillary dermis invaded, Papillary-reticular dermis 
interface invaded, or reticular dermis invaded 

Late Stages      

2- Regional, direct extension 
only 

V Subcutaneous tissue invaded 

3- Regional, regional lymph 
nodes only 

  Regional lymph nodes involved, in-transit metastasis 

4- Regional, direct extension & 
regional lymph nodes 

  Regional lymph nodes involved and direct extension  

5- Regional, NOS   Regional, Not otherwise stated 

7- Distant   
Further contiguous extension; metastasis to skin or 
subcutaneous tissue beyond regional lymph nodes; 
visceral metastasis 

Breslow's thickness195      

≤ 0.75mm II 
Depth of tumor, measured vertically in millimeters from 

top of granular layer to deepest point of tumor 
involvement 

0.76-1.5mm 111 

1.51-4mm IV 

≥4mm V 

 Source: SEER Summary Staging Manual- 2000
194
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Appendix E:  Human Subjects Exempt Status Approval for Paper I & III 
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Appendix F: Human Subjects Approvals from the UofA for Paper II 
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Appendix G: Human Subjects Approval from the Arizona Department of Health 

Services for Paper II 
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Appendix H: Differences among included and excluded patients in paper II 

 

 

 

Table 12: Differences among included and 

excluded patients in Paper II, ACR 1995-2009 

Characteristic 

Study 

Population        

( %)      

n=18,460  

Excluded 

Population 

(%) 

n=2,192  

Gender 
 

  

Male 59.39 58.27 

Female 40.61 39.29 

Unknown 0 2.44 

Age 
 

  

<40 11.52 11.53 

40-59 30.15 29.71 

60+ 58.23 58.69 

Unknown 0.11 0.06 

Race/Ethnicity 
 

  

White 93.35 93.9 

Non-White 0.63 0.43 

Unknown 6.02 5.67 

Ethnicity 
 

  

Hispanic 2.06 2.56 

Non-Hispanic 87.87 87.68 

Unknown 10.07 9.76 
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Appendix I: Association between one or more reported sunburns and sun 

protection, 2013 AZ BRFSS 

 

 

Table 13 : Association between one or 

more reported sunburns and sun 

protection, 2013 AZ BRFSS 

Protection
a
 Adj OR

b
 

95% 

CI 

Every time reference   

Often/ 

Summer 1.51 

0.95-

2.41 
a 
Excluded those who reported they 

"never" protected their skin with 

clothing or sunscreen 
b
Adjusted OR takes into account age, 

sex, race, income, rural/urban location, 

indoor tanning use, and physical 

activity 
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Appendix J: Number of reported sunburns by interview month, 2013 AZ BRFSS

 

Appendix K: Reported frequency of sun protection use by interview month, 2013 

AZ BRFSS 
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Figure 7: Number of reported sunburns by interview month, 2013 AZ 

BRFSS  
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Appendix L: Indoor tanning use by demographic and sub behaviors, 2013 Arizona 

BRFSS 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 14 : Indoor tanning use by demographics and sun behaviors, 2013 AZ BRFSS 

n

n, 

Weighted % n

n, 

Weighted % n

n, 

Weighted %

n 3349 3477204 31 44751 14 22792

Gender

   Male 1353 1652903 47.54 10 15815 35.37 5 9962 43.71

   Female 1996 1824301 52.46 21 28900 64.63 9 12830 56.29

Age

  18-44 718 1443158 41.50 7 9781 66.19 9 15093 50.41

  45+ 2631 2034047 58.50 4 4996 33.81 11 14845 49.58

Race/Ethnicity 

  Non-Hispanic white 2516 2183831 63.61 6 4888 33.08 18 26442 88.32

  Other 771 1249215 36.39 5 9889 66.92 2 3497 11.68

Education level

   Less than H.S. degree 294 535917 15.49 3 6160 13.78 0 0 0.00

   H.S. degree to some college 1896 2095703 60.57 15 21593 48.29 10 17188 75.41

   4+ years in college 1143 828317 23.94 13 16962 37.93 4 5604 24.59

Burns, past 12m

   0-1 2880 2918163 84.60 20 24371 54.50 8 11420 50.11

   2-3 290 328580 9.53 7 9832 21.99 5 8973 39.37

   4+ 152 202439 5.87 4 10512 23.51 1 2399 10.53

How often protect skin 

   Everytime I go outdoors 750 688951 20.15 5 5232 11.70 2 1609 7.06

   Often or only during summer 1831 1922737 56.24 19 28252 63.18 6 11058 48.52

   Never 719 807016 23.61 7 11231 25.12 6 10124 44.42

Number times in past 12 months  used indoor tanning devices:

None 1-10 times 11+ times
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Appendix M: Late-stage melanoma by rural vs. urban patient residence, Arizona, 

1995-2009 

 

 

 

Appendix N: Median annual income by zip code for rural vs. urban areas 
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Figure 9: Late-stage melanoma by rural vs. urban patient 

residence, Arizona, 1995-2009 
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Figure 10: Median annual income by zip code for rural vs. urban 

areas 

$50,000+

$35,000-49,999

$25,000-34,999

<$25,000



150 
 

 
 

Appendix O: Frequency of sun and lifestyle behaviors, age-stratified, among respondents 

who reported skin cancer in addition to another form of cancer (2013 Arizona BRFSS) 

 

Skin Cancer Dx 

Only

Skin Cancer & 

Other Cancer Dx

% %

n. 448 131

Every time I go outdoors 29.59 15.33

Often 28.54 27.55

Only during summer 19.27 19.23

Never 7.01 15.24

Missing 15.59 22.65

Number sunburns, past 12m.

0 burns 61.28 63.39

1 burn 13.81 7.02

2-3 burns 8.23 6.81

4+ burns 1.95 1.52

Missing 14.73 21.25

Indoor tanning use, past 12m.

Yes 0.25 0

No 84.79 77.81

Missing 14.96 22.19

Smoking status

Current 11.88 4.14

Former 34.04 41.91

Never 51.99 50.03

Missing 2.08 3.92

Binge drinking

Yes 6.24 6.09

No 90.62 90.29

Missing 3.14 3.61

Heavy drinker

Yes 4 5.18

No 92.42 91.15

Missing 3.58 3.67

Yes 52.67 64.79

No 33.49 22.37

Missing 13.84 12.84

Flu vaccine, past 12m

Yes 49.73 48.61

No 44.16 43.79

Missing 6.11 7.6

Tetanus shot, since 2005

Yes 54.55 44.17

No 33.67 40.03

Missing 11.78 15.5

Pneumococcal vaccine, ever

Yes 51.93 73.18 **

No 36.47 16.89

Missing 11.6 9.93

Seat belt use

Always or almost always 90.37 93.56

Sometimes, seldom, or never 3.52 0.84

Missing 6.11 5.6

Note: All percentages are weighted

a 
Physical activity recommendation   ≥ 150 minutes/week physical activity

*
Rao-Scott Chi-Square Test, statistically different from skin cancer 

survivors at P≤ 0.05; **P ≤ 0.001. Missing/unknown data removed during 

Chi-Squared Test

Table 15: Frequency of sun and lifestyle behaviors, age-stratified, among 

respondents who reported skin cancer in addition to another form of cancer 

(2013 Arizona BRFSS)

Frequency of sun protection use

Met physical activity recommendation
b
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Appendix P: Health Belief Model 

 

Figure 11: Health Belief Model (based on information from McKenzie, Neiger, Thackeray, 2009
167

) 
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