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Abstract

A culturally sensitive educational intervention that encouraged sun protection behaviors among 

kidney transplant recipients was developed and the short-term efficacy was evaluated. Non-

Hispanic White, Hispanic/Latino, and non-Hispanic Black patients, who received a transplant 2–

24 months prior to the study, were randomized into two study groups: intervention versus standard 

of care. Electronic reminders tailored to the weather conditions were sent every two weeks by text 

message or email. Self-reported surveys and biologic measurements were obtained prior to the 

intervention and six weeks later. Among the 101 study participants, there was a statistically 

significant increase in knowledge, recognition of personal risk of developing skin cancer, 

willingness to change sun protection behavior, and self-reported performance of sun protection in 

participants receiving the intervention in comparison with those receiving standard of care (p 

<0.05). The pigment darkening of the sun–exposed forearm and sun damage of the forearm and 
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sunburns/ skin irritation from the sun were significantly less in participants receiving the 

intervention (p <0.05). Providing sun protection education at the beginning of summer with 

reminders tailored to weather conditions helped KTRs adopt sun protection practices. This sun 

protection program for KTRs may be incorporated into the care provided by the nephrologist or 

transplant surgeon.

Introduction

With advances in immunosuppression, long-term survival among kidney transplant 

recipients (KTRs) has improved, leading to approximately 180,000 extant recipients in the 

United States (US). (1) However, immunosuppressive therapy is associated with developing 

skin cancer, especially squamous cell carcinoma (SCC). (2) Squamous cell carcinoma 

afflicts approximately 19%–21% of KTRs by 8 years post-transplant, (3, 4) 10–45% by 10 

years post-transplant (3–6), and 53%–61% between 15 to 20 years. (3, 4) While the greatest 

risk of developing SCC is among KTRs with fair skin with 19% developing SCC in 4–9 

years post -transplant, SCC also occurs in patients with darker skin tones with 5% 

developing SCC at 4 to 9 years. (7, 8) Education concerning the importance of protection 

from ultraviolet radiation (UVR) for all KTRs is necessary for the effective use of sun 

protection to prevent skin cancer. Use of sun protective clothing, sunscreen, and seeking 

shade when outdoors are effective ways to reduce exposure to UVR. (9)

Barriers to regular use of sun protection occur at both provider and patient levels. Sixty 

percent of transplant centers provide a verbal sun protection warning, and 20% provide 

written information. (10) Clinicians rarely provide education about skin cancer risk after 

transplantation, nor do they educate effectively enough to promote sun protective behaviors. 

(10, 11) Typically, sun protection education is delivered during the acute post-operative 

period (12), when KTRs are focused on recovery and preventing kidney rejection. Hence, 

most KTRs do not recall having learned that they are at increased risk to develop skin 

cancer. (12) As a result, sun protective educational messages are not delivered when KTRs 

are most ready to receive them. Education about sun protection must be delivered to KTRs 

prior to the first summer after transplantation in climates with seasonal changes in UVR. 

(13)

People with skin of color comprise 38% of KTRs. (1) People with skin of color have a range 

of skin tones and come from diverse racial and ethnic backgrounds, including African 

Americans, Asians, Hispanics or Latinos, Native Americans, and Pacific Islanders as well as 

those of mixed racial and ethnic heritage. A key barrier to regular use of sun protection by 

KTRs is that people with skin of color have limited personal experience with sunburns (13, 

14), and with using sun protection. (15) People of all races/ethnicities with darker 

complexions may perceive themselves as either at low or no risk for skin cancer because of 

the belief that dark complexions are protective and they rarely experience sunburn, which is 

recognized as placing the person at risk to develop skin cancer (16).

This study aimed to develop and evaluate the short-term efficacy of a culturally sensitive 

educational intervention that encourages sun protection behaviors among KTRs to prevent 

skin cancer. In contrast to delivery of sun protection education by a dermatologist, we 
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developed an educational intervention intended to be delivered in nephrologists’ or 

transplant surgeons’ offices and a series of automated electronic reminders sent via text 

messages or email. It was expected that KTRs would be more receptive to the sun protection 

information when it is incorporated into a routine visit with a nephrologist or a transplant 

surgeon than can be achieved by requiring KTRs to make an additional visit to a 

dermatologist. We hypothesized that KTRs receiving the intervention would engage in more 

sun protective behaviors, experience fewer sunburns, and have less forearm pigment 

darkening than participants receiving standard of care.

Materials and Methods

Educational Sun Protection Workbook

The theoretical framework guiding development of the educational workbook was the 

Theory of Reasoned Action and Planned Behavior. (17) The eleven page sun protection 

workbook consisted of ten sections devoted to increasing KTRs’ understanding of their 

probability of developing skin cancer and the relevance of sun protection to avoid skin 

cancer, a description of skin cancer with pictures of skin cancers in skin of various tones, 

and presentation of effective sun protection strategies. (18) The sections were titled: Why 

protect against the sun?, What is skin cancer?, How quickly can skin cancer develop after a 

kidney transplant?, Why do kidney transplant recipients have a greater chance of getting 

skin cancer?, People get more sun than they realize, How to protect your skin, Frequently 

asked questions about sunscreens, Should I use a sunscreen spray, stick, gel or cream?, How 

much sunscreen do I need to use?, What type of clothing should I wear?, and Remember to 

protect your skin every day.

Cultural Sensitivity of the Workbook

The workbook was designed to be culturally sensitive to Non-Hispanic White (NHW), Non-

Hispanic Black (NHB), or Hispanic/Latino (H/L) KTRs. Originally, three versions of the 

workbook, tailored to each racial/ethnic group, were developed with respect for KTRs’ 

culturally-shaped perceptions of preferred skin tone, approaches to describing skin color 

changes, and outdoor activities commonly enjoyed, which were derived from cognitive 

interviews. Cognitive interviews to evaluate the workbook were conducted with 24 KTRs 

comprised of self-identified NHW, NHB, and H/L KTRs. Iterative refinements to the 

workbook were made until the final set of 3 interviewees accepted the material as respectful 

of cultural diversity among the users of the workbook. Almost all (23/24) of the KTR 

respondents reported preferring one workbook that addressed all racial/ethnic group 

concerns together, rather than three separate workbooks.

When the workbook was identified with only one racial/ethnicity group, NHB or H/L KTRs 

perceived that only “people like me can get skin cancer from the sun”, which immediately 

cast doubt on the veracity of the workbook content because NHB and H/L KTRs did not 

know any NHB or H/L people having a skin cancer. By making the workbook inclusive in 

scope, the concept that all KTRs needed to use sun protection regardless of racial/ethnicity 

identity or skin tone became meaningful to the readers.
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The workbook presented photographs of skin cancers occurring in all skin types, and 

addressed NHW, NHB, and H/L values and beliefs about preferences for and the ability to 

get darker skin color and skin cancer from exposure to the sun. Additionally, the workbook 

used culturally appropriate language e.g., the term “skin irritation” from the sun was used in 

place of “sunburn” to describe the response of people with skin of color (e.g., those who 

self-identified as NHB, H/L) to the sun. Sunburn and skin irritation from sun exposure were 

depicted as occurring in skin of color as well as in the skin of NHW people after “getting 

some sun.” Language such as “tan” as a response to sun exposure was explicitly avoided 

because in our prior research, NHBs and H/Ls reported that they do not think they get a tan 

rather they stated that they “get dark”. (19) Since many NHB KTRs do not know how to 

swim, examples of outdoor activities commonly enjoyed by NHW, such as swimming, were 

not used in the workbook. Family outdoor activities were emphasized because H/L KTRs 

noted the importance of time spent with the extended family, e.g., a picnic in the park.

Recruitment of Kidney Transplant Recipients

A list of KTRS was created from a database of all patients receiving ambulatory care at 

Northwestern Medicine within the last 2–24 months. Research coordinators requested 

permission from the current treating physician to contact his or her patients about 

participation in the randomized controlled trial of the effectiveness of sun protection 

workbook and electronic reminders. Upon receiving permission from current treating 

physicians, letters were sent from the treating nephrologist to patients explaining the 

research study and inquiring about their interest in participation. After a two-week period, 

research coordinators called patients to inquire about their interest in the study; thus, all 

eligible patients were recruited. When a racial/ethnic category was filled, then recruitment of 

KTRs from that category ceased; therefore, not all of the eligible NHW KTRs were 

recruited. Patients were eligible for study inclusion if they: 1) had a history of kidney 

transplantation within the last 2–24 months, 2) spoke and read English, 3) could see to read, 

4) were between 18–85 years old, and 5) lived in the greater Chicago area. Patients were 

excluded from the study if they had a prior history of skin cancer, as noted in the medical 

record or self-reported, or a history of dermatologic disease treated with ultraviolet light, 

e.g., psoriasis, atopic dermatitis, or under the care of a dermatologist within the last 5 years.

Accrual and randomization were purposefully stratified to assure representation of all three 

racial/ethnic groups. The accrual goal was 156 subjects (46 NHW, 56 H/L, and 54 NHB) 

with oversampling of minorities. The power analysis was based on the use of sun protection, 

our primary outcome. Our prelimiary data showed that 67% of KTRs used sun protection 

after counseling. The sample size required to sensitively detect a 20% difference in using 

sun protection between the control and the intervention groups (67% vs. 87%) was 156, 

assuming an alpha < 0.05 and power >= 0.8 in a two-tailed test.

Educational Workbook Intervention

From May 2013 to July 2013, participants were randomized into the following two study 

groups: educational intervention versus standard of care sun protection recommendations. 

Randomization was performed using stratified random blocks using R Core Team (20), to 

assure equal allocation to groups over the accrual period, in total, as well as within ethnic/
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racial groups. Sequentially blinded sealed envelopes were provided by the statistician to the 

study coordinator, to be opened by the participant after the baseline visit. During the first 

one hour study visit that usually occurred concurrently with a regularly scheduled visit with 

the nephrologist, all participants provided written informed consent and completed a self-

reported survey that collected demographic information and items about the importance of 

skin cancer, sun protection and sun protection behaviors. During the second 30 minute study 

visit, the same self-reported survey was administered.

Participants randomized into the intervention group received the sun protection workbook to 

read at the time of the visit and take home. Over a period of five weeks, three seasonal sun 

protection reminders were sent by a telephone text message, or email depending on the 

participant’s preference. The reminders were scheduled to arrive on the Saturday of a 

summer long holiday weekend, e.g., Fourth of July, in the middle of a week, and on a Friday 

afternoon preceding a sunny weekend. Participants randomized into the standard of care 

group did not receive any messages during the study and received the sun protection 

workbook only after completing the measures at the second visit, at the end of the study.

The pigmentation of all participants, the melanin index, was assessed with non-invasive 

measures at each visit in the following locations: 1) right forearm in sun exposed skin, 2) 

right upper inner arm in sun protected skin, and 3) left cheek below the cheekbone. These 

skin pigmentation measurements were taken using a Mobile Datacollector® DC 3000 

spectrophotometer including a Mexameter MX18 probe (Corage + Khazaka Electronic 

GmbH, Koln, Germany).

A clinical dermatologist (JKR) trained the research coordinators, who were blinded to the 

group of the participant, to assess the amount of sun damage on each participant’s left 

forearm (21). The research coordinators and the clinical dermatologist assessed the forearms 

of 25 individuals used for training purposes and achieved 90% agreement. Sun damage 

assessment was performed prior to randomization of the individual. At 6 weeks, the research 

coordinator who assessed sun damage was not the one who distributed the workbook at 

baseline.

The second visit was scheduled approximately 6 weeks after the first visit and was 

completed prior to September 3, 2013. A reminder call, email or letter was sent to all 

participants one week before their second appointment. Participants received a $20 check 

after the first visit and a $40 check after the second visit in appreciation of their time along 

with a 6-hour parking voucher for each visit. The Institutional Review Board of 

Northwestern University approved the research and all participants provided written 

informed consent.

Measures

Reliability of measures—Survey items were adapted from those published by Glanz et 

al (22) and used by Robinson in prior research (23). The modified survey items were 

changed from “In the past 12 months, how many times did you have a red or painful 

sunburn that lasted a day or more?” to “In the past month, how many times did you have 

…”. (22) An additional item included in the survey intended to elicit a response from people 
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with skin of color who do not experience sunburn, was “In the past month, how many times 

did you have skin irritation from the sun, including anytime that even a small part of your 

skin was irritated for a day or more?” (23) (Supplementary Table. Survey)

The modified survey items were tested and validated by 60 NHW KTRs, 36 of whom were 

men and 24 were women with a mean age of 47. Participants were accrued from the 

Department of Dermatology registry. The self-reported measures were validated in a series 

of telephone interviews at 2 week intervals. With the test and re-test, items that failed to 

attain the same response 80% of the time were removed. The validated measures were then 

qualitatively assessed for face validity during cognitive interviews with 24 KTRs consisting 

of 8 KTRs from each racial/ethnic category. Then the self-reported measures were validated 

in a series of telephone interviews with 60 people with skin of color, who were not KTRs, 

using test- re-test methodology. All items attained the same response with at least 80% of 

the participants.

Survey—The survey consisted of 79 items with responses at baseline and six weeks. The 

following demographic items were assessed at baseline with 18 items: age, gender, marital 

status, race/ethnicity, education, employment, annual household income, and skin type 

(freckling, color of untanned skin, ease of sun burning/sun tanning). Most participants 

completed the survey in 45 minutes.

Moderators of sun protection performance included perceived personal risk of developing 

SCC, perceived SCC importance, perceived efficacy of sun protection in preventing skin 

cancer, and perceived importance of sun protection to self (hat wearing, sunscreen 

application). Mediators of sun protection performance examined self-efficacy in use of sun 

protection and intentions to use sunscreen (on a warm sunny day) on the face, neck and ears, 

trunk, arms and hands, legs and feet; wearing a hat; wearing a shirt with sleeves that covered 

the shoulders; staying in the shade; intentions to use sun protection regularly in summer 

even if it is cloudy; knowledge of sun protection; and concern about developing skin cancer.

Outcome Measures—Outcome measures obtained at baseline and 6 weeks were assessed 

by self-report in the following categories:

a. The primary outcome was sun protection behaviors, which consisted of hours spent 

outdoors per week and performance of sun protection with the use of sunscreen, 

wearing protective clothing and seeking shade. (Supplementary Table Part One, 

Survey items 1–4, Part Two, Survey items 12–13, Performance of sun protection is 

presented as a composite of self-reported use of sun protection during the summer 

on a warm sunny day and on a cloudy day with sunscreen, a shirt with sleeves, a 

hat, and seeking shade. (Table 2)

b. Willingness to use sun protection (Supplementary Table Part Three. Survey items 

1–20 and Part Six. Survey items 1–9),

c. Knowledge of skin cancer and sun protection (Supplementary Table Part Four. 

Survey items 1–9)
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d. Attitudes about concern of developing skin cancer and personal risk of skin cancer, 

importance of skin cancer and sun protection, attitude about having a tan, 

confidence that sun protection prevents skin cancer and confidence in using sun 

protection (concern of developing skin cancer Part Five. Survey item 1, and 

personal risk of developing skin cancer Part Six. Survey item 10; importance of 

skin cancer Part Five. Survey item 3, and Part Six Survey item 11); importance of 

sun protection, Part Five. Survey items 4–9, Part Six. Survey items 12–14, having a 

tan Part Six. Survey items 15 and 16, and confidence that sun protection prevents 

skin cancer Part Five Survey item 2, confidence in performing sun protection Part 

Seven. Survey items 1–5,). (Table 2)

Biologic measures at baseline and 6 weeks included forearm sun damage as assessed by the 

research coordinator blinded to the study group of the participant. In addition, 

spectrophotometry measures of right forearm and left mid-cheek pigmentation, which are 

both potentially sun exposed locations, and the non-sun exposed upper inner aspect of the 

arm as each subject’s constitutive pigmentation were taken (24). (Table 2) The research 

coordinator compared each participant’s left forearm with clinical images of chronic sun 

damage (range 1–10, kappa 0.28–0.76) and selected a score for the sun damage. (20)

Statistical analysis

Demographics, baseline outcome measures, and change in outcomes were compared 

between groups using Chi-squared tests of association and Wilcoxon Rank Sum tests. 

Summary statistics are presented as counts and percentages, or median (25th percentile, 75th 

percentile) and [minimum, maximum] as appropriate. All analyses were run at a nominal 

type I error rate of 5%, and performed in SASv9.2 (Cary, NC).

Results

Demographics

Among the 601 eligible KTRs, there were 103 participants accrued to the study. The 

participation rate among those asked on the telephone was 71% among NHW, 40% for 

NHB, and 27% for H/L KTRs. The most common reason for non-participation was the 

NHW racial/ethnic category was filled. (Figure 1 Consort Diagram) All KTRS unable to 

speak English were H/L (15 H/L). Those, who remembered being told about sun protection 

by a health care professional or having a history of skin cancer, were NHW. Refusal to 

participate for lack of interest (42 NHB, 22 H/L, 3 NHW), or the study location being too far 

away (8 NHB, 20 H/L) was more common among the racial/ethnic minorities. Failing to 

keep scheduled baseline appointments was more common among H/L KTRs (13 H/L, 1 

NHW). Participants failing to complete the 6 week follow-up visit (n=2) were excluded 

from the analyses; therefore, the analyses were performed with a sample of 101 participants.

Among the initial 103 study participants, there were no significant demographic differences 

between the educational intervention and standard of care groups in terms of demographic 

variables, time since transplantation, living outside the Midwest or the United States, and 

work related sun exposure. (Table 1) Among those reporting living outside the United States 
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(n= 26), the most frequent response was Mexico (97%), which has high ambient UVR. All 

participants remained in the original assigned group for the duration of the study.

Knowledge, Attitudes, and Sun Protection Behavior

At baseline, there was no significant difference between the educational intervention and 

standard of care groups in self-reported measures of knowledge about skin cancer, concern 

about getting skin cancer, confidence in sun protection preventing skin cancer, willingness 

to change sun protective behaviors, and sun protection behavior. (Table 2) The lack of 

reported sunburn or skin irritation from sun exposure may be attributed to participants in this 

study completing the initial survey prior to seasonal sun exposure in Chicago. There was no 

difference in the biologic measures of pigmentation and sun damage of the forearm between 

the two groups.

From baseline to the six week follow-up, there were statistically significant increases in 

knowledge, concern about developing skin cancer, recognition of personal risk of 

developing skin cancer, attitudes about the benefit of sun protection, and willingness to 

change behavior in the intervention group compared to the standard of care group (p<0.01, 

Wilcoxon rank sum test). (Table 3) KTRs in both groups were not confident that they could 

regularly perform sun protection. (Table 3)

Intervention group participants engaged in significantly more sun protection behaviors than 

standard of care group participants. (p =0.013, Wilcoxon rank sum test). (Table 3) The 

preferred method of sun protection differed by racial/ethnic group with H/L and NHB KTRs 

wearing protective clothing, especially long sleeved shirts, and NHW using sunscreen (p = 

0.05, Wilcoxan rank sun test, data not shown). Intervention group participants of all racial/

ethnic groups reported significantly reduced their average weekly sun exposure from 14 

hours a week to 10.5 hours. a week (p <0.001, Wilcoxon Rank Sum tests). During the 6 

weeks of the study, the participants in the standard of care group decreased their average 

weekly sun exposure from 13.5 hours per week to 11 hours per week. The reduction of 3.5 

hours of weekly sun exposure in the intervention group compared to 2.5 hours of weekly sun 

exposure among the standard of care group does not approach statistical significance (p 

=0.244). At six weeks, the reported absence of sunburns and skin irritation from the sun by 

the intervention group in comparison with the control group also demonstrated the 

effectiveness of the use of sun protection (sunburns, p=0.032; skin irritation, p=0.001). 

(Table 3)

Biologic Measures of Sun Protection

At baseline the melanin index of the right upper inner arm, representing the KTRs’ natural 

or constitutive pigmentation was the same for the two study groups. [Intervention, Mean 201 

(range 105, 1022), Control, Mean 198 (range 82, 920), p=0.741). (Table 2. Biologic 

Measures) Other biologic measures of sun exposure, melanin index of the right forearm and 

chronic sun damage of the right forearm, were the same for the two groups.

At 6 weeks, the intervention group demonstrated statistically significant less darkening of 

the sun exposed forearm skin by spectrophotometry and less sun damage of the forearm than 

the standard of care group. (Table 3) The lack of pigmentary change in the sun protected 
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skin of the upper inner arm demonstrated that there were no systemic changes that may have 

influenced skin pigmentation. At the six week follow-up visit, most of the KTRs 

participating in the intervention group asked to be told their melanin index from the baseline 

visit because they wanted to know if their sun protection was successful.

Discussion

The KTRs receiving the workbook reported improvement in knowledge, greater recognition 

of the personal risk of getting skin cancer, greater concern about getting skin cancer, and 

greater recognition of the need for sun protection to reduce the chance of getting skin 

cancer. The change in knowledge and attitudes was associated with a reduction in the total 

amount of sun exposure and use of more sun protection, especially clothing. The reduction 

of 3.5 hrs of weekly sun exposure in the intervention group has biological significance. SCC 

development is based upon chronic cumulative sun exposure, thus, reduction in weekly sun 

exposure will be beneficial over many years. (25) Furthermore, the standard of care group 

reduced their sun exposure by 2.5 hours per week, which was likely due to awareness of the 

need for sun protection prompted by the survey and informed consent process, e.g. 

Hawthorne effect. Both groups initially reported relatively high confidence in their ability to 

perform sun protection that diluted the effect of the intervention to produce between group 

differences at six weeks. Thus in clinical practice a significant difference in sun exposure 

can be expected between the KTRs receiving sun protection education and KTRs who are 

not educated. The self-reported behavioral change was confirmed by two biologic 

assessments: pigmentation of the sun exposed forearm, which is a response to unprotected 

sun exposure, and sun damage of the forearm.

Since clothing was the form of sun protection commonly adopted by people with skin of 

color, the reduction in darkening of forearm skin among those in the intervention group may 

be attributed to protection offered by long sleeved shirts. Protection of the forearm in the 

intervention group was not associated with a significant difference in cheek pigmentation 

between the two groups, thus, the biologic findings corroborate the self-reported lack of 

adoption of wearing a hat with a 4 inch brim. KTRs were not confident about their regular 

performance of sun protection; however, they were willing to try to adopt sun protection 

behaviors.

Prior studies showed that KTRs have poor understanding about skin cancer risk and the need 

to use sun protection. Only 5% of KTRs routinely applied sunscreen with high sun 

protection factors (26) and 35% reported sunburn (27). Compliance with sun protection 

practices and skin cancer awareness was improved in KTRs highly educated in sun 

protection and skin cancer awareness by dermatologists. (28, 29) In contrast to the approach 

of intensive delivery of education by a dermatologist, we developed a brief educational 

intervention intended to be delivered in nephrologists’ and transplant surgeons’ offices.

In addition to sun protection, KTRs are advised by transplant providers to comply with other 

behaviors including taking medication, infection prevention, fluid balance, and exercise. (30, 

31) Incorporating these self-care practices into KTRs’ life-style involves setting priorities 

and gaining the confidence to perform the requested behavior. Most of the KTRs 
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participating in the intervention group asked to be told the difference in their melanin index 

because it was a way to measure the success of their use of sun protection. It is expected that 

KTRs will continue to engage in sun protection behavior if they observe their own success 

in achieving effective sun protection.

A limitation of this study is that the KTRs were not surveyed to determine their confidence 

in their ability to perform sun protection after they knew the change or lack of change in the 

pigmentation of their forearm skin. Change in pigmentation of their forearm skin would be 

expected to reinforce KTRs’ confidence in their performance of sun protection. Another way 

to improve the KTRs’ confidence in their ability to perform sun protection would be keeping 

a diary to monitor their sun exposure and assess their adherence to sun protection. Since 

KTRs were offered the option of reading the workbook at home in addition to reading it 

during the visit, the dosage of the intervention was not controlled. Furthermore, it is not 

known if subjects opened the text or email reminders. A further limitation is the small size 

of the study sample, which precluded detailed analyses by racial/ethnic group and the ability 

to validate the survey with H/L and NHB KTRs. Additional limitations of this study are the 

limited enrollment of H/L and NHB participants. Recruitment was hampered by not having 

the workbook and measures available in Spanish for H/L KTRs. For both H/L and NHB 

KTRs, another barrier to recruitment was transportation to the medical center.

The optimal time for sun protection education is at least 2 months after transplantation 

during the first sunny month after transplantation. (13) Patients suffering end-organ failure 

in the pre-transplantation period may not retain health care information as well as they do in 

the post-transplantation period, when they may be feeling better and have less pressing 

medical concerns. Additionally, there are logistic considerations to delivery of sun 

protection education in the pre-transplantation period. Practically, dermatologists’ ability to 

deliver customized care and sun protection education to each potential KTR in the pre-

operative period is limited. Therefore, many transplant programs have provided the sun 

protection information in the acute post-operative period; however, KTRs are focused on 

other matters at this time, e.g., ensuring that they take their anti-rejection medicines 

appropriately. (13)

Presenting sun protection education at the time when KTRs are receptive to adopting sun 

protection, and when they are becoming active outdoors, contributed to the effectiveness of 

our educational intervention. Providing sun protection education at the beginning of 

summer, as recommended by the National Kidney Foundation, and sending electronic 

reminders tailored to weather conditions every 2 weeks during the study period helped 

KTRs in this study adopt sun protection. (11) These two elements of a sun protection 

program for KTRs may be readily incorporated into the care provided by the nephrologist or 

transplant surgeon. Future research will explore ways to provide the educational program in 

Spanish as well as English, to examine the role of the KTRs’ skin type in adoption of sun 

protection behavior, and to explore the sustainability of sun protection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EDW enterprise data warehouse

IPA interpretative phenomenological analysis

KTR kidney transplant recipient

H/L Hispanic/Latino

NHB Non-Hispanic Black

NHW Non-Hispanic White

NKF National Kidney Foundation

SCC squamous cell carcinoma

UVR ultraviolet radiation
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Figure 1. 
Consort diagram for the Sun Protection of Kidney Transplant Recipients Study
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Table 1

Demographics of population

Characteristics Intervention
(n=52)
N (%)

Standard of Care
(n=51)
N (%)

p-value *

White 23 (44) 23 (45) 0.95

Hispanic/Latino 12 (23) 12 (24)

African American 17 (33) 16 (31)

Male 34 (63) 34 (67) 0.69

Married 31 (57) 28 (55) 0.80

College education or higher 19 (35) 24 (50) 0.13

Annual household income 0.89

  <10,000 5 (10) 4 (8)

10,000–19,999 8 (15) 7 (14)

20,000–34,999 10 (19) 6 (12)

35,000–50,999 10 (19) 13 (25)

51,000–100,000 11 (21) 13 (25)

>100,000 8 (15) 8 (16)

Age, years (range), [SD] 54 (44, 62) [21, 75] 54 (44, 60) [26, 69] 0.92

Months since transplant,
(range), [SD]

16 (12, 20) [5, 30] 13 (8, 20) [3, 29] 0.09

Lived outside Midwest 19 (35) 20 (39) 0.669

Lived outside United States 14 (27) 12 (25) 0.782

Ever work related sun
exposure

19 (35) 26 (51) 0.102

*
p-values from Chi-square test of association and Wilcoxon Rank Sum test (age. Months since transplant).
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Table 2

Knowledge, Attitudes, and Sun Protection Behavior Prior to Education

Baseline Variables Intervention
(n=52)

Median (25,75%ile)
[Range]

Standard of Care
(n=51)

Median (25,75%tile)
[Range]

Wilcoxon
Rank Sum

p

SELF-REPORTED
MEASURES [Range]

Knowledge [9–18] 13 (10, 15) [9, 18] 15 (11, 16) [9, 18] 0.051

Attitude
   Importance of skin cancer,
sun protection, having a tan
[13–35]

23 (27, 29) [19, 30] 25 (24, 26) [14, 28] 0.259

   Concern about developing
skin cancer [1–5]

3 (2,3) [1,5] 3 (2,4) [1,5] 0.999

   Confidence sun protection
prevents skin cancer [1–5]

3 (2,3) [1,4] 3 (3, 4) [1,4] 0.069

   Recognize personal skin
cancer risk [1–5]

4 (3,4) [1,4] 4 (2,5) [1,4] 0.42

Willingness to change
behavior [29–145]

69 (53, 79) [29, 100] 75 (58, 88) [29, 100] 0.137

Confident can regularly do
behavior [5–25]

20 (10, 19) [5, 23] 21 (8, 22) [5, 24] 0.121

Sun protection performed
[13–66]

52.5 (42.5, 62.5)[13,62.5] 55 (45, 65) [13, 61] 0.422

Sunburn

   None 46 (85%) 48 (94%) 0.109

   One 4 (7%) 2 (4%)

   Two or more 4 (8%) 1 (2%)

Skin irritation from sun

   None 46 (85%) 44 (86%) 0.823

   One 4 (7%) 0 (0%)

   Two or more 4 (8%) 7 (14%)

BIOLOGIC MEASURES

Melanin index

   Right upper inner arm (sun
protected) [10–2000]

201 (105, 1022) 198 (82, 920) 0.741

   Right forearm (sun
exposed) [10–2000]

333 (172, 928) 332 (158, 874) 0.432

   Cheek (sun exposed)[10–
2000]

250 (107, 866) 260 (100, 1119) 0.870

Sun damage assessment
forearm [1–10]

3 (1, 8) 3 (1, 8) 0.825
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Table 3

Change in Knowledge, Attitudes, Sun Protection Behavior and Skin Pigmentation from Baseline to 6 weeks 

Post-Transplant

Change in variables Intervention
(n=50)

Median (25,75%tile)
[Range of Change]

Standard of Care
(n=51)

Median (25,75%tile)
[Range of Change]

Wilcoxon
Rank
Sum p

SELF-REPORTED MEASURES
[Range]

Knowledge [9–18] 9 (0, 9) [−9, 18] 0 (0, 4) [−9, 18] 0.015*

Attitude
   Importance of skin cancer, sun
protection, having a tan [13–35]

7 (0, 21) [−13, 35] 0 (0, 4) [−13, 21] 0.003*

   Concern about developing skin
cancer [1–5]

2 (0, 1) [1, 3] 0 (0, 0) [−1, 2] 0.001*

   Confidence sun protection
prevents skin cancer [1–5]

1 (0, 1) [−3, 3] 1 (0, 1) [−3, 3] 0.159

   Recognize personal skin cancer
risk [1–5]

0.5 (1, 2) [−1,3] 0 (0,0) [−1, 4] 0.017*

Willingness to change behavior
[29–145]

8 (3, 22) [−28, 72] 0 (−9, 8) [−38, 100] 0.001*

Confidence can regularly do
behavior [5–25]

0 (−5, 20) [−25, 35] 0 (−10, 10) [−60, 45] 0.045

Sun protection performed [13–66] 12.5 (5, 20) [−12.5, 66] 2.5 (−2.5, 17.5)
[−20, 50]

0.013*

Sunburn in the past month

   None 50 (96%) 39 (76%) 0.032*

   One 2 (4%) 12 (24%)

   Two or more 0 (0%) 0 (0%)

Skin irritation from the sun in the
past month

   None 50 (96%) 37 (72%) 0.001*

   One 2 (4%) 4 (8%)

   Two 0 (0%) 10 (20%)

BIOLOGIC MEASURES

Melanin Index

   Right upper inner arm (sun
protected) [10–2000]

−0.8 (−110, 186) 5 (−193, 108) 0.497

   Right forearm (sun exposed) [10–
2000]

16.3 (−113, 132) 44 (−56, 317) 0.036*

   Cheek (sun exposed)[10–2000] −1 (−59, 240) 15 (−63, 246) 0.114

Sun damage assessment: right
forearm [1–10]

0 (−4, 2) 2 (−5, 8) 0.031*

*
Statistically significant Wilcoxon rank sum tests.
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