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There is a paucity of data on basal-cell carcinoma (BCC) in the United States, since most national registries do
not collect information on BCC. We evaluated BCC incidence trends and associated risk factors for BCC in
140,171 participants from a US female cohort, the Nurses’ Health Study (1986—2006), and a US male cohort, the
Health Professionals’ Follow-up Study (1988-2006). Age-adjusted BCC incidence rates increased from 519
cases per 100,000 person-years to 1,019 cases per 100,000 person years for women and increased from 606 cases
per 100,000 person-years to 1,488 cases per 100,000 person-years for men during the follow-up period. Cox pro-
portional hazards analysis identified the following phenotypic risk factors for BCC in both cohorts: family history of
melanoma, blond or red hair colors, higher number of extremity moles, higher susceptibility to sunburn as a child/
adolescent, and higher lifetime number of severe/blistering sunburns. The multivariate-adjusted risk ratio for the
highest quintile of cumulative midrange ultraviolet B flux exposure versus the lowest quintile was 3.18 (95% confi-
dence interval: 2.70, 3.76) in women and 1.90 (95% confidence interval: 1.57, 2.29) in men. BCC incidence was
generally higher in men than in women, and BCC risk was strongly associated with several phenotypic and expo-

sure factors, including midrange ultraviolet B radiation, in our study populations.

basal-cell carcinoma; incidence; skin cancer; ultraviolet radiation

Abbreviations: BCC, basal-cell carcinoma; Cl, confidence interval; HPFS, Health Professionals’ Follow-up Study; NHS, Nurses’

Health Study; UV, ultraviolet; UV-B, ultraviolet B.

Basal-cell carcinoma (BCC) is the major histological type
of nonmelanoma skin cancer and is the most common malig-
nancy in fair-skinned populations all over the world. BCC inci-
dence is expected to increase because of aging of the population
and increasing exposure to solar ultraviolet (UV) radiation
due to depletion of the ozone layer (1). Despite rising health-
care costs (2), few population-based cancer registries monitor
and report the incidence of BCC, and no active nationwide sur-
veillance system exists for BCC in the United States.

In a previous study, Miller and Weinstock (3) estimated that
there were 453,000-562,000 incident BCC cases among US
men and 301,000-367,000 BCC cases among US women in
1994. However, other estimates of the trends in BCC incidence
in the US population have been limited to specific states or
regions. An early study in British Columbia, Canada, showed
steadily increasing trends in BCC incidence rates from 1973
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to 1987 in both men and women (4). The age-adjusted BCC
incidence rates were 70.7 cases per 100,000 person-years for
men and 61.5 cases per 100,000 person-years for women in
1973, and rates were 120.4 cases per 100,000 person-years
for men and 92.2 cases per 100,000 person-years for women
in 1987 (4). In a study in New Hampshire, Karagas et al. (5)
estimated that BCC incidence rates increased by 80% in both
men and women from 1979 to 1993 and that incidence rates
in 1993 were 310 cases per 100,000 person-years for men and
166 cases per 100,000 person-years for women. A later report
based on the Southeastern Arizona Skin Cancer Registry also
demonstrated higher BCC incidence rates in 1996 than in
1985 (6). Recently, in a population-based descriptive analysis,
Rogers et al. (7) estimated a 4.2% annual average increase in
nonmelanoma skin cancer cases in the Medicare population
from 1992 to 2006. However, the epidemiology of BCC in
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the United States is still poorly understood, because there is
no systematic surveillance for BCC nationwide.
Understanding BCC incidence and associated risk factors
is important for planning of prevention strategies and alloca-
tion of resources for management and treatment. In the pres-
ent analysis, we investigated trends in BCC incidence over a
span of 20 years and the associations between incident BCC
and risk factors in a total population of 140,171 participants
from 2 large US-based cohort studies: women in the Nurses’
Health Study (NHS; 1986-2006) and men in the Health Pro-
fessionals’ Follow-up Study (HPFS; 1988-2006).

MATERIALS AND METHODS
Study population

The study population consisted of participants from 2 ongoing
longitudinal cohort studies, the NHS and the HPFS. The NHS
was established in 1976 when 121,701 married female regis-
tered nurses aged 3055 years and residing in the United States
at the time of enrollment responded to a baseline questionnaire
that included questions about their medical history and lifestyle
risk factors. The HPFS consisted of 51,529 male health pro-
fessionals who were aged 4075 years and completed a base-
line questionnaire in 1986. Information on medical history and
lifestyle factors was collected biennially via mailed question-
naires in the 2 cohorts. A response rate exceeding 90% had
been achieved in each follow-up period. The present study was
approved by the institutional review board of Brigham and
Women’s Hospital. We considered the participants’ comple-
tion and return of the self-administered questionnaires to imply
informed consent.

Identification of BCC

The biennial questionnaires mailed to all study partici-
pants included a question on diagnosis of BCC during the
previous 2 years. Although medical records were not obtained
for self-reported BCC, previous reports have demonstrated
high validity of self-reported BCC in the 2 cohorts, with over
90% of diagnoses confirmed in women and over 80% con-
firmed in men through histopathological findings or medical
records (8—10). Participants who reported having had any base-
line cancer were excluded. In the present analysis, we included
15,673 women from the NHS and 8,270 men from the HFPS
with self-reported BCC.

Assessment of risk factors

Data on the following phenotypic and exposure character-
istics were collected through questionnaires in the 2 cohorts:
1) family history of melanoma in first-degree relatives (par-
ents and siblings), 2) natural hair color (red, blond, light brown,
dark brown, or black) at a younger age (age 21 years for
women and age 18 years for men), 3) number of moles with
a diameter of >3 mm on a designated extremity (none, 1-2,
3-5, or >6), 4) skin reaction to sun exposure for 2 hours or
more (1 hour or more for men) as a child/adolescent (“no burn
or some redness,” “burn,” or “painful or blistering burn”),
5) lifetime number of severe or blistering sunburns (none,
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1-2, 3-5, or >6), and 6) cumulative exposure to midrange
ultraviolet B (UV-B) radiation (UV-B flux, classified as
quintiles in each cohort). Responses for each risk factor
were summarized into several representative categories across
the 2 cohorts to facilitate convenient comparisons. For mole
count on an extremity, the left arm from shoulder to wrist
was used for women and the bilateral forearms from elbow
to wrist were used for men. Annual UV-B flux is a com-
posite measure of midrange UV radiation level based on latitude,
altitude, and cloud cover (11) and was estimated according
to state of residence for every 2-year period since 1986 for
women and since 1988 for men. Current residence was known
from the mailing addresses of participants throughout cohort
follow-up, and annual UV-B flux was measured in Robertson-
Berger units (12). A Robertson-Berger meter count of 440
may produce a typical sunburn reaction in untanned Cau-
casian skin. In energy values, this amount of biologically
effective radiation (relative to 297 nm) is referred to as the
minimal erythema dose and is equivalent to approximately
25-35 mJ/cm” (13).

Statistical analysis

Updated annual UV-B flux exposure data for each ques-
tionnaire cycle were available from 1986 in women and from
1988 in men. Therefore, we chose 1986 for the NHS and
1988 for the HPFS as the starting years of follow-up. Partici-
pants were restricted to women or men who had no baseline
history of any cancer, and they contributed person-time from
the date of baseline questionnaire return to the date of the first
report of BCC, death, or the end of follow-up (2006), which-
ever came first. To compare BCC incidence rates between
women and men, we calculated age-adjusted incidence rates
among participants aged 40-50 years at the first year of data
collection in each cohort. The age-adjusted incidence rates
were determined by calculating age-specific incidence rates
within 1-year age categories and were weighted by the age
distribution of the population for each 2-year period.

Cox proportional hazards models stratified by age and follow-
up period were used to estimate the age-adjusted and multivariate-
adjusted relative risks of BCC and their 95% confidence intervals.
Multivariate analyses were conducted after adjusting for age,
natural hair color, family history of melanoma, number of
moles on an extremity, susceptibility to sunburn as a child/
adolescent, lifetime number of severe/blistering sunburns, and
cumulative UV-B flux exposure. Risk factors were included
asdichotomous orcategorical variables, exceptage, which was
included as a continuous variable, and trend tests were car-
ried out using median values from different categories, except
cumulative UV-B flux, which was a continuous variable. Cumu-
lative UV-B flux exposure was categorized in quintiles to exam-
ine the risk of BCC associated with midrange UV radiation
in each cohort. Categories with the lowest perceived risk of
BCC were used as the referents. Light brown was used as
the referent category for hair color, since it was the most
common hair color. For pooled analysis of data from the 2
cohorts, we tested the between-study heterogeneity and esti-
mated the overall association from the random-effects model
(weighted proportionately to the inverse of the sum of the study-
specific variance plus the common between-study variance)
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and the fixed-effects model (weighted proportionately to the
inverse of the study-specific variance) (14).

All statistical analyses were performed using SAS soft-
ware, version 9.2 (SAS Institute Inc., Cary, North Carolina).
All statistical tests were 2-tailed, and the significance level
was set at P <0.05.

RESULTS

We included 95,743 female nurses from the NHS and
44,428 male health professionals from the HPFS in the analy-
sis. During follow-up, 15,673 women and 8,270 men were
diagnosed with BCC.

Descriptive statistics for persons who were diagnosed with
BCC during follow-up are shown in Table 1. The mean ages
at diagnosis of BCC were similar among women and men
(65 years and 67 years, respectively). Female BCC cases had
higher proportions of a family history of melanoma (11%)
and natural red hair (6%), whereas male BCC cases had
higher proportions of painful or blistering reaction to sun expo-
sure as a child/adolescent (30%) and a history of >6 sunburns
(39%). There were 28% and 26% of BCC cases in the highest
quintile of cumulative UV-B flux exposure among women and
men, respectively.

Figure 1 shows the age-adjusted BCC incidence rates for
women and men aged 40-50 years at baseline. BCC incidence
rates increased with advancing age, and the incidence rates in
men were generally higher than those in women. Specifically,

Table 1. Characteristics of Women and Men With Basal-Cell
Carcinoma in the Nurses’ Health Study (1986-2006; n=95,743) and
the Health Professionals’ Follow-up Study (1988—-2006; n=44,428)

NHS HPFS
(1986—2006) (1988—2006)
(n=15,673) (n=8,270)
Mean age at diagnosis, years 65 (8)® 67 (10)
Family history of melanoma, % 11 5
Natural hair color, %
Red 6 3
Blond 14 13
>6 moles on extremity, % 6 6
Painful or blistering reaction to 18 30
sun exposure as a child/
adolescent, %
History of >6 severe/blistering 10 39
sunburns, %
Quintile of cumulative UV-B flux
exposure, %
1 15 14
2 16 16
3 18 21
4 23 24
5 28 26

Abbreviations: HPFS, Health Professionals’ Follow-up Study; NHS,
Nurses’ Health Study; UV-B, ultraviolet B.
& Numbers in parentheses, standard deviation.
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Figure 1. Age-adjusted incidence rates for basal-cell carcinoma
among participants aged 40-50 years in the baseline year of cohort
follow-up, Nurses’ Health Study (NHS; 1986—-2006) and Health Pro-
fessionals Follow-up Study (HPFS; 1988—-2006).

the age-adjusted BCC incidence rates increased from 519 cases
per 100,000 person-years in the first 2-year period (1986—1988)
to 1,019 cases per 100,000 person-years in the last 2-year period
(2004-2006) among women and increased from 606 cases per
100,000 person-years in the first 2-year period (1988—1990) to
1,488 cases per 100,000 person-years in the last 2-year period
(2004-2006) among men.

Table 2 shows the associations between BCC risk and
phenotypic and exposure variables. Having a family history
of melanoma or a history of painful or blistering burn was
associated with a higher BCC risk in both women and men.
Red and blond hair colors were associated with higher BCC
risk when compared with light brown hair color in women
but not in men. In contrast, dark brown and black hair colors
were associated with lower BCC risk when compared with
light brown hair color in both women and men. The trends
in BCC risk associated with hair color were significant in
both cohorts (Pyeng <0.0001). Both extremity moles and
severe/blistering sunburns were significantly associated with
BCC risk in women and men, and there were trends toward
increased BCC risk with a greater number of extremity moles
and lifetime number of severe/blistering sunburns in the 2
cohorts (Peng < 0.0001).

Table 3 shows the associations between cumulative UV-B
flux exposure and BCC risk. Increasing cumulative UV-B
flux exposure was associated with higher BCC risk in both
cohorts (Pyeng < 0.0001). Multivariate-adjusted relative risks
for the highest quintile of exposure versus the lowest quintile
were 3.18 (95% confidence interval (CI): 2.70, 3.76) and
1.90 (95% CI: 1.57, 2.29) for women and men, respectively,
and the multivariate-adjusted relative risk was 2.46 (95% CI:
1.48, 4.09) in the combined analysis.

We further examined potential interactions between cumu-
lative UV-B flux exposure and phenotypic risk factors and
found that only susceptibility to sunburn as a child/adolescent
showed significant interactions with cumulative UV-B flux
exposure in both cohorts (P for interaction < 0.05). We stratified
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Table 2. Risk of Basal-Cell Carcinoma According to Selected Risk Factors in Age- and Multivariate-adjusted Analyses, Nurses’ Health Study (1986—2006) and Health Professionals’ Follow-up

Study (1988-2006)

Nurses’ Health Study

Health Professionals’ Follow-up Study

Pooled Analysis

g:s:; P::’: RR,® 95%Cl RR,° 95%Cl g:s:; P;'::: RR,® 95%Cl  RR,®  95%Cl RR," 95%Cl Heter‘; :;:;eitf
Family history of
melanoma
No 14,023 1,638,273 1.00 Referent 1.00 Referent 7,830 626,925 1.00 Referent 1.00 Referent 1.00 Referent
Yes 1,650 132,215 1.39 1.32,146 1.32 1.26,1.39 440 27,466  1.31 1.19,1.45 1.25 1.14,1.38 1.31 1.25,1.37
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.34
Hair color
Red 836 54,505 1.52 1.41,1.63 1.30 1.20,1.40 228 13,356  1.17 1.02,1.34 1.05 0.91,1.20 1.17 0.95,1.45
Blond 1,925 157,659 1.19 1.13,1.25 1.13 1.07,1.19 873 56,137 1.09 1.01,1.18 1.05 097,113 1.09 1.02,1.18
Light brown 5,488 548,261 1.00 Referent 1.00 Referent 2,385 170,277 1.00 Referent 1.00 Referent 1.00 Referent
Dark brown 5,243 616,559 0.86 0.83,0.89 0.90 0.86,0.93 2,662 222,992  0.85 0.80,0.90 0.89 0.84,0.94 0.89 0.87,0.92
Black 331 44,295 0.70 0.62,0.78 0.74 0.66,0.83 597 48,578  0.83 0.76,0.91 0.91 0.83,1.00 0.83 0.67,1.01
Prrend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.001
No. of moles on extremity
0 7,319 787,881 1.00 Referent 1.00 Referent 3,710 292,423 1.00 Referent 1.00 Referent 1.00 Referent
1-2 3,180 299,303 1.18 1.13,1.23 1.16 1.11,1.21 1,196 85,071 111 1.04,1.18 1.10 1.03,1.17 1.13 1.08,1.20
3-5 1,146 97,628 1.30 1.22,1.38 1.26 1.19,1.35 498 32,513 1.18 1.07,1.30 1.15 1.05,1.26 1.21 1.11,1.33
>6 704 55,420 1.44 1.33,1.55 1.37 1.27,1.49 344 22,955 1.15 1.03,1.29 1.11 0.99,1.23 1.24 1.00,1.53
Piend <0.0001 <0.0001 <0.0001 0.0008 <0.0001 0.001
Susceptibility to sunburn
as a child/adolescent
No burn/some redness 7,742 915,653 1.00 Referent 1.00 Referent 1,633 160,724 1.00 Referent 1.00 Referent 1.00 Referent
Burn 3,554 309,363 1.36 1.31,1.42 1.22 1.17,1.28 3,316 240,393  1.37 1.29,1.45 1.31 1.23,1.39 1.26 1.18,1.35
Painful/blistering burn 2,530 197,355 1.54 1.47,161 127 1.21,1.33 2,081 130,137 157 147,168 1.44 1.34,1.54 135 1.19,1.52
Prrend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02
Lifetime no. of severe/
blistering sunburns
0 7,136 829,350 1.00 Referent 1.00 Referent 941 85,730 1.00 Referent 1.00 Referent 1.00 Referent
1-2 2,831 277,184 129 1.24,135 1.22 1.17,1.28 1,625 130,054 1.13 1.05,1.23 1.08 1.00,1.18 1.16 1.03,1.30
3-5 1,296 105,991 159 1.50,1.69 1.44 1.36,1.53 1,751 128,234 125 1.15,1.35 1.14 1.05,1.23 1.28 1.02,1.62
>6 1,293 91,698 183 1.72,1.94 155 1.46,1.65 2,751 188,876 136 1.26,1.46 1.16 1.07,1.25 1.34 1.01,1.78
Prrend <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001

Abbreviations: Cl, confidence interval; RR, relative risk.

2 Adjusted for age.

® Multivariate analysis controlled for age, family history of melanoma, natural hair color, number of moles on an extremity, susceptibility to sunburn as a child/adolescent, lifetime number of severe/blistering
sunburns, and cumulative midrange ultraviolet B flux exposure.
¢ Pvalue from a test of heterogeneity between studies.
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Table 3. Risk of Basal-Cell Carcinoma According to Quintile of Cumulative UV-B Flux Exposure in Age- and Multivariate-adjusted Analyses,
Nurses’ Health Study (1986—2006) and Health Professionals’ Follow-up Study (1988-2006)

Median Value

Age-adjusted Multivariate-adjusted®

“Flux Exposure GoverisonBerser ol VO 257 1 - 257 01
Nurses’ Health Study

1 164 2,292 347,649 1.00 Referent 1.00 Referent
2 360 2,501 333,887 1.65 1.47,1.84 1.63 1.45,1.82
3 600 2,806 332,183 2.23 1.93,2.58 2.19 1.89,2.53
4 843 3,675 339,472 2.92 2.48,3.43 2.84 2.41,3.33
5 1,130 4,395 316,500 3.29 2.79,3.88 3.18 2.70,3.76

Pirena <0.0001 <0.0001

Health Professionals’ Follow-Up Study

1 154 1,107 131,104 1.00 Referent 1.00 Referent
2 350 1,286 131,938 1.30 1.13,1.49 1.28 1.12,1.47
3 565 1,721 132,572 1.68 1.42,1.98 1.63 1.38,1.93
4 791 1,960 126,775 1.91 1.60,2.29 1.85 1.54,2.21
5 1,080 2,163 128,548 1.99 1.65,2.40 1.90 1.57,2.29

Prrend <0.0001 <0.0001

Pooled Analysis

1 3,399 478,753 1.00 Referent 1.00 Referent
2 3,787 465,825 1.47 1.16,1.85 1.45 1.15,1.83
3 4,527 464,755 1.94 1.47,2.57 1.90 1.42,2.53
4 5,635 466,247 2.37 1.56, 3.58 2.29 1.51,3.49
5 6,558 445,048 2.56 1.56,4.19 2.46 1.48, 4.09

Pirend <0.0001 <0.0001

Pfor heterogeneity® 0.004 0.002

Abbreviations: Cl, confidence interval; RR, relative risk; UV-B, ultraviolet B.

& Median cumulative midrange UV-B flux exposure for each quintile.

® Multivariate analysis controlled for age, family history of melanoma, natural hair color, number of moles on an extremity, susceptibility to
sunburn as a child/adolescent, lifetime number of severe/blistering sunburns, and cumulative UV-B flux exposure.

¢ Pvalue from a test of heterogeneity between studies.

the analysis for cumulative UV-B flux exposure and BCC
risk by susceptibility to sunburn as a child/adolescent and
found stronger exposure-response associations among par-
ticipants with a skin reaction of “no burn or some redness”
when compared with participants with a “burn” or “painful or
blistering burn” reaction to sun exposure (Appendix Table 1).

DISCUSSION

In addition to previous reports which provided perspectives
on BCC incidence rates at different time points or regions,
we have now presented results from a continuous analysis of
BCC incidence rates over the last 2 decades in the United
States by using data from 2 large, prospective cohort studies.
We also analyzed the associations of BCC risk with a number
of phenotypic and exposure characteristics and identified sev-
eral risk factors associated with BCC risk.

It has been recognized that the occurrence of cancer has
increased as the population has aged, and 80% of all cancers
are diagnosed above age 55 years (2). BCC incidence rates have

generally shown increasing trends over time in both women
and men, suggesting an increasing likelihood of developing
BCC with advancing age (5, 6, 15). Several other factors may
also help explain the rise in BCC incidence in addition to
advancing age, which may include sun exposure habits, use
of artificial UV tanning beds, ozone depletion, and increases
in life expectancy (16). Furthermore, exposures to chemical
carcinogens, such as air pollutants and polycyclic aromatic
hydrocarbons, may alsoincrease therisk of skincancer (17, 18).
Aside from these factors, a portion of the increased incidence
rates could also be attributed to the improvements in public
awareness and medical detection.

We found generally higher BCC incidence rates in men
than in women over the follow-up periods, which were con-
sistent with several previous regional studies (3—5, 15). For
example, in a study in north-central New Mexico, the age-
adjusted BCC incidence rates were 619 cases per 100,000
person-years in men and 399 cases per 100,000 person-years
in women in 1977-1978 (15). These incidence rates increased
significantly to 931 cases per 100,000 person-years in men

Am J Epidemiol. 2013;178(6):890-897
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and 486 cases per 100,000 person-years in women in 1998—
1999. This gender difference in BCC incidence rates may be
partly explained by gender differences in sun exposure habits
and awareness of skin conditions. Men might have experi-
enced more sun-exposure—related skin damage, as indicated
by a higher proportion of a history of >6 sunburns, than women
in the present study (33.2% vs. 8.4%; see Table 1). They might
also be less likely to seek medical care, allowing the more
advanced development of skin cancer in comparison with
women (19, 20). It has been reported that nonmelanoma skin
cancer is among the 5 most costly cancers in the Medicare
population (2), and nonmelanoma skin cancer also has the
potential to result in significant years of potential life lost and
lost productivity (21). As the major histological type of non-
melanoma skin cancer, the already high and rising incidence
of BCC may lead to a substantial disease burden on both the
health-care system and society. Specifically, BCC incidence in
men aged 40-50 years at baseline (1988) reached 1,000 cases
per 100,000 person-years during the 1998-2000 follow-up
period, after 10 years of follow-up, and was maintained above
1,000 cases per 100,000 person-years after this follow-up period.
In contrast, BCC incidence in women aged 4050 years at
baseline (1986) reached only 1,000 cases per 100,000 person-
years during the last follow-up period (2004-2000), after 18
years of follow-up. On the basis of these data, we recommend
that BCC screening be performed for men aged 50-60 years
and women aged 55—65 years in the United States in order to
lower the direct and indirect costs of BCC.

Results of analyses on phenotypic and exposure variables
provided further evidence for the strong risk factors associ-
ated with incident BCC. Participants with a family history of
melanoma or a history of painful/blistering sunburn reaction
as achild/adolescent were more likely to develop BCC in both
women and men, and there were trends toward increasing
BCC risk with greater numbers of extremity moles and life-
time severe/blistering sunburns. In our previous case-control
study nested within the NHS, several of these factors were
associated with skin cancer risk (22). However, the multivar-
iate-adjusted associations of constitutional susceptibility and
lifetime severe/blistering sunburns with BCC risk did not
achieve statistical significance in that subset of NHS partici-
pants, which may have been partly due to the limited sample
size. In the present analysis, we found strong associations of
these factors with BCC risk when using data from the whole
NHS cohort. Notably, the relationship of lifetime severe/
blistering sunburns with BCC underlies the importance of sun-
burn prevention.

UV radiation in sunlight is an important cause of skin cancer
(23). A previous animal experiment found that UV-B radiation
but not UV-A radiation was able to initiate melanoma in mice
(24). In our study, annual UV-B flux exposure was estimated
on the basis of latitude, altitude, and cloud cover according to
the participant’s state of residence and could serve as a more
objective measure of midrange UV radiation exposure because
it is less subject to personal recall. UV-B flux was associated
with melanoma risk in a previous case-control study (25),
suggesting that it could be used as a reasonable proxy for sun
exposure measurement. However, prospective data on the asso-
ciation of UV-B flux with BCC risk are not available to date.
In the present analysis, we found increasing BCC risk to be
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associated with cumulative UV-B flux exposure in both
women and men. Interestingly, the multivariate-adjusted rela-
tive risks for cumulative UV-B flux exposure in women were
much higher than those in men, suggesting that women may
be more susceptible to cumulative midrange UV radiation dur-
ing a long-term period than men. Furthermore, we also found
significant interactions between susceptibility to sunburn as a
child/adolescent and cumulative UV-B flux exposure in both
cohorts, and the associations between cumulative UV-B flux
exposure and BCC risk were generally stronger among partic-
ipants with lower susceptibility to sunburn. These results sug-
gest that BCC risk among persons with lower susceptibility to
sunburn is more likely to be UV-dependent, and it is possible
that genetic determinants (26) or some other factors may play
a role in the different responses to UV radiation among per-
sons with different susceptibilities to sunburn. Further investi-
gation is warranted to clarify the mechanisms underlying the
interaction.

This study had some limitations. First, our study popula-
tions consisted of Caucasian health professionals and may not
be representative of the entire US population; this may limit
the generalizability of our findings. Second, the outcome dis-
ease was assessed on the basis of self-reports. However, the
participants in the 2 cohorts were nurses and health profes-
sionals, who were more likely to have a better understanding
and personal recall of BCC than the general population, and
previous validation studies also demonstrated high validity of
self-reported BCC in subsets of the cohort participants (8—10).
Although misclassification of BCC cases was inevitable, it
would be expected to have been nondifferential and to have
biased any associations toward the null. Third, the annual
UV-B flux for a particular state was calculated according to
average latitude, altitude, and cloud cover over the state and
then assigned to all participants residing in that state. These
factors used for UV-B flux calculation may vary considerably
across some states, which in turn may have reduced the accu-
racy of the UV-B flux level assigned to the participants residing
in those states.

However, our study also had several strengths, including
the prospective design, large sample size, high quality of data
collected, high rates of follow-up over a considerable time
span, and the homogeneity of the study populations, which
could have reduced residual confounding from occupational
exposure to UV radiation and socioeconomic status. In addi-
tion, most of the findings were consistent across the 2 cohorts,
strengthening the validity of the results.

In summary, we have presented findings from an overall
evaluation of BCC incidence rates over the last 2 decades
and associated risk factors in 2 cohorts of US women and
men. Our results highlight the high and rising incidence of
BCC and the need to develop strategies to reduce BCC
incidence in the United States. The identified risk factors include
family history of melanoma, red and blond hair colors, higher
number of moles on an extremity, higher susceptibility to sun-
burn as a child/adolescent, higher lifetime number of severe/
blistering sunburns, and cumulative UV-B flux exposure. The
association between BCC risk and cumulative UV-B flux
is strong and consistent, providing further evidence that UV
exposure intensity is essential for the development of BCC.
As the most common form of skin cancer, BCC maintains
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highincidence and may result in substantial morbidity. Appro-
priate prevention targeting for the modifiable risk factors as
documented herein is critical for lowering BCC incidence
and its associated health impact.
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Appendix Table 1. Risk of Basal-Cell Carcinoma According to Cumulative Midrange UV-B Flux Exposure and Susceptibility to Sunburn as a Child/Adolescent in Age- and Multivariate-
adjusted Analyses, Nurses’ Health Study (1986—-2006) and Health Professionals’ Follow-up Study (1988-2006)

Susceptibility to Sunburn as a Child/Adolescent

Quintile of UV-B
Flux Exposure

No Burn or Some Redness

Painful or Blistering Burn

Pfor Interaction®

RR,? 95% Cl RR,” 95% ClI RR{ 95% ClI RR;° 95% CI RR{ 95% ClI RR.° 95% Cl
Nurses’ Health Study

1 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 0.001
2 1.71 1.46,2.00 1.68 1.44,1.97 1.57 1.23,2.01 1.54 1.20,1.97 1.74 1.35,2.25 1.74 1.35,2.25
3 2.64 2.14,3.25 2.58 2.09, 3.18 1.80 1.31,2.48 1.75 1.27,2.40 2.25 1.61,3.14 2.26 1.62,3.16
4 3.53 2.79,4.45 3.43 2.72,4.32 2.60 1.82,3.71 2.50 1.75,3.57 3.01 2.06, 4.41 3.03 2.07,4.43
5 414 3.27,5.25 3.99 3.15,5.06 2.97 2.07,4.27 2.83 1.97,4.06 3.12 2.11,4.62 3.14 2.12,4.65

Pyend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Health Professionals’ Follow-Up Study

1 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 0.01
2 1.26 0.92,1.73 1.23 0.90, 1.69 1.41 1.13,1.77 1.41 1.12,1.76 1.17 0.89,1.54 1.16 0.88,1.52
3 1.97 1.34,2.90 1.89 1.28,2.78 1.78 1.35,2.34 1.76 1.33,2.32 1.48 1.06, 2.07 1.45 1.04,2.03
4 2.34 1.54,3.54 2.20 1.45,3.34 1.86 1.38,2.50 1.84 1.36,2.47 1.81 1.26, 2.60 1.76 1.22,2.52
5 2.63 1.71,4.06 2.44 1.58, 3.76 1.92 1.41,2.61 1.88 1.38,2.56 1.69 1.16,2.48 1.63 1.11,2.38

Piend <0.0001 0.0002 0.03 0.04 0.04 0.07

Abbreviations: Cl, confidence interval; RR, relative risk; UV-B, ultraviolet B.

@ Adjusted for age.

® Multivariate analysis controlled for age, family history of melanoma, natural hair color, number of moles on an extremity, lifetime number of severe/blistering sunburns, and cumulative UV-B

flux exposure.

¢ Pvalue for interaction between susceptibility to sunburn as a child/adolescent and cumulative UV-B flux exposure.
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