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A B S T R A C T

Background: The potential influence of measured body weight and height on keratinocyte skin cancer risk
has scarcely been studied. Some evidence indicates melanoma risk increases as self-reported height
increases, but an association with body mass index (BMI) is less certain.
Methods: We measured body weight and height of 1171 Australian men and women in a community-
based skin cancer study in Queensland and prospectively examined the association of BMI, body surface
area (BSA) and height and incidence of basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and
melanoma while accounting for skin phenotype, sun exposure, clinical/cutaneous signs of chronic
photodamage and other risk factors.
Results: During 16 years of follow-up, 334 and 188 participants newly developed BCC and SCC,
respectively; 28 participants were diagnosed with primary melanoma. BMI and BSA were unrelated to
skin cancer incidence. After full adjustment, height was significantly associated with SCC development in
men (relative risk (RR) = 1.66; 95% confidence interval (CI) = 1.11–2.48, for �175 cm vs �171 cm,
Ptrend = 0.017), and BCC in women (Ptrend = 0.043). Melanoma in men, was similarly positively associated
with height (RR per 5 cm increment = 1.55; 95%CI 0.97–2.47, P = 0.067) though not significantly.
Conclusion: This study shows that after adjusting for sun exposure tall stature may be a risk factor for the
most common types of skin cancer BCC, SCC, and melanoma, while body mass and surface area appear
unrelated to risk.
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1. Introduction

The keratinocyte skin cancers BCC and SCC are the most
common human cancers diagnosed globally [1,2]. Melanoma is less
common but continues to increase in incidence worldwide [3].
Excessive ultraviolet radiation (UVR) exposure is the major
environmental cause of skin cancer risk [4,5] alongside skin
phenotype [6]. Past evidence suggests that anthropometric
measures and indices of obesity correlate strongly with risk of
some adult cancers [7], but less strongly with melanoma [8–10]
Abbreviations: BCC, basal cell carcinoma; BMI, body mass index; BSA, body
surface area; CI, confidence interval; RR, relative risk; SCC, squamous cell
carcinoma.
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while very little is known about body size and keratinocyte
cancers.

The four relevant investigations of BCC have given mixed
results, some showing inverse associations with BMI [11–13], one a
positive association with height [11], and one of our previous
studies no association [14]. Only three reports to date appear to
have examined cutaneous SCC exclusively, indicating an inverse
association with BMI among women [12,13] or no association [15],
but height has not been examined in relation to SCC. Only two
studies adjusted for personal UVR exposure [11,12]; another two
studies reporting findings on combined BCC and SCC cases [16,17]
were not informative.

Regarding risk of melanoma, in one of the earliest relevantstudies
[18] the authors observed a positive association between BMI and
BSA and melanoma among men, and a stronger association with
height in both men and women. Recent meta-analyses, one of BMI
and risk of different types of cancer [9] and another of BMI and
melanoma risk [10] indicated weak to moderate positive associa-
tions (effect estimates 1.17–1.31) between increasing BMI and
 Library from ClinicalKey.com.au by Elsevier on June 07, 2017.
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melanoma in men. A large pooled analysis of 8 case-control studies
of melanoma in women showed no association with BMI or BSA
[19], but women in the highest quartile of height had an elevated
risk of melanoma compared to those with short stature. Similarly, in
the UKMillionWomen Study[20], and theNIH-AARP Diet and Health
Study [21], there was a significantly increased risk of melanoma
with greater height (�32% and 14–18%, respectively, per 10 cm
increment).

Findings from other prospective cohort studies, including
women only, have corroborated the existence of a positive
height-melanoma association [17,22–24]. All of these melanoma
studies lacked adjustment for sun exposure, except one [19], and
almost all studies to date have relied on self-reported weight and
height.

Given these previously proposed links between obesity and
height and the common types of skin cancer, with noticeable
differences between sexes and mostly unadjusted for sun exposure,
we aimed to examine the associations of selected adult anthropo-
metric measures and incidence of BCC, SCC and melanoma
simultaneously in a long-term community-based cohort study of
skin cancer fully taking into account potential confounding by sun
exposure and other established risk factors.

2. Methods

2.1. Study population and data collection

In this prospective study, 1621 residents of the Queensland
township of Nambour, who were originally randomly selected
from the population-based electoral roll [25] and who participated
in the Nambour Skin Cancer Prevention Trial (1992–1996) [26,27]
were followed up until 2007. Almost all study participants (99.7%)
were of Caucasian descent. Trial participants were eligible for the
present study if they had available data on anthropometric and
physical activity measures as previously described [28]. Ethical
approval was obtained from the ethics committee of the Queens-
land Institute of Medical Research (now QIMR Berghofer Medical
Research Institute). We obtained written informed consent from
all participants.

2.2. Assessment of body measures and skin cancer risk factors

At baseline in 1992, participants underwent a physical
examination and completed a health and fitness questionnaire
including information on outdoor behavior, pigment phenotype,
previous skin cancer history, and other lifestyle and sociodemo-
graphic characteristics.

Weight and height were measured at the study clinic by trained
staff using calibrated electronic weighing scales and a stationary
stadiometer. Participants were measured in light clothing without
shoes. Weight was recorded to the nearest 0.1 kg, and standing
height to the nearest 0.1 cm. BMI was calculated as weight in kg
divided by height in m2 (kg/m2) and categorized according to WHO
criteria for overweight and obesity [29]. Body surface area was
calculated according to the Mosteller formula [30,31]. Dermatol-
ogists carried out full skin examinations and recorded standard
signs of cumulative photoaging, including elastosis of the neck, an
objective clinical marker of chronic photodamage which was
graded as mild to moderate (+) or severe (++) [32,33].

Skin-phenotypic characteristics included history of skin cancer
before 1992 (BCC and SCC, y/n), and other categorically grouped
variables, namely tanning ability of skin, painful sunburns through-
out life, freckling of the back, clinical elastosis of the neck, and
sunscreen use. Other factors considered as confounders were
education four categories: grade 12 or less, trade/apprenticeship,
technical certificate/diploma, university (bachelor or higher);
Downloaded for Anonymous User (n/a) at University of Queensland
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smoking status at baseline (never, former, current smoker); and
total recreational activity (hrs/wk), a summed variable of walking,
moderate and vigorous exercise done for sports, recreation or fitness
during the past 2 weeks with reference category no reported activity
[28].

2.3. Endpoints and ascertainment of cases

After the scheduled trial completion in 1996, participants
completed biannual or annual questionnaires about all new skin
cancers, including melanoma. Participants who withdrew from
active trial participation or active follow-up agreed to continue
with ongoing passive monitoring of skin cancers through their
medical records [26].

Incident BCC and SCC were identified through detailed
assessment procedures described previously [26,27,34] and all
BCC and SCC were verified histologically. The outcome used in the
analysis was incidence of persons affected by new BCC and SCC
diagnosed after the baseline 1992 skin examination survey
through to 31 December 2007, in the person-years of follow-up
accumulated between these dates and expressed per 100,000 per-
son years. BCC and SCC tumors and person-years of follow-up were
counted for each participant from baseline until date of withdrawal
from the study, or date of death, or 31 December 2007, whichever
came first. This analysis included 334 persons with new BCC
(160 men, 174 women) and 188 persons with new SCC (98 men,
90 women).

Information on incident melanomas was obtained through
notifications by regional pathology laboratories in all participants
and cross-checked by a search of the Queensland Cancer Registry
(melanoma registration is compulsory) [35]. Study participants
were followed from baseline (1992) until first melanoma
diagnosis, death, or end of the follow-up period (31 December
2007). This analysis included 28 incident melanoma cases (11
men, 17 women).

2.4. Statistical Analysis

We used different regression analyses for calculating risk
estimates for keratinocyte cancers (multiple events) and melano-
ma (single event). A sex-stratified analysis was performed due to
expected differences in body size and behavior between men and
women.

For keratinocyte cancers (person-based analysis), relative risks
(RRs) with 95% confidence intervals (95% CI) of BCC and SCC
incidence for each categorical or continuous body measure were
estimated by generalised linear models, specifying Poisson
distribution with a robust error variance [36] and person-years
of follow-up as offset. Multivariable models were simultaneously
adjusted for the following established risk factors and potential
confounders that were significantly associated with BMI age at
baseline, history of BCC or SCC (before 1992), clinical elastosis of
the neck, freckling of the back, and smoking status (other potential
confounders including recreational sun exposure, occupational
sun exposure and sunburns were not associated with outcomes).
Treatment allocation (betacarotene supplements and/or daily
sunscreen) in the trial 1992–1996 was included as a study design
variable. We did not adjust for natural skin or hair color, or tanning
ability in the multivariable model because these innate character-
istics were captured when clinical elastosis of the neck, a
composite measure of sun sensitivity and cumulative sun
exposure, was included in the model [32,33]. Trend tests were
calculated using quartile-based scores, assigning a score of 1–4 to
an individual according to the interquartile interval of the selected
body measure.
 Library from ClinicalKey.com.au by Elsevier on June 07, 2017.
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For melanoma, Cox proportional hazards models with follow-
up time as underlying time variable in the counting process were
used to estimate age-adjusted RRs and 95% CIs of melanoma
incidence for each body measure. Due to the small number of
melanoma cases, we used continuous exposure variables and
report RRs by 1 unit increment in BMI, 1 SD-unit increment in BSA
(1 SD = 0.2 in both sexes) and 5 cm increment in height.
Multivariable models were adjusted for the following melanoma
risk factors age at baseline (years), treatment allocation, skin
cancer history (combined BCC and SCC history), elastosis of the
neck, and smoking status.
Table 1
Characteristics of study participants by body mass index (n = 1171).

Characteristics Women, quartiles of BMI (n = 665) 

Q1 Q2 Q3 Q4 

Number 169 162 166 168 

Range 17.6–22.6 22.7–24.8 24.9–28.1 28.2–48.5 

Median 21.3 23.7 26.3 31.0 

Mean (SD) 

Age (years) in 1992 44.3 � 12.5 49.3 � 11.5 52.2 � 11.5 51.6 � 11.7 

Percent 

History of skin cancera 21.3 22.8 27.7 31.0 

Education
High school only 63.3 63.6 62.7 68.5 

Trade/other 5.3 5.6 5.4 6.0 

Certificate/diploma 25.4 26.5 28.9 20.8 

University 5.9 4.3 3.0 4.8 

Smoking status
Non-smoker 56.8 74.7 68.1 64.9 

Ex-smoker 27.8 19.1 25.3 23.8 

Smoker 15.4 6.2 6.6 11.3 

Recreational activity (hrs/wk)
None 28.4 29.0 37.3 38.7 

F � 1, M � 1.5 26.0 27.2 19.3 19.6 

F � 3, M � 4 24.3 25.3 19.3 21.4 

F > 3, M > 4 21.3 18.5 24.1 20.2 

Tanning ability of skin
Always burn 24.9 19.8 28.3 25.0 

Burn then tan 69.2 65.4 63.3 61.3 

Only tan 5.9 14.8 8.4 13.7 

Painful sunburns throughout life (1992)
Never 8.9 13.0 9.0 12.5 

Once 19.5 22.2 17.5 22.0 

2–5 times 40.2 45.7 45.2 44.6 

More than 5 times 31.4 19.1 28.3 20.8 

Freckling of the back (1992)b

Nil 32.1 32.9 32.5 34.8 

Mild 41.8 32.9 41.1 34.1 

Moderate 15.2 25.3 18.4 23.2 

Severe 10.9 8.9 8.0 7.9 

Clinical elastosis of the neck (1992)b

Nil 34.9 24.7 18.1 21.4 

Mild 43.2 47.5 50.0 51.8 

Severe 21.9 27.8 31.9 26.8 

Sunscreen use 1992
Non-user 13.6 16.7 26.5 28.6 

Irregular user 33.7 44.4 39.2 40.5 

Regular user 52.7 38.9 34.3 31.0 

a history of BCC and/or SCC.
b Column percentages may not sum to 100% due to missing values (freckling of the 
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To examine the potential effect modification of associations by
history of skin cancer, interaction terms for selected body
measures with skin cancer history were tested. A P value for
interaction was calculated, referring to the interaction term of the
skin cancer history variable and BMI/BSA/height (categorical) over
the entire cohort. The interaction terms were not statistically
significant (P > 0.05). Further, we conducted sensitivity analysis by
additionally adjusting for education or outdoor behavior, and
weight or BMI in models with height as exposure variable (BCC,
SCC), and presence of nevi in the melanoma models. All analyses
were conducted using the SAS statistical software, version 9.1
Men, quartiles of BMI (n = 506)

p-value Q1 Q2 Q3 Q4 p-value

125 126 130 125
17.2–24.0 24.1–26.2 26.3–28.7 28.8–43.2
22.3 25.2 27.5 30.6

Mean (SD)
<0.001 49.7 (14.2) 49.4 � 14.0 51.1 � 12.8 51.8 � 13.0 0.460

Percent
0.159 29.6 31.0 27.0 32.8 0.773

0.876 33.6 39.7 45.4 42.4 0.150
33.6 33.3 35.4 38.4
22.4 14.3 13.1 14.4
10.4 12.7 6.2 4.8

0.012 45.6 57.9 36.2 31.2 <0.001
29.6 30.2 49.2 52.0
24.8 11.9 14.6 16.8

0.274 38.4 34.9 40.0 46.4 0.136
23.2 22.2 23.8 13.6
19.2 16.7 23.1 21.6
19.2 26.2 13.1 18.4

0.067 21.8 11.9 13.1 20.0 0.111
67.7 80.2 79.2 67.2
10.5 7.9 7.7 12.8

0.273 14.5 13.5 10.0 12.0 0.284
11.3 18.3 10.0 15.2
37.9 43.7 50.0 39.2
36.3 24.6 30.0 33.6

0.432 27.3 28.7 36.5 25.2 0.237
32.2 35.2 31.0 34.5
21.5 14.8 15.9 26.9
19.0 21.3 16.7 13.4

0.018 14.4 15.9 14.6 13.8 0.988
44.8 47.6 48.5 49.6
40.8 36.5 36.9 36.6

<0.001 34.7 34.1 26.2 35.2 0.123
41.1 35.7 51.5 46.4
24.2 30.2 22.3 18.4

back: women n = 15, men n = 18; elastosis: men n = 2).

rary from ClinicalKey.com.au by Elsevier on June 07, 2017.
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(SAS Institute, Cary, NC), and statistical tests were 2-sided with P-
values <0.05 considered statistically significant.

3. Results

For the present study, participants with missing data on BMI
(n = 168) and physical activity (n = 282) were excluded as previ-
ously described [28], leaving a study cohort of 1171 men and
women. Participants who were excluded from the analysis tended
to be slightly younger than their included counterparts, excluded
women were more likely to have a lower education, and excluded
men were more likely to have a lower grading of clinical elastosis
and less likely to have skin cancer prior to 1992 than those
included. Study participants aged 25–75 years at baseline (1992)
were followed for an average period of 14.4 (�3.8) years, yielding a
total of 16,887 person-years.

Table 1 provides the characteristics of the study participants by
BMI quartile and sex. Participants in higher BMI categories tended
to be older than those in the lowest BMI category, but this was
statistically significant in women only. Both women and men in the
lowest BMI category had the highest proportion of smokers
compared to those with higher BMI. Women in the higher BMI
categories had higher grading of clinical elastosis, and were less
likely to be regular sunscreen users than those in the lower BMI
groups. Other characteristics including recreational activity and
sunburns did not significantly vary by BMI status (Table 1), BSA or
height (data not shown).

In age-adjusted and multivariable-adjusted models, higher
BMI or BSA were not associated with risk of BCC (Table 2) or SCC
(Table 3) in either sex. In contrast, height was positively
associated with BCC in women (Ptrend = 0.043), but none of the
risk estimates based on quartiles approached statistical signifi-
cance (Table 2). When height was fitted as a continuous term, the
RR (95% CI) was 1.09 (1.00–1.20; P = 0.052) per 5 cm increment of
Table 2
Relative risks (RRs) and 95% CI of BCC (1992–2007) according to body size measure, st

Body measure Women with BCC/Total Age-adjusted
RR (95% CI)

Multivari
RR (95% C

(n = 665) (n = 650) 

BMI quartileb

Q1 41/169 Reference Reference
Q2 43/162 0.93 (0.64,1.34) 0.96 (0.67
Q3 46/166 0.92 (0.65,1.32) 0.90 (0.64
Q4 44/168 0.96 (0.67,1.37) 0.95 (0.68
p trend 0.851 0.708 

BMI categorical
<25 84/335 Reference Reference
25–30 60/213 1.03 (0.78,1.36) 1.01 (0.77
>30 30/117 0.96 (0.68,1.35) 0.89 (0.64
p trend 0.888 0.543 

BSA quartilec

Q1 40/166 Reference Reference
Q2 48/166 1.17 (0.82,1.67) 1.13 (0.80
Q3 38/167 0.89 (0.61,1.30) 0.95 (0.66
Q4 48/166 1.25 (0.88,1.77) 1.10 (0.78
p trend 0.488 0.852 

Height quartiled

Q1 41/165 Reference Reference
Q2 39/165 1.04 (0.71,1.51) 1.02 (0.72
Q3 45/169 1.28 (0.89,1.85) 1.31 (0.92
Q4 49/166 1.50 (1.05,2.15) 1.35 (0.96
p trend 0.017 0.043 

a Model adjusted for age (years), treatment allocation, BCC history, elastosis of the n
b Cutpoints BMI (kg/m2): women 22.7, 24.9, 28.2; men 24.1, 26.3, 28.8.
c Cutpoints BSA (m2, SD unit): women 1.63, 1.72, 1.83; men 1.87, 1.98, 2.08.
d Cutpoints height (cm) : women 158.0, 161.8, 166.5; men 170.9, 174.8, 179.9.
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height. There was a significant positive association between height
and SCC (Ptrend = 0.017) among men (Table 3). In the fully adjusted
model, we observed a 66% increased risk of SCC in the third
quartile (175–180 cm) compared with the lowest (reference,
<171 cm). Men grouped in the highest quartile (>180 cm) also
had an elevated risk (53%), but the risk estimate was not
significant. The RR (95% CI) was 1.11 (0.98–1.26; P = 0.110) for
continuous height (per 5 cm increase).

In analyses combining men and women, BMI was not associated
with BCC (RR, 95% CI Q2 (0.90, 0.71–1.14), Q3 (0.84, 0.66–1.07), Q4
(0.93, 0.74–1.18) or SCC (RR, 95% CI: Q2 (0.81, 0.58–1.13), Q3 (0.81,
0.56–1.15), Q4 (0.97, 0.69–1.35) as reflected in the sex-stratified
analyses. Height was positively associated with BCC (RR, 95% CI:
Q2 1.03, (0.80–1.31), Q3 (1.29, 1.02–1.64), Q4 (1.28, 1.01–1.62),
Ptrend = 0.015), but not associated with SCC (RR, 95% CI: Q2 (0.94,
0.67–1.31), Q3 (1.18, 0.85–1.63), Q4 (1.11, 0.78–1.58).

Table 4 shows the age- and fully adjusted RRs for melanoma for
each anthropometric measure by sex. Average time to melanoma
incidence among 28 participants was 9.7 (�4.8) years, yielding a
total of 271.6 person-years. Due to the limited number of cases
(women n = 17, men n = 11) we fitted all anthropometric measures
as continuous variables. Specifically among men, the risk estimate
for height suggested an increased risk in melanoma (�50% increase
in risk per 5 cm increment), though the dose-response trend was
not statistically significant. BMI and BSA were unrelated to
melanoma risk in both men and women and overall. The risk
estimates for women and men combined were as follows BMI (RR,
95% CI: 1.00, 0.91–1.09 per 1 unit increment), BSA (RR, 95% CI: 1.24,
0.82–1.89 per 1 SD- unit increment), and height (RR, 95% CI: 1.28,
0.97–1.71 per 5 cm increment).

In additional analyses (data not shown), we further adjusted for
education to account for residual confounding, but risk estimates
were not substantially altered. Additional adjustments for weight
or BMI did not materially change the associations between height
ratified by sex.

ablea

I)
Men with BCC/Total Age-adjusted

RR (95% CI)
Multivariablea

RR (95% CI)
(n = 506) (n = 486)

 42/125 Reference Reference
,1.37) 38/126 0.93 (0.66,1.29) 0.84 (0.60,1.17)
,1.27) 38/130 0.82 (0.58,1.15) 0.79 (0.56,1.11)
,1.33) 42/125 0.97 (0.70,1.34) 0.91 (0.65,1.27)

0.680 0.513

 63/177 Reference Reference
,1.32) 67/246 0.76 (0.58,1.00) 0.75 (0.58,0.98)
,1.23) 30/83 1.04 (0.74,1.44) 1.06 (0.76,1.48)

0.699 0.673

 52/126 Reference Reference
,1.60) 32/127 0.68 (0.48,0.96) 0.65 (0.47,0.90)
,1.36) 37/127 0.79 (0.57,1.09) 0.83 (0.60,1.14)
,1.55) 39/126 0.90 (0.65,1.24) 0.94 (0.68,1.31)

0.610 0.843

 46/124 Reference Reference
,1.45) 35/129 0.86 (0.61,1.21) 1.04 (0.73,1.48)
,1.89) 43/127 1.10 (0.80,1.53) 1.26 (0.92,1.72)
,1.90) 36/126 1.08 (0.78,1.51) 1.21 (0.86,1.70)

0.391 0.142

eck, freckling of the back, and smoking status.
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Table 3
Relative risks (RRs) and 95% CI of SCC (1992–2007) according to body size measure, stratified by sex.

Body measure Women with SCC/Total Age-adjusted
RR (95% CI)

Multivariablea

RR (95% CI)
Men with SCC/Total Age-adjusted

RR (95% CI)
Multivariablea

RR (95% CI)
(n = 665) (n = 650) (n = 506) (n = 486)

BMI quartileb

Q1 23/169 Reference Reference 22/125 Reference Reference
Q2 19/162 0.67 (0.39,1.14) 0.58 (0.35,0.99) 25/126 1.17 (0.74,1.87) 1.04 (0.66,1.65)
Q3 25/166 0.76 (0.46,1.26) 0.64 (0.37,1.05) 23/130 0.94 (0.57,1.54) 0.98 (0.59,1.62)
Q4 23/168 0.78 (0.47,1.30) 0.78 (0.47,1.27) 28/125 1.23 (0.77,1.95) 1.23 (0.77,1.95)
p trend 0.492 0.484 0.592 0.456

BMI categorical
<25 42/335 Reference Reference 37/177 Reference Reference
25–30 31/213 0.96 (0.63,1.45) 0.90 (0.59,1.36) 44/246 0.84 (0.60,1.23) 0.92 (0.64,1.32)
>30 17/117 0.96 (0.58,1.61) 1.03 (0.61, 1.73) 17/83 1.03 (0.62,1.71) 1.06 (0.66,1.72)
p trend 0.855 0.956 0.881 0.944

BSA quartilec

Q1 23/166 Reference Reference 30/126 Reference Reference
Q2 25/166 1.07 (0.66,1.76) 0.87 (0.52,1.46) 21/127 0.86 (0.54,1.37) 0.80 (0.50,1.29)
Q3 20/167 0.79 (0.46,1.37) 0.79 (0.48,1.32) 26/127 1.05 (0.69,1.60) 1.10 (0.74,1.64)
Q4 22/166 1.05 (0.62,1.78) 0.84 (0.50,1.42) 21/126 0.97 (0.60,1.55) 1.09 (0.68,1.76)
p trend 0.835 0.472 0.916 0.501

Height quartiled

Q1 29/165 Reference Reference 27/124 Reference Reference
Q2 22/165 0.91 (0.55,1.48) 0.86 (0.53,1.39) 20/129 0.92 (0.57,1.50) 1.05 (0.66,1.67)
Q3 20/169 0.95 (0.57,1.61) 0.86 (0.51,1.47) 30/127 1.48 (0.96,2.28) 1.66 (1.11,2.48)
Q4 19/166 1.04 (0.61,1.79) 0.80 (0.47,1.37) 21/126 1.33 (0.83,2.15) 1.53 (0.93,2.51)
p trend 0.889 0.432 0.072 0.017

a Model adjusted for age (years), treatment allocation, SCC history, elastosis of the neck, freckling of the back, and smoking status.
b Cutpoints BMI (kg/m2): women 22.7, 24.9, 28.2; men 24.1, 26.3, 28.8.
c Cutpoints BSA (m2, SD unit) : women 1.63, 1.72, 1.83; men 1.87, 1.98, 2.08.
d Cutpoints height (cm) : women 158.0, 161.8, 166.5; men 170.9, 174.8, 179.9.

Table 4
Relative risks (RRs) and 95% CI of cutaneous malignant melanoma (1992–2007) for
continuous body measures, stratified by sex, in 506 men and 665 women.

Body measure Cases Age-adjusted RR (95% CI) Multivariablea RR
(95% CI)

BMI (kg/m2)
Men 11 0.90 (0.75,1.08) 0.90 (0.74–1.08)

p = 0.240 p = 0.260)
Women 17 1.03 (0.94–1.13) 1.03 (0.94–1.13)

p = 0.509 p = 0.528

BSA (m2), SD unitsc

Men 11 1.08 (0.54–2.16) 1.06 (0.53–2.12)
p = 0.828 p = 0.862

Women 17 1.33 (0.80-2.21) 1.32 (0.79–2.21)
p = 0.273 p = 0.293

Height (cm)b

Men 11 1.53 (0.98–2.39) 1.55 (0.97–2.47)
p = 0.065 p = 0.067

Women 17 1.12 (0.76–1.65) 1.12 (0.76–1.64)
p = 0.556 p = 0.567

a RR adjusted for age (years), treatment allocation, skin cancer history, elastosis of
the neck, and smoking status.

b Height in 5 cm increments.
c SD unit = 0.2 (in both sexes).
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and skin cancers, nor did adjustment for presence of nevi
(melanoma only) change observed associations. Further adjust-
ments for outdoor behavior variables did not alter the observed
associations.

4. Discussion

In this longitudinal study of Australian adults, neither adult BMI
nor BSA was significantly associated with incidence of cutaneous
Downloaded for Anonymous User (n/a) at University of Queensland Lib
For personal use only. No other uses without permission. Co
BCC, SCC or melanoma. In men, however, we observed an elevated
risk of SCC and a suggestive positive association with melanoma
with increasing height. Among women, there was a trend of
increased BCC risk with increasing height. These associations were
independent of sun exposure and other risk factors. Our study is
novel in its prospective and simultaneous investigation of
measured body size and height in relation to risk of BCC, SCC,
and melanoma in both sexes in the same general population
sample, fully assessing their associations with sun exposure and
adjusting for the confounding effect of clinical elastosis, an
objective marker of chronic photodamage, in all final models.

We observed a positive height-BCC association in women,
which is corroborated by a report from the large US radiologic
technologists cohort Study [11], where height was also shown to be
positively associated with BCC in women (Q5 vs Q1 HR = 1.64, CI
1.40–1.93, ptrend< 0.0001) and men (HR = 1.34, CI 0.94–1.89,
ptrend = 0.05) accounting for UV susceptibility factors and UV
exposure. We have not identified any height-SCC study with which
to compare our results.

Our null findings for BMI and risk of BCC and SCC correspond
with results from two previous studies [14,15], but are not in
agreement with other reports showing an inverse association for
BCC [11–13,16] and for SCC [12,13].

In our cohort, there was a suggestive positive linear risk pattern
(p = 0.07) between height and melanoma among men. The lack of
statistical significance may be due to the limited power in our
study (male cases n = 11) since a positive association has also been
reported by Thune and co-workers [18] in their large Norwegian
cohort (HR = 1.60, CI 1.39–1.84, Q5 vs Q1) and Wiren et al. [17] in
their pooled study (HR 1.12, CI 1.08–1.19, per 10 cm increment).
Other previous prospective studies [20–24] and one pooled
analysis of case-control studies [19], among women, showed
moderate to strong positive height-melanoma associations in
rary from ClinicalKey.com.au by Elsevier on June 07, 2017.
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age- or multivariate adjusted models. Risk estimates ranged from
1.14–1.51 per 10 cm increment in height.

Studies examining the relation between BMI and/or BSA and
melanoma risk have yielded mixed results, but have pointed to a
positive association [9,10,18,37], not observed in this study.

Despite many consistent height-cancer links [38–40], including
skin cancers, the mechanism remains unclear. Adult height is
determined by genetic make-up and modifiable early life and
childhood factors, such as nutrition, illness and socioeconomic
status, which may collectively influence the development of both
height, and cancer risk [39–42]. One hypothesis is that height is
directly correlated with the size of organs and thus numbers of
target cells, including stem cells, hence providing a greater
opportunity for mutations and malignant transformations
[43,44]. However, BSA (or BMI) was not related to skin cancer in
this study nor in an earlier report on BCC of this cohort [14] or in
other studies [19,24]. Therefore it seems unlikely that larger skin
surface area has driven the association with height.

Another possibility is the influence of hormone levels,
particularly insulin-growth-factors (IGFs) in cancer development
[20,39,45]. The limited evidence on adult insulin factors and
melanoma risk, however, is unclear, either showing no association
between IGF level and melanoma [46] or suggesting that insulin
resistance as a possible risk factor [47]. Further, recent findings on
anthropometric features, including sitting-to-standing height ratio
suggest that the effect of height components is not absolute but
relative to total height, and melanoma development may be
specifically related to childhood or pubertal IGF levels [24].

The most important limitation of this study was the limited
power to detect relevant differences in multivariate melanoma
analyses. Strengths of our study include the prospective design
with measured anthropometric indicators and the separate
examination of corresponding risks of BCC, SCC and melanoma
in both sexes and adjustment for important confounding factors.
The fact that outdoor behavior variables were not associated with
anthropometric measures, and that our multivariable models were
adjusted for clinical elastosis, as well as the similarity between the
age- and multivariable adjusted analyses argue against extensive
confounding by sun-related factors in this study. These factors do
not explain the observed sex differential for BCC, SCC or melanoma.

Inclusion of sunscreen treatment allocation in all multivariate
models as both a design variable and measure of sunscreen usage
[48], meant that we overcame the common problem of confound-
ing by indication, i.e. frequent users of sunscreens are also those
frequently exposing themselves to the sun [49]. Finally these
results point to biological mechanisms relevant to the aetiology of
skin cancer [17,50].

In summary, this prospective study in Australian middle-aged
adults provides new evidence for the role of height in SCC
occurrence in men, and supports its role in BCC occurrence in
women. Our data also suggest a positive association between
height and melanoma risk in men seen in other studies, but do not
support previous findings of any associations of BMI or BSA with
skin cancer. This knowledge may be useful to clinicians in skin
cancer risk prediction. Height is a potential addition to the list of
risk factors useful in prioritizing patients at increased risk of
disease, for preventive advice and surveillance.
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