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Abstract

Objective: To determine the test-retest repeatability of a self-completed survey with items 
capturing skin cancer risk factors.

Methods: We invited 238 randomly selected participants of the QSkin II cohort to complete the 
baseline survey a second time. Responses were compared using kappa statistics and intraclass 
correlation coefficients to quantify agreement for categorical and continuous variables, 
respectively. We compared the performance of key items with that observed in an earlier 
repeatability study using the same survey instrument in an independent cohort.

Results: Measures of phenotypic characteristics had moderate to almost-perfect test-retest 
repeatability (e.g. eye colour weighted kappa (κw) = 0.87, 95% confidence interval [CI]: 0.81, 
0.92). Items measuring sun exposure showed lower agreement (κw range 0.36-0.54) compared 
with phenotypic characteristics (κw range 0.59-0.87). Items relating to treatment of skin cancers 
demonstrated almost-perfect test-retest repeatability (e.g. excisions for skin cancers κw 0.85, 
95%CI: 0.80, 0.89).  In aggregate, the repeatability of key items was very similar across the two 
independent repeatability samples.

Conclusion: Fair to almost-perfect repeatability for self-reported skin cancer risk factors was 
robust across independent and temporally distant cohorts.

Implications for public health: These self-assessed risk factors for skin cancer are repeatable 
and suitable for use in clinical practice and research. 
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Skin cancer is Australia’s ‘national 
cancer’; this nation suffers the highest 
incidence of cutaneous melanoma 

and keratinocyte cancer in the world.1-3 
Ultraviolet radiation exposure is the principal 
environmental risk factor; established 
constitutional risk factors include fair skin, hair 
and eye colour, high numbers of melanocytic 
nevi and freckling tendency.4,5

Studies of skin cancer epidemiology, and 
efforts to monitor and evaluate skin cancer 
control activities require valid and reliable 
instruments for measuring these phenotypic 
and environmental risk factors. The evidence 
for reproducibility of self-reported measures 
of skin cancer risk factors is limited. In 
relation to constitutional melanoma risk 
factors, previous studies have demonstrated 
substantial agreement for eye colour, 
moderate to substantial agreement for 
skin and hair colour and fair to substantial 
agreement for skin phototype (burning /
tanning), freckling and questions related to 
number of nevi.6-16 Regarding environmental 
melanoma risk factors, previous studies 
reported fair to substantial agreement 
for sunburn history and sunscreen use, 
moderate agreement for hat use and time 
in the sun, and moderate to almost perfect 
agreement for sunbed use.7-17 However, 
to date there have been only a handful of 
studies that have assessed the repeatability 
of important melanoma risk factors including 
nevus counts, sunscreen use on different 
parts of the body and family history of 
melanoma.6-12,14-17 In addition, the stability 

of these estimates of repeatability remains 
unclear. 

We have previously reported the repeatability 
of self-reported survey items for a population-
based cohort (QSkin, recruited in 2011) that 
was established specifically for skin cancer 
research.13 In that earlier investigation, we 
assessed the repeatability of self-reported 
items measuring phenotypic characteristics, 
past sun exposure, photoprotective 
behaviors, skin cancer history and treatment, 
and medical and social history. In 2019, 
we recruited a new cohort (QSkin II); this 

new cohort was a convenience sample of 
volunteers who completed a baseline survey 
and provided a saliva sample. 

We sought to assess the test-retest 
repeatability of the same self-reported survey 
items that we used previously in a newly 
recruited, completely independent sample 
of participants. In so doing, we sought to 
compare the metrics of key items across the 
two different cohorts and thereby identify 
those self-reported risk factors demonstrating 
the most stable performance. 
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Methods

The QSkin study
The QSkin Sun and Health study is a cohort 
of Australian men and women established 
with the aim of prospectively investigating 
the role of genetic and environmental factors 
in developing cutaneous melanoma and 
other forms of skin cancer. The original cohort 
was recruited in 2010/2011 and comprised 
43,794 residents of Queensland randomly 
selected from the Australian Electoral Roll 
and who completed a baseline survey. The 
cohort has been followed both passively 
and actively for melanoma and keratinocyte 
cancer outcomes.18 In 2019 a new cohort was 
established from a convenience sample of 
Australian residents aged 18 years or older 
(n=8,656); participation involved completing 
the baseline survey and providing a saliva 
sample.  

Study design
Eligible participants for this new repeatability 
study were those who had taken part in the 
QSkin II Study and returned their primary 
survey response between 29/01/2020 – 
25/04/2020 and had completed 100% of 
the survey. Initially 500 participants were 
randomly selected from the QSkin II cohort 
with aim of receiving a completed second 
set of survey responses from at least 220 
participants (i.e. an estimated re-completion 
fraction of 44%).

We sent a personalised email to each 
participant inviting them to complete the 
same QSkin survey for a second time. Each 
participant provided written informed 
consent, which was provided online via a link 
contained in the email.  Involvement in this 
sub-study was voluntary and participants 
were able to withdraw at any time. Once 
consent was obtained, the online QSkin 
survey was accessed via a link embedded in 
the email invitation. Recruitment emails were 
sent in five waves over 29/1/20 to 6/2/20 in 
batches of 86 to 94. No reminder emails were 
sent to participants. In total, 440 invitations 
were sent until the target recruitment 
number of at least 220 completed surveys 
was reached. In total 238 agreed to take part 
(response fraction 54%). 

The QSkin II Study and this repeatability sub-
study were approved by the Human Research 
Ethics Committee at the QIMR Berghofer 
Medical Research Institute (approval number 
P3434).

Questionnaire
The QSkin survey was developed by the 
study investigators based on numerous 
similar instruments used in earlier studies 
of skin cancer.6,19 The survey was designed 
to be self-administered and is publicly 
available here: https://www.qimrberghofer.
edu.au/wp-content/uploads/2021/02/
P3434_QSKIN_GENETICS_NewSample_
Survey_V1.1_17Nov2018.pdf. Selected 
questions analysed in this repeatability study 
focused on risk factors for melanoma and 
other skin cancers including phenotype and 
sun exposure, in addition to medical history, 
family history and social history. The survey 
questions that assessed phenotype included 
skin color, skin burning and tanning type; 
eye and hair color; and various measures of 
freckling and nevus density. (Supplementary 
Table 1). Sun exposure assessments included 
number of severe sunburns in childhood, 
adolescence and adulthood; and number 
of hours spent in the sun on weekdays 
and weekends across different ages and 
frequency of sunbed or tanning bed use. We 
assessed sun protection behaviors through 
questions about use of sunscreen and 
hats. We also asked about medical history, 
including self-rated health, detailed questions 
about treatments for actinic lesions, and other 
aspects of medical and family history relating 
to skin cancers and melanoma. Finally, we 
captured information on height and weight, 
smoking, alcohol, other medical conditions 
and other aspects of socio-demographics.

Statistical analysis
We assessed the agreement between each 
participant’s responses to the original survey 
and the repeat survey. We evaluated test-
retest repeatability using simple Cohen’s 
kappa (κ) for two level categorical variables, 
weighted Cohen’s kappa (κw) for higher 
order categorical variables, and intraclass 
correlation coefficient (ICC) for continuous 
variables. Kappa values range from -1.0 to 1.0 
with ≤0 indicating no agreement, 0.01–0.20 
slight agreement, 0.21–0.40 fair agreement, 
0.41–0.60 moderate agreement, 0.61–0.80 
substantial and 0.81–1.00 as almost perfect 
agreement.20 The weighted kappa statistic 
compares the observed agreement with 
higher weights to responses with higher 
disagreement (or off diagonal responses). 
Intraclass coefficient (ICC) compares the 
repeatability of continuous measures 
taken repeatedly on the same subject. ICC 

values ≤0.5 indicate poor repeatability, 
values between 0.5–0.75 indicate moderate 
repeatability, 0.75–0.9 indicate good 
repeatability and³ ≥0.90 indicate excellent 
repeatability.21 

To assess the stability of item repeatability 
over time and across independent sampling 
frames, we compared the measures of 
agreement obtained in our first repeatability 
study13 with those obtained in this new 
cohort. 

Results

The average time interval between the first 
and second self-administered surveys in the 
QSkin II repeatability study was five months. 
Participants in the repeatability sample 
were similar to the QSkin II cohort for most 
characteristics, however, they were more 
likely to be male (52.1% vs. 35.3%; p<0.001), 
to have a history of skin cancers excised 
(p=0.01) and skin lesions frozen/burnt off 
(p<0.001) (Supplementary Table 2).

Of the self-reported risk factors for melanoma, 
we found items recording phenotypic 
characteristics including skin colour, skin 
phototype (burning and tanning), eye colour, 
hair colour, freckling at 21 years old and nevus 
count at the age of 21 years old to achieve 
moderate to almost perfect agreement in the 
QSkin II sample (κw 0.59–0.86) (Table 1). Self-
reported number of nevi on the left upper 
arm (ICC 0.60) and total number of moles 
at age 21 (κw 0.59) demonstrated moderate 
repeatability. In contrast, the survey item 
measuring large nevi (>5mm) counts on the 
left upper arm showed poor repeatability (ICC 
0.48; 95% CI 0.36–0.60).

We found items measuring sun exposure 
to have lower repeatability than 
phenotypic characteristics. The number of 
reported severe sunburns at various ages 
demonstrated moderate agreement (κw 0.44–
0.54) while time spent in the sun at different 
ages had fair to moderate agreement 
(κw 0.36–0.51) (Table 1). Photoprotective 
behaviours were reasonably well reported, 
with weighted kappas for sunscreen use at 
different body sites ranging from 0.57 to 
0.69; sunscreen application to the face had 
the highest repeatability of the sunscreen 
items (κw 0.69). Hat use when outdoors had 
substantial repeatability (κw 0.66), and history 
of sunbed use demonstrated almost perfect 
agreement between first and second surveys 
(κw 0.91) (Table 1). 
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Table 1. Repeatability of QSkin II survey items related to phenotype, sun 
exposure, and sun protection, medical and family history.
Survey items N Measure Value 95% CI
Phenotype
  Skin colour 235 Weighted kappa 0.75 0.66, 0.84
  Skin burning type 235 Weighted kappa 0.59 0.52, 0.67
  Skin tanning type 234 Weighted kappa 0.59 0.51, 0.67
  Eye colour 234 Weighted kappa 0.87 0.81, 0.92
  Hair colour 234 Weighted kappa 0.86 0.80, 0.91
  Grey hair now 232 Weighted kappa 0.82 0.77, 0.88
  Grey hair start age 163 ICC 0.85 0.80, 0.88
  Freckling on face, at 21yr 235 Weighted kappa 0.73 0.66, 0.79
  Moles at age 21yr 234 Weighted kappa 0.59 0.51, 0.67
  Moles left upper arm 149 ICC 0.60 0.51, 0.69
  Large moles left upper arm 
(>5mm)

149 ICC 0.48 0.36, 0.60

Sun exposure 
  Number of severe sunburns aged 
<10yr

222 Weighted kappa 0.54 0.47, 0.62

  Number of severe sunburns aged  
10-20yr

233 Weighted kappa 0.53 0.46, 0.61

  Number of severe sunburns aged 
>20yr

231 Weighted kappa 0.44 0.34, 0.53

  Time in the sun-weekdays (past 
year)

231 Weighted kappa 0.44 0.35, 0.53

  Time in the sun-weekdays (aged 
10-19yr)

331 Weighted kappa 0.36 0.27, 0.45

  Time in the sun-weekdays (aged 
20-29yr)

232 Weighted kappa 0.48 0.40, 0.56

  Time in the sun-weekdays (aged 
30-39yr)

229 Weighted kappa 0.44 0.36, 0.53

  Time in the sun-weekend days 
(past year)

232 Weighted kappa 0.51 0.44, 0.59

  Time in the sun-weekend days 
(10-19yr)

232 Weighted kappa 0.49 0.41, 0.57

  Time in the sun-weekend days 
(20-29yr)

232 Weighted kappa 0.44 0.35, 0.53

  Time in the sun-weekend days 
(30-39yr)

228 Weighted kappa 0.41 0.32, 0.49

  Sunbed use 235 Weighted kappa 0.91 0.85, 0.98

Table 1 cont. Repeatability of QSkin II survey items related to phenotype, sun 
exposure, and sun protection, medical and family history.
Survey items N Measure Value 95% CI
Sun exposure  cont.
  Age at first use of sunbed 22 ICC 0.31 0.17, 0.51
  Number of years lived in Northern 
Australia

110 ICC 0.78 0.71, 0.84

  Number of years lived in Central  
Australia

159 ICC 0.89 0.86, 0.92

  Number of years lived in Southern 
Australia

187 ICC 0.96 0.95, 0.97

Sun protection
  Routine (most days) sunscreen 
use - face

229 Kappa 0.69 0.59, 0.78

  Routine sunscreen use – hands/
forearms

160 Kappa 0.63 0.48, 0.77

  Routine sunscreen use – other 
body parts 

129 Kappa 0.57 0.32, 0.82

  Sunscreen use in the past year 235 Weighted kappa 0.59 0.51, 0.67
  Hat use in the past year 233 Weighted kappa 0.66 0.58, 0.73
Medical history
  Self-rated health 234 Weighted kappa 0.64 0.57, 0.71
  Skin cancers removed surgically 232 Weighted kappa 0.85 0.80, 0.89
  Skin lesions burnt/frozen 232 Weighted kappa 0.86 0.82, 0.89
  Perceived likelihood of getting 
melanoma 

230 Weighted kappa 0.46 0.35, 0.56

  Skin check by doctor (past 3yrs) 228 Weighted kappa 0.68 0.61, 0.75
  Skin check by someone else (past 
3yrs)

144 Weighted kappa 0.58 0.49, 0.68

  Skin check by yourself  (past 3yrs) 168 Weighted kappa 0.52 0.42, 0.62
  Taking vitamin D supplementation 232 Kappa 0.76 0.67, 0.86
  Diagnosed with diabetes 232 Weighted kappa 0.92 0.83, 1.00
Family history
  Family history of melanoma 231 Weighted kappa 0.70 0.61, 0.78
  Strong family history of other 
cancer

232 Weighted kappa 0.45 0.34, 0.55

  Are you a twin/twin in biological 
family

232 Kappa 0.76 0.66, 0.86

Notes:
Abbreviations: ICC = intraclass correlation coefficient; CI, confidence interval

Self-reported history of skin cancers treated 
with surgical excision demonstrated almost 
perfect agreement (κw 0.85), as did self-
reported history of skin lesions burnt or 
frozen (κw 0.86). Items related to skin checks 
showed moderate agreement (κw 0.52-0.68) 
(Table 1). Family history of melanoma showed 
substantial repeatability (κw 0.70).

Questions relating to height, weight and 
work status had moderate to substantial 
test-retest repeatability with ICC 0.75, 0.99 
and κw 0.87, respectively. Smoking status 
had almost perfect agreement (κ 0.89), and 
other measures of smoking history were also 
highly reproducible (Supplementary Table 3). 
We found that self-reports of alcohol intake 
had high repeatability (alcohol drinking 
status κ 0.81; alcohol weekly drinks κw 0.75). 
The survey item relating to use of cannabis 
demonstrated almost perfect agreement  

(κw 0.83), and medical conditions had 
moderate to high repeatability, except for 
hypertensive heart disease and eczema 
(Supplementary Table 4).

Comparison of item repeatability 
across cohorts
We compared the repeatability of survey 
items observed in the QSkin II cohort with 
those observed for the same items in the 
original QSkin cohort (Figures 1-3). The plots 
demonstrate remarkably consistent estimates 
of repeatability between the samples for 
all items. For phenotype items (Figure 
1), measures of eye, hair and skin colour 
performed with very high repeatability in 
both samples. Measures of skin tanning and 
burning, and mole counts, were consistently 
less repeatable in both samples. Similarly, we 
found that items measuring sun exposure 

and sun protection (Figure 2) showed 
moderate agreement in both samples, except 
for sunbed use, which showed almost perfect 
agreement in both samples. The repeatability 
of items recording medical history and 
lifestyle factors (Figure 3) were comparable 
in the two samples, with recall of smoking 
status and skin cancer treatments consistently 
excellent, whereas recall of skin checks was 
consistently fair to moderate in both samples. 

Discussion

We aimed to measure the test-retest 
repeatability of a self-completed 
questionnaire used for prospective research 
on melanoma and skin cancer and with 
items capturing skin cancer risk factors, sun 
exposure, photoprotective behaviors, medical 
and social history, and then to compare the 
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performance of key items across two cohorts 
recruited using different methods. 

In general, we found very similar measures 
of repeatability in the second survey to those 
observed in the first. In other words, those 
items that performed well in the original 
QSkin cohort also performed well in the 
subsequent cohort. In general, measures of 
phenotype including eye colour and hair 
colour performed exceptionally well, while 
items relating to skin colour, skin phototype 
and freckling at 21 years old were also 
recalled well. We assessed three separate 
items relating to nevus burden: whole body 
nevus category at age 21 years, count of 
nevi >2mm on the left upper arm, and count 
of nevi >5mm on the left upper arm. Of 
these, the first two performed moderately 
well, while the third measure had limited 
repeatability. Whole body nevus category 
at 21 years is an influential factor that we 
and others have used in melanoma risk 
prediction models,22 and our finding of good 
but not excellent repeatability highlights the 
challenge of developing prediction models 
based on imperfect measures. Although we 
found whole body nevus category to perform 
reasonably well, we may be at the limits of 
what self-report can achieve and therefore 
need to acknowledge that a degree of 
misclassification has to be accepted. Overall, 
aside from mole count on the left upper 
arm, the phenotypic variables had moderate 
to almost perfect repeatability, which 
underscores the confidence in using these 
items in melanoma risk prediction tools.

We found that measures of historical sun 
exposure (including severe sunburns and 
time in the sun) were less reliable than 
measure of phenotype, and thus more 
prone to misclassification. They remain 
challenging measures to improve as there 
are no ‘gold standard’ objective measures to 
validate them, and they rely completely on 
recall of the distant past. One alternative to 
quantifying sun exposure by recall is to use 
proxy measures such as history of sunspots. 
Our analyses show that these measures are 
recalled with very high repeatability. In the 
future, it may be possible to replace these 
recall-based methods with biomarkers that 
quantify cumulative DNA damage or other 
measures of actinic damage.23 Interestingly, 
we observed that measures of sun protection 
performed well with moderate to substantial 
agreement, likely due to increased awareness 
of the hazards of sun exposure in Australia.

Figure 1: Comparison between the repeatability of phenotypic items as measured in the original QSkin cohort 
repeatability sample with the same items measured in the QSkin II repeatability sample.

Figure 2: Correlation between the repeatability of measures of sun exposure, sun protection and sunbed use 
comparing the original QSkin cohort repeatability sample to the QSkin II repeatability sample.

Figure 3: Correlation between the repeatability of items related to medical history and lifestyle factors comparing 
the original QSkin cohort repeatability sample to the QSkin II repeatability sample.

Mortimore et al. Article
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History of skin cancer treatment (whether 
by surgery or destructive means) performed 
exceptionally well, as did smoking status. 
Likewise, first degree family history of 
melanoma performed well, a reassuring 
finding given its frequent use in many skin 
cancer risk prediction tools.22 History of skin 
checks by a doctor was also well recalled, 
especially when compared to the measures 
assessing skin checks conducted by self or 
someone else. 

As for the QSkin surveys, previous studies 
assessing skin cancer risk factor repeatability 
have used an even mix of self-administered 
and face-to-face instruments.6-12,14-17 Four 
of those earlier studies were conducted in 
Northern Hemisphere populations10,11,14,15 
and two studies took place in Australia.6,13 The 
mean interval between the baseline survey 
and the repeatability survey in previous 
surveys ranged from three weeks up to 17 
years;6-12,14-17 in QSkin II the mean interval 
between surveys was five months. In general, 
our findings accord with those previously 
published measures of survey repeatability. 

While most of our findings accord with others, 
we found higher levels of agreement for hat 
use when outdoors compared with the two 
previous studies reporting on this item.10,13 
It is possible that the generally higher 
prevalence of hat wearing in Queensland 
than other settings contributed to this higher 
repeatability. 

A major strength of our study was the ability 
to compare the repeatability of survey items 
across two cohorts recruited in different 
ways and separated in time by more than six 
years.13 The ‘repeatability of the repeatability’ 
was remarkably high for almost all items on 
the survey, suggesting that some items (e.g. 
history of treatments for actinic skin lesions; 
smoking; height; weight; some measures of 
skin phenotype) are always reported with 
very high consistency. Epidemiologic analyses 
based on these variables can therefore be 
accorded a high degree of confidence. Other 
items, such as measures of sun exposure 
and sun protection, are less reliable, and 
so epidemiologic inferences must be more 
cautious. 

Participants were randomly selected from 
the QSkin II cohort to participate in the 
repeatability sub-study, reducing the chance 
of selection bias. Further, the selected 
participants were unaware at baseline that 
they would be asked to complete the survey a 
second time, minimising the chance of recall 
bias. The interval of five months between the 

baseline and repeated surveys is sufficiently 
long that respondents would be unlikely to 
precisely recall their previous responses to 
survey items, but is not so long as to allow 
substantial changes in exposure that would 
detract from an assessment of repeatability. 
While the repeatability sample was similar 
to the QSkin II cohort in terms of phenotype, 
photoprotective behaviours, smoking status 
and highest educational qualification, the 
repeatability sample had a higher proportion 
of males and more people reporting past 
history of treatments for actinic skin lesions. It 
is not obvious whether over-representation of 
these traits would systematically influence the 
consistency of self-reported assessments; we 
have no evidence to suspect so but cannot 
rule out the possibility. 

In summary, questionnaires capturing 
information about risk factors for skin cancer 
demonstrate consistent levels of repeatability 
when administered to different community 
samples, suggesting that these self-reported 
instruments are reliable tools for measuring 
phenotypic and environmental risk factors for 
skin cancer. 
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Supporting Information

Additional supporting information may be 
found in the online version of this article:

Supplementary Table 1: Phenotype, sun 
exposure, sun protection and medical history 
survey item responses.

Supplementary Table 2: Characteristics of 
238 participants in the repeatability study 
compared with the entire cohort (QSkin II; 
n=7884).

Supplementary Table 3: Repeatability of 
QSkin height, weight, handedness, work and 
lifestyle survey items.

Supplementary Table 4: Repeatability of 
QSkin II medical conditions survey items.
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