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A B S T R A C T

Introduction: Skin cancer is one of the most common malignancies. Despite controversy over its efficacy, skin
cancer screening has become widespread although socioeconomic screening inequalities have been documented.
Switzerland has the highest rate of melanoma in Europe but Swiss trends in skin cancer screening and social
disparities have not been investigated. This study aims to evaluate trends in skin cancer screening and its as-
sociation with socioeconomic indicators in Switzerland between 1997 and 2012.
Method: We used data from four waves (from 1997 to 2012) of the population-based Swiss Health Interview
Survey. Multivariable Poisson regressions with robust variance were used to estimate weighted prevalence ratio
(PR) and 95% Confidence Intervals (CI) adjusting for demographics, health status and use of healthcare.
Results: This study included 60,764 participants with a mean age of 49.1 years (standard deviation (SD) 17.2)
and 53.6% of women. Between 1997 and 2012, the weighted prevalence of ever life-time skin examination and
skin examination in the current year increased by 38.2% and 35.3% respectively (p-value<0.001). Participants
with a lower education level, lower income and living in non-metropolitan areas were less often screened than
their counterparts. Educational differences in ever life-time skin examination increased over time (p-value for
trend= 0.036).
Conclusion: While skin cancer screening prevalence in Switzerland increased from 1997 to 2012, most social
inequalities persisted over time and educational inequalities increased. Dermatologists should be alerted that
populations with lower education should be given special attention.

1. Introduction

Skin cancer, including malignant melanoma (MM) and non-
melanocytic skin cancer (NMSC), represent the most common malig-
nancies. Worldwide, melanoma accounted in 2012 for 232,000 new
cases with highest incidence rates in Australia/New Zealand of 40.3 per
100,000 and 30.5 per 100 00 respectively followed by rates over 10 per
100,000 for Northern America and Western Europe (Ferlay et al.,
2015). Estimated age-standardized rates of mortality ranged from 0.1 to
6 per 100, 000 according to different regions with a total of 55,000
deaths annually (Ferlay et al., 2015).

In Switzerland, melanoma incidence was in 2012 about 26.8 cases
per 100,000 for men and 25.4 in women and mortality rate was 4.9 per
100,000 in men and 2.4 per 100,000 in women (Ferlay, 2013;
Badertscher et al., 2014). Switzerland appears to have among the
highest incidence rates of NMSC in Europe with 70 per 100, 000 person-
year for basal cell carcinoma (BCC) and 28.9 per 100,000 for squamous
cell carcinoma (SCC), BCC and SCC being the most common subtypes of
NMSC (Lomas et al., 2012). Non melanomatous carcinomas accounted
for 15,000 new cases diagnosed each year (Bulliard et al., 2009). In
terms of temporal trends, incidence of melanoma has increased in
Switzerland but the mortality rate has remained stable (Bordoni et al.,
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2013). A similar trend has been observed in many European countries
(Bordoni et al., 2013).

In order to reduce skin cancer mortality, efforts have been made to
raise awareness of skin cancer- related risk factors and skin cancer
screening campaigns started in the late 80s in Switzerland. Yet, little is
known about the potential benefits of skin cancer screening in reducing
mortality and most organizations, including the U.S Preventing Services
Task Force, report insufficient evidence to recommend visual skin
cancer screening in adults (US Preventive Services Task Force, 2016).

The Swiss Cancer League recommends a periodic skin cancer
screening evaluation only for high-risk individuals (> 100 pigmented
lesions, family history of melanoma or skin cancer, history of irregular
moles, history of immunosuppression), acknowledging that there is
limited scientific evidence to extend it to the general population
(Déceler le cancer de la peau, n.d.). Thus, nationally coordinated skin
cancer screening program does not exist but opportunistic skin cancer
screening is performed (Badertscher et al., 2014; Heinzerling et al.,
2002). In Switzerland, melanoma ten-year survival rate has improved
from 79% to 83% for men and 84% to 87% for women between 1998
and 2012 (Arndt, 2016). It is not clear whether opportunistic skin
cancer screening had an influence on this ten year survival improve-
ment of melanoma cases.

Attitude regarding routine cancer screening differs within popula-
tions (Cullati et al., 2009). Gender and socioeconomic differences to-
ward skin cancer screening have been reported with men and in-
dividuals with lower income or education being less likely to have a
past-year skin examination (Koh et al., 1991; Swetter et al., 2009a;
Coups et al., 2010). Skin cancer at later-stage of diagnosis is found more
frequently in those with lower socio-economic status, reflecting partly
and indirectly a lower rate of screening in this category (Eriksson et al.,
2013, 2014; Hamilton et al., 2016; Hu et al., 2014; Eide et al., 2009;
Kirsner et al., 2005; McLaughlin et al., 2011; Ortiz et al., 2005;
Roetzheim et al., 1999; Rutherford et al., 2015; Strömberg et al., 2016;
Van Durme et al., 2000).

To our knowledge, no studies investigated temporal trends of skin
cancer screening by socioeconomic status (SES) in Switzerland. The aim
of this study was to examine the 1997–2012 trends in skin cancer
screening, its associations and changes over time with SES using data
from a Swiss national health survey.

2. Methods

2.1. Survey design

Every five years since 1992, the Swiss Federal Office of Statistics has
conducted a nationally representative survey to assess the health status
of the Swiss general population (the Swiss Health Survey, or SHS). The
SHS is a cross-sectional survey repeated every five years and re-
spondents were selected randomly following a two-stage sampling
strategy. First, they were contacted by phone and interviewed using a
computer-assisted telephone interview. Second, respondents received at
home a self-administered questionnaire (either paper or online). The
questions assessing skin cancer screening were introduced in 1997;
thus, the present study includes data from 1997 to 2012 waves. Mean
response rate across waves was 63.0% (Table 1).

2.2. Dependent variables

Participants were asked several skin cancer screening related
questions as follows: “Have you ever had your skin or moles examined
by a doctor?” (yes, no) If respondents answered “yes”, he/she was asked
about the date of the examination.

2.3. Independent variables

Sociodemographic characteristics included age (18–29, 30–39,

40–49, 50–64 and ≥65 years old), gender, marital status (single, mar-
ried and registered partnership, widow, divorced or separated or re-
gistered partnership dissolved), origin (Swiss, not Swiss) and urban
development of the dwelling place (metropolitan areas, medium size
urban areas, small size urban areas and rural areas).

SES was measured with four indicators: education, household
monthly income, employment and occupational class. Education levels
matched the International Standard Classification of Education 1997
(The United Nations Educational, Scientific and Cultural Organization
(UNESCO), 1997): primary education corresponded to compulsory
education and lower secondary education (approximately 9 years of
education starting at age 4 or 5), secondary education included addi-
tional specialized or vocational training (approximately 1–3 years of
additional education), and tertiary included more theory-based and
specialized degrees which corresponded to bachelors, masters and
doctoral degrees (approximately an extra 1–8 years of education).
Household income was weighed by the number of persons living in the
household and included five levels: ≤2000, 2001–4000, 4001–6000,
6001–9000 and≥9001. In 1997, 1 Swiss Franc (CHF) was equal to 0.69
USD and in 2012, it corresponded to 1.04 USD. Employment included
being out of the labor force, working full time and working part time.
For respondents in the labor force and in working status, occupational
class was based on the Erikson social class scheme (Erikson et al., 2010)
and included: overseers (including qualified workers) and skilled
workers, independent professionals (including artisans), non-manual
employees, liberal professions, intermediate professions.

Health status and health behavior variables encompassed self-rated
health (very bad, bad, so-so, good, very good), body mass index (un-
derweight, normal weight, overweight, obesity), physical symptoms (no
or a few, some, important), smoking status (currently smoking versus
no). For the health service use, one item assessed if respondents had had
a general practitioner or family doctor visit in the last 12months (yes,
no).

We excluded participants aged<18 years old and those with
missing data on the skin screening questions, SES indicators, socio-
demographic attributes, health status, or health service use (flow dia-
gram of respondents inclusion in Fig. 1). The final study sample in-
cluded 60,764 participants. We reported 49,169 and 47,737
participants in Tables 2 and 3 because of data missing for the following
outcomes: exam in the current year (n=1824), physical symptoms
(n= 3897), and statistical weights (n=8491). Missing data were as-
sumed to be at random.

2.4. Statistical analysis

Descriptive statistics of respondents' characteristics were reported
using weighted proportions. These weights were used to correct for the
complex survey design and non-participation bias. Differences between
waves were tested using unweighted chi-square test. Socioeconomic
inequalities in skin cancer screening were examined using prevalence
ratio (PR) and 95% confidence intervals (CI) estimated with adjusted
and unadjusted Poisson regression. Robust variance estimators were
used to relax the assumption that the outcome distributions follow a
Poisson distribution. Prevalence ratios were estimated using weights
provided by the SHS. Weights accounted for differences in probability
of inclusion into the sample (due to the stratified sampling frame) and
for non-answer. Probabilities of non-answer were estimated using self-
rated health, chronic problem (“Do you have a chronic disease or long-
term health problem?”), education level, age groups, sex, regions, type
of household, smoking, and alcohol consumption (“What is your usual
consumption of alcohol, that is to say beer, wine, liquors, aperitifs?”).

For the main analyses, models were stratified by year. Adjusted
models included: age groups, sex, marital status, education, household
income, employment status, occupational class of employed/workers,
origin, urban areas, self-rated health, BMI, physical symptoms, smoking
status, general practitioner or family doctor visit in the last 12months,
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Table 1
Characteristics of the 60,764 respondents, aged 18 years and older, Switzerland.

1997
N=9667

2002
N=16,653

2007
N=15,998

2012
N=18,446

Survey participation rates 68.8 63.9 66.3 53.1

Characteristics N (%)a N (%)a N (%)a N (%)a p-Valueb

Age classes < 0.001
18–29 1698(17.9) 1785(14.5) 1995(17.9) 2939(18.1)
30–39 2331(22.1) 3817(23.1) 2989(18.9) 2832(17.0)
40–49 1595(18.6) 3190(19.9) 3224(21.1) 4002(21.7)
50–64 2095(22.4) 4221(23.6) 4039(24.1) 4814(23.8)
≥65 1948(18.9) 3640(18.9) 3751(17.9) 3859(19.4)

Sex < 0.001
Male 4361(49.8) 7544(48.6) 7305(50.0) 8978(50.4)
Female 5306(50.2) 9109(51.4) 8693(50.0) 9468(49.6)

Marital status < 0.001
Single 2507(23.0) 3986(22.8) 4111(27.6) 4997(29.9)
Married and registered partnership 5201(62.3) 9332(64.1) 8316(57.3) 10,570(53.5)
Widow 966(7.2) 1525(5.7) 1572(5.8) 990(5.6)
Divorced, separated, registered partnership dissolved 993(7.5) 1810(7.4) 1999(9.4) 1889(11.1)

Education < 0.001
Compulsory 1744(17.4) 2457(14.6) 1623(8.6) 2410(13.1)
Secondary 6287(65.0) 11,212(67.7) 9840(62.4) 10,341(55.5)
Tertiary 1636(17.6) 2984(17.7) 4535(29.0) 5695(31.4)

Household income in CHFc < 0.001
≤2000 1538(15.6) 1640(10.6) 2444(14.9) 1333(7.7)
2001–4000 4949(52.8) 8307(52.3) 7081(45.3) 8103(45.1)
4001–6000 2386(23.6) 4623(25.5) 4126(24.8) 5751(30.6)
6001–9000 659(6.6) 1656(9.2) 1745(11.0) 2461(12.7)
≥9001 135(1.4) 427(2.4) 602(4.0) 798(4.0)

Employment status < 0.001
Out of the labor force 3675(36.6) 6163(34.0) 5781(31.0) 5390(27.6)
Employed/workers full time 4371(46.8) 7113(45.5) 6616(45.8) 8316(46.8)
Employed/workers part time 1621(16.6) 3377(20.4) 3601(23.1) 4740(25.7)

Occupational class of employed/workers (N=39,755) < 0.001
Overseer, qualified worker, skilled worker 1584(27.9) 2485(26.4) 2371(25.4) 2935(23.6)
Independent, artisan 620(10.5) 1198(10.8) 1204(10.8) 1884(13.8)
Employee, non-manual professions 1438(22.7) 2418(22.6) 2120(20.2) 2533(18.7)
Superior and intermediate professions 2350(38.8) 4389(40.2) 4522(43.5) 5704(43.9)

Origin < 0.001
Swiss 8289(83.4) 14,803(82.4) 14,113(81.8) 15,489(78.2)
Not Swiss 1378(16.6) 1850(17.6) 1885(18.2) 2957(21.8)

Urban areas < 0.001
Metropolitan areas 2833(32.8) 4322(33.0) 6740(52.9) 8795(52.5)
Medium size urban areas 2898(26.6) 5229(27.0) 4226(23.1) 4345(23.6)
Small size urban areas 2333(23.7) 3735(22.3) 2596(11.8) 2940(11.7)
Rural areas 1603(17.0) 3367(17.8) 2436(12.2) 2366(12.1)

Health status N (%)a N (%)a N (%)a N (%)a p-Valueb

Self-rated health <0.001
Very bad 64(0.7) 79(0.4) 88(0.4) 109(0.6)
Bad 318(3.0) 452(2.7) 413(2.2) 507(2.5)
So-so 1257(12.6) 1910(10.7) 1689(9.3) 2504(13.0)
Good 5531(57.9) 10,396(62.6) 10,599(66.9) 8149(44.2)
Very good 2497(25.7) 3816(23.7) 3209(21.2) 7177(39.7)

Body mass index <0.001
Underweight 1220(11.5) 1938(11.3) 527(3.1) 594(3.1)
Normal weight 4992(51.1) 8246(49.6) 9189(58.1) 10,047(54.7)
Overweight 2761(30.2) 5077(31.0) 4903(30.6) 5870(31.9)
Obesity 694(7.2) 1392(8.0) 1379(8.1) 1935(10.3)

Physical symptoms (missings 3897) <0.001
No, a few 2940(34.4) 6277(40.9) 5720(39.4) 8052(46.4)
Some 3425(38.3) 5612(35.8) 5384(36.5) 5842(33.0)
Important 2496(27.3) 3776(23.3) 3861(24.1) 3643(20.6)

Currently smoking <0.001
No 6411(66.6) 11,564(69.1) 11,545(71.4) 13,276(71.3)
Yes 3256(33.4) 5089(30.9) 4453(28.6) 5170(28.7)

Health services uses N (%)a N (%)a N (%)a N (%)a p-Valueb

General practitioner or family doctor visit in the last 12months <0.001
No 1924(21.2) 3751(23.3) 3086(20.1) 3813(21.6)

(continued on next page)
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life-time skin examination and skin examination in the current year. For
each SES indicator, we examined different coding schemes (education
with three to five levels, income as continuous versus by category,
employment three versus two levels) to check if results would change
(data not shown). Time trends were tested by adding a wave (1997=1,
2002=2, 2007=3, 2012= 4) and predictor product term model. A
model restricted to those employed was conducted to examine the as-
sociation between occupational class and skin cancer screening. Two
sensitivity analyses were performed. The first targeted the age range of
35–75 years. This group was established based on the slope of incidence
and mortality curves for melanoma and the percentage of cases falling
into the age ranges adopted for each (Johnson et al., 2017). The second
sensitivity analysis tested if findings of main analysis remained similar
after multiple imputations on main (i.e., SES variables), creating 20
imputed datasets (Sterne et al., 2009).

Statistical tests were two-sided and p-value considered significant at
alpha 5%. All analyses were conducted with SPSS 25 and STATA 12.

3. Results

Table 1 reports the characteristics of the 60,764 respondents in-
cluded in the analysis of wave 1997 to 2012. The mean age was
49.1 years (standard deviation (SD) 17.2) with a participation of 53.6%
women. We observed changes in participants' socioeconomic char-
acteristics with an increase between 1997 and 2012 in adults with
tertiary education and a slight decrease in adults with compulsory and
secondary education. Distribution in income levels also varied from

1997 and 2012 with an increase in adults having a household income of
4000–6000 CHF and of 6000–9000 CHF. Household income<4000
CHF tended to decrease. Over periods, a larger proportion of non-Swiss
and people living in metropolitan areas compared to rural areas was
reported.

Between 1997 and 2012, the weighted prevalence of ever life-time
skin examination and skin examination in the current year increased by
38.2% and 35.3% respectively.

Tables 2 and 3 present adjusted prevalence ratios for life-time skin
examination and skin examination in the current year according to
participants' characteristics and waves. Participants with a lower edu-
cation level, less income and living in non-metropolitan areas were less
often screened than their counterparts.

Education but not employment was independently associated with
life-time skin examination and skin examination in the current year.
Respondents with tertiary education had a screening prevalence rate
(PR) in the current year 44% higher and 69% higher compared to those
with primary education (PR=1.44, 95%CI: 1.06–1.97) in 2007 and
(PR=1.69, 95%CI: 1.40–2.05) in 2012. For life-time skin examination,
temporal trends were significant (p-value 0.036). In analyses restricted
to respondents in the labor force (n=39,755, 65.4% of the total
sample), superior and intermediate professions had significantly higher
prevalence of life-time skin examination compared to overseers, qua-
lified and skilled workers (Supplementary Table S1). These results were
not apparent for skin examination in the current year, except in the
recent waves, 2007 and 2012 (Supplementary Table S2).

Household income was positively associated with life-time skin

Table 1 (continued)

Health services uses N (%)a N (%)a N (%)a N (%)a p-Valueb

Yes 7743(78.8) 12,902(76.7) 12,912(79.9) 14,633(78.4)

Skin screening N (%)a N (%)a N (%)a N (%)a p-Valueb

Life-time skin examination <0.001
No 7211(75.2) 11,806(71.3) 10,301(64.5) 10,848(59.9)
Yes 2456(24.8) 4847(28.7) 5697(35.5) 7598(40.1)

Skin examination in the current year (missings 1824) <0.001
No 8491(90.1) 14,228(89.1) 13,168(86.3) 15,200(84.7)
Yes 965(9.9) 1809(10.9) 2178(13.7) 2901(15.3)

a All proportions are weighted.
b Unweighted Pearson Chi-square test.
c In 2018, 1 CHF=0.88 EUR.

Fig. 1. Flow diagram of the respondents' inclusion.
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examination with a screening prevalence 57% higher in high income
respondents (≥ 9001$) compared to low income respondents (≤
2000$) in 1997 (PR=1.57, 95%CI: 1.12–2.21). In 2012, life-time skin
examination was 61% higher in high income adults compared to adults

with low income (PR=1.61, 95%CI: 1.37–1.89). However, the test for
temporal trend in life-time skin examination by household income was
not significant (p-value for trend= 0.791). Similar results were found
for skin examination in the current year (Table 3).

Table 2
Adjusteda and weighted prevalence ratios (PR) for life-time skin examination, among the 49,169 participants (missing data for physical symptoms, statistical weights
and exam in the current year are excluded), aged 18 years and older, from the Swiss Health Interview Survey 1997 and 2012.

1997 2002 2007 2012 p-Value for trendb

PR 95%CI PR 95%CI PR 95%CI PR 95%CI

Education (ref: primary) 0.036
Secondary 1.33 1.14–1.55 1.23 1.10–1.39 1.22 1.04–1.42 1.50 1.35–1.67
Tertiary 1.62 1.36–1.93 1.35 1.18–1.55 1.38 1.17–1.62 1.80 1.61–2.01

Household income (ref≤ 2000) 0.791
2001–4000 1.22 1.04–1.42 1.12 0.98–1.28 1.19 1.06–1.34 1.26 1.11–1.43
4001–6000 1.49 1.26–1.77 1.31 1.14–1.50 1.23 1.09–1.40 1.37 1.20–1.56
6001–9000 1.49 1.21–1.84 1.34 1.14–1.58 1.50 1.30–1.74 1.51 1.31–1.73
≥9001 1.57 1.12–2.21 1.81 1.49–2.21 1.57 1.29–1.90 1.61 1.37–1.89

Employment (ref: employed/workers full time) 0.137
Out of the labor force 1.11 0.98–1.25 1.10 1.00–1.21 1.09 0.98–1.21 1.08 1.01–1.16
Employed/workers part time 1.06 0.93–1.21 1.07 0.97–1.17 1.00 0.91–1.11 1.10 1.03–1.18

Urbans areas (ref. Metropolitan areas) 0.681
Medium size urban areas 0.84 0.76–0.93 0.84 0.77–0.90 0.88 0.82–0.95 0.95 0.90–1.00
Small size urban areas 0.72 0.63–0.81 0.79 0.72–0.86 0.84 0.76–0.92 0.91 0.85–0.97
Rural areas 0.79 0.69–0.91 0.81 0.74–0.89 0.74 0.66–0.84 0.79 0.71–0.86

Self-rated health (ref. very bad and bad) 0.135
So-so 1.20 0.90–1.60 0.94 0.76–1.15 1.00 0.79–1.27 1.00 0.86–1.17
Good 1.12 0.85–1.47 1.02 0.84–1.23 0.96 0.77–1.20 1.04 0.90–1.20
Very good 1.12 0.84–1.48 0.94 0.77–1.15 0.91 0.72–1.16 1.02 0.88–1.19

BMI (ref. normal weight) 0.127
Underweight 1.18 1.05–1.34 1.12 1.01–1.23 1.12 0.96–1.32 1.02 0.90–1.15
Overweight 0.88 0.79–0.99 0.94 0.87–1.01 0.92 0.85–1.00 0.87 0.82–0.92
Obesity 0.92 0.76–1.11 0.87 0.76–0.99 0.88 0.76–1.03 0.88 0.80–0.96

Smoking (ref. no) 1.01 0.92–1.11 0.99 0.92–1.07 1.01 0.93–1.09 0.97 0.92–1.03 0.391

a With age, sex, marital status, nationality, physical symptoms, and general practitioner or family doctor visit last 12m.
b P-value for time-trend were estimated as follow: for each predictor (education, income, etc.), we estimated separately one multivariate model including all

predictors plus the interaction term between the predictor and the wave. We reported only the p-value.

Table 3
Adjusteda and weighted prevalence ratios (PR) for skin examination in the current year, among the 47,737 participants (missing data for physical symptoms,
statistical weights and exam in the current year are excluded), aged 18 years and older, from the Swiss Health Interview Survey 1997 and 2012.

1997 2002 2007 2012 p-Value for trendb

PR 95%CI PR 95%CI PR 95%CI PR 95%CI

Education (ref: primary) 0.103
Secondary 1.39 1.07–1.80 1.11 0.91–1.35 1.46 1.11–1.94 1.39 1.17–1.66
Tertiary 1.44 1.06–1.97 1.17 0.93–1.48 1.69 1.25–2.29 1.69 1.40–2.05

Household income (ref≤ 2000) 0.400
2001–4000 1.10 0.84–1.43 1.25 0.98–1.58 1.21 0.97–1.51 1.31 1.04–1.66
4001–6000 1.57 1.18–2.09 1.56 1.22–2.01 1.25 0.99–1.57 1.53 1.21–1.94
6001–9000 1.49 1.04–2.14 1.58 1.18–2.11 1.28 0.97–1.69 1.81 1.40–2.33
≥9001 1.93 1.11–3.35 2.04 1.41–2.95 1.67 1.14–2.45 1.93 1.41–2.63

Employment (ref: employed/workers full time) 0.194
Out of the labor force 1.26 1.01–1.59 1.31 1.11–1.55 1.14 0.94–1.39 1.17 1.03–1.32
Employed/workers part time 1.25 0.97–1.60 1.32 1.10–1.57 0.94 0.78–1.13 1.03 0.91–1.18

Urbans areas (ref. Metropolitan areas) 0.969
Medium size urban areas 0.77 0.64–0.93 0.85 0.74–0.99 0.85 0.74–0.98 0.96 0.86–1.07
Small size urban areas 0.71 0.57–0.88 0.81 0.69–0.96 0.80 0.67–0.94 0.95 0.83–1.08
Rural areas 0.60 0.46–0.78 0.85 0.71–1.01 0.86 0.71–1.05 0.71 0.59–0.86

Self-rated health (ref. very bad and bad) 0.744
So-so 1.01 0.62–1.63 0.76 0.54–1.05 0.87 0.60–1.25 0.94 0.72–1.21
Good 0.98 0.62–1.55 0.76 0.56–1.03 0.83 0.60–1.16 0.96 0.75–1.22
Very good 1.06 0.66–1.71 0.68 0.49–0.94 0.78 0.54–1.14 0.91 0.70–1.18

BMI (ref. normal weight) 0.682
Underweight 1.15 0.92–1.45 1.21 1.01–1.45 1.29 0.95–1.77 1.04 0.81–1.32
Overweight 0.87 0.71–1.07 0.88 0.76–1.00 0.83 0.71–0.97 0.86 0.77–0.96
Obesity 0.89 0.64–1.24 0.80 0.63–1.03 0.92 0.71–1.21 0.84 0.71–0.99

Smoking (ref. no) 1.12 0.94–1.32 0.97 0.84–1.11 0.86 0.74–1.00 0.90 0.80–1.00 0.033

a With age, sex, marital status, nationality, physical symptoms, and general practitioner or family doctor visit last 12m.
b P-value for time-trend were estimated as follow: for each predictor (education, income, etc.), we estimated separately one multivariate model including all

predictors plus the interaction term between the predictor and the wave. We reported only the p-value.
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Rural areas, small size and medium size urban areas were associated
with lower rates of life-time skin examination and skin examination in
the current year compared to metropolitan residence. In 2012, the
weighted proportion of life-time skin examination was 33.8% and ad-
justed prevalence ratio 0.79 (95%CI: 0.71–0.86) for participants living
in rural areas as compared with 43.6% and 1.00 (reference) for those
living in metropolitan areas (Table 2 and Supplementary S3). Results
were similar for skin examination in the current year. No consistent
associations were found of self-rated health, BMI status and smoking
status with skin examination (life-time or in the current year).

In sensitivity analysis, we found similar findings when restricting
the sample to participants aged 35 to 75 years and when imputing
missing data on the three SES predictors (Table S5).

4. Discussion

To our knowledge, this study is the first to assess nationwide trends
over 15 years of skin cancer screening in Switzerland. Both life-time
skin examination and skin examination in the current year increased by
one third from 1997 to 2012. Social inequalities in skin cancer
screening exist and persisted over time.

The efficacy of skin cancer screening is controversial and guidelines
differ internationally and within the same country. In the US, as in
Switzerland, there is no national consensus on skin cancer screening.
Recently, the US Preventive Services Task Force recommendation re-
ported that there was insufficient evidence to make a clear statement on
the benefit of skin cancer screening (Johnson et al., 2017). On the other
hand, Johnson et al. propose to identify a target age range of in-
dividuals to screen and to identify a high-risk group of individuals
(based on relative risk and odds ratio data) that could mostly benefit
from skin cancer screening. The term “high-risk” was defined as non-
Hispanic, white men and women aged>65 years; individuals with a
history of sunburn; and/or individuals with a family history of skin
cancer (Johnson et al., 2017). Beyond these recommendations, the lack
of evidence on the benefits of skin cancer screening did not limit skin
examination from growing over time in Switzerland.

The Swiss Cancer League recommends periodic skin cancer
screening evaluation only for high-risk individuals (Badertscher et al.,
2014; Déceler le cancer de la peau, n.d.; Heinzerling et al., 2002).
Overall weighted proportion (1997–2012) for both life-time skin ex-
amination and examination in the current year increased, probably due
to a number of campaigns in Switzerland and also to the increasing
awareness over the past decades of health risks and health prevention in
the general population in Switzerland and in high-income countries
(Relecom et al., 2018; Leiss et al., 1995). Many studies underline the
effect of national prevention campaigns and support their crucial im-
pact on raising awareness of risk factors, skin cancer (primary and
secondary), prevention methods and educating high-risk and at-risk
individuals (Lieberherr et al., 2017; Braun et al., 2017). In the United
States, contrary to our results, skin cancer exam rates decreased in the
general population from 21% in 1992 to 15% in 2000. This decrease
has been explained by inconsistent medical recommendations and un-
derreporting exams, skin examinations being particularly challenging
to measure; for example, a physician could have checked the patient's
skin during an annual general exam, without telling him it has been
done (Saraiya et al., 2004).

Similarly to other studies (Koh et al., 1991; Coups et al., 2010;
Eriksson et al., 2013, 2014; Hamilton et al., 2016; Hu et al., 2014; Eide
et al., 2009; Kirsner et al., 2005; McLaughlin et al., 2011; Ortiz et al.,
2005; Roetzheim et al., 1999; Rutherford et al., 2015; Strömberg et al.,
2016; Saraiya et al., 2004; Cullati et al., 2009; Janda et al., 2004;
Kasparian et al., 2010; LeBlanc et al., 2008; Martires et al., 2014; Pollitt
et al., 2012; Swetter et al., 2009b; Van Durme et al., 2000), our results
highlighted inequalities in skin cancer screening according to the level
of education and income with higher rates of skin examination among
participants with higher income and those with higher education. These

disparities remained stable over the time period except for life-time skin
examination along with education: our study showed growing differ-
ences between low and high educational level over time. The pre-
valence increased by 5.5% among the primary educated and by 18.7%
among the tertiary educated (primary: 18.3% in 1997, 23.8 in 2012;
tertiary: 31.0 in 1997, 49.7 in 2012). Such growing educational dif-
ferences in life-time skin examination suggests that advantaged people
are more incline and quick to adopt preventive health services, leading
to a growing gap in health inequalities, a result potentially in line with
the diffusion of innovation theory (Rogers, 2002; Hahm et al., 2011).
Lower rates of screening may lead to more advanced skin cancer at
diagnosis. More advanced stage at diagnosis was found in men living
alone, low educated people, Hispanics and residents of rural areas
(Eriksson et al., 2013, 2014; Hamilton et al., 2016; Hu et al., 2014; Eide
et al., 2009; Kirsner et al., 2005; McLaughlin et al., 2011; Ortiz et al.,
2005; Roetzheim et al., 1999; Rutherford et al., 2015; Strömberg et al.,
2016; Van Durme et al., 2000). Differences in time before seeking
medical advices because of a lack of knowledge of cancer symptoms and
risk factors or a fear to consult a specialist can also explain more ad-
vanced stage at diagnosis. In general, it is known that time delay be-
tween symptom onset and presentation to a general practitioner among
melanoma patients is longer than those observed for patients with other
cancers, probably due to the slow onset of symptoms and their lack of
specificity (Rutherford et al., 2015).

The national health care system could have played a role in terms of
access to screening. In Switzerland, a country characterized by uni-
versal healthcare coverage (De Pietro et al., 2015), a fee-for-service
payment system in the ambulatory sector and the highest out-of-pocket
expenses among OECD countries (De Pietro et al., 2015; OECD, 2019).
Between 2007 and 2010, one out of seven adults forwent healthcare in
the past 12months and among them 25.4% forwent a specialist con-
sultation for economic reasons (Guessous et al., 2012). The prevalence
of forgoing healthcare for economic reasons is strongly associated with
SES, the highest rate being among participants with the lowest income
(Guessous et al., 2012).

We observed strong regional differences with a higher rate of skin
cancer screening in the metropolitan compared to rural areas. A po-
pulation-based study in Ireland investigated the urban-rural variations
in the incidence of 18 cancers. After adjusting for SES, they found that
the risk of non-melanoma and melanoma skin cancer was slightly
higher in urban than rural areas, explained partly by a lower rate of
primary care utilization in rural than urban areas, and differences in
sun radiation exposure. The authors suggested that: “divergences in
cancer risk factors, belief and help-seeking behaviour in rural in-
habitants could be the reasons of the geographical differences ob-
served” (Sharp et al., 2014; Carsin et al., 2011).

4.1. Limitations and strengths

Our study has several limitations. First, it was based on self-reported
data on screening, where recall bias cannot be excluded.(Aitken et al.,
2004) Self-reported life-time skin examination can be more affected by
this bias by asking participants of a clinical exam that might happen
many years ago. However for self-reported skin examination in the
current year, errors can be due to “telescoping” (Gordon et al., 1993;
Warnecke et al., 1997), by underestimating the amount of time passed
since the last examination. Thus, even questioning with wide time
frame, self-reports of whole-body skin examination seem to be a reliable
source of data for epidemiologic studies (Aitken et al., 2004). Second,
selection bias may also be possible in our study as SHIS response rate
ranged from 53.1 to 68.8%. The use of weighted prevalence ratio
should have decreased the effect of this bias. Thirdly, the large target
age group from 18 and above can, however, be considered not relevant
(Johnson et al., 2017). By choosing the age group 18 and older, we
followed the strategy of the SCREEN project (Skin Cancer Research to
Provide Evidence for Effectiveness of Screening in Northern Germany),
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the first nationwide skin cancer screening program conduct in Germany
in 2008 (Breitbart et al., 2012). Our analysis restricted to adults be-
tween 35 and 75 years showed similar results compared to the main
analysis in terms of socioeconomic inequalities. Another limitation is
that we did not have information about the participants' exposition to
skin cancer prevention campaign, which may clearly influence in-
dividual skin cancer screening. Finally, while we adjusted for multiple
potential confounders, we cannot exclude residual confounding, espe-
cially considering the changes in the context and environment that
occurred throughout de study period.

Despite these limitations, our study has several strengths including
the large population-based sample, the long study period and the ana-
lysis of the socioeconomic position by including several indicators.
Moreover, all analyses were weighted and corrected for the sampling
strategy and the health selection bias, and were adjusted with socio-
demographic, health status and health behaviors confounders.

5. Conclusion

This study is the first to assess nationwide trends over time of skin
cancer screening in Switzerland, a country with the highest rates of skin
cancer in Europe. Skin cancer screening prevalence increased from
1997 to 2012 but strong socioeconomic disparities persisted over time.
Similarly to what has been observed in the United States and Europe,
we found a lower rate of screening among adults with lower education,
lower income and living more frequently in rural areas compared to
their counterparts (Koh et al., 1991; Coups et al., 2010; Eriksson et al.,
2013, 2014; Hamilton et al., 2016; Hu et al., 2014; Eide et al., 2009;
Kirsner et al., 2005; McLaughlin et al., 2011; Ortiz et al., 2005;
Roetzheim et al., 1999; Rutherford et al., 2015; Strömberg et al., 2016;
Saraiya et al., 2004; Cullati et al., 2009; Janda et al., 2004; Kasparian
et al., 2010; LeBlanc et al., 2008; Martires et al., 2014; Pollitt et al.,
2012; Swetter et al., 2009b; Van Durme et al., 2000). Identifying these
socioeconomic risk factors is mandatory to improve screening practices
and strategies. Unlike other countries, however, we observed worri-
some growing educational disparities. The evidence that the benefits of
skin cancer screening for the general population outweigh the risks is
unclear and current guidelines recommend periodic skin cancer
screening evaluation only for high-risk individuals.
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