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Abstract
Introduction: Sun exposure increases skin cancer risk. Studies have shown that 

demographic factors influence sun safety behaviour but there is a paucity of such data 
in Singapore. We aimed to identify sociodemographic predictors of sun safety habits 
in Singapore. Materials and Methods: A total of 2328 adults participated in a cross-
sectional survey on time spent under the sun and sun safety habits (using protective 
headgear, body attire, umbrellas and sunscreens). A composite Sun Protection Score 
(higher scores represented better habits [range, 0–15]) and the average daily hours 
(ADH) of sun exposure were derived from the data. The relationship between the Sun 
Protection Score and ADH of sun exposure with sociodemographic factors was analysed 
using univariate (Mann-Whitney U or Kruskal-Wallis tests), multiple linear and logistic 
regression analyses. Results: The following statistically significant variables predicted 
a lower Sun Protection Score: men (β = -1.48, P <0.001), Indians (β = -1.04, P <0.001), 
history of diabetes (β = -0.60, P = 0.007) and people who do not consume alcohol (β = 
0.31, P = 0.03). Younger adults (β = -0.2, P <0.001), men (β = 0.80, P <0.001), darker skin 
type (β = 0.27, P <0.001) and lower education level (β = -0.18, P  <0.001) were statistically 
significant variables that predicted a longer ADH of sun exposure. Conclusion: The study 
has identified sociodemographic predictors of sun safety habits in Singapore.

                                                                           Ann Acad Med Singapore 2019;48:412–28
Key words: Skin cancers, Ultraviolet radiation

Introduction
Exposure to solar ultraviolet radiation (UVR) is a major 

risk factor for skin cancers.1,2 Although Asians have a lower 
risk of melanoma,3 there has been a steady increase in 
the overall incidence of skin cancers from 7.4/100,000 in 
2003‒20064 to 19.3/100,000 (for men) and 14.4/100,000 
in 2011‒2015 (for women).5

Singapore is located near the equator and receives solar 
exposure all year. Studies have shown that demographic 
factors influence sun safety behaviour. For instance, white 
women are more likely to use tanning beds, men are more 

likely to get sunburned and the young tend to spend more 
time outdoors under the sun. Women tend to have better sun 
safety habits such as seeking shade and wearing protective 
clothing, hats or sunscreen.6‒11 However, clear cultural 
differences exist between countries and there is a paucity 
of such data in Singapore.

In this study, we aimed to identify sociodemographic 
predictors of sun safety habits and examine if there were 
any correlations between these habits and other health 
behaviours such as smoking and alcohol consumption in 
Singapore residents. 

Click HERE for more articles at the Annals, Academy of Medicine, Singapore homepage
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Materials and Methods
Study Population

A total of  2328 Singapore citizens and permanent residents 
aged 18‒79 years old were recruited under the Singapore 
Health (SH) study from August 2012 to March 2013. The 
SH study is a nationally representative cross-sectional 
survey designed to estimate the prevalence of chronic 
diseases and specific health behaviours.12 Information on 
umbrella, sunscreen, headgear and protective attire use was 
obtained. Demographic data such as age, gender, ethnic 
group, Fitzpatrick skin type, marital status, employment 
status, smoking history, alcohol consumption, body mass 
index (BMI), education level, household income, history 
of diabetes mellitus, hypertension and hyperlipidaemia 
were obtained in the same interview session. In line with 
local clinical practice guidelines for obesity,13 BMI >23 
was considered overweight (instead of the World Health 
Organization’s classification of 25). Interviewers were 
asked to classify the Fitzpatrick skin type of the participant 
using a chart.14 Consent was obtained from all participants. 
The study was approved by the ethics review board of the 
National University of Singapore.

Sun Protection Score 
A composite Sun Protection Score was formulated from 

the responses with a higher score representing better habits 
(range, 0–15). Three points were each allocated to the 
following categories: headgear use, umbrella use, habits 
at work, habits at leisure time where shade is available, 
and habits at leisure time where shade is not available. 
The latter 3 categories were divided into 3 sub-questions to 
examine upper body attire, lower body attire and sunscreen 
use during each period. Only participants who applied 
sunscreen with a sun protection factor (SPF) of ≥30 were 
awarded a point. This is because using a sunscreen of SPF 
of ≤30 is more likely to provide inadequate sun protection 
as studies have shown that SPF values on product labels 
are often overestimated and that many individuals apply 
less than half the recommended amount of sunscreen.15‒17

Average Daily Hours (ADH) of Sun Exposure
Participants were asked how many hours they spent 

under direct sun exposure on work days and on rest days. 
The average number of hours spent under the sun in a day, 
or average daily hours (ADH), was calculated using the 
number of days the participant reported to work per week. 

Statistical Analysis
Univariate analysis was performed (with Sun Protection 

Score and ADH as dependent variables) using the Mann-
Whitney U test for independent variables with 2 groups 

and the Kruskal-Wallis test for independent variables with 
multiple groups. P values were calculated to test the null 
hypotheses of no significant difference of Sun Protection 
Score and ADH with the variables of interest. 

Multiple linear regression analysis was then performed 
with Sun Protection Score and ADH hours as continuous 
dependent variables and age, gender, ethnic groups, 
Fitzpatrick skin type, marital status, employment status, 
smoking history, alcohol consumption, BMI, education 
level, household income, history of diabetes mellitus, 
hypertension and hyperlipidaemia as independent variables. 
Beta coefficient (β) and P values were calculated to test the 
null hypotheses of no significant association between the 
variables of interest with Sun Protection Score and ADH. 
Multicollinearity between the independent variables was 
assessed using variance inflation factor.

Multiple logistic regression analysis was performed 
with the individual sun safety habits (“umbrella use”, 
“protective headgear use”, “sunscreen use”, “wearing of 
protective upper body attire”, “wearing of protective lower 
body attire”, “wearing of protective attire at any time”) 
dichotomised into “yes” or “no” responses as the dependent 
variables and age, gender, ethnic groups, Fitzpatrick skin 
type, marital status, employment status, smoking history, 
alcohol consumption, BMI, education level, household 
income, history of diabetes mellitus, hypertension and 
hyperlipidaemia as independent variables. Odds ratios 
(ORs), 95% confidence intervals (CIs) and P values were 
calculated to test the null hypotheses of no association 
between variables of interest and sun safety habits. 

A two-sided P <0.05 was considered statistically 
significant. Statistical Package for Social Sciences (version 
25) was used to conduct the analysis. 

Results
The mean age of the participants was 42.6 ± 15.1 years 

and 48.5% were male. There was an overrepresentation 
of Malays, Indians and other races compared to the racial 
make-up in Singapore. The majority of participants had 
either Fitzpatrick type 3 or 4 skin. The mean ADH was 
1.45 ± 1.59 hours (range, 0–12 hours), of which 1.39 ± 
1.95 hours (range, 0–12 hours) were spent at work and 1.52 
± 1.57 hours (range, 0–12 hours) were spent on rest days.

Few participants engaged in regular sun safety habits. Only 
14.2% of  participants wore protective headgear, 18.8% used 
umbrellas regularly and 23.9% applied sunscreens with an 
SPF of  ≥30. Less than half wore protective upper or lower 
body attire at any time (Tables 1 and 2; Supplementary Table 
1 provides a detailed breakdown analysis on use of upper 
and lower body protective attire). The mean Sun Protection 
Score was 3.31 ± 2.44 (range, 0–13).
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(P = 0.001). Indians (OR = 0.43, P <0.001), smokers (OR = 
0.66, P = 0.02) and those who earned an income of <$6000 
per month (OR = 0.61, P = 0.04) were less likely to wear 
protective clothes at any time. There was no evidence of 
multicollinearity between the independent variables in the 
linear or logistic regression models.

Determinants of Risky Sun Exposure and Safety Habits
This study has identified 4 vulnerable demographic 

groups. First, males are at greater risk because they spent 
an average of 53 more minutes under the sun per day (71 
more minutes at work and 23 more minutes on rest days). In 
addition, they had an average score that was 1.5 points lower 
on the Sun Protection Score. Men had 86% and 92% lower 
odds of using sunscreen and umbrellas, respectively. Second, 
younger adults spent more time under the sun—both during 
work and on rest days—but did not compensate by having 
better sun safety habits. Third, Indians and individuals with 
dark skin demonstrated riskier behaviour. Indians scored 
an average score that was 1 point lower than the Chinese in 
the Sun Protection Score, had 57% lower odds of wearing 
any form of protective attire and 61% lower odds of using 
sunscreen compared to the Chinese. Those with darker 
skin type were more likely to spend more time under the 
sun (especially at work). Fourth, participants who had less 
education spent more hours under the sun (especially at 
work) and were less likely to use sunscreen and umbrellas. 

Discussion
This is the first study to examine sun safety habits 

in Singapore. The multiracial make-up of Singapore’s 
population presents a good opportunity to compare the 
differences between the racial groups and skin phototypes. 
The findings suggest that most do not regularly engage in 
sun safety habits as evidenced by the majority’s reluctance 
to use umbrellas, wear headgear, apply sunscreen and wear 
adequate protective clothing. A lack of awareness about the 
harmful effects of sun exposure or fear of discomfort in the 
hot and humid climate may explain the reluctance among 
the local population.

It is not surprising to find men and young adults at greater 
risk as they are more likely to perform manual labour, 
work outdoors or engage in outdoor sports. Many other 
studies worldwide have similarly found that men9,18‒20 and 
young adults6,8‒11,18,19 are at greater risk. More emphasis on 
educating men and young adults on the risk of skin cancers 
may be needed.

Indians and individuals with dark skin also demonstrated 
riskier behaviour possibly due to the belief that dark 
skin gives them natural protection from the sun. Other 
ethnicity-specific or cultural practices may be additional 
reasons why dark-skinned individuals demonstrated poor 

Univariate Analysis
A lower Sun Protection Score was associated with male 

gender (P  <0.001), Indian ethnicity (P <0.001), high BMI 
(P <0.001), darker skin type (P <0.001), smokers (P <0.001), 
current employment (P <0.001) and history of diabetes 
mellitus (P = 0.003). A longer ADH was associated with 
an older age (P <0.001), male gender (P <0.001), Malay 
ethnicity (P <0.001), smokers (P <0.001), darker skin type 
(P <0.001), participants without hypertension (P = 0.006) 
and without hyperlipidaemia (P <0.001). More educated 
participants also tended to have longer ADH, although 
those with a university degree abstained more from the sun        
(P <0.001). These findings are presented in Table 3.

Multiple Linear Regression Analysis
By using multiple linear regression analysis to adjust for 

the independent variables, the following were statistically 
significant and predicted a lower Sun Protection Score: 
men (β = -1.43, P <0.001), Indians (β = -1.03, P <0.001), 
diabetics (β = -0.56, P = 0.007) and people who do not 
consume alcohol (β = 0.31, P = 0.03). The relationships 
between BMI, skin type, smoking history and employment 
with Sun Protection Score seen in univariate analysis 
were no longer statistically significant when adjusting 
for all covariates.

On the other hand, the statistically significant variables 
of younger age (β = -0.02, P <0.001), male gender (β = 
0.80, P <0.001), darker skin type (β = 0.27, P <0.001) and 
lower education level (β  =  -0.18, P  <0.001) predicted 
longer ADH in the multiple linear regression model. The 
relationships between Malay ethnicity, smoking history, 
hypertension and hyperlipidaemia with ADH seen in 
univariate analysis were no longer statistically significant 
when adjusting for covariates. These findings are presented 
in Table 4. Supplementary Table 2 compares the average 
number of hours spent under the sun at work and on rest days.

Multiple Logistic Regression Analysis
In the multiple logistic regression model, dichotomous 

individual sun safety habits comprised the dependent 
variables and demographic variables comprised the 
independent variables. Malays (OR = 2.06, P <0.001) 
and males (OR = 2.26, P <0.001) were more likely to use 
headgear. Males (OR = 0.08, P <0.001), Malays (OR = 
0.60, P = 0.02), diabetics (OR = 0.50, P = 0.04), unmarried 
individuals (OR = 0.65, P = 0.01), smokers (OR = 0.61, P 
= 0.02), people who do not consume alcohol (OR = 0.68, P 
= 0.02) and those without a university degree (OR = 0.53, 
P = 0.02) were less likely to use umbrellas. Sunscreen use 
was less likely in males (OR = 0.14, P <0.001), Indians 
(OR = 0.39, P <0.001) and in those who had received 
Primary School Leaving Examination education or below 
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sun safety habits. Although having dark skin is protective 
to a certain extent, experimental studies have confirmed the 
presence of deoxyribonucleic acid (DNA) damage in dark 
skin after UVR exposure.21 A local health survey in 2003 had 
found that 50% of Malay and >50% of Indian children had 
suffered sunburns in the first 10 years of life.22 Considering 
their riskier behaviour, potential for misdiagnosis and poorer 
overall prognosis from skin cancer,1,23,24 it will be prudent for 
clinicians to have a higher index of suspicion for skin cancer 
when dark-skinned individuals present with skin lesions.

A lower education level is associated with more sun 
exposure at work but not on rest days. This may imply 
that lower educated individuals are more likely to work 
in outdoor environments. Despite this, they were also less 
likely to wear protective lower body attire, use umbrellas or 
sunscreen―a common finding also seen in other studies.8,25,26 

Those who earned <$6000 per month were also less likely 
to wear protective clothes at any time. Studies have shown 
that the risk of non-melanoma skin cancer increases when 
people work outdoors.27 There is a need to encourage sun 
safety habits if it is not possible to avoid the sun at work.

Diabetic individuals have an overall lower Sun Protection 
Score than non-diabetic individuals and were less likely to 
use an umbrella. Similarly, smokers were also less likely to 
use an umbrella and wear protective attire (especially of the 
upper body). Conversely, alcohol consumers seemed to be 
more conscious of sun safety (higher Sun Protection Score) 
and used umbrellas more frequently. Interestingly, married 
people spent less hours under the sun on their rest days 
and used more umbrellas. Interpretation of these findings 
is limited but may reflect clustering of health behaviours 
or from residual confounders.  

The local population spent a mean duration of 1.45 
hours per day exposed to direct sun―with more time spent 
under the sun on their rest days than work days―which 
may suggest that people enjoy outdoor activities and seek 
the sun for leisure. In comparison, Caucasian populations 
spent longer average durations under the sun in summer (up 
to 3 or 4 hours a day).28 This may, to some extent, reflect 
differences in beauty ideals between Asian and Western 
societies—with Asian societies valuing “white skin” while 
their Western counterparts value “tan skin”.29

The effects of UVR on the skin are complex. Absorbed 
UVR damages DNA and causes mutations, ultimately 
leading to skin tumours, photoageing and pigmentary 
disorders.30 On the other hand, exposure to ultraviolet B 
radiation is important for the endogenous production of 
vitamin D that is important for skeletal and muscular health. 
Exposing the arms and legs for 5 to 30 minutes between 
the hours of 10 am to 3 pm twice a week is generally 
adequate to obtain sufficient vitamin D while minimising 
photodamage.31 Despite a mean ADH of 1.45 hours found 

Ta
bl

e 
4.

 L
in

ea
r R

eg
re

ss
io

n 
M

od
el

 W
ith

 S
un

 P
ro

te
ct

io
n 

Sc
or

e 
an

d 
Av

er
ag

e 
D

ai
ly

 H
ou

rs
 a

s D
ep

en
de

nt
 V

ar
ia

bl
es

 (C
on

t’d
)

Va
ri

ab
le

Su
n 

Pr
ot

ec
tio

n 
Sc

or
e

Av
er

ag
e 

D
ai

ly
 H

ou
rs

 U
nd

er
 th

e 
Su

n*

M
ea

n 
Sc

or
e

β 
95

%
 

L
ow

er
 C

I
95

%
 

U
pp

er
 C

I
P 

Va
lu

e
M

ea
n 

H
ou

rs
β 

95
%

 
L

ow
er

 C
I

95
%

 
U

pp
er

 C
I

P 
Va

lu
e

H
yp

er
te

ns
io

n

   
Ye

s
3.

22
0.

09
-0

.2
5

0.
44

0.
59

1.
25

-0
.0

9
-0

.3
0

0.
12

0.
41

   
N

o
3.

34
-

-
-

-
1.

50
-

-
-

-

D
ia

be
te

s m
el

lit
us

   
Ye

s
2.

76
-0

.5
6

-1
.0

3
-0

.1
6

0.
00

7
1.

34
0.

06
-0

.2
0

0.
32

0.
65

   
N

o
3.

37
-

-
-

-
1.

47
-

-
-

-

H
yp

er
lip

id
ae

m
ia

   
Ye

s
3.

38
0.

08
-0

.2
3

0.
39

0.
62

1.
23

-0
.1

3
-0

.3
2

0.
06

0.
17

   
N

o
3.

33
-

-
-

-
1.

55
-

-
-

-

Ed
uc

at
io

n
-

0.
15

-0
.0

02
0.

29
0.

53
-

-0
.1

8
-0

.2
7

-0
.0

8
<0

.0
01

H
ou

se
ho

ld
 in

co
m

e
-

0.
04

-0
.0

9
0.

17
0.

54
-

0.
00

3
-0

.0
8

0.
08

1
0.

94

β:
 B

et
a 

co
ef

fic
ie

nt
; C

I: 
C

on
fid

en
ce

 in
te

rv
al

Th
e 

va
ria

nc
e 

in
fla

tio
n 

fa
ct

or
 v

al
ue

s r
an

ge
d 

fr
om

 1
.1

32
‒2

.3
17

. 
* S

ee
 S

up
pl

em
en

ta
ry

 T
ab

le
 1

 fo
r a

 d
et

ai
le

d 
br

ea
kd

ow
n 

an
al

ys
is

 o
f a

ve
ra

ge
 d

ai
ly

 h
ou

rs
 a

t w
or

k 
an

d 
re

st
 d

ay
s (

as
 d

ep
en

de
nt

 v
ar

ia
bl

es
).



December 2019, Vol. 48 No. 12

423Sun Exposure and Sun Safety Habits—Kah Wai Cheong et al

6.   Boldeman C, Bränström R, Dal H, Kristjansson S, Rodvall Y, Jansson 
B, et al. Tanning habits and sunburn in a Swedish population age 13–50 
years. Eur J Cancer 2001;37:2441‒8.

7.    Geller AC, Colditz G, Oliveria S, Emmons K, Jorgensen C, Aweh GN, et 
al. Use of sunscreen, sunburning rates, and tanning bed use among more 
than 10,000 US children and adolescents. Pediatrics 2002;109:1009‒14.

8.     Falk M, Anderson C. Influence of age, gender, educational level and self-
estimation of skin type on sun exposure habits and readiness to increase 
sun protection. Cancer Epidemiol 2013;37:127‒32.

9.     Buller DB, Cokkinides V, Hall HI, Hartman AM, Saraiya M, Miller E, et 
al. Prevalence of sunburn, sun protection, and indoor tanning behaviors 
among Americans: review from national surveys and case studies of 3 
states. J Am Acad Dermatol 2011;65:S114‒23.  

10. Pengpid S, Peltzer K. Sun protection use behaviour among University 
students from 25 low, middle income and emerging economy countries. 
Asian Pac J Cancer Prev 2015;16:1385‒9.

11. Dobbinson S, Wakefield M, Hill D, Girgis A, Aitken JF, Beckmann K, 
et al. Prevalence and determinants of Australian adolescents' and adults' 
weekend sun protection and sunburn, summer 2003‒2004. J Am Acad 
Dermatol 2008;59:602‒14.

12. Saw Swee Hock School of Public Health, National University of Singapore. 
Singapore Population Health Studies. Available at: http://blog.nus.edu.
sg/sphs/. Accessed on 10 February 2019.

13. Health Promotion Board. Obesity: HPB-MOH Clinical Practice Guidelines 
1/2016. Available at: https://www.hpb.gov.sg/docs/default-source/pdf/
obesity-cpg_main_for-online-30-aug.pdf?sfvrsn=2288eb72_0. Accessed 
on 10 February 2019. 

14. Sachdeva S. Fitzpatrick skin typing: applications in dermatology. Indian 
J Dermatol Venereol Leprol 2009;75:93.

15. Poon TS, Barnetson RS. The importance of using broad spectrum SPF 
30+ sunscreens in tropical and subtropical climates. Photodermatol 
Photoimmunol Photomed 2002;18:175‒8.

16. Schalka S, Dos Reis VMS, Cucé LC. The influence of the amount of 
sunscreen applied and its sun protection factor (SPF): evaluation of two 
sunscreens including the same ingredients at different concentrations. 
Photodermatol Photoimmunol Photomed 2009;25:175‒80.

17. Ou-Yang H, Stanfield J, Cole C, Appa Y, Rigel D. High-SPF sunscreens 
(SPF ≥70) may provide ultraviolet protection above minimal recommended 
levels by adequately compensating for lower sunscreen user application 
amounts. J Am Acad Dermatol 2012;67:1220‒7.

18. Robinson JK, Rigel DS, Amonette RA. Trends in sun exposure 
knowledge, attitudes, and behaviors: 1986 to 1996. J Am Acad Dermatol 
1997;37:179‒86.

19. Johnson EY, Lookingbill DP. Sunscreen use and sun exposure: trends in 
a white population. Arch Dermatol 1984;120:727‒31.

20. Cheng S, Lian S, Hao Y, Kang N, Li S, Nie Y, et al. Sun-exposure 
knowledge and protection behavior in a North Chinese population: a 
questionnaire-based study. Photodermatol Photoimmunol Photomed 
2010;26:177‒81.

21. Tadokoro T, Kobayashi N, Zmudzka BZ, Ito S, Wakamatsu K, Yamaguchi 
Y, et al. UV-induced DNA damage and melanin content in human skin 
differing in racial/ethnic origin. FASEB J 2003;17:1177‒9.

22. Nyiri P. Sun protection in Singapore's schools. Singapore Med J 
2005;46:471‒5.

23. Agbai ON, Buster K, Sanchez M, Hernandez C, Kundu RV, Chiu M, 
et al. Skin cancer and photoprotection in people of color: a review and 
recommendations for physicians and the public. J Am Acad Dermatol 
2014;70:748‒62.

24. Cormier JN, Xing Y, Ding M, Lee JE, Mansfield PF, Gershenwald JE, 
et al. Ethnic differences among patients with cutaneous melanoma. Arch 
Intern Med 2006;166:1907‒14.

REFERENCES
1.      Armstrong BK, Kricker A. The epidemiology of UV induced skin cancer. 

J Photochem Photobiol B 2001;63:8‒18.
2.    Zanetti R, Rosso S, Martinez C, Nieto A, Miranda A, Mercier M, et al. 

Comparison of risk patterns in carcinoma and melanoma of the skin in 
men: a multi-centre case-case-control study. Br J Cancer 2006;94:743‒51.

3.    Gandini S, Sera F, Cattaruzza MS, Pasquini P, Zanetti R, Masini C, et al. 
Meta-analysis of risk factors for cutaneous melanoma: III. Family history, 
actinic damage and phenotypic factors. Eur J Cancer 2005;41:2040‒59.

4.      Sng J, Koh D, Siong WC, Choo TB. Skin cancer trends among Asians living 
in Singapore from 1968 to 2006. J Am Acad Dermatol 2009;61:426‒32.

5.   National Registry of Diseases Office. Singapore Cancer Registry: Annual 
Registry Report 2015. Available at: https://www.nrdo.gov.sg/docs/
librariesprovider3/Publications-Cancer/cancer-registry-annual-report-2015_
web.pdf?sfvrsn=10. Accessed on 10 February 2019. 

in this study, the local prevalence of vitamin D deficiency 
is high at 42% in a healthy population32 and 57.5% in those 
who suffered a hip fracture,33 which may suggest that there 
are other more important factors that contribute to vitamin 
D deficiency such as diet or physical inactivity.34

There are several limitations in this study. Information 
obtained by self-reporting during the interviews may result 
in recall or social desirability bias. Due to the study design, 
we were unable to examine cause-and-effect relationships 
and found that several statistically significant results were 
likely explained by residual confounders. The Sun Protection 
Score was designed to capture general sun safety habits 
but is not a validated scoring system. Further studies that 
examine factors such as indoor and outdoor tanning, family 
history of skin cancer, incidence of sunburn and attitudes 
towards change may provide more information to guide 
more effective health initiatives.35 

Conclusion   
This study revealed that although our local population 

spends less time under the sun as compared to Western 
populations, sun safety habits are not widely practised. 
The study has identified that men, young adults, Indians, 
dark-skinned individuals and those with lower education 
are most vulnerable to poor sun safety habits and prolonged 
sun exposure, and may benefit the most from sun safety 
health promotions. Future research may include longitudinal 
studies to examine sun exposure trends among the local 
population over time and determine the effectiveness of 
health initiatives.
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