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A B S T R A C T

Ultraviolet radiation (UVR) is a known risk factor for skin cancers. Those who are tanning dependent seek out
UVR exposure. Many tanners have expressed symptoms of seasonal affective disorder (SAD), but conclusive
evidence of a connection with tanning dependence is lacking. We evaluated the frequency of tanning depen-
dence or abuse and symptoms of SAD among Finnish sunbathers and analysed whether phenomena are asso-
ciated which could indicate a common biological mechanism. Sunbathing related tanning dependence/abuse
among Finnish sunbathers were assessed using the Structured Interview for Tanning Abuse and Dependence
measure (SITAD), and symptoms of SAD were assessed with the Seasonal Pattern Assessment Questionnaire
(SPAQ). Of 229 sunbathers, 8% (n=18) were classified as tanning-dependent, and 26% (n=59) were classified
as tanning abusers. Additionally, 16% (n=37) met the criteria for SAD, and 26% (n=60) met the criteria for
subsyndromal seasonal affective disorder (S-SAD), but there was no significant association between tanning
dependence or abuse and SAD or S-SAD. Sunbathing dependence or abuse and SAD/S-SAD were frequent among
sunbathers, and they may promote sun-seeking risk behaviour. However, within this sample, tanning depen-
dence and SAD/S-SAD were not associated.

1. Introduction

Ultraviolet radiation (UVR) exposure has been causally linked to the
development of non-melanoma skin cancers and malignant melanomas
(Gandini et al., 2011; Tierney et al., 2015). Many sunbathers and indoor
tanners are aware of the harmful effects of UVR but continue to seek a
tan (Feldman et al., 2004; Nolan et al., 2009; O'Leary et al., 2014).
Some of the difficulty in ceasing tanning has been attributed to UVR
addiction (Ashrafioun and Bonar, 2014; Feldman et al., 2004;
Harrington et al., 2011; Nolan et al., 2009), which has been unofficially
regarded as a subtype of behavioural addiction.

A theoretical framework for the assessment of tanning-related sub-
stance-related disorder proposes that exposure to sunlight accelerates
the synthesis of endogenous endorphins in the skin, which may re-
inforce tanning behaviour and, at least in some circumstances, explain

the addictive nature of sunbathing (Warthan et al., 2005). In an earlier
study blocking opioid receptors with systemic naltrexone reduced the
UVR preference and induced withdrawal-like symptoms in some fre-
quent tanners (Kaur et al., 2006). In mice, frequent low-dose UV-B
exposures induced epidermal β-endorphin synthesis, increased plasma
β-endorphin levels and raised the pain threshold (Fell et al., 2014).
Moreover, naloxone was capable of eliciting withdrawal signs in mice
after chronic UV-B exposure, and this was related to formation of β-
endorphin in the skin (Fell et al., 2014; Skobowiat and Slominski,
2015). Artificial narrow-band UV-B exposures also increased β-en-
dorphin expression in human skin in vivo (Jussila et al., 2016), and
earlier human studies detected increased levels of endorphins after
UVR, although subsequent studies in men have not confirmed this
finding (Belon, 1985; Gambichler et al., 2002; Levins et al., 1983;
Warthan et al., 2005; Wintzen et al., 2001).
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The modified Cut down, Annoyed, Guilty, Eye-opener (m-CAGE)
measure detected problematic indoor tanning behaviour in 11% to 33%
of respondents, mostly representing university/college students or fre-
quent indoor tanners (Ashrafioun and Bonar, 2014; Harrington et al.,
2011; Heckman et al., 2008; Mosher and Danoff-Burg, 2010; Poorsattar
and Hornung, 2007; Warthan et al., 2005). Using the criteria of the
American Psychiatric Association's Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), for sub-
stance dependence but being modified for tanning dependence, tanning
dependence was found in 23–53% of participants (American Psychiatric
Association, 2000; Ashrafioun and Bonar, 2014; Harrington et al., 2011;
Heckman et al., 2008; Mosher and Danoff-Burg, 2010; Warthan et al.,
2005). Using the self-administered Structured Interview for Tanning
Abuse and Dependence (SITAD), 5.4% of the participants met the cri-
teria for tanning dependence and 10.8% for tanning abuse. The re-
spondents were randomly selected college students in East Tennessee
State University (First et al., 1995; Hillhouse et al., 2012). SITAD was
based on the criteria for substance dependence but modified to detect
tanning dependence and abuse behaviour, whereas the modified m-
CAGE and DSM-IV-TR were intended to identify substance dependence
(Warthan et al., 2005).

Seasonal affective disorder (SAD) is a condition of regularly occur-
ring depression during autumn or winter, with remission in the fol-
lowing spring or summer (Rosenthal et al., 1984). Subsyndromal sea-
sonal affective disorder (S-SAD) shows similar but milder symptoms
(Partonen and Lönnqvist, 1998). SAD/S-SAD is common in northern
latitudes, where the amount of sunlight is scarce in wintertime
(Magnusson, 2000). Excessive indoor tanning and SAD have shown a
positive relationship (Heckman et al., 2016; Hillhouse et al., 2010,
2005; Petit et al., 2014), which may suggest that individuals may in-
door tan as a form of self-treatment on account of its mood-enhancing
properties (Heckman et al., 2016; Petit et al., 2014). SAD was reported
earlier to be three times more frequent among subjects with tanning
dependence than among subjects with no tanning dependence
(Cartmel et al., 2017). However, among female university students SAD
was not significantly associated with tanning dependence
(Heckman et al., 2014). In a study with women indoor tanners, the
presence of SAD was associated with more problematic tanning and
tanning to improve mood and relax (Culnan et al., 2015). In another
study, frequent indoor tanners had higher than expected rates of SAD,
body dysmorphic disorder and elevated stress (Blashill et al., 2016). To
the best of our knowledge, there are no studies on the association be-
tween tanning dependence and seasonal symptoms in northern lati-
tudes, where SAD/S-SAD is a common finding. Our study is also the first
study to use SITAD in an outdoor sunbathing context to assess
sunbathing related tanning dependence/abuse.

In wintertime, people tend to travel to sunny resorts to get tanned,
to improve their mood and to energise. Our aim was to assess the
presence of sunbathing related tanning dependence among Finnish
sunbathers using the SITAD measure with sunbathing related wording
(Hillhouse et al., 2012), and to explore whether tanning dependence/
abuse shows a positive relationship with SAD/S-SAD. We hypothesised
that tanning dependence is frequent among sunbathers, and that some
beach and parkgoers may sunbathe for the mood-enhancing effects in
summertime.

2. Methods

The research plan was approved by the Ethics Committee of
Pirkanmaa Hospital District (#R15001). The sunbathers were informed
about the study and agreed to participate by responding anonymously
either using an internet link or posting their answers in a prepaid en-
velope.

2.1. Participants and recruitment

Finnish-speaking adults encountered on beaches or in parks in July
and August 2015 were eligible for inclusion in the study. We ap-
proached people on beaches and in parks in two Finnish cities, Tampere
and Pori (61°N), and asked them to participate in the survey. The re-
sponses to the questionnaires were voluntary, no rewards were offered.
No distinction was made between genders or between families, couples,
groups or single people in terms of recruitment. A total of 393 ques-
tionnaires, 199 paper questionnaires and 194 internet links to ques-
tionnaires, were supplied.

2.2. Measures

The demographic and background data gathered included
Fitzpatrick's skin phototyping (Fitzpatrick, 1988). The most sensitive
skin phototype, type I, always burns and never tans; type II often burns
and tans poorly; type III sometimes burns and tans easily; type IV never
burns and tans rapidly; types V and VI refer to brown and black skin
(Fitzpatrick, 1988). Since the skin phototype I does not tan, we pro-
posed the number of respondents presenting the phototype I to remain
low among sunbathers. The questions also delineated whether
sunbathing was intended for the specific purpose of tanning, whether
the individual sunbathed seldom/occasionally or frequently (defined
whenever possible in purpose to tan), and the frequency of sunscreen
use (never, occasionally, frequently, always). Smoking (yes/no and, if
yes the number of cigarettes smoked per day and how soon the first
cigarette is smoked after awakening) and alcohol consumption (never,
once a month, 2–4 times a month, 4 times a week or more often and, if
alcohol is consumed, the number of portions per day and how often six
portions or more are consumed a day). These habits were asked elicited
as addictive behaviours may coincide.

We used the SITAD measure to differentiate tanning-dependent in-
dividuals and abusers from non-dependent individuals. SITAD is based
on opioid use items adapted from the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Axis I Disorders (SCID) (First et al., 1995). Depending on choice of
wording, it can be used to detect either indoor or outdoor tanning de-
pendence or both (Hillhouse et al., 2012). In the present study wording
was adjusted to consider in specific sunbathing related tanning de-
pendence. The SITAD questions differentiate tanning dependent, tan-
ning abusers and non-dependent respondents (Hillhouse et al., 2012).
For tanning dependence, the respondent needed to fulfil at least three of
the following criteria: 1) loss of control over tanning; 2) unsuccessful
efforts to cut down or control tanning; 3) a great deal of time spent on
tanning, preparations for it, or recovery from it; 4) social problems due
to tanning; 5) physical or psychological problems due to tanning; 6)
tolerance of the effects of tanning; or 7) withdrawal symptoms attri-
butable to tanning (Hillhouse et al., 2012). A respondent was defined as
a tanning abuser if the criteria for dependence were not met but at least
one of the following was present: 1) recurrent tanning accompanied by
failure to fulfil role expectations at work or school, 2) physically ha-
zardous recurrent tanning, or 3) continued tanning in the presence of
recurrent social or interpersonal problems. There were altogether 13
main items with one to four sub-questions after removing one item, as
“legal problems” was deemed inappropriate for the sunbathing context
(Hillhouse et al., 2012). The measure was translated following the WHO
guidelines (World Health Organization, 1948, http://www.who.int/
substance_abuse/research_tools/translation/en/#). Completion of the
SITAD measure takes about 5 min.

The presence of seasonal variations in mood and behaviour was
evaluated using the Seasonal Pattern Assessment Questionnaire
(SPAQ), which yields a numerical Global Seasonality Score (GSS)
(Magnusson, 1996). The sunbathers were classified by means of the
SPAQ into those fulfilling the criteria for SAD and S-SAD and for normal
seasonal variations in mood and behaviour (normal seasonality).
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Briefly, the seasons may give rise to changes in six items tied to well-
being and behaviour (i.e., mood, appetite, weight, sleep duration, en-
ergy level, and social activity), which may vary from no change (0) to
mild (1), moderate (2), definite (3) or severe (4). The sum of these item
scores is the GSS, ranging 0–24 (Kasper et al., 1989; Magnusson, 1996;
Rosenthal et al., 1987). Respondents reported whether these seasonal
variations were a problem and, if they were, its severity (mild to dis-
abling). Accordingly, a respondent was defined as having SAD when the
GSS ranged from 11–24 points and the severity of seasonal problems
was graded as at least moderate (Kasper et al., 1989). S-SAD was de-
fined as a GSS score of 11–24 with no or only mild seasonal problems,
or as a GSS score of 9–10 with at least mild problems. Normal sea-
sonality was defined as a GSS score of 0–8, or 9–10 but with no seasonal
problems.

2.3. Statistical methods

Mean values and their standard deviations (SD) were calculated for
continuous variables and frequencies were calculated for categorical
variables. Statistical significances for the hypothesis of linearity across
categories of tanning dependence were evaluated by using the
Cochran–Armitage test for trend and analysis of variance with an ap-
propriate contrast. The relationship of seasonality and tanning depen-
dence was tested with logistic regression adjusted for confounding
factors. Simulations were used to calculate post hoc power for the re-
lationship of seasonality and tanning dependence by using the actual
data from this study. All analyses were performed using Stata Statistical
Software, Release 15.1 (StataCorp LP, College Station, TX, USA).

3. Results

The response rate was 59% (n=229), and 70% (n=161) of re-
sponses arrived via the internet. There was a female predominance 84%
(193/229) among responses. According to the tanning dependence
measure SITAD targeting sunbathing related tanning dependence, 34%
(n=77) of sunbathers were screened as positive, with 8% (n=18)
fulfilling the criteria for tanning dependent and 26% (n=59) for tan-
ning abusers (Table 1).

Altogether 42% (n=97) of the sunbathers were classified to display
either SAD (16%, n=37) or S-SAD (26%, n=60). A total of 28%
(n=63) of sunbathers reported seasonal variations in mood and be-
haviour to be a definite problem, with 6% (n=14) having severe or
disabling problems. SAD/S-SAD and tanning dependence or abuse
showed no association (p=0.54) and the share of normal seasonality,
S-SAD or SAD was equal independent of the tanning dependence clas-
sification. The history of ever having used a solarium and having sun-
bathed frequently to tan was both significantly associated with tanning
dependence, whereas the proportion of photosensitive respondents
decreased significantly as degree of tanning dependence increased, as
seen in Table 1.

Altogether 50% (n=115) of respondents sunbathed frequently
whenever possible (Table 1), but there was a highly significant linear
difference between non-dependent (37%), tanning abusers (75%), and
tanning dependent respondents (83%) (p<0.001). Of all respondents
94% (n=215) had sometimes sunbathed with the specific intention of
tanning their skin, but those who were tanning-dependent or abusers
did so significantly (p=0.036) more frequently. Table 1 shows that
67% of tanning-dependent and of 58% of abusers had tanned their skin
indoors, compared to 40% of non-dependent beach and parkgoers,
showing a linear significant difference (p=0.004). Only 1.3% (n=3)
were frequent indoor tanners, and 20.1% (n=46) had used solarium
for a specific occasion, and 17.5% (n=40) were random users. The
frequency of using sunscreen, smoking or drinking habits were not
significantly associated with tanning dependence/abuse (Table 1).

No statistical relationship between seasonality and sunbathing re-
lated tanning dependence was detected (p for linearity 0.35, post hoc

power 74%). To evaluate if essential co-variates had an impact on the
relationship between seasonality and tanning dependence we con-
ducted an analysis 1) with the original crude data, 2) with the age and
gender-adjusted data, and 3) with the co-variates smoking, drunkenness
and sun sensitive skin (phototypes I-II) data in addition to age and
gender (Table 2.). The models showed that co-variates had no impact
on the outcome, nor were any significant associations between sea-
sonality and tanning dependence detected.

4. Discussion

In this study, we assessed sunbathing related tanning dependence
among beach and parkgoers using SITAD, showing that 34% of the
Finnish beach and parkgoers were tanning dependent or abusers
(Hillhouse et al., 2012). This highlights that tanning addiction must be
considered an important factor which may lead to excessive sunbathing
and thus increase the risk of getting contracting skin cancer. SAD/S-
SAD symptoms were detected in 42% of beach and parkgoers. Re-
spective figures were published earlier in a population-based health
examination study reporting S-SAD in 38.9% and SAD in 2.6% of the

Table 1
Characteristics of sunbathers.

Non-
Dependent
n=152

Abusers
n=59

Dependent
n=18

p-value*

Age, mean (SD) 33 (11) 33 (9) 37 (12) 0.30
Females, n (%) 124 (82) 53 (90) 16 (89) 0.16
Skin phototype, n (%) 0.034

I 1 (1) 2 (3) 0 (0)
II 40 (26) 7 (12) 2 (11)
III 67 (44) 33 (56) 6 (33)
IV 44 (29) 17 (29) 10 (56)

GSS mean (SD) 9.5 (4.7) 10.8 (5.0) 10.5 (4.2) 0.13
Seasonality, n (%) 0.54

Normal 91 (60) 28 (47) 13 (72)
S-SAD 40 (26) 18 (31) 2 (11)
SAD 21 (14) 13 (22) 3 (17)

Ever used solarium, n
(%)

61 (40) 34 (58) 12 (67) 0.004

Ever sunbathed to tan,
n (%)

139 (91) 58 (98) 18 (100) 0.036

Sunbathes frequently
to tan, n (%)

56 (37) 44 (75) 15 (83) <0.001

Sunscreen use, n (%) 0.52
Never 21 (14) 6 (10) 1 (6)
Occasionally 54 (36) 28 (47) 11 (61)
Frequently 77 (51) 25 (42) 6 (33)

Smoking, n (%) 38 (25) 13 (22) 6 (33) 0.74
Excessive use of

alcohol, often, n
(%)

23 (15) 10 (17) 2 (11) 0.88

Abbreviations: GSS, Global Seasonality Score; S-SAD, Subsyndromal Seasonal
Affective Disorder; SAD, Seasonal Affective Disorder.

⁎ p for linearity.

Table 2
Relationship between seasonality and tanning dependence (dependent/abusers
vs. others).

Model 1 OR (95%
CI)

Model 2 OR (95%
CI)

Model 3 OR (95%
CI)

Seasonality
Normal 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
S-SAD 0.32 (0.07–1.45) 0.31 (0.07–1.41) 0.34 (0.07-1.58)
SAD 0.81 (0.22–3.00) 0.79 (0.21–2.96) 0.75 (0.20–2.85)
p for linearity p=0.35 p=0.33 p=0.34

Model 1 was crude. Model 2 was adjusted for age and gender. Model 3 was
adjusted for age, gender, smoking, excessive use of alcohol and skin phototype
I–II.
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Finnish adults (Grimaldi et al., 2009).
Warthan et al. assessed motivations for beachgoing among 145

sunbathers on Galveston Island, Texas. Using the mCAGE measure and
the mDSM-IV-TR measure, 26% of sunbathers met the mCAGE and 53%
the mDSM-IV-TR diagnostic criteria for tanning addiction
(Warthan et al., 2005). Due to the use of different measures, these re-
sults are not directly comparable with ours, although they undeniably
indicate the magnitude of the tanning dependence issue. The mCAGE
has been criticised for the use of detecting tanning dependence. The
criticism has arisen due to the different wording between studies, for
screening subjects who had not tanned themselves indoors recently as
problematic tanners and for giving too high percentages for tanning
related problems (Schneider et al., 2015).

Hillhouse et al., who developed the SITAD measure, performed a
pilot study showing that 16% of 296 college students met the criteria
for indoor tanning dependence/abuse (Hillhouse et al., 2012). Inter-
estingly, in our sample targeting sunbathing related tanning depen-
dence, the frequency of tanning dependent or abusers was double. This
gap could be related to the beach and park context, as well as the dif-
ferent cultures and northern geographic locations in our study with
minimal sunlight for several months a year, which may be conducive to
sun-seeking behaviour.

In the present study, up to 16% scored on the SPAQ to meet the
criteria for SAD and thereby exceeding the figure of 2.6% detected by
Grimaldi et al. in a national population-based survey (Grimaldi et al.,
2009). Earlier, Hillhouse et al. reported that 81% of frequent indoor
tanners exhibited either SAD or S-SAD, supporting the idea that tanning
beds are used for their mood-enhancing effects (Hillhouse et al., 2005).
To conclude, both sunbathing and indoor tanning seem to attract
people presenting with more severe seasonality and may serve as an
attempt to cure symptoms, as suggested earlier (Heckman et al., 2016;
Petit et al., 2014). Other explanations are possible, since Grimaldi et al.
reported 85% of a national cohort to follow some seasonal pattern in
their mood and behaviour (Grimaldi et al., 2009). The discrepancy in
seasonality figures between Hillhouse's study and ours could also be
due to the season in which the studies were conducted and to other
potential differences involving seasonal availability, proximity to home,
engaging alone or with friends (Hillhouse et al., 2005).

Contradicting our hypothesis, in the present study SAD/S-SAD was
not associated with sunbathing related tanning dependence. Another
recent study found that meeting the criteria for SAD was associated
with tanning dependence (Cartmel et al., 2017). Of specific types of
psychiatric disorders, tanning dependence was associated with “being
more likely to meet criteria for SAD” (Heckman et al., 2014). Never-
theless, consistent with our findings, Heckman et al., using the Positive
Affect and Negative Affect Scale (PANAS), reported a lack of association
between mood states, including both negative (upset, scared, irritable,
nervous, jittery, afraid) and positive (feeling interested) mood states
and tanning addiction and speculated that this finding might indicate
that tanning-dependent individuals have developed tolerance of the
mood-enhancing effects of tanning but continue to tan as a hallmark of
dependence (Heckman et al., 2016; Watson et al., 1988).

In the northern regions, when daylight is scarce in wintertime, SAD
symptoms are a frequent finding (Magnusson, 2000). Bright light
therapy through the eyes may effectively cure SAD (Partonen and
Lönnqvist, 1998), but it is not known if UVR exposures through the skin
have a definite impact on mood. Whether exposures of the skin using
visible light or UVR induce neuroendocrine changes needs further study
(Fell et al., 2014; Felton et al., 2017; Jussila et al., 2016; Skobowiat and
Slominski, 2015; Skobowiat et al., 2011). A recent study using brain
imaging techniques with single photon emission computerised tomo-
graphy (SPECT) showed that addicted tanners express stronger neural
rewarding responses to UVR than do non-addicted tanners, supporting
the existence of a cutaneous-neural connection (Aubert et al., 2016). UV
induced endocannabinoids have also been linked with sunbathing and
mood (Felton et al., 2017). Some studies propose that genetic

involvement may play a role in tanning addiction (Cartmel et al., 2017,
2014; Khouja et al., 2018). Further research is therefore still needed as
the mechanisms remain far from clear.

Excessive tanning of the skin is a frequent concern of health care
authorities due to the ever-increasing prevalence of skin cancers, in-
cluding melanomas (Gandini et al., 2011; Tierney et al., 2015). Our
results show that one-third of beach and parkgoers met the criteria for
sunbathing related tanning dependence/abuse, justifying the serious
concern about the skin cancer risk in tanning-dependent individuals.
New interventions are therefore urgently needed to halt addictions like
harmful tanning behaviour. Hillhouse et al. presented an appearance-
focused intervention booklet that might be useful, independent of SAD
status, in preventing tanning dependence (Hillhouse et al., 2010).

The research group who published SITAD has now moved on to
using another shorter instrument, the Behavioural Addiction Indoor
Tanning Screener, BAITS (Diehl et al., 2018; Stapleton et al., 2016).
BAITS was not available when we conducted our study; it is also de-
signed for indoor tanning users and there are no published studies using
BAITS in the sunbathing context.

There were some limitations in our study. First, the summer when
data was collected was very rainy and chilly, allowing sunbathing on
only very few days, which may have influenced the sample content and
its size. The survey was implemented only in summertime, which may
have impacted on the presence of SAD/S-SAD. The results are context-
dependent and confined to Finnish beach and parkgoers.

5. Conclusions

Sunbathing related tanning dependence/abuse and symptomatic
seasonality (SAD/S-SAD) were both frequent among Finnish sunbathers
but not associated with each other. Further targeted experimental and
longitudinal clinical studies are necessary to elucidate and understand
these phenomena to improve efficacy in the prevention of skin cancers.
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