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Abstract

Previous research found that nearly half of the college students suffered mental
disorders (Blanco et al., 2008), and 41.6% of college students suffered from anxiety and
36.4% from depression (Mistler et al., 2012). Moreover, the prior studies related to vitamin
D, depression and anxiety among college students were insufficient. Therefore, this research
aims to investigate the relationship between sun exposure, anxiety and depression among
college students to fill the literature gap and provide greater understanding.

In the current quantitative study, 80 college students with no cognitive disability
voluntarily participated in this study by completing a survey through social media promotion.
The survey involved a demographic questionnaire, sun exposure questionnaire and Hospital
Anxiety and Depression Scale. The results from the correlational analysis revealed that sun
exposure was not significantly correlated to depression and anxiety. However, it showed a
significant correlation between depression and anxiety.

These findings have filled the literature gap and challenged the theory of sun exposure
being the vitamin D’s primary source. Further research of possible factors and interventions
of college students' mental illness despite sun exposure, and more studies focusing on college

students’ mental illness are required to improve college students’ mental health.
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Sun Exposure, Depression and Anxiety among College Students

Mental health is as important as physical health, as poor mental health could lead to
mental health disorders such as depression and anxiety disorders (Prince et al., 2007). Mistler
et al. (2012) had found that mental health disorders were common and concerning among
young adulthood, with about 36.4% of college students suffering from depression and 41.6%
of college students suffering from anxiety. In addition, young adults of age 18-25 are the
typical age group of college students who had the highest percentage of suffering from severe
mental disorders among all age groups (Blanco et al., 2008). Moreover, Furr et al. (2001) had
revealed that within 53% of the college students who had experienced depression, 9% of
them had suicidal thoughts. All these studies mentioned had concluded that severe mental
health crises among college students could potentially lead to suicidal thoughts. One of the
stress factors that was linked with mental health disorders among college students was the
lack of vitamin D, as it could impact the emotions and behaviours according to its sufficiency
level (Cheng et al., 2020; Groves et al., 2013; Kalueff et al., 2004; Wang et al., 2020).
Vitamin D and Mental Health Disorders

Bicikova et al. (2015) had studied the correlation between calcidiol level and patients
with depression and anxiety disorders, as calcidiol was linked to vitamin D. The result
revealed that lower levels of calcidiol were found in patients with anxiety and depression
disorders, compared with the control group with no mental health disorders. It indicated that a
lower vitamin D level could be significantly related to depression and anxiety disorders.

Furthermore, Armstrong et al. (2007) had studied the correlation between vitamin D,
anxiety and depression among patients with fibromyalgia. Seventy-five participants were
involved and filled in the Hospital Anxiety and Depression Score (Zigmond & Snaith, 1983;
HADS). The results suggested that vitamin D deficiency commonly occurs in fibromyalgia

patients, especially those with a higher level of anxiety and depression.
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Vitamin D and Depression

Regarding depression, a systematic review in 2014 found 390 articles that studied the
relationship between vitamin D and depression and 15 left after inclusion criteria of
randomised controlled trials applied (Spedding, 2014). The general conclusion indicated that
vitamin D had a significant and robust relationship with depression.

In the same year, Huang et al. (2014) recruited early pregnancy women to study the
correlation of the vitamin D, depressive and anxiety symptoms using the Depression, Anxiety
and Stress Scales and Patient Health Questionnaire Depression Module (Kroenke et al., 2001;
PHQ-9). Results revealed that a lower vitamin D level was associated with significantly
higher depressive symptoms but not anxiety. In addition, Huang et al. (2014) found that
physical activity could improve depressive and anxiety symptoms.

Additionally, El-Salem et al. (2021) and Knippenberg et al. (2010) had carried out
studies of the correlation between vitamin D status and the depression scores of patients with
multiple sclerosis. They both indicated that low vitamin D status was correlated to higher
depression scores based on the Hospital Anxiety and Depression Score (HADS).

A recent study had used HADS to investigate if vitamin D would be an effective
treatment for patients with depression in a psychiatric department (Abdul-Razzak et al.,
2018). It showed that it was significantly effective in improving their depressive symptoms.
Furthermore, to treat depression related to vitamin D, a study found that vitamin D
supplements could effectively improve depressive symptoms, proving the correlation
between vitamin D deficiency and depression symptoms (Parker et al., 2017). However, a
recent study by Zhu et al. (2020) suggested that vitamin D supplementation was not
associated with improved symptoms of depression but only anxiety instead.

Vitamin D and Anxiety
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There has been no systematic review of the association between vitamin D and
anxiety yet, but some studies focused on participants with special conditions.

Kalueff et al. (2004) had studied the correlation between vitamin D and emotional
behaviour change among mice. The mice who had deficient in the vitamin D receptor
demonstrated significantly more anxiety-related behaviours than mice who had normal
receptor of vitamin D. It indicated that lack of vitamin D could be correlated to increased
anxiety.

In addition, recent research (Martino et al., 2018) that recruited postmenopausal
women had shown a significant association between vitamin D deficiency and higher anxiety
levels. These studies indicated that vitamin D deficiency could be correlated to behaviour
change, especially in the increased level of anxiety.

A study by AlGhamdi et al. (2019) studied the effects of vitamin D supplements
intake and severity of anxiety among patients diagnosed with general anxiety disorder. The
result suggested that taking vitamin D supplements had improved the severity of their anxiety
symptoms, which means that increased vitamin D is associated with a lower level of anxiety.

To examine vitamin D levels, many researchers would require a specific blood test
(Constantini et al., 2010; Gordon et al., 2004; Hamilton et al., 2010; Moyad, 2009; Newbury
et al., 2003). In addition, the Hospital Anxiety and Depression Scale (Zigmond & Snaith,
1983) is a standard measurement used for examining the level of anxiety and depression.
Many research studies applied it to study the correlation of vitamin D, anxiety and depression
(Abdul-Razzak et al., 2018; Alkhatatbeh et al., 2019; Armstrong et al., 2007; Kjergaard et al.,
2012; Knippenberg et al., 2010; Rolf et al., 2017; Wepner et al., 2014).

Vitamin D and Sun exposure
Many studies had stated that the leading cause of low vitamin D was due to the lack

of sun exposure (Alagol et al., 2000; Al-Othman et al., 2012; Anderson et al., 2013; Binkley
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et al., 2007; Brouwer-Brolsma et al., 2016; Harinarayan et al., 2013; Holick, 2008, Holick &
Chen, 2008; Lips, 2006; Nimitphong & Holick, 2013; Tsiaras & Weinstock, 2011).
Furthermore, lack of sun exposure could be why some college students tend to have more
depressive symptoms in winter (Low & Feissner, 1998), as full-time college students tend to
attend lectures in the morning and end in the late afternoon. Since there is less daytime sun
exposure in winter, it could lead to vitamin D deficiency which causes seasonal depression
(Low & Feissner, 1998). Regarding seasonal depression, bright light therapy has been proven
to significantly treat both seasonal and non-seasonal depression (Terman & Terman, 2005).

It is vital to study both depression and anxiety with sun exposure, targeting college
students, as nearly half of college students suffered from mental disorders (Blanco et al.,
2008). Therefore, it is crucial to find out if sun exposure is significantly related to college
students’ mental illnesses such as depression and anxiety so that there may be more
interventions related to sun exposure in the future to improve college students’ mental health.

Since sun exposure is one of the primary natural sources of vitamin D, it could
indicate that lack of sun exposure could negatively impact mental health (Nair & Masche,
2012; Nimitphong & Holick, 2013). However, it is uncertain yet as there is a lack of studies
that showed that sun exposure was correlated with depression and anxiety. Therefore, the
current researcher will explore the correlation between sun exposure, depression, and anxiety
in this study.

This research focused on the relationship between sun exposure, anxiety and
depression since sun exposure has never been proven to be linked with mental disorders
before by any research. Moreover, the current study only recruits college students as college
students have a higher risk of having mental disorders (Blanco et al., 2008), in which
depression and anxiety are chosen as the variables of this study as they are common among

college students (Mistler et al., 2012).
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Research Aims
This research investigates the relationship between sun exposure, depression and

anxiety. It is vital to discover if more factors could impact depression and anxiety. If more
factors are proven to be related, more possible reasons and interventions may be found in the
future to treat mental health issues among college students. For example, suppose higher sun
exposure is proven to be related to lower depression and anxiety. In that case, college
students can use sun exposure-related intervention to improve their mental health.
Hypothesis

1) Lower sun exposure is correlated to higher depression.

2) Lower sun exposure is correlated to higher anxiety.

3) Higher depression is correlated to higher anxiety.
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Methodology
Participants

In this study, the researcher recruited 80 college students in Ireland who have no
cognitive disability and are in the age range of 18-85 by promoting this study on social
media, including Facebook and Instagram.

The inclusion criteria are college students in the age range of 18-85 with no cognitive
disability. The exclusion criteria are non-college students outside the range of age 18-85 and
have a cognitive disability because this study focuses on college students, and the people over
85 years old or with cognitive disability may have difficulty remembering the past events or
understanding the questions, which could potentially affect the accuracy of this study’s result.

G*Power 3.1 has been run and suggests 46 participants as the recommended sample
size. 2 tails were run with a 95% chance of getting the power of .95. Moreover, 05 Cohen
effect was applied as it is the large Cohen’s effect size for Pearson’s .

Materials

The current study included three sections, in which the first section was demographic
questions; the second section was Sun Exposure; the third section was Hospital Anxiety and
Depression Scale.

Demographic Questionnaire

In the first section, a demographic questionnaire (see Appendix 1) was performed to
ask about the age and if the participants have any cognitive disability. The aim of asking these
two questions was to ensure only the participants in the age range of 18 to 85 with no
cognitive disability were not recruited into the result data of this study, as this study was not
designed for vulnerable groups due to ethical reasons. And I, as a researcher, is not clinically
trained to provide mental and physical health support if the vulnerable groups feel distressed

during and after the study.
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Sun Exposure Questionnaire

In the second section, a pilot study called Sun Exposure Questionnaire (see Appendix
2) was used to categorise the level of sun exposure, based on the theory that sun exposure
was the major source of vitamin D (Nair & Masche, 2012; Nimitphong & Holick, 2013). This
questionnaire had been reviewed and understood by five people beforehand to ensure the
content is clear, related to this study and straightforward enough for participants to
understand. There were two same questions that both asked about the average sun exposure
time per day but in different settings: one was in working days including college and job, and
another one was in non-working days, because the hours of sun exposure may differ due to
working circumstances. The multiple-choice questions included answers of: (1) < 10 minutes;
(2) 10 minutes -1 hour; (3) 2-5 hours; (4) > 5 hours. The scoring system worked by adding
them both together and then dividing the sum by 2 to get the daily average sun exposure
hours, in which < 10 minutes = 0; 10 minutes -1 hour = 1; 2-3 hours =2;4 - 5 hours =3; > 5
hours= 4. For example: (2 +0)/2=1.
Hospital Anxiety and Depression Scale

In the third section, a scale called Hospital Anxiety and Depression Scale (see
Appendix 3) was used to identify the level of anxiety and depression. This scale is a self-
assessment scale that hospitals commonly use for practising and investigating patients’
emotional issues (Zigmond & Snaith, 1983), especially for mood disorders like anxiety and
depression (Snaith, 2003). Moreover, this scale had been previously used for finding out if
vitamin D would be an effective treatment for patients with depression in a psychiatric
department (Abdul-Razzak et al., 2018), and the correlation between vitamin D status and the
depression scores of multiple sclerosis patients (El-Salem et al., 2021; Knippenberg et al.,

2010).



SUN EXPOSURE, DEPRESSION AND ANXIETY AMONG COLLEGE STUDENTS 13

There were 14 questions on the scale of which half of them were related to the
participants’ mood in the past week, e.g. “I get sudden feelings of panic:”. The participants
had to select 1 out of 4 multiple choice answers which they feel related to the most, e.g.,
“Very often indeed”, “Quite Often”, “Not very often”, “Not at all”. For questions 5, 6, 8, 9,
13, 14, all the answers were scored from 0, 1, 2, 3 ascendingly. Vice versa for the rest of the
questions.

The total score was divided into two sections, one was for anxiety, and another one
was for depression. Adding the relevant items up revealed the total score of the relevant scale.
For example, adding the anxiety questions scores up indicated the total anxiety level scores,
which was the same case for depression questions.

Design
The researcher had conducted a correlational and within-group subject design in this
study targeting college students. The data was quantitative.

For the first research question, the variables were the levels of sun exposure and
levels of anxiety. For the second research question, the variables were the levels of sun
exposure and levels of depression. For the third research question, the variables were the
levels of depression and levels of anxiety.

The values of the levels of sun exposure were scored as “< 10 minutes” = 0; “10
minutes- 1 hours” = 1; “2 -3 hours” = 2; “4-5 hours” = 3; “> 5 hours” = 4. The values of the
levels of anxiety were scored as the total score of questions 1 to 7 of “0-7” = normal; “8-10”
= Borderline abnormal; “11-21” = Abnormal. The values of the levels of depression were
scored as the total score of questions 8 to 14 of “0-7” = normal; “8-10" = Borderline
abnormal; “11-21” = Abnormal.

Procedure
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To ensure ethicality and confidentiality, this research proposal has been approved by
the Ethical Committee of the National College of Ireland.

The participants only had to provide their age and cognitive condition to ensure they
were not in the vulnerable group. No names and gender were required. Also, the data could
not be identified, and the data was stored in a password-protected hard drive, which only the
researcher could have access. The researcher would not have access to it after five years.

There is a potential risk of having psychological distress in the third questionnaire of the
Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983) because it requires the
participants to think about their levels of depression and anxiety. Therefore, it was mentioned
in the information sheet (see Appendix 4). In addition, the details of support helplines and
services were suggested in the debriefing sheet (See Appendix 6) if some participants felt
distressed during or after the study.

The information sheet stated that the participants had to right to withdraw from the
study anytime by closing the tab. Also, the Consent form (See Appendix 5) asked participants
to tick the consent box of understanding the content and be aware that there would be a risk
of feeling psychologically distressed.

First, the researcher promoted this study on social media and let the interested
participants decide to contact the researcher by email if they were interested in participating.
A poster with details about this study was promoted on social media, including Facebook and
Instagram. If the students were interested, they could email the researcher, in which the email
address was attached to the poster. After the students had voluntarily contacted the researcher
to confirm their interest in it and voluntary participate in this study, they received a URL link
which is linked to a questionnaire to be completed using google form. Only students who
were sent the email can have access to complete the survey to ensure only college students

could participate as this study only recruited college students.
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After the researcher had received their email confirming they were interested and
wanted to participate in this study voluntarily, they were sent an URL link of invitation to
participate in this study of “Sun exposure, Anxiety and Depression among College Students”.
After they had clicked on the link, there was an information sheet (see Appendix 4)
explaining what this study was about, participants’ criteria, risk factors, confidentiality. Then,
they were asked to tick the box in the consent form (See Appendix 5) if they had understood
the details and risk and confidentiality of this study to proceed to participate.

The information sheet (see Appendix 4) stated that the questionnaire was likely to
take five minutes or less for the participants to complete the survey. They could voluntarily
take a break if they wanted to since there was no time limit in the survey. They were informed
of the risk of psychological distress about the second questionnaire of the Hospital Anxiety
and Depression Scale (Zigmond & Snaith, 1983) as It required the participants to think about
their levels of depression and anxiety. Moreover, no personal detail was needed, and data
could not be identified. In addition, to ensure security, data was kept in a password protected
hard drive to ensure safety and anonymity. The researcher would not have access to the data
after five years. Participants had the right of withdrawal until after submission.

After they had ticked the consent box and clicked the next page, they would be shown
the next page, which involved the first questionnaire called a demographic questionnaire (see
Appendix 1). It asked about their age and if they had any cognitive disability. They had to
write their age in blank space for the age question and select yes or no for the cognitive
disability question. Then, the second questionnaire called Sun Exposure Questionnaire (see
Appendix 2) asked about two sun exposure-related questions. After that, the last survey called
the Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983) asked about anxiety

and depression related questions (see Appendix 3).
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After the last section, the overall survey was completed. A debriefing sheet (see
Appendix 6) with support services if they feel distressed and the researcher's contact

information if they had any further questions or inquiries.
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Results

Descriptive Statistics

This research data contained 80 participants (n = 80) with no categorical data. The
continuous data were age (M = 22.48 [95% CI = 18, 49]; SD = 4.5; Range = 18-49), sun
exposure score (M =1.36 [95% CI=1.22, 1.51]; SD = .66; Range = 0-3), anxiety score (M =
10.74 [95% CI=9.69, 11.78]; SD = 4.7; Range = 0-20) and depression (M = 7.44 [95% CI =
6.65, 8.32]; SD = 3.94; Range = 0-16). Details are shown in Table 1 as below:
Table 1

Descriptive Statistics of Age, Sun Exposure, Anxiety and Depression

Variable M [95% CI] SD Range
Age 22.48 [18, 49] 4.43 18-49
Sun Exposure score 1.36 [1.22, 1.51] .66 0-3
Anxiety score 10.74 [9.69, 11.78] 4.7 0-20
Depression score 7.44 [6.55, 8.32] 3.97 0-16

Inferential Statistics

Based on the result of the descriptive statistic, the significant value of age was less than
0.05, which indicated the data were non-normally distributed. The histogram of age looked
like a bell curve. Also, most of the scores did not deviate from the straight line in the normal
Q-Q plot, which suggested normality. There were 4 outliers in the box plot. The descriptive
statistic of age was normally distributed based on the information provided.

Based on the result of the descriptive statistic of the score of sun exposure, depression and
anxiety, the significant values were all less than 0.05, which indicated the data were non-
normally distributed. The histogram of them looked like a bell curve. Moreover, most of the

scores did not deviate from the straight line in the normal Q-Q plot, which suggested
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normality. There were no outliers in the box plot. Based on the information provided, the
result of the descriptive statistic of the score of sun exposure, depression and anxiety was
normally distributed.

1) Is sun exposure correlated to depression?

The relationship between sun exposure and depression was investigated using a
Pearson product-moment correlation coefficient. Preliminary analyses were performed to
ensure no violation of the assumptions of normality, linearity and homoscedasticity. There
was a weak, negative correlation between the two variables (» = -.142, n = 80, p = .209). This
indicated that the two variables shared approximately 2.02% of the variance in common.

2) Is sun exposure correlated to anxiety?

The relationship between sun exposure and anxiety was investigated using a Pearson
product-moment correlation coefficient. Preliminary analyses were performed to ensure no
violation of the assumptions of normality, linearity and homoscedasticity. There was a weak,
negative correlation between the two variables (» =-.119, n = 80, p = .294). This indicated
that the two variables shared approximately 1.42% of the variance in common.

3) Is depression correlated to anxiety?

The relationship between anxiety and depression was investigated using a Pearson
product-moment correlation coefficient. Preliminary analyses were performed to ensure no
violation of the assumptions of normality, linearity and homoscedasticity. There was a strong,
positive correlation between the two variables (» = .57, n = 80, p <.001). This indicated that
the two variables shared approximately 32.49% of the variance in common.

Overall, lower sun exposure had a weak negative correlation with increased
depression and anxiety, and it was not significantly associated with depression and anxiety (p
>.05). In addition, higher depression was positively and significantly associated with higher

anxiety (p <.001).
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Discussion

The present research aims to investigate the correlation between sun exposure,
depression, and anxiety among college students in Ireland by inviting participants to fill in a
five-minute online survey. It is vital to explore the relationship between sun exposure,
depression and anxiety because if the results of this study reveal that sun exposure is
significantly associated with college students’ depression and anxiety, then the sun could be a
significant affordable intervention for college students, such as increasing physical activity
(Huang et al., 2014), bright light therapy (Terman & Terman, 2005). Furthermore, based on
the theory that the sun is the primary source of vitamin D (Brot et al., 2001; Hollis, 2005;
Maeda et al., 2007; Moan et al., 2008), lack of vitamin D was due to lack of sun exposure
(Alagol et al., 2000; Al-Othman et al., 2012; Anderson et al., 2013; Binkley et al., 2007;
Brouwer-Brolsma et al., 2016; Harinarayan et al., 2013; Holick, 2008; Holick & Chen, 2008;
Lips, 2006; Looker et al., 2008; Nimitphong & Holick, 2013; Tsiaras & Weinstock, 2011),
and the prior studies had stated that vitamin D was associated with depression and anxiety
(Abdul-Razzak et al., 2018; AlGhamdi et al., 2019; Armstrong et al., 2007; Bicikova et al.,
2015; El-Salem et al., 2021; Huang et al., 2014; Kalueff et al., 2004; Knippenberg et al.,
2010; Martino et al., 2018; Parker et al., 2017; Spedding, 2014; Zhu et al., 2020), the
researcher of the current study aims to explore if the sun would have a significant direct
association on depression and anxiety.

To investigate the correlation between sun exposure, depression and anxiety, the
researcher had suggested three hypotheses: First, lower sun exposure is correlated to higher
depression. Second, lower sun exposure is correlated to higher anxiety. Third, higher
depression is correlated to higher anxiety. Due to the lack of research that had studied the
correlation between sun exposure and depression and anxiety, the hypothesises of this study

were developed from the prior studies of the relationship between vitamin D, depression and
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anxiety being significant (Abdul-Razzak et al., 2018; AlGhamdi et al., 2019; Armstrong et al.,
2007; Bicikova et al., 2015; El-Salem et al., 2021; Huang et al., 2014; Kalueff et al., 2004;
Knippenberg et al., 2010; Martino et al., 2018; Parker et al., 2017; Spedding, 2014; Zhu et al.,
2020), as sun exposure as the primary source of vitamin D D (Brot et al., 2001; Hollis, 2005;
Maeda et al., 2007; Moan et al., 2008).

The first hypothesis that lower sun exposure is correlated to higher depression is
developed based on multiple prior studies in the past that had shown significant (Abdul-
Razzak et al., 2018; Armstrong et al., 2007; Bicikova et al., 2015; Cheng et al., 2020; El-
Salem et al., 2021; Huang et al., 2014; Knippenberg et al., 2010; Parker et al., 2017;
Spedding, 2014). Spedding (2014) carried out systematic reviews and divided fifteen studies
into nine studies with biological flaws and six studies without biological flaws. Among the
group with biological flaws, the results suggested that vitamin D supplements had worsened
depression significantly. However, the group without biological flaws showed that vitamin D
supplements significantly benefited people with depression. Furthermore, a more recent
systematic review carried out by Cheng et al. (2020) that had included 7534 participants had
studied the efficiency of vitamin D supplements on reducing negative emotions. These
researchers also stated that people who lacked vitamin D benefited from reducing depressive
symptoms from taking vitamin D supplements.

The second hypothesis of lower sun exposure is correlated to higher anxiety is based
on the prior research that studied the correlation between vitamin D and anxiety and showed
a significant correlation (AlGhamdi et al., 2019; Armstrong et al., 2007; Bicikova et al., 2015;
El-Salem et al., 2021; Huang et al., 2014; Kalueff et al., 2004; Knippenberg et al., 2010;
Martino et al., 2018; Zhu et al., 2020). For example, Kalueff et al. (2004) had investigated
how vitamin D could be linked to emotional behaviour among mice. Comparing the group of

mice with vitamin D deficiency receptors and mice who had normal receptors, the researchers
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observed that mice who had vitamin D deficiency showed an increased level of anxiety
compared to the regular group, which indicated that lack of vitamin D could be associated
with an increased level of anxiety. Similarly, a recent study carried out by Martino et al.
(2018) had found that postmenopausal women who were vitamin D deficient had an
increased level of behaviour change, including anxiety-related behaviour. In addition,
AlGhamdi et al. (2019) discovered that vitamin D supplements intake could reduce anxiety
among patients with generalised anxiety disorder. Based on these studies, the hypothesis that
lack of sun exposure is correlated with increased anxiety is established.

The third hypothesis of increased depression is associated with increased anxiety
among college students was based on previous studies (Beiter et al., 2015; Sahin et al., 2021).
Beiter et al. (2015) recruited 184 undergraduate students, and the result revealed a significant
and positive correlation between anxiety and depression. In addition, a recent study had
studied the variables that could cause depression among college students, including anxiety.
In that study, Sahin et al. (2021) had recruited 439 college students, and the result showed
that increased anxiety had significantly predicted increased depression. Therefore, due to
these prior studies that showed a significantly positive correlation between anxiety and
depression and the causation relationship of anxiety predicting depression among college
students, the researcher hypothesised that anxiety and depression could have a significant
positive association.
Findings

The first and second research questions investigating the relationship between sun
exposure, depression, and anxiety showed weak negative and non-significant correlation
results (p = >.05), indicating that sun exposure was not linked with depression and anxiety.
To simplify its meaning, it noted that if sun exposure went down, depression and anxiety

went up, but not significantly. Although they were not significantly associated, there was a
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negative correlation between them, suggesting that other factors could affect their correlation
other than sun exposure variables. For the third research question, the researcher investigated
the relationship between anxiety and depression. The result showed a strong, positive and
significant correlation between depression and anxiety, which indicated that a higher level of
anxiety is associated with a higher level of depression. To interpret it, it means that if the
depression level went up, the anxiety level also went up significantly.

It is clear that the first and second findings have rejected the hypothesis that sun
exposure is correlated with depression and anxiety. On the other hand, the third finding is
consistent with the hypothesis that depression is correlated with anxiety. The possible reasons
behind them will be explained as below:

Firstly, the findings of the sun exposure association with depression and anxiety of not
being consistent could belong to the same reasons. One possible explanation for it is that
there was no literature on the correlation between sun exposure, depression, and anxiety. It
could be the start of a new finding that sun exposure may not be significantly related to
depression and anxiety, which doesn’t have to be the same as similar prior findings that
explored vitamin D level, anxiety and depression, as vitamin D is not the same as sun
exposure, and sun exposure is one of the sources to absorb vitamin D (Brot et al., 2001;
Hollis, 2005; Maeda et al., 2007; Moan et al., 2008). Although the hypothesis of the first and
second research questions was based on the prior studies that had proven vitamin D to be
correlated to anxiety and depression significantly (Abdul-Razzak et al., 2018; AIGhamdi et
al., 2019; Armstrong et al., 2007; Bicikova et al., 2015; Cheng et al., 2020; El-Salem et al.,
2021; Huang et al., 2014; Kalueft et al., 2004; Knippenberg et al., 2010; Martino et al., 2018;
Parker et al., 2017; Spedding, 2014; Zhu et al., 2020), the findings of sun exposure in related
to depression and anxiety could still be inconsistent because vitamin D and sun exposure are

two different variables, which could explain the inconsistency between this study and the
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prior studies. This explanation could contribute to a new finding of sun exposure and mental
disorders and encourage more future research to explore the correlation between sun
exposure and mental disorders in more criteria.

A second explanation of the findings of the first and second research questions not
being consistent with the hypothesis could be due to the distribution of sun in an area as sun
exposure was stated to be the primary natural source of vitamin D (Brot et al., 2001; Hollis,
2005; Maeda et al., 2007; Moan et al., 2008), and vitamin D deficiency was significantly
associated with lack of sun exposure (Alagdl et al., 2000; Al-Othman et al., 2012; Anderson
et al., 2013; Binkley et al., 2007; Brouwer-Brolsma et al., 2016; Harinarayan et al., 2013;
Holick, 2008; Holick & Chen, 2008; Lips, 2006; Looker et al., 2008; Nimitphong & Holick,
2013; Tsiaras & Weinstock, 2011). To elaborate from this idea, the House of Oireachtas.
(2021) reported that nearly half of the people in Ireland lack vitamin D, which could be
impacted by longer working hours from home due to pandemics. Moreover, another research
had also stated that almost half of the world population had vitamin D deficiency (Holick,
2007). Suppose half of Ireland’s population were lack of vitamin D. In that case, it could
affect the result to be not significant enough, because it means that the prior studies that
revealed a significant association between vitamin D and mental health disorders could be
due to its selection of areas to be in high sun exposure regions, such as studies that took place
in India (Harinarayan et al., 2008; Harinarayan & Joshi, 2009), the United AraEmirateses (Al
Anouti et al., 2011) and Australia (Benson & Skull, 2007). A high level of the source of sun
exposure may first need to be provided in an area to spot any significant relationship on the
level of depression and anxiety between people who had more sun exposure and lack of sun
exposure. For example, India has a high sun exposure level, which indicates that the analysis
of the results will be more apparent when it comes to Indian people who stayed indoor and

outdoor most of the time, in contrast to Irish people who stayed indoor and outdoor most of
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the time as Ireland has far less sun exposure outdoor compare to India as it belongs to one of
the low sun exposure countries, while Ireland was revealed to be lack of sun exposure for
vitamin D production (Trinity College Dublin, 2017). It also indicated that Ireland's outdoor
and indoor environments could be similarly low sun exposure and does not show much
contrast, explaining why there was no significant association between sun exposure, anxiety,
and depression in this study. This study contributes to future research focusing the region on
locations with higher sun exposure for a more significant result as the result's significance
may depend on the sun exposure region difference.

Another explanation for the first and second hypotheses not consistent with the result
and prior research could be the invalid measurement method. Based on a systematic review
that had studied the relationship between vitamin D and depression (Spedding, 2014), It
specifically stated that vitamin D level, which was carried out by blood test, that was lower
than 25 hydroxyvitamin D (OHD) could lead to vitamin D deficiency. It mentioned that any
prior studies that did not include vitamin D levels below 250HD were not considered valid
studies to examine the relationship between vitamin D and depression. To support this
statement, Holick. (2009) also stated that vitamin D level above 250HD was considered
vitamin D sufficiency.

In the current study, it is uncertain if the measurement of sun exposure level had
reached 250HD, which was the baseline threshold of determining if a person was Vitamin D
insufficient or sufficient. Moreover, the current study only measured the length of time the
participants spent outdoor during the daytime, which may have missed the threshold of
250HD to cause the results of this study to be inconsistent with the hypothesis and prior
studies. Although different measurement methods could lead to an inconsistent result, this
study has added to the literature that more future studies about sun exposure and mental

disorders are required with an approach that could meet the threshold to show significant
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deficiency of vitamin D or ways to define the baseline of sun exposure level that is equivalent
to severe depression and anxiety.

Although the first two findings suggested inconsistency to the hypotheses and prior
studies, the last findings revealed a significant positive correlation between depression and
anxiety was the same as the previous hypothesis. This finding is similar to two studies
investigating the variable of anxiety of predicting depression in college students (Sahin et al.,
2021; Baltaci et al., 2021). They both showed a significant result that increased anxiety could
lead to increased depression. Differently from the current research, the method of those
studies had used the scales of Beck Depression Inventory (BDI) and State and Trait Anxiety
Scale (STAI). It was carried out using multiple linear regression analysis, while the current
research measured anxiety and depression by Hospital Anxiety and Depression Score
(HADS), and was carried out using correlation analysis. They both show similar results with
different methods. This could add to the future literature to be more time-efficient by using
HADS to carry out the correlation between anxiety and depression as HADS has shorter
questions than BDI and STAI combined. Therefore, it could save more time for future
research to collect data and analyse. In addition, there is a lack of research on the correlation
between depression and anxiety among college students. Therefore, further studies on college
students and mental health disorders are required to improve knowledge and suggest possible
interventions.

Limitation and Strengths

Despite the current study's differences, similarities, and contributions compared to the
prior research, some limitations could impact the results, including self-report biases.

Firstly, this study was taken during winter and the pandemic, indicating that people
would go outdoors less due to the restriction. In this aspect, despite the fact that Ireland

belongs to a low sun exposure area during winter, Irish colleges also promote online lecturing
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during the quarantine period, which caused the college students to go outdoor less often than
before (Li & Lalani, 2020), which is revealed from this study about 65% of the participants
spent about less than 2 hours outdoor during day time. Such factor of the majority of sun
exposure score to be at a similar level could cause the result to be non-significant due to lack
of contrast of students who had received higher sun exposure.

Moreover, the limited options of self-report of sun exposure questionnaire could be
impacting the result as there were only five options with the intervals of every hour.
Therefore, if more multiple-choice options were given, such as every 10 minutes or half-hour
instead of every hour, the correlation of sun exposure, anxiety and depression may be more
significant because providing more options could lead to possible contrast and significant
figures.

Additionally, the self-report of the HADS could be biased as the questions were
straightforward, indicating that they were anxiety and depression related. The researcher had
already informed the participants that there would be a section that measured their scores of
anxiety and depression. There could be a chance of participants filling in the answers that did
not apply to their situation due to social norms and fear of stigmatising mental illness.

Despite the limitations, the current study has displayed its strength by filling in the
gap of prior studies on many aspects. Building from the idea that sun exposure is a major
source of vitamin D (Brot et al., 2001; Hollis, 2005; Maeda et al., 2007; Moan et al., 2008),
this study had added college students as a group to focus on which the prior studies had not
focused. Moreover, this study had filled in the gap of the previous literature of lack of
research exploring the relationship between vitamin D and anxiety as the studies on anxiety
and vitamin D were far less compared to depression. In addition, since there have been no
research studying about sun exposure’s association with depression and anxiety yet, the

present study fills in this gap by establishing this study to explore if sun exposure is
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associated with depression and anxiety disorders among college students, as the sun is the
primary source of vitamin D (Brot et al., 2001; Hollis, 2005; Maeda et al., 2007; Moan et al.,
2008) and college students had a higher prevalence of being mentally distressed among all
age groups (Blanco et al., 2008).

Furthermore, the researcher collected the data by promoting this study on college
students' most active social media platforms, including Facebook and Instagram (Kubbernus,
2021), which could spread awareness and knowledge to more colleges about sun exposure
and mental health illness and vitamin D. Moreover, sharing information on social media
could promote more future studies and interventions related to this field to interested
researchers as this is a new study that requires more future research.

For suggestions on future research, more possible factors that could affect sun
exposure correlation with mental health disorders should be considered, such as gender and
race. Also, the researcher should consider an appropriate method to measure sun exposure
that could ensure its baseline has reached the level of vitamin D deficiency or severe anxiety
and depression. Last but not least, choosing a high sun exposure region to collect data on sun
exposure could show more contrast than a low sun exposure region, as higher contrast may
show more significance.

Implications

The implications of the current study’s findings are vital to the prior and future
research because it demonstrated that the relationship between sun exposure, depression and
anxiety is negative but not significant. Building from the roots of this topic, sun exposure
may indicate that the idea of sun exposure being the primary natural source of vitamin D
(Brot et al., 2001; Hollis, 2005; Maeda et al., 2007; Moan et al., 2008) as invalid, as this
research had applied large effect size and found no significant correlation between sun

exposure, depression and anxiety while other researchers had revealed a significant
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relationship between vitamin D, depression and anxiety. Such finding challenges the theory
of sun exposure being the primary source of vitamin D (Brot et al., 2001; Hollis, 2005;
Maeda et al., 2007; Moan et al., 2008), as there should be a significant connection to show a
significant correlation with depression and anxiety if the major source of vitamin D is based
on sun exposure. Therefore, future research should consider that sun exposure is not
associated with anxiety and depression among college students from this study and duplicate
more studies on it to test its reliability and the theory of sun exposure being the primary
source of vitamin D (Brot et al., 2001; Hollis, 2005; Maeda et al., 2007; Moan et al., 2008).

Building from the implication that sun exposure may not be the major source of
vitamin D, other interventions that could increase vitamin D intake to improve anxiety and
depression symptoms despite getting sun exposure should be considered, such as intake of
vitamin D supplements (Abdul-Razzak et al., 2018; Parker et al., 2017) and vitamin D food
sources, e.g., oily fish and egg yolks (NHS, 2020). Plus, sun exposure might not be the best
idea for obtaining vitamin D in countries with low sun exposure. Therefore, more
interventions despite sun exposure should be suggested in future research. Furthermore,
considering sun exposure may not be as effective in increasing vitamin D, educational
campaigns could promote this result and other effective interventions to spread awareness to
the college students and public.

Furthermore, the current study has found a significant correlation between depression
and anxiety in college students, which indicated that increased anxiety is related to increased
depression among college students. Therefore, it could add to the literature as prior studies
focused on whether anxiety was a significant variable of depression among college students
instead of focusing on their correlation (Beiter et al., 2015; Sahin et al., 2021).

Conclusion
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As a general conclusion, the present study found no significant association between
sun exposure and the sores of depression and anxiety among college students. Still, it found a
significant and positive association between depression and anxiety.

Although the finding showed no significant association between sun exposure,
depression and anxiety, which was inconsistent with the first and second hypotheses and the
previous literature that found a significant relationship between vitamin D and mental
disorders due to sun exposure being vitamin D’s primary source (Brot et al., 2001; Hollis,
2005; Maeda et al., 2007; Moan et al., 2008), the current findings could challenge the theory
of sun exposure being a major source of vitamin D (Brot et al., 2001; Hollis, 2005; Maeda et
al., 2007; Moan et al., 2008) and suggested altering focus on other interventions, such as
taking vitamin D supplements (Abdul-Razzak et al., 2018; Parker et al., 2017) and vitamin D
food source (NHS, 2020). In addition, the finding of the significant relationship of depression
and anxiety among college students is consistent with the hypothesis and previous literature
that had studied the impact of anxiety on depression among college students and fills in the
gap by adding in the correlation between anxiety and depression among college students
when the prior literature was lack of it (Beiter el al., 2015; Sahin et al., 2021).

The findings of these studies have contributed to the literature by challenging theory,
suggesting other interventions, and filling the gaps of prior literature. However, further
research is required to investigate more factors of sun exposure and mental illness and offer

more effective interventions to reduce anxiety and depression among college students.
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Appendices
Appendix 1 - Demographic Questionnaire
1. What is your age?
2. Do you have any cognitive/ intellectual disability that affects your intellectual
functioning or adaptive behaviour?

(e.g. autism, aphasia, dyslexia, attention deficit, dyscalculia, intellectual and memory

loss)
=  Yes
= No

Appendix 2 - Sun Exposure Questionnaire
Please select the box beside the reply based on the PAST WEEK.
1. How many hours per day on average did you spend outdoor in day time during
working days (e.g. college/ job)?
= < 10 minutes
= 10 minutes to 1 hour
= -3 hours
= 3 -5hours
= > 5 hours
2. How many hours per day on average did you spend outdoor in day time during non-

working days?

= < 10 minutes

= 10 minutes to 1 hour

= ] -3hours
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= 3 _5hours

= > 5 hours

Appendix 3 - Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983)
Please select the box of the reply that is closest to how you have been feeling in the PAST
WEEK. (immediate response is the best for accuracy)
1. I feel tensed or “wound up’:
= Most of the time
= Alot of the time
* From time to time, occasionally
= Not at all
2. I geta sort of frightened feeling as if something awful is about to happen:
= Very definitely and quite badly
= Yes, but not too badly
= Alittle, but it doesn’t worry me
= Not at all
3. Worrying thoughts go through my mind:

= A great deal of the time

A lot of the time

From time to time, but not too often

Only occasionally

4. TIcan sit at ease and feel relaxed
= Definitely
=  Usually
= Not often

=  Not at all
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5. T getasort of frightened feeling like ‘butterflies’ in. the stomach:
= Notat all
= Occasionally
= Quite often
= Very often

6. 1 feel restless as I have to be on the move:

Very much indeed

Quite a lot

= Not very much

Not at all
7. 1 get sudden feelings of panic:
= Very often indeed
= Quite Often
= Not very often
= Not at all
8. I feel tensed or “wound up”:
* Most of the time
= Alot of the time
= From time to time, occasionally
= Not at all
9. I get a sort of frightened feeling as if something awful is about to happen:
= Very definitely and quite badly
= Yes, but not too badly
= Alittle, but it doesn’t worry me

= Not at all



SUN EXPOSURE, DEPRESSION AND ANXIETY AMONG COLLEGE STUDENTS 42

10. Worrying thoughts go through my mind:
= A great deal of the time
= Alot of the time
= From time to time, but not too often
* Only occasionally
11. I can sit at ease and feel relaxed:

= Definitely

=  Usually
= Not often
=  Not at all

12. T get a sort of frightened feeling like ‘butterflies’ in. the stomach:
= Not at all
= Occasionally
= Quite often
= Very often
13. 1 feel restless as I have to be on the move:
= Very much indeed
= Quite a lot
= Not very much
= Not at all

14. I get sudden feelings of panic

Very often indeed

Quite Often

= Not very often

Not at all
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Appendix 4 - Information sheet

Dear students, I would like to invite you to spend less than 5 minutes participating in
this study called “Sun Exposure, Anxiety and Depression among College Students”. A survey
with 18 questions will be included. My name is King In Wong, I am a final year Psychology
student at National College of Ireland. This study is my final year project which will be
supervised by Rocio Galan-Megias from the psychology department of National College of
Ireland. I am delighted to share more information with you as below:

Aim of this study

This study aims to find out if there is a correlation between sun exposure and the
scores of anxiety and depression among college students. There are 3 research questions in
this study: (1) Is sun exposure correlated to anxiety?; (2) Is sun exposure correlated to
depression?; (3) Is anxiety correlated to depression? To investigate these research questions,
participants are invited to complete a survey for this study. There are 3 sections in the survey:
(1) Demographic Questionnaire; (2) Sun Exposure Questionnaire; (3) Hospital Anxiety and
Depression Scale.

Time Commitment

There are 3 sections with 18 questions in total and there are all multiple-choice
questions. It should last less than 5 minutes to complete this survey.
Who can participate?

College students that are in the age range of 18-85 and have no cognitive disability
can participate in this study for ethical reasons.
Do I have to participate?

This study is completely voluntary. You can withdraw at any stage before submission
without penalty during participation by closing the tab.

Risk and Benefits
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It could have a potential risk of having psychological distress in the second
questionnaire of Hospital Anxiety and Depression Scale as It requires the participates to think
about their personal levels of depression and anxiety. The contact details of mental health
support services is attached in the information sheet and debriefing sheet if it occurs.
Benefits

Sun exposure in related to anxiety and depression is an interesting topic as sun
exposure is everywhere and every day, if it is published and proven to be associated with
college students anxiety and depression, the sun could be a great affordable intervention for
college students, such as going out for a sunny day walk.

Confidentiality

No personal information will be required in this study. Participants will only have to
provide their age and cognitive health condition. The result data will be stored into a
password protected hard drive that only the researcher can have access to ensure security and
data protection.

Support Services

Samaritans free phone service: 116123

Pieta house free phone service: 1800247247

Free Text Service: 50808

911 (if you feel like you are at risk of self-harming or harming someone else)
Contact Details

For further questions or enquiries, please do not hesitate to contact the researcher of
this study.

Name: King In Wong

Email: x19406972@student.ncirl.ie

Appendix 5 - Consent Form
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= [ am over 18 years old and under 85 years old.

= [ have no cognitive disability.

» [ have read and understood the information of this study from the information sheet.
= [ wish to participate voluntarily in this study.

= [ understand there is a risk of psychological distress in participation.

= [ understand that [ have the right of withdrawal until the submission of this survey.

By clicking “Yes” button below, you are consenting that you are as above.

o Yes

Appendix 6 - Debriefing Sheet

Thanks for taking your time to participate in this study. This study aims to explore if
there is any correlation between sun exposure and the level of anxiety and depression among
college students.

Participants have the right to withdraw upon the submission of this survey. The data is
kept unidentified, confidential and anonymous. To ensure this, the data will be stored in a
password protected hard drive that only the researcher can have access to for research
purpose and the researcher will not have access to it after 5 years.

If you have experienced any psychological discomfort after participating, here are
some support services that you can contact:
Support Services

Samaritans free phone service: 116123

Pieta house free phone service: 1800247247

Free Text Service: 50808

911 (if you feel like you are at risk of self-harming or harming someone else)

Contact details of the researcher
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For further questions or enquiries, please do not hesitate to contact the researcher of
this study.
Name: King In Wong

Email: x19406972(@student.ncirl.ie
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Appendix 7 - SPSS data and output evidence

r

® ] @ FYP ULT.sav [DataSet1] - IBM SPSS Statistics Data Editor
= = H == : H o 2 H
HﬁH M~ Bl NEE L9

Name Type Width Decimals Label Values Missing Columns Align Measure Role

1 Age Numeric 8 2 Age None None 8 Right f Scale N Input
Sun_Work Numeric 16 0 1. During WORKING DAYS' day ... None None 16 = Right d Ordinal N Input

3 Sun_NonWork | Numeric 16 0 2. During NON-WORKING DAYS... None None 16 Right {I Ordinal N Input
4 Ql Numeric 31 0 1. | feel tensed or "wound up”:  None None 31 Right d:l Ordinal \ Input
5 Q2 Numeric 33 0 2.1 get a sort of frightened fe... None None 33 Right I{I Ordinal N Input
6 Q3 Numeric 36 0 3. Worrying thoughts go throu...  None None 36 Right II Ordinal N Input
7 Q4 Numeric 10 0 4. | can sit at ease and feel rel... None None 10 Right dj Ordinal \ Input
8 Qs Numeric 12 0 5.1 get a sort of frightened fe... None None 12 Right d:l Ordinal N Input
9 Qb6 Numeric 16 0 6. | feel restless as | have to b... None None 17 Right il Ordinal N Input
10 Q7 Numeric 17 0 7.1 get sudden feelings of panic: None None 17 Right l{l Ordinal N Input
11 Q8 Numeric 18 4] 8. 1 still enjoy the things | used... None None 18 Right {l Ordinal N Input
12 Q9 Numeric 26 0 9.1 can laugh and see the funn... None None 26 Right il Ordinal \ Input
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14 Qll Numeric 19 0 11. | feel as if | am slowed do... 'None None 19 Right II Ordinal \ Input
15 Q12 Numeric 37 0 12. | have lost interest in my a... None None 37 Right d Ordinal N Input
16 Q13 Numeric 30 0 13. | look forward with enjoym... None None 30 = Right d:l Ordinal N Input
17 Ql4 Numeric 11 0 14, | can enjoy a good book or ... None None 11 Right dj Ordinal N Input
18 Sun_Score Numeric 8 2 None None 11 Right # Scale N Input
19 Anxiety_Score  Numeric 8 2 None None 15 Right ﬁ Scale N Input
20 Depression_... Numeric 8 2 None None 18 = Right f Scale N Input
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(43 FYP ULT.sav [DataSet1] - IBM SPSS Statistics Data Editor
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21 23.00 1 z 2 3 2 Fl 2
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2 2000 1 2 2 3 2 F 2
24 49.00 2 F] F] 1 1 F 2
25 21.00 3 Fl z F 3 1 1
2 2000 1 3 2 1 2 1 1
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{El output 7
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& Graph
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& Graph -
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**_Correlation is significant at the 0.01 level (2-tailed).
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