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Abstract

We investigated the effects of daily ultraviolet A1 (UV-A1, 340-400 nm) exposures on mood states (#R19055, approval on 21
October 2020). Based on our earlier findings of the influence of diurnal preference on mood, we investigated further whether
diurnal preference plays a role in the influence of UV-A1 on mood states. Forty-one healthy participants aged 19-55 years
were randomized to receive either UV-A1 (n=21) or control (n=20) exposures (violet light, 390—440 nm). The irradia-
tions were administered on three consecutive mornings on the skin of the buttocks and middle back. Diurnal preference was
assessed with the modified 6-item Morningness-Eveningness Questionnaire (mMEQ). Changes in mood were assessed with
Total Mood Disturbance (TMD) score of the 40-item Profile of Mood States (POMS) before the first irradiation, immediately
after each irradiation and one week after the last irradiation. Mood improved among those subjected to UV-A1 exposures
compared with the controls (p=0.031). Individuals with more pronounced morningness had mood improvement (p=0.011),
whereas those with more pronounced eveningness did not (p=0.41). At follow-up of one week after the last irradiation the
mood improvement had disappeared.
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1 Introduction

Ultraviolet radiation (UV-R), its harms and benefits to
humans as well as its influence on skin physiology have
been investigated for long. The solar UV-R reaching the
earth’s surface consists of 5-10% of ultraviolet B (UV-
B, 280-315 nm) and 90-95% of ultraviolet A (UV-A,
315-400 nm), thus UV-A being the main component of
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terrestrial UV-R [1]. The effects on molecules, cells and tis-
sues of UV-B differ from those of UV-A. More energetic
UV-B requires lower doses for skin sunburn and causes
long-lasting and lightly protective tanning through the
accumulation of melanin in epidermal keratinocytes, while
UV-A is a source of immediate short-term erythema and
pigmentation [1, 2], especially in darker skin types [3].
However, both UV-B and UV-A are considered carcinogens
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and cause DNA damage principally directly and indirectly,
respectively. UV-B is mainly absorbed by the epidermis, the
outermost layer of the skin [1]. UVA penetrates deeper into
the underlying dermis and subcutis [4]. The immunomodu-
lating properties of longwave UV-A (UV-A1, 340-400 nm)
are used for treatment of certain immune-mediated dermato-
logical conditions, such as sclerosing and cutaneous connec-
tive tissue diseases. The UV-A2 (315-340 nm) spectrum is
filtered out from the UV-A1 light sources to reduce adverse
effects resembling those of UV-B, such as erythema [5-7].

The mood enhancing effect of exposure to UV-R has
been proposed to involve the production of B-endorphin
via stimulation of the pro-opiomelanocortin promoter
[8-11], in addition in vivo trial [12]. However, all of the
studies provide no support for the hypothesis that UV-R
exposures increase the circulating -endorphin in humans
[13-16]. Alternatively, cosmetic tanning is an explanation
for the positive feelings. Tanners tend to feel relaxed and
less tense, and this phenomenon may explain why tanned
skin is desirable [17, 18]. Even though UV-B is the cause
of delayed and more persistent skin tanning, UV-A1 is the
primary UV-R component of indoor tanning beds [2].

Diurnal preference (morningness to eveningness)
measures the individual’s preferred timing for daily
activities, and individuals are of the morning, intermediate,
or evening type by their diurnal preference [19]. The
individual diurnal preference remains rather constant
throughout adulthood, but with aging it tends to drift towards
the morning hours [20]. There is a peripheral circadian
clock in fibroblasts, keratinocytes, and melanocytes of the
human skin [21], and diurnal preference is associated with
the interpersonal variation in output measures related to
the circadian clock, e.g., in dermal fibroblast cell cultures
[22]. Earlier, we discovered that in healthy volunteers
exposed to whole-body narrow-band UV-B (NB-UV-B,
309-313 nm) on four consecutive afternoons the diurnal
preference towards eveningness was associated with mood
improvement [23]. Currently, the effects of UV-A1 on mood,
if any, are not known.

Our current study herein investigated whether UV-A1
(340-400 nm) exposures induce changes in mood
states compared with control exposures to violet light
(390-440 nm), and whether the diurnal preference
contributes to changes in mood states.

2 Materials and methods

The Regional Medical Ethics Committee of Wellbeing Ser-
vices County of Pirkanmaa, Finland, approved the study pro-
tocols (#R19055, approval on 21 October 2020). The study
was conducted adhering to the Declaration of Helsinki and
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its amendments. No compensation was given for partici-
pating in the study. All the participants gave their written
informed consent.

The estimated number of participants needed for this
experimental study was based on our earlier studies
with NB-UV-B [24], as well as on earlier research using
questionnaires for profile of mood states [25]. The
exclusion criteria included a diagnosis of depression or
depressive symptoms within three months prior to the
study; antidepressant, immunosuppressant, neurological or
photosensitizing medication within three months prior to the
study; photosensitivity; Fitzpatrick’s anamnestic skin type
I, V, or VI [26]; pregnancy or lactation; regular smoking;
a history of skin cancer or premalignant lesions; extensive
scarring or keloid tendency and less than one month since
last significant exposure to ultraviolet radiation (solarium or
sunny holiday). In addition, the participants were advised to
avoid sauna and ice swimming two days before as well as
during the study.

Diurnal preference was assessed with the modified
version (mMMEQ; [27]) of the original Morningness-
Eveningness Questionnaire (MEQ); [19]). Shortened versions
of the MEQ produce satisfactory to excellent correlations
with the original MEQ which includes 19 items [28]. Our
modified version contained six items (4, 7, 9, 15, 17, and
19) of the original MEQ, which explains about 83% of the
variance in the original MEQ [27]. High scores indicate the
preference towards morningness and low scores towards
eveningness. Based on the total score of 5-27, we assigned
the participants to having their preference more towards
morningness (score of > 14, hereafter called morningness)
or more towards eveningness (score of < 14, hereafter called
eveningness).

2.1 Procedure

The trial was implemented in the Department of
Dermatology and Allergology, Tampere University Hospital
(Tampere, Finland) from December 2020 to beginning of the
April 2021, and from the end of October 2021 to December
2021, when ambient UV-AT1 exposure is low as well as the
skin is protected by clothing.

Participants were randomized into either exposure to
the (UV-A1, 340-400 nm) part-body irradiations, or expo-
sure to the control (violet light, 390—-440 nm) part-body
irradiations. Each participant received a total of three
part-body irradiations, one irradiation in three consecu-
tive mornings each between 7:00 h to 10:00 h. The irradi-
ations were administered with the medical Sellamed 4000
UV-A 1-Part-body Radiation System (System Dr. Sell-
meier, 4.2 KW-Unit, Sellas Medizinische Geriate GmbH,
Ennepetal, Germany) from the distance of 30 cm of the
skin surface on the buttocks and middle back (at the level
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of the kidneys). The combination of filters and reflec-
tors allows emission of almost solely UV-A1 radiation in
the range of 340—400 nm (97%) and that of 340-440 nm
(>99%), whereas radiation of shorter wavelengths than
320 nm is eliminated totally. The spectral irradiance was
measured using Ocean Optics S2000 spectroradiometer
(Ocean Optics, Dunedin, FL; see Fig. 1). The dose rate
for the exposures was measured using Airam UVM-8
UV-meter (calibrated specifically for Sellamed 4000
spectrum, calibration factor 1.08), and the power density
was 79.9 mW/cm?. The needed irradiation time required
for the 10 J/cm? UV-A1 dose was determined accord-
ing to this measurement (10 J/cm? divided by 79.9 mW/
cm?=125 s=2 min 5 s). Control irradiations were admin-
istered with the same device and procedure, but using a
removable, transparent polycarbonate glass to filter the
shorter-wave ultraviolet radiation, and thus the control
group received visible (violet) light (390-440 nm). The
cumulative doses were 30 J/cm? for UV-A1 (340—-400 nm)
and 0.42 J/cm? (0.14 J/cm? in three consecutive morn-
ings) for control (390-440 nm) irradiation (measurement
in person by the author LY for this study). The device
was preheated for two minutes before every irradiation.
During preheating, the participants rested in position and
their skin were covered with a removable, impermeable
blanket. The participants rested in position during and
for three minutes after the irradiation, when the device
was cooling down. To prevent participants from seeing
to which group they were randomized and to avoid any
eye-related adverse events, the eyes were closed from the
beginning of the preheating to the end of the resting time.

Fig.1 Spectral irradiances for 0.003
UV-ALI and control exposures.
Sellamed 4000 Part-body
System tubes emit for exposure
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The device was covered by a blanket before and immedi-
ately after the irradiations.

2.2 Assessment of mood states

Change in mood states was assessed with the Profile of
Mood States (POMS) administered before the irradiations
(baseline), immediately after each daily irradiation (primary
outcome), and one week after the last irradiation (follow-up).
We used the modified version of the POMS, which contains
40 items and seven distinct mood subscales [29], instead of
the original version containing 65 items [30]. The POMS
elicits responses to one-word items on a 5-point scale
from “O=Not at all, 1 =A little, 2=Moderately, 3 = Quite
a lot, to 4 =Extremely”, to indicate “How are you feeling
at the moment?” The two esteem-related affect items
(embarrassed, ashamed) are reverse-scored prior to being
combined with the other items. A Total Mood Disturbance
(TMD) score is calculated by summing the total scores for
the five negative subscales (tension, depression, fatigue,
confusion, anger) and then subtracting the total scores for
the two positive subscales (vigor, esteem-related affect). A
constant of 100 was added to the TMD formula to avoid
negative scores.

2.3 Statistical analysis

The primary outcome was the change in the TMD scores
immediately after the three daily irradiations compared to
the baseline. The results are reported as means with their
standard deviations (SD) and 95% confidence intervals
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(CIs). The Fisher’s exact test (categorial data) or the
Mann—Whitney U-test (continuous data) was performed
for intergroup comparisons. Repeated measures were
analyzed using a bootstrap (Monte-Carlo with 10,000
replications) approach for generalized estimating equations
(GEE; Gaussian distribution and an identity link function)
using an exchangeable correlation structure. The fixed
effects included group, time (days: O, 1, 2 and 3), and
group X time interactions. Effect sizes (d) were calculated
using the method of Cohen (D), where an effect size of
0.20 is considered small, 0.50 moderate, and 0.80 large,
and the 95% ClIs for the effect sizes were obtained by bias-
corrected bootstrapping (5000 replications). No adjustment
for multiple comparisons was considered necessary, as there
was only one primary analysis and a small sample size. All
analyses were performed using STATA 17.0 (StataCorp,
College Station, TX).

3 Results

A total of 41 volunteers participated in the study. To describe
the sample, there was no difference in gender (Fisher’s exact
test: p=0.35), age (Mann—Whitney U test: p=0.90), mMEQ
score (Mann—Whitney U test: p=0.91) nor Fitzpatrick’s
anamnestic phototype (Pearson chi-square test: p=0.58)
between the participants assigned to the two intervention
groups, but by the body-mass index (BMI) they differed
(Mann—Whitney test: p=0.031).

In the UV-A1 group, there were 21 individuals, 14
women and seven men, aged 19-52 y (mean=30, SD=8§,
median =28), having BMI of 23.0 on average (SD =3.3)
and mMEQ score of 16.6 on average (SD=3.9), seven with
Fitzpatrick’s anamnestic phototype II and 14 with phototype

Table 1 Characteristics of the participants

Controls (n1=20) UV-Al (n=21)

Gender, n (%)

Male 10 (50) 7(33)
Female 10 (50) 14 (67)
BML, kg/m?, mean (SD) 26.1 (4.5) 23.0 (3.3)

Age, years, mean (SD) 32 (11) 30 (8)
mMEQ, score, mean (SD) 16.8 (8) 16.6 (3.9)
Morningness, n (%) 11 (55) 14 (67)

Eveningness, n (%) 9 (45) 7 (33)
Fitzpatrick skin phototype, n (%)

1T 6 (30) 7(33)

I 13 (65) 14 (67)

v 1(5) 0(0)

mMEQ Morningness-Eveningness Questionnaire, modified

@ Springer

III. 14 assigned to the morningness and seven to the evening-
ness (Table 1).

In the control group (visible violet light), there were
20 individuals, 10 women and 10 men, aged 20-55 years
(mean=32, SD=11, median=29), having BMI of 26.1 on
average (SD=4.5) and mMEQ score of 16.8 on average
(SD =8), six with anamnestic skin phototype II, 14 with
phototype III and one with phototype IV. 11 assigned to the
morningness and nine to the eveningness (Table 1).

There was a significant difference in the TMD score
change from the baseline between the groups (GEE model
with Wald test p=0.031; Fig. 2). The decrease in the change
in the TMD scores from baseline was greater in the UV-A1
group than in the control group after the irradiations, thus
implying a greater positive change in mood after receiving
UV-A1l exposures (Table 2).

Further, there was a significant difference in the TMD
score change from baseline among those having their diurnal
preference toward morningness (GEE model with Wald test
p=0.011; Fig. 2). The positive impact on mood based on
the TMD score change from baseline was greater after the
UV-A1 exposures than after the control irradiations among
those having their diurnal preference toward morningness.
However, there was no significant change among those
having their diurnal preference toward eveningness (GEE
model with Wald test p=0.41; Fig. 2). The effect sizes were
0.61 (95% CI: 0.05 to 1.36) for all participants, 0.91 (95%
CI: 0.10 to 2.10) for those assigned as having morningness,
and 0.33 (95% CI: -0.67 to 1.35) for those assigned as having
eveningness.

From baseline TMD scores to TMD scores one week
after the last exposure (follow-up TMD scores), there was
no difference (GEE model with Wald test p=0.75) in the
TMD score change between the control and UV-A1 groups
(Table 3).

4 Discussion

We found that mood was enhanced by UV-A1 exposures
as compared to control exposures, and that the effect was
greater among the individuals with their diurnal preference
toward morningness rather than toward eveningness.
Earlier studies have reported many differences between
morning-type and evening-type of persons [see, e.g., 31],
and the diurnal preference towards eveningness is associated
with a small, but significant effect size with depression
[32]. We have reported earlier that the more the diurnal
preference was inclined toward eveningness, the greater the
improvement in mood was over the five days after the four
daily sub-erythematous NB-UV-B exposures on afternoons
[23], and that individuals having their diurnal preference
toward morningness were more prone to erythema induced



Photochemical & Photobiological Sciences

Morningness Eveningness
15 A - 15
OControl
1 WUVA1

10 1 - 10
o ] —
£ 5 -5 =
[} 1 O
7] R L
© ] Q
o ] [ B
€ 0-6m e Ete iy = | - = e -1T=r 0 3
o ] I @
— ] i =:‘
3 ] S
c -5 --5 3
@©
< L o
= 2
Q 101 10 =
= ®

-15 - 15

Group: p=0.031 Group: p=0.011 Group: p=0.41
Time: p=0.99 Time: p=0.19 Time: p=0.32
20 1 Interaction: p=0.67 Interaction: p=0.56 Interaction: p=0.54 [ 20
T - T - _—rr—— T -t r T
0 1 2 3 0 1 2 3 0 1 2 3
Days Days Days

Fig.2 TMD change from baseline. TMD score changes on average
with the 95% CI from baseline as a function of day 1, day 2 and day
3 after exposure to UV-A1l (340-400 nm) and control, visible violet
light (390-440 nm) irradiations. The left panel shows all the partici-
pants (UV-Al, n=21; control, n=20), the middle panel the morning-
ness individuals (UV-Al, n=14; control, n=11), and the right panel
the eveningness individuals (UV-A1l, n=7; control, n=9). The effect

by NB-UV-B exposure in the evening than those toward
eveningness [33].

For a systematic review on the effects of UV-R on mood,
Veleva et al. [34] found three trials, where exposure was
administered on the skin, which all reported that UV-R had
positive effects on mood, but all these trials bore bias due
to their study design as well as publication bias was not
excluded. Two of these trials administered UV-A, but none
assessed the diurnal preference. First, Gambichler et al.
[14] studied 53 healthy volunteers of whom 42 participants
had six whole-body UV-A exposures within the following
three weeks, whereas 11 participants had none. The six
exposures to UV-A, with the cumulative dose of UV-A of
96 J/cm? for Fitzpatrick’s II skin types and 126 J/cm? for
Fitzpatrick’s III skin types, resulted in the feelings of being
significantly more strengthened, more balanced, and less
nervous. Second, Edstrom et al. [35] studied 22 healthy
volunteers of whom 4 participants had whole-body UV-B
and 6 participants had whole-body UV-A exposures with
the median of 17 UV-B or UV-A exposures, whereas 12
participants had whole-body placebo (visible white light,
with 0.24 mW/cm? UV-A and 0.018 mW/cm* UV-B, for
10 min) exposures with the median of 10 placebo exposures.

sizes were 0.61 (95% CI: 0.05 to 1.36) for all participants, 0.91 (95%
CI: 0.10 to 2.10) for those assigned as having morningness, and 0.33
(95% CI: — 0.67 to 1.35) for those assigned as having eveningness.
Repeated measures were analyzed by using generalized estimating
equations (GEE) with Wald test. TMD total mood disturbance

These groups were irradiated twice to thrice a week, and
there was no significant effect on mood.

In our current study, we found a positive change in mood
immediately after the three daily exposures to UV-Al in
the morning, thus the dose cumulating to 30 J/cm?. Our
dose was thus substantially smaller than that in the study
of Gambichler et al. [14] and the effect we achieved was
transient, as the positive impact faded within a week. The
impact on mood might have been greater if higher doses of
UV-ALl or an extended series of exposures had been used. On
the hand, prolonged UV-R irradiation increases the hazards
of UV-AL, such as photoaging and photocarcinogenesis of
the skin [36, 37]. On the other hand, a randomized controlled
study design would not have worked any longer, as the
appearance of erythema and pigmentation after frequent
and high-dose exposures would have revealed the nature of
our light source. Further, in our study, had the irradiations
been administered in the afternoon or evening, their effect on
mood might have been different, but more research is needed
to verify or nullify this question.

The exposures to violet light or UV-A1 of 10 J/cm? did
not cause erythema or tanning visible to the naked eye
within 15 to 20 min after the irradiations nor 24 h after the
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Table 2 TMD score changes compared to baseline (reference)

TMD change, mean (95% TMD change, mean (95%

CI) CI)
Control UV-Al
All
Baseline Reference Reference
Dayl —1.7(-4.7t0 1.3) —53(—82to—24)
Day?2 —2.0(-5.0t0 1.0) —51(—=8.0to—-2.2)
Day3 —1.1(-4.0t01.9) —59(—8.8to—3.0)
Morningness
Baseline Reference Reference
Dayl 0.9 (—2.7t04.5) —33(-6.7t00.0)
Day?2 0.1 (—3.5t03.7) —58(=9.1t0o —24)
Day3 0.2(-3.4t03.8) —63(—9.7t0 -3.0)
Eveningness
Baseline Reference Reference
Dayl —4.3(—8.8t00.2) —-79(-12.6t0—3.1)
Day?2 —4.1(-8.6t00.4) —43(-9.1t004)
Day3 -23(-6.8t02.2) —53(-10.1to - 0.6)

TMD score changes on average (95% CI) compared to baseline after
three consecutive daily morning exposures to control (390-440 nm)
or UV-Al (340400 nm) irradiation among all (control, n=20;
UV-Al, n=21), morningness (control, n=11; UV-Al, n=14) and
eveningness (control, n=9; UV-A1, n=7) individuals

TMD total mood disturbance

first and the second irradiations. We chose to administer the
UV-AL1 dose of 10 J/cm? each morning, because no visible
erythema nor pigmentation was desired. The UV-A1 dose of
10 J/cm? we used for each exposure equals the 45-min expo-
sure to sunlight in summer in the city of Tampere, Finland,
at the latitude of 61°N (calculation by the author LY for
the study). Since exposure to a dose of 10 J/cm? of UV-A1
would take about 80 min in the autumn or the spring at the
latitude of 61°N in Tampere and over 9 h in the winter (cal-
culation by the author LY for the study), the only source of
UV-AL for the participants during the study was the device.

Table 3 TMD score changes compared to baseline at follow-up

UV-AL is not highly erythematic, and to define the barely
erythema, that is the minimal erythemal dose (MED) of the
skin, it may have required even a dose of 61 J/cm? from the
Sellamed 4000 device (calculation by the author LY for the
study). The devices commonly used for the definition of the
MED include rays of both UV-B and UV-A2. These shorter
wavelengths than UV-A1 are the main causative factors for
erythema of the skin, and the rays of UV-A1 alone are there-
fore not used for the MED test. The minimal pigmentary
dose of UV-A is much lower than the MED, and exposures
to the UV-A dose of greater than 10 J/cm? may cause imme-
diate pigment darkening which fades in two hours as well as
persistent pigment darkening which may last for 24 h [38].
The pigmentation of the skin after UV-A1 and visible light
exposures has been shown for Fitzpatrick’s skin types IV-VI
[3] and higher (50 J/cm?) single doses of UVAL for Fitzpat-
rick’s skin types III-IV [39].

Our findings herein suggest that the mood-enhancing
effect of UV-A1 may be mediated via a cutaneous pathway,
e.g., the spinoparabrachial pathway which exposure to heat
as well as UV-B (302 nm) can activate, leading to mood
enhancement due to activation of subsets of serotonergic
neurons in the brain but, on the other hand, to sunburn and
pain with overexposure to UV-B [40—43]. Shorter UV-B
wavelengths transduce via transient receptor potential
cation channels (subfamily V, member 4) in keratinocytes,
whereas longer UV-A wavelengths transduce via transient
receptor potential cation channels (subfamily A, member
1) in melanocytes [40] but not in keratinocytes [44]. It may
be that exposures to UV-A1, with a daily non-erythematic
dose over three days avoiding the overexposure, activate
the spinoparabrachial pathway via skin-innervating sensory
neurons, whereas the daily exposures to violet light of
less than 1 J/cm? are not energetic enough to activate the
pathway.

As optical radiation is absorbed into the skin, the absorp-
tion results in some heat in the skin [45, 46], so the warm-
ing effect might explain the positive change in mood after
exposures to UV-A1 as well. However, this explanation

Baseline TMD scores Follow-up TMD scores Change (baseline to follow-up) P-value*

Control UV-Al Control UV-Al Control UV-Al

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (95% CI) Mean (95% CI)
All 80.7 (6.5) 90.1 (8.8) 82.7(11.2) 88.0(10.1) 2.0(-23t06.4) —22(-65t02.1) 0.75([df=1, X2:0~10]
Morningness ~ 78.0 (6.8) 86.7 (6.2) 77.5(9.2) 84.8(109) —-05(-55t045) -19(-82t043) 0.83[df=1, X2=0~05]
Eveningness  83.3 (5.2) 94.8 (9.9) 87.9 (11.0) 92.2(7.5) 46(-27t011.9) —26(-9.1t04.0) 0.99 [df=1, X2:0.010]

TMD score changes on average (SD) compared to baseline at follow-up of one week after the last (third) exposure to control (390-440 nm) or
UV-Al (340400 nm) irradiation among all (control, n=20; UVAI, n=21), morningness (control, n=11; UV-Al, n=14) and eveningness

(control, n=9; UV-A1, n=7) individuals
TMD total mood disturbance

“Generalized estimated equations with Wald test. Baseline values as covariates
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UV-A1

Fig.3 Schematic of possible mechanisms of action. The mood-
enhancing effect of UV-A1l may be mediated via a cutaneous path-
way. Mechanistically, we hypothesize that A the circadian clock com-
ponents in the skin cells react to UV-A1 wavelengths and activate the

is unlikely, as absorption of visible violet light which we
used for control exposures also results in warmth in the
skin. Finally, as the vitamin D synthesis in the skin requires
wavelengths shorter than 330 nm [47] which we did not use
for the exposures, the mood-enhancing effect of UV-Al
cannot be explained by induction of vitamin D synthesis.
Instead, the opsins (OPN1SW, OPN2, OPN3 and OPNS)
in the keratinocytes and melanocytes, absorbing the wave-
lengths of less than 400 nm, provide a potential nexus for
photons dissipated as heat energy and rays of UV-A1 to
interact, which may induce physiological responses [48,
49]. Of them, rhodopsin (OPN2) is activated not only in
melanocytes by UV-A (320-400 nm) more than UV-B
(280-320 nm) [50], but also in keratinocytes by violet light
(380-420 nm) [51], and thus might be a target of high inter-
est in future studies (see Fig. 3).

Our study has limitations as well. A greater number of
participants would have enabled to analyze whether the
chronotype (morning, intermediate, evening) contributes to
changes in mood states among the UV-A1 group compared
to control exposures. Here, due to the limited group sizes,
we divided the diurnal preference towards morningness or
eveningness by the mMEQ midpoint score. Follow-up stud-
ies with greater sample size are needed. As a function of
the time of day, there is a routine fluctuation in psychologi-
cal processes [52], concerning the subjective evaluations of
mood as well, even with questionnaires of rather permanent

spinoparabrachial pathway via skin-innervating sensory neurons. B
The opsins in the skin provide a possible nexus for photons dissipated
as heat energy and rays of UV-A1l to interact and induce the mood-
enhancing effect of UV-Al

aspects over time. We did not measure this. Furthermore, the
subjective feeling of distinctness of the diurnal fluctuations
has its amplitude that relates to health status, suggesting that
the greater this amplitude is, the worse the health status is
[53]. We did not measure this either. Here, it is of note that
in our study the participants were healthy volunteers without
depressive symptoms. Therefore, more studies are needed to
investigate mood improvement among those who suffer from
depression or other psychiatric conditions. Skin biopsies and
blood samples are needed to elucidate the relationships of
cutaneous, humoral and neural factors as mechanisms of
action in mood regulation.

5 Conclusion

To conclude, our study suggests that skin exposure to
UV-A1 can enhance mood states. However, long-term
mood enhancement likely requires greater or daily repeated
exposures.
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