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Abstract.

BACKGROUND: Patients admitted for rehabilitation often lack sufficient natural light to entrain their circadian rhythm.
OBJECTIVE: Installed diurnal naturalistic light may positively influence the outcome of depressive mood, anxiety, and
cognition in such patients.

METHODS: A quasi-randomized controlled trial. Ninety stroke patients in need of rehabilitation were randomized between
May 1, 2014, and June 1, 2015 to either a rehabilitation unit equipped entirely with always on naturalistic lighting (IU), or
to a rehabilitation unit with standard indoor lighting (CU).

Examinations were performed at inclusion and discharge. The following changes were investigated: depressive mood based
on the Hamilton Depression scale (HAM-Dg) and Major Depression Inventory scale (MDI), anxiety based on the Hospital
Anxiety and Depression Scale (HADS), cognition based on the Montreal Cognitive Assessment (MoCA) and well-being
based on the Well-being Index (WHO-5).

RESULTS: Depressive mood (MDI p=0.0005, HAM-D6 p=0.011) and anxiety (HADS anxiety p =0.045) was reduced,
and well-being (WHO-5 p =0.046) was increased, in the IU at discharge compared to the CU. No difference was found in
cognition (MoCA p =0.969).

CONCLUSIONS: This study is the first to demonstrate that exposure to naturalistic light during admission may significantly
improve mental health in rehabilitation patients. Further studies are needed to confirm these findings.
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Improving the rehabilitation process is essential for
increasing quality of life and reducing the socioeco-
nomic costs in relation to stroke.

The circadian response is especially sensitive
for short-wavelength blue light because of the
blue light-sensitive photopigment melanopsin, which
communicates with the suprachiasmatic nucleus
(SCN) through the retinohypothalamic tract (RHT)
(Thapan, Arendt, & Skene, 2001). As sunlight con-
tains blue light, itis essential to imitate the stimulation
during the day to entrain the circadian rhythm.

The circadian rhythm is responsible for the
circadian expression and activity of several neuro-
transmitters and circadian-controlled genes known as
clock genes. These genes are expressed in many areas
of the brain and have a substantial influence on mood
(Kimetal.,2015). Whether circadian influence stands
alone regarding the prevention of mood disorders or
the blue spectrum of light has a more direct physical
impact on mood behavior is unclear (Alkozei, Smith,
& Killgore, 2016). However, a circadian influence on
depressive mood is becoming clear (McClung, 2007).

Post-stroke depression (PSD) occurs in 30-40% of
patients and is significantly associated with increased
mortality, new stroke incidence, and decreased activ-
ity of daily living (Everson, Roberts, Goldberg,
& Kaplan, 1998). PSD has been associated with
lesion location, infarct size, neurotransmitter distur-
bances, reduced hippocampal neurogenesis, immune
dysfunction, and hypothalamic-pituitary-adrenal axis
activation, but anatomically and psychologically
there is no clear evidence linking brain lesions to PSD
(Feng, Fang, & Liu, 2014).

Mood is well known to change seasonally in
healthy people, and light has a therapeutic effect on
this mood behavior. The activity in the mood-related
brain areas is affected by dose-dependent bright light
and blue wavelength light (Alkozeietal., 2016). Stud-
ies imply that bright light can decrease non-seasonal
depression and elevate serotonin turnover in the brain
(Lam et al., 2016). This is also supported by the few
published clinical trials in which light interventions
(i.e., exposure to bright light) in combination with
antidepressants were reported to decrease depressive
mood in hospitalized patients. Only four prior stud-
ies have had depressive mood as the primary outcome
and light as the only intervention. Of these studies,
only Kopp et al. demonstrated significantly reduced
depressive mood after light intervention (Giménez
et al., 2016; Hickman et al., 2007; Kopp et al., 2016;
Leichtfried et al., 2014).

Post stroke anxiety (PSA) is frequent after stroke
like depression, and a meta-analysis reported that
18% of stroke survivors meet the diagnostic crite-
ria for a PSA disorder (Campbell Burton et al., 2012),
with decreased quality of life (Ayerbe, Ayis, Crichton,
Wolfe, & Rudd, 2014), There are a range of treat-
ments for PSA in the general population, but whether
they are effective for PSA is uncertain. Even though
proper treatment and suitable interventions are lack-
ing (Campbell Burton et al., 2012), light seems to
reduce the activity in anxiety-related brain areas
(Fisher et al., 2014). However, we found no stud-
ies that investigated the effect of light intervention on
anxiety outcome alone in hospitalized patients.

The prevalence of post-stroke cognitive impair-
ment varies depending on the diagnostic criteria
but ranges from 7.5% to 72% (Mohd Zulkifly,
Ghazali, Che Din, Singh, & Subramaniam, 2016).
The impaired cognition levels among rehabilitation
patients could be associated with circadian desyn-
chronization (Paradee, Rapport, Hanks, & Levy,
2005), and improvements in cognition may be under
the influence of light (Riemersma-van der Lek et al.,
2008) and physiological modulation in areas control-
ling cognition (Perrin et al., 2004). The physiology
underlying circadian disturbance and cognitive dys-
function is not completely understood, but a link
exists between genes involved in the generation of cir-
cadian oscillations and the recall of learned behavior
(Wang et al., 2009).

Despite the presumed positive effects of light and
the increasing financial and scientific interests in light
and health, we have found no studies investigating the
clinical effect of light interventions during long-term
hospitalization (not including delirium patients). We
initiated this study based on the absence of knowledge
in this field. The aims of this randomized controlled
trial were to identify the effect of naturalistic lighting
(i.e., artificial light imitating the sunlight thythm and
spectrum) on depression, anxiety, and cognition in
a hospital setting among patients admitted for post-
stroke rehabilitation.

2. Methods
2.1. Evidence before this study

The PubMed database was systematically searched
for studies published until April 2018 using the

following search string: (“light therapy” or “light-
ing” or “dynamic light” or “naturalistic light” or
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“bright light”) AND (hospitalization OR inpatients
OR admission OR hospital) NOT (infants OR “shift
work” OR child OR laser OR chain OR skin). Clinical
trials and humans were chosen. The search demon-
strated a well-known understanding of entrainment
of the circadian rhythm by light and the influence
on various biological mechanisms. A meta-analysis
from 2005 concerning light therapy for non-seasonal
depression presented evidence for the efficacy of
light, but also a request for rigorous designs (Golden
et al., 2005).

Only one study investigated the effect of bright
light on PSD and found a positive effect in com-
bination with antidepressants (Sgndergaard, Jarden,
Martiny, Andersen, & Bech, 2006). No studies inves-
tigated the effect of light intervention on PSA alone.
One study investigated the effect of light on cognition
in hospitalized patients (Chong, Tan, Tay, Wong, &
Ancoli-Israel, 2013). However, cognition was mea-
sured as part of a delirium spectrum and not as a
separate outcome.

No studies were found when naturalistic light (sun-
imitating light) was included as a criterion in any
database.

2.2. Study design and participants

The study is a quasi-randomized controlled trial
with two arms. The intervention group (IU) was
randomized to a rehabilitation unit equipped with
naturalistic light and the control group (CU) to areha-
bilitation unit with standard indoor lighting. From
May 1, 2014, to June 1, 2015, stroke patients who
needed in-hospital neuro-rehabilitation for more than
2 weeks were recruited from the acute stroke unit at
the Department of Neurology, Rigshospitalet, Den-
mark, after obtaining informed consent. Patients were
excluded if they were unable to give consent due to
their awareness status, severe aphasia, or less than 2
weeks of hospitalization in the rehabilitation unit. A
thoroughly detailed description of the methods were
published elsewhere (West et al., 2017). No safety
precautions were necessary regarding assessments
and interventions. The study was approved by the
Danish scientific ethics committee (H-4-2013-114)
and Danish Data Protection Agency (2007-58-0015).
ClinicalTrials.gov Identifier: NCT02186392.

2.2.1 Randomization

Randomization was performed by non-blinded
stroke nurses (quasi-randomization). The nurses were
not involved in the study and were simply following

normal procedure regarding the relocation of patients
to the two rehabilitation units.

2.2.2 Procedures

A 24-hour naturalistic lighting scheme was imple-
mented in all areas and rooms in the IU using
multi-colored LED-based luminaires (lamps) with a
centralized lighting controller to manage all lumi-
naires according to the computer-controlled lighting
scheme (ChromaViso, Denmark). The naturalistic
lighting scheme was constantly running during the
inclusion period.

The lighting started as dim in the morning with low
blue light content. The blue light increased from 7 am
toreach maximum illuminance around noon, and then
dimmed again from 3 pm across the evening, chang-
ing to an amber color with minimal blue light content,
and turn of at 10 pm, imitating the sunlight rhythm.
The amber color was running during the night at hall-
ways and toilets. The technical light setup is produced
in accordance with the CIE TN 003 following the
principles of Lucas et al. (Lucas et al., 2014). The
technical description is complex and acquires appro-
priate explanation why it was necessary to present the
light intervention in detail in a method description
paper. Thus, the technical light description regarding
the irradiance profiles for the IU and CU can therefore
be found in Fig. 3a and 3b in West et al. (West et al.,
2017). All normal ceiling luminaries in the CU had
new fluorescent tubes installed prior to the inclusion
in order to stabilize the light in all areas of the unit.

The assessments were questionnaires/tests scoring
depression, well-being, anxiety, and cognition. The
questionnaires and tests were self-administered, but
the examiner did the reading or writing if the patient
had difficulties filling out the questionnaire due to
visual or mobile disabilities. The questionnaires were
administered at inclusion and discharge between 9:00
am and 3:00 pm.

Missing data regarding single questions in the
questionnaires were replaced by the patient’s own
answer from either the inclusion or discharge ques-
tionnaire. Questionnaires with more than three
missing questions were excluded. Because missing
data were related to neglected questions, it was not a
continuous issue (<10% of patients), as other reasons
for the missing data (unable to fill out the question-
naire) resulted in exclusion.

The chosen questionnaires and cut-off values are
described in Table 1. The reasoning behind the
chosen questionnaires is provided elsewhere (West
et al., 2017). In addition to the initial examinations,
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Questionnaire descriptions

Topic Questionnaire Cut-off and description

Depression  Hamilton Depression Scale (HAM-Dg) Standardized depression cut-off levels according to ICD-10:
questionable (5-6), light (7-8), moderate (9-11), moderately severe
to severe depression (12-22).(Beck et al., 2005)

Major Depression Inventory (MDI) A cut-off score > 20 implies a diagnostic depression.(Bech,

Rasmussen, Olsen, Noerholm, & Abildgaard, 2001)

Well-being ~ WHO-Five Well-being Index (WHO-5) A cut-off score < 13 (converted < 52) indicates no well-being and has
been recommended by the latest version (1998) and shown to be
valid in neurological patients.(Schneider et al., 2010)

Anxiety Hospital Anxiety and Depression Scale (HADS)  Pathological HADS-Depression >7, and HADS-Anxiety >4 based on
stroke patients.(Burton & Tyson, 2014)

Cognition Montreal Cognitive Assessment (MoCA) Mild cognitive impairment when MoCA-total < 25.(Pendlebury, Mariz,

Bull, Mehta, & Rothwell, 2012)

the Morningness-Eveningness Questionnaire (MEQ)
was completed in order to divide the participants into
morning or evening types.

Use of anxiety and/or antidepressant prescriptions
was recorded at inclusion and discharge. Use over a
short interim period (days) during admission was not
categorized as use of these medications. The indi-
cation for anxiety and/or antidepressant medication
was assessed by the attending physicians on the ward
rounds. The indication for these medications was not
based on tests, but solely on the physician’s own
assessments.

2.2.3. Outcomes

The study was part of a larger project investigat-
ing the effect of light on human health measured
by psychological parameters, biochemical parame-
ters, fatigue, and sleep. The present study regards
a relatively new scientific area and was defined as
an exploratory investigational study. We chose five
primary endpoints, including depression, well-being,
and anxiety. Cognition was defined as a secondary
endpoint.

2.2.4. Power calculation

A power analysis was performed using N=(Z,
+ Zp)? x s*2/MIREDIF? to calculate population size,
where Z, and Z;, were set to 1.96 and 0.84 because
of the two-sided 5% cut-off point and 80% power.
A scale of 0 to 22 for the HAM-Dg was assumed
to have clinical significance with a difference of 3
based on validation studies of HAM-D17 with the
standard deviation (SD) set at 5 (Naarding, Leentjens,
van Kooten, & Verhey, 2002). The power calculation
for a two-sided test showed that 22 subjects should be
included in each group. The MoCA is a scale between
0 and 30, and we assumed a difference of 3 based

on validation studies of MoCA with the SD set to
3.6 for stroke patients (Pendlebury et al., 2012). The
power analysis showed that 12 subjects should be
included in each group. Based on validation studies
of the WHO scales with the SD set at 4.9 for elderly
subjects (Heun, Burkart, Maier, & Bech, 1999), we
assumed a difference of 3, and the power calcula-
tion showed that 21 subjects should be included in
each group. Power analysis was not performed for
the HADS and MDIL.

2.2.5. Statistical analysis

Continuous  variables were expressed as
means £SD  when normally distributed. Vari-
ables that were not normally distributed were
expressed as medians and interquartile ranges
(IQRs). Differences between groups were assessed
by analysis of covariance (ANCOVA, SAS) in order
to integrate the baseline values, taking into account
individual differences between these values. To avoid
interaction and confounding effects of antidepressant
medications (medicine codes AB-, AA-, AX-, AF-,
AG-NO6A) and sleep inducing/anxiety preventive
medicine (NO5C), the use of these medications
was integrated into the covariance analysis as a
confounding variable. The significant difference in
inclusion period between the two groups made it
necessary to adjust for the length of inclusion in all
analyzes.

Scores were, due the lack of normal distribution
or/and skewed linearity, logarithmically transformed
before analysis of covariance. The results were
back-transformed from log to empirical fractiles
and differences in scores presented as percentages
((x-1)*100).

The T-test was used to calculate differences in
basic demographic parameters between groups.
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All analyses were performed in SAS (SAS Inst.
Inc., Cary, NC USA, 9.4). A p-value <0.05 was con-
sidered significant.

3. Results
3.1. Inclusion

Between May 1, 2014, June 1, 2015, 256 patients
who needed in-hospital neuro-rehabilitation were
screened, 90 of which met the inclusion criteria and
agreed to participate. Seventy-one patients completed
the study (44 males (62%) and 27 females (38%),
mean age 73 (range 51-96) years; Fig. 1). Because

of an inability to complete the questionnaires due to
severe illness or reduced awareness, 9-30 patients in
the IU and 3-22 patients in the CU were excluded
or dropped out depending on the questionnaire
(Fig. 1).

Because of the comparability between the partic-
ipants regarding MEQ subtypes (Table 2), the MEQ
results were not included as a confounding element.

Demographic data are presented in Table 2. The
demographics were well balanced, but the two
groups differed significantly regarding length of
inclusion (mean 45.3 +22.1 days in the IU vs. mean
33.7£12.7 days in the CU; p=0.02). However, no
significant correlation was found regarding length
of inclusion and depression, anxiety, or cognition

256 patients assessed for
eligibility

166 ineligible
- 137 did not meet the criteria

y

- 6 did not wish to participate
- 23 were discharged before

The following
patients completed

major inabilities to
complete the tests:

9 HAM-Ds the questionnaires:
8 MDI 30 HAM-Ds
11 WHO-5 31 MDI
11 HADS 28 WHO-5
12 MoCA 28 HADS

27 MoCA

- randomization
90 patients
randomised
44 included for 46 included
Naturalistic light for Standard
5 dropped out: indoor lighting 14 dropped out:
- 1 died < »| - 1died
- 3 Quick discharged A4 v - 4 Withdrew consent
- 1 room light defect 39 completed the 32 completed - 4 Quick discharged
admission under the admission - 3 No rehabilitation
Naturalistic light under Standard - 2 Other severe
The following indoor lighting
number of patients , )
discontinued | The followmg.
assessment due o v A4 ngmber. of patients
discontinued

The following
patients completed
the questionnaires:

assessment due to
major inabilities to

29 HAM-Ds complete the tests:
31 MDI 3 HAM-Dg
30 WHO-5 1 MDI
31 HADS 2 WHO-5
26 MoCA 1 HADS
6 MoCA

Fig. 1. Trial profile.
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Table 2
Basic demographics
Characteristic Intervention Control P-value
unit (N =39) unit (N =32)

Mean age, years (range) 72.7 (55-96) 72.8 (51-89) 0.96
Sex 0.93

Male 24 (62) 20 (63)

Female 15 (38) 12 (38)
Time from ictus to inclusion, days 7.6+83 6.0+44 0.55
Inclusion period, days 453+22.1 33.7+12.7 0.02
Smoker 26 (67) 26 (84) 0.10
Hypertension* 29 (74) 19 (59) 0.18
Diabetes

Type 1 0(0) 2 (6) 0.11

Type 2 7 (18) 6 (19) 0.93
Hypercholesterol 13 (33) 7(22) 0.29
Atrial fibrillation 5(13) 7(22) 0.31
Depression™* 2(5) 39 0.49
Barthel score 47.6£34.0 51.7£28.9 0.65
NIHSS score 7.0+64 54+42 0.34
MEQ total score 60.1£12.0 60.4+10.7 0.93

Definitely Evening Type™** 1(3.7) 0(0)

Moderately Evening Type*** 7(25.9) 5(17.2)

Neither Type*™** 2(7.4) 2(6.9)

Moderately Morning Type*™** 10 (37.0) 16 (55.2)

Definitely Morning Type™** 7(25.9) 6 (20.7)

Data are presented as mean & SD or n (%) unless otherwise noted. *Hypertension defined
as under medical treatment for hypertension at study inclusion. **History of depression.

***Percentage of 27 respondents in the IU and 29 in the CU.

Table 3
Difference in scores between the IU and CU groups

Questionnaire Difference in favor of IU Standard Error 95% CI P-value
Depression questionnaire

HAM-Dg” —42.1% 0.3 —61.8% to —-12.3% 0.011

MDI* -51.9% 0.3 —67.8% to -28.3% 0.0005

WHO-5% +46.5% 0.3 0.6% to 113.3% 0.046

HADS depression® -8.4% 0.3 —38.2% t0 35.9% 0.657
Anxiety questionnaire

HADS anxiety® -28.6% 0.2 -48.6% to —0.8% 0.045
Cognition questionnaire

MoCA 0.18% 0.1 -8.7% 10 9.9% 0.969

Differences determined (IU — CU) from the analysis of covariance.  Antidepressant medicine included as a confounder. B Anxiety medicine
included as a confounder. Length of inclusion was included in all analyzes as a confounder. Due to non-parametric distribution, the scores
were log2 transformed before calculation. The calculated estimate was back-transformed from log2 to empirical fractiles to achieve a
parametric distribution, which was converted to the percent difference in score ((x-1)*100). Outcome specification: HAM-Dg, MDI, HADS:
high scores indicate a high degree of depression; WHO-5: high scores indicates a high degree of well-being; MoCA: high scores indicate a

high degree of cognitive function.

measured by regression analysis. No other significant
differences were found between the two groups.

3.2. Changes in response to the naturalistic light
intervention

The main findings determined by analysis of
covariance (Table 3) were a significant reduction
in PSD scores and significant increased well-being
scores at discharge in the IU compared to the

CU (HAM-Dg, MDI and WHO-5). PSA was also
significantly reduced in the IU compared to the CU
(HADS anxiety). However, no significant difference
was found in cognition (MoCA).

The overall median scores for each unit at inclusion
and discharge are presented in Table 4.

3.3. Effect of antidepressants and anxiety medication

Patients without antidepressant prescriptions had
a significantly lower degree of depressive mood than
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Table 4
Median scores at inclusion and discharge in each unit.
Inclusion Discharge
Depression questionnaire
HAM-Dg
Control Unit (N=29) 6.0 (1.0-11.0) 4.0 (0.0-7.0)
Intervention Unit (N=30) 6.0 (0.0-9.0) 1.0 (0.0-3.0)

MDI
Control Unit (N=31) 14.0 (0.0-24.0)  13.0 (2.0-21.0)
Intervention Unit (N=31) 8.0 (1.0-16.0) 8.0 (0.0-14.0)
WHO-5
Control Unit (N=30) 52.0 (4.0-76.0) 52.0 (4.0-68.0)
Intervention Unit (N=28) 62.0 (0.0-80.0) 58.0 (12.0-76.0)
HADS depression

Control Unit (N=31) 5.0 (0.0-10.0) 4.0 (0.0-8.0)
Intervention Unit (N=28) 2.0 (0.0-6.5) 3.0 (0.0-7.5)
Anxiety questionnaire
HADS anxiety
Control Unit (N=31) 5.0 (0.0-8.0) 5.0 (0.0-6.0)
Intervention Unit (N=28) 4.5 (0.0-7.0) 3.0 (0.0-6.5)

Cognition questionnaire

MoCA
Control Unit (N =26) 20.5 (15.0-22.0) 24.0 (11.0-25.0)
Intervention Unit (N=27) 22.0 (12.0-25.0) 24.0 (12.0-26.0)

Data are presented as median (interquartile range).

patients treated with antidepressants according to the
HAM-Dg¢ (difference —45.6%, 95% CI —-65.7% to
-13.8%, p=0.011), MDI (difference —57.2%, 95%
CI-71.8% to —35.0%, p =0.0001), and WHO-5 (dif-
ference +56.3, 95% CI +3.6 to 135.7%, p=0.034).
No significant difference was found in HADS depres-
sion or anxiety scores between treated and untreated
patients. Overall, 16 and 9 patients in the IU and CU,
respectively, were treated with antidepressants, and
11 and 7 in the IU and CU, respectively, were treated
with anxiety medication.

3.4. Interactions

No significant interactions of antidepressants and
anxiety medication were detected.
4. Discussion
4.1. Discussion of the results

This study is the first to investigate the clinical
effect of naturalistic light on mental health in stroke
patients undergoing long-term hospitalization.
4.1.1. Depression

We demonstrated a significant decrease in depres-
sive mood and anxiety symptoms along with

improved well-being in stroke patients exposed to
naturalistic light over at least 14 days of admission for
neuro-rehabilitation. These results may be explained
by the naturalistic light having a stabilizing effect on
the circadian rhythm. However, the results could also
be caused by a direct effect of accumulated blue light
stimulation, or both. The patients treated with antide-
pressants scored significantly higher on the HAM-Dg
and MDI and lower on the WHO-5 than patients not
treated with antidepressants. Consequently, the use
of antidepressants was included in the statistical cal-
culation as a confounder due to this difference in
scores. A meta-analysis of the effect of antidepres-
sants on PSD revealed a significant effect (Xu et al.,
2016). In a review by Xiao-min Xu et al. (Xu et al.,
2016) the effect on HAM-Dj7 score percentage of
antidepressants vs. placebo was 18.0-91.4% in favor
of antidepressants. The calculated percentage effect
in our study between naturalistic and standard indoor
lighting was 49.2% (HAM-Dg) and 44.0% (MDI).
Therefore, naturalistic lighting could be within the
present treatment effect range of antidepressants.
However, further studies need to elucidate this.

HADS was the only measurement for depression
that did not decrease significantly in the IU group
compared with the CU group. As the cognitive tests
revealed, the patients were highly cognitive chal-
lenged, hence questions requiring reflection, which is
frequent in HADS, may have been difficult to answer
correctly. This may relate to the low detections rate
of depression in our cohort (Table 4) as in previous
studies (Meader, Moe-Byrne, Llewellyn, & Mitchell,
2014).

In a recent study with 63 acute stroke patients,
bright light intervention (high or medium white light
intensity) had a cumulative effect on depression in
combination with antidepressants (Sgndergaard et al.,
2006). We found no significant effect in the group pre-
scribed antidepressants, but this may be explained by
a power problem due to the low number of treated
patients. In addition, SSRIs are known to have a
latency in effect of 1-2 weeks, which could have influ-
enced the results. However, our calculations present
a significant positive effect of naturalistic light in the
group not given antidepressants. Therefore, the dif-
ference between groups regarding number of patients
prescribed antidepressants, with more prescriptions
in the IU, could not have affected our conclusion.

The findings from the previous studies inves-
tigating light intervention on depressive outcome
in patients during hospitalization were inconclusive
(Giménez et al., 2016; Hickman et al., 2007; Leicht-
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fried et al., 2014), as only one study could present
a significant effect (Kopp et al., 2016). Our study
showed an evident effect of light on depressive out-
come. The explanations behind the different findings
may relate to the differences in study design and
choice of questionnaires. In our understanding, natu-
ralistic light as the light intervention and a cohort of
long-term admitted patients are two essential param-
eters for a sufficient effect on the circadian system
and may explain the absence of an effect in prior
studies.

4.1.2. Well-being

Suffering from stroke and dealing with deficits
negatively influences well-being. Nevertheless, the
feeling of well-being improved in favor of the TU
between inclusion and discharge. Low well-being
is known to be associated with depression, which
can explain some of the positive outcome, but it
appeared that patients admitted in the CU had a bet-
ter rested feeling and improved energy measured by
WHO-5, which may indicate a reduction in fatigue.
However, other questionnaires should elaborate
on this.

4.1.3. Anxiety

Our results revealed significant decreased PSA in
the IU (Table 3). Since PSA is associated to PSD,
some of the anxiety reduction may be found in the
reduction of PSD. The shown positive effect of bright
light on amygdala and prefrontal brain areas (Fisher
et al., 2014) could also be part of the etiology. How-
ever, the improvement in anxiety in this study may
indicate the first available intervention to treat or pre-
vent PSA. More studies should however explore on
this and further bio physical investigations between
light and anxiety are needed.

4.1.4. Cognition

MoCA scores increased from inclusion to dis-
charge in all patients, indicating cognitive improve-
ment during the admission period. MoCA was chosen
because of its high sensitivity and specificity for
mild cognitive impairment compared to the MMSE
(Pendlebury et al., 2012). Whether it is a continu-
ously disrupted circadian rhythm that is responsible
for the absence of significant cognitive improvement
in the IU compared to the CU, or because the cogni-
tive impairments are severe and may persist several
years after ictus, is unclear (Patel, Coshall, Rudd, &
Wolfe, 2003).

4.2. Strengths and limitations

One of the main limitations of this study was that
not all patients were able to answer all the ques-
tionnaires. As it was not always possible to identify
who would be able to complete the questionnaires
in advance, we chose to include all eligible patients
regardless of complications that could make them
unable to complete all questionnaires, inducing a high
risk of drop out. Unawareness was the main reason
for dropping out after inclusion. The IU had a higher
NIHSS score at discharge, though it was not signifi-
cant, indicating that stroke severity did not influence
drop outs in the IU.

The randomization followed the normal procedure
for distributing patients to the two rehabilitation units.
Completely blind randomization would be optimal,
but this was not feasible in the clinical setting due
to the visible intervention. The two groups were well
balanced demographically, but there was a significant
difference regarding the duration of inclusion period.
We speculate that the main explanation for this is that
it was not the same rehabilitation team that handled
patient discharge in the two units. Furthermore, the
patients in the IU had a higher NIHSS at inclusion,
which may also have influenced the longer admission
time. However, no significant correlation was found
between length of inclusion and the scores of depres-
sion, anxiety, or cognition calculated by regression
analysis. Still, the length of the inclusion period was
included as a variable in the analyzes, to exclude the
possible influence it may have on the outcome. No
other differences were found between the two groups.

The conditions in the two rehabilitation units were
equal in regards to size, form, and staff profession.
The impact of daylight on the facade of the two units
was not completely identical, as the angle to the sun
differed between the two wings during all four sea-
sons. However, measurement of the incoming light
from the sun between the two units revealed no signif-
icant differences as described in West et al. Fig. 4a and
4b (West et al., 2017), assuming that levels above 200
lux would stimulate the circadian center (M. Ander-
sen, Mardaljevic, & Lockley, 2012). Based on that,
we assume, that the difference in daylight exposure
between the units for the door beds was not significant
and did not favor the IU.

The IU had blackout curtains that went up at 8:00
am and down at 8:00 pm for all four seasons. Infor-
mation on all bed positions (two beds: window-bed
and away-from-window-bed) was collected during
the study, and all patients were placed at the window
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at the end of the stay because of the natural rota-
tion in the units. Thus, no differences were found
in bed positions between patients and bed positions
were excluded from the calculations. Locations of
brain lesion in relation to depression have been dis-
cussed in several papers, but also the skepticism of
the significance in this influence. MRI scans as part
of the verification of infarcts, size and location were
included in this study. However, we were only able
to MRI scan 31 patients of the enrolled patients, why
MRI data were excluded as a confounding element.
Since the enrolled patients were randomized, the
location of the infarctions should be randomly allo-
cated in the two groups. Further studies are needed
to confirm a relation between location of infarctions
and depression.

The main strength of this study was that it was per-
formed in a real clinical setting and compared two
units at the same institution. We think that our data
can be directly transferred to everyday clinical life.
However, this study is part of an exploratory investi-
gational study in a relatively new scientific area. More
specific studies are required to address the effects of
naturalistic light on PSD, PSA, and cognitive func-
tion.

5. Conclusion

This study was performed in a real hospital envi-
ronment and showed for the first time the impact of
naturalistic light exposure during long-term hospital-
ization. After atleast 14 days, a significant decrease in
PSD and PSA, and significant improved well-being
was found in patients exposed to naturalistic light
in an adjusted analysis. The effect of the naturalistic
light was within the range of the treatment effect of
antidepressants on PSD, with no side effects. No clear
effect of naturalistic light on cognitive outcomes was
found.

PSD has substantial consequences on mortality and
activity of daily living after stroke,(Everson et al.,
1998; Robinson, Bolduc, & Price, 1987) and the
effect of naturalistic light on PSD, and PSA, indicates
that naturalistic lighting is a potentially beneficial
concept to integrate into the environment for long-
term hospitalizations.
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