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Objective: Exposure to natural sunlight has been associated with improvement in mood, reduced mortality among patients with
cancer, and reduced length of hospitalization for patients who have experienced myocardial infarction. Our aim was to evaluate
whether the amount of sunlight in a hospital room modifies a patient’s psychosocial health, the quantity of analgesic medication
used, and the pain medication cost. Methods: A prospective study of pain medication use was conducted in 89 patients undergoing
elective cervical and lumbar spinal surgery where they were housed on either the “bright” or “dim” side of the same hospital unit.
Analgesic medication was converted to standard morphine equivalents for interpatient comparison. The intensity of sunlight in each
hospital room was measured daily and psychologic questionnaires were administered on the day after surgery and at discharge.
Results: Patients staying on the bright side of the hospital unit were exposed to 46% higher-intensity sunlight on average (p ⫽
.005). Patients exposed to an increased intensity of sunlight experienced less perceived stress (p ⫽ .035), marginally less pain (p ⫽
.058), took 22% less analgesic medication per hour (p ⫽ .047), and had 21% less pain medication costs (p ⫽ .047). Age quartile
was the only other variable found to be a predictor of analgesic use, with a significant negative correlation (p ⬍.001). However,
patients housed on the bright side of the hospital consistently used less analgesic medications in all age quartiles. Conclusion: The
exposure postoperatively of patients who have undergone spinal surgery to increased amounts of natural sunlight during their
hospital recovery period may result in decreased stress, pain, analgesic medication use, and pain medication costs. Key words:
analgesic medication, sunlight, morphine, stress, opioid.
ACCF ⫽ anterior cervical corpectomy and fusion; ACDF ⫽ anterior
cervical discectomy and fusion; AEDET ⫽ Achieving Excellence
Design Evaluation Toolkit; CES-D ⫽ Center for Epidemiological
Studies–Depression Scale; CNS ⫽ central nervous system; DS ⫽
degenerative spondylolisthesis; LOS ⫽ length of stay; LOT-R ⫽
Life Orientation Test-Revised; LS ⫽ lumbar stenosis; MPQ ⫽
McGill Pain Questionnaire; OR ⫽ operating room; PACU ⫽ postanesthesia care unit; PCA ⫽ patient-controlled analgesia; PFI ⫽
Private Finance Initiative; POMS ⫽ Reduced POMS–Anxiety Scale;
PRN ⫽ as needed; PSS ⫽ Perceived Stress Scale; SAD ⫽ seasonal
affective disorder; TCAs ⫽ tricyclic antidepressants; UK ⫽ United
Kingdom.

INTRODUCTION
xposure to artificial high-intensity light (phototherapy) or
natural light has been shown to positively affect feelings
and emotions (1,2). Phototherapy has been successfully used
to treat patients with depression and seasonal affective disorder (SAD) (3,4). Studies examining the effects of natural
sunlight on the recovery of patients with refractory, bipolar,
and SAD have demonstrated a decreased length of stay (LOS)
among patients exposed to increased light intensity (5–7).
Exposure to natural sunlight or artificial high-intensity light
has been associated with reduced depression for pregnant
women (8); reduced mortality from ovarian, breast, and colon
cancer (9,10); as well as reduced hospital mortality and LOS
in patients experiencing myocardial infarction (11).
The average annual rate of increase for prescription drug
expenditures was 15% per year from 1995 to 2001 (12). This
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increase was higher than for any other type of healthcare
expenditure measured by the Consumer Price Index (12). The
use of analgesic medication to relieve pain can produce side
effects that include constipation, drowsiness, urinary problems, nausea, and vomiting (13). Therefore, modalities that
can decrease analgesic medication use may reduce associated
side effects and prescription drug expenditures.
The activity of serotonin n-acetyltransferase, which catalyzes the conversion of serotonin into melatonin, is reduced
after exposure to light (14). This research indicates that light
increases the concentration of serotonin. Serotonin acts as an
inhibitor of pain pathways in the central nervous system (15).
Therefore, based on this reported relationship, we evaluated
the effect of sunlight on the postoperative analgesic medication requirement of a uniform patient population.
A multitude of studies have examined the effect of sunlight
and artificial high-intensity light on hospitalized patients (5–
11). However, to our knowledge, no prior investigations have
studied the effects of exposure to natural sunlight or artificial
high-intensity light on the use of analgesic medications by
hospitalized patients. In this article, we report the results of the
first prospective study to determine the effects of natural
sunlight on the use of opioid-equivalent medications among a
group of 89 postoperative patients who had undergone spinal
surgery.
METHODS
Subject Recruitment
Consecutive patients undergoing elective cervical and lumbar spinal surgeries were assessed for eligibility when admitted postoperatively onto the
patient unit. Patients were excluded if they were being discharged on the day
after their surgery or if there was any history of major depression or the use
of antidepressant medications. Patients admitted into single-occupancy rooms
on the hospital unit between March 12, 2003, and August 7, 2003, were asked
to participate in this study. One hundred forty-seven patients were approached; 46 (31.3%) declined to participate and 12 (8.2%) were excluded
because they failed to meet all inclusion criteria. Eighty-nine patients participated in the study. The University of Pittsburgh’s Institutional Review Board
approved the study protocol and all participating patients signed approved
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consent forms before study admittance. The study used the intent-to-treat
model and no patients were dropped after signing the consent.

Patient Rooms
The patient rooms, all of the same size and configuration, were located on
the east and west side of a corridor of Montefiore Hospital. An adjacent
building, located approximately 25 meters away, blocked sunlight exposure to
patient rooms on the east side of the patient unit. Therefore, the patient rooms
on the east side were designated “dim” and rooms on the west side were
designated “bright.”

Patient Assignment
The 89 patients who agreed to participate in the study were assigned to the
bright (n ⫽ 44) or the dim (n ⫽ 45) side of the corridor after discharge from
the postanesthesia care unit (PACU). Patients were held in the PACU and then
discharged when a room on the unit became available. The unit director
followed normal hospital protocol and assigned patients to either side of the
unit depending on room availability. There were no patient characteristics
(age, sex, procedure, and so on) used by the unit director to determine
assignment of patients to the bright or dim side of the unit. Room availability
was the only variable that determined patient assignment to the bright or dim
side of the unit. The study personnel were not involved in randomizing the
patients into bright or dim rooms. Patients were blind to the study’s intervention as well as whether their room was located on the bright or dim side
of the unit. Recruitment into this study ended on August 7, 2003, as a result
of the relocation of the spinal surgery unit to another location in the hospital.

Measurement of Sunlight Intensity
Beginning on the afternoon of postoperative day 1 and continuing
throughout hospitalization, light intensity (lux) was measured twice daily in
the rooms of all study participants at approximately 9:30 AM and 3:30 PM.
Before measurement, the door to the room was closed, all artificial sources of
light were extinguished, and the window blinds were opened to permit
maximum sunlight to enter the room. Three measurements were taken to
estimate direct, reflective, and ambient sunlight.
The direct measurement recorded the intensity of sunlight at the point that
it entered the patient’s hospital room. The light meter (L-508Cine Zoom
Master; Sekonic Corp., Tokyo, Japan) was placed at the center of the windowsill and the sensor was pressed against the window. The reflective
measurement recorded the intensity of sunlight reflected off the patient. Study
personnel stood at the foot of the bed with the light meter directed at the
patient’s eye level. The ambient measurement recorded the intensity of
sunlight reflected off interior surfaces. The light meter was placed next to the
patient’s head and positioned toward the hospital room window. Each measurement was taken 5 times at every AM and PM visit and then averaged to
obtain a reliable estimate of the direct, reflective, and ambient sunlight
intensity. These reliable direct, reflective, and ambient estimates were then
averaged together to obtain the overall AM and PM sunlight intensities. The
resulting AM lux measurement and PM lux measurement was then multiplied
by the number of AM (sunrise to noon) and PM (noon to sunset) exposure hours
occurring on each day, respectively. The resulting 2 numbers were then
summed to determine the cumulative daily sunlight exposure in lux-hours.

Quantifying Analgesic Use
The primary outcomes of this prospective study were analgesic medication use per hour and pain medication cost per hour. During the patient’s stay
in the operating room (OR) and the PACU, analgesic medications were
prescribed and administered by the medical staff. When the patient left the
PACU to stay on the bright or dim side of the hospital unit, all analgesic
medication was administered as needed (PRN). Furthermore, all of the patients self-administered analgesic medication through a patient-controlled
analgesia (PCA) during the first 24 hours of their stay on the unit.
A registered nurse, who was blind to patient group assignment, abstracted
the daily use of all opioid and opioid-equivalent medications from the patient’s medical records. The analgesic medications were then converted to an
oral morphine-equivalent (mg) using a standard method (16). The amount of
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oral morphine-equivalent pain medication used each day on the hospital unit
was divided by 24 hours to find the average analgesic medication use per hour
(mg/hr) for each day of the patient’s hospitalization. Then, the total amount of
morphine equivalent pain medication, used after the OR and PACU, was
divided by the patient’s LOS to find the average analgesic medication use per
hour (mg/hr) for the entire length of stay. In addition to recording the amount
of pain medication prescribed in the OR and PACU, each patient was also
assessed for 1) the hospital record of analgesic pain medication usage before
admission and 2) use of nonanalgesic medications while at the hospital that
might have reduced analgesic pain medication needs.
A hospital administrator, who was blind to patient group assignment,
determined the total pain medication cost for each study patient from the
hospital billing system. The pain medication cost for patients was divided by
their LOS to obtain an estimate of analgesic cost per hour.

Psychologic and Pain Measures
The secondary outcomes for this prospective study were derived from 4
questionnaires that were administered to both bright and dim side patients on
2 occasions: postoperative day 1 and discharge day. First, the McGill Pain
Questionnaire (MPQ) was given to measure subjective pain (17). The Center
for Epidemiological Studies Depression Scale (CES-D) measures depressive
symptomatology and has a reliability alpha of 0.84 (18). The Perceived Stress
Scale (PSS) determines the degree that people perceive their lives as stressful
(19). The reliability alpha is 0.78 and the measure correlates in a predicted
way with other measures of stress. Finally, the Profile of Mood States
(POMS) anxiety scale was used to assess positive and negative affect (20).
The reliability of the alphas for the anxiety scale is 0.916.
Patients housed on the bright and dim sides also completed 2 baseline
questionnaires to assure that there were no differences in these parameters: 1)
a 10-cm pain scale was administered when the patient left the PACU to obtain
an initial pain score and 2) the Life Orientation Test Revised (LOT-R) that
measures dispositional optimism was administered on post-operative day 1 to
assess optimism as a personality trait (21). The reliability of the whole sample
alpha is 0.78 with test–retest reliability at 28 months of 0.79.

Statistical Methods
Data analyses were carried out using the Minitab statistical software
program. Univariate hypotheses were tested using parametric (t test for
independent samples) or nonparametric equivalents (Mann-Whitney test or
chi-squared) depending on the distribution (normal vs. nonnormal) and format
(continuous vs. categorical) of the variable being tested. Also, multivariate
analysis of variance was carried out using the Minitab generalized linear
model procedure, which permits balanced and unbalanced designs with fixed
and random variables. Critical levels of significance were set at 0.05. All p
values were 2-sided, and no missing value procedures were used.

No-Interaction Group
One of every 5 patients (N ⫽ 17) admitted into the study were randomized
into a no-interaction group (bright side ⫽ 10, dim side ⫽ 7). The nointeraction patients did not receive any psychologic or pain questionnaires but
were administered the 10-cm pain scale by the nurses on discharge from the
PACU. Sunlight intensity, pain medication use, and analgesic cost were
recorded for the no-interaction group.
The no-interaction group was included to measure possible effects of
research staff contact with the patients. The main outcome measure, pain
medication use, was compared between the no-interaction and the other
patients to determine whether contact with the research staff affected the study
results.

RESULTS
Patient Characteristics
Table 1 shows that the patients assigned to the bright and
the dim sides of the unit did not differ with regard to: 1)
demographic and clinical characteristics, 2) patient’s clinical
diagnosis or surgical procedure, 3) baseline pain and optimism
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J. M. WALCH et al.
TABLE 1. Demographic and Clinical Characteristics of Patients Having Undergone Spinal Fusion on Bright and Dim Sides of the Hospital Unit
Percent (No.)* or Mean ⫾ SD
Variables
Demographic characteristics
Sex
Female
Male
Race/ethnicity
White
Other
Education
Less than high school
High school diploma
More than high school diploma
Income
ⱕ20,000
20,001–50,000
50,001–80,000
ⱖ80,000
No answer
Age at interview (y),
Mean ⫾ SD
Clinical characteristics
Prior analgesic medication use
Yes
No
Diagnosis
LS and DS
Lumbar other
Cervical
Procedure
Laminectomy
Revision
Cervical
Surgical complications
Dural tear
None
Systolic bood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (beats/min)
Body mass index
No. of levels fused
OR morphine (mg/hr)
PACU morphine (mg/hr)‡
Pain rating at PACU discharge (cm)
Optimism level on postoperative day 1

Bright Side
(N ⫽ 44)

Dim Side
(N ⫽ 45)

All
(N ⫽ 89)

p Value†

43.2% (19)
56.8% (25)

60.0% (27)
40.0% (18)

51.7% (46)
48.3% (43)

.112

95.5% (42)
4.5% (2)

88.9% (40)
11.1% (5)

92.1% (82)
7.9% (7)

.250

2.3% (1)
41.0% (18)
56.8% (25)

6.7% (3)
33.3% (15)
60.0% (27)

4.5% (4)
37.1% (33)
58.4% (52)

.512

29.4% (10)
50.0% (17)
8.8% (3)
11.8% (4)
22.7% (10)

19.4% (6)
41.9% (13)
25.8% (8)
12.9% (4)
31.1% (14)

18.0% (16)
33.7% (30)
12.4% (11)
9.0% (8)
27.0% (24)

.347

60.1 ⫾ 13.7

57.6 ⫾ 13.4

58.9 ⫾ 13.5

.384

77.3% (34)
22.7% (10)

77.8% (35)
22.2% (10)

77.5% (69)
22.5% (20)

.954

50.0% (22)
27.3% (12)
22.7% (10)

40.0% (18)
24.4% (11)
35.6% (16)

44.9% (40)
25.8% (23)
29.2% (26)

.403

52.3% (23)
25.0% (11)
22.7% (10)

40.0% (18)
24.4% (11)
35.6% (16)

46.1% (41)
24.7% (22)
29.2% (26)

.371

18.2% (8)
81.8% (36)
140.0 ⫾ 24.3
77.6 ⫾ 12.5
75.0 ⫾ 12.1
28.9 ⫾ 5.8
1.6 ⫾ 1.6
15.4 ⫾ 6.4
9.8 ⫾ 10.2
3.1 ⫾ 2.8
16.9 ⫾ 4.3

6.7% (3)
93.3% (42)
141.3 ⫾ 16.5
78.1 ⫾ 11.3
76.2 ⫾ 13.6
29.9 ⫾ 5.4
2.0 ⫾ 1.6
17.7 ⫾ 8.2
14.0 ⫾ 11.4
2.9 ⫾ 2.8
16.9 ⫾ 4.8

12.4% (11)
87.6% (78)
140.7 ⫾ 20.6
78.2 ⫾ 11.8
75.6 ⫾ 12.8
29.4 ⫾ 5.6
1.8 ⫾ 1.6
16.6 ⫾ 7.4
12.2 ⫾ 11.0
3.0 ⫾ 2.8
16.9 ⫾ 4.5

.099
.762
.684
.667
.419
.226
.132
.242
.826
.959

Continuous variables are reported as mean ⫾ SD. Categorical variables are listed as columnwise percentage (N).
*Percent (no.) is based on the total participants with available data for each variable. Percentages may not equal 100 as a result of rounding.
†p value is determined by a chi-squared test for categorical variables, and by an independent samples t test between bright and dim sides for continuous variables.
‡ N ⫽ 17 for bright side, N ⫽ 23 for dim side, N ⫽ 40 for all.
SD ⫽ standard deviation; LS ⫽ lumbar stenosis; DS ⫽ degenerative spondylolisthesis; OR ⫽ operating room; PACU ⫽ postanesthesia care unit.

ratings, and 4) the use of analgesic pain medications before
hospitalization, in the OR or in the PACU. Table 2 lists the
specific clinical diagnosis and the type of elective surgery
performed for all 89 patients.
Sunlight Intensity
Patients on the bright side of the unit received an average of 46% (p ⫽ .005) more natural sunlight per day
(73,537 vs. 50,410 lux-hrs) than patients on the dim side of
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the unit when factoring in both the AM and PM sunlight
intensities. All patients in the experiment wore identical
hospital gowns throughout their patient stay and every
hospital room was painted with the same colors. Therefore,
patient clothing and room interior were not considered to be
confounding factors in determining the daily sunlight intensity. Patient skin color was also excluded as a possible
confounding factor because there was no significant statistical difference in the racial composite of either the bright
Psychosomatic Medicine 67:156 –163 (2005)
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TABLE 2. Diagnosis and Procedure of Patients Having Undergone Spinal Fusion on Bright and Dim Sides of the Hospital Unit
Percent (No.)*
Variable
Diagnosis
LS and DS
Lumbar other
Herniated disc
Lumbar stenosis
Isthmic spondylolisthesis
Degenerative disc disease
Lumbar infection
Nonunion of previous fusion
Cervical
Stenosis and radiculopathy
Stenosis and myeloradiculardy
Stenosis and myelopathy
Nonunion of previous fusion
Procedure
Laminectomy
Laminectomy
Laminectomy/fusion (1 level)
Laminectomy/fusion (2 levels)
Laminectomy/fusion (⬎2 levels)
Revision
Revision laminectomy
Revision laminectomy/fusion (1 level)
Revision laminectomy/fusion (2 levels)
Revision laminectomy/fusion (⬎2 levels)
Cervical
ACDF (1 level)
ACDF (2 levels)
ACCF (2 levels)
ACCF (3 levels)
Laminoplasty
Laminoplasty/fusion
Postfusion

Bright Side
(N ⫽ 44)

Dim Side
(N ⫽ 45)

All
(N ⫽ 89)

50.0% (22)

40.0% (18)

44.9% (40)

2.3% (1)
15.9% (7)
6.8% (3)
0.0% (0)
0.0% (0)
2.3% (1)

2.2% (1)
8.9% (4)
4.4% (2)
2.2% (1)
2.2% (1)
4.4% (2)

2.2% (2)
12.4% (11)
5.6% (5)
1.1% (1)
1.1% (1)
3.4% (3)

9.1% (4)
9.1% (4)
4.5% (2)
0.0% (0)

13.3% (6)
20.0% (9)
0.0% (0)
2.2% (1)

11.2% (10)
14.6% (13)
2.2% (2)
1.1% (1)

11.4% (5)
25.0% (11)
6.8% (3)
9.1 (4)

4.4% (2)
8.9% (4)
20.0% (9)
6.7% (3)

7.9% (7)
16.9% (15)
13.5% (12)
7.9% (7)

2.3% (1)
9.1% (4)
11.4% (5)
2.3% (1)

4.4% (2)
13.3% (6)
2.2% (1)
4.4% (2)

3.4% (3)
11.2% (10)
6.7% (6)
3.4% (3)

2.3% (1)
6.8% (3)
2.3% (1)
4.5% (2)
4.5% (2)
2.3% (1)
0.0% (0)

6.7% (3)
8.9% (4)
11.1% (5)
6.7% (3)
0.0% (0)
0.0% (0)
2.2% (1)

4.5% (4)
7.9% (7)
6.7% (6)
5.6% (5)
2.2% (2)
1.1% (1)
1.1% (1)

*Percent (no.) is based on the total participants with available data for each variable. Percentages may not equal 100 as a result of rounding.
LS ⫽ lumbar stenosis; DS ⫽ degenerative spondylolisthesis; ACDF ⫽ anterior cervical discectomy and fusion; ACCF ⫽ anterior cervical corpectomy and fusion.

or dim side of the hospital unit (Table 1). Ninety-two
percent of the study population was white.
Analgesic Use
The average analgesic medication use per hour (mg/hr) for
patients on the bright and dim side was compared for each day of
their hospital stay as well as for their entire length of stay (Table
3). The spinal surgery patients on the dim side of the unit
averaged 28.3% (p ⫽ .047) more opioid-equivalent analgesic
medications per hour, over the entire length of stay, than the
patients on the bright side (Table 3). The patients on the dim side
of the hospital consistently required more analgesic medication
on each day of their stay than the patients on the bright side.
Postoperative day 1 was the only 24-hour period of the patients’
hospital stay in which there was a statistically significant difference between the 2 study groups (⫹38.1%, p ⫽ .036). Table 3
includes the daily postoperative average analgesic medication use
for patients on both the bright and dim side of the hospital unit.
Equal numbers of patients on both sides of the hospital
unit: 1) had a history of analgesic medication usage, before
Psychosomatic Medicine 67:156 –163 (2005)

hospital admission; and 2) were administered nonanalgesic
medications during their hospital stay that may have affected
the amount of analgesic medication they used (Table 1).
Before admission onto the bright or dim side of the hospital
unit, there was no significant statistical difference between the
patients with regard to: 1) the quantity of analgesic medication
prescribed in the OR, 2) the quantity of analgesia prescribed in
the PACU; and 3) the patients’ pain rating at PACU discharge
(Table 1). In the OR and PACU, the quantity of pain medication prescribed to patients who were assigned to rooms on
both sides of the unit were equal. Therefore, any possible
“hangover” effects of the OR and PACU analgesics on pain
medication use while on the unit will be equal for patients
staying on both sides. No confounding factors were identified
that may lead to a difference in analgesic medication requirement among patients admitted to the bright or dim side of the
hospital unit.
A number of covariates, including age, sex, day of discharge, and history of analgesic medication use, were investigated to determine whether they also affected postoperative
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TABLE 3. Clinical Results of Patients Having Undergone Spinal Fusion on Bright and Dim Sides of the Hospital Unit*
Bright Side
Variables

Discharge day
Postoperative day 2
Postoperative day 3
Postoperative day 4
Postoperative day 5⫹
Other medications‡
Yes
No
Mean oral morphine consumption (mg/hr)
Surgery day§
Postoperative day 1
Postoperative day 2
Postoperative day 3
Postoperative day 4
Postoperative day 5
Entire stay on bright/dim side
Pain medication cost per hour ($/hr)㛳
Length of stay (days)

Dim Side

All
Percent (No.) or
Mean ⫾ SD

p Value†

N

Percent (No.) or
Mean ⫾ SD

N

Percent (No.) or
Mean ⫾ SD

N

44
44
44
44

20.5% (9)
29.5% (13)
31.8% (14)
18.2% (8)

45
45
45
45

26.7% (12)
31.1% (14)
26.7% (12)
15.6% (7)

89
89
89
89

23.6%
30.3%
29.2%
16.9%

(21)
(27)
(26)
(15)

.879

44
44

40.9% (18)
59.1% (26)

45
45

40.0% (18)
60.0% (27)

89
89

40.4% (36)
59.6% (53)

.930

44
44
44
35
22
8
44
44
44

5.3 ⫾ 4.5
3.7 ⫾ 2.1
3.2 ⫾ 2.2
2.5 ⫾ 2.2
2.5 ⫾ 1.9
1.1 ⫾ 1.4
3.2 ⫾ 1.9
0.23 ⫾ 0.12
3.6 ⫾ 1.6

44
45
45
33
20
8
45
45
45

6.9 ⫾ 6.4
5.1 ⫾ 3.8
3.3 ⫾ 2.0
3.2 ⫾ 2.0
4.3 ⫾ 7.0
3.4 ⫾ 3.0
4.1 ⫾ 2.4
0.29 ⫾ 0.16
3.4 ⫾ 1.5

88
89
89
68
42
16
89
89
89

6.1 ⫾ 5.5
4.4 ⫾ 3.2
3.3 ⫾ 2.1
2.9 ⫾ 2.1
3.4 ⫾ 5.0
2.2 ⫾ 2.5
3.7 ⫾ 2.2
0.26 ⫾ 0.14
3.5 ⫾ 1.5

.166
.036
.785
.162
.259
.064
.047
.047
.508

*Percent (no.) is based on the total participants with available data for each variable. Percentages may not equal 100 as a result of rounding.
†p value is determined by a chi-squared test for categorical variables and by an independent samples t test between bright and dim sides for continuous variables.
‡Other medications taken during stay that may have affected pain perception.
§Surgery day includes medication used on bright/dim side after surgery and post-anesthesia care unit stay.
㛳Pain medication cost reported per hour to control for length of stay as a confounding factor.
SD ⫽ standard deviation.

analgesic use. Age quartile was the only variable found to be
a predictor of analgesic use, with a significant negative correlation (p ⬍.001). When age quartile was placed in a general
linear model with the unit side (bright/dim), both variables
were found to have significant main effects on analgesic use.
Age was the more significant of the 2 variables and there was
no-interaction effect (p ⫽ .69). Figure 1 plots the results of
this multivariate analysis. Figure 1 shows that patients on the
bright side of the unit consistently used less analgesic medications in all age quartiles and that the largest statistically
different effect was in the youngest age group.

A general linear model was also used to investigate
whether the patients’ reported experience of stress and pain
mediated the effects of unit side on medication requirement.
When the change scores for stress and/or pain were placed
together with unit side in a statistical model, neither one
showed significant main effects on medication use. Plots of
these analyses (not shown) clearly indicate that there is no
monotonic linear relationship between the severity of these
psychologic change scores and the increased use of analgesic
medications within each side of the unit.
Pain Medication Cost
Postoperative patients who had undergone spinal surgery
who were staying on the bright side had an average 21% (p ⫽
.047) reduction in analgesic medication cost compared with
patients on the dim side (Table 3).

Figure 1. Mean oral opiate use in each age quartile, by side of hall, with
percent difference and 95% confidence interval.
160

Psychologic and Pain Measures
Table 4 summarizes the mean baseline scores and the
change from baseline scores at the time of discharge for all of
the psychologic and pain measures used in this study. There
were no statistical differences between the 2 study groups in
any of the baseline measures. At discharge, however, patients
on the bright side reported significantly greater decreases in
stress (PSS, p ⫽ .035) and a marginal decrease in pain (MPQ,
p ⫽ .058) than the patients on the dim side. Change from
baseline scores for depression and anxiety were similar in the
2 study groups.
Psychosomatic Medicine 67:156 –163 (2005)
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TABLE 4. Psychologic Measures of Patients Having Undergone Spinal Fusion on Bright and Dim Sides of the Hospital Unit
Bright Side
Variables
N*
Stress
Day 1
Change‡
Depression
Day 1
Change‡
Anxiety
Day 1
Change‡
Severity of pain
Day 1
Change‡

Mean ⫾ SD

Dim Side
N*

Mean ⫾ SD

All
N*

Mean ⫾ SD

p Value†

33
29

15.6 ⫾ 6.6
-2.9 ⫾ 5.2

34
30

16.5 ⫾ 8.3
0.5 ⫾ 6.6

67
59

16.1 ⫾ 7.4
-1.2 ⫾ 6.2

.615
.035

32
29

8.8 ⫾ 5.8
0.6 ⫾ 5.0

34
30

11.1 ⫾ 7.6
0.0 ⫾ 5.0

66
59

10.0 ⫾ 6.8
0.3 ⫾ 5.0

.187
.617

33
29

5.5 ⫾ 3.6
0.0 ⫾ 2.8

34
30

6.8 ⫾ 3.6
-0.8 ⫾ 2.5

67
59

6.1 ⫾ 3.6
-0.4 ⫾ 2.6

.138
.246

32
29

5.9 ⫾ 2.4
-2.1 ⫾ 2.6

34
30

6.0 ⫾ 2.4
-0.8 ⫾ 2.4

66
59

5.9 ⫾ 2.4
-1.4 ⫾ 2.6

.958
.058

*Reduced sample size as a result of the no-interaction group patients (bright ⫽ 10, dim ⫽ 7) who did not receive questionnaires.
†p values are determined by an independent samples t test between bright and dim sides.
‡Change measures last day observation - first day observation.
SD ⫽ standard deviation.

No-Interaction Group
There was no significant difference (p ⫽ .901) in analgesic
medication use per hour between patients randomized into the
no-interaction group (3.62 ⫾ 1.47 mg/hr) and the other patients (3.69 ⫾ 1.47 mg/hr) in the study. Therefore, researcher
interaction with the patients did not affect the primary outcome of the study.
CONCLUSIONS
This prospective study consisted of consecutive patients
undergoing elective spinal surgery who were assigned postoperatively to rooms on either the bright or dim side of the
hospital unit. The patients staying on the bright side received
46% more natural sunlight and required 22% less opioidequivalent analgesic medications during their hospitalization.
The patients staying on the bright side also experienced a 21%
reduction in analgesic medication cost compared with patients
on the dim side. This study is the first analysis of sunlight’s
effect on postoperative analgesic medication use and, therefore, should be replicated to confirm the presented results.
Specific limitations of this research include the following: 1)
First, our study population was restricted to patients who had
undergone spinal surgery as well as a small sample size.
Future studies should include an increased sample size with a
wider range of surgical patients. Positive results among a
variety of surgical patients with a larger sample would indicate greater validity of sunlight’s ability to reduce analgesic
use. 2) The measurement of sunlight intensity occurred twice
daily at 9:30 AM and 3:30 PM. This methodology of sunlight
measurement could not account for individuals who may have
adjusted their blinds, overhead lighting, or other variables that
could affect the exposure intensity. However, even if a few
patients on the bright side closed their blinds or reduced their
amount of sunlight exposure, their data were still included in
our results because we followed the intent-to-treat model. The
entire bright side population was analyzed even if a few
Psychosomatic Medicine 67:156 –163 (2005)

patients may have closed their blinds and did not experience a
decrease in analgesic use.
For future research, it would be preferable to use more
sophisticated equipment that has the ability to continuously
monitor sunlight intensity inpatient rooms. Light-frequency
sensors, which measure the intensity of both sunlight and
fluorescent light at short time intervals, could be situated in
the interior of patient rooms. Such equipment could accurately
measure the quantity of natural sunlight and manufactured
light that a patient is exposed to while they are in their hospital
room. 3) Another limitation of this research is that no biologic
samples were collected from the patient population. Subsequent studies should measure a variety of biologic parameters
(eg, serotonin) to investigate potential mechanisms of sunlight
action on psychosocial and analgesic medication outcomes. 4)
Subjects were admitted into this study after they were assigned to hospital rooms on either the bright or dim side of the
unit. The unit director assigned patients to either side based
only on room availability and without consideration of biographic characteristics (eg, age, sex, surgical procedure). Although statistical analysis revealed no significant differences
between the characteristics of patients on both sides of the
unit, a formal randomization procedure would be preferable.
5) Finally, age was determined to be a confounding factor that
correlated significantly with a decrease in analgesic medication use. Although patients on the bright side consistently used
less analgesic medications in all age groups, future studies
could remove age as a possible confounding variable by
stratifying patients before room assignment. The ideal replication would admit patients into the study before having
surgery, then stratify based on age, and use a formal randomization procedure to assign patients to hospital rooms. This
methodology, although it may not be feasible in a hospital
setting, would qualify as a randomized, controlled trial.
The pioneering work of Roger Ulrich (22) first established
the potential influence of the hospital room environment on
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the course of hospitalization. Our data extends the influence of
the environment to the amount of sunlight present in a hospital
room. The demonstrated effect of sunlight exposure on analgesic medication use could have implications for architects,
scientists, physicians, and hospital administrators.
The United Kingdom recently established a Private Finance
Initiative (PFI) to redevelop 25% of all healthcare buildings
within 10 years, incurring a cost of over $2.1 billion to date
(23). The British government’s National Health Service proposed an Achieving Excellence Design Evaluation Toolkit
(AEDET) to assess current healthcare buildings and provide
design specifications for new PFI hospitals (24). One major
element of the AEDET assessment is whether the hospital
design provides a therapeutic environment for patients
(23,24). The beneficial outcomes presented in this study may
encourage architects to consider the level of sunlight exposure
for patients. An optimal therapeutic hospital design may maximize sunlight exposure for patients with high use of analgesic
medication. This research may also inspire architects and
researchers to conduct similar studies that examine the effect
of other hospital room design elements on the healing process.
Patients on the bright side in our study reported a significantly greater decrease in perceived stress at the time of
discharge; however, this was not statistically associated with
lower mean levels of analgesic use. These findings suggest
that different mechanisms may mediate the effects of sunlight
on psychosocial factors and analgesic use. Possible mechanisms may involve hormonal alteration in response to light.
One particular neurotransmitter is serotonin, the concentration
of which increases after light exposure. The activity of serotonin n-acetyltransferase, which catalyzes the conversion of
serotonin into melatonin, is reduced after exposure to light
(14). The serotonin metabolite concentration in the cerebrospinal fluid peaks during the summer months (25). This occurs
during a time of higher-intensity sunlight and a longer period
of daylight compared with the winter months that have the
lowest concentration of hypothalamic serotonin (26). Research has shown that high-intensity light (phototherapy) increases platelet imipramine-binding sites (27), which are an
indicator of serotonin uptake.
Serotonin is secreted by nuclei that originate in the brainstem (15). It then acts as an inhibitor of pain pathways in the
spinal cord and other areas of the central nervous system (15).
The role of serotonin in nociceptive processes is well documented (28), along with studies that correlate low serum
serotonin concentrations and a high level of tenderness for
patients with temporomandibular disorders (29).
Data from over 40 controlled trials indicates that tricyclic
antidepressants (TCAs) reduce a patient’s pain perception
(30). TCAs block the removal of serotonin from the synaptic
cleft and thus prolong and increase the time that serotonin
remains active in the body (31). This is analogous to having an
increase serotonin concentration in the central nervous system
(CNS) during time periods of exposure to higher-intensity
sunlight (25). Therefore, our hypothesis is that exposure to
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sunlight may reduce a patient’s perception of pain and their
need for analgesic medication.
Side effects from opioid use are common among postoperative patients. One survey reported that 82% of patients
taking opioid medications had at least 1 side effect from that
medication (13). The incidence of common side effects such
as nausea and vomiting increases with an increase in the
opioid dose (32). A reduction in opioid use among postoperative patients who are exposed to increased sunlight may
cause a reduction in the occurrence of specific dose-dependent
side effects. The potential health benefits of patient exposure
to sunlight may cause physicians to encourage their patients to
leave the blinds open in their hospital room.
Analgesic medication use in this patient population was the
most in the youngest age group (22– 49 year-olds). This is
consistent with prior research demonstrating that the duration
of pain relief after a single dose of an opioid increases with
age (33). Sunlight had the most significant effect on analgesic
use among the youngest age group and also on the first day
after surgery, when the most pain medication was used. This
study demonstrated that hospital patients who use the highest
amount of analgesia received the most benefit from sunlight
exposure. These results may encourage hospital administrators
to relocate patient populations with high-analgesic requirements to units with higher-intensity sunlight.
The influence of the hospital environment on the healing
process may contribute to a significant reduction of healthcare
costs. This is of great importance during the present time
because inpatient healthcare expenditures in the United States
rose 6.2% from January 2002 to June 2002 (34), with pharmacy departments representing the third largest component of
hospital costs (35). In our study, pain medication costs for
patients on the bright side were reduced by 21%. These
findings suggest that the exposure of surgical patients to
increased amounts of natural sunlight during their hospital
recovery period not only has important medical benefits for
the patient, but also has significant cost saving benefits for
health systems.
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