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This Presentation Includes

Å Existing knowledge gap on therapeutic daylighting research

necessary for hospital design

Å Development of an evidence based methodology to fill the gap

Å Demonstration of the proposed methodology to establish

relationship among daylight intensity, provision of outdoor view and

patientsôLength of stay in hospital environment.
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Importance of Daylighting for Hospital Patients

3

Á Individualsôbiological needs for lighting are different from visual lighting needs

Á Lack of adequate daylight for biological stimulation can lead to health problems

Á Ontheotherhand,daylit buildingsincreaseindividualsôcomfort, health and performance

Á The importance of daylight from health perspective is vital for hospital patientsôwho

are already physically and/ or psychologically stressed

Á As the patients stay in indoor for 24 hours, theyaremorevulnerableto beaffectedby lack

of daylightneededin 24hourdiurnalcycle,evenfor a shortperiodof stay

Á So, in caseof hospital patients,daylight can be usedto ensuregood health and accelerate

clinical recovery.
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Treats Seasonal Affective Disorder 

Reduces Agitation

Creates positive feelings and emotions

Improves sleepand circadian rhythms

Treats Bipolar Disorder 

Reduces depressionfor pregnant women

Treats patients with severe and refractory depressions 

Slow cancercell development

Reduces mortality from lung and prostate cancer

Reduces mortality from ovarian,  breast, and colon cancer

Decreases  the risks of rickets in childhood 

Reduces length of stay for Hospital patients

Reduces Physical Pain  of  patients after spinal surgery   

Reduces dental cavities 

Raises  skeletal growth 
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Impacts of Daylight on Health and Recovery

Reduces osteomalacia and fractures in adults

Raises  calcium metabolism
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4 Key pieces of Research

Å Choi, 2005 (Joon Ho Choi, 2005, Study of the Relationship between Indoor
Daylight Environments and Patient Average Length of Stay (ALOS) in
Healthcare Facilities, Unpublished M.Sc Thesis, Office of Graduate Studies of
Texas A&M University, Major Subject: Architecture, Texas, U.S.A)

Å Walch et al., 2005 (Jeffrey M. Walch, Bruce S. Rabin, Richard Day, Jessica N.
Williams, Krissy Choi, And James D. Kang. , 2005, The Effect of Sunlight on
Postoperative Analgesic Medication Use: A Prospective Study of Patients
Undergoing Spinal Surgery, Psychosomatic Medicine 67, pp.156ï163)

Å Park, 2006 (Seong-Hyun Park , 2006, Randomized Clinical Trials Evaluating
Therapeutic Influences of Ornamental Indoor Plants in Hospital Rooms on
Health Outcomes of Patients Recovering From Surgery, Unpublished PhD thesis,
Department of Horticulture, Forestry and Recreation Resources , College of
Agriculture , Kansas State University , Manhattan, Kansas.)

Å Dutro, 2007 (Anna Rae Dutro, 2007, Light Image Therapy in the Health Care
Environment, Unpublished MSc thesis, The faculty of the Department of
Technology, East Tennessee State University, Johnson City, TN.)
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1. Thyroidectomy

surgerypatients(80)

2. Appendectomy

surgerypatients(90)

3. Hemorrhoidectomy

surgerypatients(90)

Pediatricoutpatient(80) 1. InternalWard(317)

2. Otorhinolaryngology

Ward(296)

3. SurgeryWard(222)

4. GynecologyWard(359)

5. Medicalward(409)

6. Orthopedicsward(425)

Elective cervical and

lumbar spinal surgery

patients(89)

P
e

ri
o

d July2005to

January2006

May2007to

December2007

Spring,fall,andwinter,2005. 12March,2003to

7 August,2003
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l) 3 separate Suburban

Hospitalsin Korea

East Tennessee State

University Pediatric

Clinic in Johnson City,

TN.

1. Inha UniversityHospital,

Inchon,Korea

2. St. Joseph Regional

Health Centre, Bryan,

Texas,U.S.A

Montefiore Hospital,

NY.
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Park, 2006 Dutro, 2007 Choi, 2005 Walchet al., 2005
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Environmental  Variables
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Presenceof ornamental

indoor plants in hospital

rooms

1. Picture with

backlight

2. Picture with no

backlight

3. Blacksquareceiling

4. No changesto the

ceiling

1. Illuminance

2. Luminanceration

3. Daylightfactor

4. Diversity and uniformity

of illuminance

5. Physical environment

propertiesof the patient

rooms.

1. The intensity of

sunlight
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Clinical / Physiological Variables
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Park, 2006 Dutro, 2007 Choi, 2005 Walchet al., 2005
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1. Length of

hospitalization

2. Analgesicsused for

postoperative pain

control

3. Bloodpressure

4. Temperature

5. Heartrate

6. Respiratoryrate

No Physiological data

collected

1. Patient AverageLength

of Stay(ALOS)

1. Lengthof stay(days)

2. Meanoral morphine

consumption

(mg/hr)

3. Painmedicationcost

perhour

4. Prior analgesic

medicationuse

5. DiagnosisProcedure

6. Surgical

complications

7. Systolic blood

pressure(mmHg)

8. Diastolic blood pressure

(mmHg)

9. Heartrate(beats/min)

10. Bodymassindex

11. No. of levelsfused

12. OR morphine(mg/hr)

13. PACUmorphine(mg/hr)

14. Pain rating at PACU

discharge(cm)

15. Optimism level on

postoperativeday1
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Psychological Variables
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1. Ratings of pain

intensitypain distress

anxiety and fatigue

(PPAF)

2. The State-Trait

Anxiety Inventory

FormY-1 (STAI-Y1)

3. The Environmental

Assessment Scale

(EAS)

4. The PatientõsRoom

Satisfaction

Questionnaire

(PRSQ).

1. Duration of

examination by the

physician

2. Characterization of

the examassessedby

thephysician

3. Stressof the attending

parentor guardian

1. Patientsõ preferences in

daylightingenvironments

1. Stress

2. Depression

3. Anxiety

4. Severityof pain
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1.Sex

2.Race/

ethnicity

3.Education

4.Income

5.Age
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Statistical analyses
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1. Analysis of

covariance

(ANCOVA) using

SASPROCGLM

2. The exactchi-square

test using SAS

PROCFREQ.

1. SPSS(Chicago,IL)

and Statistical

Analysis System

(SAS,Cary,NC).

2. Kruskal-Wallistest

3. Regression analysis

(ProcGLM, SAS)

4. TukeyõsStandardized

RangeTest.

1. SPSSis usedfor ANOVA

(Analysisof Variance)

2. One way analysis of

variancewasused.

1. Minitab statistical

softwareprogram

2. Parametric(t test

for independent

samples) or

nonparametric

equivalents(Mann-

Whitney test or

chi-squared)Tests.
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Findings
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Patientsexposedto plants

experienced shorter

hospitalizations, fewer

intakes of postoperative

analgesics,more positive

physiological responses,

andlesspain,anxiety,and

fatigue than patients in

thecontrolgroup.

Although a statistical

difference was not

determinedbetweenthe

room with the backlit

image and positive and

negative control rooms,

patients in rooms

containing nature art

tended to exhibit less

anxiety.

Positive relationshipsbetween

the ALOS (AverageLengthof

Stay) and brighter light

environments.

Peopleansweredpositively to

the role of daylightin indoor

daylightenvironmentsfor their

specificpatientbedroom.

Patientsexposedto an

increasedintensity of

sunlight (46% higher)

experienced less

perceived stress,

marginally less pain,

took 22% lessanalgesic

medication per hour,

21% less pain

medicationcosts
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Comments
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This is a balancedstudy

with 6 physiological

variables and 4

psychological variables.

Separateanalysisfor 3

specificsamplegroupsof

equal physical condition

(post-surgery) had

increasedthe validityand

confidence about the

positiveeffects.

Absenceof Physiological

data (i.e. blood pressure,

blood,andSalivatests)in

analysis had made the

studyweak.

As this testing would

compelusingan invasive

procedure on children,

thesetypesof testswere

not feasible for this

experiment.

Too much variety in sample

groups and possibility of a

great extent of variation in

physicalcondition within the

samesamplegroup (in wards)

and considering only one

physiologicalvariable(Average

Lengthof Stay)had madethe

result less reliable on clinical

pointof view.

Strong analysis from

clinical point of view

but the procedureof

measuringlight twicein

a day and then

multipliedwith daylight

hour to calculate

cumulative daily

sunlight exposuredoes

not representthe actual

daylightexperiencedby

thepatients.
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Statistical Model

A multiple linear regression model (MLR) is finally recommended

to correlate Environmental and clinical variables. 

Å E.g.  y = a + b1x1 + b2x2 + b3x3 +  ................................................ +bnxn

(Multiple linear regression analysis is a method for measuring the effects of several factors concurrently.) 
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Sample Selection Criteria

a) For sampling, take a uniform patient population (eg; patients underwent a particular type of

surgery/ procedure or very specific patient group).

b) It should be a non psychological disease and should not relate to cancer and bones. (as the

relation with these diseases has already been established)

c) Selected samples admitted in the hospital should be in an equal or nearly equal stage of the

disease at the beginning of the study.

d) To recover, all patients should have underwent a standard procedure of treatment

e) The disease should carry both physical and psychological (usually accompanied with physical

diseases) stress to patients.

f) The patients should be free from other major complexities.

g) To cure from the problems the patients must have to stay in hospital for several days to undergo

treatment; so that the investigator have enough time to observe the patientôsprogress before

release (very short stays cannot be regarded as being influenced by daylight).

Å Following above criteria, a number of patients who had undergone a major open

heart surgery had been taken as samples for this research.
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Variables to be Used in Regression Model 

Environmental variables

1) Light

2) Temperature

3) Relative Humidity (R.H.)

4) Room type (single/ double bed)

5) Provision of outdoor view (POV). 

Clinical variables

1) Length of hospitalization

2) Blood pressure

3) Body Temperature

4) Heart rate

5) Respiratory rate etc.

Demographic variables

1) Gender

2) race/ethnicity

3) Age

4) Weight 

5) Body Mass Index (BMI) etc.

Additional variables for open heart surgery patients

1) Ejection Fraction Value

2) Past Surgery Record

3) Fluid Balance

4) Smoking Habit

5) Diabetics

6) Hypertension

7) Myocardial Infarction (MI)

8) Bronchial Asthma 

9) Cerebral Vascular Diseases (CVD)

10) Chronic Renal Failure  (CRF) etc.
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Constrain of Daylight Measurement

Å One of the constrains of daylight research is the estimation of daylight levels which change

rapidly with time with the change of cloud cover in the sky

Å Past researchers measured sunlight intensity by light meter twice or more everyday and

multiplied with daylight hours

Å The measurement of only two or more sunlight intensity per day does not represent the

actual daylight levels that the patients experienced during his or her staying time in hospital.

Å A continuous monitoring of sunlight intensity inside patient rooms is required for further

research.

Å This can be done by either installing several data loggers on the work plane of the each

patientôsroom, or

Å Using simulation software to find out the average daylight levels.
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Method of Measuring Daylight 
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Case Study, Dhaka

SquareHospital Ltd ., Dhaka, Bangladesh.



www.haciric.co.uk

10th Floor, Cardiac Unit

Daylight Simulation
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Data Simulation

Multiple Linear Regression Model
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A sample summary statistics of variables primarily 

considered in the model

Variables (unit/number) Minimum Maximum Mean Std. Deviation
Patientsõ stay time in hour (Dependent Variable)48.00 178.00 88.43 29.88

Systolic Blood Pressure (mm Hg) 83.00 153.00 117.43 14.26

Diastolic Blood Pressure (mm Hg) 49.00 90.00 74.48 7.71

Mean Arterial Pressure (mm Hg) 60.00 106.00 88.83 9.45

Heart Rate (Beats/ min) 78.00 102.00 87.95 6.90

Respiratory Rate ( Resp/min) 16.00 30.00 19.95 2.73

Body Temperature (oF) 98.00 99.00 98.05 0.22

Pulse oximeterarterial hemoglobinoxygen saturation (%) 93.00 99.00 96.33 1.87

Fasting Blood Sugar (mmol/l) 5.00 11.40 7.49 1.85

Fluid Balance (ml) -1800.00 195.00 -642.50 419.72

Ejection Fraction Value (%) 35.00 65.00 52.69 7.87

Smoker (17) 0.00 1.00 0.43 0.50

Diabetics (15) 0.00 1.00 0.38 0.49

Hypertension (30) 0.00 1.00 0.75 0.44

Dyslipidaemia(21) 0.00 1.00 0.53 0.51

Diabetes Mellitus (14) 0.00 1.00 0.33 0.47

Myocardial Infarction (13) 0.00 1.00 0.30 0.46

Transient Ischaemic Attack (0) 0.00 0.00 0.00 0.00

Bronchial Asthma (1) 0.00 1.00 0.03 0.16

Stroke (1) 0.00 1.00 0.03 0.16

Cerebral Vascular Diseases (2) 0.00 1.00 0.05 0.22

Chronic Renal Failure (0) 0.00 0.00 0.00 0.00

Gender(33 Male, 7 female) 0.00 1.00 0.80 0.41

Age (year) 5.00 70.00 50.70 16.60

Weight (Kg) 12.00 92.00 60.04 16.35

Height (cm) 39.00 180.00 153.63 22.72

Body Mass Index 12.00 92.00 60.04 16.35

Room Type (15 single room & 25 double room) 0.00 1.00 0.63 0.49

Provision of Outdoor View (30 with outdoor view) 0.00 1.00 0.75 0.44

Room Temperature (oC) 19.28 27.28 24.12 1.14

Relative Humidity (%) 47.84 82.60 64.83 5.44

Point Illumination of combined Lighting ( Lux) 3.90 668.80 61.67 94.15

Average Daylight Intensity of the rooms (Lux) 200.24 1080.45 598.43 185.32
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Pearson Correlation Analysis


