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This Presentation Includes ))
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A Existing knowledge gap on therapeutic daylighting research
necessary for hospital design

A Development of an evidence based methodology to fill the gap

A Demonstration of the proposed methodology to establish
relationship among daylight intensity, provision of outdoor view and
p at i kendgthoistay in hospital environment.
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Importance of Daylighting for Hospital Patients %
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| ndi v ibidlogachl :éeds for lighting are different from visual lighting needs
Lack of adequate daylight for biological stimulation can lead to health problems
Ontheotherhand,daylit buildingsincrease n d i v codhiorg health and performance

The importance of daylight from health perspective is vital for hospital patientséwho
are already physically and/ or psychologically stressed

As the patients stay in indoor for 24 hours, theyaremorevulnerableto be affectedby lack
of daylightneededn 24 hourdiurnalcycle,evenfor a shortperiodof stay

So, in caseof hospital patients,daylight can be usedto ensuregood health and accelerate
clinical recovery.
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4 Key pieces of Research
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A 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Healthcare Facilities, Unpublished M.Sc Thesis, Office of Graduate Studies of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)

A 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.1561 163)

A 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Health Outcomes of Patients Recovering From Surgery, Unpublished PhD thesis,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.)

A 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Environment, Unpublished MSc thesis, The faculty of the Department of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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£ | Park, 2006 Dutro, 2007 Choi, 2005 Walchetal., 2005
1. Thyroidectomy Pediatrioutpatien{80) | 1. InternalWard(317 Elective cervical and
= surgerypatient480 2. Otorhinolaryngology lumbar spinal surgery
Z |2. Appendectomy Ward(299 patientg89)
2 surgeryatientg90) 3. SurgeryVard(222
% 3. Hemorrhoidectomy 4. Gynecologyard(359
N surgerypatient§90) 5. Medicalvard(409
6. Orthopedicsward(429
3 July2005to May2007to Springfall,andwinter,2005 | 12March,2003to
'S | Januarg006 DecembeR007 7 August2003
o
~ |3 separate Suburbar East Tennessee Statg 1. Inha UniversityHospital,| Montefiore  Hospital,
% Hospitalsin Korea University Pediatrig Inchon,Korea NY.
4 Clinic in Johnson City,| 2. St  Joseph Regiona|
T TN. Health Centre, Bryan,
% TexasU.SA
o
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x | Park, 2006 Dutro, 2007 Choi, 2005 Walchet al., 2005
Presenceof ornamenta 1. Picture with| 1. [llluminance 1. The intensity of
indoor plantsin hospital backlight 2. Luminanceation sunlight
rooms 2. Picture with no|3. Daylightfactor

I backlight 4. Diversity and uniformity

@ 3. Blacksquareseiling of illuminance

~ 4. No changesto the|5. Physical environmen

[ ceiling propertiesof the patient

o rooms

S

c

o

>

c
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13. PACUmorphinglmg/hr) 6. Surgical
14. Pain rating at PACU complications

£ | Park, 2006 Dutro, 2007 Choi, 2005 Walchetal., 2005
1. Length of [No Physiological datg 1. Patient Averagelength 1. Lengthof stay(days)

o hospitalization collected of Stay(ALOS) 2. Meanoral morphine

% 2. Analgesicsused for consumption

8 postoperative pain 8. Diastolic blood pressurt (mg/hr)

g control (mmHg) 3. Painmedicatiorncost

_‘_9“ 3. Bloodpressure 9. Heartrate(beats/min) perhour

8 4. Temperature 10. Bodymassndex 4. Prior analgesi

2 |5. Heartrate 11. No. of leveldused medicatioruse

5 6. Respiratoryate 12. ORmorphinglmg/hr) 5. Diagnosi$’rocedure

= dischargécm) 7. Systolic blood

15. Optimism level on pressure(mriHlg)
postoperativdayl
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Psychological Variables
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£ | Park, 2006 Dutro, 2007 Choi, 2005 Walchet al., 2005
Ratings of painl. Duration of (1. Patient8 preferences in|1l. Stress
intensitypain distres examination by the daylightingenvironments (2. Depression
anxiety and fatigue physician 3. Anxiety

ﬁ (PPAF) 2. Characterization of 4. Severityf pain

ﬁ The StateTrait the exam assesseby

f;° Anxiety  Inventory thephysician 1.Sex

c_g FormY-1(STALY1) |3. Stresof the attending " 2.Race/

I The Environments parentor guardian % ethnicity

E Assessment  Scal -% 3.Education

% (EAS) > |4Income

o The Pat i Baon £ |5Age
Satisfaction g
Questionnaire g
(PRSQ) A
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£ | Park, 2006 Dutro, 2007 Choi, 2005 Walchet al., 2005
1. Analysis of | 1. SPSS(Chicago,IL) | 1. SPSSs usedfor ANOVA (1. Minitab statistica
covariance and Statistica (Analysi®f Variance) softwareprogram
(ANCOVA) using Analysis  Systen] 2. One way analysis of | 2. Parametric(t test
" SASPROCGLM (SASCaryNC). variancevasused for independen
?n; 2. Theexactchisquarg 2. KruskalWallistest samples) or
c_cc test using SAS| 3. Regression analysis nonparametric
© PROCFREQ (ProcGLM, SAS) equivalentgMann
.§ 4. T u k étaridardize Whitney test or
-% Rangélest chisquaredJests
n
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Ref

Park, 2006

Dutro, 2007

Choi, 2005

Walchetal., 2005

Findings

Patientseexposedo plants
experienced shorter
hospitalizations, fewer
intakes of postoperativy
analgesicanore positive
physiological response
andlesspain,anxietyand
fatigue than patientsin
the controlgroup

Although a statistical Positive relationshipsbetweern
the ALOS (Averagd.engthof

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

Stay) and brighter
environments

People answeredpositively to
the role of daylightin indoor
daylightenvironmentdgor their

specifigatientboedroom

light

Patientsexposedto an
increasedintensity of
sunlight (46% higher)
experienced less
perceived stress
marginally less pain,
took 22 lessanalgesi
medication per hour,
21% less pain
medicatiorcosts
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Ref

Park, 2006

Dutro, 2007

Choi, 2005

Walchetal., 2005

Comments

This is a balancedstudy
with 6  physiologica
variables and 4
psychological variableg
Separateanalysisfor 3
specificsamplegroupsof
equal physical condition
(postsurgery) had
increasedhe validityand
confidence about the
positiveeffects

Absenceof Physiologice
data (i.e. blood pressure
blood,and Salivaests)in
analysishad made the
studyweak

As this testing would
compelusingan invasive
procedure on children,
thesetypesof testswere
not feasible for this
experiment

Too much variety in samplg
groups and possibility of a
great extent of variation in
physical condition within the
samesamplegroup (in wards)
and considering only one
physiologicalariable(Average
Lengthof Stay)had madethe
result less reliable on clinical
pointof view

Strong analysis from
clinical point of view
but the procedure of
measurindight twicein
a day and then
multipliedwith daylight
hour to  calculate
cumulative daily
sunlight exposuredoes
not representhe actua
daylightexperiencedby
thepatients
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Statistical Model \f@))
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A multiple linear regression model (MLR) is finally recommended

to correlate Environmental and clinical variables.

A Eg. y=a+ X +BXot DXaF oo, +R

(Multiple linear regression analysis is a method for measuring the effects of several factors concurrently.)
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For sampling, take a uniform patient population (eg; patients underwent a particular type of
surgery/ procedure or very specific patient group).

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)

Selected samples admitted in the hospital should be in an equal or nearly equal stage of the
disease at the beginning of the study.

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

The disease should carry both physical and psychological (usually accompanied with physical
diseases) stress to patients.

The patients should be free from other major complexities.

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 p at | @mgredssbefore
release (very short stays cannot be regarded as being influenced by daylight).

Following above criteria, a number of patients who had undergone a major open
heart surgery had been taken as samples for this research.




Variables to be Used in Regression Model t.\-@))
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Environmental variables

1)
2)
3)
4)
5)

Light

Temperature

Relative Humidity (R.H.)

Room type (single/ double bed)
Provision of outdoor view (POV).

Demographic variables

1)
2)
3)
4)
5)

Gender

race/ethnicity

Age

Weight

Body Mass Index (BMIgtc.

Clinical variables

1)
2)
3)
4)
5)

Length of hospitalization
Blood pressure

Body Temperature
Heart rate

Respiratory rate etc.

Additional variables for open heart surgery patients

1)
2)
3)
4)
5)
6)
7)
8)
9)

Ejection Fraction Value

Past Surgery Record

Fluid Balance

Smoking Habit

Diabetics

Hypertension

Myocardial Infarction (Ml)
Bronchial Asthma

Cerebral Vascular Diseases (CVD)
10) Chronic Renal Failure (CRF) etc.
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Constrain of Daylight Measurement \‘\?)))
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A 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

A Past researchers measured sunlight intensity by light meter twice or more everyday and
multiplied with daylight hours

A 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.

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

A This can be done by either installing several data loggers on the work plane of the each
pat i eont és

A Using simulation software to find out the average daylight levels.

www.haciric.co.uk



Health and Care Infrastructure Research and Innovation Centre

HaCIRIC

Ight

Dayli

ing

Method of Measur

Rl L]

e

i

1500

0000

15800

1900

100040

1000

S0

ST vy 77
GOUL Ay o2
07 Awmivy gt
0T emiry of
SAOT Ammieg y L
0T Arernieg T8
ST Awrmavy 0F
AT Aty g
AT Ly gy
SO0T Mwmivg 0
SHOT Mg 1o
BOOT Mieag (£
PODT Bquieag 67
BOOT sepiineg (7
BOOT Suiioag 47
BOOT s»ipinmg (7
BO0T Squiag 1T
BOOL s pisdg o8
DOOT sevpusarag £ ¢
BOOT s T
ROOT SQuissag 1
BOOT mipinieg [
POOT Biieag G0
BOOT s quisiig /0
BOOT sedjulacnsg 40
POOT B (0
WOOT Squag [
KON ssquiscon 61
BOOT secquincon) (1
BOOT weiprisas oy €2
SOOI Su=toy ¥ T
BOOL sjuesioy 12

POOT sxtpuaron &t

s M 00 et o | lhmviiance

wEmt West

~@—South

—a—Nwth

www.haciric.co.uk




Case Study, Dhaka @J
HaCIRIC

Health and Care Infrastructure Research and Innovation Centre

Vs L il iid,
%’ 7/, 6 storied Residential Buildings/
1

1 storied Buildings
Z .
v
9 storied

Buildings
e

RN
\\\ 1 storied Buildings

20 storie:
Buildings

15 storied
Buildings 7

SILELAL A,

100000 SquareHospital Ltd., Dhaka, Bangladesh

2y

www.haciric.co.



Daylight Simulation
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Flucsl'ro Theeshold table

Threshold tables

Day Hght simulation model data

Page fof 8

Proscst file < andvil bl - 1 sacer smesnp - L osguing - 1'SQ smgle fine 20000355 mit

Locatson: Diaka, Hangladesh (23 50N, 269 20W')

Ilemmance threshold = 1 000 fux
Roams
Room D) Howsm "mw’-rl Percrutape u-lunt thrvsh \rverage iThuminance
name (o) (%) (duv)
1OUINKRTO0S 13.021 M0 .00 4
LGSR 1005 13516 F00.1X 522914
1O0GOMCR 1 008 15519 100X 477 148
100 I O0T 13647 100 1 S0 K74
10RO 008 15819 100 00 477 148
1000001009 12965 10000 527 H%3
1010000081010 17418 110000 1435 1608
1013000001013 18353 {10000 S%1.001
191300k g10 14 14790 10000 joll1 775
101300001015 19217 Ji0e.x 595 %19
101 60KR10 16 15 448 040060 S%Y.772
1013000001017 17,967 100X S9| 347
1018 (QI01% 15 448 110000 SR
1019000001019 17092 100 00 <54 921
1020001020 15537 L0000 SR0L& 13
10230KQ1823 | 3980 10000 d66. K1%
1024000001024 11 883 104 (X o8 143
10250001028 15.743% 10000 o2 27
102600000 1028 12872 100 (X TR2216
102701027 12 045 110000 790 738
10RO 0% 12.32% 106 04 B4 425
HOZHHHR1 029 12952 {0000 [755 X80
Building
Total foor ares (e i Ares weightod percentape above theeshold (% )
24,747 100 00
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Flucsl'ro Theeshold able Pagzloft

Threshold tables
Day bight simulation model data:

Proacet file < andvil whilar - 1 goeer smenp - oaguang - 1 S0 smgle fine 20000355 mit

Locatson, Dhaka, Rangladesh (23 SN, 269 20W')
llssmmance threshold = 1000 fux

Roams
an ™ Hoom Flowr arvs Percvmtage abwve thresd Average lhuminance
e (') (%) (v )
100XNKR1003 13.021 1000 1477
100500001005 13.516 10000 522914
100600001 006 15519 100.00 77148
100N I 00T 13647 100 00 S0 K74
10000041 008 15.819 100.00 477 148
K . K 1000001 009 12965 100.00 527 6%3
Multiple Linear Regression Model T a0 s 10
1013000001013 15333 100.00 $21.001
munml!ou 14.9m 10000 jolll 775
1013000001015 19.217 100.00 5935 819
10160001016 15, 44K 1§40, 00) 540 772
101 7000001017 17 967 100,00 ZIETH
I(HRLMKK}IO]N 15 438 0000 SU2 R
101900001019 17.092 100.00 <84 921
_% 15537 10000 SNUL& 13
1023001623 13,989 10000 266,818
1024000001024 11 853 10000 jomo 043
h [ELI (S 13,748 100,00 602 277
1026000001026 12872 100 00 752216
10270M0cg1027 12 045 100 00 1790 738
ﬁ%}:ﬂ 12.32% 10000 B4 425
HO290000R1 029 12,952 100,00 [755 X80
Building
Total foor sres (' fAres weightod percentape above theeshold (% )
24747 100.00
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A sample summary statistics of variables primarily
considered in the model
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. Deviation
Patientsd stay time in hour 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 HQ) 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 ¢F) 98.00 99.00 98.05 0.22
Pulseoximeterarteriahemoglobiroxygen saturation (%) 93.00 99.00 96.33 1.87
Fasting Blood Suganifoll) 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
Dyslipidaemi21) 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 ¢C) 19.28 27.28 24.12 1.14
Relative Humidity (%) 47.84 82.60 64.83 5.44
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Pearson Correlation Analysis
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