Study Designs
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Selection Bias

'Measurement Bias

Confounding
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Study
sample
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Usztauias R2R

n1sfnuiladeda (Risk factor)

NNsFANENaIL a9 (Cause)

ANSANEIANNENN USRI D urinnULlae
m14°)(Correlation)

nsEneniladanwensalnaans2aatleuvin(Prognostic)

=

NIsANEN8INUNITINEILasT i1l 5@ (Therapy,
Prevention)
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Type of Study designs

X

v

X

v

—— Comparison (nantUSaLiay?)

Descriptive study (Wssauun)

Analytical study (3Las1z1)

—— Inferventions

Observational study (§3tnen15a4)

Experimental study (naaa4)
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Type of Study designs

——— Time Horizon (f&t2an)
=  Prospective (lu219%1N)
€= Retrospective (g2 UnR)

@ (Crossectional (A1)
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Type of Study designs

— Descriptive study (LZ9WIIOUNN)

~— Analyfical study (\F9L@F12A)
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Descriptive study design

LW TOUUN

— lufinguidsauiay, dnddszans
FINBILNENNANLA S

— Wun1sansuy Experimental (naanl),
Observational (s9tnsn15a), Prospective (11
A19%14, Retrospective (D UKAT) 13D
Crossectional (®129149) nla
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Descriptive study design

(LZAWITUUN)

—— (Case report

——  (ase series

——1  @nuzn (Cross-sectional)

—1  asfnwsssnafanelsa (Natural history)

——1 Normal value (n135n@15n6)
1 Phase |, Il drug efficacy study
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Normal tongue position
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2,679 newborns

Breastfeeding
difficulty
247 (9.2%)

Tongue tie No tongue tie
428 (16%) 2,251 (84%)

No breastfeeding No breastfeeding|
difficulty difficulty
266 (62.1%) | ull 2166 (96.2%)

B
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Descriptive study design

(LBINTTUUN)
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alolfa)!

Descriptive study design

—1  ludnaudSauiiay
——  TsauelsanngLg

———  Placebo effect

—  (o-intervention

—1 Regression fo mean
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(Descriptive study design)
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Study
sample
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Analytical study de5|gn

’QLﬂi’]“"Vi

——— Observational design

— (ross-sectional study
— Case-control study

— (ohort study (Prospective)
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Analytical study de5|gn

’QLﬂi’]“"Vi

——  Experimental study
— Before-after study design

—  (ontrolled trial

—  (ross - over
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Cross-sectional study

(m2a714)

—1  nmdn ludszansdne o 9a
natlanainii

—1  {lesdsuaznaansazgniszsiiuly
AUSLAEINUY
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Cross-sectional Study (A1 21274)

1lgz%1ng
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Prevalence = 166,/240= 0.69

Taialiame of cancer
aa

Relative prevalence
={164/171

(2/71)
- 34.25

Past Present Future
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Cross-sectional study

—1 f@nmanugnaadlsa

—1 @nHANAI2BIIBNITNAFDULNDNNS
Mg
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Cross-sectional)

—1 lganog luuna

v

— luepeso lviianaans

v

— Ludin19 loss follow up

—1  {lagadsq, Anuygn
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(Cross-sectional

laenugnualalagitnisoa
— lugwnsavaninduaivela

—— lydn1sauNNISNYINT LSALaZNIS
aLiiulse

1 Mawmnnsnulsannuldvasg

FungWaudn 16 nsngran 2009



alolfa)!

(Cross-sectional

— dlandnnaad ladne:
— Jauulimnnu
— ANBUNUIIULANAINNY

— Confounders
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FANBIAMAI2DIITNITNAFL

lBN15IHINY
Gold Standard fest
All patients
NewlTesI
ewfest Gold Stulndurd fest

Past Present Future
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Disease No Disease
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SIRIRAJ TONGUE-TIE SCORE (STT SCORE)

HORBIONR©
Tongue Frenulum mild moderate severe
Function I\ @ o~ @ =N @
protraction retraction inversion
Nipple sensation | Tongue at Tongue at No
areola @ nipple @ Latch on@
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Cross-sectional

LANLLSNLAG

\

( STT Score )

V

[msq}ﬂumm]

Past <€—— Present ——y Future
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NNTQAAUNLLN

( STT Score )
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STT score <8 Gluﬂ’]'ﬁﬁf]u’] £] BF problem

BF problem

yes no
218 838
88.3% 34.5%
29 1594
11.7% 65.5%
247 2432
100.0% 100.0%

Sensitivity = 88.3%

BF problem
yes no Total
STT score 218 1056
<8 20.6% 100.0%

29 1623
1.8% 100.0%

247 2679
9.2% 100.0%
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THE GOLD STANDARD

——1 A method having established or widely accepted accuracy for
defermining a diagnosis of disease.

~———  The method need not be a single or simple procedure but could
include follow-up of patients to observe the evolution of their
conditions or the consensus of an expert panel of clinicians
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Case-control Study

Exposure Disease

Uszainng
NENEN

Maidiulsa

Time
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Case-control Study

IEEHIGEN
- Useang

Time
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Hypothetical data on the association between vitamin E

supplementation and the risk of CAD

CAD

Present Absent

Vit. E sup.

ORc= (50*384) /(501*65) = 0.59
P=0.003
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(Case-control Study)

——  ns@Enmiladends (Risk factor)

—  ansfnsavnatan (Cause)

1 nsfinsanudunuseastlyvinuilaas
m14°)(Correlation)
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(Case-control Study)

— fuslazmdlulsanwulites Hssaznisaiiv
lsAaunu

—  Taaniias

1 fuszlamilunnsfnenanaqilaas

1 lFnuiunguaiegnaios

—lauw
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DU

(Case-control Study)

——1  2ATDYANADINTT

— | ldawnsarmatifnisaluazanunnle

— | wileuaans
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amaau (Case-control Study)

¢ fHlanraiinaaflasng:

¢  Sampling bios : aARINNNITLADNAIDEN

N

¢  (ases and controls

N

¢ aduaundnanngiudszannsnauifgIni
¢  Hlanawnngnnulunislasuilavaids

¥  Measurement bias : AR INNN1FIOKIENITUSLLN UL Y
Lat219 (recall bias)

At

¢ (onfounders
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Measurement bias

Interview bias (v n1=0i)

Blinding interview (Unia)

Standard questionnaire (LLULEDUNIN)

WSBUINEUNAULTENDYADY

Recall

A

hias (A21NAN)

ternative sources (LviavADNADY)

Memory aids (L@5B922817)
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— 1 dunsfnenlagfinmndszansnanniiaz L6
ta9eae9291 lUg naawsvsa lsanaula

1 gavsdan

— 1. naniszansndilaedacunazgsladulse

— 2 nguisznnsilifidadeidacuazasludulse

32 ngnazgnfnmniiialSauisuaifnisnag
1nalsa
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Usza1ng

fitlasades/
Prognostic factor

laifitladendng/
Prognostic factor *

Time
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Concurrent

- — Exposure

-
- -
- -~
- -
-

K " Historical cohort 8
l Retrospective

Exposure Outcome

“~_Exposure Outcome

l, i Ambidirectional

Exposure Qutcome

—
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JUUTS/Nz59Ua6

Ni59 | lunss
e iplY
| du a(80) | b(10)
JULNS
Taigu c (20) | d(90)
Relative risk = a/(atb)
c/(c+d)
= 80/(80+10)
20/(20+90)
=4.89
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—  @nuilasaidna (Risk factor)

—1  @nwvavnzestlan (Couse)

—  @nuenuduniseslarninuilaas
»14°)(Correlation)

— 1 dnutlevdannannsalnaawseaeilean(Prognostic)

| @nwsssnafiaaclsa (Natural history)

FungWaudn 16 nsngran 2009



[~
AL

cohort studies
—  alAnsay/nsadiulsa

——  {lvmAanaulsa

— 1 Tsafinvlulas

1 $#i411998 viangNaans

|
= |

—  guuvs (vileilase )

Q

—  Stroke, emphysema, and heart disease (vananaans ).
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Weakness

(cohort studies)

—— Selection bias: pARINNNSLADNAIDHN

—— Loss to follow-up

—— danuz naiilevsdsseasnanlszansuaaz

nanaatlasuulaslaluszninefianiu
(contamination)

———  Bias in measurement of outcome

—— (onfounding factors
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Confounding Bias

Avariable that associated with the
exposure and affects the outcome, but it
is not an intermediate link in the chain
of causation between exposure and
outcome
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MUN sdladAasu

Non vanilla

Non vanilla

l
2
3
4
5 Non vanilla
6
/
8
9

Non vanillo
10
1 Non vanillo
12 Non vanillo
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Non vanilla
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UN 3alaﬂﬂ%'ad SeEzIANASD NISEARALASD

Non vanilla 9
10

Non vanilla

l
2
3
4
5 Non vanilla
6
/
8
9

Non vanillo
10
11 Non vanillo
12 Non vanillo A6
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Hypothetical data on the association between vitamin E

supplementation and the risk of CHD

CHD
Present  Absent

0.]
Vit. E sup.

0.17

ORc= (50*384)/(501*65) = 0.59
P=0.003
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Smokers group

Vit. E sup. i

il

Present

CHD

Absent
0.275

0.245

ORsmoker= (117200)/(49*40) = 1.12
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Non-Smokers group

Vit. E sup. i

il

Present

CHD

Absent

0.085

0.086

ORNon-Smoker= (39*]84)/(]6*46]) Tl 097
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Confounding bias

Can be dealt with in

— Design phase by randomization, restriction
or matching

— Analysis phase with analytical techniques
such as logistic regression or strafification
with Mantel-Haenszel approaches.
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Experimental study

— (ontrolled trial

—— Before-after study design with same individuals

— (ross - over
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Experimental study

NSANBILNYINUNTSNEILAZL DINY
15@(Therapy, Prevention)

Uszdnsua (Efficacy), UseBnSaw
(Effectiveness),

- anuanA(Efidency)
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Design of a Controlled Trial

* HAANS A
* NAANS B

- 1atlady

Usza1ng
NEANEN

Time
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Design of a Controlled Trial

Ischemic
Stroke
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Types of Controlled Trials

——1 Allocation of subjects / interventions
—  Non-randomized control trial (wuvlaigu)
—  Randomized control frial (wuvEN)
—1  Blinding
~— Non-blind dlinical trial (nuulaivnDa)

—  Double-blind clinical trial (wpvUNT M)
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Possible Bias

Ischemic
Stroke




Intention to treat analysis (ITT)

0 Tannennia 20

N Vit |
100 | |

|

Child

AUVIaRnN
100

NIANUA 100
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(Clinical Trials)

 Complete information of intervention

'Minimize selection bias and confounders by
randomization and blinding.
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(Clinical Trials)

359N
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Before-after study design with same individuals

A8 Intervention A
Usvanns | ‘1lszng
(A) o (4)
NAANG | NAAND 2
[ 1IN ‘lllllll[ﬂ»

Time Horizon
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Before-after study design with same individuals

ﬂ'au N19UIAIR wﬁ’q
Tension HA I - Tension HA
U0 AT HZNDUUIA UIAFATHERAIUIA
(9/10) (5/10)
[ 1T rlllllnl»

Time Horizon
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(Before-after same individuals)

" No ethical issues
—— Fasy to do, low cost

—— Fast

- Small sample size

—— No hiological variafion
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(Before-after, same individuals)

——1 No Control group, only one group

— WSgungunaULLazviad

—— Prone to biases
—  Self-limited
—  Placebo effect

—  (o-intervention
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Before-after study design with same individuals

AU Nn13UI6 WY
Tension HA | ~Tension HA
(9/10) - (5100

UDY
 Tension HA |  Tension HA
~ (9/10) (6/10)
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Before-after study design with difference

individuals
Intervention A Intervention B
2005 2006
Uszang “Uszanng
(A) (B)
NAANS | NRaNS 2
[ 1T I T T T ‘lllllll[ﬂ»

Time Horizon
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(Before-after different individuals)

1 No ethical issues ——  Different time,

environment

———  (Co-intervention
——  (Confounding

—— Easy to do, low cost

—  Fast
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Cross over design
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Useansuannsla YEESOON'S STYLET Tuvindnaasila Endotracheal tube

naTIm lawTanunuiTay
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Lmemﬂ’mJﬂlammﬂmﬂ%ﬂwmmmma Stylet
74 2 Uszinnawfaaausiulalunan 10 Wi

Random

AANA

AANR
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Cross over design

[~
AL

—— Taufanusundsniedinin

— 1 lFuiunauaiagnaios
NDDU

| lamnclsaizase shunluve
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Did investigator
assign exposures?

[
Yes No

Experimental study Observational study
| [
Random allocation? Comparison group?
| |
Yes No Yes No
N Analytical escriptiv
g o study study
Randomised\ [ randomised
controlled controlled
trial ‘
trial Direction?

- Exposure ancd
outcome at
_the same time

Exposure —#» Outcome

Exposure —0Outcome

3

Cross-
sactional
study

Case-
control
study

SO0NINE O
SLMLAICH yNIT
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Time series with Control Chart

i ) - 33312228
|I |
|
|
l
| |
1
' l
1




SSI rate
0.08

&
0.06 | * &

*
0.05 ® .

0.04
+ SSI rate

0.03

0.02

0.01

0 5 10 15 20 25  Month
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Common and special

cause variation

=

» a set of *Product
causes and

e «Service
, , conditions .
« information repeatedly «Behavior

come
together to
transform
inputsinto
outcomes.

N — ——— e

* people
« materials

SungRauAT 16 nsngiaN 2009




N9UURIAAAINNNULUSTD

Walter Shewhart

an W

~ Common causes (naNtludsniAdas)

—  @anuNuLlsuuuganinaan
S LAANIAAATNETINTIA, LT
UsnildanazinAAUaN L ENaNL

NANANARVDIDUIUNTHARLAL
UINI5UU)
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NSAUUUIAAAINNNULUSYD

Walter Shewhart

QQQJ)

 Special causes (§nanAaLINAINE

—  anuiuklsniinnaEwmanie
laiudsnaias, lduldanu
sysNTAuLaziin2uduasIns
Laza g UANLHANITAIUANIIN
ASEUIUNISHARLATUSNIS Laglsna
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Shewhart control chart

—1 auaauanauaNaTga(Upper control limit = UCL)
wazA1a(Lower control limit = LCL)

—  @aalaan
— UCL = u+3sigma
— LWL = vu-3sigma
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Detecting Special Cause

Test 1. One point beyond Zone A

X

ueL — — S

B R
B e A
5’4

C Y

B
04 O I N S
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Test 2. Nine points in a row in
Zone C or beyond

UCL

|

LCL
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Test 3. Six points in a row steadily
increasing or decreasing

UCL
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Test 5. Two out of three points in
a row in Zone A or beyond
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Test 6. Four out of five points in
a row in Zone B or beyond

UCL (= — — — e — — — — —
. .A-
7 1c_\/
c ¢ : .
LCE L o e e e o
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SSI rate
0.08

&
0.06 | * &

*
0.05 ® .

0.04
+ SSI rate

0.03

0.02

0.01

0 5 10 15 20 25  Month
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0.075 -

Y s B &3
0.070 - .
Intervention
0,065 4
c
=
T 0.060 - o/\ -
2 v
8 0.055 - 2
0.050 -
0.045 - -
i 3 5 7 ©8 11 13 15 17 19 21
Sample

Tests performed with unequal sample sizes

UCL=0,07078

P=0.05890

LCL=0.04702
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r,_m M UCL=0.00777

1 /\ /2%”093
e

2002 2003 2004
Bimonthly periods

42
©
£
wd
=
a
5)
g~
c
()
G
o
)
e
&

Tests performed with unequal sample sizes
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Surgery and Other Invasive Manipulations

m Dermatology 2006;212(suppl 1):35-40

DOI: 10.1159/000089 197

Reduction of Endophthalmitis Rate after

Cataract Surgery with Preoperative
5% Povidone-lodine

Adisak Trinavarat® La-ongsri Atchaneeyasakul®
Cherdchai Nopmaneejumruslers® Kantima Inson®

* Departrment of Ophthalmology, ®Ambulatory Medicine and *Eye Surgery Unit, Faculty of Medicine,
Siriraj Hospital, Mahidol University, Bangkok, Thailand
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Average CABG protocol before and after implementation of new protocol

] Percent mortality

1.5
1

0.5 Was the improvement
0 due to the intervention?

1998 ' 1999

Intervention begins
in January '99
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9.0

8.0 -

7.0 4

6.0 -

5.0

Decreased mortality was not due

to the new protocol, which may have

had a negative effect.

1998 Avg. = 5%

4.0 -

3.0

2.0

1.0

Feb Apr Jun Aug Oct Dec Feb Apr Jun

SungRaLAT 16 nsngIaN 2009

. ' 1 . SR | 1 ] | I ] ] ' I I ! 1 ] ] 1 ] J Ll ] | '
Jan'98 Mar May Jul Sep Nov Jan'99 Mar May Jul Sep Nov

Aug Oct Dec




Type of data.

Count data
p-Chart
u-Chart
c-Chart
g-Chart

Measurement data (Continuous

data)

| or XmR chart
X-bar and S-Chart
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U Chart of UTI

W UCL=0.01871

0,020

0,015 -

U=0.01127
0,010

Sample Count Per Unit

0,005 -

T e T | LOL=0.00383

3 6 9 12 15 18 21 24 27 30
Sample

Tests performed with unequal sample sizes
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C-Chart: MRSA in vascular unit

_____ Out of Control (June 1607)
a

2 !
bt ucL
E o_ E "; ! g. LML
i i Nowerbee 1006 2" 1",
i b i Not Out of Gontrl " “u?amk rroar:gbg)wm
P | -
E 4 * .: E‘ .u s g *. .' > -
i .Y ; iy : !
s & & Poa ; - : \ ; a-e  e-e-w
S 2 ; — : ok
2 v - .Q : . - 'l‘ -
: P
, - LR . - = | : « . : H
odd 1 i Lcu
B ® 32 =~ & = g a 3 = @ = g ™ =W 9~ » = g = m v ®
r; ( .-) ]

FIGURE 4. Methicillin-resistant Staphylococcus aureus (MRSA) control chart
showing the monthly acquisition rate in a vascular unit. The chart was used
in the decision-making process not to close the unit in November 1999. UCL
= upper control limit; UWL = upper waming limit; CL = center line; LCL =
lower control limit.
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R= Number of cases between event
Number of cases with event

Then the UCL can be calculated as follows:
UCL = R + 3 [R(1+R)]%°
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R= Number of cases between event

Number of cases with event
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R=(9+ 15+ 12+14 +17 +24 +2| +34)/9
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R= Number of cases between event

Number of cases with event
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R=(9+ 15+ 12+14 +17 +24 +2| +34)/9
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UCL = R+ 3 [R(I+R)]°5
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400 1

w
<

:

:

. Surgical site infection

Change in shave

g

Number cases between surgical site infections
— N
g g

$

o

preparction technique 14
4
'
Change in wound 3 :
cleaning protocol i
l s i :'
¢ PEEG P 5
- 2 - : T ot Poe
: i . 2 e
: : s . : b fids 5
: : O * ; A Y
.= ar YR I R
: . '. " :-- » ; " . 3 ] -. N *
» B g sl g P . : :
B . . LY . -
.'.- ‘-. . ‘." ¥ .'.

15 20 25 30 35 40
Infection number

UCL
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g-chart Fatal air accident in US

'Days Until' Fatal Air Accidents (US)
(1990 to 2005)

Days Until Event
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Day| 1| 2| 3| 4| 5| 6|7 |8|9|10(11]|12|13|14(15|16|17|18|19|20(21|22 |23
Test1 |86 |90 |101| 76 |102| 81 | 75192 |93 (109/70 /80|85 |69 |106/ 89 |85|95/72|95|75|60 /|77
Test2| 73|82 |74 |71 |76 |82 |50|65|71(92|84|79|63|71/93/95/|101/89!/60|84|97(110!55
Test3| 75|95 |89 |105|115/ 55| 95|93 (82|76 |67 | 58 |110|112| 82 | 73 |68 |88 |97 | 61 {115| 56 | 99

X-Bar Chart

- —————

Mean = 83.28

110 ucL=11453

-
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Figure 2.7 CBC turnaround time from lab to ED (X-bar and S-chart), using a sample of three
tests each day for 23 consecutive weekdays.
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Objective: To systematically review the literature regarding how statistical process control—with control

charts as a core tool—has been applied to healthcare quﬁly improvement, and to examine the benefits,

limitations, barriers and facilitating factors related to such application.

Data sources: Original articles found in relevant databases, induding Web of Science and Medline, covering
iod 1966 to June 2004,

Siuxf selection: From 311 articles, 57 empirical studies, published between 1990 and 2004, met the

inclusion criteria,

Methods: A standardised data abstraction form was used for extracting data relevant to the review questions,

and the data were analysed thematically.

Results: Statistical process control was applied in a wide range of settings and specialties, at diverse levels of

organisation and directly by patients, using 97 different variables. The review revecled 12 categories of

benefits, 6 categories of limitations, 10 categories of barriers, and 23 foctors that facilitete its application and

all are fully referenced in this report. Statistical process control helped different actors manoge change and

improve healthcare processes. It also enabled patients with, for example asthma or diabetes mellitus, to

manage their own health, and thus has therapeutic qualiﬁes. Its power hinges on correct and smart

application, which is not necessarily a trivial task. This review catalogues 11 approaches to such smart

application, including risk adjustment and data stratification.

Conclusion: Stafistical process control is a versatile tool which can help diverse stakeholders to manoge

change in healthcare and improve patients’ health.
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charts as a core tool—has been applied to healthcare qurc:?ly improvement, and fo examine the bene
limitations, barriers and facilitating f':dors related to such application.
Data sources: Original articles found in relevant databases, including Web of Science and Medline, covet
the period 1966 to June 2004.

selection: From 311 articles, 57 empirical studies, published between 1990 and 2004, met

inclusion criteria.

Methods: A standardised data abstraction form was used for extracting data relevant o the review questic

Results: Sluhshoal process confrol was applied in a wide range of settings and specialties, at diverse Ievol
organisation and directly by patients, using 97 different variables. The review revealed 12 ¢ :

benefits, 6 categories of limitations, 10 categories of barriers, and 23 factors that facilitate its appli muhon
all are fully referenced in this report. Statistical process control helped different actors manage change
: orocesses. It also enabled patients wﬂh Foc example asthma or diabetes mellitus
: : inges on correct and sn
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and the data were analysed thematically.
Results: Statistical process control was applied in a wide range of settings and specialties, at diverse level
organisation and directly by patients, using 97 different variables. The review revealed 12 categorie:
benefits, 6 categories of limitations, 10 categories of barriers, and 23 factors that facilitate its application «
all are Fu"y referenced in this report. Statistical process control helped different actors manage change |
improve healthcare processes. It also enabled patients with, for example asthma or diabetes mellitus
manage their own health, and thus has therapeutic quclntres Its power hinges on correct and sn
appltcahon, whuch is not necessarily o trivial task. This review catalogues 11 approaches to such sn

Conclusion: Statistical process control is a versohle tool which can help diverse stakeholders to ma
change in healthcare and improve patients’ health.
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