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Evidence synthesis

Answer a research question based on
existing data of multiple studies

1,500,000

Why?
Large amount of data

—> systematic assessment of available
evidence

-> summarize existing information

-> support rational decision making
(evidence-based medicine)

per year

Number of publicat
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Systematic review process

- Is the question clear?
[ Define the question J

Is the search strategy

\ 4

Search & review the .— appropriate to identify all Were individual _

literature relevant studies? studies assessed for Approp.rlatg

| L quality using conclusion?

) ) standardized tools? \
Select the relevant studies Assess the study quality
—_ )

4 ) c
\ 4 0 . o
/ qualitative =
Are the [ Assess the outcomes S “ L §
inclusion/exclusion 7 [ quantitative | g
criteria clear? : A = meta-analysis =

Valid definition of exposure b 1 ’

|

treatment and outcomes? - :
/ Is the statistical approach valid?
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Meta-analysis

The statistical analysis of a large collection of analysis results
from individual studies for the purpose of integrating the findings

|deally, the individual studies are obtained through a systematic
review of the available literature

A clear, well formulated research question is at the start
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Why perform meta-analysis?

* Power and precision

« Comparative effectiveness research Odds Ratio
* Investigate conflicting results from .-

different studies =
* Results may form basis of future | =

research or generate hypotheses to . |

be tested

OR 95%-ClI

1.20 [0.77; 1.86]
1.40 [0.95 2.07]
110 [0.77; 1.57]
150 [0.78; 2.90]

1.25 [1.01; 1.54]
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Evidence hierarchy?

WE DID IT! WE MADE
[T TO THE TOP!

3

\ "

Cohort studies

/ Case-Control \
/ Cross-sectional studies \
/ Case series, Case reports \
/ Ideas, opinions, editorials, anecdotal \
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Is it important to critically assess meta-analysis?

30,000

25,000

20,000

15,000

10,000

5,000

W Systematic reviews B Meta-analyses
%‘E?MHH&EEE §§§§§§§§§EEEEE
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Decent and
clinically useful

fl = Unpublished
repair

Misleading,

abandoned
I ~ Redundant and

unnecessary

Decent, but not
useful

loannidis 2016 Milbank Q
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Common issues with meta-analysis

« Should the analysis include all available studies, or only published
studies?

« Aggregated studies may vary considerably in quality ("garbage in,
garbage out”)

* \When the relative risks or odds ratios from various studies differ, meta-
analysis may mask important differences among individual studies.

* Reproducibility issues
* Publication bias issues

« Over-confidence in numerical result (ignoring the issues of meta-
analysis)

Swiss Young Internists — Seminar Series 8



The forest plot

Effect size with

Effect confidence
: interval
Included studies measure
\ \‘ ‘Influence’ of
Study Odds Ratio OR 95%-Cl Weight Study on Overa”
Study 1 : 1.30 [0.90:1.88] 12.4% /
Study 2 f 099 [0.70;1.40] 12.6% result
Study 3 —E— 050 [0.20:125] 75%
Study 4 | - 180 [1.25:259] 12.4%
Study 5 —- 0.88 [0.60;1.29] 12.3%
Study 6 = 045 [010:2.02] 4.2%
Study 7 | 170 [1.40;2.06] 136%
Study 8 ] 1.04 [0.87:1.24] 137% B B
Study 9 | 034 [021:055] 11.4% 5 ALWAYS THEOWING
Random effects model ol 0.96 [0.66; 1.39] 100.0% § ;
/ 1> =85% t°=02508, p <001 o ! oé 4
02 05 1 2 5 Bl -
Used model I T
T Overall = e -
Measure(s) of Null aggregated e 2
heterogeneity line effect Salins it

Better Worse
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Heterogeneity

How much does the true effect vary with different populations, patient
characteristics, treatment characteristics, study characteristics?

Study A B Study A -
Study B = Study B .
Study C | Study C .
Study D = Study D .
Study E T Study E .
Study F . Study F _._
Study G B Study G ]
0.001 0.01 0102 051 2 5 10 100 1000 1.00E-05 0001 001 01020512 510 100 1000
odds ratio (95% confidence interval) odds ratio (95% confidence interval)
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What to do with heterogeneity?

* Ignore it = use a fixed-effect model
* Incorporate it 2 use a random-effects model

» Explain it - do subgroup analyses, do meta-regression

* (Test for it = do not pool studies if heterogeneity is present)
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Fixed effect meta-analysis

Assumption: B0

All studies have one true

underlying effect size O
RO

Observed variation between
studies Is either due to chance O
or due to sampling error
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Random effects meta-analysis

Assumption:

True effect size varies from
study to study e OB
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Fixed vs. random

Study

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

Common effect model

Odds Ratio

1> =85% t°=02508, p <001 !

0.2

0.5

OR

1.30
0.99
0.50
1.60
0.86
0.45
1.70
1.04
0.34

14[: 2':]5

95%-Cl Weight

7.9%
8.9%
1.3%
8.0%
7.3%
0.5%

28.2%
33.4%
46%

1.17 [1.06: 1.30] 100.0%

Study

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

Random effects model
I?=85% t°=0.2508,p <001 ' b
02 05 1 2

Odds Ratio

OR

1.30
0.99
0.50
1.80
0.86
0.45
1.70
1.04
0.34

95%-Cl

Weight

12.4%
12.6%

7.5%
12.4%
12.3%

4.2%
13.6%
13.7%
11.4%

0.96 [0.66; 1.39] 100.0%
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Explain it

Study Odds Ratio OR  95%-Cl Weight Study Odds Ratio OR  95%-Cl Weight
Study 1 # 1.30 [0.90;1.88] 12.4%
Study 2 099 [0.70;1.40] 12.6% Study 1 i 130 [0.90;1.88] 124%
Study 3 R 050 [020:125] 75% Study 4 | - 180 [1.25,259] 12.4%
Study 4 | - 180 [1.25:259] 12.4% Study 7 | 1 1.70 [1.40;2.06] 13.6%
Study 5 —- 0.88 [0.60;1.29] 12.3% >
Study 6 = 045 [0.10;2.02] 42%
Study 7 | 170 [1.40.2.06] 136% ,
Study 8 ] 1.04 [0.87.124] 13.7% 5
Study 9 B 0.34 [0.21: 0.55] 11.4% Study 2 0.99 [0.70;1.40] 12.6%

’ Study 5 0.88 [0.60;129] 12.3%
Random effects model e 0.96 [0.66; 1.39] 100.0% Study 8 - 104 [0.87,1.24] 13.7%
1> =85% t°=02508, p <001 b ! :

02 05 1 2 5
Study 3 — 050 [020:125] 75%

—B—

Study 6 - 0.45 [0.10;2.02] 4.2%

Study 9 —— 0.34 [0.21:055] 11.4%
-

Random effects model *#'* 0.96 [0.66; 1.39] 100.0%
I* = 85%, t°= 02508, p <0.01 rob !
02 05 1 2 5
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Meta-regression

Treatment effect (log odds ratio)

Beta = 0.02 (95%Cl 0.01 to 0.03)
| p < 0.0001

-1.0

T T T T T T T T
10 20 30 40 50 60 70 80

Proportion of women in study
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Ecological fallacy

Treatment effect
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IPD meta-analysis

Fracture Outcome by Study

Hazard Ratio
(95% CI)

Hip fracture
Cardiovascular Health Study®
Health, Aging, and Body Composition Study37?
Osteoporotic Fractures in Men Study (Mr0S)?
EPIC-Norfollk Study38
HUNT Study39
Invecchiare in Chianti Study (InCHIANTI)21
Leiden 85-Plus Study#?
Osteoporosis and Ultrasound Study (OPUS)#!
Rotterdam Study??
Sheffield Study®
Busselton Health Study!?
Overall (t2=0.01)

Blum 2015 JAMA

1.52(1.07-2.17)
0.94 (0.44-2.00)
3.09 (0.96-9.94)
1.38(0.73-2.61)
1.24(0.98-1.58)
2.03(0.91-4.52)
1.89(0.58-6.15)
0.85(0.10-7.06)
1.03(0.54-1.99)
21.43 (1.59-289)
0.55(0.03-9.20)
1.36 (1.13-1.64)

Higher Fracture Higher Fracture
Riskin i Risk in Subclinical
Euthyroidism : Hyperthyroidism  Weight, %
f—— 235
—_— 5.9
2.5
8.2
42.6
5.3
2.5

Y

A

0.8
7.8
0.5
0.4

A

100.0

ik

0.2

1.0 5.0
Hazard Ratio (95% ClI)

Fracture Outcome
by Age and Sex

Hazard Ratio
(95% Cl)

Hip fracture?
Sex
Men
Women
Age, yP
<75
=75
Overall

1.92(1.26-2.94)
1.29(1.08-1.55)

1.54(1.22-1.93)
1.22 (0.95-1.56)
1.36(1.13-1.64)

Higher Fracture :
Riskin
Euthyroidism

Higher Fracture
¢ Risk in Subclinical
Hyperthyroidism

0.5 1.0

5.0

Hazard Ratio (95% Cl)
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Publication bias

Positive studies are more likely to be published

HONEY,
YOU CAN'T CLAIM
TO BE A STRAIGHT
"a" STUDENT BY
DISCOUNTING
EVERY "MINOR"

Larger studies are more likely to be published

hildabastian.net

Lower quality studies may show larger effects

Smaller studies tend to show larger effects

! ':w,,.-"l"'

—> Bias due to association between study size and

treatment effects e R e

JULIE WAS EXLCITED WHEN HER DAUSHTER
FAILED HISTORY- AT LAST A TEACHABLE
MOMENT &N THE NEED FORE UNBIASED
CONSIDERATION OF ALL- THE EVIDENCE!
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Publication bias

[ Published, agrees with FDA decision
Published, conflicts with FDA decision
B Not published

A Studies (N=74)

FDA Decision
Paositive 37
(N=38) (9796)
1
(3%)
Questionable
(N= 12} L
Megative
(N=24)
3
(12%&)
T T LB I Ly LR i 1
0 10 20 30 40
No. of Studies

Turner 2008 NEJM

A FDA-Based Effect Size

®m Unpublished O Published

Citalopram
{Celexa, Forest)

Duloxetine
{Cymbalta, Eli Lilly)

Escitalopram
(Lexapro, Forest)

Fluoxetine
{Prozac, Eli Lilly)

Mirtazapine
(Remeran, Organon)

Paroxetine

(Paxil, GlaxoSmithKline)

Sertraline
(Zoloft, Pfizer)

Venlafaxine
{Effexor, Wyeth)

Overall mean weighted
effect size
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FDA-Based Effect Size

0.01
011

0.15
034

0.15
0.35

0.26

0.19
0.45

0.20
0.55

0.18
0.30

0.11
0.45

0.15
0.37
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Funnel plot

Standard error

1.0 0.5 0.0

1.5

Meta Analysis Tranexamic Acid

CAVE

Asymmetry # publication bias

Other reasons:

Effect differs according to study
size

Smaller studies with poor design,
inadequate analysis

Selective reporting

] N
// | \\
s | N
//’. .?:"
] .’...:'QJ.C.O.‘..
./% 0"".3 & o8 o
.// .. CO | \
— //" . :. o .\\\
/// 0] ° © ® i \\\
/ :I \\
— 0 /.‘ ‘ @) [®) ° I ©
o (o) 1
o
| | | | | |
0.01 0.05 0.50 5.00
Odds Ratio

Chance

Cool, countcool.com; Ker 2012 BMJ; Sterne 2011 BMJ
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Cumulative meta-analysis

Relative risk (95% (1) of myocardial infarction

Year Patients Events P
1997 523 1 0916 < ®
1998 615 2 0.736 < .
1399 5 0.828 .
2208 6 0996 .
2983 8 0649 ®
3324 9 0866
1999 4017 12 0879
5059 13 0881
2000 5193 16 0855
13269 40 0070 &
14247 44 0.034 o
15156 46 0.025 _._
20742 52 0.010 ———
2001 20 742 58 0007 —
20 742 63 0.007 ] —
Combined: 2-24
21432 64 0.007 (95% C11-24-4-02) .
I |
o1 Favours rofecoxib ! Favours control 1 Junl 2004 Lancet
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Network meta-analysis

Resistance [ +++

Combination / ++ Resistance / ++

Combination / +++ Endurance / +++

Atorvastatin / +++

e —

- Endurance / ++

“,Endurance / +

Fluvastatin / + L;

Control

Fluvastatin / ++

Lovastatin / +

Lovastatin / ++

Pravastatin / +

Pravastatin / ++ Rosuvastatin / +++

Total cholesterol Triglycerides

Statin 1 - : —— :

Exercise - * E —— E

1 1

Rosuvastatin 4 —— | —_— 1

Atorvastatin 4 —— i —_—— E

Simvastatin - —— : —_— :

Lovastatin 4 —— : * :

Fluvastatin - —— ' —_——— '

Pravastatin - - : — :

Resistance exercise 4 —0-: — :

Combination exercise —— : —_—— :

Endurance exercise * E —— E

High intensity statin - : —— :

Moderate intensity statin - -o- ' —— X

Low intensity statin - - : —*— :

High intensity exercise -0-: —— :

Moderate intensity exercise L 2 : —— :
Low intensity exercise - —O—E— —C—E—

75 50 25 0 -0 30 20 10 0

Change from baseline (mean, 95% Crl) [mg/dL]
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Take Home Message

« Meta-analysis is a powerful method to integrate results
from several studies into a combined result

“ UL
. . . E PHRASE “VE CHED INE,
+ Meta-analysis should be based on a systematic review | Ty aio ot for cooes
of the available evidence in regard to a well-formulated THIS HAS LED To META-META-ANALYSES
_ COMPPRNG METP ANALYDI METHODS
research question *2 MSprPsn ROAE (30
. . . \JE PERFOR'ED A METR-META-META-ANALYSIS
» Heterogeneity across studies should be examined, OF THESE. META-META-ANALYSES,
and an attempt to explain it should be done METHODS: \JE SEARCHED MEDLINE, EVBASE,
AND COCHRANE FoRTHE PHRASE "WE SEARCHED
 Assess for publication bias, ecological fallacy and MEDUINE, EVBASE, KD COCHRANE. FOR THE

) LIFE GOAL #28: GET A PAPER REJECTED

other sources of metabias (e.g. quality, ... T COVENT oo MET

» Always stay critical!
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