Data Analysis In Systematic
- Reviews

Madhukar Pai, MD, PhD
Associate Professor

McGill University

Montreal

Email: madhukar.pai@mcgill.ca

McGill



Central questions of interest

Are the results of the
studies fairly similar
(consistent)?

/\

Yes NoO
What is the common, What factors can
summary effect? explain the
How precise is the dissimilarities
common, summary (heterogeneity) in the

effect? study results?



Steps In data analysis & presentatic

P wn e

Tabulate summary data
Graph data
Check for heterogeneity

Perform a metaanalysis if heterogeneity Is
not a major concern

If heterogeneity Is found, identify factors
that can explain it

Evaluate the impact of study quality on
results

Explore the potential for publication bias



1. Tabulate summary data

- Prepare tables comparing studies with
respect to:
BYear
BSetting
BPatients
Blntervention
BComparison
BOutcome (results)
BQuality
- Gilves a O0firrst handb©o

- Can make some assessment of quality and
heterogeneity



Tabulate summary data
Example: Cochrane albumin review

Study | Year Patient | Intervent| Compari| Summary Allocation
populati | ion son measure | concealm
on (RR) ent

Lucas et| 1978 Trauma | Aloumin | No 13.9 Inadequat

al. albumin e

Jelenko | 1979 Burns |Albumin |Ri n g |@05® s | Unclear

et al. lactate

Rubin et | 1997 Hypoalby Aloumin | No 1.9 Adequate

al. minemia albumin

Cochrane Injuries Group Albumin Reviewers. Human albumin administration in critically ill
patients: systematic review of randomised controlled trials. BMJ 1998;314(235



2. Graph summary data

Efficient way of presenting summary
results
Forest plot:
B Presents the point estimate and CI of each trial
B Also presents the overall, summary estimate
B Allows visual appraisal of heterogeneity
. Other graphs:
B Cumulative metanalysis
B Sensitivity analysis
B Funnel plot for publication bias
B GalbraithL. 0 A Iplots etc [rarely used]



Forest Plot
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Figure 3. Forest plot of results for men only and for men and women combined in studies*17.1%-2 that
examined smoking and tuberculosis disease. The smoking type (ex-smokers [Ex]. current smokers
[Current], and ever smokers [Ever]) of the study population is shown on the y-axis.

Bates et al. Arch Intern Med 2007



PROFESSIONAL
PRACTICE

Interpreting and understanding =
meta-analysis graphs

A practical guide

Ideally, clinical decision making ought to be based
on the latest evidence available. However, to keep
abreast with the continuously increasing number of
publications in health ressarch, a primary health care
professional would need to read an unsurmountable

Karin Ried

Ph, k=c, GOPH, is Aessarch
Fallow & PHCRED Pragram
Manager, Discipline of General

metaanalysis bafore diving inte the fine points of the Fractice. The University of
metaanalysis resutts and drawing conclusions on patient Adelgide. Sauth Australia.
treatment. Table 1 can qQuide the assessment. karin.ried@adelaide. edu.au

Meta-analysis graphs

Ried K. Aus Fam Phys 2006



Study IDs Details of review
N = total number in group

¢ n = number in group with the outcome
" e o

/

Outcome effect measure
Shown graphically and numerically

Fixed effect model used for meta-analysis

\

fﬁeview: Supplementation with M in condition
( Comparison: 01 Supplement M versus placebo

"NQutcome: 01 Adverse effects

Influence of studies on
overall meta-analysis

I SO

V. tudy Intervention group Control group Relative risk {fixed) Weight Relative risk {fixed}
n/N @ 95% Cl (%) 95% ClI
Study A 1141 21142 L 17.8 0.50 [0.05, 5.49]
Study B 7127 9/29 —J— 777 0.84 [0.36, 1.93]
tudy 1/100 0/100 m 4.5 3.00 [0.12, 72.77]
Total (95% Cl) 268 271 C - 100.0 0.87 [0.41, 1.87
Total events: 9 (supplement M}, 11 {control) Givardd effect/
Test for heterogeneity Chi-square=0.79 df=2 p=0.67 f
Test for Il effect 2=0.35
e or overall emrect 2 . .

/

pvalue indicating level of
statistical significance

10 10
Favours contro

/

Line of no effect

.01 0.1 1
Favours intervenfion
#

Heterogeneity {I°) = diversity
between studies

Scale of treatment effect

Figure 1. Meta-analysis of binary outcome measure

Ried K. Aus Fam Phys 2006




Qutcome effect measure
e ORI ST Vi Shown graphically and numerically
Y N = total number in group Fixed effect model used for meta-analysis
l Mean {(standard deviation) of outcome/ \

gl

’mwicines for condition X

( Compariscon: 01 Medicine Z versus placebo

\Wing blood glucose levels {(mmol/L

Study Intervention eighted mean difference
{fixed)} 95% ClI

N

Influence of studies on
overall meta-analysis

Weight WMD (fixed)
{%) 95% ClI

Study A 34 9.77(2.93) 34 10.29 (343] — 275 -0.52 [-2.04, 1.00]
Study B 36 840 (1.90) 36 8.90(3.00) | 46.9 -0.50 [-1.66, 0.66]
Study C 30 10.26 {2.96) 30 12.09 (3.24) — 25.6 -1.83 [-3.40, -0.26]

Total (95% CI) 100 100 () 100.0 -0.85 [-1.64, -0.05]

\

Overall effect
Test for heterogensity Chi-square=2.03 df=2 p=0.36(P=14%)
Test for overall effect 2:2.09)’

- 70 - T 40
P value indicating level ofstatistical
avours intervengion Favours contro
significance

Scale of treatment effect
Heterogeneity { I2 = diversity

between studies Line of no eﬁECt

Figure 2. Meta-analysis of continuous outcome measures

Ried K. Aus Fam Phys 2006




Forest Plot: diagnostic studies

Sensitivity Specificity
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Commercial PCR tests for TB meningitis

Pai M, et alLancet Infect Dis 2003



Forest Plot: Cumulative Mefanalysis
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Betablockers after acute myocardial infarction



Cumulative Meta-Analysis of all RCTs

Odds Ratios with 95% Confidence Intervals

Year of Favours Aprotinin Favours Control
Ref # Publication # Pts 0.01 0.1 1 10 100
6 Dec -87 22 ® ]
A Aprotini
R ’ ’ rotinin
9 Sep -90 219 I ° 1
10 83 -90 257 R — 0.11 (0.03, 0.38) P
ec - —e—1I .
12 Jun -91 376 — e
2 35 58 S — for cardiac
ecC - H—e® —|
15 Apr -92 486 H— e 0.22 (0.09; 0.52) suraer
16 Jun -92 601 ——e—rI
17 Jun -92 2385 —e—1
10 ~JuUurt Jo o b Iv
19 Nov -92 2495 —e—
20 Dec -92 2664 —e—i
21 Jan -93 2754 —eo—i
22 Jul-93 2795 —e—
- B '3
ec -
25 Jan -94 3146 e 0.28 (0.20, 0.38)
26a Feb -94 3201 I—e—|
26b Feb -94 3342 o
27 Feb -94 3396 o
28 Apr -94 3475 o1
29 ul-94 3575 [
30 Aug -94 3668 el
31 Aug -94 3724 o
3 84t -94 3654 Fot
C -
34 Dec -94 3882 e 0.29 (0.23, 0.38)
35 Dec -94 4047 e
36 Feb -95 4147 [ B
37 Feb -95 4210 e
38 Feb -95 4240 e
39 Apr -95 4338 e
40 Jun -95 4382 e
41 Jun -95 4420 e
A 2
C -
44 Oct -95 4578 o 0.30 (0.24, 0.38)
45 Oct -95 4832 e
46 May -96 4882 e
47 Jul -96 4975 e
I <
u -
50 Ogt -96 5326 Iag
51 Dec -96 5970 e+
2 %oy 606 o
an -
54 Aug -97 6227 re- 0.33 (0.26 0.41)
55 Sep -97 6333 Za
56 Dec -97 6376 e
57a Oct -98 6442 m
57b Oct -98 6507 Lol
58 Nov -98 7303 tel
59 Aug -99 7360 re i
60 Sep -99 7510 to1
61 Mar -00 7593 Lol
62 Dec -00 7677
63 Dec -00 7697 re
64 Jan -01 7897 red
e E o 2
e -
67 3uh -02 8040 o1 0.34 (0.29, 0.41)

Fergusson D et al. Clinical Trials 2005; 2: 282




Sensitivity analysis

Meta-analysis fixed-effects estimates (exponential form)
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IV magnesium for acute myocardial infarction

ISIS-4 trial had >50,000 patientk!showed no survival benefit from the addition of IV magnesium



3. Check for heterogeneity

. Indicates that effect varies a lot across
studies

. If heterogeneity is present,a common,
summary measure Is hard to interpret

. Statisticalvsclinical heterogeneity

. Can be due to due to differences In:
BPatient populations studied
Blnterventions used
BCo-interventions
BOutcomes measured
BStudy design featuresd length of followup)
BStudy quality
BRandom error
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3. Check for heterogeneity

How to look for heterogeneity?

BVisual

Forest plot: do confidence intervals of studies overlap with
each other and the summary effect?

LOAbDbe pl ot

BStatistical tests:

Chi-square test for heterogeneity (Cochran Q test)

1 Tests whether the individual effects are farther away from the
common effect, beyond what is expected by chance

1 Has poor power
| P-value < 0.10 indicates significant heterogeneity
I-squared (newly introduced by Higgins et al): % of total

variability in effect measure that is attributable to
heterogeneity (i.e. not to chance)

1 Values of+quared equal to 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively.

Higgins JP, Thompson SG. Stat Med 2002;21:1589



Visual appraisal of heterogeneit

Association between smoking and TB mortality

Bates et al. Arch Intern Med 2007 P-value for heterogeneity <0.001



