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What Is heterogeneity?

Heterogeneity Is variation between the results
of a set of studies



Causes of heterogeneity: clinical

)ifferences between studies with respect to:

participants

— conditions under investigation, eligibility criteria for trials,
geographical variation

Interventions

— e.g. type of drug, intensity, dose, duration, mode of
administration, experience of practitioners, nature of control
(placebo, none, standard care)

outcomes

- e.g. type, follow-up duration, ways of measuring outcomes,
definition of an event
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Causes of heterogeneity: methodological

)ifferences between studies with respect to:
design

— e.g. randomised vs non-randomised, parallel group
VS crossover vs cluster randomised, length

conduct

— e.g. allocation concealment, blinding, approach to
analysis, imputation methods for missing data
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Statistical heterogeneity

excessive variation in the results of studies above that
expected by chance



ldentifying heterogeneity

graphically — the eyeball test
numerically — the I? test
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Quantifying heterogeneity

12 describes the proportion of total variation across studies
that is due to heterogeneity rather than chance

based on Cochran Q test and its degrees of freedom

12 =(Q —=df) X 100% (df = the number of studies minus 1)
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Quantifying heterogeneity

low (and negative) values of 12 indicate no, or little,
heterogeneity

larger values of 12 show increasing heterogeneity

roughly, values of of 25%, 50% and 75% correspond
to low, moderate and high levels of heterogeneity
(Higgins et al 2003, BMJ)
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Review: Caffeine for dayvtime 'sluggishness’. (version with data)
Comparizon. 01 Caffeinated Coffee versus Decafeinated Coffee
Oitcome: 09 &zleep ot the end of the lecture

Study Caffeinated Decaffeinated RE (fixed) Weight RE (fixed)

ar sub-category n nM /Jw % 95%

Blug Ribkon 1997 Zf10 2710 —— 4.47 0.67 [0.14, 2.17]
Lavazza 1993 0430 /28 13.10 0.06 [0.00, 0.31]
Moccona 1998 510 15717 —H 16.57 0.57 [0.30, 1.08]
Mescafe 1998 13/e8 10589 I— 15.97 1.13 [0.583, £.38]
It Roast 1339 1350 15750 £e.37 0.87 [0.46, 1.63]
Hartiz Hudsang 2002 12/a0 16/44 —H 27.83 0.55 [0.23, 1.04]
Total (35% CI) z28 208 4 100.00 0.6 [0.48, 0.90]
Total everts: 45 (Caffeinated), 67 (Decaffeinated:

Test for heterogenetty: Chif =625 df =5 (P =0%8) F=20.1%

Test for averall effect, =257 (P=001)

gom oo o011 10 100 1000

Favours caffeine  Favours decafe

11@




Dealing with heterogeneity

Dptions available to you:
check the data

don’t pool studies
ignore heterogeneity: use fixed effect model
Investigate reasons for heterogeneity

Incorporate heterogeneity: use random
effects model
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Option 1: Check the data

Check extracted data
Check analyses of individual studies
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Option 2: Don’t pool studies

Favours caffeine

Fawvours decaf

Review: Caffeine for daytime 'sluggishness'. (Version 251105)

Comparizon: 01 Caffeinated Coffes versus Decafeinated Coffes

outcome: 02 Headache

Study Caffeine Decat FR (randam) Wigight RR (random)

or sub-category it it a5% Cl % 5% Cl

Andronicus 2004 1040 S./40 —L— 1l5. 24 1.11 [0.51, Z.44]

It Roast 1999 13558 asel —— 17.02 Z.22 [1.0%, 4_E50]

Lavazza 1995 4358 37 —_— S.08 £.11 [0.41, 10.83]

Mazxwwell House 2000 2431 10734 —_—a 10.42 0.2z [0.05, 0.92]

Moccona 1993 241E 9517 —a— 13.18 0,28 [0.12, 1.14]

Mescafe 1995 19/68 S9/64 —a— 15.33 1.23 [0.97, 4.07]

Piazza D'Cro 2003 2,35 135327 —i— 17.18 o.47 [0.Z23, 0.94]
0.1 oA 1 10 100
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Option 3: Ignore heterogeneity

Revienwy:

Caffeine for daytime 'sluggizhness'. (Wersion 251103)

Comparizon; M Caffeinated Coffee versus Decafeinated Coffes

Ctcome: 02 Headache

Stucky Caffeine Decaf RR (fixed) Wieight RR (fixed)

or sub-cateqory Ty it 95% Cl kS 95% Cl
Andronicus 2004 lo/40 2/40 —L— 12.326 1.11 [0O.51, Z.44]
Int Roast 1393 15758 /81 —— 13.51 Z_ZZ [1.0%, 4_E0]
Lavazza 1995 4735 z/37 — .02 Z.11 [0.41, 10.83]
Maxweell House 2000 Zi31 10,324 —— 14._80 0.2z [0O.0&, 0O.3Z]
hoccons 1998 3515 2517 —a— 1z.09 0.38 [0.12, 1.14]
Mescafe 1993 19/62 Q9,64 —— 14_35 1.3% [O0.37, 4.07]
Pigzza D'Cro 2003 8735 18537 —a— 27.15 0.47 [0.23, 0.594]
Tatal 195% Ch gz Z30 - 1oo_ o0 1.0z [0.7E5, 1.38]
Total events: 65 (Caffeine), 66 (Decaf)

Test for heterogeneity: Chi® = 21.09, df =6 (P = 0.0J

Test far overall effect: Z =010 (P =0392)
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Fixed effect model

llosophy behind model:
there i1s one real value for the treatment effect

all trials are estimating this common treatment
effect
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true effect

Fixed effect
model

e assumes that all studies are
evaluating the same treatment
effect

e i.e. if they were all infinitely
large they’d produce an
identical result
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Option 4: Investigating heterogeneity

as an objective of your review
(should be pre-specified in your protocol)

to determine causes of unexpected statistical

heterogeneity

— note. post hoc investigations should be reported as such and
are hypothesis-generating at best
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Investigating heterogeneity: tools

subgroup analysis

— get answers to secondary questions concerning subsets of
participants or interventions

— can yield spurious findings if not used carefully
meta-regression

— examine relationship between treatment effect and a
particular characteristic of the study (not patients)

e not available in RevMan
Individual patient data (IPD) meta-analysis
— Investigate patient-level characteristics
— time consuming and expensive
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Option 5: Incorporate heterogeneity

| RevMan Analyses 1.0.3 (Caffeine for daytime "sluggishness". (Yersion 251105))
File Edit Display Sort Statistics Prewious outcome  Mext outcome  Window  Help

=0l

: Caffeine for daytime ‘sluggishness'. (Version 2511035)
Comparizon; 01 Caffeinated Coffee versus Decafeinated Coffee

Qutcome: 02 Headache

Study Cafiging Decat RR (rancom) Wight RR (random)

or sub-category it nm 895% CI % 895% CI
Andronicus 2004 los40 /40 —— 16.24 1.11 [0.51, Z._44]
Int Roast 1999 137588 I/E1 —— 17.02 Z_FZ [1.0%, 4_50]
Lavazrza 19958 4735 ES37 Z. . lo_a3]
Maoeweell House 2000 Ef31 10/34 0. ., 0.9Z]
Moccons 1998 2FLE 9417 a. , L.14]
Mescafe 1995 l37eg 9764 1. , 4.07]
Pigzza ['Oro 2003 2/328 la/27 , 0.94]
Total (95% CI zgz za0 , 1.77]
Total everts: B5 (Caffeine), 66 (Decaf)

Test for heterogeneity: Chiz = 21.09, df =6 (P =0.002), F =71.5%

Test for oversll effect: Z=024 (P =081)
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Random effects model

If heterogeneity cannot be explained by characteristics of the
studies, it may be incorporated into the meta-analysis using
the random-effects model

the true treatment effects underlying the studies are allowed
to differ and are assumed to be distributed around a central
(mean) value

weights are adjusted to account for both within-study and
between-study variation
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Random effects
model

Random

e the width of the bell shape
reflects the amount of
heterogeneity

True mean
effect
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Interpreting random effects meta-analyses

andom effects meta-analyses are...

identical to fixed effect analyses when there is no clear
heterogeneity

similar to fixed effect meta-analyses but with wider
confidence intervals when there is heterogeneity

different from fixed effect meta-analyses when there is
publication bias (or funnel plot asymmetry)

- random effects analyses give relatively more weight to
smaller studies
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effects

Review: Early erythropoietin for preventing red bload cell transfusion in pretenn andfor low bith weight infants
Comparison: 01 Bythropoietin vs. placebo or no treatment
Outcorme: 09 Retinopathy of prematurity (stage #/= 3)

Total events: 58 (Treatment), 33 (Control)
Test for heterogeneity chi-square=2.22 df=5 [=0.82 I7=0.0%
Test for overall effect z=2.G3 p=0.008

Study Treatrment Cartrol Relative Risk (Fized) Wieigg It Relative Risk (Fized)
nil it 5% Cl (%) 95% I

Haiden 2005 121 /19 15 273[0.12,63.19 ]
Ivlaier 1094 17120 121 2.0 1.01 [0.06, 15.94]
Ivlaier 2002 12067 5162 —— 15.3 222 [0.83,5.094]
Ohls 20014 17i87 14/85 . B 41.8 1.9 [0.62, 2.25 ]
Ohls 20016 /50 450 —a— 1.8 1.75 [0.54, 5.66 ]
Romagnali 2000 204115 0115 - 26.6 2.22 [1.08, 467 ]

Total (B5% CI) 450 100.0 171 [1.15, 2.54]

ooot o om 0.1 1 0 100 fooo

Total events: 58 (Treatment), 33 (Control)
Test for heterogeneity chi-square=2.22 df=5 p=0.82 I=0.0%
Test for overall effect z=2.51 p=0.01

Fawours EPO Favours cantral
Study Treatrment Carntrol Relative Risk {(Random} Wieigg It Relative Risk (Random})
nil ndM 5% Cl (%) a5% ;i

Haiden 2005 121 od1a 1.6 273 [0.12,83.19]
Ivlaier 1994 12n 14121 2.1 1.01 [0.06, 15.94]
Ivlaier 2002 1207 G462 i 16.6 222 [0.83,65084]
Ohls 20014 1717 1485 -.- 30.0 1.19 [0.62, 2.25]
Ohls 20018 Th0 4450 — 1.6 1.75 [ 0.54, 5.66 ]
Ramagnali 2000 200115 04115 - 29.1 222 [ 1.06, 4.67 ]

Total (95% C1) Elilt] 451 100.0 167 [1.12,2.48]

o.ool o ool 0.1 1 10 LI (1 1]
Fawours EFO Favours contral

almost identical
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effects

Rewview: Surgical interventions for treating distal radial fractures in adults
Comparison: 01 BEdtemal fization versus plaster cast
Outcome: 03 Anatomical grading: not excellent

Study Edemal fixation Flaster cast Relative Rishk (Fized) Weight Relative Risk (Ficed)
niM ni 05% Cl (%) a5% Cl
Howard 1938 11425 23425 - 14.4 0.43 [0.30, 0,76 ]
Jenkins 1939 42721 G2055 . 43,1 0.54 [ 0.44, 0.G3 ]
Rodriguez-lerchan 92 1G/35 22435 - 138 073 [0.47,1.13]
Rourmen 19491 14421 22422 - 13.4 0.G7 [0.49, 0,80 ]
Stein 1990 7440 19422 —— 15.3 020 [0.10,041]
Total (5% CI) 202 100.0 0.62 [0.45, 0.G1 ]

Total events: B0 (Extemal fixation), 148 (Plasts
Test for heterogeneity chi-square=12.04 df=4
Test for overall effect z=8.08 p<0.00001

=G6.8%

0.01 0.1 1 10 100

Favours fixation Fawours cast only
Study Ectemal fization Plaster cast Relative Risk (Random} WWesigg It Relative Risk (Random)
n{M nih 5% | (%) 05%
Howard 1988 11725 23524 - 18.2 0.438 [0.30, 0.7G ]
Jenkins 1989 4201 G255 | 274 0.54 [0.44, 0.68 ]
Rodriguez-hderchan 92 16345 22535 - 2.7 0.F3[047,1.13]
Roumen 1991 14421 22422 L 3 24.1 0.67 [0.49, 0.90 ]
Stein 19490 Ti40 18522 —— 1.6 0.20 [0.10, 0.41]
Total (B5% CI) 02 1G9 100.0 053 [0.39,0.71]
Total events: 80 (Edemal fixation), 148 (Plaster cast)
Test for heterogeneity chi-square=12.04 df=4 p=0.02 I° =G66.8%
Test for overall effect z=4.20 p=0.00002
0.01 0.1 1 ] 100
Favours fization Fawours cast only

imilar, but wider Cls 25 G



effects

40
o
g N7 Random-effects
% meta-analyses give
g relatively more weight )
% . to smaller studies
10
®
o 1@ @ ‘n .‘. o *
P2 s 1 2 s 10
Risk ratio
Fixed effect 1.01 (0.97,1.07)
Random effects <> 0.76 (0.62,0.92)
0.01 0 K .0 Risk ratio

very different results
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source: with thanks to Julian Higgin



Take home messages

heterogeneity should be assessed and addressed

statistical heterogeneity occurs when studies are not all evaluating
the same treatment effect

looking at overlap of confidence intervals on forest plot is a good
way to identify statistical heterogeneity

12 can quantify the degree of inconsistency across studies
there are several options for dealing with heterogeneity

methods to investigate heterogeneity should be pre-specified in the
protocol

random effects meta-analyses are useful for incorporating
unexplained variability into a summary

but random effects meta-analyses are not a panacea
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