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Sazetak

Pojam meta-analize udomacio se kao termin koji oznacava tumacenje re-
zultata iz znanstvene literature i stvaranje konacnog zakljucka o prihvatlji-
vosti rezultata istraZivanja kojima se ispituju sli¢ne intervencije, tehnike ili
lijecenja. Meta-analiza je postala neophodna u razumijevanju velike zbirke
neobradenih podataka il literature koja je ponekad proturjecna, nedosljedna
i nejasna o nekoj temi te u razumijevanju prave vaznosti statistickih rezultata
kod obrade neke znanstvene teme kao $to je, primjerice, ucinkovitost. Ne tre-
ba samo razumjeti motivaciju za meta-analizu, ve¢ i tehnike kojima sumira-
mo rezultate razlicitih istraZivanja i koje pruZaju odgovarajuce statisticko pro-
matranje i tumacenje rezultata. Poseban izazov predstavljaju razliciti ustroji
istraZivanja, razliciti kriteriji prihvacanja za ukljucenje u neko istraZivanje, po-
sebno u medicinsko-klinicko ispitivanje, te moguci razliciti pristupi tumacenju
rezultata, iako ovo zadnje nije prevladavajuce. Opcenito govoredi, istrazivanja
koja obuhvacaju ispitivanje uloge neke intervencije kao $to je, primjerice, sni-
Zenje koncentracije kolesterola i njen utjecaj na kardiovaskularno zdravlje,
obraduju sliénu temu te ako se rezultati tih istraZivanja ne podudaraju, uloga
meta-analize je usporediti sve rezultate i donijeti krajnji zakljucak o pozitiv-
nom, negativnom ili nejasnom utjecaju smanjene koncentracije lipida na kar-
diovaskularno zdravlje. Prikaz pristupa meta-analizi je jako vrijedan bududi
da u vecini slucajeva nudi objasnjenje statistickih pristupa, njihovog znacenja,
svrhe i krajnjeg utjecaja na tumacenje meta-analize. Stoga bi istraziva¢, kad
ima na raspolaganju elemente meta-analize, trebao razumjeti prednosti i 0g-
ranicenja tog nacina tumacenja rezultata iz literature.
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Abstract

The term, meta-analysis, has become a reqular description for interpreting
results from the scientific literature and hopefully reaching a definitive con-
clusion concerning the reasonableness of results of studies investigating si-
milar interventions, techniques or treatments. It has become a necessity for
understanding the sometimes huge repository of conflicting, inconsistent or
inconclusive literature or raw data on a subject and understanding the true
relevancy of the statistical results in addressing a scientific question such as
efficacy. One has to understand, not only the motivation for a meta-analysis,
but the techniques employed to help synthesize results from different stu-
dies giving them appropriate statistical scrutiny and interpreting the conclu-
sions. A particular challenge is the differing designs of studies, differing eli-
gibility criteria for entry into the study, especially in the medical clinical trial
and possibly non similar approaches in interpreting the results, although this
latter point is not too prevalent. For the most part studies investigating the
role of a particular intervention such as lowering cholesterol and the impact
on cardiovascular health address a similar question and should studies not
all agree on the results, the role of meta-analysis is to hopefully put all the
results together and reach a definitive conclusion about the positive, negati-
ve or inconclusive impact on lowering lipid levels and cardiovascular health.
One should appreciate an overview of the approach to meta-analysis assu-
ring mostly the understanding of the statistical approaches, their meaning,
purpose and ultimate impact on the interpretation of the meta—analysis.
Thus having been exposed to the elements of the meta-analysis one should
understand the advantages and limitations of this approach to interpreting
results from the literature.

Key Words: meta-analysis; statistics; review; bias

Pristiglo: 8. sijecnja 2009. Received: January 8, 2009

Accepted: March 17,2009

Prihvaceno: 17. oZujka 2009.

Biochemia Medica 2009;19(2):127-36
127




Bartolucci AA.

Metodoloske i statisticke tehnike u meta-analizi

Bartolucci AA.

Uvod

Meta-analiza je u svojem sadasnjem obliku statisticke in-
tegracije podataka iz nekoliko istrazivanja s istom temom
prisutna vec vise od 30 godina. Medicina, industrija i te-
meljna znanost svjedoci su brojnih pokusaja raznih znan-
stvenika da sumiraju podatke iz razlicitih izvora unutar
jedne znanstvene discipline s ciljem davanja konacne iz-
jave o najnovijim znanstvenim spoznajama u toj disciplini.
Sli¢cno tome, autori publikacija u uvodima svojih radova
uvijek sumiraju ono za 3to vjeruju da je trenutno sveu-
kupno stanje spoznaja unutar struke do trenutka prezen-
tiranja svojih rezultata. Novi podaci i rezultati koje izlazu
u svojoj publikaciji predstavljaju pokusaj azuriranja nap-
retka u tom polju. Na taj nac¢in smatraju da su izvrsili dje-
lomi¢nu meta-analizu sumirajuci informacije iz proslosti
i dodavajuci tome svoj prilog te na taj nacin obnavljaju
bazu znanja. Oni zapravo nisu u potpunosti integrirali po-
datke iz proslosti strogim statistickim postupkom, ve¢ su
samo upotrijebili podatke iz arhive za opravdanje svog is-
trazivanja koje je u biti nezavisno.

Na taj nac¢in meta-analiza postaje naknadni pokusaj
prikupljanja trenutne baze znanja u obliku publikacija ili
sirovih podataka. Ona predstavlja statisticku sintezu svih
informacija te donosi zaklju¢ak o najboljoj strategiji li-
jecenja ili intervencije na temelju svih prijasnjih istraziva-
nja. Prema rije¢ima Glassa (1): ,Meta-analiza se odnosi na
analizu analiza...statisticku analizu velike zbirke rezulta-
ta analiza iz pojedinih istrazivanja sa svrhom integriranja
rezultata”. U vedini disciplina statisti¢cka analiza moze ob-
radivati zavrsne tocke kao $to su to, primjerice, veli¢ina
u¢inka (engl. mean effects), stopa odgovora (engl. res-
ponse rates), omjeri izgleda (engl. odds ratios, OR), korelaci-
je (engl. correlations) i sli¢cno. Ovdje Zelimo pokazati statis-
ticka pitanja meta-analize na primjeru, jer u ovom preg-
ledu ne mozemo prodi sve zavrine tocke. Stoga ¢emo se
koncentrirati na kontinuirane zavrine tocke velic¢ine ucin-
ka, imaju¢i na umu ostale kontinuirane (npr. korelacije) i
kategoricke (npr. omjer izgleda, stopa odgovora, relativni
rizik (engl. relative risk)) zavrsnim tockama. Zapoceti cemo
s obradom izvora pregleda literature za meta-analizu. U
ostatku ¢lanka obraditi ¢emo statisticku terminologiju i
pristupe izradi meta-analize. Nakon toga ¢emo predsta-
viti tehnike istraZivanja sustavnog odstupanja rezultata
zbog pretezZitog objavljivanja odredenog tipa istrazivanja
(engl. publication bias) i zakljuciti o prednostima i ogra-
ni¢enjima meta-analize. Nase ce izlaganje ukljuciti glavne
ciljeve meta-analize te ¢e biti prilicno detaljno, ali ne i iscr-
pno, zbog ¢injenice da je podrucje meta-analize prilicno
opsezno te obuhvada alternativne statisticke tehnike o
kojima ovdje ne¢emo raspravljati, kao $to su Bayesovi i
neparametrijski testovi.
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Introduction

Meta-analysis in its present form of statistically integra-
ting information from several studies all with a common
underlying theme has been around for over 30 years. The
medical, industrial and basic science fields have seen ma-
ny attempts by many researchers to pull summary data
together from various sources within a discipline with
the goal of making some definitive statement about the
state of the science in that discipline. Likewise authors of
manuscripts in the background and rationale section of
their paper always summarize what they believe to be
the state of affairs up to the time of the presentation of
their own results in that particular paper. The new data
and results they present in their current publication is
an attempt to update the progress in that field. Thus in
a sense they have performed a partial meta-analysis of
summarizing information from the past, presenting their
added contribution and thus updating the knowledge
base. They have not quite integrated past data in a rigo-
rous statistical way with their new data, but have merely
used the data history to justify their current research whi-
ch pretty much stands on its own.

Thus meta-analysis is an after the fact attempt to pull to-
gether the current knowledge base whether it be publi-
cations or raw data and present a statistical synthesis of
all the information and reach a conclusion as to the be-
st treatment or intervention strategy based on all these
past contributions. As stated by Glass (1) “Meta-analysis
refers to the analysis of analyses...the statistical analysis
of a large collection of analysis results from individual
studies for the purpose of integrating the findings”. In
most disciplines the statistical analysis can be endpoints
such as mean effects, response rates, odds ratios, correla-
tions, etc. We want to present the statistical issues of me-
ta-analysis by example. We cannot possibly cover all the
endpoints in this manuscript. We will thus concentrate
on the continuous endpoint of mean effects with the un-
derstanding that the statistical concepts are transparent
to other continuous endpoints such as correlations and
to categorical endpoints such as odds ratios, relative risks
and response rates. We begin by discussing the sources
of literature review for a meta-analysis. The remainder of
the manuscript will address the statistical terminology
and approaches to conducting a meta-analysis. We then
present techniques for investigating publication bias and
conclude with some thoughts on the advantages and li-
mitations of meta-analyses. Our discussions involve the
major objectives of meta-analysis and are certainly detai-
led but not exhaustive as the meta-analytic field is quite
extensive involving alternative statistical techniques not
discussed here such as Bayesian and non parametric pro-
cedures as the available literature attests.
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Sustavni pregledni clanci

Prirodno je zapoceti pitanjem poput ,Smanjuju li statini
rizik od raka?” ili ,Je li koncentracija vitamina C u plazmi
odgovarajudi bioloski biljeg za uzimanje vitamina C?“. Mo-
ra postojati nacin pretrazivanja literature kako bi se odre-
dilo mogu li se sazeti objavljeni rezultati i donijeti krajnji
zakljucak. To se zove ,sustavan pregledni ¢lanak”, odnos-
no pregled koji jasno opisuje koristene metode za prona-
lazenje, procjenjivanje te, gdje se to moze, kombiniranje
relevantnih istraZivanja. Sustavni pregledni ¢lanak moze
imati nekoliko klju¢nih elemenata koji ukljucuju: 1) pripre-
mu sustavnog pretrazivanja ili formuliranja istrazivackog
pitanja, 2) sustavno istrazivanje primarne literature, 3)
odabir radova za pregled i 4) kriti¢cna prosudba odabra-
ne literature. Najced¢i izvori pretrazivanja literature su:
MEDLINE (baza podataka ameri¢ke medicinske knjiznice),
EMBASE (medicinska i farmakoloska baza podataka izda-
vacke kuce Elsevier Publishing), CINAHL (zbirni pokazatelj
sestrinske i srodne zdravstvene literature, engl. Cumulati-
ve Index to Nursing and Allied Health Literature), CANCERLIT
(baza podataka za pretraZivanje literature o raku) i Coc-
hrane Collaborative (medunarodna neprofitna i nezavis-
na organizacija koja daje obnovljene i to¢ne informacije
o rezultatima/uc¢incima zdravstvene skrbi u cijelom svije-
tu. Ona stvara i distribuira sustavne pregledne ¢lanke o
intervencijama u zdravstvenoj skrbi te podrzava potragu
za podacima temeljenim na dokazima u obliku klinickih i
drugih istrazivanja.)

Svi su ti izvori imali vaznu ulogu u prikupljanju informaci-
ja kako bi istrazivaci na jednom mjestu imali dostupne re-
zultate raznih istrazivanja. Meta-analiza jest zapravo sta-
tisticka sinteza, bilo kvantitativna ili kvalitativna, rezultata
istrazivanja ukljuc¢enih u sustavni pregledni ¢lanak i tu-
macenje tih podataka. U mnogim podrucjima istrazivanja
statisticke zavrine tocke mogu biti veli¢ina ucinka, sto-
pa odgovora, omjeri izgleda, korelacije i ostalo. Stoga bi
istrazivac trebao biti svjestan odabira istrazivanja, meto-
de prikupljanja podataka, nac¢ina kako se podaci trebaju
statisticki sazeti te kako se izvodi zaklju¢ak. Metode za uk-
lju¢ivanje istraZivanja u meta-analizu mogu biti opsezne i
dovoljno je reci da ¢emo, bududi da je svrha ovog pregle-
da obradivanje statistickih elemenata, pretpostaviti da is-
trazivanja obraduju sli¢nu tematiku, da imaju dobro pos-
tavljene kriterije prihvacanja te da su im tehnike procjene
zavrinih to¢aka mjerenja sustavno postavljene u cijelom
istrazivanju. Jedan kriterij ukljucenja u meta-analizu u kli-
nickom okruzenju koji moramo imati na umu jest da is-
trazivanja koja usporeduju uc¢inak novog lije¢enja, onog
koje ispitujemo, i ucinak starog lijeCenja moraju biti is-
pravno randomizirana.

Velicina ucinka
Velic¢ina ucinka (engl. effect size, ES) u jednom istrazivanju
je mjera razlike izmedu ucinaka dvaju lije¢enja. Uzmimo

Methodological and statistical techniques in meta-analysis

Systematic Reviews

One naturally starts out with a question such as “Do sta-
tins reduce the risk of cancer?” or “Is plasma vitamin C an
appropriate biomarker for vitamin C intake?” There has
to be a resource to search the literature to determine if
one can synthesize the published or reported results and
reach a definitive conclusion. This is called the “systema-
tic review” or a review that clearly describes the methods
used to locate, appraise and, where appropriate, combine
relevant studies. The systematic review can have several
key elements which include: 1) preparation for systematic
reviewing or formulating the research question, 2) syste-
matic research of the primary literature, 3) selection of
papers for review and, 4) critical appraisal of the selected
literature. The most common literature search sources
are MEDLINE (United States Library of Medicine databa-
se), EMBASE (medical and pharmacologic database by
Elsevier publishing), CINAHL (cumulative index to nursing
and allied health literature), CANCERLIT (cancer literature
research database) and the Cochrane Collaborative (an
international nonprofit and independent organization
which provides up-to-date, accurate information about
the results/effects of healthcare worldwide. It produces
and disseminates systematic reviews of healthcare inter-
ventions and in addition supports the search for evidence
based information in the form of clinical trials and other
studies of interventions.)

Thus all, these sources have played an important part in
bringing information together so that researchers can
be exposed to the availability of results from research di-
rected at a common endpoint. The statistical synthesis,
either quantitatively or qualitatively, of the results of the
studies included in the systematic review and interpreta-
tion of the data is the actual meta-analysis. In most areas
of research the statistical endpoints can be mean effects,
response rates, odds ratios, correlations, etc. Thus, hope-
fully, one is aware of the selection of studies, the metho-
ds of data collection and how the results were statistically
summarized and the conclusions derived. The methods
for including studies in a meta-analysis can be extensive
and suffice it to say, since our purpose is to address the
statistical issues we will assume that the studies are ad-
dressing a common question, have well established eli-
gibility criteria and the evaluation techniques for the en-
dpoints are systematically established across the studies.
One inclusion criteria in the meta-analysis in the clinical
setting to be aware of is that the studies making compa-
risons of a treatment of interest to a control are properly
randomized.

Effect sizes

An effect size in a single study is the measure of the dif-
ference of two treatment effects. For example in a single
study where one wants to compare the mean reduction
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primjer istrazivanja gdje se zele usporediti srednje vrijed-
nosti smanjenja krvnog tlaka zbog novog antihiperziv-
nog lijecenja, A i starog lijecenja, B. ES iznosi:

ES= c(m)[(M, - Mp)/S],

gdje je M, srednja vrijednost sniZenja krvnog tlaka kod
lijecenja A, M je srednja vrijednost sniZenja krvnog tla-
ka kod lijecenja B, a S je zdruzena standardna devijacija
(engl. pooled standard deviation) obaju uzoraka. Zdruzena
standardna devijacija definira se kao

S= { [(n,-1)(s,)2 + (ng (552 1/ (N, + ng 2172,

gdje s, i sy predstavljaju standardne devijacije (2) iz uzo-
raka A, odnosno B, a n, i ng predstavljaju veli¢ine uzoraka
A, odnosno B. Vrijednost c(m) je korekcijski faktor (3) za
sustavnu pogresku (engl. bias) u odredivanju stvarnog ES
zbog malog uzorka. Definira se kao

c(m)=1-3/(4m-1),

gdje je m=n, + ng -2. MoZe se vidjeti da se s povecanjem
veli¢ine uzorka, c(m) primice vrijednosti 1. Varijanca is-
trazivanja ES se ponekad odreduje kao (3)

var (ES)=[(n, + ng)/ ny ngl + (ES)2 /(2T-3.94),

gdje je T= n, + ng. Priblizna konstanta 3,94 je korekcijski
faktor (engl. correction factor) (3) u ovakvoj vrsti izracuna.
Pretpostavimo sada da imamo mnoga istrazivanja, k
> 6, koja usporeduju neki oblik lijecenja A sa starim li-
jecenjem. Ovdje Zelimo napomenuti da se u meta-analizi
ne pretpostavlja da je lije¢enje A u identicnom obliku u
svim studijama. Primjerice, u jednom istraZivanju to moze
biti lijecenje A vjezbanjem, u drugom je lijecenje A s vita-
minskim dodatkom prehrani, u trecem je samo lijecenje
A itd. Kontrolno lijecenje u svakom istrazivanju takoder
ne mora biti identi¢no, dokle god se ne radi o lijecenju A.
Odnosno, kontrolno lijecenje u jednom istrazivanju moze
biti placebo, u drugom to moze biti samo vjezbanje, u tre-
¢em jednostavno izostanak bilo kakve intervencije (to se
moze napraviti ukoliko je eti¢no) i slicno. Poanta je da se
u meta-analizi postavlja pitanje pokazuje li lijecenje A u
bilo kojem obliku prednosti kod sniZzavanja krvnog tlaka u
usporedbi s bilo kojim lijecenjem koje nije A. Uz pretpos-
tavku da imamo istraZivanja k koja zelimo sumirati, me-
ta-analiza kombinira veli¢inu u¢inka k ES,, ES,,.......,ES, te

daje srednju vrijednost veli¢ine u¢inka ES ., .,

ES kW ES /2 o wizai=1,. k.

mean = z

Vrijednosti w; za i = 1,...,k predstavljaju tezinu istraziva-
nja. U meta-analizi nisu sva istraZivanja jednake tezine.

Biochemia Medica 2009;19(2):127-36
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in blood pressure of a new anti hypertensive treatme-
nt, A, and the control treatment, B. The sample effect
size (ES) is

ES= c(m)[(M,, - My)/S],

where M, is the mean reduction in blood pressure on
treatment, A, and M is the mean reduction in blood
pressure on treatment, B and S is the pooled standard
deviation from the both samples. The pooled standard
deviation is defined as

S={[(ny-1(s,)2 + (ng -T2 1/ (N, + ng 2172,

where s, and s; are the standard deviations (2) from
samples A and B, respectively, and n, and n; are the
sample sizes for A and B, respectively. The value c(m)
is a correction factor (3) for the bias in estimating the
true ES due to small sample sizes. It is defined as

c(m)= 1-3/(4m-1),

where m=n, + ng -2. One can see that as the sample si-
ze increases c(m) converges to the value 1. The varian-
ce of the study ES is sometimes estimated as (3)

var (ES)= [(n, + ng)/ n, ngl + (ES)? /(2T-3.94),

where T= n, + n;. The approximate constant 3.94 is a
correction factor (3) in this type of calculation.

Now let us assume we have many studies, k > 6, com-
paring some form of treatment A with a control. Please
note that in meta-analyses we are not assuming that
the treatment A is in the same form across all studies.
For example in one study it may be A with exercise and
in another A with a vitamin supplement, in another
just A alone etc. The control in each may not be the
same as long it is not A. That is to say, the control in
one study may be a placebo tablet, in another it may
be exercise alone, in another no intervention at all (if
ethically this can be done), etc. The point being, in a
meta—analysis you are asking the question whether
receiving A in any form shows superiority in reducing
blood pressure when it is compared to something ot-
her than A. Thus assuming we have k studies that we
want to synthesize, a meta-analysis combines the k ef-
fect sizes, ES,, ES,,........,ES, resulting in a mean effect

size, ES oan

ES i1k Wi ES /2 wifori=1,. k.

mean = z

Note the values, w; for i = 1,...,k. These are weights. In
a meta-analysis, not all studies should be weighted
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Primjerice, istrazivanje s 500 ispitanika treba se vrednova-
ti viSe od istrazivanja s 80 ispitanika zbog vise informacija
koje nudi. TeZina se moze odrediti i na drugi nacin, kao
$to je opseg (duljina) pracenja u uzduznim longitudinal-
nim istrazivanjima. Istrazivanje u kojem je zavrsna tocka
ovisna o vremenu kao, primjerice, u slucaju hoce li ispi-
tanik prezivjeti ili gdje se ispitanici prate 10 godina, treba
vrednovati vise nego ono u kojem se ispitanici prate sa-
mo 5 godina. Stvarni izracuni, kojima se odreduje tezina
istrazivanja, mogu biti prilicno slozeni. Uobicajena teh-
nika jest postaviti teZinu kao inverznu varijancu veli¢ine
ucinka (3) koji smo vec definirali, tj.,

w, = 1/varijanca(ESi), i=1,...k.

Jedna je teza da ce veda istrazivanja imati viSu precizno-
st i time manju varijaciju te sukladno tome i vecu tezinu.
Drugi nacin za jednostavan izracun tezine bio bi omjer is-
pitanika u odredenom istrazivanju i svih ispitanika koji su
uklju¢eni u meta-analizu. Primjerice, ako je N ukupan broj
ispitanika svih istrazivanja meta-analize, a N; predstavlja
ukupan broj ispitanika istrazivanja i, i = 1,.....,k, onda je N
=N, + N, +...+N, Tada definiramow;=N;/Nzai=1,...
,k, kao tezinu istrazivanja i. Jedna od pretpostavki koja se
Cesto postavlja u meta-analizi jest da se varijacija izmedu
istrazivanja ne razlikuje. Stoga tezine definirane gornjom
formulom ne vrijede za varijaciju izmedu istrazivanja (4).
To se naziva meta-analiza prema modelu fiksnih ucinaka.
Kako bi izra¢unali slu¢ajnost izmedu istrazivanja ili model
slu¢ajnog ucinka koristimo

w, = 1/ [varijanca(ES; + t2)], i=1,....k,

gdje 2 predstavlja varijaciju unutar istrazivanja. Izrac¢un je
kompliciran te ga ovdje nije nuzno prikazati. MoZe se pri-
mijetiti da se svi nasi izracuni mogu jednostavno rabiti, a
vecina njih se radi rutinski uz statisti¢ki program. Dakle,
sada imamo sve elemente za testiranje ukupnog ucinka
novog lijeenja A u usporedbi sa starim lije¢enjem B za
kombinirana istrazivanja k. Postavimo & kao broj ispitani-
ka kombiniranog ES, ... Nulta hipoteza glasi da ne pos-
toji razlika izmedu lije¢enja A i lije¢enja B u kombiniranim
istraZivanjima ili Hy, 6 = 0 nasuprot alternativnoj hipotezi,
H,. 8 # 0. 95%-ni interval pouzdanosti (5) na srednju vri-
jednost broja ispitanika iznosi:

[ES -1,967, ES +1,961].

mean mean

Ako taj interval pokriva i 0 tada nema statisticki znacaj-
nog ucinka u korist lijecenja A.

Kako bi zornije prikazali prethodno opisan koncept pog-
ledajmo sljedeci primjer. Pretpostavimo da imamo devet
istrazivanja s velicinom ucinka iz usporedbe lije¢enja A i
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equally. For example, a study containing 500 subjects
should be weighted more than a study containing 80
subjects due to the added information. Weights can be
determined in other ways such as the amount of follow
up in longitudinal studies. A study in which the endpoi-
nt is time dependent such as survival and where subjects
are followed for 10 years should de weighted more than
a study in which subjects are only followed for 5 years.
The actual calculations for determining weights can be
quite complicated. One common technique is to allow
the weight to be the inverse variance of the effect size (3)
which we defined above i.e,

w; = 1/variance(ESi), i=1,...k.

One rationale being that larger studies will have more
precision and thus smaller variation and therefore greater
weight. Another alternative choice for the simple weight
would be the proportion of subjects in that study that
contribute to the meta-analysis. For example, if N is the
total number of subjects from all the studies contributing
to the meta-analysis and N; is the total number in study i,
i=1....k then N=N, + N, +...+N, We then define w, =
N; /N for i =1,...,k, as the weight of the ith study. One of
the assumptions often made in a meta-analysis is that the
between studies variation do not differ. Thus the weights
defined above do not account for the between studies
variation (4). This is called a fixed effects meta-analysis. To
allow for the randomness between the studies or a ran-
dom effects model we let

w, = 1/ [variance(ES, + t2)], i=1,....k,

where 12 is the among study variation. The computation
is complex and need not be shown to make our point.
One can see that all our calculations can be quite invol-
ved computationally and most calculations are routinely
done using statistical software. However, we now have all
the elements to test the overall effect of the new treat-
ment,A, versus the control, B, for the combined k studies.
Suppose that 6 is the population value of the combined
ES, can- The null hypothesis is that there is no difference
between A and B in the combined analysis or H;. 6 = 0
versus the alternative hypothesis, H,. 8 # 0. A 95% confi-
dence interval (5) on the population mean is:

[ES, -1.967, ES +1.961].

mean mean

If this interval covers 0 then there is no significant effect
due to A.

To demonstrate the concepts described above, let us
consider the following example. Suppose we have nine
studies with effect sizes comparing treatments A and B;
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Study name
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SLIKA 1. Trakasti grafikon veli¢ine ucinka (ES) s 95%-nim intervalom
pouzdanosti.

B: 0,574, -0,642, 0,363, -0,840, -0,783, 0,833, 0,842, 0,803,
-0,345. Kao sto se moze vidjeti pet je brojeva pozitivnih
u korist lijecenja A i Cetiri su negativna u korist lijecenja
B. ES, .., = 0,086, t = 0,109 za model fiksnih ucinaka i t =
0,243 za model slucajnih ucinaka; 95%-ni interval pouz-
danosti (95% CI) za fiksne ucinke je Cl =[(-0,127)-0,299], a
za slucajne ucinke Cl = [(-0,387)-0,563]. U oba slucaja in-
terval pokriva nulu, sto znaci da iz ovih devet istrazivanja
proizlazi kako lije¢enje A nema ucinka. Takoder se moze
primijetiti da je ClI za slu¢ajne ucinke Siri od Cl za fiksne
ucinke, bududi da uzima u obzir dodanu varijaciju izmedu
istrazivanja koju smo pripisali heterogenosti ili inheren-
tnim razlikama izmedu istraZivanja. Jasno je da je to zbog
toga sto je oko polovina istrazivanja pokazala uspjesnost
lijecenja A, a druga su zakljucila da je lijec¢enje B uspjesni-
je.

Na slici 1. prikazan je trakasti grafikon (engl. forest plot)
koji prikazuje veli¢ine ucinaka i njihove 95%-ne intervale
pouzdanosti. Ukupna veli¢ina ucinka prikazana je u obli-
ku romba na dnu grafikona.

Rasprava o heterogenosti

Sljededi je zadatak odrediti postoji li statisticki znacajna
heterogenost medu istrazivanjima. Statisticka metoda
koju ¢emo pritom rabiti zove se Q-statistika (engl. Q sta-
tistic) kojom se odreduje stupanj heterogenosti. Ovdje to
nismo izracunali. Dovoljno je reci sljedece: ako je Q blizu
nule, nema heterogenosti. Q ima hi-kvadratnu raspodjelu
(engl. chi square distribution) (6) na k - 1 stupnjeva slobode
(engl. degree of freedom, df) ili broj istraZivanja minus je-
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FIGURE 1. Forest plot of ES with their 95% confidence intervals.

0.574, -0.642, 0.363, -0.840, -0.783, 0.833, 0.842, 0.803,
-0.345. As one can see, 5 are positive, favoring A and 4 are
negative favoring B. The ES . = 0.086, t =0.109 for the
fixed effects model and t= 0.243 for the random effec-
ts model. The fixed effects 95% confidence interval (Cl)
= (-0.127-0.299) and the random effects 95% Cl = (-0.387-
0.563). In both cases the interval covers 0 and there is no
benefit to A from the 9 studies. One can also see that the
random effects Cl is wider than the fixed effects Cl as it
takes into account the added variation between the stu-
dies which we attribute to heterogeneity or some inhe-
rent differences among the studies. Clearly this is so as
about half of the studies showed some superiority due to
treatment A and the others showed an advantage due to
treatment B.

Figure 1 is a Forest plot which graphs the effects sizes
and their individual 95% confidence intervals. The resul-
ting overall effect size is demonstrated by the means dia-
mond at the base of the plot.

Discussion of heterogeneity

The next task is to determine if there is significant hetero-
geneity among the studies. The statistic that we invoke is
called the Q statistic and is used to determine the degree
of heterogeneity. We do not compute it here. Suffice it to
say, if Q is close to 0 then there is no heterogeneity. The
Q has a chi square distribution (6) on k-1 degrees of free-
dom (df) or the number of studies minus one. Like other
statistics we calculate Q and compare it to a critical value
for the Chi square distribution. The null hypothesis is that
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dan (k — 1). Kao kod drugih statistickih testova, izracunali
smo Q i usporedili ga s kriticnom vrijednosti za hi-kvad-
ratnu raspodjelu. Nulta hipoteza glasi da u kombiniranoj
analizi nema heterogenosti ili H,, Q = 0; nasuprot alter-
nativnoj hipotezi, H,: Q # 0 koja pretpostavlja da postoji
statisticki znacajna heterogenost. Kriti¢na vrijednost de-
vet istrazivanja za hi-kvadratnu raspodjelu od 9 - 1 =8
df na razini znacajnosti od 0,05 iznosi 16,919. IzraCunata
vrijednost Q temeljem nasih podataka je 38,897. Vidljivo
je dajeizracunata vrijednost Q vise nego dvostruko mno-
go visa od kriti¢ne vrijednosti. Stoga odbacujemo nultu
hipotezu i odredujemo da postoji statisticki znacajna raz-
lika medu nasim istrazivanjima. To ne mijenja na$ zak-
ljucak da nema statisticki znacajnog ucinka za lijecenje
A. Medutim, to nas upozorava na nuznost odredivanja
izvora heterogenosti. Neki moguci izvori heterogenos-
ti su klinicke razlike izmedu ispitivanja kao $to su odabir
bolesnika, osnovni stupanj jacine bolesti, obrada nezelje-
nih ishoda (toksi¢nost), osobine bolesnika itd. Takoder se
mogu istraziti i metodoloske razlike izmedu istrazivanja,
kao Sto su mehanizmi randomizacije, udio ispitanika ko-
ji su odustali/bili iskljuceni tijekom pracenja (engl. extent
of withdrawals and lost to follow up). U nekim slucajevima
heterogenost moze biti rezultat slu¢ajnosti ili uzroka ko-
ji se ne mogu lagano otkriti. Izracun heterogenosti moze
biti jedan od najproblemati¢nijih aspekata meta-analize.
To je vazan aspekt, bududi da moze utjecati na donosenje
odluke o tome koji ¢e se statisticki model odabrati (fiksni
ili slu¢ajni ucinci). Ako se pronade statisticki znacajna he-
terogenost, onda se mogu pronaci i potencijalne mode-
ratorske varijable kako bi se objasnila ta varijabilnost. To
¢e mozda zahtijevati da se meta-analiza koncentrira na
podskupine istrazivanja koja su sama po sebi homogena.
Slijedimo ideju homogenosti korak dalje. Ispitajmo inde-
ks 12 (6) kojim ratunamo opseg heterogenosti iz zbirke ve-
licina ucinka.

Indeks 12 se jednostavno moze tumaciti kao postotak he-
terogenosti u sustavu ili opcenito kao iznos ukupnih va-
rijacija koje su se pojavile zbog varijance medu istraZiva-
njima, t2. U naSem primjeru je 2= 79,433% ili 79,4% vari-
jance ili, drugim rije¢ima, heterogenost se pojavila zbog
12 - varijance izmedu istraZivanja.

Sustavna greska objavljivanja

Ljevkasti grafikoni (engl. funnel plot), grafikoni s procjena-
ma ucinka istrazivanja na osi x i uzlazno sortiranom ve-
licinom uzorka na osi y, mogu biti korisni za procjenu va-
ljanosti meta-analize. To se Cesto naziva sustavna greska
objavljivanja (engl. publication bias). Ljevkasti grafikon te-
meljen je na ¢injenici da ¢e s porastom veli¢ine uzorka po-
rasti i preciznost odredivanja ucinka ispitivanog lijecenja.
Rezultati manjih istrazivanja rasprsiti ¢e se na dnu grafiko-
na te e se ta Sirina suzavati prema vrhu grafikona gdje se
nalaze veca istrazivanja. Kada ne postoji sustavna greska
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there is no heterogeneity in the combined analysis or H:
Q=0 versus the alternative hypothesis, H,: Q# 0 implying
there is significant heterogeneity. The critical value of the
9 studies for a chi square distribution on 9-1=8 df at an al-
pha level of 0.05 is 16.919. The calculated value of Q from
our data is 38.897. Clearly the calculated Q is much grea-
ter than the critical value — over twice as much. Therefore
we reject the null hypothesis and determine there is sig-
nificant heterogeneity among our studies. This does not
change our conclusion that there is no significant effect
due to A. However, it does alert us that we should try to
determine the source of the heterogeneity. Some possib-
le sources of heterogeneity may be the clinical differen-
ces among the studies such as patient selection, baseline
disease severity, management of inter current outcomes
(toxicity), patient characteristics or others. One may also
investigate the methodological differences between the
studies such as mechanism of randomization, extent of
withdrawals and lost to follow up or heterogeneity sti-
Il can be due to chance alone and the source not easily
detected. Quantifying heterogeneity can be one of the
most troublesome aspects of meta-analysis. It is importa-
nt because it can affect the decision about the statistical
model to be selected (fixed or random effects). If signi-
ficant heterogeneity is found then potential moderator
variables can be found to explain this variability. It may
require concentrating the meta-analysis on a subset of
studies that are homogeneous within themselves. Let’s
pursue this idea of heterogeneity one step further. Let’s
examine the 12 index (6) which quantifies the extent of
heterogeneity from a collection of effect sizes.

The 12 index can easily be interpreted as the percentage
of heterogeneity in the system or basically the amount
of the total variation accounted for by the between stu-
dies variance, t2. In our example 2= 79.433% or 79.4% of
the variance or heterogeneity is due to 12 or the between
studies variance.

Publication bias

Funnel plots, plots of the studies’ effect estimates on the
horizontal axis against sample size in ascending order on
the vertical axis, may be useful to assess the validity of
meta-analyses. This is often referred to as “publication
bias”. The funnel plot is based on the fact that precision in
estimating the underlying treatment effect will increase
as the sample size of the included studies increases. Re-
sults from small studies will scatter widely at the bottom
of the graph, with the spread narrowing among larger
studies to the top of the graph. In the absence of bias the
plot will resemble a symmetrical inverted funnel. Conver-
sely, if there is bias, funnel plots will often be skewed and
asymmetrical. Funnel plots are usually constructed as
plotting the ES vs. the sample size or the ES vs. the SE.
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objavljivanja, grafikon slic¢i simetricno obrnutom lijevku.
Ljevkasti se grafovi obi¢no rade kada se graficki prikazu-
je ES nasuprot veli¢ini uzorka ili ES nasuprot standardnoj
pogresci (engl. standard error, SE).

U analizi kontinuiranih podataka mozemo rabiti pristup
linearne regresije (8) za mjerenje asimetrije ljevkastog
grafikona kod ES. ES se izvodi iz preciznosti procjene ko-
ja se odreduje kao inverzija standardne pogreske (jedna-
dzba regresije: ES= a+ b x preciznost, gdje je a odsjecak,
a b nagib). Bududi da preciznost u velikoj mjeri ovisi o ve-
licini uzorka, manja istrazivanja ¢e na osi x biti blizu nuli
i obrnuto za veda istrazivanja. Svrha je ne odbaciti nultu
hipotezu da pravac prolazi kroz ishodiste, tj. da je od-
sje¢ak = 0. Za nasih devet istrazivanja ljevkasti grafikon
(nije prikazan) je simetrican, no plosnat jer je bilo premalo
istrazivanja Ciji se rezultati mogu dobro prikazati na gra-
fikonu. Medutim, simetrija je ocuvana kao sto se vidi iz
rezultata regresije. Ispitivanje nulte hipoteze da odsjecak
= 0 nije statisticki znacajno na razini znacajnosti 0,05, te
ukazuje da pravac prolazi kroz ishodiste. Stvarna vrijed-
nost P je 0,7747 $to znadi da postoje jaki dokazi u poda-
cima koji ne podrzavaju odbacivanje nulte hipoteze da je
odsjecak = 0. Stoga ne sustavna greska objavljivanja. Sli-
ka 2 prikazuje ljevkasti grafikon s 14 istraZivanja koja us-
poreduju dvije hipertenzivne terapije. Na osi x nalaze se
ES standardne razlike (engl. standard difference) izrazene
u srednjim vrijednostima kao $to je prethodno opisano, a
na osi y je standardna pogreska (engl. standard error, SE).
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In continuous data analysis we can use a linear regression
approach (8) to measure funnel plot asymmetry on the
ES. The ES is regressed against the estimate’s precision,
the latter being defined as the inverse of the standard er-
ror (regression equation: ES= a+ b x precision, where a is
the intercept and b is the slope). Since precision depends
largely on sample size, small trials will be close to zero on
the horizontal axis and vice versa for larger trials. The pur-
pose is to not reject the null hypothesis that the line goes
through the origin, i.e. intercept = 0. For our nine studies
the funnel plot (not shown here) is symmetrical but rat-
her flat as there are too few studies to result in a good
plot. However, the symmetry is preserved as shown by
the regression results. The test of the null hypothesis that
the intercept equal to zero is not significant at the 0.05 al-
pha level indicates that the line goes through the origin.
The actual p-value is 0.7747 indicating that there is strong
evidence in the data to not support rejection of the null
hypothesis of zero intercept. Thus there is no publication
bias. Figure 2 is a funnel plot of 14 studies comparing two
anti hypertensive therapies. The horizontal axis is the ES
of the standard difference in means that we described
above and the vertical axis is the standard error. One can
see the symmetry. The studies with larger sample size or
most precision are the dots or points located at the top
of the graph and the studies with decreasing sample si-
ze or less precision (larger standard error) scatter towar-
ds the bottom of the plot. The diamond at the bottom of

Funnel Plot of Standard Error by Std diff in means
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SLIKA 2. Ljevkasti grafikon od 14 istrazivanja s veli¢cinom ucinka ( engl.
Std diff in means) na osi x te standardnom pogreskom na osi y.
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FIGURE 2. Funnel Plot of 14 studies with the effect size (Std diff in mea-
ns) on the horizontal and the standard error on the vertical.
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Simetrija se moze lako vidjeti. Istrazivanja s ve¢im uzor-
kom ili viSom precizno$¢u prikazana su kao tocke pri vr-
hu grafikona, a istrazivanja s manjim uzorkom ili manjom
preciznos¢u (viSom standardnom pogreskom) rasprsena
su prema dnu grafikona. Oblik romba na dnu grafa pred-
stavlja srednju vrijednost ucinka cjelokupne meta-anali-
ze u usporedbi dvaju lije¢enja i moze se vidjeti da je blizu
nule. Statistickim testom za odsjecak = 0 ili hipotezom da
pravac prolazi ishodistem dobivena je P = 0,730. Pravac se
vidi kao sredisnja okomita linija grafikona. Dvije linije pod
kutom ocrtavaju oblik to¢aka i mozemo vidjeti oblik lijev-
ka na grafikonu. Detaljnije rasprave o ljevkastom grafiko-
nu i testu simetrije mogu se pronacdi u literaturi (8,9) koja
se bavi meta-analizama.

Zakljucak

Pokusali smo dati pregled bitnih statistickih pristupa me-
ta-analizi. Prednosti meta-analize nalazimo u mogu¢énosti
statistickog obradivanja proturje¢nih pitanja koja nisu jas-
no obradena u pojedinim istraZivanjima. Objavljivanjem
meta-analiza ¢esto se u literaturi predstavlja moguénost
integriranja rezultata iz razlicitih izvora i obradivanje re-
levantnih pitanja. Sigurno bi svatko htio iskoristiti pred-
nosti obilja objavljenih informacija te ih sazeti na racio-
nalan nacin. Kad pojedinac pozeli integrirati informacije
iz razlicitih publikacija i baza podataka, zasigurno ¢e dodi
do proturjec¢nosti (10). Meta-analiza je jako podlozna tak-
vim proturje¢nostima. Medutim, trebaju se poduzeti sve
mjere kako se sustavne pogreske ne bi pojavljivale, a to
se moze postici istraZzivanjem tema poput heterogenos-
ti i sustavne greske objavljivanja ili da se te pogreske ba-
rem izloze i objasne. Ogranicenja meta-analize ocigledno
proizlaze iz odabira istrazivanja, izbora relevantnih isho-
da, metoda analize, tumacenja heterogenosti te generali-
zacije i primjene rezultata. Statisticke metode koje su nam
pri ruci zasigurno su odgovarajuce za obradu tih tema.
Postoje kvalitetni internetski izvori koji nude smjernice
za provodenje meta-analize. To su CONDORT, QUORUM
i MOOSE. Njih se moze upisati kao klju¢ne rijeci u pret-
razivanju pri traZzenja izvora. The Cochrane Collaborative,
baza koju smo ve¢ spomenuli, nudi izvanredne smjernice.
Medutim, treba imati na umu da meta-analiza nije zamje-
na za dobro dizajnirana opsezna randomizirana istraziva-
nja (engl. large scale randomized studies) niti opravdanje
za provodenje malih istrazivanja slabe snage (engl. small
underpowered studies). Ona je sredstvo koje uz primjerenu
upotrebu pomaze u donosenju razumne i odrzive odluke
na temelju postojecih znanstvenih informacija.
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the plot is the means diamond for the overall meta-ana-
lysis comparing the two treatments and one sees it is clo-
se to zero. The statistical test for the intercept = 0 or the
line goes through the origin is P = 0.730. The line is seen
as the middle vertical line on the graph. The two angled
lines give an outline of the pattern of points and one can
see the funnel shape of the plot. Detailed discussions of
funnel plots and test of symmetry can be found throug-
hout the literature (8,9) pertaining to meta-analyses.

Conclusion

We have attempted here to give an overview of the ma-
jor statistical approaches to meta-analysis. Advantages
of meta-analyses are seen from the ability to address a
controversial issue statistically that may not have been
conclusively addressed in single studies. The ability to in-
tegrate results from diverse sources and address the rele-
vant issues have been demonstrated many times in the
literature through the publication of meta-analyses. One
would want to certainly take advantage of the wealth of
information published and have a rational way of synthe-
sizing that information. There are certainly controversies
(10) involved when one attempts to integrate informa-
tion from various published works or different databases.
Meta-analysis is prone to that controversy. However, eve-
ry attempt is made to guard against bias through exami-
nation of topics such as heterogeneity and publication
bias and to at least expose them and explain them. Limi-
tations obviously result from selection of studies, choice
of relevant outcome, methods of analysis, interpretation
of heterogeneity and generalization and application of
results. The statistical tools at hand are certainly adequa-
te for addressing these issues. There are good online
sources which provide guidelines for conducting a meta-
analysis. These include CONDORT, QUORUM and MOOSE.
These can be entered as key words to locate the resource.
The Cochrane Collaborative mentioned above provides
excellent guidelines as well. However, one should keep in
mind that meta-analyses should not be a replacement for
well designed large scale randomized studies (10) nor a
justification for conducting small underpowered studies.
It is a tool when properly utilized helps one to arrive at a
reasonable and defensible decision from the scientific in-
formation already presented.
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