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Abstract

Meta-analysis is one of the concepts of scientific methodology, and is a frequent but optional component of systematic
reviews of empirical research. It joins the results of several scientific studies and tests one or more interrelated scientific
hypotheses using quantitative (statistical) methods. This analysis can either use primary data from the original studies or
published (secondary) results of studies dealing with the same problem. Meta-analysis is used to obtain an estimate of the
magnitude of an unknown effect, and compare the results of different studies, identifying patterns or other relationships in
them, as well as possible sources of disagreement. Meta-analyses are the highest level of credibility within evidence-based
medicine (EBM), so meta-analysis results are considered as the most reliable source of evidence. Understanding all the
procedures of a meta-analysis will allow researchers to analyze the results of such studies correctly, as well as formulate
tasks when conducting meta-analyses on their own. In this article the reader will be introduced to key concepts such as
weighted effects, heterogeneity, the different types of statistical models used, and how to work with some of the types of plots
produced in meta-analyses.
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Bba3oBble acnekTbl MeTa-aHanu3a. Yactb 1

A.10. Cysopos, U.B. Jlarymkuna™, K.A. I'yasiea, H.M. Byaanos, M.IO. Hagunckasi,
A.A. 3aukuH
@I'AOY BO «llepssiii Mockosckuii cocyoapcmeeniblii meouyunckui ynugsepcumem um. U.M. Ceuenosar
Mun3zopaea Poccuu (Ceuenosckuii Ynusepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, e. Mockea, 119991, Poccus

AHHOTaumsa

MeTa-aHanu3 — OAHO W3 NOHSATIN Hay4HOI MeTogonorMu. OH SBNSIETCS YaCTbIM, HO He 06513aTeNbHbIM KOMMOHEHTOM CHCTe-
MaT4yeckoro 063opa SMNUPUYECKUX MCCNEAOBaHNNA. [ins npoBeAeHNs MeTa-aHann3a 00beanHSIIOTCS pesynbTaThl HECKOIb-
KMX Hay4HbIX UCCNefoBaHMiA U OCYLLECTBNSETCS NPOBEPKA OAHON UMM HECKONBKMX B3aUMOCBS3aHHbIX HAYYHbIX rMnoTes
NPy NOMOLLM KONMYECTBEHHBIX (CTATUCTUYECKMX) METOAOB. [11151 TaKOro aHann3a MOXHO MCMOMb30BaTh B0 NepBUYHbIE
[aHHbIE OpUTMHANbHBIX UCCNeaoBaHuiA, NMbo 0606LLeHHbIE OnyBMKOBaHHbIe (BTOPWUYHbIE) pe3ynbTaTbl CCNEea0BaHNN,
MOCBSLLEHHbIE OfHOV Npobneme. MeTa-aHann3 1cnonb3yeTcs Ans NOMyYeHs OLEHKW BENMYMHBI HEN3BECTHOTO adhdhekTa,
a TakxKe 15 CPaBHEHWS Pe3ynbTaToB Pa3NnYHbIX UCCNELOBAHMIA, BbISBNSET B HUX 3aKOHOMEPHOCTU WM Opyriie B3auMo-
CBS131, @ TaKKe BO3MOXHbIE UCTOMHUKI pasHornacuini. MeTa-aHanmsbl 3aHUMaIOT BbICLLYH CTyMeHb AOCTOBEPHOCTMW B KOH-
Lenyum 4okasaTenbHON MeauLMHbI, MO3TOMY UX Pe3ynbTaTbl CYUTATCS CaMbIM HALEXHbIM UCTOYHUKOM AOKA3aTeNbCTB.
lMoHMMaHWe Bcex 3TanoB NPOBEAEHUS MeTa-aHanu3a no3BoUT Hay4YHbIM COTPYAHMKAM rPaMOTHO aHann3npoBaTh Pe3syrb-
TaThbl TAKUX MCCMENOBAHNNA, a Takke (hOpMynMpoBaTh 3aaa4v Npu CaMmoCTOSTENIBHOM NPOBEAEHUN MeTa-aHann3oB. B Ha-
CTOSILLEN CTaTbe YMTaTENb NO3HAKOMUTCS C TAKUMM KIHOYEBLIMA NMOHATUSIMU METa-aHanmaa, kak B3BELUEHHbIE S deKTbI,
reTeporeHHOCTb, Pa3nnyHble TUMbI UCMOMNb3YEMbIX CTATUCTUYECKUX MOZEMEN, a TakKe HayuuTcs paboTtaTb C HEKOTOPbIMM
BUZAMM rpachvKoB, NoNy4aembIx B MeTa-aHann3ax.

KntoyeBble cnoBa: pasmep agekta; Mogenb ¢ (PUKCUPOBaHHBIMK adhpekTamu; MOLENb CO CrydanHbIMK addekTamu;
reTeporeHHOCTb; aHanu3 YyBCTBUTENBHOCTH; PaHLOMU3NPOBAHHOE KOHTPONMPYEMOE UCCNEeA0BaHME; KOTOPTHOE UCCreao-
BaHue
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List of abbreviations
Cl - confidence interval

Many original studies have similar research
objectives but often the research teams, patients,
research protocol and time intervals are different. The
results of such studies can be diverse and contradictory,
which hampers clinical decision-making. Evidence-
based medicine has led to the development of tools
for combining the results of numerous studies that
may differ in certain areas [1]. We get (a) invaluable
data whose effect can be traced in any groups (or,
conversely, only in specific ones) (b) information about
the variability of the effect when testing hypotheses
in different populations. Many similar studies are
replications of one large experiment, and, accordingly,
a larger number of replications increases the power and
the degree of confidence in the results.

There are several basic tools to evaluate the
combined results of the similar studies:

e Systematic reviews. Systematic reviews include all
studies to be found that meet certain strict inclusion
criteria. The inclusion criteria are designed to
meet the set of standards required for planning and
conducting research, as well as standard operating
procedures and results (for example, studies on
arterial hypertension, assessing blood pressure
according to cardiology international guidelines;

NRT - non-randomized trial
RCT - randomized controlled trial

studies of specific surgery, conducted on the

international association guidelines).

* Meta-analyses. Meta-analysis not only summarizes
the results of the set of studies, but also quantifies
them. In fact, we need to know not only that the drug/
intervention has an effect, but also to assess its effect
size and the range of its variability.

In this review, we will mention the basic aspects of
conducting meta-analyses and tell you what to do after
searching the literature and doing most of the work for
a systematic review.

INCLUDING STUDIES IN META-ANALYSIS

PRISMA guidelines

A detailed description of the criteria and the
process of literary search is not the subject of this
review, but it is important to note that any creation of
a systematic review consists of a set of items. These
items are combined into a standard scheme called the
PRISMA flow diagram (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), by the name
of the relevant recommendations [2] (Fig. 1).

In reality, meta-analysis begins after the inclusion
is completed and the studies from which the data
extraction will be performed are available.

= E Identification in science research databases (PubMed,
E g Scopus, WoS, elibrary, and others) /
:b% 'E' Nnentudukaims mo 6a3am JaHHBIX HAYYHBIX
E E myonmukanuii (PubMed, Scopus, WoS, elibrary u apyrux)
= = ooo 3
= i Exclusion / Uckimiouenne
5 E Screening based on title, abstract / Other topics, patient populations /
5 £ CKpHHHHT Ha OCHOBAaHHMH Ha3BaHHsI, BBEICHHS —> VHble TeMaTUKH, TOMYJISINN AleHTOB
3 E n=... n=..
<~ 5 Other primary or concomitant disease, inability to
g‘ SEE Suitable for the chosen purpose / identify the cohort of interest /
E,, g g 3 IMomxoxsuue B paMkax BEIOPaHHOH eI >  HOe OCHOBHOE WJIH COIyTCTBYIOLIEE 3a00IeBaHHe,
2 2 © g D= oo HEBO3MO)KHOCTb BBIJICIIUTH HHTEPECYIONIYIO KOTOPTY
n=...
~ g : .
£ E Available full-text articles /
E JloCTyIHBIE TIOJTHOTEKCTOBBIE CTAThU
£2 n=...
A

FIG. 1. PRISMA flow diagram template, adapted from M.J. Page et al. [2]
PUC. 1. [lla6non norokoBoii quarpammel PRISMA, anantuposana u3 M.J. Page u coasr. [2]
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The main guidelines for the initial and further steps
of practical interest to the reader are:

* Cochrane Handbook for Systematic Reviews of
Interventions' — this guide is posted online and
describes in detail almost all literary search issues,
meta-analysis, basic skills in mathematical statistics
required for such work;

* PRISMA guidelines, which we discussed above [2].
These guidelines will help to maintain high

standards of writing systematic reviews and reduce
the number of possible errors and inaccuracies that
may complicate the continuation of the work. Meta-
analyses are widely used by drug companies, as well
as other commercial entities, and therefore observance
of guidelines standards is very carefully checked by
reviewers both when reviewing and when publishing
articles. Strict observance of regulation and guidelines
is the key to a successful publication.

EVALUATION OF POTENTIAL BIASES IN

PUBLICATIONS

After all suitable publications have been collected
for inclusion in a systematic review or meta-analysis,

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

it is necessary to evaluate them in terms of potential
biases.

Unfortunately, there are many sources of potential
bias, so special tools have been developed to allow
researchers to conduct a potential evaluation of
publications. Such tools are called risk of bias plots.

These plots can be built for studies with different
design types, primarily for randomized controlled trials
(RCT) (Fig. 2) and non-randomized trials (NRT) [3,
4] (Fig. 3). The plots below are called “traffic lights”.
The basic idea is that researchers conducting a meta-
analysis with the inclusion of RCTs (Fig. 2) review
each study separately and assess the risks associated
with the following five domains:

* randomization;

* deviations from intended interventions;
* missing data;

¢ measurement of outcome;

» selection of reported results.

The assessed risk is “high”, “some concerns” and
“low”.

If NRTs are included in the meta-analysis, we assess
the risks associated with the following seven domains:

Risk of bias domains / JJoMeHBI prucKa cMEICHU#

D1/ D2/
J2

D3/ D4/ D5/
13

Overall /

J14 15 OO6I11ast orieHKa

Study 1/
Hccnenosanue 1

Study 2 /
Uccnenosanue 2

Study 3/
Uccnenosanue 3

Study 4 /
Uccnenosanue 4

Study 5 /
Uccnenosanue 5

000"
@e00®
0e0®®
00e®
@0e0®
LeLUE®

Judgement / Onenka prucka

@ high / Bercokwmit @ some concerns / cpeHUH @ low / Hu3Kni

FIG. 2. Traffic light plot for randomized controlled trials, adapted from L.A. McGuinness et al. [5]
PUC. 2. [Tnarpamma cBetoop 15t paHIOMUA3HPOBAHHBIX KOHTPOJIMPYEMBIX HCCIIEOBaHHH, ananTupoBana u3 L.A. McGuinness

Y COaBT. [5]

Note: risk of bias associated with the domains: D1 — randomization; D2 — deviations from intended interventions; D3 — missing data; D4 — measurement

of outcome; D5 — selection of reported results.

lMprmeyaHme: prUcK CMELLIEHUS, acCOLMMPOBaHHBIN ¢ AomeHamu: [11 — paHaomusauyeir; 12 — Bmelwatensctsom; [13 — nponyLyeHHbIMM AaHHbIMK; 14 —

OL{EHKOM KOHEYHON TOuKM; [15 — NpeAcTaBneHneM pesynbTaTos.

' Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated February 2021). Cochrane, 2021. Available from

https://training.cochrane.org/handbook/current
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Risk of bias domains / JloMeHbI prcKa cMEIIEHU I

D1/ D2/ D3/
a2 13

D4/ D5/ D6/ D7/

Overall /

15 J16 7 OO61mas oreHka

Study 1/
Uccnenosanue 1

Study 2 /
Uccnenosanue 2

Study 3 /
Uccnenosanue 3

Study 4 /
Hccnenosanue 4

Study 5/
HccnemoBanne 5

00O
*00+0®
@000®
0OD®

00220 -
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0000 &
O G

Judgement / OlieHKa prcka

. critical / o4eHb BBICOKHIT ® serious / BBICOKHIA @ moderate / yMepeHHBII @ low / Hu3KHH

FIG. 3. Traffic light plot for cohort studies, adapted from L.A. McGuinness et al. [5]
PUC. 3. lnarpamma cBeToop A1 KOTOPTHBIX UCCIIEIOBaHHM, afanTupoBana u3 L.A. McGuinness 1 coasT. [5]

Note: risk of bias associated with the domains: D1 - confounding; D2 - selection of participants; D3 — classification of interventions; D4 — deviations from
intended interventions; D5 — missing data; D6 — measurement of outcome; D7 — selection of reported results.

lMpumeyaHme: puck CMELLIEHNS!, aCCOLMMPOBaHHbIN ¢ aoMeHamu: [11 — koHdhayHAMHN (BNUsSiHWE BMelLMBatoLLuxcst dhaktopos); 2 — oT6opom u Bkriio-
JeHneM naumeHTos; [13 — BMelwaTenscTBoM; [14 — pacxoxaeHueM ¢ npotokonom; [15 — nponyLleHHbIMI LaHHbIMK; [16 — OLIEHKOM KOHEUHOM TOYKM;

[7 - npeacTaBneHnem pe3ynbTaTos.

» confounding;

» selection of participants;

» classification of interventions;

e deviations from intended interventions;
* missing data;

* measurement of outcome;

» selection of reported results.

The assessed risk is interpreted as “critical”,
“serious”, “moderate” and “low”.

Specified tools enable critical approaches to the
results obtained in the meta-analysis and consider
studies with a high risk of bias as less reliable. A
detailed description of the capabilities of this tool is
provided on a specialized website?.

EFFECT SIZE IN META-ANALYSIS

The results of studies combined in a meta-
analysis are measured by an identical endpoint. This
measurement is an effect that has been achieved, or an
observed effect (abbreviated as 0 or 0, for each of the
k studies). The definitions of the effect, effect size and
effect size measuring are described in our publication
on statistical hypotheses testing [6].

There are two main concepts that allow us to
describe and measure the effect of several studies. Both

concepts relate to certain statistical models, with fixed
and random effects, respectively.

Fixed (common) effects model

This is a model in which the studies included in
the meta-analysis are very similar to each other in
terms of design, number of patients, methodology,
evaluation of results and other items, and their
results or effects 6 ,,  are considered a single
sample from one general population of all possible
similar studies.

The probability distribution of such a population
has an expected value (the mean weighted by the
probabilities of possible values), which represents a
certain true effect size 0. Each study is a part of the
population, and several studies randomly taken from
such distribution (meta-analysis) is an ordinary sample,
respectively.

The observed effect of each study k will differ from
the true one by the error:

é=9k+€k.

We believe that among several studies, the studies
with the smallest sample error € are the most accurate

(Fig. 4).

2 https://www.riskofbias.info/ (access date 01.11.2022).
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The general population of studies /
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Individual studies /

OTlleJ'IbHI)IC HUCCICA0BaHUA

€

n=15 —
/ © Number of patients
1/ =90 in the study /
Yucno nanueHToB
B MICCJIEIOBAaHUU
]
/ n=1000 —

Observed effects /

Ha6monaembie 3¢ dhexTs

FIG. 4. Schematic representation of true and observed effects in studies using a fixed effects model
PUC. 4. CxemaTnuHOE MpEACTaBICHUE HCTHHHOTO M HAOMIOMaeMbIX 3P (EKTOB B MCCISIOBAHMIX MPU HCTIOIH30BAHUH MOIEITH

¢ ukcupoBaHHbIMU 3 dexTamMu

Note: €, — sampling error; grey line - true effect size; colored straight lines — observed effects.
MpumeyaHue: €, — BenuumMHa BbIGOPOUHON OLIMBKM; Cepast NMHIA — UCTUHHBIA pasMep addeKTa; LiBeTHbIe NPAMbIe MHUN — Habnioaaemble AhdeKTbI.

A sample from several studies {1,2,3,...k} must have
some central tendency or expected value indicating the
true effect size. Thus, using the definition of expected
value as a mean weighted, we get:
wo +w0, +wo + .. +wb

wtw, tw o tw, ’

§=

where

* 0 — weighted effect size for k studies resulting from
meta-analysis;

* 0, the observed effect of the study k;

* w, —study weight k.

However, it is still unclear how to achieve the
weight of each study. We know that the observed
effect obtained in study k is a point estimate. Study k
includes a certain set of patients, n. The standard error
is a measure of the variability of the effect 6, and is

calculated as:

S
5, ==
where Vn
* o — the standard deviation of the effect 6, in the
study £;

* n —number of patients in the study £.
In a fixed effects model, the inverse variance method

is one of the ways to calculate weights:

where

CEYEHOBCKUI BECTHUK T. 14, Ne 1, 2023 / SECHENOV MEDICAL JOURNAL VOL. 14, No. 1, 2023

* s — the square of the standard error of the effect 0,

in the study k;

* w,— weight of the study k.

Thus, in a model with fixed effects, the weight of any
study is inversely related to the inverse effect error in
the study and directly related to the number of patients
included in the study. The model implies that only the
number of patients can affect the weight of the study.

This concept seems to be overly simplified, because
in the real world, there are a huge number of different
factors apart from the sample size.

Random effects model

If we combine different designs (RCTs, cohorts,
etc.) in a meta-analysis studies conducted in different
periods of time, in different countries, in hospitals with
different standards of medical care, with intervention
protocols according to different clinical guidelines,
we will need a model that will take into account not
only differences in sample size, but also the above-
mentioned factors.

In this type of model, the effect for each study
included in the meta-analysis is a sample from its own
set of effect sizes and differs from the expected value of
its own set by the €_(Fig. 5).

If we included k studies in the meta-analysis, there
are k samples from k different general populations.
At the same time, k populations have their own
distribution with the expected value represented by
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Distribution of several general populations /
PacnpenienieHne HECKOIBKHX TeHEPabHBIX
COBOKYIHOCTEH

True effect size /
HcTunnbnii pasmep sddekra

General populations /
I'eHepanbHBIE COBOKYIIHOCTU

—— —

Observed effects /
Hab6mronaemslie 3¢ dexTs!

Individual studies /
OTenbHbIE HCCIETOBaHMS

&

€

T

Observed effects
Hab6mromaemsie 2 dexTs

FIG. 5. Schematic representation of true and observed effects in studies using a random effects model
PUC. 5. Cxemarnynoe npecTapieHre HCTHHHOTO U HaOMogaeMbix 3((EeKTOB B MCCIASAOBAHUSX IPH HCIIOIb30BAHAH MOJEITH CO

ciydaiiHpIMu dQdeKkTamu

Note: &, - error of each general population; €, — sampling error; grey line - true effect size; colored dotted lines — observed effects in general populations;

colored straight lines — in individual studies.

MpumeyaHme: &, — BenmMHa oLMBKM Kaxaoi reHepanbHoil COBOKYMHOCTY; €, — BENMYNHA BbIGOPOYHOI OLMBKM; Cepas NMHUS — UCTUHHBIA pasmep
addekTa; LBETHbIE MYHKTUPHBIE NUHAW — Habnogaemble 3dEKTbI B reHepanbHON COBOKYNMHOCTY; LBETHbIE MPAMbIE NMHUM — B OTAENbHbIX MCCMEAo-

BaHUAX.

weighted effect size, and each general population
differs from the expected value of its distribution by
&, This overall distribution has a point estimate, which
corresponds to the meta-analysis weighted effect, 0,
and variance 2.

Thus, the point estimate of the effect in each study
among k differs from the weighted effect the following
way:

0=0 +¢ +¢&.

The parameter £ combines the differences that are
not related to the sampling error.

The model that uses this logic is called the random
effects model. The individual studies weights in such a
model are calculated the following way:

1
WiT o2
where ,
* 57 — the square of the standard error of the effect 0,
in the study k;
* w, —study weight &;
» 12— the variance of several general populations.

And the weighted effect is calculated in the same
way as for the fixed effects model:
wo w0 +wo, +..+wb,

§=
w1+w2+w3+...+wk >

where

10

« 0 — weighted effect size for k studies resulting from
meta-analysis;

+ 0, —the observed effect of the study £;

* w,—study weight k.

Various mathematical approaches are used to
calculate parameter 12, most often DerSimonian-
Laird, Restricted Maximum Likelithood, Maximum
Likelihood, Paule-Mandel estimators but there are
others [7-9]. The choice of a specific method depends
on the type of measurement of endpoint and on the
specific situation, therefore it requires consultation
with a biostatistician.

HETEROGENEITY ASSESSMENT
We discovered that the studies included in the meta-
analysis can vary significantly, moreover, depending
on these differences, one or another analysis model is
chosen. Is there any measure that can assess the degree
of differences? Can we somehow explain the degree of
differences and is it necessary? How to determine which
studies are more different from others? The concept of
heterogeneity can answer all these questions.
Heterogeneity depends on many things, with the
most common being:
+ incorrect selection of studies for meta-analysis;
+ the presence of overt and covert moderating factors
that affect the weighted effect (the moderator actually
creates subgroups with different effect sizes);
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» asmall number of studies included in meta-analysis.
When a researcher encounters excessive
heterogeneity, such as in a situation where a number
of studies have opposite effect direction, or where
effect sizes are substantially different, it is necessary
to understand whether there is an erroneous inclusion
of studies in the meta-analysis. An attempt to combine
studies in which completely different parameters were
evaluated will lead to huge heterogeneity and will not
answer the meta-analysis question. The results of such

a meta-analysis will be highly doubtful.

If we believe that there is no error at this stage,
it is necessary to look further for the cause of high
heterogeneity. For example, when non-standardized
parameters are used, it is necessary to try to use
standardized instead. If several parameters are measured
on different scales or differ significantly on inclusion
between studies, standardization makes it possible to
smooth out such differences.

The next reason for the high heterogeneity is the
presence of covert and overt moderators or confounders.
For example, when assessing the prevalence of
cardiovascular diseases, sex and age group of patients
are obvious moderators. The inclusion of a moderator
and the assessment of its impact on the effect and
heterogeneity is carried out using meta-regression
analysis or meta-regression. Further analysis of
subgroups can significantly reduce heterogeneity.

Finally, a small number of studies in a meta-analysis
can result in high heterogeneity.

There are 2 main types of heterogeneity by Riicker
[10]:

* Heterogeneity due to the design or basic
characteristics. The reason is an attempt to combine
in a meta-analysis studies of different design
(including the study type, the exposure status, the
way to results evaluating, the duration of their
evaluation and other parameters), as well as studies
that are highly heterogeneous by cohorts of patients.
This type of heterogeneity can lead to statistical
heterogeneity;

» Statistical heterogeneity results from the accuracy of
the estimation and variability of the effect size. This
type of heterogeneity can already be quantified. One
of the reasons (but not in all cases) for statistical
heterogeneity can be design-driven heterogeneity.

Methods to measure heterogeneity

Cochran's Q

We looked at two types of models and realized that
there is an observable effect ék of a certain study £, as
well as a weighted effect that we calculate 0 for all meta-
analysis studies. We also remember that each study
has its own weight w,. The deviation of the observed
effect from the weighted one can be directed in both the
direction with a plus sign or a minus sign. If we square
the deviation, it will not depend on the direction.

PYKOBOACTBO MO BMOMEANLIMHCKOW CTATUCTUKE

The sum of the weighted squares of such deviations
is called Cochran’s Q:

0 =w,®, ~ 0+ w,®, ~ 0+ w, B~ 0+ .+
+w (0 —0).

We can calculate the deviation of the observed effect
from the weighted one for all studies.

The Cochran’s Q is distributed as a y* statistic with
K — 1 degrees of freedom, where K is the number of
studies in the meta-analysis.

Cochran’s Q will grow with an increase in the
number of studies in the meta-analysis, as well as with
the presence of large studies with many patients in it.

Higgin'’s & Thompson's P

P-statistic

P is calculated from Cochran’s Q and describes
the percentage of heterogeneity which is not caused
by sampling error . A null hypothesis occurs when
there is no heterogeneity, and Cochran’s QO follows
a distribution of x> with K — 1 degrees of freedom
(expected heterogeneity). But we also have the observed
heterogeneity of Q. Then the deviation of the observed
heterogeneity from the expected one is:

_0-(K-1)
F=""%

and is expressed in unit fractions or a percentage.

Heterogeneity can be qualified as low, moderate,
and high, with upper limits of 25%, 50% and 75%,
respectively [11].

H-statistic

H?-statistic calculates the ratio of Q-statistics to K —
1. If there is no heterogeneity, then the value tends to
1; higher values indicate the presence of heterogeneity
between studies. 0

K-1

Heterogeneity of variance >

The true weighted effect has its own variance T
and standard deviation t. This parameter is used to
evaluate the measure of heterogeneity and has the same
dimension as the effect in studies in meta-analysis. If
we know the calculated weighted effect size 0 in the
meta-analysis, we can estimate the 95% confidence
interval (CI) of the true effect as 0 + 1,96 x 1.

SENSITIVITY ANALYSIS

Sensitivity analysis shows how individual studies
can influence the weighted effect, and how stable the
results of the meta-analysis are. The leave-one-out
is one of the most used methods for the evaluation
of sensitivity. Each study is excluded from the meta-
analysis on an individual basis, then the weighted effect
size and heterogeneity are recalculated. Serious changes
in the effect size and a decrease in heterogeneity indicate
that the excluded study has a significant impact on the
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overall result. If at the first stage in the “traffic light”
plot the study has a high/some concern risk of bias, then
at the stage of using the leave-one-out method it may
be an outlier, and it will be necessary to consider the
feasibility of its presence in the meta-analysis.

Graphically, the results of the sensitivity analysis
are presented in Figure 6.

In the example from Figure 6, the weighted effect
obtained in the meta-analysis is the mean difference and
amounted to 0.16 [0.1; 0.23]. We see that when studies
are excluded from meta-analysis on an individual basis,
the weighted effect does not change significantly. At
the same time, according to I* statistics, the exclusion
of the Protocol 162A study significantly reduces
heterogeneity to 5%. This study requires close attention
since its presence causes high heterogeneity in the
whole meta-analysis.

Sensitivity analysis evaluates how the weighted
effect changes when excluding studies that received
“high” and “very high” risk levels when assessing
potential risks of bias. If, when one excludes one of
these studies, they significantly influence the effect (for
example, when, after excluding high-risk studies, 95%
CI of the new weighted effect ceases to include the
point estimate of the weighted effect before excluding
studies), it is necessary to reconsider the need to include
high-risk studies in the meta-analysis.

FOREST PLOT

Forest plot is the most common way to summarize
the results of a meta-analysis in a single image. It
shows the studies included in the analysis, the effect
of each one of them, the weighted effect, as well as a
set of additional parameters, for example, the weights
of each study, parameters of heterogeneity, the type

Study Mean Difference

Omitting Protocol 154 — =

Omitting Protocol 156
Omitting Protocol 157
Omitting Protocol 162A
Omitting Protocol 163
Omitting Protocol 166
Omitting Protocol 303A
Omitting Protocol 306 '
)

Common effect model

]
—&—  0.15 [0.08; 0.22]
—=— 0.16 [0.10; 0.23]
—— 0.18 [0.12;0.25] < 0.01 0.0004 0.0203 5%
— - ]
—F— 0.17 [0.10; 0.24]
—&—  0.15 [0.09; 0.22]
—+=— 0.17 [0.10; 0.24]

——— 0.16 [0.10; 0.23]

[ I [
-0.2 -01 0 0.1

of chosen statistical model (fixed or random effects).
By using forest plots, you can separately duplicate the
effect sizes and their 95% CI, as well as the weighted
effect and their 95% CI.

The size of the points on the plot that characterize a
particular study is often associated with the weight of
the study (the points of the largest size are associated
with studies with the highest weight, respectively). A
common forest plot is shown in Figure 7. The research
data are taken from the materials accompanying the
meta library of the R programming language [12].

From Figure 7, we can see the names of the studies
and the year of results publication, the characteristics
of the test and control groups (quantities, means and
standard deviations required to calculate the standard
error), the effect size (in this case, mean difference, MD)
and its 95% CI, weights in fixed and random effects
models, weighted effect for both types of models, as
well as heterogeneity parameters.

We also see a chart showing all the same effect sizes
in studies (represented by squares, the size of which
proportional to weights) and the weighted effects
for fixed and random effects models (represented by
diamond).

A solid vertical line is known as the “line of null
effect”. If 95% of the CI of individual studies or
weighted effects pass through the “line of null effect”,
the study data is said to be statistically insignificant,
and there is a high probability that the observed point
estimates are random.

In this example, Floral 1971 was the only study
where a significant effect was observed; its weight was
the highest in both fixed and random effects models
(38.6% and 33.3%, respectively). The fixed effects
model showed a significant effect, the means difference

MD 95%-Cl P-value Tau2 Tau 12
< 0.01 0.0080 0.0896 45%
< 0.01 0.0076 0.0872 47%

< 0.01 0.0090 0.0949 51%

0.14 [0.07;0.21

0.16 [0.09;0.23] < 0.01 0.0099 0.0993 51%
< 0.01 0.0082 0.0904 49%
< 0.01 0.0028 0.0527 27%

< 0.01 0.0099 0.0994 51%

< 0.01 0.0066 0.0812 43%

0.2

FIG. 6. Forest plot showing sensitivity analysis, adapted from S. Balduzzi et al. [12]
PUC. 6. ®opecrt-aunarpamma, 1eMOHCTPHUPYIOIIAs aHAIN3 4yBCTBUTEIBHOCTH, aganTupoBana u3 S. Balduzzi u coasr. [12]

Note: MD - Mean difference; Cl - confidence interval; 12 - Higgin's & Thompson’s F statistic / P statistic.
Mpumeyanue: study — nccnegosanue; MD — Mean difference, pasnuua cpeghux; Cl — confidence interval, goBeputenbHbiin uHTepBan; P-value — 3Have-
Hue p; 12 — Higgin's & Thompson’s P statistic / F? statistic, ~-cTatuctuka XurruHca u Tomncona / P-ctatuctuka; common (fixed) effect model — mogens

C omKCMpOBaHHBIMM AchdekTamm.
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Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Davis 1973 13 5.00 47000 13 6.50 3.8000 -1.50 [-4.79; 1.79] 2.8% 5.2%
Florell 1971 30 490 17100 50 6.10 2.3000 - -1.20 [-2.08;-0.32] 38.6% 33.3%
Gruen 1975 35 22.50 3.4400 35 24.90 10.6500 -2.40 [-6.11; 1.31] 2.2% 41%
Hart 1975 20 1250 1.4700 20 12.30 1.6600 —— 0.20 [-0.77; 1.17] 31.9% 30.6%
Wilson 1977 8 6.50 0.7600 8 7.38 1.4100 —& -0.88 [-1.99; 0.28] 24.5% 26.8%

1
Common effect model 106 126 <I> -0.71 [-1.26;-0.16] 100.0% -
Random effects model < -0.75 [-1.53; 0.03] -~ 100.0%
T T T T 1

Heterogeneity: /2 = 29%, T° = 0.2742, p = 0.23 T

FIG. 7. Forest plot showing the weighted effect, adapted from S. Balduzzi et al. [12]
PUC. 7. Forest-muarpamMma, 1eMOHCTPUPYIOIIAsA B3BEMIEHHBIH 3()(deKT, ananTuposana u3 S. Balduzzi u coasr. [12]

Note: SD - standard deviation; MD — mean difference; Cl — confidence interval; P — Higgin's & Thompson'’s P statistic / P statistic; 7 — Tau-squared.

Mpumeyanue: study — nccnepoBanue; experimental — akcnepumeHTanbHas rpynna; control — KOHTponbHas rpynna; total — obuiee 3HaveHue; mean —
cpeaHee 3HauveHne; SD - standard deviation, ctaHgapTHoe oTknoHeHue; MD — mean difference, pastuua cpegrmx; Cl — confidence interval, go-
BepUTENbHbIN MHTEpBaN; weight (common) — Beca B Mogenu ¢ ukcupoBaHHbIMM ddhcbekTamu; weight (random) — Beca B Mofienu €O cry4aiHbIMu
ahpexramu; common (fixed) effect model — mopens ¢ dukenpoBaHHbIMK adhdekTamu; random effect model — mogenb co cnyyaiHbiMu apdekTamu;
heterogeneity — reTeporeHHocTb; 2 — Higgin's & Thompson’s P statistic / P statistic, P-cTatuctuka XurrmHca u TomncoHa / -ctatuctuka; 2 — Tau-

squared, Tay-kBagpart; P-value — 3HaueHue p.

was -0.71 [-1.26; -0.16], while the random effects model
was insignificant, since the point estimate was -0.75,
and 95% Cl included zero [-1.53; 0.03] according to the
results of the meta-analysis

CONCLUSION

In this section of the article, we have introduced
the reader to the stages of including studies in meta-
analysis, reviewed the existing guidelines that you
need to familiarize with when writing a meta-analysis,
analyzed in detail the process of creating weights,
various types of models used in meta-analyses. We also
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