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Meta-analysis is a study design that uses statistical techniques to identify, explore,
and explain differences in experimental results. Meta-analysis combines data from
multiple experiments to test one or more related scientific hypotheses [1-4].

For the first time, the term meta-analysis was used in the report of J. Glass,
President of the American Educational Research Association on April 21, 1976. In
collaboration with J. Glass, M. Smith carried out the largest analytical review of studies
on the psychotherapy effectiveness. This review answered the controversial questions
about the potential inefficiency of psychotherapy, identified, in particular, by H.
Eysenck, who, based on an analysis of six studies, concluded that 75% of neurotics
experience an improvement in their condition, regardless of involvement in
psychotherapy [2].

Approaches to meta-analysis have evolved in the 20th century. The prerequisite for
the emergence of this type of research was the use of weighted means and work in z-
metrics (Rozenthal & Rubin, 1961). The next step was a moderator analysis,
adjustments for side effects (Hedges & Olkin, 1980). Finally, since the 1990s, Hunter
& Smidt have proposed more sophisticated analysis methods that involve the
contribution of random factors [3,4].

The main advantage of meta-analysis is the possibility of increasing the statistical
power of the study, and, consequently, the accuracy of assessing the effect of the
analyzed factor, which avoids false negative [1,2,4].

This technique requires a relatively few resources compared to the primary study,
but allows you to obtain reliable information by increasing the sample power. One of
the main conditions for the use of this analysis is the availability of the necessary
statistical data in scientific publications, because without reliable data, the use of meta-
analysis is limited. The reliability and validity of the resulting estimate of the
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manifestation of the effect depends on the number of included studies and on their
quality [1,4,5].

A study in meta-analysis design follows a clear procedure, including a sequence of
steps that is opened by the formulation of the main question of the study. This question
should be well formulated, because it determines the criteria for the inclusion of
experimental work in the study [1,4,5].

The studies pooled by the meta-analysis should include experimental (exposed to
the factor under study) and control (without the effect of the factor) groups. In each
group of subjects, the number of cases of manifestation of the effect of exposure and
the number of cases with no manifestation of this effect are determined [4-5].

Meta-analysis is increasingly being used both in the humanities (sociology,
psychology) and in the natural sciences - medicine and pharmacology, geography and
geology, biology and ecology.

We find many examples of the successful use of meta-analysis in the field of
evidence-based medicine and pharmacoeconomics. Quite often, the results of studies
that evaluate the effectiveness of the same therapeutic or prophylactic intervention or
diagnostic method for the same disease differ. Therefore, there is a need for a relative
assessment of the results of different studies and the integration of their results in order
to obtain a generalizing conclusion [5-6].

Systematic reviews and meta-analyses, summarizing large amounts of information
on a selected clinical issue, allow us to formulate a correct idea of the risk or benefit of
a medical method and are a valuable tool for making the right clinical decision. Meta-
analyses can significantly reduce the time between a scientific discovery and the
implementation of its results in clinical practice [5-6].

Let us dwell in detail on the application of the meta-analysis design in ecological
studies on examples of modeling the effect of environmental factors on Drosophila
melanogaster and studies in the ecology of microorganisms.

Thus, it is known about the effect of oxidative stress, which is caused by various
environmental toxicants, on the nervous system of animals. Meta-analysis of
experimental data on the study of the effect of organomercury compounds and alcohol
on the D. melanogaster model showed an increase in their toxic effect when they were
used in combination. The data can be used to predict the effect of alcohol on the human
organism, including pregnant women, after exposure to organomercury compounds
[7].

Another meta-analytic study assessed variability in food intake in 182
D. melanogaster lines for which the genotype was known. Thirty-one candidate genes
have been identified that are associated with changes in eating behavior. Validation
experiments using mMRNA knockdown confirmed the effect of 24 out of 31 (77%)
candidate genes on food intake. Many of the established genes have mammalian
orthologs associated with metabolic disease [8].

Soil microorganisms are a key element of soil health and an important prerequisite
for plant productivity. There is a hypothesis that the application of mineral fertilizers
worsens the condition of microorganisms in the soil and leads to a decrease in their
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biomass. A meta-analysis of 55 experiments showed that the use of mineral fertilizers
increased both plant biomass and microbial biomass [9].

One of the key problems of the 21st century is the emergence of superinfections
that are resistant to antibiotics. One of the causes of this problem is the excessive and/or
uncontrolled use of antibiotics. A meta-analysis based on 243 studies confirmed the
relationship between these indicators and found that in southern countries it is more
expressed [10]. The study of the phenomenon of antibiotic resistance is also carried out
in the natural environment, for example, in water bodies. It is known that the lacustrine
water of lakes is more prone to accumulate xenobiotics compared to river water. At the
same time, no significant difference was found in the occurrence of sulfonamide
resistance genes among microorganisms of lakes and rivers [11].

Thus, the meta-analysis is a promising research design in ecological modeling and
ecology of microorganisms, which allows us to find out the mechanisms of adaptation
of macro- and microorganisms to a changing environment, including under the
influence of human activities.

List of references

1. Osin Ye. N. (2011). Meta-analysis in the social sciences. Seminar on Cognitive
Studies in HSE University, 1-42.

2. Kornilov, S. A., & Kornilova, T. V. (2010). Meta-analytic studies in psychology.
Psychological Journal, 31(6), 5-17.

3. Cherkashin A.K. (2021). Features of geographic meta-analysis. Geographic
Bulletin, 2(57), 6-21.

4. Bogomolov, A. V., & Kukushkin, Yu. A. (2011). Mathematical support for
meta-analysis of the results of independent experimental biomedical studies.
Informatics and control systems, (4), 65-74.

5. Turdalieva, B. S., Rakhmatullaeva, N. U., Ten, V. B., Raushanova, A. M.,
Musaeva, B. A., & Omarova, D. B. (2011). Meta-analysis as a tool for evidence-based
medicine. Bulletin of Kazakh NMU, (4), 99-105.

6. Lukina, Yu. V., Martsevich, S. Yu., & Kutishenko, N. P. (2016). Systematic
review and meta-analysis: traps and pitfalls of methods. Rational pharmacotherapy in
cardiology, 12(2), 180-185.

7. Chauhan, V., & Chauhan, A. (2016). Effects of methylmercury and alcohol
exposure in Drosophila melanogaster: Potential risks in neurodevelopmental disorders.
International Journal of Developmental Neuroscience, 51, 36-41.

8. Garlapow, M. E., Huang, W., Yarboro, M. T., Peterson, K. R., & Mackay, T. F.
(2015). Quantitative genetics of food intake in Drosophila melanogaster. PloS one,
10(9), e0138129.

9. Geisseler, D., Linquist, B. A., & Lazicki, P. A. (2017). Effect of fertilization on
soil microorganisms in paddy rice systems—A meta-analysis. Soil Biology and
Biochemistry, 115, 452-460.

10. Bell, B. G., Schellevis, F., Stobberingh, E., Goossens, H., & Pringle, M.
(2014). A systematic review and meta-analysis of the effects of antibiotic consumption
on antibiotic resistance. BMC infectious diseases, 14(1), 1-25.

38



THEORETICAL AND APPLIED ASPECTS OF THE APPLICATION OF
MODERN SCIENCE

11. Yang, Y., Song, W., Lin, H., Wang, W., Du, L., & Xing, W. (2018).

Antibiotics and antibiotic resistance genes in global lakes: a review and meta-analysis.
Environment international, 116, 60-73.

39



