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Abstract

Obesity is a significant risk factor for several chronic non-communicable diseases, being

closely related to Diabetes Mellitus. Computer modeling techniques favor the understanding of

interaction mechanisms between specific targets and substances of interest, optimizing drug

development. In this article, the protocol of two protocols of systematic reviews are described

for identifying therapeutic targets and models for treating obesity or diabetes mellitus investi-

gated in silico. The protocol is by the guidelines from the Preferred Reporting Items for System-

atic Reviews and Meta-Analyzes Protocols (PRISMA-P) and was published in the International

Prospective Register of Systematic Reviews database (PROSPERO: CRD42022353808).

Search strategies will be developed based on the combination of descriptors and executed in

the following databases: PubMed; ScienceDirect; Scopus; Web of Science; Virtual Health

Library; EMBASE. Only original in silico studies with molecular dynamics, molecular docking,

or both will be inserted. Two trained researchers will independently select the articles, extract

the data, and assess the risk of bias. The quality will be assessed through an adapted version

of the Strengthening the Reporting of Empirical Simulation Studies (STRESS) and the risk of

bias using a checklist obtained from separate literature sources. The implementation of this

protocol will result in the elaboration of two systematic reviews identifying the therapeutic tar-

gets for treating obesity (review 1) or diabetes mellitus (review 2) used in computer simulation

studies and their models. The systematization of knowledge about these treatment targets and

their in silico structures is fundamental, primarily because computer simulation contributes to

more accurate planning of future either in vitro or in vivo studies. Therefore, the reviews devel-

oped from this protocol will guide decision-making regarding the choice of targets/models in

future research focused on therapeutics of obesity or Diabetes Mellitus contributing to mitigate

of factors such as costs, time, and necessity of in vitro and/or in vivo assays.
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Introduction

Rising numbers of obesity and diabetes cases have provided a favorable backdrop for the

growth of a new epidemic named “Diabesity” [1]. The term aims to define the coexistence of

these two comorbidities in the same individual [1, 2]. This increase highlights the undeniable

limitations regarding managing both conditions and the crucial importance of the global effort

in the search for new treatments [1]. The urgency is widely due to the economic and public

health burden [3, 4].

In obesity, changes in the organization of adipose tissue trigger a state of low-grade systemic

inflammation and metabolic complications, leading to a greater predisposition to Noncommu-

nicable diseases (NCDs) like diabetes mellitus (DM). These diseases contribute to the reduc-

tion in the quality of life and mortality [5]. It is estimated that the number of people with

obesity and DM increased worldwide, and projections point to a growing trend in the coming

years [6, 7].

Several strategies are adopted for treating obesity and DM, such as lifestyle changes, physi-

cal exercise, pharmacological therapy, and even natural alternatives such as bioactive mole-

cules [4, 8, 9]. Therapeutic agents, whether antiobesogenic or antidiabetic, can be selected

according to biological effects caused by the interaction with some molecular target able to

modify the course of the disease. This target-based approach is one form of drug discovery

[10].

Studies by computer simulations or in silico studies can enhance understanding of the

mechanisms of action and interaction between therapeutic targets and agents. The in silico
techniques used in bioinformatics, such as molecular docking or molecular dynamics, are the

most common methods used in Structure-based drug design (SBDD) being one general types

of computer-aided drug design (CADD), that allow the development of drugs and the under-

standing of effects caused by molecules with bioactive properties, in addition to demonstrating

the potential side effects and toxicity if these are predisposing factors related to the target or

agent [11–13], dispensing the use of laboratory animals (ethical principle of the Replacement,

Reduction and Refinement – 3Rs) [14].

Given the importance of in silico studies for the scientific community, there is an increasing

number of systematic reviews encompassing this approach, allowing a critical evaluation of the

results evidenced by several studies on a given topic and the synthesis of the main findings

[15]. Several investigations are carried out such as the search for antimicrobial molecules for

applications in the treatment of tuberculosis [16], drug repurposing using molecular docking

to treat COVID-19 [17], use of in silico methods as a screening tool for the search for flavo-

noid-derived drugs [18], among others.

Thus, the systematization of potential therapeutic targets, used by in silico studies for treat-

ing obesity and DM, will drive future in vitro, in vivo, and preclinical trials to validate of the

findings demonstrated through bioinformatics. Moreover, will contribute to researchers in

identifying new ligands or targets and will be fundamental for developingt drugs or natural

agents with the potential to control these diseases. Therefore, this article aims to detail the pro-

tocol of two systematic reviews that will be developed with in silico studies to identify therapeu-

tic targets for treating obesity and DM.

Methods/Design

Registration protocol

This systematic review protocol was designed according to the recommendations of the Pre-

ferred Report Items for Systematic Reviews and Meta-analyses (PRISMA-P) [19]. The protocol
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was registered on the Prospective International Systematic Reviews platform (PROSPERO),

(registration number CRD42022353808), available in: https://www.crd.york.ac.uk/prospero/

display_record.php?ID=CRD42022353808.

Review question

The present protocol was conducted to answer the following questions that will correspond to

two distinct systematic reviews:

• What therapeutic targets have been used in in silico analysis for the treatment of obesity?

• What therapeutic targets have been used in in silico analysis for the treatment of diabetes

mellitus?

Such questions were established according to the PECo strategy (P, problem; E, exposure;

Co, context) (Tables 1 and 2).

Eligibility criteria

Problem. Studies on anti-obesogenic or anti-diabetic therapeutic targets will be included.

Studies on therapeutic targets used in treating other comorbidities will be excluded.

Exposure. Studies regarding obesity or diabetes mellitus will be included. Studies address-

ing other comorbidities will not be included.

Context. Only the original in silico studies with molecular dynamics, molecular docking,

or both will be inserted. Studies exclusively in vivo, in vitro and other types of in silico that do

not correspond to molecular dynamics or molecular docking, will not be included. In addition,

preprint studies, review articles, theses, dissertations, letters, conference abstracts, and gray lit-

erature will be excluded.

Information sources and bibliographic research

Two systematic reviews will be carried out following the protocol registered on PROSPERO,

one related to therapeutic targets used in the in silico studies for treating obesity and the other

for treating Diabetes Mellitus.

Table 1. Research question structure (What therapeutic targets have been used in in silico analysis for the treat-

ment of obesity?) according to the PECo strategy for the systematic review.

Description Abbreviation Elements

Problem P Therapeutic targets used in the treatment of obesity

Exposure E Obesity

Context Co In silico studies with molecular dynamics or molecular docking

PECo (P, problem; E, exposure; Co, context).

https://doi.org/10.1371/journal.pone.0279039.t001

Table 2. Research question structure (What therapeutic targets have been used in in silico analysis for the treat-

ment of diabetes mellitus?) according to the PECo strategy for the systematic review.

Description Abbreviation Elements

Problem P Therapeutic targets used in the treatment of Diabetes Mellitus
Exposure E Diabetes Mellitus
Context Co In silico studies with molecular dynamics or molecular docking

PECo (P, problem; E, exposure; Co, context).

https://doi.org/10.1371/journal.pone.0279039.t002
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A comprehensive search will be elaborated from combinations of MESH and EMTREE

terms combinations using Boolean operators (AND and OR) on databases, without time or

language restrictions. The searches will be conducted in the following electronic bibliographic

databases: PubMed, ScienceDirect, Scopus, Web of Science, Virtual Health Library, EMBASE.

Additionally, a manual search will be carried out to insert articles that may not have been

found in the above databases. The search equation for the systematic review will be defined

considering the items of the PECo strategy (Tables 3 and 4). Adjustments may be necessary for

the search strategy, considering the characteristics of the electronic databases, and terms may

be included or changed.

Study selection

The works will be read by two reviewers independently. Initially, the titles and abstracts of the

works will be read. Subsequently, the selected works will be read in full. Disagreements will be

resolved by a third reviewer.

After screening, all articles will be imported into the Rayyan app (version 0.1.0) [20].

Migrating articles to this platform will facilitate the removal of duplicate studies (based on

inclusion criteria). The reasons for exclusion from studies will be recorded. The report of

selecting or excluding studies will be shown using the PRISMA-P flowchart (Fig 1).

Data extraction

Data extraction will be performed by two reviewers independently. The following characteris-

tics will be extracted from the selected articles: authors, country, model (in silico), technique

used (docking and molecular dynamics), docking score, potential energy of interaction, amino

acids with greater interaction, and the main outcomes are therapeutic targets, therapeutic

agent used, effects in vitro/in vivo, potential applications, and other timely data. Works not

found in their entirety will be requested from their respective authors via e-mail (maximum of

two attempts). The articles and the respective data will be tabulated in a predefined table using

the Microsoft Excel Program.

Data analysis and synthesis

Data will be summarized through a narrative approach, and the characteristics of the included

studies will be described in tables. The reviews will be structured around the type of therapeu-

tic targets in treating obesity or diabetes investigated through in silico simulations.

Table 3. Search strategy for the Pubmed database to recover articles to answer the systematic review’s question:

What therapeutic targets have been used in in silico analysis for the treatment of obesity?.

Terms

Problem “therapeutic target” OR target OR treatment

Exposure obesity

Context (“in silico” OR “computer simulation”) AND (“molecular dynamics simulation” OR “molecular

dynamics” OR “molecular docking simulation” OR “molecular docking”)

https://doi.org/10.1371/journal.pone.0279039.t003

Table 4. Search strategy for the Pubmed database to recover to answer the systematic review’s question: What

therapeutic targets have been used in in silico analysis for the treatment of diabetes mellitus?.

Terms

Problem “therapeutic target” OR target OR treatment

Exposure “Diabetes mellitus”
Context (“in silico” OR “computer simulation”) AND (“molecular dynamics simulation” OR “molecular

dynamics” OR “molecular docking simulation” OR “molecular docking”)

https://doi.org/10.1371/journal.pone.0279039.t004
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For both reviews, summaries of the results and protocols used in the studies will be provided.

Data will be presented in summary tables and narrative forms to describe the characteristics of the

included studies. These data will be given according to the type of therapeutic targets related to

treating obesity or diabetes, as well as three-dimensional models of these molecules or compounds

used in interactions by computer simulations. The references will be organized using the Mendeley

software [21]. Due to the methodology of the evaluated studies, no meta-analysis will be applied.

Risk of bias

Two reviewers will independently assess the quality of the studies and the risk of bias. A third

evaluator will resolve discrepancies. Due to the lack of a standardized tool for this type of

study, the modeling quality will be evaluated using the checklist developed based on standard-

ized guidelines for simulation “Strengthening the reporting of empirical simulation studies

(STRESS)” [22]. And the risk of bias will be assessed using a checklist previously developed

Fig 1. Article selection flowchart adapted from Preferred Reporting Items for Systematic Reviews (PRISMA-P).

https://doi.org/10.1371/journal.pone.0279039.g001
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and applied by Taldaev et al. [18]. Training will be carried out with the evaluators to ensure

uniformity in applying both tools.

Discussion

It is intended to elaborate on two systematic literature reviews based on articles whose meth-

odology uses bioinformatics tools. Both reviews will focus on identifying of therapeutic targets

studied in silico, in parallel, respective three-dimensional models used will be systematized.

The first review will identify the therapeutic targets of obesity, while the second will aim to

reveal the targets of diabetes.

The knowledge about targets and their structures, as well as the advances in bioinformatics

techniques, go beyond theoretical limits and impact public health. The possibilities of success

in developing effective therapies for difficult-to-control comorbidities, such as diabetes and

obesity, are expanded [23, 24].

The stages of discovery and development of new drugs can take around 10 to 12 years and

imply a high financial investment [25]. Among these steps, treatment targets must be previ-

ously identified and validated, new therapeutic options discovered and/or optimized and,

before the arrival of a new drug on the market, pre-clinical and clinical trials carried out [26].

In this regard, one of the great advantages of computer simulation is to reduce the time for

designing a new drug and support the accurate design of future in vitro and/or in vivo studies

(serving as a starting point). It is then possible to accelerate development and simultaneously

collaborate with the reduction in the use of animal models and research costs [27].

The requirement to systematize knowledge about therapeutic targets has been gained allies,

such as open access targeting platforms, including the Open Targets Platform (OTP), which

aims to bring scientific evidence on targets and assist in scientific decision-making [24]. How-

ever, implementing a bioinformatics study assessing the interaction between a new substance

and a specific target still requires that the structures of the substance and target are theoreti-

cally and experimentally elucidated.

The existence of elucidated in silico structures has been growing in recent years, collaborat-

ing with initial efforts to discover and understand the mechanisms of interaction of these new

substances with specific targets [28, 29]. Thus, it is indispensable to conduct review studies

that bring information not only about the existence of the target but also enable the execution

of computer simulation studies with higher quality.

Bioinformatics techniques, such as virtual screening tools in large libraries of compounds,

are already a reality for the pharmaceutical industry, which uses them in researching and

developing new drugs for several comorbidities, including obesity and diabetes [30, 31]. Struc-

ture-based drug design (SBDD) and ligand-based drug design (LBDD) are the two general

types of computer-aided drug design (CADD) that approaches can be used, exploring the

main structural and physicochemical properties of ligands and/or targets, which allows an

understanding of the potential before performing an in vitro test [30]. Among the relevant

computational techniques, structure-based virtual screening (SBVS), molecular docking and

molecular dynamics (MD) simulations are the most common methods used in SBDD [11–13].

Synthetic peptides are examples of the application of bioinformatics techniques, where the

elaboration of the same can be done, aiming at the optimization of the interaction of the sub-

stances with the chosen targets. Among the most promising synthetic peptides is the recently

approved Tirzepatide (LY3298176) for treating DM, whose anti-obesity and anti-diabetes

properties have been studied through clinical trials [32].

Among the possible limitations of the studies used in the construction of the reviews, some

points can be listed, such as the low quality of the original works included, the three-
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dimensional molecular structures available, different software used, and insufficient detailed

data on the in silico analysis. Despite the limitations, the systematic protocol proposes to bring

the molecular targets most used in computational research and their respective molecular

structures, contributing to the better quality of further studies.

Thus, the protocol will guide the development of the first systematic reviews gathering the

therapeutic targets of obesity or diabetes used in computer simulation studies. The findings of

systematic reviews should then guide the design of new studies in silico, contribute to the

choice of promising molecular targets, and to the selection of the most appropriate three-

dimensional structures to be applied. Consequently, contributing to the search and boosting

studies with molecules, compounds, or substances that are candidates for future anti-obesity

or anti-diabetes therapies with great probability of success.

Supporting information

S1 Checklist. Preferred Report Items for Systematic Reviews and Meta-analyses (PRIS-

MA-P) checklist.

(PDF)
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9. Dragano NRV, Fernø J, Diéguez C, López M, Milbank E. Reprint of: Recent Updates on Obesity Treat-

ments: Available Drugs and Future Directions. Neuroscience. 2020; 447: 191–215. https://doi.org/10.

1016/j.neuroscience.2020.08.009 PMID: 33046217.

10. Lage O, Ramos M, Calisto R, Almeida E, Vasconcelos V, Vicente F. Current Screening Methodologies

in Drug Discovery for Selected Human Diseases. Mar Drugs. 2018; 16 (8): 279. https://doi.org/10.

3390/md16080279 PMID: 30110923.

11. Hollingsworth SA, Dror RO. Molecular Dynamics Simulation for All. Neuron. 2018; 99 (6): 1129–1143.

https://doi.org/10.1016/j.neuron.2018.08.011 PMID: 30236283.

12. Dong D, Xu Z, Zhong W, Peng S. Parallelization of Molecular Docking: A Review. Current Topics in

Medicinal Chemistry. 2018; 18 (12): 1015–1028. https://doi.org/10.2174/

1568026618666180821145215 PMID: 30129415.

13. Brogi S, Ramalho TC, Kuca K, Medina-Franco JL, Valko M. Editorial: In silico Methods for Drug Design

and Discovery. Frontiers in Chemistry. 2020; 8 (612): 1–5. https://doi.org/10.3389/fchem.2020.00612

PMID: 32850641

14. Singh J. The national centre for the replacement, refinement, and reduction of animals in research. J

Pharmacol Pharmacother. 2012; 3 (1): 87–9. PMID: 22368436; PMCID: PMC3284057.

15. Pollock A, Berge E. How to do a systematic review. International Journal of Stroke. 2018; 13 (2): 138–

156. https://doi.org/10.1177/1747493017743796 PMID: 29148960.

16. Timo GO, Reis RSSV dos, Melo AF de, Costa TVL, Magalhães PO, Homem-de-Mello M. Predictive

Power of In Silico Approach to Evaluate Chemicals against M. tuberculosis: A Systematic Review. Phar-

maceuticals. 2019; 12 (3): 1–23. https://doi.org/10.3390/ph12030135 PMID: 31527425.

17. Fadlalla M, Ahmed M, Ali M, Elshiekh AA, Yousef BA. Molecular Docking as a Potential Approach in

Repurposing Drugs Against COVID-19: a Systematic Review and Novel Pharmacophore Models. Cur-

rent Pharmacology Reports. 2022; 8 (3): 212–226. https://doi.org/10.1007/s40495-022-00285-w

PMID: 35381996.

18. Taldaev A, Terekhov R, Nikitin I, Zhevlakova A, Selivanova I. Insights into the Pharmacological Effects

of Flavonoids: The Systematic Review of Computer Modeling. International Journal of Molecular Sci-

ences. 2022; 23 (11): 1–18. https://doi.org/10.3390/ijms23116023 PMID: 35682702.

19. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ.

2015; 349: 1–25. https://doi.org/10.1136/bmj.g7647 PMID: 25555855.

20. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for systematic

reviews. Systematic Reviews. 2016; 5: 1–10. https://doi.org/10.1186/s13643-016-0384-4 PMID:

27919275

21. Zaugg H, Tateishi I, Randall DL, West RE. Mendeley: Creating Communities of Scholarly Inquiry

Through Research Collaboration. Tech Trends. 2011; 55 (1): 32–36. https://doi.org/10.1007/s11528-

011-0467-y

22. Monks T, Currie CSM, Onggo BS, Robinson S, Kunc M, Taylor SJE. Strengthening the reporting of

empirical simulation studies: Introducing the STRESS guidelines. Journal of Simulation. 2019; 13: 55–

67. https://doi.org/10.1080/17477778.2018.1442155

23. Sheldon TA, Wright J. Twin epidemics of covid-19 and non-communicable disease. BMJ. 2020; 369–

370. https://doi.org/10.1136/bmj.m2618 PMID: 32605906.

PLOS ONE In silico studies of therapeutic targets in obesity and diabetes: Systematic review protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0279039 December 12, 2022 8 / 9

https://doi.org/10.1038/s41569-020-00465-5
https://doi.org/10.1038/s41569-020-00465-5
http://www.ncbi.nlm.nih.gov/pubmed/33188304
https://doi.org/10.1136/bmjgh-2021-006351
https://doi.org/10.1136/bmjgh-2021-006351
http://www.ncbi.nlm.nih.gov/pubmed/34737167
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.ncbi.nlm.nih.gov/pubmed/28845396
https://doi.org/10.1016/j.neuroscience.2020.08.009
https://doi.org/10.1016/j.neuroscience.2020.08.009
http://www.ncbi.nlm.nih.gov/pubmed/33046217
https://doi.org/10.3390/md16080279
https://doi.org/10.3390/md16080279
http://www.ncbi.nlm.nih.gov/pubmed/30110923
https://doi.org/10.1016/j.neuron.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30236283
https://doi.org/10.2174/1568026618666180821145215
https://doi.org/10.2174/1568026618666180821145215
http://www.ncbi.nlm.nih.gov/pubmed/30129415
https://doi.org/10.3389/fchem.2020.00612
http://www.ncbi.nlm.nih.gov/pubmed/32850641
http://www.ncbi.nlm.nih.gov/pubmed/22368436
https://doi.org/10.1177/1747493017743796
http://www.ncbi.nlm.nih.gov/pubmed/29148960
https://doi.org/10.3390/ph12030135
http://www.ncbi.nlm.nih.gov/pubmed/31527425
https://doi.org/10.1007/s40495-022-00285-w
http://www.ncbi.nlm.nih.gov/pubmed/35381996
https://doi.org/10.3390/ijms23116023
http://www.ncbi.nlm.nih.gov/pubmed/35682702
https://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
https://doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/pubmed/27919275
https://doi.org/10.1007/s11528-011-0467-y
https://doi.org/10.1007/s11528-011-0467-y
https://doi.org/10.1080/17477778.2018.1442155
https://doi.org/10.1136/bmj.m2618
http://www.ncbi.nlm.nih.gov/pubmed/32605906
https://doi.org/10.1371/journal.pone.0279039


24. Ochoa D, Hercules A, Carmona M, Suveges D, Gonzalez-Uriarte A, Malangone C, et al. Open Targets

Platform: supporting systematic drug–target identification and prioritisation. Nucleic Acids Research.

2021; 49 (1): 1302–1310. https://doi.org/10.1093/nar/gkaa1027 PMID: 33196847.

25. Spedding M. New directions for drug discovery. Dialogues in Clinical Neuroscience. 2006; 8 (3): 295–

301. https://doi.org/10.31887/DCNS.2006.8.3/mspedding PMID: 17117611.

26. Shaker B, Ahmad S, Lee J, Jung C, Na D. In silico methods and tools for drug discovery. Computers in

Biology and Medicine. 2021; 137: 104851. https://doi.org/10.1016/j.compbiomed.2021.104851 PMID:

34520990.

27. Maia EHB, Assis LC, de Oliveira TA, Silva AM, Taranto AG. Structure-Based Virtual Screening: From

Classical to Artificial Intelligence. Frontiers in Chemistry. 2020; 8: 343. https://doi.org/10.3389/fchem.

2020.00343 PMID: 32411671.

28. Goodsell DS, Zardecki C, di Costanzo L, Duarte JM, Hudson BP, Persikova I, et al. RCSB Protein Data

Bank: Enabling biomedical research and drug discovery. Protein Science. 2020; 29 (1): 52–65. https://

doi.org/10.1002/pro.3730 PMID: 31531901.

29. Rifaioglu AS, Atas H, Martin MJ, Cetin-Atalay R, Atalay V, Doğan T. Recent applications of deep learn-

ing and machine intelligence on in silico drug discovery: methods, tools and databases. Briefings in Bio-

informatics. 2019; 20 (5): 1878–1912. https://doi.org/10.1093/bib/bby061 PMID: 30084866.
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