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Journal of Science & Technology
About the Journal

Overview

Pertanika Journal of Science & Technology (JST) is the official journal of Universiti Putra Malaysia
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the
publication of original papers, it serves as a forum for practical approaches to improving quality in issues
pertaining to science and engineering and its related fields.

JST is a quarterly (January, April, July and October) periodical that considers for publication original
articles as per its scope. The journal publishes in English and it is open to authors around the world
regardless of the nationality.

The Journal is available world-wide.

Aims and scope

Pertanika Journal of Science and Technology aims to provide a forum for high quality research related
to science and engineering research. Areas relevant to the scope of the journal include: bioinformatics,
bioscience, biotechnology and bio-molecular sciences, chemistry, computer science, ecology,
engineering, engineering design, environmental control and management, mathematics and statistics,
medicine and health sciences, nanotechnology, physics, safety and emergency management, and
related fields of study.

History

Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the
interdisciplinary strengths of the university.

After almost 27 years, as an interdisciplinary Journal of Science & Technology, the revamped journal
now focuses on research in science and engineering and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission
to publication for the articles averages 5-6 months.

Abstracting and indexing of Pertanika
The journal is indexed in SCOPUS (Elsevier), Clarivate-Emerging Sources Citation Index [ESCI (Web of
Science)], BIOSIS, National Agricultural Science (NAL), Google Scholar, MyCite and ISC.

Future vision

We are continuously improving access to our journal archives, content, and research services. We have
the drive to realise exciting new horizons that will benefit not only the academic community, but society
itself.



Citing journal articles
The abbreviation for Pertanika Journal of Science & Technology is Pertanika J. Sci. Technol.

Publication policy

Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration
by two or more publications. It prohibits as well publication of any manuscript that has already been
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript
that has been published in full in Proceedings.

Code of Ethics

The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of ethics.php

International Standard Serial Number (ISSN)

An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have ISSN as well as an e-ISSN.

Journal of Science & Technology: ISSN 0128-7680 (Print); ISSN 2231-8526 (Online).

Lag time
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks).
The elapsed time from submission to publication for the articles averages 5-6 months.

Authorship

Authors are not permitted to add or remove any names from the authorship provided at the time of
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s INSTRUCTIONS TO AUTHORS at the back of this journal.

Editorial process

Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript,
and upon the editorial decision regarding publication.

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential

reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final
choice. The editors are not, however, bound by these suggestions.

Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are
accepted conditionally, pending an author’s revision of the material.

The Journal’s peer-review

In the peer-review process, three referees independently evaluate the scientific quality of the submitted
manuscripts.

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and
weaknesses of written research, with the aim of improving the reporting of research and identifying the
most appropriate and highest quality material for the journal.
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Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the
editorial review process:

1.

The Journal’s Chief Executive Editor (CEE) and the Editorial Board Members (EBMs) examine
the paper to determine whether it is appropriate for the journal and should be reviewed. If
not appropriate, the manuscript is rejected outright and the author is informed.

The CEE sends the article-identifying information having been removed, to three reviewers
who are specialists in the subject matter represented by the article. The CEE requests them to
complete the review in three weeks.

Comments to authors are about the appropriateness and adequacy of the theoretical or
conceptual framework, literature review, method, results and discussion, and conclusions.
Reviewers often include suggestions for strengthening of the manuscript. Comments to the
editor are in the nature of the significance of the work and its potential contribution to the
field.

The CEE, in consultation with the Editor-in-Chief (EiC), examines the reviews and decides
whether to reject the manuscript, invites the author(s) to revise and resubmit the manuscript.
The CEE may seek additional reviews. Final acceptance or rejection rests with the CEE and EiC,
who reserve the right to refuse any material for publication. In rare instances, the manuscript
is accepted with almost no revision. Almost without exception, reviewers’ comments (to the
author) are forwarded to the author. If a revision is indicated, the editor provides guidelines
for attending to the reviewers’ suggestions and perhaps additional advice about revising the
manuscript.

The authors decide whether and how to address the reviewers’ comments and criticisms and
the editor’s concerns. The authors return a revised version of the paper to the chief executive
editor along with specific information describing how they have answered’ the concerns
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit
a rebuttal if there is a need especially when the author disagrees with certain comments
provided by reviewer(s).

The CEE sends the revised paper out for re-review. Typically, at least one of the original
reviewers will be asked to examine the article.

When the reviewers have completed their work, the CEE in consultation with the EiC and
EBMs examine their comments and decide whether the paper is ready to be published, needs
another round of revisions, or should be rejected.

If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to
the Press. The article should appear online in approximately three months.

The Publisher ensures that the paper adheres to the correct style (in-text citations, the
reference list, and tables are typical areas of concern, clarity, and grammar). The authors are
asked to respond to any minor queries by the Publisher. Following these corrections, page
proofs are mailed to the corresponding authors for their final approval. At this point, only
essential changes are accepted. Finally, the article appears in the pages of the Journal and is
posted online.
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Foreword

Welcome to the fourth Issue of 2019 for the Journal of Science and Technology (JST)!

JST is an open-access journal for studies in Science and Technology published by Universiti Putra
Malaysia Press. It is independently owned and managed by the university for the benefit of the
world-wide science community.

This issue contains 57 articles; 5 are review articles, 1 case study, 1 short communication and
the rest are regular articles. The authors of these articles come from different countries namely
Malaysia, United Kingdom, Germany, Denmark, Indonesia, Nigeria, India, Oman, Algeria, Iraq,
Iran and Thailand.

Nik Zarina Nik Mahmood and colleagues from Universiti Teknologi MARA discussed about the
surface roughness and shear bond strength of 2 types of composite veneer. They concluded that
the laboratory-made veneer system exhibited superior surface roughness than prefabricated
veneer system when treated with different types of surface treatments. Further details on the
study can be found on page 1539.

A regular article titled “Identifying analogues of 2-deoxyglucose, a-D-glucose and B-D-glucose-
6-phosphate as potential inhibitors of human hexokinase Il for the development of anti-dengue
therapeutics” was co-authored by Suriyea Tanbin, Nurhainis Ogu Salim and Fazia Adyani Ahmad
Fuad from International Islamic University Malaysia and Institute for Medical Research. They
successfully identified compounds similar to 2-deoxyglucose, a-D-glucose and B-D-glucose-6-
phosphate by using ligand-based screening program. Detailed information on this study can be
found on page 1625.

Mohmad Khalel Ibrahim and researchers from University of Al Muthanna and Al-Qasim Green
University, Iraq summarized the utilization of Cassia surratensis seeds as a natural adsorbent for
oil content removal in oilfield produced water. They concluded that the use of Cassia surattensis
seeds to eliminate oil content in oilfield produced water was an ecological and low-cost method,
which was confirmed with the Freundlich adsorption isotherm model. Details on this study are
presented on page 2123.

We anticipate that you will find the evidences presented in this issue to be intriguing, thought
provoking and useful in reaching new milestones in your own research. Please recommend
the journal to your colleagues and students to make this endeavour meaningful. All the papers
published in this edition underwent Pertanika’s stringent peer-review process involving a
minimum of two reviewers comprising internal as well as external referees. This was to ensure
that the quality of the papers justified the high ranking of the journal, which is renowned as
a heavily-cited journal not only by authors and researchers in Malaysia but by those in other
countries around the world as well.



We would also like to express our gratitude to all the contributors, namely the authors, reviewers,
Editor-in-Chief and Editorial Board Members of JSSH who have made this issue possible.

JST is currently accepting manuscripts for upcoming issues based on original qualitative or
guantitative research that opens new areas of inquiry and investigation.

Chief Executive Editor
Prof. Dato’ Dr. Abu Bakar Salleh
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ABSTRACT

The presence of imaging technologies in Malaysia needs to be supported by homegrown
research to optimize and tailor their usage for local benefits. Research done elsewhere may
not be applicable to local situations. This study investigates the contribution of researches
by Malaysian academicians and service providers to the field of medical imaging, as
evident in the Malaysian Citation index (MyCite) database. Bibliometric and thematic
analyses were performed on publications featured in the database from 2006 to 2016.
The bibliometric analysis provided information on the affiliation of the authors, their
professional backgrounds, types of studies, and the journals involved while the thematic
analysis identified the themes and sub-themes of identified articles. The study found that
Malaysians contributed 54.1% of the publications, followed by non-Malaysians (41.8%)
and collaboration authors (4.1%). Researchers were mostly from university-based and
hospital university-based institutions. The thematic analysis presented that 42.9% of articles
were classified under clinical themes. The results also suggested that the current trends of
research in medical imaging are focused on topics involving clinical and modality, and

only a few patient-centered researches. This

is an indication that more researches that

are relevant to local practices and needs are
ARTICLE INFO required as this will strengthen the medical

Ariicle history: imaging practice in the country.
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INTRODUCTION

Recent technological developments in medical imaging underline the significance of
research in the profession. Research is needed to provide the evidence for its practices as
research is a means by which a profession defines its own knowledge base and successfully
differentiates itself from others (Reeves, 2008). The importance of research and the
dissemination of the findings could facilitate the growth of the discipline. Research in
medical imaging is further dictated by the concept of evidence-based practice (EBP),
a concept that is aimed to enable healthcare practitioners to deliver optimal healthcare
services. It is important for medical imaging practitioners to embrace this concept to remain
relevant in the healthcare industry.

Malaysia is a rapidly progressing nation that aims to be a fully developed country
by the year 2020. The country embarks on efforts to strengthen the industry and research
collaboration in order to achieve a fully developed country standard (Economic Planning
Unit, 2010). While those aspirations have been formulated, an important undertaking to
determine whether the current status of locally grown knowledge and researches are in line
with the aspirations of the nation. Homegrown research is significant as researchers will
conduct their research based on the needs of the nation. Research conducted elsewhere may
not be directly applicable to the local needs due to sociobiological, socioeconomic, cultural
and religious factors. Thus, it is felt that the researchers need to support the government’s
outlook in prioritizing their research interests and undertakings.

Scientific writings through journal publications are the more commonly accepted mode
of disseminating research findings. In 2011, the Ministry of Education Malaysia (MOE)
established the Malaysian Citation Centre (MCC) that serves to collate, monitor, coordinate
and improve the standards of journal publications in Malaysia (MyCite, 2017). This was
followed by the setting up of the Malaysian Citation Index, MyCite. This online database
provides access to bibliographic, as well full-text contents of scholarly journals, conference
proceedings, book chapters and theses in science, technology, medicine, social science
and humanities published in Malaysia. To date, it has more than 34,000 documents. The
MyCite Journal Selection criteria have to be met before any journal can be considered for
a MyCite indexation. An important selection criterion for MyCite database is international
diversity, indicated by 40% international authors and 60% local (regional) authors. Priority
is also given to a journal if it has achieved a reasonable degree of influence as a result of its
indexation status in Web of Science (WoS) or Scopus, or any discipline-based databases.

The trends and priorities of research play an important role to reap the optimum benefits
to the service and education of any given profession. Thus, the importance of research in
medical imaging field among its academicians and service providers cannot be sidelined.
It would be beneficial to determine how these researches are seen within the context of
meeting the expectations of the overall medical imaging field in Malaysia. It is felt that
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MyCite is a significant database to be investigated in order to determine the current research
trends in medical imaging in Malaysia. Thus, the objective of this study is to examine the
trend of publications in medical imaging as indexed in the database. This study is hoped
to convince future researchers to acknowledge the trends of research in medical imaging
in Malaysia and guide them towards making informed decisions about future researches
in the discipline.

MATERIALS AND METHODS

There are ample literatures that suggest the use of bibliometric method as a tool in the
assessment of research initiatives and performances in basic scientific disciplines and
medicine. The bibliometric method is a qualitative study of publication that is used to
describe the patterns of publications within the given field (Clarke et al., 2007). The method
is also useful to map the literature in a given field by identifying patterns of authorship
and productivity in providing a direction for future development of the respective field.
It can also provide an in-depth analysis of the connections between authors, publications
and research topics (Snaith, 2012).

Several medical imaging related terms were used as search terms in this study. These
included radiography, medical imaging, radiology, radiation, X-ray, neuroimaging,
ultrasound, magnetic resonance imaging (MRI), computed tomography (CT) scan, nuclear
imaging, mammography, intravenous urogram (IVU), and fluoroscopy. The researchers
caution that these terms are not exhaustive, yet they were felt to be sufficient for the
purpose of the study:.

The MyCite database (http://www.mycite.my) was accessed. The Advanced Search tab
was chosen to accommodate more than one search term. Using the Boolean operator “OR”
and additional search tabs, the medical imaging terms mentioned above were individually
entered into the search tabs. A general survey involving ‘All Field’ was done. The search
was limited to articles and published in English and Malay language. The search covered
a 10-year period from 2006 to 2016. This time frame was chosen to depict the recent
publications that complemented the changes experienced by the field of medical imaging
and was not restricted towards the authors’ countries of origin. The total number of articles
that resulted from the Advanced Search was noted. Information that included the authors’
names, titles of articles, journal titles, year of publication and abstracts were manually
tabulated in an Excel file.

The titles of the articles were arranged alphabetically. The titles of articles were checked
for duplication before it was analysed by researchers. The “filter” tab in the Excel file was
used to recognize those titles and duplications were removed from the data. The filtered data
was further focused to articles related to medical imaging. Since the titles of the articles
represented the main idea, they were used as indicators to determine whether the articles
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were related to medical imaging or otherwise. Titles that were not related Medical imaging
such as computer science, physics and astronomy were excluded from the data. There were
some titles that did not represent medical imaging. But, they were included after reviewing
the abstract of the articles due to the issues discussed in the articles were strongly related
to medical imaging. The final data was used for bibliometric and thematic studies.

Fulfilling the characteristics of a bibliometric study, the affiliations of the authors,
types of studies, and professional background of the authors was included in this study. The
affiliations determined whether the articles were contributed by authors from Malaysia, or
collaborations between Malaysian and non-Malaysian authors. The data was also used to
classify the publications into review, comparative study, survey and empirical study. Special
emphasis had been given to publications by Malaysian researchers. The determination of
the background of the authors served to indicate whether the authors were from hospitals,
universities, hospital universities, government bodies, private bodies or non-governmental
organizations (NGOs). Further classification divided the authors into those who were from
the clinical, academia or industry related to medical imaging. For the purpose of this study,
a clinical provider is one who works in a clinical field in medical imaging, whereas an
academician relates to an academic staff at a higher educational institution in Malaysia.
Meanwhile, an industry worker is a person who works with any industrial company that
is related to the medical imaging field.

Thematic analysis, a part of qualitative research is used to identify, analyse, and report
patterns (themes) within the data (Braun & Clarke, 2006). The analysis provides a robust,
systematic framework for coding qualitative data and for using the coding to define patterns
across the dataset in researches. It is a pragmatic qualitative approach for those doing
applied research and has been used widely for health and well-being research (Braun &
Clarke, 2014). For the present study, thematic analysis was used to define the significant
themes and sub-themes based on the titles of articles. This was done for the themes denoted
the major issues being discussed, while the sub-themes denoted the related themes to the
main issues within the titles.

RESULTS AND DISCUSSIONS
The General Report

Data was collected on 29" November 2016. Although there were 32,926 documents indexed
in MyCite, the number of journals that fulfilled the MyCite Journal Selection Criteria stood
at 138. MyCite estimated that more than 500 Malaysian journals can benefit from being
indexed in the database in terms of global visibility and enabling Malaysian researchers
to identify expertise, areas of possible collaboration, stimulate use and citations (MyCite,
2017). These estimation is credible since it was presented in 2012 that there were 424
traceable journal titles that were published in Malaysia (Zainab et al., 2012). In the same
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work, the authors reported a finding in 1999 that there were 284 titles. This means there was
a 52% increase in journal titles within 13 years. Thus, with only 138 journals indexed in
MyCite, from a possible of 500 Malaysian journals, the 27% indexation rate in the database
shows much support is needed to ensure more journals to be cited in the database. With
MyCite providing access to bibliographic as well full-text contents of scholarly journals
published in Malaysia in the various fields, practitioners should optimise the presence of the
database. Primarily, “homegrown” research, translated into scientific writings indexed in
MyCite can be benefitted by other local practitioners since MyCite provides the necessary
access to those researches. Thus, the two important issues; support for local journals to
be indexed in MyCite and the accessibility of publications in the database could have
their impact upon practitioners in all fields, including medical imaging, in managing their
research and disseminating the findings for local practitioners.

Report for Medical Imaging Literature

The study found the number of articles that were related to medical imaging in MyCite was
268. This represents 0.8% of the total number of articles. 156 articles were contributed by
Malaysians while 112 were from non-Malaysians. The results show that the 268 articles
were published in 32 journals. This represents 23% of the total number of journals indexed.
The top 5 journals that published articles related to medical imaging are listed in Table 1.

Only 40% of the journals indexed in MyCite addressed the science, technology and
medical fields. Being a sub-discipline in the Medicine field, the low number of articles
related to medical imaging is expected. However, this study does not represent an overall
true picture of the contributions of Malaysian medical imaging practitioners to their field
in terms of research. It is believed that there are articles by Malaysian practitioners being
indexed in some other databases such as Scopus, WoS or even in other non-indexed journals.
The lower output of researches related to medical imaging in MyCite could be attributed to
the inclination of researchers to publish their work in journals indexed in Scopus, WoS or
other databases. However, the accessibility to those mentioned databases may be limited
and subjected to subscriptions requirements as it is often confined to academic institutions.
Thus, it is important to reiterate that “homegrown” researches should be made readily

Table 1
Top five journals that published articles related to medical imaging
No.  Name of Journal Total articles (%)
1. Biomedical Imaging Intervention Journal 107 (40%)
2. Medical Journal of Malaysia 27 (10%)
3. Malaysian Journal of Medical Science 27 (10%)
4. Jurnal Teknologi 16 (6%)
5. Neurology Asia 10 (4%)
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accessible to local practitioners and is provided by MyCite. It is to be appreciated that there
are nearly 25% of the journals in MyCite that had published articles related to medical
imaging. This is translated into available avenues and opportunities for Malaysian medical
imaging practitioners to publish their findings for the benefits of other local practitioners.

The study also identified 15 out of 32 journals being indexed in Scopus, while 4 out
of 15 journals were indexed in WoS. They are shown in Table 2.

The results should be seen within the context of dispelling the conflict among
academicians, especially in publishing their works in high impact journals in databases
compared to Malaysian-based journals. It is a common knowledge that academicians
are encouraged to publish in journals in the above databases for personal promotion and
self-development, as well as for the rating and ranking of the university. There is a hidden
element of “patriotism” if one were to consider publishing in any one of the 15 journals
given in Table 2. This element should be seen within the context of supporting local journals
to remain in the two mentioned databases. This support is needed for those journals to
fulfil the criteria set by these databases in order to preserve the indexation. By preserving
the indexation by the said journals in WoS and Scopus, the opportunity to further publish
in journals indexed in the latter databases is simultaneous achieved.

Table 2
List of Journals that are indexed in Scopus and Web of Science
No. Name of Journals Scopus Web of Science
1. Biomedical Imaging Intervention Journal N
2. International Medical Journal Malaysia \
3. Journal of Mechanical Engineering \
4. Malaysian Family Physician \
S. Malaysian Journal of Analytical Sciences \
6. Malaysian Journal of Computer Science \ \
7. Malaysian Journal of Mathematical Science \
8. Malaysian Journal of Medical Sciences \
9. Malaysian Journal of Medicine and Health Sciences \
10. Malaysian Journal of Nutrition \
11. Malaysian Journal of Public Health Medicine \
12. Medical Journal of Malaysia \
13. Neurology Asia \ v
14. Pertanika Journal of Science and Technology \ v
15. Sains Malaysiana \ v

Country of Origin of Authors

The articles were classified into three groups: Malaysian authors, non-Malaysian authors
and collaboration works. The total number of articles that were contributed by Malaysian
authors was 145 articles (54.1%). Non-Malaysian authors contributed 112 articles (41.8%),
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while collaborative works between Malaysian and non-Malaysian authors were represented
by 11 articles (4.1%). It can be expected that the total number of articles contributed by
Malaysian authors to be higher than non-Malaysian authors as MyCite is a Malaysian online
database. Thus, the contributions of Malaysian researchers to these journals are expected.

The national aspirations within the Malaysian academic environment lies in Malaysian
authors are encouraged to publish in the higher impact journals. On a positive note,
the presence of non-Malaysian authors in Malaysian scholarly journals is by itself a
recognition to these local journals. Collaborations that are evident between Malaysian
and non-Malaysian authors further enhance the position of the journals in MyCite. These
collaborations can also increase the chances of these journals to be indexed in either WoS
or Scopus later as the selection criteria are similar.

Affiliations of Malaysian Authors

The results show that affiliations of the authors are from universities (60), university
hospitals (19), hospitals (5), government bodies (4) and private body (1). Contributions
from academicians are prominent. This is expected since academicians are expected to
not only publish, but also to simultaneously publish in high quality journals (Suryani et
al., 2013). The affiliations of those representing university hospitals could still be from
those within the academic circle, thus the expectations upon them to publish remains. An
important note is the low numbers of authors from the hospitals. The term hospitals here
refer to the hospitals that are not affiliated to any particular institute of higher learning.
They are represented by the practitioners who are service providers. For 2016, Malaysia
has about 140 public hospitals and 209 private hospitals (Ethnographic Medical Research
Group, 2016). With only 5 authors representing hospitals, the results triggered further work,
being undertaken by the present authors, to determine the reasons behind the low numbers.

Collaboration

A number of collaboration works by the authors were recognized. There were collaborations
between universities (20), universities and government bodies (9), universities and hospital
universities (7), universities and hospitals (7), and hospitals and hospital universities (3).
Collaborations between universities and hospitals could be seen in areas where the hospitals
provide the modalities or research subjects that are not available in the universities. These
can be the case when clinical studies are involved. An example of a collaboration study
between a university and hospital is the determination of the role of computed tomography
(CT) scan in the assessment of parametrial involvement in early stage cervical carcinoma
(Mohamad et al., 2012).

The study also took note of collaborations between local universities with non-local
universities. For example, a collaborative study conducted by University of Nottingham,
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Malaysia campus with University of Cairo on brain magnetic resonance image lateral
ventricles deformation analysis and tumour prediction (Kai et al., 2007). Though the
number is small, there were also collaborations between universities with government
bodies, private bodies or Non-Governmental Organisations (NGOs). Private body is an all
for-profit business and not operated and funded by any governmental body. NGO refers to
anon-profit organization which is independent from states and international governmental
organization. The NGO is usually funded by donations and run primarily by volunteers.
Universiti Kebangsaan Malaysia (UKM), Hospital Tengku Ampuan Rahimah and an NGO,
The National Cancer Society of Malaysia conducted a study that determined tube output
(kVp) and exposure mode for breast phantom of various thickness/glandurity for digital
mammography (Kamal et al., 2015).

The results show that there are about 10 collaboration works involving hospitals
with universities or university hospitals. This suggests that the contributions of those in
the service are still low. With more than 300 hospitals several questions regarding the
involvement of those in the service of medical imaging research can be raised. This can
further be argued based on the fact that medical imaging graduates are now employed in
both government and private hospitals. The authors wish to highlight that the education on
a degree level in Medical imaging in Malaysia began in 2000 at UKM. This was followed
by other public universities, namely Universiti Teknologi MARA (UiTM), International
Islamic University Malaysia (IIUM) and two private universities; MAHSA University
College and Masterskills. Top-up programmes from diploma to degree qualifications have
also been introduced and graduates from these programmes have been produced. Modules
involving research were introduced to these students, where the students were to conduct
simple research to fulfil graduating criteria. Taking into consideration the number of
students that have graduated since 2004, the number of researches that are translated into
publications is expected to increase. The position of those who had graduated, in relation
to the expected applications of research skills, will need to be examined in terms of their
interest, as well as obstacles. Work is being undertaken by the authors to determine the
involvement of these graduates in post-graduation research initiatives.

Thematic Analysis

The articles were categorized based on their types of studies. The result were tabulated
in the Table 3.

A review helps authors to review published literature or data (Philip, 2009), thus
establishing recent progress in a particular field. An example of a review is Bone health
status and lipid profile among post-menopausal Malay women in Cheras, Kuala Lumpur
by UKM and Universiti Putra Malaysia (UPM) (Hasnah et al., 2012). Meanwhile, an
empirical study reports the results of a study that derived data from actual observation
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Table 3

Thematic analysis of types of studies in MyCite
Type of study Total (%)
Review studies 175 (65.2%)
Empirical studies 34 (12.7%)
Case studies 30 (11.2%)
Comparative studies 19 (7%)
Surveys 9 (3.4%)
Others 1(0.4%)

or measured phenomena from experimentation (Bruns, 2010). This type of study helps
academicians and clinical services to corporate the new findings into practices in medical
imaging field. One such study is the application of Computer Tomographic (CT) data and
additive manufacturing technologies in Prosthetic ear reconstruction involving SIRIM
Berhad Malaysia and Universiti Sains Malaysia (USM) (Nor & Zainul, 2015). Surveys are
used to compile data on a wide range of issues for different units of analysis (Rose et al.,
2015). The main purpose of the survey research was to obtain information that describes
the characteristics of a large sample of individuals of interest relatively (Ponto, 2015). A
survey on physical factors and compressed breast thickness in voluntary mammography
screening using FFDM system in Malaysia involving Malaysian Nuclear Agency, College
of Radiology and IIUM is one of the examples for survey study as indexed in MyCite
database (Noriah et al., 2013).

The thematic analysis for each title of the articles concentrated on the themes and
sub-themes. The five most significant themes and subthemes were tabulated in Table 4.

The clinical-diagnosis, modality-technical and safety-radiation safety being the most
significant themes and sub-themes for Malaysian authors. The clinical-diagnosis denoted
that the function of medical imaging is to rule out any clinical disease. An example of a
research title with the theme of clinical-diagnosis is Computed Tomography Perfusion
Imaging on Traumatic Cerebral Contusion: A Preliminary Report by Universiti Sains
Malaysia (USM) (Abdul et al., 2010). The clinical-health technology assessment represents
the research in medical imaging that is involved in innovation in technology to improve the

Table 4

Top five themes and subthemes for thematic analysis
Themes Subthemes Total (%)
Clinical Diagnosis 59 (22%)
Clinical Health Technology Assessment 28 (10.5%)
Modality Technical 27 (10%)
Safety Radiation safety 24 (9%)
Clinical Modality 14 (5.2%)
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effectiveness in clinical area such as combined ultrasound and IVU for the management
of childhood urolithiasis: a case report by Fathinul and Abdul (2012). Meanwhile, the
modality-technical is a research involved in technical aspects on modalities in medical
imaging. An example of a research in modality-technical is Tomotherapy as a Tool in
Image-guided Radiation Therapy (IGRT): Theoretical and Technological Aspects (Yartsev
et al., 2007). For safety-radiation safety, the research is focused on the safety aspects
involving radiation in medical imaging. The IAEA’s Activities on Radiation Protection in
Interventional Cardiology by Madan (2007) is one of the examples for safety-radiation
safety research title. For clinical-modality, the research area is focused on the modalities
in medical imaging that is used in clinical area. An example of the research is Carcinoma
of stomach detected by routine transabdominal ultrasound (Wong et al., 2010)

For non-Malaysian authors, the significant themes and sub-themes were clinical-
diagnosis, clinical-health technology assessment and modality-technical. For collaboration
works, the most significant theme and sub-theme was clinical-health technology assessment.
Thus, it can be concluded that most authors focus on clinical themes in their researches.

The issue associated with safety is among the important themes being discussed by
researchers with 33 articles out of 268 articles (12.3%). Radiation safety was the most
frequent topic to be discussed by authors. According to Ploussi and Efstathopoulos (2016),
the higher usage of ionization radiation for diagnostic and therapeutic purposes has raised
significant safety and health concerns for patients and medical imaging practitioners. As the
number of medical imaging procedures performed continues to rise each year, there should
be a precaution to keep radiation dose as low as reasonably achievable (Marshall & Keene,
2006). Thus, the safety aspect in medical imaging field is considered as a significant area
as it can contribute to other related risks of radiation such as cancer. The needs of safety
aspect to be constantly observed cannot be denied. Hence, aspects that involves radiation
safety is an important aspect to be continuously researched.

The results suggest that the themes that have the lowest frequencies from both
Malaysian and non-Malaysian authors were economy and quality. In medical imaging,
cost considerations, quality and patient-centered researches would also be highly relevant.
It was also observed that no research based on patient-centered has been done such as
patient safety, patient preparation, patient education and patient care. In order to deliver
the optimal service, attention should also be given to these aspects.

CONCLUSION

This study established the trend of research in medical imaging as featured in the MyCite
database. It can be deduced that the contributions by medical imaging practitioners, both
academicians and service providers as indexed in MyCite, is low. Practitioners should also
take note of the presence of journals indexed in MyCite that are also indexed in Scopus
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and WoS. This is to reduce the conflict between publishing in high impact foreign journals
and those local journals indexed in the two renowned databases. Most of the authors are
of university-based and hospital university-based background while the involvement of
authors from the hospital background is low. The thematic analysis showed that clinical
studies formed the main preference among researchers. This study suggests that researchers
should also pay attention to non-clinical themes such as economic, safety, and education.
Studies need to be conducted to determine the status of involvement in research by graduates
in medical imaging who are now serving the hospitals. Furthermore, the involvement in
research among medical imaging practitioners and academicians should be directed to
preferences of research that can address the local needs. This particular work can be a
guideline to future researchers in order to decide on their future research undertakings.
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ABSTRACT

Aggression is one of the most common Paediatric Psychiatric emergency problems
presented in healthcare services with major public health impacts. The aim of this review
is to determine the psychosocial predictors of adolescent aggression. Systematic review
on observational study designs were conducted. Recent five years English published
journal articles (2014-2018) were searched in three databases (Science Direct, PubMed
and EBSCO) from April 2018 until May 2018. The final 15 articles (seven prospective
cohort, eight cross-sectional studies) were included in the systematic review. Psychological
predictors were mainly on the personality traits and emotional problems experienced by
the adolescents including callous-unemotional traits, hostility, anger, and low empathy.
Self-control was found to be protective against adolescent aggression. Social predictors that
contribute to the aggression among adolescents according to the highest reported number
of articles were peer influence, followed by school climate, substance use, neighbourhood
influence, family, and parent factors. In conclusion, psychosocial predictors of adolescent
aggression include both Psychological Factors; mainly personality traits and emotional
problems, and Social Factors; mainly peer influence and substance use. This warrants for
more holistic approach in dealing with aggressive adolescents that can be applied in more
targeted and focused intervention strategy deliveries.
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against others (Zirpoli, 2008). It is a broad construct that comprises physical such as at-risk
behaviours, delinquency, violence, and non-physical forms such as bullying, slandering,
and suicide behaviours (Liu et al., 2013). There are many classifications of aggression
(Liu, 2004) based on its forms (overt and relational), motives (reactive and proactive),
and functions (hostile and instrumental). Overt aggression involves obvious and outward
confrontational acts of aggression, which differ from the covert or relational aggression
that is more hidden and manipulative (Conner & Barkley, 2004). Reactive and hostile
aggression reflects overheated and uncontrolled reactions in response to potential harm
caused by physical or verbal aggression initiated by others as to protect oneself, whereas
proactive and instrumental aggression reflect controlled, purposeful, and cold-blooded
actions in achieving one’s goal without harm consideration for others (Liu, 2004; Card &
Little, 2006). These typologies are subjected to overlap, comprising of physical and verbal
aggressive acts. Though this review is on adolescent aggression, the literature review also
covers related disruptive and criminal behaviour, delinquent, bullying as well as violence.

Adolescence is being perceived as a period of “storm and stress” (Hamid et al., 2015),
which predisposes them into more serious aggression and violence in the early period
including gang fights and use of knives (Liu, 2004). It becomes a public health concern as
it contributes to the major cause of mortality in this age group by risk-taking behaviours
that can result in unintentional injuries (Rashtriya & Swasthya, 2014; World Health
Organization, 2017). In the year 2000, the violent death rate in low- to middle-income
countries was 32.1 per 100 000 population, which was more than twice as compared to
the rate in high-income countries of 14.4 per 100,000 population (Krug et al., 2002). This
disproportionate statistic persisted as homicide rate worldwide report in 2012 was more
pronounced in low- and upper middle-income countries than in lower middle- and high-
income countries (Butchart & Mikton, 2014).

Following the 2002 World report on violence and health, many programmes, policies
and legislative measures have been implemented across the worlds to prevent violence-
related aggression in the community (Butchart & Mikton, 2014). The strategies proposed
for the children and adolescents included developing life skills, safe, stable and nurturing
relationships with their parents and caregivers, and reducing the common factors of
violence act such as alcohol abuse and access to weapon. However, aggression was still
prevalent among youth, with the highest homicide rates in the world in 2012 represented
by adolescents’ aged 15-29 years old; 10.9 per 100,000 population. As in Malaysia,
aggressive-related behaviours such as bullying and physical fight were reported to occur
amongst 28% of the adolescents (Hussin et al., 2014) and the juvenile crime cases reported
among school students included homicide, rape, robbery, wilderness, and inflicting injury
to others (Ibu Pejabat Polis Kontijen, 2018).
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Different socio-cultural influence of aggression manifestation warrants for different
strategical approaches (Kim et al., 2010). Hence, interventions succeeded in developed
countries may not be practical in other developing countries. Even though many
interventions preventing adolescent aggression conducted in Malaysia, which include health
education, counselling, and rehabilitation programmes (World Health Organization, 2006),
their effectiveness and evidence-based driven are still not well established and informed.

Aggression is one of the most common paediatric psychiatric emergency problems
presented in healthcare services (Carubia et al., 2016). It can be associated with many
psychiatric disorders such as anxiety (Liu et al., 2013) and depression that was reported to
occur amongst 10-20% of Malaysian adolescents (Srinath et al., 2010). Increased aggression
in adolescence may also indicated atypical development and higher vulnerability for future
negative mental health outcomes (Yang et al., 2016).

Psychosocial relates to “the interrelation of social factors and individual thought and
behaviour” (Psychosocial, 2019, para 2). It has important implications for health researchers
and social epidemiologists as psychosocial determinants of health can explain the mediating
effects and contextual factors of social structures on individual’s health (Martikainen et al.,
2002). Many studies have investigated psychological factors of adolescent aggression such
as self-esteem (Arokiaraj et al., 2011), emotional intelligence (Masoumeh, 2014), antisocial
personality (Duru, 2015), and social factors including family environment (Seong, 2008;
Azmawati et al., 2015) and functioning (Zainah et al., 2011), peer and teacher attachment
(Duru, 2015). However, these underlying factors were looked into the psychosocial
contribution separately, which is important to be collectively integrated in public health
action (Macleod & Smith, 2003). Psychosocial treatments have shown promising effect on
aggressive children and adolescents with conduct disorder (Kazdin, 1997). This warrants
for a systematic review to determine the common psychosocial predictors of aggression
among adolescents, joint in one review, and compare psychological and social predictors
that were commonly reported from the recent research evidences. In that way, evidence-
based practice in developing more targeted and effective preventive interventions can be
produced to curb this global situation of aggression among adolescents.

MATERIALS AND METHODS

A systematic review on observational study designs (cohort, case-control, and cross
sectional studies) were conducted using the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement (ref:http://www.prisma-
statement.org) and registered with PROSPERO (registration no: CRD42018093821).
Recent five years published journal articles (2014-2018) were searched in three databases,
incorporating medical and social science literature (Science Direct, PubMed, and EBSCO)
from April 2018 until May 2018. Only English language articles were searched by the
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researchers with consultation from the university health sciences librarian, using search
techniques of Boolean operator, truncation & phrase searching of specific words and
MeSH terms: (psychological OR social) AND (predictors OR determinants OR factors)
AND (adolescent™ OR teenager* OR youth) AND (aggression OR agonistic behaviour
OR bullying). As the systematic review focusing on ‘aggression’ term, only one source of
MeSH terms (PubMed) was used, excluding other related MeSH terms such as juvenile
delinquency and violence.

Considering general classification of aggression and its detrimental health impact on
adolescents, the focus of the review was on studies that investigated physical and/or verbal
aggression. Self-reported validated questionnaires that measure adolescent aggression by
continuous means or categorical were included in the review, as there is no gold standard
measurements on adolescent aggression yet. Studies in both developed and developing
countries, which addressed bias and efforts taken to reduce them were also included in
the review. Other systematic reviews or review articles and non-empirical works such as
case studies or commentaries were excluded from the review. For each selected study,
the participants need to be randomly selected as to represent the adolescents age (10-
19 years old according to WHO standard) or secondary/middle school students. As the
review focused on psychosocial predictors of adolescent aggression, study participants
with underlying organic brain injury, psychiatric disorder, or neurological disorder that
can manifest aggression as one of the symptoms will be excluded. For cohort studies, at
least two follow-up points were required for the results to be included in the review. As
for case-control studies, the cases and controls done should derive from similar population
background and characteristic. If they were matching, the cases and controls should not be
matched more than 1:3 ratio. The statistical analyses for each study designs should apply
multivariate analysis in eliciting the significant predictors and presented in Adjusted Odds
Ratio (AOR), Relative Risk (RR), or Beta coefficient with 95% Confidence Interval not
crossing at one or p value less than .05. Cross-sectional studies that met the inclusion and
exclusion criteria were only included in the systematic review.

The process of study selection was conducted in two stages of (1) primary screening on
the title/abstract of the articles, and (2) secondary screening on the full text articles when
inclusion or exclusion criteria were not clear from the title/abstract. Article citations were
organized, downloaded and reviewed in Mendeley desktop. After duplication of articles
were recognized by comparing the author names and study title, selected full texts were
retrieved and systematically assessed to be included in the review. The eligibility criteria
screening for study inclusions was conducted by one reviewer, followed by assessment
of second set of reviewers (N.A.M.Z., H.S.M, and N.A) on the retrieved study articles for
any doubt on article’s eligibility. Disagreements were met by mutual consensus.
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At present, there is still lack of specific tool to assess the quality of aggression studies.
Hence, the NIH (National Institutes of Health) Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies was used to assess the quality of study design, data
collection, and data analysis. Various results obtained were classified into psychological
and social predictors with different study designs in a logical framework of each study’s
overview of author/year, participants/inclusion criteria, outcome measurements, and
results of a study. After summarizing all the selected research evidence, which included
tabulation of study characteristics and quality, they were interpreted and recommended for
improvements based on their limitations in the discussion. Due to the high heterogeneity
of included observational study designs and their outcome measures, meta-analyses are
unable to be computed for this review.

RESULTS

The electronic search through three databases produced initial 670 references (PubMed=
545; EBSCO= 107; Science Direct= 18). The search process required assessment of the
title, proceed by the abstract. Eight articles were found to be duplicated across all the
searches, which resulted in 662 articles to be screened after duplications being removed.
Most of the articles; 638 out of 662, were excluded from the primary screening on title and
abstract as they didn’t fulfil the study selection criteria such as more than five-years recent
articles and unpublished observational studies. After the remaining articles were screened
based on inclusion criteria, only 24 full articles were retrieved for secondary screening
and assessments of the articles’ content, which covered the introduction, methodology,
result, discussion, and conclusion. A total of nine articles were excluded due to several
reasons: absence of regression analysis findings, only one-point follow up in cohort
study, youth study participants, and aggression as the independent rather than dependent
variable. This has resulted in the final 15 articles (seven were prospective cohort studies,
eight were cross-sectional studies) that were included in the systematic review. There was
a lack of recent case-control studies that met the inclusion criteria to be included in this
systematic review. The flow diagram of study selection is described in Figure 1, guided
by the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines 2009 (Moher et al., 2009).

Study quality assessment using the NIH Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies showed fair to good quality of the selected studies
(Table 1). All studies described the study objectives clearly with participation rate of
eligible person of more than 50% except for several studies among urban African American
(Finigan-Carr et al., 2015), adolescents with severe conduct problems in Amsterdam
(Jambroes et al., 2018), and Positive Action’s participants in North Carolina (Stalker et
al., 2018). The independent variables were clearly defined, valid, reliable, implemented
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Figure 1. PRISMA flowchart for systematic search on psychosocial predictors of adolescent aggression

constantly across all study participants, and assessed more than once over time. Same
goes for the dependent variables which encompassed physical and/or verbal aggression,
have been validated and presented good reliability test (Cronbach’s o >0.70) in respective
population as shown in Tables 2 and 3. Confounding variables were also being measured
and adjusted by statistical measures in determining the relationship between independent
and dependent variables.

The findings of each article were discussed in Table 2 (cross-sectional study) and Table
3 (cohort study). There were eight cross sectional studies with participants ranging from
156 (Barry et al., 2018) to 4,674 adolescents (Kivimaki et al., 2014), mainly in developed
countries except for single study in developing (China) and undeveloped country (Gaza).
Almost all studies examined adolescents in public schools except for several studies which
focused on adolescents with conduct problems like school dropped-out (Barry et al., 2018;
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Quality assessment tool for studies of adolescent aggression predictors

Criteria

1

2 3 4 5

12

1. Research question/
objective clearly stated

2. Study population
clearly specified &
defined

3. Participation rate at
least 50%

4. Subjects recruited
from same population
with uniformly applied
eligibility criteria

5. Sample size
justification, power
description, or variance
and effect estimates

6. Exposure(s) of
interest measured prior
to the outcome(s)

7. Timeframe sufficient
to see an association
between exposure and
outcome

8. Examine different
levels of the exposure as
related to the outcome

9. Independent variables
clearly defined,

valid, reliable, and
implemented consistently

6
S R e e N N
X X v N N N A4 X

NA NA v NA v NA V +

\/

S e N R

10. Exposure(s) assessed  NA NA NA NA NA NA NA NA Y

>1 over time

11. Dependent variables
clearly defined,

valid, reliable, and
implemented consistently

12. Outcome assessors
blinded to the exposure
status of participants

13. Loss to follow-up
after baseline 20% or less

14. Key potential
confounding variables
measured and adjusted
statistically

N N N R

\/

NA NA NR v NR v NR X

NA NA NA NA NA NA NA NA

\/

S e N R

Note. NR = not recorded; NA= not applicable
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Jambroes et al., 2018; Lui et al., 2017). Finigan-Carr et al. (2015) investigated on how
perceived behavioural control (self-control and decision making) influenced the overall
framework of risk and protective factors for aggressive behaviour, whereas Lui et al.
(2017), Barry et al. (2018), and Jambroes et al. (2018) examined the association between
psychopathic traits (i.e., callous-unemotional traits, narcissism, impulsive irresponsible)
and adolescent aggression. Other assessed individual factors which can be associated with
adolescent aggression are emotional components such as anger, hostility (Rosenbaum et
al., 2018), and lack of empathy (van Hazebroek et al., 2016). Social predictors investigated
included bad peer influence (Lui et al., 2017; Wang et al., 2017) school climate (Wang et
al., 2017), parental factor (Finigan-Carr et al., 2015), and substance abuse (Kivimaki et
al., 2014).

As for the cohort studies, there were seven selected articles with sample size ranged
from 302 (Forster et al., 2015) to 8,333 (Stalker et al., 2018) participants. All the studies
were conducted in developed countries: United States (Forster et al., 2015; Reyes et
al., 2015; Sittner & Hautala, 2016; Smokowski et al., 2016; Stalker et al., 2018) and
Spain (Calvete et al., 2015; Orue et al., 2016). Nevertheless, most of the participants’
characteristics comprised those who were in marginal and vulnerable group such as those
who live in rural area of developed countries (Sittner & Hautala, 2016; Smokowski et al.,
2016), lower education background (Reyes et al., 2015), and Hispanic immigrants (Forster
etal., 2015). Self-reported continuous measures were primarily collected in all studies by
the participants except for one study that categorised aggressive delinquency (Sittner &
Hautala, 2016). Psychological predictors looked into including personality traits (Orue et
al., 2016) and emotional components (Calvete et al., 2015). As for social predictors, peer
influence (Smokowski et al., 2016; Calvete, 2015; Forster et al., 2015), school climate
(Sittner & Hautala, 2016; Smokowski et al., 2016; Stalker et al., 2018), substance use
(Reyes et al., 2015; Sittner & Hautala, 2016), and parent-adolescent conflict (Sittner &
Hautala, 2016; Smokowski et al., 2016) were investigated in aggressive behaviour among
adolescents. Apart from that, religion and cultural factors also are being observed among
school students in rural area (Smokowski et al., 2016) and immigrants (Forster et al., 2015).

Predictors of Adolescent Aggression

The elicited adolescent aggression predictors from selected articles can be mainly divided
into psychological predictors (Table 4) and social predictors (Table 5). Both consist of risk
and protective factors.

The psychosocial predictors of adolescent aggression were described across different
study designs of cross-sectional and cohort studies. Psychological predictors that were most
highly reported by four articles were on the personality traits, mainly callous unemotional
(Barry et al., 2018; Jambroes et al., 2018; Lui et al., 2017; Orue et al., 2016). Callous-
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Table 4
Summary of psychological predictors of adolescent aggression
Factors Predictors ~ Author/years Main findings
Risk Factors  Personality =~ Barry et al., 2018; Jambroes et Callous unemotional, grandiose-
traits al., 2018; Lui et al., 2017; Orue et manipulative, impulsive-irresponsible,
al., 2016 narcissism
Emotional  Calvete, 2015; Rosenbaum et al.,  Anger, hostility, internalizing
factors 2018; Smokowski et al., 2016 symptoms
Motive van Hazebroek et al., 2017 Agentic goals (desire to be dominant)
Protective Self-control Finigan-Carr et al., 2015; Self-control skills
Factors Rosenbaum et al., 2018
Table 5
Summary of social predictors of adolescent aggression
Factors Predictors Author/years Main findings
Risk Peer influence Finigan-Carr et al., 2015; Forster ~ Problem with friend influence,
Factors etal., 2015; Sittner & Hautala, delinquent peer association and
2016; Smokowski et al., 2016; affiliation, peer pressure, friend
Wang et al., 2017 rejection, early dating
Substance use Kivimaki et al., 2014; Reyes et Ever tried substance, alcohol
al., 2015; Sittner & Hautala, 2016 use, hard drug use
Negative school Smokowski et al., 2016; Stalker ~ School hassles
climate etal., 2018
Neighbourhood Forster et al., 2015; Smokowski  Less educated residents, context
influence etal., 2016 of reception, openness/hostility
Parent-adolescent Smokowski et al., 2016 Parental rejection
conflict
Protective  Positive school Sittner & Hautala, 2016; High quality school climate,
Factors climate Smokowski et al., 2016; Wang et  positive school adjustment,

Parent and Family
factors

Religion and culture

al., 2017

Smokowski et al., 2016; Wang et
al., 2017

Smokowski et al., 2016

school satisfaction

Parental disapproval of fighting,
two-parent family structure

Religious orientation, ethnicity
identity

unemotional dimension of psychopathy predicted reactive (= .26; 95%CI= 0.02-0.36)
and proactive aggression (f= 0.25; 95%CI= 0.02-0.36) among adolescents in Amsterdam

(Jambroes et al., 2018), supported by other research evidence in different population (Barry

et al., 2018; Orue et al., 2016). Other personality components of aggressive adolescents

include grandiose-manipulative (Orue et al., 2016), impulsive-irresponsible (Jambroes et
al., 2018; Orue et al., 2016), and narcissism (Barry et al., 2018). Emotional factors such as
anger (B=0.08, p <0.01), hostility (B=0.14; p<0.001), and internalizing symptoms (ExpB=
1.013, p<0.001) are also being reported by three articles (Calvete et al., 2015; Rosenbaum
et al., 2018; Smokowski et al., 2016) to be significantly predicted adolescent aggression.
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As part of social goal, agentic goals as one’s desire to be dominant predicted aggressive
behaviour among adolescents in single study conducted in Netherland (van Hazebroek et
al., 2016). Despite the above-mentioned psychological risk factors, self-control among
adolescents can prevent aggression development by empowering self-control skills (p=
-0.07; p<0.05) as evidenced from two studies (Finigan-Carr et al., 2018; Rosenbaum et
al., 2018).

According to the most commonly reported social predictors based on number of articles
in this review, peer influence is the highest (five articles), followed by school climate (four
articles), substance use (three articles), neighbourhood influence (two articles), family and
parent factors (two articles), religion and culture factors (one article). All included studies’
outcome measurements include physical and/or verbal aggression with sex-adjusted data
analysis in predicting adolescent aggression.

The influence of friend with problematic behaviours like smoking and drinking alcohol
as perceived norm factor was found to be a significant predictor of aggressive behaviours
among those with medium (AOR=2.61; 95%CI= 1.68-4.07) and high levels (AOR= 5.05;
95%Cl= 3.03-48.39) of problem friend influence (Finigan-Carr et al., 2015). Selective
affiliation of adolescents with peers who show serious problematic behaviour such as
fighting also predicted aggressive behaviour among this age group (Wang et al., 2017).
Early dating (RR= 2.65-2.76; p<0.05) and delinquent peer association (RR= 2.05-2.94;
p<0.05) increased the risk of aggressive delinquency among North American Indigenous
adolescents almost three times across different group-based trajectory (Sittner & Hautala,
2016). Delinquent peers are also being supported by Smokowski et al. (2016) (ExpB=
1.124; p<0.001) and Forster et al. (2015) (p= 0.1024; p=0.047). Additionally, friend
rejection (ExpB=1.023; p<0.001) and peer pressure (ExpB=1.018; p<0.01) also predicted
aggression in disadvantaged adolescents (Smokowski et al., 2016).

Ever tried substances (tobacco, alcohol, and marijuana) can be as high as almost five
times likely among the chronic aggressive adolescents (RR= 4.78; p<0.001) and almost
three times likely among moderate desistor, those who stopped from offending actions
(RR=2.45; p<0.05), in trajectory groups of aggressive delinquency (Sittner & Hautala,
2016). Other substances used which can predict adolescent aggression in physical dating
violence include heavy alcohol use (B=0.17; p<0.001) and hard drug use (f=0.05; p=0.01)
such as cocaine, heroin, and ecstasy as described by Reyes et al. in 2015. Alcohol use and
its level of consumption are also found to be associated with aggressive behaviour among
both male and female school students in Finland (Kivimaki et al., 2014).

School climate and parent factors can be both promotive and protective factors. School
hassles as proxy to school climate were shown to predict adolescent aggression in several
studies (Smokowski et al., 2016; Stalker et al., 2018). On the other hand, higher quality
of school climate by teacher, student-student support, and opportunities for autonomy in
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school factor had negatively predicted aggression among Chinese adolescents (Wang et
al., 2017). Positive school satisfaction (Smokowski et al., 2016) and adjustment (Sittner &
Hautala, 2016) also act as protective factors against adolescent aggression development.
As for parental factors, parent-adolescent conflict predicted adolescent aggression (ExpB=
1.013, p<0.001) as described by Smokowski et al. (2016). However, parental disapproval
of fighting (Finigan-Carr et al., 2015) and two-parent family structure (Smokowski et al.,
2016) prevented aggressive behaviour development among school students in United States.

Other minimal social predictors of adolescent aggression include neighbourhood
influence of less educated residents (Smokowski et al., 2016). However, this negative
predictor can be buffered by protective factors of religious orientation and ethnicity identity.
As for the development of aggressive behaviour among new immigrant adolescents in
United States (Forster et al., 2015), context of reception by means of social supports
and economic opportunities and openness or hostility by the local community also play
significant role (f= 0.184; p=0.021).

DISCUSSION

This systematic review assessed on 15 observational studies (cross-sectional and cohort)
in determining adolescent aggression predictors. Though causal relationship effect can be
described more effectively from cohort study, such association can also be predicted in
cross-sectional studies with appropriate statistical analysis application. The highly reported
psychological predictors of adolescent aggression elicited from selected articles were
personality traits, emotional factors, and self-control. As for social predictors, peer influence
factor was the most frequently stated in affecting aggressive behaviour among adolescents.
This is followed by substance use, school climate, parent and neighbourhood influence.

Each study article involved different adolescent with the age range of 10 to19 years
old, which comprised of middle/secondary school students. As the age of onset and peak
aggression among adolescents can vary in their subtypes and nature (Clow, 2016), the
different adolescent age range in the selected study articles may somehow affect the findings
of the review. For example, delinquent peer associations can be a significant risk factor
for aggressive behaviour among chronic desistor, who started off at a moderate level of
aggression, increased and peaked at a high level of aggression at approximately 15 years
of'age, and decreased in later adolescence. As for adolescent-limited offender who started
off at low level of aggression and peaked at moderate level of aggression before subsided,
this factor can be a significant protective factor when compared to those who were chronic
desistors (Sittner & Hautala, 2016).

Callous unemotional personality trait was the highest psychological predictor of
adolescent aggression from the systematic review. The callousness (inflicting harm and lack
of empathy) and uncaring (general disregards for rules, performance or norms) dimensions

Pertanika J. Sci. & Technol. 27 (4): 1485 - 1508 (2019) 1501



Fatimah Ahmad Fauzi, Norafiah Mohd Zulkefli, Halimatus Sakdiah Minhat and Norliza Ahmad

of CU traits are the most strongly linked to aggression (Berg et al., 2013; Roose et al.,
2010). As these two dimensions are connected to both hostility and general approval of
aggression (Lui et al., 2017), CU traits are also exceptionally related to more severe types
of aggressive behaviour of proactive overt and proactive relational (Orue et al., 2016). CU
traits are also found to have stronger prediction for proactive aggression in adolescents with
high verbal-intelligence scores (Jambroes et al., 2018), which can be more established in
adolescents as compared to younger children.

Social predictors were found to be more common and higher in the strength of evidence
presented as compared to psychological predictors from the review. Bad influence from
problematic friend and ever trying substances were among the highest predictors of
adolescent aggression, which could increase the risk by three to five times more likely
compared to those non-offenders (Sittner & Hautala, 2016). Early antisocial influences
among adolescents might increase their opportunities to learn pro-delinquent beliefs
(Haynie & Osgood, 2005) as most of them spent their entire childhood and adolescence
within the same peer groups (Whitbeck et al., 2014). As for the result, peer influence
was one of the salient predictors in adolescents’ behavioural development, which can be
difficult to control.

Negative proximal processes of school, parents, and neighbourhood predictors were
found to be minimally affected by the development of aggressive behaviour with less than
10% of risk (Smokowski et al., 2016). One of the reasons could be due to the drawback of
the study articles that did not differentiate between proactive and reactive aggression or
between direct (overt) and indirect (relational) aggression. Adolescents’ response towards
their social environment might vary based on the context and situations, which could also
influence the purpose of their actions. Furthermore, the relationship of social predictors
such as family violence and neighbourhood social control with aggressive behaviour among
adolescents might not be directly associated but as moderating effect (Reyes et al., 2015).
Findings from local evidences in Malaysia, reported some researches showed on family
problem environment and functioning influenced on adolescent aggression (Azmawati
et al., 2015; Zainah et al., 2011), while some researches showed that individual factors
including self-esteem (Arokiaraj et al., 2011) and increase desire to try new things and
freedom of action (Sharif & Roslan, 2011) played more important role as compared to
family environment.

The limitations of reviewed articles that were selected can be derived from the quality
of research methodology, which resulted in some risk of selection and information bias.
Most of the researchers did not reveal the sample size justification, which might affect
the statistical power of the study. The statistical methods that were used in the included
studies were also heterogenous, with lack of effect estimates and 95% confidence interval
information. Hence, meta-analysis conducted might not be feasible in this review. As for the
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limitations of search strategy of this review, only five-recent years published journal articles
in English were included. The initial search process and articles screening were conducted
by single author within limited time frame, which may result in selection bias during data
extraction and possibility of related articles not being included in the final review.

Based on the United States Preventive Service Task Force guidelines, the strength of
evidence for the selected observational studies were moderate. The available evidence was
sufficient to determine the predictors of aggression but constrained by main weaknesses of
non-generalized study population, social-desirability bias from self-reporting, and limited
participants’ information for potentially important variables of interest. Though most of
the study participants were school students, some articles focused on school drop-out
adolescents with problem misconduct, who received military programmes and closed
treatment closed treatment setting for adolescents with severe conduct problems (Lui et
al., 2017; Jambroes et al., 2018). Their age ranges were older compared to other study
participants (15 to 19 years old), which was assumed to have more developed and stable
socio-cognitive processes compared to younger sample (Lui et al., 2017). Findings among
these school drop-outs also stressed on the individual factors including callous unemotional
personality traits (Lui et al., 2017) and impulsive irresponsible psychopathy (Jambroes et
al., 2018). However, their findings may not be generalized to those attending public schools
as they were mainly selected by purposive sampling and might differ in their previous
beliefs and perceptions in regards to hostility and approval of aggression (Lui et al., 2017).
Findings from several articles which looked into specific ethnicity groups in rural region
(Sittner & Hautala, 2016) and vulnerable groups of immigrants (Forster et al., 2015) and
undersiege people (Rosenbaum et al., 2018), also limit their generazibility of findings to
general population of adolescents.

As for self-report measure, it has potential bias due to same source, selective memory
and social desirability of respondents (Forster et al., 2015; Lui et al., 2017; Reyes et al.,
2015). They also might be influenced by the presence of their peers while responding to the
questionnaires as they were conducted during school sessions (Smokowski et al., 2016).
However, evidences had suggested that self-report was better compared to peer-reports
in determining aggressive behaviour predictors (Little et al., 2003) and yielded reliable
results (Bradburn et al., 1987; Rutherford et al., 2000).

Psychosocial treatments were shown to be effective in aggressive adolescents with
conduct disorder (Brestan & Eyberg, 1998), which might include problem-solving skills
training, parent management training, functional family therapy and multisystemic therapy
(Kazdin, 1997). The retrieved psychosocial predictors of adolescent aggression from
this review can be important information for the stakeholders namely parents, educators,
psychologists, and policy makers in their efforts to reduce the social misconduct in the
community. This warrant for more practical and holistic approach in dealing with aggressive
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adolescents by incorporating the important psychosocial predictors so they can be applied
in more targeted and updated intervention strategy deliveries publicly.

More researches that further explore these significant predictors could also provide
further in-depth understanding to explain this complex and myriad processes of adolescent
aggression development. Future studies may also incorporate various data sources in
investigating adolescents’ aggressive behaviour by cross-validating self-reports with parent,
teacher or peer reports, especially for psychopathic traits that can be most susceptible to
socially desirable response (Lui et al., 2017; Rosenbaum et al., 2018).

CONCLUSION

From the systematic review of related articles, the main psychosocial predictors of
adolescent aggression include personality traits, emotional factors, peer influence, and
substance abuse, which all need to be focused in preventive strategies against adolescent
aggression.
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ABSTRACT

The global Tuberculosis epidemic (TB) poses a significant public health threat. While the
consequences of TB treatment interruption are indisputable, the knowledge about the timing
and prognostic factors of TB treatment interruption is fundamental. Despite a considerable
amount of evaluation, the timing and prognostic factors of TB treatment interruption have
been inconsistently identified from one study to another. Therefore, this study aimed to
examine the evidence obtained from published literature on the timing and prognostic
factors of TB treatment interruption at different points of the treatment course. In this review,
three databases namely Pubmed, Scopus, and Science Direct were used to identify articles
published from January 2003 to February 2018. This was based on the inclusion criteria and
keywords including ‘default’, ‘survival time’, ‘tuberculosis’, and ‘treatment interruption’.
The nine selected studies were prospective and retrospective cohort studies conducted in
developing countries. The diversity of the study’s participants and TB treatment interruption

definition were allowed, thus delineating a

heterogeneous finding. This review suggests

that the interruption predominantly occurred

during the maintenance phase of treatment
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the time-related information should be integrated into framing impactful public health
strategy, while a vigorous attempt on the evaluation of the cognitive, behavioural and
psychosocial aspects may be beneficial.

Keywords: Default, survival time, treatment interruption, tuberculosis

INTRODUCTION

The 20™ century has demonstrated a significant public health threat posed by the re-
emergence of an ancient airborne disease which is Tuberculosis (TB). The TB mortality has
been substantial, reaching approximate 1.6 million in 2016, while the slow falling rate of TB
incidence has been illustrated across the nations (World Health Organization, 2017). This
has called for an intensified global effort to end TB global epidemic via End TB strategy.
As one of the major obstacles in successfully treating 85% of the detected TB cases, TB
treatment interruption should be the focus area of improvement in TB management (World
Health Organization, 2017).

TB treatment interruption is defined as a history of stopping treatment for two or
more consecutive months (World Health Organization, 2014). Evidently, TB treatment
interruption has led to devastating consequences including delayed sputum conversion,
drug resistance, longer treatment regimes, incomplete treatment, hence collectively exhibit
prolonged infectiousness to the community (Dominguez-Castellano et al., 2003; Kuaban
et al., 2009; Marx et al., 2012; Nahid et al., 2011; Pablos-Méndez et al. 1996; Vree et al.,
2007). Importantly, TB treatment interruption has also posed significant economic burden
and dependency through increased hospital admission and bed occupancy, thus leading to
significant psychosocial impact (Cerda et al., 2014; Pettit et al., 2013).

The recent two decades have demonstrated vigorous efforts to combat TB treatment
interruption. In parallel with the defaulter tracing system, Directly Observed Treatment,
Short-course (DOTS) has been a global core strategy to increase treatment adherence
since 1993 (Maher, 2009; World Health Organization, 2017). On top of fee exemption
for the anti-TB drug in most developing countries, fixed-dose combination tablets for
tuberculosis treatment have been advocated since the 1980s, primarily to ensure optimal
adherence (World Health Organization, 1999). Notwithstanding the established policy
and legislative framework intended to optimise acceptance and access to treatment, TB
treatment interruption remains a global public health challenge across nations particularly
in high disease burden countries (Sabate, 2003; World Health Organization, 2017). In
developing and high TB burden countries, TB treatment interruption has been reported
ranging from 6 to 30% (Connolly et al., 1999; Dodor, 2004; Kliiman & Altraja, 2010).

Previous studies delineated risk factors of TB treatment interruption. These include
younger age, male, low educational level, unemployment, being immigrant and HIV
infection, which had significantly influenced TB treatment default (Chee et al., 2000;
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Connolly et al., 1999; da Silva Garrido et al., 2012; Kliiman & Altraja, 2010; Millet et
al., 2009; Naing et al., 2001; Tachfouti et al., 2013). Meanwhile, smoking and alcoholism
have been consistently reported as the risk factors of TB treatment interruption (Bagchi et
al., 2010; Chandrasekaran et al., 2005; Kliiman & Altraja, 2010; Sulaiman, & Ali, 2010;
Vijay et al., 2010).

In the recent years, the outstandingly high burden due to TB treatment interruption has
resulted in major awareness about the importance of assessing the timing of interruptions
and determinants of the interruptions at different stages of the treatment course (Kruk et
al., 2008). While much has been elicited on the determinants of TB treatment interruption,
to the best of our knowledge there has been a scarce systematic review on the timing of
interruption and prognostic factors contributing to different timing of treatment interruption.
In addition, there are a number of prognostic factors reported previously, but few had been
consistently identified from one study to another (Jenkins et al., 2013; Jepchumba et al.,
2017; Akessa et al., 2015). Therefore, this review aims to examine evidence from published
literature on the timing of TB treatment interruption in TB treatment, and subsequently
to assess prognostic factors of TB treatment interruption at different time points of the
treatment course. The duration information from survival analysis is fundamental to assist
in designing time relevant intervention strategies in TB case holding and management,
at which a different timeline of impactful adherence strategy can be planned accordingly.

METHODS
Data Sources and Literature Search Strategy

Literature search was systematically conducted via three electronic databases, namely
PubMed, Scopus, and ScienceDirect in February 2018. The Pubmed search terms were
(“survival’[MeSHTerms] OR (“survival”’[All Fields] OR “survival time”[MeSHTerms])
OR (“survival time”[AllFields]) OR (“time*”[MesHTerms]) OR (“time*”[AllFields])
AND (“tuberculosis”[MeSHTerms] OR “tuberculosis”[AllFields]) AND (“treatment
interruption”’[MeSHTerms| OR “treatment interruption”[AllFields] OR (“treatment
default’[MeSHTerms]OR “treatment default”[ AllFields] OR (“default”[MeSHTerms]OR
“default”’[ AllFields]). A similar search strategy was adapted in order to search for articles
from ScienceDirect, and Scopus. The search for scholarly literature was also extended to
Google Scholar.

All retrieved abstracts and titles were read and screened by three independent
investigators (Q.S, S.M.S, and L.P.Y). The inclusion criteria were; original studies in
English language, cohort studies of patients with tuberculosis, studies with TB treatment
interruption reported as the primary outcome, as well as papers presenting any temporal
data on TB treatment interruption such as mean/median time to default, survival probability,
cumulative hazard or hazard function. In terms of TB treatment interruption, a variety of
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criteria for defining interruption was accepted (for example early treatment interruption, or
interruption of two or more months). Due to the scarcity of relevant articles, the date range
was expanded to include published articles in peer-reviewed journals from February 2003 to
February 2018, instead of limiting the search only to the past 10 years. The types of papers
excluded from the analysis were reviews or editorials, non-peer-reviewed review literature
such as technical reports and web-based guidelines, articles focusing on unfavourable
outcomes rather than TB treatment interruption, as well as articles describing temporal
data without the assessment of prognostic factors. Full text of potentially eligible articles
were retrieved and screened for eligibility, through which the discrepancies between the
reviewers’ preferences on potentially eligible articles were resolved.

Search Outcome

The search was electronically conducted according to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines, 2009 (Moher et al., 2009).
The PRISMA flow diagram for study selection is described in Figure 1. Firstly, 267 articles

g Records identified through Additional records identified
g database searching: through other sources (n = 10)
= PubMed= 233
"g Scopus=12
s ScienceDirect= 22
(n=267)
' ‘
Records after duplicates removed

. (n=58)

g

g

[

2 v

Q

9]

Records screened by title and > Records excluded
abstract (n =58) (n=38)
A
Full-text articles assessed for .| Full-text articles excluded,
eligibility (n = 20) g with reasons (n =11)

A 4

Studies included in qualitative synthesis
(n=9)

Included [ Eligibility ] [

Figure 1. PRISMA flowchart for systematic search on timing and prognostic factors of TB treatment
interruption
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were identified from three databases. After excluding duplicated articles, assessment of
titles and abstracts was executed, through which unrelated articles were omitted from
further screening. After screening and looking for eligible articles based on the inclusion
criteria, only 20 articles were examined. A sum of 11 articles were excluded due to the
following reasons; articles focusing on unfavourable outcomes rather than TB treatment
interruption or articles focusing on the survival time of treatment interruption without
emphasizing prognostic factors.

Quality Assessment, Data Extraction and Data Analysis

The title, abstract and full text of every article retrieved from the search were screened by
one reviewer (Q.S). To ensure rigour, a second set of reviewers (S.M.S and L.P.Y) were
employed to assess the retrieved study for any doubt on the article’s eligibility. The related
articles were reviewed based on characteristics of the individual study including study
details, exposure assessment, operational definition of treatment interruption, statistical
method, as well as study outcomes including treatment interruption rate, survival time,
survival probability and prognostic factors of TB treatment interruption. The included
articles were evaluated for its risk of bias using Quality in Prognosis Studies (QUIPS)
tool (Hayden et al., 2008). Assessment of bias was conducted based on six domains
including the study’s participants, study’s attrition, prognostic factor measurement, outcome
measurement, study confounding as well as statistical analysis and reporting. Some studies
showed the lack of descriptions for prognostic factor measurement and study confounding
particularly on the definition of prognostic factors, unclear methods for imputation of
missing prognostic factors, as well as unclear description and measurement of important
confounders. The list of studies is summarized in Table 1. Despite an overt criticism on the
studies’ quality and generalizability, it was not intended for article exclusion. Meanwhile, a
meta-analysis of comparable studies was not conducted due to the presence of heterogeneity
across the studies. Hence, a qualitative synthesis was performed.

RESULT

Finally, nine (9) eligible study articles were found to have met the predetermined study
objectives and inclusion criteria. These articles were qualitatively synthesized, and the
results were presented as follows.

Characteristic of Prognostic Studies

To date, several studies had been conducted to examine the time of TB treatment interruption
and its prognostic factors. Most of the studies were designed as prospective cohort studies,
and the majority of assessments were conducted in high TB burden countries. There had
been a variation in the number of participants ranging from 249 to 90170 of patients
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seeking treatments from both hospitals and health clinics. Most of the participants were
from the middle-age group. In term of exposure assessment, there had been prominent
diversity across the studies. Most of the studies evaluated the demography of the patients,
organizational factors as well as biomedical assessments such as comorbidities and
treatment-related factors, but a limited assessment was made in cognitive, behavioural and
psychosocial aspects. The characteristics of the individual study are described in Table 2.

With the exemption of two studies conducted by Hill et al. (2005) and Masini et al.
(2016), most of the studies had computed Cox Proportional Hazard in analysing time to
event data. Due to violated proportionality assumption for the Cox regression, Hill et al.
(2005) computed the Extended Cox Regression in his assessment. Meanwhile, Masini et al.
(2016) incorporated both fixed effects and accounted for the geographic region of Kenya
via a random effect’s component, hence mixed effect Cox proportional hazard modelling
was computed.

TB Treatment Interruption

The burden of TB treatment interruption for the individual study is summarized in Table
3. In general, the proportion of TB treatment interruption ranged from 5.0 to 25.2%. The
three highest treatment interruption burdens were recorded according to assessments
across high TB burden countries (Hill et al., 2005; Pefura-Yone et al., 2014; Shargie &
Lindtj, 2007). In addition, there was considerable variation in term of the definition of TB
treatment interruption used in the studies. Instead of defining TB treatment interruption
as two consecutive months of interruption, Rutherford et al. (2013) and Hill et al. (2005)
used different operational definitions of interruption which were two consecutive weeks
and three consecutive days of interruption respectively.

Survival Time, Survival Probability or Cumulative Hazard of TB Treatment
Interruption

In this review, median survival time refers to length of time from either the date of diagnosis
or treatment initiation, after which 50% of the TB patients are still in the treatment course,
or have yet to develop TB treatment interruption (Kleinbaum, 1996). Meanwhile, survival
probabilities or survival function is the probability that the individual survives from the
date of diagnosis or treatment initiation, until the last day of treatment. To date, the median
survival time and survival probability had been differently reported across the study
locations, as presented in Table 3. Most of the studies revealed that the median time of TB
treatment interruption was depicted during the maintenance phase of TB treatment (Akessa
etal., 2015; Hill et al., 2005; Jenkins et al., 2013; Pefura-Yone et al., 2014). As opposed to
the preceding findings, a prospective cohort study involving 264 of newly diagnosed PTB
smear-positive patients in Bandung, Indonesia revealed that the median time to treatment
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interruption was 36 days (IQR=7-99) (Rutherford et al., 2013). Consistently, Masini et al.
(2016) via a large retrospective cohort study involving 91099 TB patients in Kenya, had
elicited evidence that the hazard rate of TB treatment interruption was highest during the
intensive phase. Incongruent with preceding findings, Jepchumba et al. (2017) and Sylvere
(2015) during their respective assessments at Kenya and West Africa, revealed that the
median time of TB treatment interruption was towards the completion of the intensive phase.

Prognostic Factors In Terms of Time for TB Treatment Interruption

Prognostic factors in terms of time for TB treatment interruption elicited from the prognostic
studies are presented in Table 3. These factors can be conveniently divided into socio-
demographic and high-risk behaviours, clinical factors, health service factors as well as
behavioural and cognitive factors.

Socio-demographic Factors and High-Risk Behaviour. In consistent with findings of
Shargie and Lindtj (2007), and Sylvere (2015) demonstrated the prospective association
between age and different time points of TB treatment interruption even though both had
contradicting findings. Meanwhile, several other studies demonstrated that the age factor is
an important confounder to be addressed during TB treatment interruption. Similarly, gender
has also exerted confounding effect in most of the studies. Despite extensive evaluation
of the demographic and socioeconomic profiling in most of the studies, there has been
inconsistent findings across residential area, educational level, and family income. In the
lens of high-risk behaviours, there is a limited evaluation of the smoking status, illegal
drug use as well as alcohol consumption.

Clinical Characteristics. In this review, clinical parameters such as underlying disease,
treatment-related factors, and comorbidity information were widely studied particularly in
retrospective cohort studies. In essence, there have been consistent influences demonstrated
by the type of TB patients and HIV infection on the time of TB treatment interruption, in
which those with previous history of TB treatment and HIV positive status show higher
probability of defaulting (Jenkins et al., 2013; Masini et al., 2016; Sylvere, 2015). In
addition, there have been inconsistent findings in term of the history of hospitalization,
body weight, symptoms improvement, sputum culture, chest x-ray grading as well as
comorbidities.

Cognitive and Behavioural Factors. Despite limited assessment of cognitive and
behavioural factors influence on the time of TB treatment interruption, Hill et al. (2005)
evidently demonstrated that among 301 PTB patients in Gambia, those who were uncertain
about the effectiveness of the standard treatment were 3.64 times at risk of developing
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treatment interruption as compared to the reference group. However, this effect varied
across the time, in which perceived benefits was the only exerting and significant effect on
the time of TB treatment interruption in the first 90 days of the treatment course, but not
thereafter. On the other hand, Rutherford et al. (2013) attempted a temporal assessment
of TB knowledge and perceived stigma, but there were no significant influences to TB
treatment interruption observed in terms of TB treatment interruption.

Health Service Factors. Health service factors such as staff adequacy, perceived access
to healthcare centre and perceived patients’ satisfaction have gained much interest from
researchers during the assessment of the time of TB treatment interruption. It was evident in
three distinct studies that health service access was found to have a significant association
with different times of treatment interruption (Hill et al., 2005; Rutherford et al., 2013;
Shargie & Lindtj, 2007). Earlier, Hill et al. (2005) in a prospective cohort study involving
301 TB patients in an urban community in Gambia, reported that patients with a travel time
of more than half an hour or spent more than six dalasis (0.16 euro) for travel access had a
higher risk of default, which was significantly observed after three months of treatment. In
this study, the author postulated the correlation of built-up cost over time with a higher rate
of defaulting during the maintenance phase. In contrast, a temporal assessment among 249
TB patients in Indonesia showed that travel time, travel distance (in kilometres) and travel
cost did not influence TB treatment interruption significantly (Rutherford et al. (2013).
Instead, patients who walked to the treatment centre had a higher risk of early treatment
interruption, as the median time of default was 36 days. In the meantime, Shargie and Lindt;
(2007) depicted that walking time of more than two hours posed a risk of maintenance
phase treatment interruption in the rural community of Southern Ethiopia. The two latter
studies shared a similarity, as both evaluated rural communities who predominantly walked
to the treatment centres.

DISCUSSION

In this review, most of the studies shared several common characteristics, in which the
selected studies were conducted in developing and high TB burden countries, and mean age
of recruited participants was within the middle age group. However, quantitative analysis
could not be performed due to limited finalized studies and considerable diversity across the
studies, particularly on the study designs, duration of follow-up, as well as the operational
definition of TB treatment interruption. Two studies did not explicitly report on the timing
of default. Instead, the cumulative hazard risk or hazard functions were presented (Marsini
et al., 2016; Shargie & Lindtj, 2007).

Notwithstanding the foregoing restriction, this review revealed that the timing of
treatment interruption predominantly occurred during the maintenance phase. This finding
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is incongruent with a previous systematic review conducted across the temporal data
from developing countries which also demonstrated the maintenance phase as the point
of exit from the treatment course (Kruk et al., 2008). In addition, this has been supported
by previous qualitative studies whereby it was highlighted that most of the patients had
significant symptoms improvement by the time they were in the maintenance phase
(Martins et al., 2008; Widjanarko et al., 2009). Having said that, Rutherford et al. (2013)
demonstrated that the median time of the TB treatment interruption was 36 days (IQR=7-
99), whilst Masini et al. (2016) pointed out that the hazard rate of TB treatment interruption
was highest during intensive phase, which collectively raised a postulation that additional
effort for case holding relies on rigorous policy implementation and effectiveness of the
existing programme in individual country to ensure adherence.

In the context of prognostic factors of TB treatment interruption, various factors
contributing to TB treatment interruption at different time points have been identified. These
factors are framed via socio-demographic and high-risk behaviour, clinical characteristics,
health service factors as well as cognitive and behavioural factors. Prominently, travel
distance and HIV infection were demonstrated as one of the prognostic factors of time
to TB treatment interruption (Hill et al., 2005; Jenkins et al., 2013; Masini et al., 2016;
Rutherford et al., 2013; Shargie & Lindtj, 2007; Sylvere, 2015). Undoubtedly, there are
inconsistent findings, which largely influenced by study settings and study participants.
Several studies included those with comorbidities such as HIV infection, liver disecase, and
diabetes which were predisposed to the complexity of treatment responses and standard
care, thus influenced the mean time of duration of follow up. The comorbidities factors
could also contribute to the competing risk of event occurrence, whereby this would lead
to overestimation of the hazard of other factors.

Above all, findings from this review should be interpreted with caution. Firstly, this
review was confined to published studies in which the generalizability of study population
may render some restrictions. Crucially, the large heterogeneity was observed across the
published studies particularly on study design, study participants and study population,
duration of follow up, sample size and operational definition of TB treatment interruption.
For example, there was considerable variation of TB treatment interruption rate, which
strongly depending on the duration of follow up to allow sufficient event to be encountered,
as well as the diversity of baseline characteristics of recruited participants. Therefore, a
meta-analysis could not be performed to estimate the aggregate effect measure. In addition,
this review included two studies dated more than 10 years. In this light, existing national
programs and treatment protocol may have evolved and advances thereby impaired
comparability of the studies.

Fundamentally, this review sheds light on the gap of individual research on longitudinal
assessment of TB treatment interruption. It was demonstrated that most researchers focus
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on demographic and biomedical context influences. While behavioural and psychosocial
contexts have been echoed by WHO as a crucial aspect to be explored in TB treatment
interruption, the prospective assessment of TB treatment interruption at different time
points of the treatment course should emphasize on high risk behaviour, cognitive and
behavioural aspect as well as psychosocial context which has been widely demonstrated in
the literature as the determinants of TB treatment interruption (Sabate, 2003; World Health
Organization, 1999). In addition, the assessment of events during the course of treatment,
such as drug side effects and care provider-patient interactions, which could considerably
influence a patient’s decision to continue treatment, was not demonstrated in this review.
This gap finding should be further explored, hence to endeavour a holistic assessment
of health services factors which could influence TB treatment interruption. In terms of
analysis, the quality of statistical reporting in future prognostic studies can be enhanced
by subgroup analysis and by allowing a competing risks analysis of the hazard estimation
in catering for diverse participants and organizational characteristics.

CONCLUSION

Although this review generally reveals that TB treatment interruption occurs more frequently
during the maintenance phase, there has been a concomitant gap in understanding the
prognostic factors of different time points of TB treatment interruption. The heterogeneity
across the studies particularly on study design and operational definition of TB treatment
interruption may limit solid inferences on the outcome measure, which requires further
evaluation. In essence, health practitioners should integrate time-related information, while
furthering suggestion that prognostic studies should incorporate assessments of cognitive,
behavioural studies and psychosocial evaluation. The findings would be able to provide
further evidence in framing future public health strategy.
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ABSTRACT

Failure of pancreas can cause uncontrolled blood glucose levels in the body. This research
focuses on type 1 diabetes patients who depend on external insulin injection. The Hovorka
model was used as the mathematical model in the development of control algorithm for
artificial pancreas. However, the model showed a lack of interaction on selected parameters
and variables in its glucose-insulin dynamic system. An improvement on the Hovorka
equations was done, but no work was carried out to simulate the proposed equations. The
objectives of this study are to simulate the modified Hovorka equations using MATLAB
and to compare the simulation results between the reference and modified ones. This
study showed better interaction among all variables and parameters on its glucose-insulin
dynamic system using the modified equations compared to the original equations. The
lower administered amount of insulin, U; at 16.7mU/min and 20mU/min could regulate
the blood glucose level at normoglycemic condition throughout the study.

Keywords: Artificial pancreas, control algorithm,

ARTICLE INFO hovorka model, MATLAB simulation, type 1 diabetes

Article history:
Received: 9 April 2018
Accepted: 13 May 2019 INTRODUCTION
Published: 21 October 2019 L
Artificial pancreas or closed-loop system

, consists of continuous subcutaneous insulin
E-mail addresses:

ayub522@salam.uitm.edu.my, ayub522@uitm.edu.my infusion (CSII) pump, continuous glucose
(Ayub Md Som) . . .
nurfarhana2002@yahoo.com (Nur Farhana Mohd Yusof) monitoring (CGM) sensor, CGM receiver
abdulbari@salam.uitm.edu.my (Sherif Abdulbari Ali) . .
nurafigahzawawi93@gmail.com (Nurafiqgah Zawawi) and control algorlthm which measure and

*Corresponding author

regulate current blood glucose level of type

ISSN: 0128-7680
e-ISSN: 2231-8526 © Universiti Putra Malaysia Press



Ayub Md Som, Nur Farhana Mohd Yusof, Sherif Abdulbari Ali and Nurafiqgah Zawawi

1 diabetes patients in an automated manner so as to minimise hyperglycaemia without
increasing hypoglycaemia (Elleri et al., 2011; Forlenza et al., 2016; Messori et al., 2015;
Thabit & Hovorka, 2012; Thabit & Hovorka, 2016). As control algorithm is one of the
most important components which act as a heart of the system, the controller should be
able to communicate with all components in the device to control insulin infusion activity
and blood glucose level in the patient’s body (Hovorka et al., 2006; Hovorka et al., 2010).

The device is needed to function as a fully automated device in order to reduce the
dependency on manual insulin injection by the patients. The mathematical equations of
Hovorka model (Hovorka et al., 2004) are used in the control algorithm; however, the
model somewhat lacks interaction and interrelation of selected parameters in its glucose-
insulin dynamics, specifically involving its glucose subsystem, plasma insulin subsystem,
and insulin action subsystem (Yusof et al., 2012; Yusof et al., 2013; Yusof et al., 2014;
Yusof et al., 2015). In the Hovorka model as shown in Figure 1, it seems that only insulin
on action transport (x;) and insulin on endogenous production (x;) interact in mass of
glucose in the accessible compartment (Q,). Meanwhile the mass of glucose in the non-
accessible compartment (Q,), interaction only occurs with insulin on action transport (X;)
and insulin on action disposal (x,). As such, the modified Hovorka equations have been
proposed by Yusof et al. (2012) in order to improve the interaction and interrelation of all
related parameters in the glucose-insulin dynamics system. However, at present no work
has been carried out to simulate the proposed equations in order to obtain its performance
and user-ability. Thus, this study attempts to show the simulation work by using the
improved equations.

Glucose

insulin
absorption
UV

Insulin

Figure 1. Schematic diagram of Hovorka model
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METHODOLOGY
Hovorka Model with Modified Equations

Some of the mathematical equations from the Hovorka model (Hovorka et al., 2004) had
been changed and transformed into a set of equations. The transformation of modified
Hovorka equations using system identification techniques as previously stated by Yusof
et al. (2014) can be clearly seen in Figure 2. As shown in the figure, it depicts a solid
improvement in interactions and interrelations of all parameters and variables involved in
glucose-insulin dynamics system using the modified Hovorka equations. By employing
the system identification technique and modifying related equations, all insulin action
subsystems completely interact with the equations of mass of glucose in the accessible
compartment and mass of glucose in the non-accessible compartment. Insulin on action
transport (x,), insulin on action disposal (x,) and insulin on endogenous production (X3)
can reach the mass of glucose in the accessible compartment (Q;), and non-accessible
compartment (Q,) interactions.

K12 ( Q2
\'-"h
Feo1VeG(t)
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Figure 2. Schematic diagram of Hovorka model with modified equations
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