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Journal of Science & Technology

About the Journal
Overview
PPertanika Journal of Science & Technology is the official journal of Universiti Putra Malaysia. It is an 
open-access online scientific journal. It publishes original scientific outputs. It neither accepts nor 
commissions third party content.

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

Pertanika Journal of Science & Technology 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 for submission by authors from all over the world.

Aims and scope
Pertanika Journal of Science & 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 3 journals 
as Pertanika Journal of Tropical Agricultural Science, Pertanika Journal of Science & Technology, and 
Pertanika Journal of Social Sciences & Humanities to meet the need for specialised journals in areas of 
study aligned with the interdisciplinary strengths of the university.

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

Vision
To publish journals of international repute. 

Mission
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 can expect to receive a decision within 90 days. The elapsed time from submission to 
publication for the articles averages 180 days. We are working towards decreasing the processing time 
with the help of our editors and the reviewers

Abstracting and indexing of Pertanika
Pertanika is over 42 years old; this accumulated knowledge and experience has resulted in Pertanika 
Journal of Science & Technology being abstracted and indexed in SCOPUS (Elsevier), Clarivate Web of 
Science [ESCI], EBSCO, DOAJ, Agricola, ASEAN CITATION INDEX, ISC, Microsoft Academic, Google Scholar, 
National Agricultural Science (NAL), and MyCite.
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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 take 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

Originality
The author must ensure that when a manuscript is submitted to Pertanika, the manuscript must be an 
original work. The author should check the manuscript for any possible plagiarism using any program 
such as Turn-It-In or any other software before submitting the manuscripts to the Pertanika Editorial 
Office, Journal Division.

All submitted manuscripts must be in the journal’s acceptable similarity index range:
≤ 20% – PASS; > 20% – REJECT.

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. 

Pertanika 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 90 days (average). The elapsed time 
from submission to publication for the articles averages 180 days.

Authorship
AAuthors 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
Most scientific papers are prepared according to a format called IMRAD. The term represents the first 
letters of the words Introduction, Materials and Methods, Results, And Discussion. IMRAD is simply 
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic 
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components 
of research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, 
References, and Acknowledgement. Additionally, some papers include Appendices.

The Introduction explains the scope and objective of the study in the light of current knowledge on the 
subject; the Materials and Methods describes how the study was conducted; the Results section reports 
what was found in the study; and the Discussion section explains meaning and significance of the results 
and provides suggestions for future directions of research. The manuscript must be prepared according 
to the journal’s Instruction to Authors
(http://www.pertanika.upm.edu.my/Resources/regular_issues/Regular_Issues_Instructions_to_
Authors.pdf).
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Editorial process
Authors who complete any submission 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 
sent to reviewers. Authors are encouraged to suggest names of at least 3 potential reviewers at the time 
of submission of their manuscripts to Pertanika, but the editors will make the final selection and are not, 
however, bound by these suggestions.

Notification of the editorial decision is usually provided within 90 days 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.

As articles are double-blind reviewed, material that may identify authorship of the paper should be 
placed only on page 2 as described in the first-4-page format in Pertanika’s Instruction to Authors
(http://www.pertanika.upm.edu.my/Resources/regular_issues/Regular_Issues_Instructions_to_
Authors.pdf).

The Journal’s peer-review
In the peer-review process, 2 to 3 referees independently evaluate the scientific quality of the submitted 
manuscripts. At least 2 referee reports are required to help make a decision.

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.

Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are 7 steps to the 
editorial review process:

1.	 The journal’s Chief Executive Editor and the Editor-in-Chief examine the paper todetermine 
whether it is relevance to journal needs in terms of novelty, impact, design,procedure, 
language as well as presentation and allow it to proceed to the reviewingprocess. If not 
appropriate, the manuscript is rejected outright and the author is informed.

2.	 The Chief Executive Editor sends the article-identifying information having beenremoved, to 
2 to 3 reviewers. They are specialists in the subject matter of the article.The Chief Executive 
Editor requests that they complete the review within 3 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 research field.The Editor-in-Chief (EiC) examines the review reports 
and decides whether to accept or reject the manuscript, invites the author(s) to revise and 
resubmit the manuscript, or seek additional review reports. 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 to the authors for attending to the reviewers’ suggestions and 
perhaps additional advice about revising the manuscript. 
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3.	 The Editor-in-Chief, examines the review reports and decides whether to accept orreject the 
manuscript, invite the authors to revise and resubmit the manuscript, orseek additional review 
reports. In rare instances, the manuscript is accepted withalmost no revision. Almost without 
exception, reviewers’ comments (to the authors) are forwarded to the authors. If a revision 
is indicated, the editor provides guidelines for attending to the reviewers’ suggestions and 
perhaps additional advice about revising the manuscript. The CEE sends the revised paper out 
for re-review. Typically, at least 1 of the original reviewers will be asked to examine the article. 

4.	 The authors decide whether and how to address the reviewers’ comments andcriticisms 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 addressed’ the concerns of 
the reviewers and the editor, usually in a tabular form. The authors may also submit a rebuttal 
if there is a need especially when the authors disagree with certain comments provided by 
reviewers.

5.	 The Chief Executive Editor sends the revised manuscript out for re-review. Typically, at least 1 
of the original reviewers will be asked to examine the article. 

6.	 When the reviewers have completed their work, the Editor-in-Chief examines their comments 
and decides whether the manuscript is ready to be published, needs another round of 
revisions, or should be rejected. If the decision is to accept, the Chief Executive Editor is 
notified. 

7.	 The Chief Executive Editor reserves the final right to accept or reject any material for 
publication, if the processing of a particular manuscript is deemed not to be in compliance 
with the S.O.P. of Pertanika. An acceptance letter is sent to all the authors.

	 The editorial office ensures that the manuscript 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 editorial office. 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 manuscript appears in the pages of the 
journal and is posted on-line.
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Foreword

Welcome to the fourth issue of 2020 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 22 articles; a review article and the rest are regular articles. The 
authors of these articles come from different countries namely India, Indonesia, Iraq, 
Malaysia, Nigeria, Pakistan, Thailand, and UK. 

A regular article titled “Predictive performance of logistic regression for imbalanced data 
with categorical covariate” was written by Hezlin Aryani Abd Rahman and co-researchers 
from Universiti Teknologi MARA and UCSI University, Malaysia. Logistic regression is 
often used for the classification of a binary categorical dependent variable using various 
types of covariates which is continuous or categorical. They investigated the effect of 
imbalanced data measured by imbalanced ratio on the parameter estimate of the binary 
logistic regression with a categorical covariate. The simulation results provided evidence 
that the effect of imbalance ratio on the parameter estimate of the covariate decreased 
as sample size increased. Detailed information on this study can be found on page 1141.

The next article is on fast and robust diagnostic technique for the detection of high 
leverage points by Habshah Midi et al. from Universiti Putra Malaysia and a co-author 
from University of Al-Qadisiyah, Iraq. The existing Diagnostic Robust Generalized Potential 
based on Minimum Volume Ellipsoid is quite successful in identifying high leverage 
points, but its running time is very slow. The Diagnostic Robust Generalized Potential 
based on Index Set Equality running time was much faster than the Diagnostic Robust 
Generalized Potential based on Minimum Volume Ellipsoid. However, the Diagnostic 
Robust Generalized Potential based on Index Set Equality was not computationally stable 
and still possessed masking and swamping effect. Contrarily, the proposed Diagnostic 
Robust Generalized Potential based on Reweighted Fast Consistent and High Breakdown 
was very successful in detecting HLPs with negligible swamping effect. Full information 
on this study is presented on page 1203.

Athraa Jasim Mohammed and Khalil Ibrahim Ghathwan from University of Technology, 
Baghdad, Iraq had proposed a new method for color image-based segmentation using 
whale optimization algorithm in clustering. Comparison of the proposed method was 
performed with the wolf color image-based segmentation, cuckoo color image-based 
segmentation, bat color image-based segmentation, and k-means color image-based 

i



segmentation over four benchmark color images. Experimental results demonstrated 
that the proposed whale color image-based segmentation had higher value of Peak Signal 
to Noise Ratio and lower value of Root Mean Squared Error in most cases compared to 
other methods. Further details of the article are available on page 1389.

We anticipate that you will find the evidence 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 JST, who have made this issue 
possible. JST is currently accepting manuscripts for upcoming issues based on original 
qualitative or quantitative research that opens new areas of inquiry and investigation.

Chief Executive Editor
Dato’ Dr. Abu Bakar Salleh
executive_editor.pertanika@upm.edu.my
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ABSTRACT

The new emergence and re-emergence of arbovirus infections transmitted by Aedes 
mosquitoes have been spreading across Southeast Asia, Central Africa, United States, 
tropical Oceania and has become a major of public health concern. These arbovirus diseases 
were found to have a similar vector, symptoms, and environments. The situation is complex 
due to no specific vaccine or treatments being available for the diseases. Therefore, vector 
control is currently the best defense against arbovirus diseases, but with its own challenges 

such as the difficulty in controlling scattered 
breeding sites and biological behavior. 
Herein, we present a literature review of 
studies on current techniques proposed to 
combat dengue transmission that can fill 
a crucial gap in vector control programs, 
which is the inability of conventional control 
methods to eliminate and destroy cryptic 
breeding sites. In particular, we focused on 
the concept of autodissemination, which is 
a self-delivery technique by manipulating 
the behavior of mosquitoes, carrying the 
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insecticide and disseminating it to cryptic breeding sites. This technique has shown 
promising results in some countries and can be considered as an additional tool in a vector 
control program. Therefore, we conducted Boolean searches in several electronic databases 
including Google Scholar, PubMed, SciELO and ScienceDirect to identify relevant 
published data regarding dengue and autodissemination techniques.

Keywords: Aedes, autodissemination, dengue, pyriproxyfen, vector control

INTRODUCTION

To date, there are more than 300 known species of mosquitoes in the world but with only 
a small number of species responsible for vector-borne diseases (Caraballo & King, 2014). 

Aedes aegypti and Aedes albopictus are the most important vectors for the transmission 
of dengue, Zika, and chikungunya virus. According to the World Health Organization 
(WHO), mosquito infections affected more than one third of the world’s population and 
caused about one million deaths annually (WHO, 2016). 

Aedes aegypti is the most important disease vector worldwide. It is the principal 
vector of dengue, chikungunya, yellow fever and Zika viruses. Ae. aegypti is extremely 
anthropophilic, has frequent blood-feeding behavior, a long lifespan and is closely associated 
with humans, because of their ability to breed in human dwellings, and preferring to feed 
on humans even in the presence of other mammals (Faraji et al., 2014). The blood-feeding 
behavior becomes the primary concern because it is the major component of the dengue 
virus transmission where an infected patient gets bitten by a mosquito which then carries 
the virus to another person. Most mosquito species have their preferred distributions, with 
the Ae. aegypti being the primary vector of the dengue virus, but it is also an efficient vector 
for other viruses that cause human diseases such as the Zika virus and chikungunya virus. 

Meanwhile, Aedes albopictus was found to be able to transmit over more than 20 
arboviruses, increasing the risk of humans to mosquito-borne diseases (Wong et al., 2013) 
and was considered as a secondary vector in importance according to their zoophilic 
preferences (Delatte et al., 2010). In certain areas around the world, it has become one of the 
most invasive mosquito species. Ae. albopictus is considered a greater threat compared to 
Ae. aegypti due to the former’s higher survival rate in larval densities (Camara et al., 2016), 
adaptation to extreme temperatures (Brady et al., 2013) and showing greater survivorship 
in food-limited competitions (Banerjee et al., 2017; Hopperstad & Reiskind, 2016). 

SEARCH STRATEGY

We searched PubMed, ScienceDirect, SciELO and Google Scholar with the following 
keywords: dengue fever; dengue control; vector control; autodissemination; pyriproxyfen; 
pyriproxyfen autodissemination; horizontal transfer; autodissemination AND dengue or 
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malaria; emergence inhibition; and pyriproxyfen (PPF) in several combinations using 
Boolean searches. Non-English language articles were also included if there was an 
available English translation. Due to the limited data published in scientific journals, we 
also explored the databases of leading organization, such as World Health Organization 
(WHO) and Ministry of Health Malaysia (MOH) and Centers for Disease Control and 
Prevention (CDC).

Dengue

Although dengue fever is among the most common mosquito-borne infections in the world, 
yet it has long been categorized as a “neglected tropical disease” (Faraji et al., 2014). The 
Chinese medical encyclopedia from the Jin Dynasty (265–420 AD) was probably the first 
record of which diseases were associated with flying insects. The first recognized dengue 
epidemics occurred almost simultaneously in Asia, Africa, and North America in the 1780s. 
The first confirmed case report of dengue hemorrhagic fever in Southeast Asia occurred in 
Manila in 1953 and during the second outbreaks in 1956. Today, dengue fever has become 
one of the major public health issues and is endemic in more than 125 countries globally 
such as in Malaysia (Othman et al., 2019), China (Xiang et al., 2017), Pakistan (Yousaf et 
al., 2018) and Sri Lanka (Sun et al., 2017). 

There are an estimated 120 million travelers to the subtropical and tropical regions 
with around two billion people living in developing countries (Banu et al., 2014), of which 
40% are at risk of contracting the dengue virus annually, while the mortality rate is 2.5% 
with more cases of classical dengue with severe symptoms (Rasgon, 2011). There were 
an estimated 390 million cases of dengue infections in 128 countries, with approximately 
half a million with dengue fever needing hospitalization (WHO, 2020). In Malaysia, a total 
of 130,101 cases and 182 deaths were reported in 2019, compared to 80,615 cases and 
147 deaths in 2018. Most of the cases were reported in the state of Selangor, with 72,543 
cases which comprised 55.76% of the total cases reported in Malaysia (KKM, 2020). The 
escalation in the number of cases was attributed to poor environmental cleanliness, changes 
in serotypes and high population density in urban areas.

Control of Mosquitos

Currently, there are no curative treatments or vaccines available. Therefore, control of 
the dengue vector is crucial to reduce the transmission of dengue fever. A combination of 
multidisciplinary approach involving local authorities, mobilization of the community and 
integration of vector control must be done together to ensure the success of the strategy. 
However, there are many challenges in the response against dengue outbreaks that include 
unmanaged and rapid urbanization, poor sanitation systems and bad disposal management 
in the communities (Chang et al., 2011).
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One of the most effective vector control methods is to control the level of vector 
populations (Ahmad-Azri et al., 2019; Mazrura et al., 2012). However, most of the vector 
control strategies nowadays are solely chemical-based, thus without careful monitoring, 
it will increase the insecticide resistance phenomenon (Besar et al., 2019). This situation 
has led the WHO and other agencies to demand for more sustainable and reliable strategies 
(Bourtzis et al., 2016). Thus, it is important to find novel surveillance and prevention 
strategies for dengue management (Huong et al., 2004). The occurrence of insecticide 
resistance may vary by geographical distribution due to high usage of pesticides by 
households and in agriculture. The development of resistance may also become faster and 
more severe than expected, thus it is essential to control Aedes mosquito populations by 
eliminating breeding sites through self-initiatives for source reduction in homes and the 
community (Mazrura et al., 2010).

There are several ways to control a vector population, which are through source 
reduction, biological control, genetic manipulation, and chemical control (Buhler et al., 
2019; Evans et al., 2019; Arham et al., 2018; Awang et al., 2012; Sulaiman et al., 2007). 
However, the best vector control strategy is to combine source reduction methods, law 
enforcement and controlling the use of insecticides, which are crucial for the success of 
any vector control program (Boubidi et al., 2016; Schorkopf et al., 2016). The responsible 
agencies should prepare several strategies on mosquito management such as performing 
location assessment, insecticide treatment, educating the public, establishing the policies 
and regulations, conducting mosquito surveillance and utilizing new technologies (Zaini 
et al., 2019; Gerding et al., 2016). 

The WHO has announced the concept of Integrated Vector Management (IVM) to 
optimize the use of resources in the management of vector programs that is a rational 
decision-making for the best management of vector control resources (Sukumaran et al., 
2019). The IVM aims to more effectively prevent the transmission of vector-borne diseases 
such as dengue, chikungunya, malaria and Zika virus, while being more ecologically sound 
and sustainable (Niang et al., 2018). This strategy implies the collaboration between the 
public sectors, health sectors and the empowerment of communities by making insecticide 
application as the last resort. There are five key elements of IVM guidelines: (i) advocacy, 
social mobilisation and legislation which is enabling the embedding of IVM in policy-
design across relevant organisations, (ii) collaboration within the health sector and other 
agencies, (iii) integrated approach by ensuring the rational use of available tools and 
resources, (iv) evidence-based decision-making based on local ecology, epidemiology and 
resources and, (v) capacity-building at national and local level (WHO, 2012). However, 
without a proper direction, the efficacy of the IVM would not be able to be fully utilized.
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Insect Growth Regulators as an Alternative?

Insect Growth Regulators (IGR) are the third generation of insecticides that differ 
from earlier insecticides on their mechanism through influencing insect development, 
disrupting the activities of the insect endocrine system and metamorphosis (Palli, 
2016). In comparison, the first generation of insecticides is characterized by chemicals 
known throughout human history that include oils and arsenic. The second generation 
of insecticides includes carbamates, organophosphates, and organochlorides that were 
synthesized after the discovery of dichlorodiphenyltrichloroethane DDT. 

Insect Growth Regulators (IGR) have a selective mechanism in their mode of action 
that specifically inhibit the development of insects into adults. The mechanisms of IGR 
delay the transformation and inhibit the cuticle formation in an insect’s immature stage 
(Darabi et al., 2011). IGRs will be applied during the early life stage of the insects and kill 
the insect before they become adults, and thus unable to reproduce. IGR is a form of “birth 
control” and can be described as control of insects through the release of hormones/IGR 
into the populations. It is not necessary for the IGR to have high toxicity against the target 
sites but enough that it may lead to a change and abnormalities against insect survival. Two 
compounds are important in regulating the development of insects, namely: (i) ecdysone 
(also known as molting hormone, MH), and (ii) juvenile hormone (JH) which directly 
interfere with insect metamorphosis, embryogenesis, or reproduction.

Pyriproxyfen is a powerful JH agonist which affects the physiology of metamorphosis, 
embryogenesis, and reproductivity in insects with a unique mode of action. In general, 
pyriproxyfen is used in larvicidal activities to control mosquitoes, an example being the 
Sumilarv™ brand of IGR. Pyriproxyfen is useful in inhibiting the emergence of adult 
Aedes spp. and is used in the range of only 0.000048 ppm (Seccacini et al., 2008) to 0.33 
ppm (Suman et al., 2017) and could inhibit the emergence of Ae. albopictus with a LC50 
and LC 90 of 0.0012 ppm and 0.021 ppm respectively (Lau et al., 2015), while the LC50 and 
LC90 for Ae. aegypti were 0.012 ppb and 0.61 ppb, respectively (Sihuincha et al., 2005). 
These studies proved that pyriproxyfen is one of the most effective larvicides against Aedes 
species in laboratory settings. 

In addition to the larvicidal impact, pyriproxyfen has been reported to reduce the 
longevity, fertility, and fecundity in exposed mosquitoes. This is a novel strategy as the 
mosquitoes exposed to the pyriproxyfen are laying unviable eggs. Earlier studies on Ae. 
aegypti using sublethal pyriproxyfen doses demonstrated effects on mosquito fecundity and 
fertility (Harburguer et al., 2014). Due to its environmental persistence, specific activity 
against insect stages and being non-toxic to mammals, pyriproxyfen is considered as an 
attractive alternative to conventional insecticides. Furthermore, pyriproxyfen has been 
evaluated as a safe insecticide for application in drinking water with minimal impacts on 
non-target aquatic insects and the environment. 
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Pull and Push Concept: Autodissemination Potential Against Aedes Spp. 
Mosquitoes
Autodissemination is a novel technology to control mosquito populations by exploiting the 
ability of female mosquitoes to find suitable breeding sites, and on the skip-oviposition, 
the mosquito will lay their eggs in different containers during a single gonotrophic cycle. 
The contaminated mosquito is carrying a small particle of insecticide and will transfer 
it to other mosquitoes via mating, and oviposition in the hidden and cryptic breeding 
sites that humans may not be able to assess during inspections (Mains et al., 2015). The 
mechanism of autodissemination approaches is presented in Figure 1. Autodissemination 
can be considered as pull and push technologies with the attraction and dispersal concept 
which are beneficial and cost-effective to the vector control program (Unlu et al., 2017). 

For the autodissemination technique to be successful, specific prerequisites have to be 
met which are: 1) The ability of the autodissemination station to attract mosquitoes, 2) 
the autodissemination station is able to transfer the chemical to the mosquitoes and 3) the 
insecticide distribution from the exposed mosquitoes to the breeding sites (Caputo et al., 
2012; Gaugler et al., 2012). In addition, another requirement is that the chemical used can 
work at a low concentration and persists in the environment for a long time (Mains et al., 
2015).

Figure 1. The mechanism of autodissemination of pyriproxyfen by female mosquitoes from exposure containers 
to other breeding sites.

History of Autodissemination Methods

The concept of autodissemination devices has been tested on other weeds and pests (Pell 
et al., 1993; Vega et al., 2000). One example is an automatic device using a fungus as 
biocontrol agents (BCAs) working as a lure. Once the insect is attracted and enters the 
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device, it becomes contaminated and transfers the BCA into populations after leaving the 
device. The use of BCA dissemination by honey bees was significantly more efficient than 
conventional sprayers to spread the inoculums against a pest-infested flower (Gross et al., 
1994). To enhance the impact of BCAs, the “push-pull” strategy was devised by stimulating 
the insects out from the population (“push”) with feeding the deterrents and extracted 
(“pull”) into the trap. The deterrent lures must be more favorable and attractive than the 
crop to encourage the insect to enter the traps. In several studies, autodissemination has 
shown promising results within the pest population when using an attractant device as the 
initial source of infection (Moslim et al., 2011; Scholte et al., 2004).

Autodissemination has widely been used against diamondback moth (DBM), Plutella 
xylostella using Zoophthora radican and rhinoceros beetle, Oryctes rhinoceros using 
Metarhizium anisopliae. The manipulation of DBM behavior using semiochemicals such 
as pheromones has been used to attract and developed epizootic populations before the 
critical level was achieved (Pell et al., 1993). Other studies in Klang and Selangor, Malaysia 
found that the mortality rate of Oryctes rhinoceros was 75% to 90% when infected by 
Metarhizium anisoliae with the percentage of trapped adults leaving the traps ranging from 
85% to 95% (Moslim et al., 2011). 

Autodissemination of Pyriproxyfen on Mosquitoes 
Although there is still a lack of autodissemination field trials, more studies are being 
carried out on the effectiveness of pyriproxyfen, with some researchers making favourable 
general conclusions. Most of these studies found that autodissemination did occur and 
successfully killed the larvae and reduced Aedes spp. populations. Table 1 summarizes 
the autodissemination studies conducted under semi-field and field settings. The first trial 
was done in a laboratory (Itoh et al., 1994), and then the concept was furthered by others 
(Chism & Apperson, 2003). These studies operated under the assumption that mosquitoes 
were better at carrying insecticides to their preferred breeding sites compared to human 
operators. The key to the success of the technique is to use pyriproxyfen in small particles 
to contaminate mosquitoes which can affect control to the whole area (Gaugler et al., 2012)

A novel method was developed based on the skip oviposition behavior of mosquitoes 
where female mosquitoes transfer small particles of insecticides to their cryptic breeding 
sites, thus interrupting the development of the larvae and subsequently killing and reducing 
the mosquito population in target areas. In 2009, a significant trial for an autodissemination 
concept with pyriproxyfen was conducted in Iquitos, Peru. The placement of the 
autodissemination was 5% from the available resting areas, which achieved a 42-98% 
reduction in adult mosquito emergence with a maximum mortality rate of 98% (Devine et 
al., 2009). Commercially prepared pyriproxyfen in an emulsifiable concentrate (EC) form 
was shown to be transferred as far as 200 m from the treated areas. 
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More recently, the effectiveness of autodissemination methods using pyriproxyfen has 
been studied in Trenton, New Jersey, which was reported to have a high Ae. albopictus 
population (Unlu et al., 2017). The study showed a reduction in the number of dengue 
cases, fewer numbers of eggs and residual effects of pyriproxyfen within the treatment 
areas. Autodissemination has also been studied under different conditions in small-scale 
field trials against Ae. albopictus and Ae. aegypti (Buckner et al., 2017; Caputo et al., 2012). 
Moreover, in 2014, the first study against Anopheles arabiensis was conducted in Tanzania, 
Africa, which observed a 82% inhibition of adult mosquitoes by using pyriproxyfen 
autodissemination and similar results were observed against Culex quinquefasciatus and 
Anopheles gambiae (Mbare et al., 2014). This strategy has shown promising results and 
can be considered as an alternative vector control against malaria in the future (Lwetoijera 
et al., 2014). However, a large-scale application of the autodissemination approach needs 
further investigation. 

Recent Advances in Autodissemination on Mosquitoes 
A recent advance in autodissemination is the boosted sterile insect technique (SIT) which is 
a combination of two methods: releasing sterile mosquitoes and contaminating them with 
pyriproxyfen. Despite the failure of mating, the percentage of pyriproxyfen contamination 
between the populations is high. During the mating, male mosquitoes will contaminate 
females and at the same time can contaminate the breeding sites too. Currently, ongoing 
research has been conducted to explore the effects of pyriproxyfen against mosquito 
competitiveness, the amount of pyriproxyfen needed from males to females and then, from 
females to breeding sites and the design of the smart machines to release the mosquitoes 
in a large scale (Bouyer & Lefrancois, 2014).

One study enhanced the persistence of the insecticide and attraction using a 
dual treatment system involving an EC formulation and granule formulation for the 
autodissemination stations and showed that the mosquito can carry the insecticide up to 
200 m along the residential areas in the study as detected by residue analysis (Suman et 
al., 2017). Other studies using a combination of Beauveria bassina (entomopathogenic 
fungus) and pyriproxyfen also gave 100% larval mortality in the laboratory; however, the 
study did not include any field trials (Buckner et al., 2017; Snetselaar et al., 2014). Another 
approach used a combination of oil and pyriproxyfen to enhance the attachment of the 
particle on female mosquitoes and increase the transfer of pyriproxyfen to the oviposition 
sites (Wang et al., 2014).

An Innovation of Autodissemination Device
An autodissemination station is a new device that has shown promising results in different 
settings. This device significantly reduced Aedes mosquito populations and subsequently 
inhibited the transmission of dengue cases.  In general, most autodissemination stations 
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use a similar concept of attracting mosquitoes to lay their eggs into the traps. Female 
mosquitoes were then contaminated with pyriproxyfen and transferred the particles to 
other breeding containers. Some autodissemination stations were developed with their 
own unique features while still maintaining the basic concept of autodissemination. It is 
important to determine the effectiveness of prototype autodissemination stations based on 
their ability to serve as a lethal ovitrap, high mosquito attraction, low cost, biodegradability, 
and ease of maintenance (Gaugler et al., 2012). These stations are described below and 
may become widely available with a significant impact on dengue control programs. Thus, 
a comparative study of autodissemination devices is warranted.

Auto-Dissemination Augmented by Males (ADAM)

Auto-Dissemination Augmented by Males (ADAM) was developed by using a combination 
of autodissemination and autocidal concepts, and by enhancing the abilities of male Aedes 
mosquitoes (Mains et al., 2015). This technique uses mosquitoes as a transporter to transfer 
pyriproxyfen via mating attempts, and subsequently, it will transfer the pyriproxyfen to 
cryptic breeding sites during the oviposition. Corbel et al., (2017) found a significant cross-
contamination between males and females who were suitable to release the ADAM in 
areas of low density Aedes populations. Although the density of adult mosquitoes declined 
after four weeks of treatment, further studies on the mosquito behavior, study area with a 
different ecological context, as well as the size of the field trials are needed to validate the 
efficacy of ADAM in the vector control program (Corbel et al., 2017).

In2Care Mosquito Trap

The In2Care mosquito trap has been approved by the United States Environmental 
Protection Agency (EPA) for use by professionals against Aedes mosquitoes. It is the 
first commercial trap that controls both larvae and adult mosquitoes using pyriproxyfen 
and B. bassiana, a fungus with slow-killing abilities on adult mosquitoes, which can be 
disseminated by affected female mosquitoes. During the oviposition, female mosquitoes 
will touch their tarsal on a gauze contaminated with pyriproxyfen and B. bassiana. Both 
agents will stick to the mosquito bodies and be able to disseminate pyriproxyfen to other 
breeding sites within their flight range (Buckner et al., 2017). The In2Care mosquito traps 
manipulate the behavior of female mosquitoes by “skip oviposition” and finding cryptic 
breeding sites. At the same time, the B. bassiana spores will grow hyphae, feed upon the 
bodies, reproduce and kill the mosquitoes within 18 hours (Ragavendran et al., 2017).

AedesTech Mosquito Home (AHM)

AedesTech Mosquito Home (AHM) works by using a “pull” and “push” control strategy 
combined with the lure-kill technology to reduce Aedes populations and interrupting dengue 
transmission. It has the potential to target larval breeding sites that cannot be reached by 
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traditional larvicidal applications (cryptic breeding sites). The “pull” component uses a 
formulation with an attractant ingredient lure against female mosquitoes to breed inside 
the AHM while the “push” component refers to the contaminated mosquitoes dispersing 
after ovipositing their eggs. In this method, female mosquitoes are used as a carrier for 
the transfer of insecticide to other containers, and thus disseminating the insecticide to 
the larval habitats (Liang et. at., 2019). The AHM devices have been designed with a 
sustainable feature in which gravity is used to control the level of water in the casing. 
During evaporation, water is released in the casing, filling it back to the pre-set level and 
the evaporation rate will always be kept at the optimum level which is sufficient for the 
development of Aedes from egg to pupae.

STATUS AND ONGOING STUDIES IN MALAYSIA

Studies on autodissemination using pyriproxyfen are not well established in Malaysia. Most 
of the studies conducted were only to evaluate the effectiveness of pyriproxyfen against 
Aedes spp. mosquitoes. In a study by Nazni et al. (2015), a total of 350 autodissemination 
devices were deployed in three apartment blocks consisting of 27 storeys with ten-unit 
houses per floor. Four units of autodissemination were placed at each level at a distance 
of 5 m from apartment units. After the exposure periods, there were no viable larvae in the 
traps, and a significant reduction in number of dengue cases was observed from 53 cases 
(2013) to 13 cases in 2014. Another study was carried out to explore the additive impact of 
targeted outdoor residual spraying (TORS) and deployment of autodissemination devices 
(ADD) in Johor Bharu, Malaysia. Unfortunately, there was no significant effect on the 
mosquito populations following the combination of TROS and ADD (Hamid et al., 2020).

CONCLUSION

Vector control programs for arboviruses transmitted by mosquitoes are facing many 
obstacles. However, with new advances and technologies, it may be viable in the foreseeable 
future. One of these advances is autodissemination which is a self-delivery technique that 
manipulates the behavior of mosquitoes to carry insecticides and disseminate it to cryptic 
breeding sites. Autodissemination has shown promising results in several countries and 
can be considered as additional tools in a vector control program.  
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ABSTRACT

Logistic regression is often used for the classification of a binary categorical dependent 
variable using various types of covariates (continuous or categorical). Imbalanced data 
will lead to biased parameter estimates and classification performance of the logistic 
regression model. Imbalanced data occurs when the number of cases in one category of the 
binary dependent variable is very much smaller than the other category. This simulation 
study investigates the effect of imbalanced data measured by imbalanced ratio on the 
parameter estimate of the binary logistic regression with a categorical covariate. Datasets 
were simulated with controlled different percentages of imbalance ratio (IR), from 1% to 
50%, and for various sample sizes. The simulated datasets were then modeled using binary 

logistic regression. The bias in the estimates 
was measured using Mean Square Error 
(MSE). The simulation results provided 
evidence that the effect of imbalance ratio 
on the parameter estimate of the covariate 
decreased as sample size increased. The bias 
of the estimated depends on sample size 
whereby for sample size 100, 500, 1000 – 
2000 and 2500 – 3500, the estimated were 
biased for IR below 30%, 10%, 5% and 
2% respectively. Results also showed that 
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parameter estimates were all biased at IR 1% for all sample size.  An application using a 
real dataset supported the simulation results. 

Keywords: Categorical covariate, imbalanced data, logistic regression, parameter estimates, predictive analytics, 

simulation 

INTRODUCTION

Imbalanced data are a condition where the dependent variable contains one class which 
has more observations than the other. Imbalanced data will have prominent effect on the 
classification performance of classifiers such as logistic regression, decision trees, support 
vector machine (SVM) and artificial neural network (ANN). Imbalanced data also affects 
the classification “power” of various classifiers. The effect of imbalanced data has been 
reported by researchers through the application of real data sets (Blagus & Lusa, 2010 ; 
Longadge et al., 2013; Ramyachitra & Manikandan, 2014). 

Logistic regression (LR) is frequently used in predictive modeling as a benchmark 
model when other classifiers’ performances were evaluated. It is a conventional statistical 
model used widely in business, engineering, and social science research  (Hamid, 2016 ; 
Hamid et al., 2018 ; Ahmad et al., 2011 ; Shariff et al., 2016 ; Yap et al., 2014), and 
medical and healthcare studies (Longadge et al., 2013; Mena & Gonzalez, 2006; Oztekin 
et al., 2009; Pourahmad et al., 2011; Rothstein, 2015; Roumani et al., 2013; Srinivasan & 
Arunasalam, 2013; Uyar et al., 2010). However, the presence of imbalanced data challenges 
LR’s ability to classify, whereby majority of classifiers normally focus in the prediction 
without consideration on the relative distribution between the classes (Dong et al., 2014). 
Normally, when class imbalance are present, classification results from standard classifiers 
are biased towards the majority class. As a result, if the event of interest is the minority 
class, the sensitivity of the classifier will be zero and the specificity will be 100%. The  
real dataset in reality often suffers from some imbalance problem (Goel et al., 2013) and 
the minority class is often misclassified (Chawla et al., 2004; He & Garcia, 2009; Weiss 
& Provost, 2003). Thus, whenever class imbalance is found in healthcare and medical 
datasets, the credibility of the models generated by the classifiers are often misleading.  

Imbalanced problem affects standard classifiers  (Chawla, 2003; Cohen et al., 2006; 
Galar et al., 2011) and logistic regression based on application to  real datasets studies 
(Blagus & Lusa, 2010; Burez & Van den Poel, 2009; Mena & Gonzalez, 2006; Van Hulse 
et al., 2007). In our previous study, we performed simulation to study the impact of 
imbalanced ratio (IR) on LR parameter ( β ) estimates and the odds ratio ( βe ) of the LR 
model using a continuous covariate (Rahman & Yap, 2016). The results provided enough 
evidence to conclude that extreme imbalanced ratio (IR = 1%, 2%, 5%) and small sample 
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size had more serious effect on parameter estimates of LR model. Imbalanced ratio is the 
ratio of the number of cases in minority class to the majority class. For example, if the 
response variable is the presence of cancer and has two categories Cancer or No Cancer, 
the imbalance ratio is n1/n0, where n1 is the number of patients diagnosed with cancer while 
n0 is the number of patients who do not have cancer.

The effect of imbalanced data on the performance of the classifiers can be determined 
through simulation studies. In addition, the various types (categorical or continuous) of 
variables in a set of data might show different effects. In this simulation study, we focus 
on the logistic regression model, a useful statistical model for classification problem and 
investigate the imbalanced effects on the parameter estimate of the model with a single 
categorical covariate. 

The aim of this study was to determine the effects of different IR on the logistic 
regression parameter estimate via simulation and an application to real dataset. The 
results of this study will guide practitioners on the severity of bias in estimates as a result 
imbalanced data. 

MATERIALS & METHOD

Review on Methods

Machine learning techniques i.e. LR, DT, ANN and SVM, may have great classification 
performance if they involve balanced data. However, these techniques performs poorly 
when imbalanced problem arises (Anand et al., 2010).  

Most studies concluded that there was an effect of IR towards the performance of 
standard classifiers (Rahman et al., 2012; Chawla, 2003; Lemnaru et al., 2012 ; Mena & 
Gonzalez, 2006; Prati et al., 2014; Van Hulse et al., 2007; Yap et al., 2014). A study by Mena 
and Gonzalez (2006) introduced a 3-step algorithm using simple LR called Rule Extraction 
Medical Diagnosis (REMED) which enabled users to select attributes for the model and 
improved the accuracy of the model by adjusting the percentage of the partition. Although 
REMED’s algorithm claimed to improve the prediction accuracy, it was limited to medical 
diagnostics. Lemnaru et al. (2012) reported that IR, size and complexity of the dataset 
affected the predictive performance of different classifiers (k-nearest neighbor (KNN), 
C4.5, SVM, multi-layered perceptron (MLP), Naïve Bayes (NB), and Adaboost (AB). In 
their extensive study, the IR was categorized into three categories (balance, small, large), 
four categories of dataset size (very small, small, medium, and large) and four categories 
of complexity of the dataset (small, medium, large and very large). They concluded that 
the performance of the classifiers was lower when the IR was high.  Another extensive 
experiment performed by Van Hulse et al. (2007), using different sampling strategies 
(random oversampling (ROS), random undersampling (RUS), one-sided selection (OSS), 
cluster-based oversampling (CBOS), Wilson’s editing (WE), SMOTE (SM), and borderline-
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SMOTE (BSM) on different classifiers (NB, DT C4.5, LR, random forest (RF), and SVM) 
on 35 real datasets with different ratio of imbalance (1.33% - 34.90%), concluded that 
sampling strategy improved the performance of the chosen classifiers. However, their study 
also concluded that there was no one universal sampling strategy that worked best for all 
classifiers. Chawla (2003) experimented on five real datasets using C4.5 as the classifier 
and reported that their synthetic sampling method, SMOTE, improved the performance of 
the classifier better than other sampling strategies. He also concluded that RUS was  better 
than ROS with replication. Prati et al. (2014) also experimented on 22 real datasets with 
different IR on different classifiers (C4.5, C4.5Rules, CN2 and RIPPER, Back-propagation 
Neural Network, NB and SVM) and by using different sampling strategies (ROS, SMOTE, 
borderline-SMOTE, AdaSyn, and MetaCost). They concluded that in terms of accuracy 
(AUC), the rule-based algorithm (C4.5Rule, RIPPER) was the most affected while Support 
Vector Machine (SVM) was least affected by imbalanced data. However, the authors also 
stated that severe imbalanced class distributions would have a strong influence on SVM 
and any classifier for that matter. 

Thus, in a nutshell, we can conclude that the predictive performance of different 
standard classifiers compared by the mentioned studies arrived at different conclusions as to 
which classifier and sampling strategies performed better (Blagus & Lusa, 2010; Lemnaru 
et al., 2012; Mena & Gonzalez, 2006; Prati et al., 2014; Sarmanova & Albayrak, 2013). 

In classification and predictive analytics, LR is normally considered a very informative 
classifier as it provides important information about the effect of an independent variable 
(IV) on the dependent variable (DV) through the odds ratio (Hosmer & Lemeshow, 2004). 
However, the presence of imbalance problem hinders the predictive “power” of LR (Wallace 
& Dahabreh, 2012). Blagus & Lusa (2010) performed a simulation study to evaluate the 
performance of six types of classifiers [ANN, Linear Discriminant Analysis (LDA), RF, 
SVM and penalized logistic regression (PLR)] on highly imbalanced data. However, their 
results showed that the PLR with ROS method, failed to remove the biasness towards the 
majority class. 

A simulation study by Hamid et al. (2015) discovered that when sample size was 
large (at least 500) the parameter estimates accuracy for LR improved. In addition, the 
estimation of LR parameters was severely affected by types of covariates; either continuous, 
categorical, or count data. Simulation studies, usually, enables us to provide a more 
conclusive evidence on the effect of IR, as the simulated datasets were mold perfectly to 
cater specific problem types. In our previous study (Rahman & Yap, 2016), our results were 
consistent  with the study by Hamid et al. (2015), which reported that the performance of 
LR was affected by sample size. However, Hamid et al. (2015) did not consider imbalanced 
data.  Simulation studies are important to obtain empirical evidence on the impacts of IR on 
the estimate of logistic regression parameter, β-value and the odds ratio of the LR model. 
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Simulation Methods

This study considered a simple binary logistic regression (LR). In the LR model, two 
unknown parameters, β0 and β1, are estimated using the maximum likelihood method. 
Assuming observations to be independent, the likelihood function is given by the following 
Equation 1 (Hosmer & Lemeshow, 2004):
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To estimate 10  and ββ , the maximization of the likelihood function is required. 
Therefore, the maximization of the natural logarithm of the likelihood function is denoted 
by the following Equation 2:
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By referring to the simple LR Equation 1 , the Equation 2 can also be expressed as 
Equation 3 (Hosmer & Lemeshow, 2004):
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By differentiating [ ])(log 1,0 ββL  with respect to 10  and ββ  and setting the resulting 
Equation 4 to zero, we can obtain β  that maximizes Equation 3. 
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The maximum likelihood estimates of 10  and ββ , are denoted by 0β̂  and 1β̂ and is 
obtained using Newton -Raphson method.  The probability that the event occurs, )( ixπ
for case i is then obtained as follows:
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In addition, )(ˆ ixπ  is also known as fitted or predicted value and the sum of )(ˆ ixπ is 
equal to the sum of the observed values:
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The final estimated simple logistic regression model is written as:
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We assessed the effect of various percentages of IR and sample size on estimation of the 
parameter coefficient, β  for binary LR model with one categorical independent variable. 
The estimate, 1

ˆ β  were compared with the true 1 β  value. The simulations were performed 
using R-Studio. The value of the regression coefficient (β1) for the logistic model was set 
at 2.08 which gave a significant odds ratio (OR) of 8.004 for X (OR = e2.08 = 8.004). The R 
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code developed for this simulation is available at https://github.com/hezlin/simulationx1cat.
git. It is also provided in the Appendix. 

Odds-ratio provide important information of the effect of the covariate on the event 
(dependent variable). Given a binary Y(1=Died, 0=Survived)  and a categorical covariate 
X(Hypertension-HPT) with two categories (1=Yes and 0=No), an odds-ratio of 1 will 
indicate both patients with or without HPT has equal chance of Y=1 (Died). Meanwhile, 
an odds-ratio greater than 1 will indicate that patients with HPT are more likely to die, and 
if odds-ratio is less than 1, patients with no HPT are more likely to die.   

Eight imbalance ratios were considered for this simulation study: 1%, 2%, 5%, 10%, 
20%, 30%, 40%, and 50%. Imbalance ratio (IR) is the percentage of occurrence of minority 
class between the two predictor classes. For example, in this simulation, if we generate a 
dataset N=100, if the IR = 1% means that 1 out of 100 has y=1 and the rest 99 out of 100 
has y=0. The IR 5% or less represents high IR in the response variable. However, due to the 
complexity of generating the simulated dataset, especially for fixing definite percentages 
of IR, the simulation model requires 0β  values to be flexible for different IR ratio. Thus, 
the full LR model used for this study is denoted as the following:
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where k0β  is determined by the IR and is not fixed at one value.
The data for the covariate (X) considered in this study were generated using a binomial 

distribution, Bin (n= sample size, p=0.5). We considered sample size of 100, 500, 1000, 
1500, 2000, 2500, 3000, 3500, 4000, 4500, and 5000. This simulation study involved 
10,000 replications. The simulation algorithm is as follows:

Step 1: Generate random data for the categorical covariate X, for sample size, n and 
imbalance ratio, IR.

Step 2: Set β  at 2.08 and obtain kk xxf 10 08.2)( += β , where k = 1, 2, … 10,000.  β0k  is 
not fix to create a fix percentage of imbalance accordingly, whereby the confidence interval 
of  β0k  is set within the range of (-2, 10).

Step 3: Fit binary logistic regression to the generated data in Step 2.

Step 4: Obtain the parameter estimate, β̂ .

Step 5: Repeat Steps 1-4 for 10,000 replications.

Step 6: Calculate the MSE where 000,10

)ˆ( 2
10000

1
∑
=

−
= iMSE

ββ

Repeat Steps 1 – 6 for different sample size and imbalanced ratio. 
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RESULTS AND DISCUSSION

Simulation Results 

Table 1 presents the simulation results for the LR parameter estimates for various sample 
sizes and IR. %.). The effect of IR reduced when sample size increased. The results showed 
that the estimates for 10 ββ  and were very far from the true parameter values for smaller 
sample size (n=100) and for IR 1%, 2%, 5%, 10%, 20% and 30%. The bias in estimate 
was clearly seen for IR 20% or less for n=500. Meanwhile, for n=1000, the bias was seen 
for IR 10% or less. However, the effect of IR was less for sample size more than 3000 and 
above was only affected by IR of 1% and 2%. Table 2 summarizes the findings.

Figure 1 presents the effect of sample size and IR on the parameter estimate values. 
It clearly shows the parameter estimates is biased for IR 30% and below for n=100. The 
figure also shows that for all sample sizes, the estimate is close to the true parameter values 
at IR=30% and above. In Figure 2, we focus on high IR, 1% to 10% and omitting 20% to 
50% so that visualization of the effect is clearer.  The figure shows threshold of effect of 
IR decreases as sample size increases. For example, estimates are biased for n=500 for IR 
5% and below, while for n=1000, estimates are biased at IR 5% and below. When estimates 
are biased the MSE will be larger. Figure 3 illustrates the effect of IR and sample size 
through the MSE and Figure 4 further emphasizes results in Figure 3 by focusing on the 
IR of 1% to 10%, by omitting the 20% to 50% ratios. In Figure 3, the effect of imbalance 
is less (lower MSE) at IR=30%, similar to the illustration in Figure 1. Further focusing on 
highly imbalanced ratios, Figure 4 illustrates that the MSE values are the largest for small 
sample sizes (n=100 and n=500). 

Figure 5 and 6 illustrates the effects of imbalanced using a clustered boxplot. As shown 
in Figure 5, the effect of imbalanced data is obvious for sample size n=500 (IR=1% and 
2%) and n=1000 (IR=1%). In Figure 6, we omit the imbalanced ratio 1% and 2%, and 
now there are no huge spikes in the boxplots. These figures clearly showed the effect of 
IR for various sample sizes, whereby the patterns show that the effect of IR on the bias 
of parameter estimates depends on sample size. The estimates get closer to the true value 
when the sample size and IR increases. The dispersion (standard deviation) of 1β̂  also 
improves as sample size and IR increases. 

Hence, by referring to all the figures (Figure 1 to 6), it can be concluded that the effect 
of the imbalance problem on the categorical covariate’s parameter estimation is most 
severe for smaller sample sizes (n ≤ 500) and for highly imbalanced ratios (IR ≤ 5%). The 
severity of the imbalanced problem is identified by the difference between the parameter 
estimated values and the fixed true beta value ( 0821 .=β ), as well as larger value of MSE. 
MSE is a good indicator of the bias in parameter estimates of the model. A larger MSE 
will indicate estimates are biased.
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Table 1 
Parameter Estimates for Categorical Covariate (β = 2.08) for model with different n and IR

Size IR 1̂β
C.I
(lower)

C.I
(upper) 0β 0β̂

100 1 13.8056 13.5891 14.0222 -6.5778 -19.6347
2 14.1244 13.9647 14.2841 -5.6621 -17.6550
5 10.3026 10.1344 10.4707 -4.5099 -12.6521
10 6.0332 5.8896 6.1768 -3.6729 -7.5887
20 2.8190 2.7535 2.8845 -2.7598 -3.4784
30 2.2406 2.2164 2.2648 -2.1098 -2.2586
40 2.1501 2.1394 2.1607 -1.5605 -1.6111
50 2.1370 2.1275 2.1464 -1.0423 -1.0704

500 1 10.2400 10.0788 10.4011 -6.1980 -14.2681
2 6.7500 6.6006 6.8993 -5.4361 -10.0587
5 2.8327 2.7680 2.8975 -4.4340 -5.1721
10 2.1722 2.1581 2.1863 -3.6419 -3.7273
20 2.1168 2.1107 2.1229 -2.7487 -2.7787
30 2.0902 2.0854 2.0950 -2.1131 -2.1219
40 2.0912 2.0870 2.0954 -1.5615 -1.5692
50 2.0928 2.0887 2.0968 -1.0390 -1.0458

1000 1 6.4870 6.3443 6.6298 -6.1395 -10.5075
2 3.5189 3.4285 3.6094 -5.4078 -6.8257
5 2.1924 2.1767 2.2081 -4.4262 -4.5303
10 2.1163 2.1099 2.1227 -3.6365 -3.6712
20 2.0976 2.0933 2.1018 -2.7460 -2.7619
30 2.0883 2.0850 2.0917 -2.1118 -2.1192
40 2.0861 2.0832 2.0891 -1.5620 -1.5665
50 2.0844 2.0816 2.0872 -1.0401 -1.0418

1500 1 4.6278 4.5124 4.7431 -6.1250 -8.6452
2 2.5863 2.5351 2.6376 -5.3983 -5.8921
5 2.1322 2.1246 2.1322 -4.4223 -4.4704
10 2.1034 2.0984 2.1085 -3.6382 -3.6587
20 2.0894 2.0860 2.0929 -2.7467 -2.7541
30 2.0855 2.0827 2.0883 -2.1102 -2.1162
40 2.0835 2.0810 2.0859 -1.5618 -1.5649
50 2.0841 2.0818 2.0864 -1.0405 -1.0424
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Table 1 (Continued)

Size IR 1̂β
C.I
(lower)

C.I
(upper) 0β 0β̂

2000 1 3.5815 3.4914 3.6717 -6.1199 -7.5977
2 2.3260 2.2945 2.3574 -5.3962 -5.6309
5 2.1204 2.1140 2.1269 -4.4212 -4.4580
10 2.0970 2.0927 2.1013 -3.6369 -3.6524
20 2.0864 2.0835 2.0894 -2.7453 -2.7514
30 2.0836 2.0812 2.0860 -2.1130 -2.1151
40 2.0837 2.0816 2.0858 -1.5612 -1.5645
50 2.0822 2.0802 2.0842 -1.0402 -1.0411

2500 1 3.0220 2.9515 3.0924 -6.1132 -7.0367
2 2.1933 2.1766 2.2100 -5.3953 -5.4988
5 2.1088 2.1029 2.1146 -4.4198 -4.4469
10 2.0933 2.0895 2.0972 -3.6371 -3.6486
20 2.0842 2.0816 2.0869 -β2.7455 -2.7489
30 2.0821 2.0800 2.0842 -2.1111 -2.1137
40 2.0838 2.0819 2.0856 -1.5616 -1.5647
50 2.0817 2.0799 2.0835 -1.0393 -1.0409

3000 1 2.6591 2.6051 2.7132 -6.1100 -6.6739
2 2.1619 2.1493 2.1746 -5.3902 -5.4671
5 2.1020 2.0968 2.1072 -4.4196 -4.4398
10 2.0920 2.0885 2.0955 -3.6365 -3.6474
20 2.0867 2.0843 2.0891 -2.7457 -2.7511
30 2.0833 2.0814 2.0852 -2.1121 -2.1146
40 2.0814 2.0797 2.0831 -1.5626 -1.5634
50 2.0809 2.0793 2.0825 -1.0399 -1.0402

3500 1 2.4233 2.3839 2.4628 -6.1072 -6.4387
2 2.1460 2.1361 2.1559 -5.3877 -5.4511
5 2.1011 2.0963 2.1059 -4.4195 -4.4386
10 2.0913 2.0881 2.0946 -3.6369 -3.6466
20 2.0858 2.0835 2.0880 -2.7457 -2.7501
30 2.0817 2.0799 2.0834 -2.1118 -2.1134
40 2.0811 2.0796 2.0827 -1.5612 -1.5626
50 2.0808 2.0793 2.0823 -1.0400 -1.0404
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Table 1 (Continued)

Size IR 1̂β
C.I 
(lower)

C.I 
(upper) 0β 0β̂

4000 1 2.3202 2.2895 2.3508 -6.1038 -6.3349
2 2.1316 2.1241 2.1391 -5.3910 -5.4365
5 2.0982 2.0938 2.1026 -4.4184 -4.4357
10 2.0874 2.0844 2.0905 -3.6363 -3.6427
20 2.0850 2.0830 2.0871 -2.7445 -2.7494
30 2.0823 2.0806 2.0839 -2.1116 -2.1138
40 2.0810 2.0796 2.0825 -1.5623 -1.5631
50 2.0801 2.0787 2.0815 -1.0402 -1.0399

4500 1 2.2362 2.2144 2.2579 -6.1051 -6.2509
2 2.1231 2.1161 2.1301 -5.3879 -5.4281
5 2.0964 2.0922 2.1006 -4.4192 -4.4340
10 2.0878 2.0850 2.0906 -3.6362 -3.6431
20 2.0824 2.0805 2.0843 -2.7454 -2.7474
30 2.0825 2.0809 2.0841 -2.1112 -2.1139
40 2.0812 2.0798 2.0826 -1.5619 -1.5630
50 2.0804 2.0791 2.0817 -1.0400 -1.0405

5000 1 2.2074 2.1893 2.2254 -6.1037 -6.2219
2 2.1176 2.1111 2.1242 -5.3905 -5.4227
5 2.0928 2.0888 2.0968 -4.4193 -4.4305
10 2.0874 2.0847 2.0901 -3.6372 -3.6429
20 2.0841 2.0823 2.0860 -2.7450 -2.7487
30 2.0825 2.0809 2.0841 -2.1112 -2.1139
40 2.0817 2.0803 2.0832 -2.1118 -2.1133
50 2.0804 2.0791 2.0817 -1.0400 -1.0402
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Figure 1. Categorical covariate’s parameter estimates, 1β̂ , for different sample size and imbalanced ratio 
(Imbalance Ratio (IR): 1% to 50%). 

Figure 2. Categorical covariate’s parameter estimates, 1β̂ , for different sample size and highly imbalanced 
ratio (IR : 1-10%).
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Table 2 
Summary of findings on the effect of IR and associated sample size

Sample Size Estimates biased if IR is
100 30% and below
500 10% and below
1000 – 2000 5% and below
2500 – 3500 2% and below
4000 and above 1% and below

Figure 3. Mean square error (MSE) of categorical covariate’s parameter estimates, 1β̂ , for different sample 
sizes and imbalanced ratio 

From this simulation results, the effect of IR for small sample size is very prominent 
with large MSE. Even for larger sample size (n=1000 and 1500), the effect of imbalance 
towards the parameter estimation is still apparent. For small sample size, n=100, only at 
IR = 30% onwards the value of the estimates becomes closer to the actual parameter value. 
Sample size n=500, the estimates improve at IR = 10% onwards. For other sample sizes 
1000≤n≤2000, 2500≤n≤3500 and n≥4000, the parameter estimation improves at IR = 5%, 
2% and 1% onwards. The summary of these findings is shown in Table 2.
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Figure 4. Mean square error (MSE) categorical covariate’s parameter estimates, 1β̂  , for different sample size 
and highly imbalanced ratio (IR : 1-10%).

Figure 5.  Clustered boxplots of 1β̂  for a categorical covariate
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Figure 6. Clustered boxplots for 1β̂  for a categorical covariate (omit IR=1%, 2%)

Table 3  
Effect of imbalanced with application to real dataset (Diabetes Messidor)

Independent 
Variable Data/ IR 0β̂ , [p-value]

C.I (lower, upper)

1̂β , [p-value]
C.I (lower, 
upper)

Odds-Ratio 
(OR)
C.I (lower, 
upper)

Retinal 
Abnormality
(1 = yes,
0 = no)

Original
(540:611)

0.6614, [0.002]
(0.6613, 0.6614)

-0.5838, [0.010]
(-0.5837, -0.5838)

0.5578
(0.5577, 0.5578)

40% 
(407:611)

0.9477, [0.000]
(0.9414, 0.9539)

-0.5872, [0.026]
(-0.5938, -0.5805)

0.5591
(0.5554, 0.5626)

30% 
(261:611)

1.4151,[ 0.000]
(1.4033, 1.427)

--0.6110, [0.075]
(-0.6236, -0.5983)

0.5537
(0.5470, 0.5604)
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Table 3 (Continued)

Independent 
Variable Data/ IR 0β̂ , [p-value]

C.I (lower, upper)

1̂β , [p-value]
C.I (lower, 
upper)

Odds-Ratio 
(OR)
C.I (lower, 
upper)

20% 
(152:611)

1.9717,[ 0.000]
(1.9527, 1.9906)

-0.6262, [0.178]
(-0.6462, -0.6062)

0.5609
(0.5506, 0.5712)

10% 
(68:611)

2.9467,[ 0.007]
(2.8593, 3.0342)

-0.7962, [0.345]
-0.8846, -0.7078)

0.5700 
(0.5528, 0.5871)

5%
(35:611)

4.6431,[ 0.080]
(4.3845, 4.9016)

-1.8264, [0.502]
-2.0863, -1.5664)

0.5920 
(0.5680, 0.6159)

2%
(13:611)

10.5126, [0.418]
(10.0310, 10.9941)

-6.7028, [0.806]
(-7.1881, -6.2176)

0.6347 
(0.5902, 0.6792)

1%
(7:611)

13.9315, [0.631]
(13.4669, 14.3960)

-9.5009, [0.856]
(-9.9711, 
-9.0306))

0.6799 
(0.6137, 0.7461)

AMFM status
(1 = FM,
0 = AM)

Original 
(540:611)

0.1837, [0.011]
(0.1836, 0.1837)

-0.1785, [0.153]
(-0.1784, -0.1785)

0.8364 
(0.8364, 0.8365)

40% 
(407:611)

0.4669, [0.000]
(0.4657, 0.4680)

-0.1787, [0.219]
(-0.1820, -0.1754)

0.8375
(0.8348, 0.8403)

30% 
(261:611)

0.9124, [0.000]
(0.9104, 0.9143)

-0.1804, [0.307]
(-0.1860, -0.1750)

0.8381
(0.8335, 0.8428)

20% 
(152:611)

1.4515, [0.000]
(1.4483, 1.4548)

-0.1721, [0.404]
(-0.1811, -0.1630)

0.8510
(0.8432, 0.8587)

10% 
(68:611)

2.2623, [0.000]
(2.2570, 2.2677)

-0.1785, [0.451]
(-0.1934, -0.1635)

0.8615 
(0.8480, 0.8749)

5% 
(35:611)

2.9268, [0.000]
(2.9193, 2.9343)

-0.1601, [0.480]
(-0.1816, -0.1387)

0.9061
(0.8850, 0.9272)

2% 
(13:611)

3.9382, [0.000]
(3.9240, 3.9525)

-0.0850, [0.500]
(-0.1557, -0.0143)

79921.66
(-10534.34, 
170377.67)

1% 
(7:611)

4.5989, [2.0000e-
03]
(4.5452, 4.6526)

0.5738, [5.4100e-
01]
(0.3403, 0.8074)

1676700 
(1185601, 
2167798)
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Application to Real Data Results 

This section illustrates an application using a real medical dataset (Diabetes Messidor 
dataset) from the UCI repository which has 16 covariates and known as “The Diabetes 
Messidor” dataset (Antal & Hajdu, 2014), consists of 1151 observations. This dataset 
contains features extracted from the Messidor image set to predict whether an image 
contains signs of diabetic retinopathy or not (DR status). All features represent either a 
detected lesion, a descriptive feature of a anatomical part or an image-level descriptor. 
The two categorical covariate selected for this illustration are the retinal abnormality and 
AMFM status. We modeled the binary dependent variable, DR status (1=with DR (53%) 
and 0=without DR (47%)). We used retinal abnormality (1 = yes, 0 = no) and AMFM 
status (0 = AM, 1 = FM) as the independent variable in Model 1 and Model 2 respectively. 
Using stratified sampling on the original dataset, we obtained the IR percentage as shown 
in Table 3. 

Results in Table 3 show that the estimate 1β̂  in Model 1 is affected for IR 5% and below. 
The p-values for 1β̂  increases (leading to independent variable becoming insignificant) 
as imbalance becomes more severe thus leading to misleading results.  Results of Model 
2 shows the effect of imbalance on odds-ratio. The odds-ratios were extremely large at IR 
1% and 2%. This application to real dataset confirmed the results of the simulation study, 
which strengthened the conclusion that imbalanced problem will be misleading on the 
effect of the independent variable on the response variable.

CONCLUSIONS

Imbalanced data have effect on the parameter estimates and classification performance of 
binary logistic regression model with a categorical covariate. The optimal IR for different 
sample size for less biased estimates was determined via a simulation study. It was 
concluded that all samples were affected by imbalanced even for larger sample sizes. The 
effect of imbalanced data on parameter estimates was reduced as sample size increased. The 
imbalanced ratio in the response variable would not only affect the parameter estimates, 
but the p-value and odds- ratio for the covariate as well. Hence, imbalanced data can 
lead to inaccurate findings. There are approaches recommended for handling imbalanced 
problem such as resampling strategies (ROS (Random Oversampling), RUS, (Random 
Undersampling) and SMOTE (Synthetic Minority Oversampling Technique). Future 
simulation studies can investigate which sampling techniques can improve the parameter 
estimates and predictive performance of the binary logistic regression when data is highly 
imbalanced.
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APPENDIX

#fitting the model
set.seed(54321)
ndata <- 100
nrep <- 10000 #set the number of replications
start <- -10 #set initial value of bnot
end <- 10 #set end value for bnot
n <- 1 #set initial value for the loop
perc <- 40 #set the percentage of imbalance

#replication setup
beta0Hat<-rep(NA,nrep) 
beta1Hat<-rep(NA,nrep) 
betanot<-rep(NA,nrep) 
betaone <- 2.08

while(n<=nrep)
{ 
  #set bnot value
  for(i in seq(start,end,0.001))
  {
    x <- rbinom(ndata,1,1/2)
    rx <-chartr(“01”, “AB”, x)
    dummy(x)
    k <-dummy(x)
    linpred <- cbind(1,dummy(x)[,-1])%*% c(i,betaone) #(b)
    pi<-exp(linpred)/(1+exp(linpred))
    ru <- runif(ndata,0,1)
    u<-as.vector(ru) 
    ry <- ifelse((u<=pi),1,0)
    m_y <- (mean(ry)*100)
    if(m_y == perc && n <=nrep)
    {
      dt <-data.frame(x=rx, y=ry) #fit the logistic model
      #print(dt)
      betanot[n]<-i
      mod <- glm(y~x, family=”binomial”, data=dt)
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      beta0Hat[n]<-mod$coef[1]
      beta1Hat[n]<-mod$coef[2]
      n <- n + 1
    }
  }
} 

Round1<-round(c(beta0=mean(beta0Hat),beta1Hat=mean(beta1Hat)),3) 
mean(beta1Hat)
ci.b1 <- CI(beta1Hat,ci=0.95)
MSEbeta1Hat <- round(sum((beta1Hat-2.08)^2/nrep),3)
meanb0 <- mean(betanot)
mean(beta0Hat)
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ABSTRACT

Familial hypercholesterolaemia (FH) is a genetic disease that causes the elevation of low-
density lipoprotein cholesterol (LDL-C), which subsequently leads to premature coronary 
heart disease (CHD). Features which have been reported to be associated with FH include 
lipids level, tendon xanthomata, and history of CHD. The Ordinal Logistic Regression 
model using the classification of FH patients with the Dutch Lipid Clinic Network Criteria 
(DLCN) as the dependent variable (where 1=Possible, 2=Probable, 3=Definite) was 
developed and evaluated for different types of link functions. The FH patients (n = 449) were 

recruited from health screening programmes 
conducted in hospitals and clinics in 
Malaysia from 2010 to 2018. Results 
indicate there is a significant association 
between FH categories with demographic 
factors (ethnicity and smoking) and physical 
symptoms (corneal arcus and xanthomata). 
The Ordinal Logistic Regression using 
Cauchit link function has lower Akaike 
Information Criterion (AIC) value, higher 
Nagelkerke’s R-Square and classification 
accuracy compared to Probit and Logit 
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link function, diastolic blood pressure, corneal arcus and xanthomata were found to be 
significant covariates of FH.

Keywords: Classification, dutch lipid clinic network criteria, familial hypercholesterolaemia, ordinal logistic 

regression

INTRODUCTION

Familial hypercholesterolemia (FH) is an inherited dyslipidaemia that causes abnormal 
elevation of low-density lipoprotein cholesterol (LDL-C) since birth and leads to premature 
cardiovascular diseases as early as in the second decade of life (Mundal et al., 2018). It 
is an autosomal dominant genetic disorder that usually affects LDL receptor (LDLR), 
apolipoprotein B (APOB) and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
genes. The genetic defects impair the liver capability in metabolising or removing excess 
LDL-C, resulting in very high plasma LDL-C levels which can lead to atherosclerotic 
cardiovascular diseases (ASCVD), such as coronary heart disease (CHD), strokes, and 
peripheral vascular diseases (Wong et al., 2016). With the global prevalence of 1:250 
(Akioyamen et al., 2017), FH is not a rare disease and will significantly contribute to the 
global premature ASCVD-related mortality if not treated.

There is a need to improve the identification of FH in general population. Using a 
validated tool developed from data available in primary care records may provide a high 
potential solution to the problem of under diagnosing diagnostic criteria of FH (Weng 
et al., 2018). Clinicians should give priority to the individuals or patients with highest 
chances of suffering FH to be assessed clinically using widely known diagnostic toolssuch 
as Simon-Broome (SB) or Dutch Lipid Clinic Network Criteria (DLCN)(Varghese, 2014).

A good classification model will be useful to classify FH patients in Malaysia using 
some significant clinical and genetic factors related to FH. Several studies have used 
chi-square test of association to identify the factors (age, gender, ethnic and medical 
history) that are associated with FH (Abdul-Razak et al., 2017; Khoo et al., 2000). Lye 
et al. (2013) applied the logistic regression to determine the variations in LDLR, APOB, 
PCSK9 and other lipid-related genes inclinically diagnosed FH patients. Shi et al.(2014) 
also applied logistic regression and found work that needed physical skills and living in 
rural areas were significantly associated with FH. Most studies applied binary logistic 
regression model where the dependent variable is a dichotomous variable (FH or non-FH) 
(Norusis, 2005; Warner, 2008). However, the Dutch Lipid Clinic Network Criteria has 
four categories (Definite, Probable, Possible and Unlikely FH), while the Simon-Broome 
has three categories (Definite, Possible and Unlikely FH). All of the categories are sorted 
in ranks which perceives the Definite FH as the highest rank followed by “Probable FH” 
and the lowest rank is the Unlikely FH.
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Multinomial Logistic Regression is useful when the dependent variable of study has 
more than two categories. However, when the categories of the dependent variable are 
ordinal in nature, the Ordinal Logistic Regression (OLR) model should be used because 
the model takes into consideration the ordinal nature of the data. The OLR model involves 
the proportional odds assumption or parallel lines assumption which allows a set of parallel 
line for each category of the dependent variable. If the test of parallel line is accepted, we 
can determine the effect of the covariate on the odds of moving to a higher-order category 
of the dependent variable. There are five different link functions that relates the expected 
value of the response to the linear predictors. The aim of this study was to identify the most 
suitable Ordinal logistic regression model using different link functions for classification of 
FH using DLCN for FH patients in Malaysia. The OLR models were evaluated based on 
AIC (Akaike Information Criterion), Nagelkerke’s R-Square and classification accuracy.

MATERIALS AND METHODS

Data Source

Volunteers (n= 5171) were recruited from community health screening programmes and 
Specialist Lipid Clinics in Malaysia from 2010 to 2018. Familial hypercholesterolaemia 
was diagnosed using DLCN. Individuals with DLCN category of Possible, Probable or 
Definite FH were considered as FH patients. Irrespective of the DLCN categories, we 
excluded individuals with LDL-C<4.0 mmol/L. After excluding non-FH individuals, a 
total of 449 patients were recruited for this study.

Theoretical Framework

The demographic factos are age, gender, ethnicity, smoking status, and history of coronary 
artery disease (CHD). Other factors data consist of systolic blood pressure, diastolic 
blood pressure, total cholesterol (TC), triglyceride (TG), LDL-C, high-density lipoprotein 
(HDL), xanthomata, and corneal arcus. The theoretical framework proposed in this 
study is presented in Figure 1 where the dependent variable is FH Category (1=Possible, 
2=Probable, 3=Definite).

Descriptive Analysis

Based on the frequency distribution of patients shown in Table 1, the distribution of gender 
is slightly higher for female (240 or 53.5% female , 209 or 46.5% male). About 78% were  
Malay (78%) more than half of the patients do not smoke (64.6%). About 78% did not 
suffer from hypertension and 72.4% (n = 325) were without diabetes while 80% did not 
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have CHD. About 31.8% (or 143) patients did not have signs of corneal arcus and 30.3% 
did not suffer from xanthomata. As shown in Figure 2, 65% (n = 290) were diagnosed as 
Possible, 11% (n = 48) were Probable, while 25% (111) were Definite FH.

  

DEMOGRAPHIC AND CLINICAL DATA 

• Age 
• Gender 
• Ethnicity 
• Smoking status 
• CHD 
• Hypertension 
• Diabetes 

LIPID PROFILE 

• HDL 
• LDL-C 
• TG 
• TC 

ANTHROPOMETRIC DATA AND BLOOD 
PRESSURE 

• SBP 
• DBP 
• BMI 
• Waist circumference 

PHYSICAL SYMPTOMS 

• Corneal arcus 
• Xanthomata 

FH CATEGORIES 

1= Possible FH 
2= Probable FH 
3= Definite FH 

Figure 1. Theoretical framework

Notes. CHD = Coronary heart disease (CHD); HDL = High-density lipoprotein; LDL-C = Low-density 
lipoprotein cholesterol; TG = Triglyceride; TC = Total cholesterol; SBP = Systolic blood pressure; DBP = 
Diastolic blood pressure; BMI = Body mass index.

Table 1
Frequency distribution for demographic and clinical data, and physical symptoms variables

Type of Variable Variable Description of 
Variable

Frequency Percentage 
(%)

Demographic and clinical data Gender Male 209 46.5
Female 240 53.5
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Table 1 (Continued)

Type of Variable Variable Description of 
Variable

Frequency Percentage (%)

Ethnicity Malay 350 78.0
Non-Malay 99 22.0

Smoking No 290 64.6
Yes 144 32.1

Hypertension No 349 77.7
Yes 77 17.1

Diabetes No 325 72.4
Yes 25 5.6

Coronary 
heartdisease 
(CHD)

No 401 89.3
Yes 32 7.1

Physical 
symptoms

Corneal arcus 
(CA)

No 143 31.8
Yes 84 18.7

Xanthomata No 136 30.3
Yes 93 20.7

Figure 2. Distribution of FH category based on DLCN
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Ordinal Logistic Regression

The ordinal logistic regression is appropriate to use when the dependent variable has 
ordinal categories. In this study, the dependent variable consists of three categories of 
FH. The ordinal categorical variables can have ordering from low to high or from high to 
low (Agresti, 2010). The model assumptions include no existence of multicollinearity and 
proportional odds to predict ordinal outcomes.

General Linear Model for Ordinal Data

The general linear model for ordinal data is based on the assumption that the dependent 
variableis in jth ordered categories according to link functions chosen (Hilbe, 2009; Norusis, 
2005) (Equation 1):

( ) [ ]
( )mm

kkj
j zzz

xxx
link

τττ
βββθ

γ
+++

+++−
=

...exp
...

2211

2211                                      [1]

where jγ  is the cumulative probability for the jth category, jθ  is the threshold for the 
jth category, kβββ ,...,, 21 are the regression coefficients, kxxx ,...,, 21  are the predictor 
variables, k is the number of predictors, mτττ ,...,, 21  are the coefficients for the scale 
component, mzzz ,...,, 21  are m predictor variables chosen from the same set variables as 
the x’s.

Build-in Link Functions

The ordinal regression model assumes that the slopes of several response levels are 
proportional (Hilbe, 2009). The different link functions for ordinal logistic regression is 
shown in Table 2. This study uses logit, probit and cauchit link only as complementary 
log-log link can only be applied if the chances of event is very small or very large (Allison, 
1999). Negative log-log link can explain the data when the cumulative probability for lower 
group is high and it slowly approaches 1 (Norusis, 2005).

The cumulative probability of Casei for category j can be obtained as follows (Kutner 
et al., 2005) (Equation 2):
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RESULTS 

Results in Table 3 showed that a higher percentage of non-Malays were found to be 
Definite FH. Among patients with corneal arcus, 53.6% were Definite FH while 95.7% 
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Table 2
Link Function for Ordinal Logistic Regression model

No Binomial Link Function Typical application
1 Logit









− γ
γ

1
ln

Evenly distributed categories

2 Complementary log-log ))(1ln  ln( γ−− Higher categories more probable

3 Negative log-log ))(ln (ln γ−− Lower categories more probable

4 Probit )(1 γ−Φ Analyses with explicit normally 
distributed latent variable

5 Cauchit ( )( )5.0tan −γπ Outcome with many extreme 
values

Note.γ  is probability of event Y.

with xanthomata are Definite FH. The results of Chi Square and Fisher’s Exact Test in 
Table 4 showed there was a significant association between FH category (using DLCN) 
with smoking, corneal arcus and xanthomata at 5% significance level. Ethicity is significant 
only  at 10% significance level.

The ordinal regression model analysis was carried out to determine the best classification 
model and to identify the demographic, lipid, medical and physical symptoms factors that 
were significantly associated with the dependent variable (FH Category). The models were 
evaluated using Akaike Information Criterion (AIC), NagelkerkeR-Square and classification 
accuracy. Table 5 presents the value for AIC, Nagelkerke R-Square and accuracy value 
for OLR (Logit), OLR (Probit) and OLR (Cauchit). Results in Table 5 showed that OLR 
(Cauchit) was the best model as it has the lowest AIC, highest NagelkerkeR-Square and 
classification accuracy value compared to Probit and Logit link function.

Next, we performed data imputation for missing values using mean imputation and 
treating of extreme values using the “Winsorisation process”. Winsorization set all outliers 
(extreme values) to a specified percentile of the data. We performed 90% winsorization 
where all data below the 5th percentile were set to the 5th percentile, and data above the 95th 
percentile were set to the 95th percentile. The results for the treated dataset were compared 
with the original one to check whether there were any insights that could be obtained from 
untreated and treated datasets. The model compasrison results are presented in Table 6.

The results in Table 6 showed the OLR model was significant (p <0.05). Additionally, 
the model fitted the data with  Pearson chi-squared  of 0.510 (C1) and 0.912 (C2). C1 
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was Cauchit Model for untreated data while C2 was Cauchit Model for treated data. The 
assumption of parallelism can be accepted as test of the parallel lines is not significant  
(C1: p-value =0.603, C2: p-value=0.655). The Nagelkerke’s pseudo R2 is higher for 
model C1 (0.797) compared with C2 (0.401). The significant variables based on C1 model 
are Diastolic Blood Pressure (DBP), Corneal Arcus (CA) and Xanthomata for Cauchit 
model (C1). Meanwhile, the Cauchit model (C2) consists of 11 significant variable: Total 
Cholesterol (TC), Triglycerides (TG), Low Density Lipoprotein (LDL), Diastolic Blood 
Pressure (DBP), Body Mass Index (BMI), Age, Corneal Arcus (CA), Gender , Ethnicity, 
Hypertension and CHD.

Ordinal Logistic Regression using Cauchitlink function for untreated data (C1) has 
higher Nagelkerke R-Square (0.797) compared to the model for treated data C2 (0.401). The 
model classification accuracy for C1(85.01%) is also higher compared to C2 (73.05%). It 

Table 4
Chi-Square test of association between FH category and covariates

Test used Variable Test value P-value
(α=0.05)

Association

Chi-squared 
Test

Gender 3.405 0.182 Not Significant
Ethnicity 5.327* 0.070 Significant
Smoking 12.825*** 0.002 Significant
Hypertension 3.848 0.146 Not Significant
Corneal arcus (CA) 70.203*** <0.001 Significant
Xanthomata 143.510*** <0.001 Significant

Fisher’s exact 
test

Diabetes 3.178 0.194 Not Significant
Coronary heartdisease 
(CHD)

3.179 0.189 Not Significant

*p<0.10: **p-value<0.05;***p-value<0.01

Table 5 
Model comparisons: Ordinal Logistic Regression with different link functions

FH Instrument DLCN
OLR (Link) Nagelkerke 2R AIC Accuracy

OLR (Logit) 0.577 497.2866 84.54%
OLR (Probit) 0.753 504.5605 84.54%
OLR (Cauchit) 0.797 465.0818 85.01%
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can be concluded that Cauchit model for untreated data (C1) performed better in classifying 
FH category. The final model with significant covariates is shown in Table 7 and some 
findings are as follows:  

a)	 Patients who has high diastolic blood pressure is more likely to be classified into 
Definite FH [odds-ratio: exp(0.015) = 1.0151].

b)   Patient who has no Corneal Arcus is less likely to be classified as Definite FH 
[odds ratio:exp(-8.648) = 0.0002]

c)	 Patients who do not suffer from xanthomatais less likely to be classified as Definite 
FH [odds ratio: exp(-13.063) = 0.000002].

Table 6 
Ordinal logistic regression using Cauchit link function for untreated and treated data

Dataset Untreated dataset Treated dataset

Model Cauchit
Final Model (C1)

Cauchit
Final Model (C2)

Model fitting information, 
2χ

Chi-squared = 247.396
p-value <0.000

Chi-squared = 180.071
p-value <0.000

Pearson, 2χ
Chi-squared = 460.639
p-value = 0.510

Chi-squared = 822.933
p-value = 0.912

Deviance, 2χ
Chi-squared = 175.012
p-value = 0.378

Chi-squared = 598.353
p-value = 1.000

Test of parallel line, 2χ
Chi-squared = 3.639
p-value = 0.603

Chi-square = 56.178
p-value = 0.655

Cox and Snell 0.697 0.330
Nagelkerke 0.797 0.401
McFadden 0.574 0.231
Variable significant Diastolic blood pressure 

(DBP)
Corneal arcus (CA)
Xanthomata

TC
TG
LDL-C
DBP
BMI
Age
CA
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DISCUSSION

This study seeked to classify FH patients in Malaysia using significant clinical and genetic 
factors related to FH. We used 449 patient data which were collected through health 
screening events, hospitals and clinics in Malaysia from 2010 to 2018. Results showed 
ethnicity  smoking, and physical symptoms (corneal arcus and xanthomata) had significant 
association with FH. This finding show consistency with prior findings that indicated 

Notes. C1 (model for untreated data); C2 (model for treated data);  TC= Total cholesterol; TG = Triglycerides; 
LDL-C = Low-density lipoprotein cholesterol; DBP = Diastolic blood pressure; BMI = Body mass index; 
CHD = Coronary heart disease.

Dataset Untreated dataset Treated dataset

Model Cauchit
Final Model (C1)

Cauchit
Final Model (C2)

Variable significant Diastolic blood pressure 
(DBP)
Corneal arcus (CA)
Xanthomata

CA
Gender (Male)
Ethnicity(Malay)
Hypertension
CHD

Total number of patients(n) 208 449

Table 6 (Continued)

Table 7
Parameter Estimates for Final OLR Model

Variables
Cauchit link function

Estimate Standard 
Error Wald Degree of 

Freedom P-Value

Constant1
(Possible)

-18.385 5.489 11.217 1 0.001

Constant2
(Probable)

-12.969 4.084 10.085 1 0.001

Diastolic blood 
pressure

0.015 0.029 0.263 1 0.008

Corneal arcus 
(No vs. Yes)

-8.648 2.648 10.669 1 0.001

Xanthomata
(No vs. Yes)

-13.063 3.217 16.492 1 <0.001

Note.Since there are 3 categories there are 2 constant values (or intercepts).
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xanthomata and corneal arcus were significant factors of FH (Khoo et al., 2000; Michaelides 
et al., 2004; Scicali et al., 2018). This indicates that patients who have physical symptoms 
such as corneal arcus and xanthomata more likely (have higher likelihood) to to be classified 
as FH patient. Smoking by itself is not the cause of FH, but may reduce HDL level and 
increase the risk of CHD (Gepner et al., 2011). Significant univariate association between 
smoking and FH and smoking was probably due to the increased scoring of DLCN among 
smokers due to history of CHD. 

Next, ordinal logistic regression models were developed for the classification of FH 
patients using DLCN categories as the dependent variable. The ordinal logistic regression 
with Cauchit link function performed better (highest Nagelkerke R-square and smaller AIC) 
compared to models with logit and probit link functions. The ordinal logistic regression with 
Cauchit link function had an accuracy of 85%. The model was also evaluated by splitting 
data into training (70%, ntrain=146) and testing sample (30%; ntest=62). The accuracy was 
88.3% and 83.9% for training and testing sample respectively. This shows consistency in 
the model classification accuracy. The significant factors were only diastolic blood pressure, 
corneal arcus and xanthomata. These findings indicate that patients who have high diastolic 
blood pressure are more likely to be classified into Definite FH, while patients who do not 
suffer from corneal arcus are less likely to be classified as Definite FH.

The overall findings of the study are that patients with associated clinical FH factors 
such as diastolic blood pressure, corneal arcus and xanthomata have higher chances to 
be classified as Definite FH. Therefore, there is a need to create health awareness in 
the community focusing on FH risk factors. Awareness of FH hereditary disease can be 
educated to the public in primary care or specialist lipid clinics. Upon clinical diagnosis, 
family cascade screening should be recommended to the FH patients. General practitioners 
or even Lipid Specialists should be sufficiently trained to deliver effective consultation 
and management to FH patients. FH patients should be advised to undergo therapeutic 
lifestyle changes, including adjusting their dietand involve in physical activities.Educated 
FH patients who are aware of the CHD risk  tend to practise healthy lifestyle, such as cease 
smoking (Razali et al., 2019). The establishment of Familial Hypercholesterolaemia Support 
Group, a community-level voluntary organisation, may provide education to the FH patients 
and their family members on how to live with FH, and morally support the FH patients to 
practise healthy lifestyle. The support group is being implemented in Australia, Canada 
and some European Countries (Payne et al., 2018; Watts et al., 2012), but currently,it is 
still not practised in Malaysia.

Treatment of FH incurs large financial burden to the patient and nation. Direct medical 
costs may include preventive, diagnostic, and treatment services which is related to FH. 
Meanwhile, indirect costs relate to morbidity and mortality costs including productivity. 
Productivity measures include ‘absenteeism’ (costs due to employees being absent from 
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work for health-related reasons) and ‘presentism’ (decreased productivity of employees 
while at work) as well as premature mortality and disability. The developed OLR model 
highlighted the major observable clinical symptoms that significantly associated with FH 
in Malaysian population , thus allowing the clinicians to confidently screen the FH patients 
based on the symptoms, and treat the primary outcome of FH, which is CHD death, by 
advocating practise of healthy lifestyle.Thus, it is important if the trend or major groups 
who suffers this disease can be determined so that, they can benefit through the effortstaken 
by healthcare stakeholders to lower the risk of premature CHD-related death.An efficient 
statistical model allows clinicians to assess the risk (probability) of the patient in each FH 
category. Thus, patients with higher risk of being Possible FH should be advised to further 
clinical tests and healthcare treatments.

The limitation of this study is due to some numbers of missing data, an inherent 
problem suffered by secondary community data. This study found that the model fitted 
better with complete cases (i.e without data imputation or removing outliers). Future studies 
can also consider the new discrimination procedure proposed by Hamid and Hamid et al. 
(2018, 2018a) or treatement of outliers with new location model through the integration 
of Winsorization and smoothing approach (Hamid, 2018b). A larger sample with complete 
cases should be employed for future studies to confirm the findings of this study. Future 
studies will compare the models using different FH instruments for classification of FH.

CONCLUSION

This study successfully developed an OLR model for classification of Malaysian patients 
using a sample of secondary data. Ordinal logistic regression models with Cauchit link 
function for complete case was found to have higher Nagelkerke R-Square and classification 
accuracy. The final model results revealed that FH was found to be associated with diastolic 
blood pressure, corneal arcus and xanthomata. Ordinal logistic regression model is more 
appropriate when the dependent variable has ordinal categories. Taking into account the 
ordinal nature of the data, the probability obtained will be more accurate in the classification 
of patients into the three possible categories. The model is more informative than just 
modelling FH as a binary Yes or No category. It is imperative that effective early detection 
and timely control of FH must be strengthened in Malaysia to reduce disease burden. 
Future research can validate the statistical model by involving a larger sample of patients.  
Research should be ongoing to develop an efficient prediction model to assist clinicians in 
classification of FH patients. Early and timely detection is important for prevention of pre-
mature cardiovascular disease. Health education, intervention and preventive strategies of 
FH are highly important and more population-based disease screening for early detection 
and treatment should be carried out.
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ABSTRACT 

Application of the Internet of things (IoT) for data collection in solar drying can be very 
�H
v�F�L�H�Q�W���L�Q���F�R�O�O�H�F�W�L�Q�J���E�L�J���G�D�W�D���R�I���G�U�\�L�Q�J���S�D�U�D�P�H�W�H�U�V�����7�K�H�U�H���D�U�H���P�D�Q�\���Y�D�U�L�D�E�O�H�V���L�Q�Y�R�O�Y�H�G���V�R��
�L�W���L�V���K�D�U�G���W�R���¿�Q�G���D���P�R�G�H�O���W�R���S�U�H�G�L�F�W���W�K�H���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W���R�I���W�K�H���I�R�R�G���S�U�R�G�X�F�W���G�X�U�L�Q�J���G�U�\�L�Q�J����
In model building, interaction terms should be incorporated because they also contribute 
to the model. Eight selection criteria (8SC) is a very useful method in model building. 
This study applied ordinary least squares (OLS) regression and ridge regression with 8SC 
�L�Q���P�R�G�H�O���E�X�L�O�G�L�Q�J���W�R���S�U�H�G�L�F�W���W�K�H���P�R�L�V�W�X�U�H���F�R�Q�W�H�Q�W���R�I���G�U�\�L�Q�J���¿�V�K�����$���W�R�W�D�O���R�I���H�L�J�K�W�\���P�R�G�H�O�V��
were considered in this study. One best model was chosen each from OLS regression and 
ridge regression. M78.7.3 with a total of eleven independent variables was the best OLS 
�P�R�G�H�O���D�I�W�H�U���F�R�Q�G�X�F�W�L�Q�J���P�X�O�W�L�F�R�O�O�L�Q�H�D�U�L�W�\���D�Q�G���F�R�H
v�F�L�H�Q�W���W�H�V�W�����1�H�[�W�����W�K�H���E�H�V�W���U�L�G�J�H���P�R�G�H�O��
�0���������������Z�D�V���R�E�W�D�L�Q�H�G���D�I�W�H�U���W�K�H���F�R�H
v�F�L�H�Q�W���W�H�V�W�����7�K�H���P�H�D�Q���D�E�V�R�O�X�W�H���S�H�U�F�H�Q�W�D�J�H���H�U�U�R�U�����0�$�3�(����
was used to measure the accuracy of the prediction model. For OLS model M78.7.3, 
the MAPE value was 15.7342. The MAPE value for ridge model M56.0.0 was 17.4054. 

From the MAPE value, OLS model M78.7.3 
provided a better estimation than the ridge 
model M56.0.0. However, OLS model 
M78.7.3 violated the normality assumptions 
of residuals. This is highly caused by the 
outlier problem. So, due to non- normality 
of the residuals and presence of outliers in 
the dataset, ridge regression is preferred for 
the best forecast model.

Keywords: Eight selection criteria, IoT, model 

selection, ordinary least squares, ridge regression
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