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Abstract: Design: Health issues throughout the sustainable development goals have also been
integrated into one ultimate goal, which helps to ensure a healthy lifestyle as well as enhances
well-being for any and all human beings of all social level. Meanwhile, regarding the clime change,
we may take urgent action to its impacts. Purpose: Nowadays, climate change makes it much more
difficult to control the pattern of diseases transmitted and sometimes hard to prevent. In line with
this, Centres for Disease Control (CDC) Taiwan grouped the spread of disease through its source in
the first six main groups. Those are food or waterborne, airborne or droplet, vector-borne, sexually
transmitted or blood-borne, contact transmission, and miscellaneous. According to this, academics,
government, and the private sector should work together and collaborate to maintain the health
issue. This article examines and connects the climate and communicable aspects towards Penta-Helix
in Taiwan. Finding: In summary, we have been addressing the knowledge center on the number
of private companies throughout the health care sector, the number of healthcare facilities, and the
education institutions widely recognized as Penta Helix. In addition, we used hierarchical likelihood
structural equation modeling (HSEMs). All the relationship variables among climate, communicable
disease, and Penta Helix can be interpreted through the latent variables with GoF 79.24%.

Keywords: climate; communicable disease; hierarchical likelihood; penta-helix; structural equa-
tion modelling

1. Introduction

The General Assembly of the United Nations (UN) on 25 September 2015 in New York,
United States, has officially endorsed the Sustainable Development Agenda or Sustainable
Development Goals (SDGs) as a global development agreement [1]. Starting in 2016,
the 2015–2030 Sustainable Development Goals (SDGs) officially replace the 2000–2015
Millennium Development Goals [2,3]. SDGs contain a set of transformative goals that are
agreed upon and apply to the entire nation without exception.

The health aspects of the community will never be exhausted to be discussed mainly
if the focus is on community welfare and justice in getting health facilities and healthy
living [4]. SDG point 3 discusses good health and community welfare. The main goals in
2030 [5] or later will be to reduce the maternal mortality ratio, end preventable deaths in
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newborns and infants [6], AIDS [7], tuberculosis [8], malaria and other tropical diseases [9],
and hepatitis [10]. Meanwhile, other goals include other infectious diseases, reducing
one-third of premature deaths caused by non-communicable diseases, through preventive
and treatment measures as well as improving mental health and well-being [11].

Then, the next goals include the strengthening of prevention and treatment of the
abuse of dangerous substances, including narcotics abuse and the dangerous use of alcohol,
globally reducing half of the death and injury rates due to traffic accidents [12]. However,
other aspects include ensuring universal access to sexual and reproductive health services,
including planning, information, family education, and integrating reproductive health into
national strategies and programs. Besides these goals, others include achieving universal
health service coverage, including financial risk protection, access to quality essential
health services and access to medicines, vaccines that are safe, effective, quality and
affordable, and also by substantially reducing mortality and disease caused by hazardous
chemicals [13–17].

All of these targets are very optimistic about being realized and in every country,
starting from developed countries and even though developing countries try their best [18].
The process of formulating SDGs cannot be separated from the aspirations and inspiration
from the central government to the regional governments. Through city associations and
regional governments at the global level, local governments have been very active in
contributing to the formulation and endorsement of SDGs and time goes by climate change
and human lifestyles [19]. Shifting patterns of disease can be seen from several facts,
including that the most significant causes of death and illness are infectious diseases such
as respiratory infection, tuberculosis, and diarrhea [20].

Nevertheless, since 2010, non-communicable diseases (NCD) such as stroke, heart, and
diabetes (catastrophic diseases) have a higher proportion of health care. This is triggered
by changes in people’s lifestyle patterns toward unhealthy lifestyles such as lack of phys-
ical activity, consuming fewer vegetables and fruit, smoking, alcohol consumption, and
others. Sexually transmitted diseases such as HIV and AIDS have increased uncontrollably,
especially in some developed countries where people tend to have free sex [21,22].

Health transitions occur because of a demographic and epidemiological transition [23].
Demographic transition is a result of urbanization, industrialization, increased income, ed-
ucation levels, and health technology in the community [24]. It will have an impact on the
occurrence of epidemiological transitions [25]. Related to changes in the pattern of death
that is due to infection, total fertility, the life expectancy of the population, and increased
non-communicable diseases or chronic disease epidemiological transition stems from a com-
plex change in health patterns and patterns of significant diseases causing death. There is a
decrease in the prevalence of infectious diseases. In contrast, non-communicable diseases
increase [26]. This occurs along with changes in lifestyle, socioeconomic, and increased life
expectancy [19], which means an increased risk pattern for degenerative diseases such as
heart disease coronary [27], diabetes mellitus [28–30] and hypertension [30,31].

Heart and blood vessel disorders often begin with hypertension or high blood pres-
sure. Besides this, hypertension which is an early vascular disorder [32,33] causes kidney
disorders, damage the work of the eye, and causes abnormalities or disruption of the brain,
so that it can inhibit the maximum utilization of intelligence capabilities. Hypertension
or the so-called silent killer is one of the most influential risk factors as a cause of heart
disease (cardiovascular) [34]. Heart disease sufferers now reach more than 800 million
people worldwide. Approximately 10–30% of the adult population in almost all countries
experience hypertension, and around 50–60% of the adult population is the central ma-
jority whose health status will be better if blood pressure can be controlled. Specifically,
the degenerative diseases are defined as the causes of damage and destruction to the
tissues. At the same time, they probably occur during the ageing process, and due to
unhealthy lifestyles.

This disease arises because of decreased organ function and affects the elderly. Now,
degenerative diseases are increasingly found and not only experienced by those who are
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elderly. As a result of the decline in health status, many young people are also at risk
of developing a disease that will cost much money, and can even end in death. They
can suffer from changes in lifestyle, including diet and physical activity, and suffer from
hypertension, dyslipidemia, obesity, diabetes mellitus, coronary heart disease, gout, kidney,
and many more.

The number of sufferers of degenerative diseases has also increased, especially in
developed and developing countries, as a result of increasing life expectancy, unhealthy
lifestyles, and higher rates of recovery from infectious diseases. Besides this, a collection
of lifestyle effects (including stress, the development of the food and beverage industry,
air pollution, and environmental factors that have accumulated over many years) have
also developed into a source of disease. These factors are often blamed as a cause of high
cases of degenerative diseases. Health conditions in Taiwan have undergone significant
developments in recent years. This development shows the impact of the expansion of
the provision of public health facilities. In addition, discussions with some experts in the
field of health will also be done to improve insight so that it can produce a solution that is
really appropriate [35]. Nevertheless, there are still new challenges as a result of social and
economic change.

Taiwan is currently in the midst of an epidemiological transition where non-communicable
diseases are increasing dramatically while infectious diseases are still the leading cause
of disease. According to the Taiwan Ministry of Health, the sources of disease in Taiwan
can be divided into five types of main source classes, including water borne, airborne or
droplet, vector-borne, sexually transmitted or blood borne, and contact transmission.

Meanwhile, the education in Taiwan is one of the best in the World [36] and several
universities in Taiwan, including the top 100% [37,38], and it is necessary to do Penta-Helix
to solve health problems in Taiwan. Figure 1 defines the framework of study, which includes
dimensions of communicable disease, academia, public and government, and climate, the
interaction of each of these dimensions is confirmed using latent values. Higher levels of
knowledge clearly allow individuals to better assess the threats posed by climate change
and reduce the perceived level of uncertainty related to climate change and the impact
of pro-environmental behaviors [39]. The role of education in shaping the character of a
generation is extremely important, and the number of colleges and universities generally
works on the awareness to allow a comprehensive understanding including the points of
the sustainable development goals.

The development power of a country or region needs to be supported by all the ele-
ments that exist. It cannot accelerate development, it can only be done by one party. Then,
comes the concept of ‘Penta helix’ development in which elements of government, society
or [40,41] disabled, institutions for the youth guidance, welfare foundations, and social
welfare services centers can be one of the solutions to educate and empower the surround-
ing community. Previously, structural equation models (SEMs) could be used for exploring
the elements that relate to the performance of city [42], customer [43,44] loyalty [45], an
empirical investigation effect of project management capabilities, understanding cryptocur-
rency adoption [46], social vulnerability index [47], and corporate social responsibility in
higher education [48]. In this paper, we use hierarchical likelihood towards SEMs by using
software Albatross Analytics and STATCAL are presented in Section 2 [49,50]. The analysis
is presented in Section 3. Finally, conclusions are indicated in Section 4.
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2. Hierarchical Structural Equation Models (HSEMs)

The structural equation model used to test theories or to develop theories (predictive
goals). In situations where there is a strong theoretical basis, and theory testing is the main
objective of the research, the likelihood approach is more appropriate for reasoning [51]. It
is assumed that all variant sizes are useful to explain. Therefore, the approach to estimating
latent variables is considered as a linear combination of indicators to avoid the problem of
indeterminacy and provide clear definitions of the score component. HSEMs are able to
handle two serious problems:

• Inadmissible solution: This happens because variance-based SEMs are not covariance
so that the singular matrix problem will never occur.

• Factor indeterminacy: Factor indeterminacy is a condition that causes latent variable
scores that cannot be obtained. The sample size in traditional SEMs can be estimated
as ten times the number of formative indicators (ignoring reflective indicators) [52–54].
Ten times the amounts of structural paths in the inner model and small sample sizes
30–50 or large samples over 200. In determining the sample size, the HSEM approach
states that the strength of the analysis is based on the portion of the model that has the
most considerable number of predictors. Minimum recommended ranges are from 30
to 100 cases. HSEMs consist of external relationships (outer models or measurement
models) and internal relationships (inner models or structural models) [54]. The
relationship is defined as two linear equations, namely the measurement model that
unites the relationship of the latent variable with a group of explanatory variables and
the structural model that is the relationship among the latent variables [51,52,55].

As in the analysis of structural equation models, the first step in the HSEMs model
is the complete specification of the path model consisting of the structural model and
the measurement model [56]. Along with structural and measurement models, the path
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model in HSEMs consists of three sets of relationships: First, inner models that specify
relationships of latent variables. Second, outer models that specify the relationship among
latent variables and their indicators or manifests, and the weight relation where the latent
variable score can be calculated. See Appendix A for more details.

2.1. Inner Model

This model focuses on the structure model of latent variables, where the latent vari-
ables are assumed to have a linear relationship and have a causal relationship [57]. Latent
variables can be either exogenous or endogenous latent variables [58]. Endogenous latent
variables η are latent variables that are predicted by other latent variables [59]. Whereas
exogenous latent variable ξ is a latent variable that is never predicted by other variables.
Measurement errors in latent variables are denoted by ζ. The inner model can be written as:

ηj = β0j + γ0j + ∑
i

β jiξi + ∑
i

γjiηi + ζi (1)

With assumption
E (ζi) = 0

E (ξi, ζi) = 0
E(ηi, ξi) = 0

(2)

where:

i : The number of paths from the free latent variable to the non-free latent variable
j : The number of latent variables
ηj : Latent variable j-th
ηi : Latent variable i-th
β ji : Coefficient path of the i-th exogenous latent variable to the j-th endogenous latent
variable
γji : Coefficient of the i-th endogenous latent variable to the j-th endogenous latent variable
β0j: Intercept
ζi : Inner residual

2.2. Outer Model

To build relationships all of the indicators with their latent variables, outer model
refers to the measurement model. The way to build relation indicators and latent variables
can use the reflective relationships, formative relationships, and multi-effect indicators for
multiple causes (MIMIC) [51]. This model also defines how each block of indicators relates
to the latent variable with the following equation:

x =
∧

x ξ + εx
y =

∧
y η + εy

(3)

x and y are an indicator or manifest variable for exogenous latent variables and endogenous
latent variables ξ and η, while

∧
x and

∧
y are a loading matrix that describes a simple

regression coefficient that links latent variables with indicators. Residuals measured by
εx and εy can be interpreted as a measurement error or noise. Additionally, δξ and δη

are the residual regression. Blocks with formative indicators can be written with the
following equation:

ξ = ∏ ξx + δξ

η = ∏ ηy + δη
(4)
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2.3. Reflective Relations

In the reflective relationship in Figure 2, the indicator is a reflection or manifestation
of the latent variable, the indicator Xij is assumed to be a linear function of the latent
variable ξ j.

Xij = λ0jk + λjk ξ j + ε jk (5)

λjk is the loading coefficient and ε jk is residual. With assumption E(ε jk) = E
(

ξ j, ε jk

)
which means that the residual has zero mean and does not correlate with the indicator,
thus:

E(Xij

∣∣∣ξ j) = λ0jk + λjk ξ j (6)

j is the number of latent variables and i is the number of indicators.
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2.4. Formative Relations

In the form of formative relationships in Figure 3 the changes in the construct of latent
variables are caused by changes in indicators. The latent variable ξ j is assumed to be a
linear function of the indicator Xjk.

ξ j = πoj + ∑ πjkXjk + δi (7)

With assumption:
E(δi) = E

(
ξ jδi
)
= 0

E
(

ξ j

∣∣∣Xjk

)
= πoj + ∑ πjkXjk

(8)
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SEMs have a function to model the relationship of latent variables with indicators and
to model relationships among the latent variables based on pre-existing theories. There are
two types of models that are divided into measurement models and structural models. In
line with this, SEMs explain the relationship of the latent variables and the measurement
indicators carried out through factor analysis, where each latent variable is modelled as
a measurement indicator factor. However, SEMs have two types of errors, measurement
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model errors and structural model errors. SEMs cannot predict correctly, so errors in the
model might occur. The first is the measurement error. The error measurement is the
value or size of the error due to measuring indicators that cannot measure latent variables
correctly. Besides this is the parameter estimation for HSEMs obtained through iteration
processes. The first iteration produces the path estimation that is used to produce a latent
variable score on the indicator. The second iteration produces a path estimate that reflects
the contribution of variations in changes in exogenous latent variables to endogenous
variables. In the first stage, the estimation in the measurement model is generated from the
weight estimation λjh on the reflective indicator model. h Shows many indicators contained
in exogenous latent variables jh = 1, 2, . . . p, whereas j is the exogenous latent variable,
j = 1, 2, . . . q. The reflective indicator model is a model in which the direction of causality
relates from the latent variable to the indicator. This is in line with endogenous variables
with reflective indicators such as steps to obtain equations using the likelihood.

δjh = xjh − λjhξ j
q
∑

j=1
δjh

2 =
q
∑

j=1

(
xjh − λjhξ j

)2 (9)

∂ ∑
q
j=1 δjh

2

∂xjh
= 0

2
q
∑

j=1
(xjh − λjhξ j)

(
−ξ j

)
= 0

q
∑

j=1
(−xjhξ j)

(
λjh − ξ2

j

)
= 0

λjh

q
∑

j=1

(
ξ2

j

)
=

q
∑

j=1

(
λjhξ j

)
(10)

λ̂jh =
∑

q
j=1

(
λjhξ j

)
∑

q
j=1

(
ξ2

j

) (11)

λ̂jh = E

∑
q
j=1

(
λjhξ j

)
∑

q
j=1

(
ξ2

j

)
 (12)

yjh = λjhηj + ε jh (13)

q

∑
j=1

ε2
jh =

q

∑
j=1

(
yjh − λjhηj

)2
(14)

∂ ∑
q
j=1 ε jh

2

∂λjh
= 0

2
q
∑

j=1
(yjh − λjhηj)

(
−ηj

)
= 0

q
∑

j=1
(−yjhηj) +

(
λjhη2

j

)
= 0

λjh

q
∑

j=1
(η2

j ) =
q
∑

j=1
(yjhηj)

(15)

λ̂jh =
∑

q
j=1

(
yjhηj

)
∑

q
j=1

(
ηj

2
j

) (16)

Hence, the equation can be written as follows:

ηj = β jhηj + γjhξh + ζ jh (17)
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The equation will be estimated at the coefficient γ use least square against ξh so it will
be obtained.

γ̂jh =
(
(ξh)

′ξh

)−1
(ξh)

2ηj (18)

Then, the coefficient β will be derived against β jh.

∂ (ζ jh)
′

∂β jh
= 0

−2
(
ηj
)′

ηj + 2
(

β̂ jh

)′(
ηj
)′

ηj = 0

β̂ jh =
((

ηj
)′

ηj

)−1(
ηj
)′

ηj

(19)

3. Datasets and Results

In this study, there are seven latent variables, namely climate, social, food water
borne, airborne or droplet, vector-borne, sexually transmitted or blood borne, and contact
transmission. Climate latent variable consists of 7 indicators, and social latent variable
consists of 11 indicators. Moreover, food water borne latent variable consists of 12 indica-
tors, airborne or droplet latent variable consists of 16 indicators, and vector-borne latent
variable consists of 5 indicators. Moreover, sexually transmitted latent variable consists of 5
indicators of 7 indicators and latent variables. There are also 8 types of contact transmission.
In testing, the outer model tests the relationship of each latent variable to its indicators. All
the datasets provided by the Environmental Protection Administration (EPA) Taiwan are
acknowledged.

3.1. Synergy of Penta-Helix in Health Issues

Health is a key factor which could be used as one of the parameters for the well-
being of urban communities. In fact, individuals always have the same chances to get
health care facilities. Whenever the underprivileged is needed, that is where the role of
the government is deemed necessary. National health insurance in Taiwan is one of the
health insurance coverage provided by the government towards its residents throughout
the form of a medical assistance. First, the synergy of academicians, local businesses, and
local governments is considered capable of quickly resolving problems and producing
policies that can be implemented [60,61] This collaboration is called the Triple Helix [62] In
the framework of implementing research and innovation strategies, full support from all
parties is needed to bring research results into innovations which are then developed by
new businesses or assisting the health industry and other national industries in increasing
competitiveness. Collaboration industry, small pharmaceutical companies, and patient
organizations can provide solutions to rare diseases [63]. Then, innovation is not carried
out individually, but must be performed through synergy among all national stakeholders,
including academics, business, government, and society which is commonly called Penta
Helix. Figure 4 shows all indicators on social latent variables are positively correlated with
social latent variables. The most reliable indicators in terms of their correlation to social
latent variables are Number of University, Social Welfare Services Center, and Institutions
for the Disabled in Taiwan, so, in other words, many universities, social welfare by being
able to reduce the spread of disease. It can also be said that the presence of this facility can
provide early education to the public to care about the health and also education on types
of diseases.

Figure 5 explains that, in general, pharmaceutical, medical-based companies are
located in the Taipei area, New Taipei City, Hsinchu, Tainan, Zhubei, and Taichung. The
focus area of the company has been to provide health products in Taiwan so that it can
be assumed that Taiwan can independently provide excellent service to improve people’s
welfare, so that it might well participate actively through the Penta Helix collaboration in
Taiwan. At this stage, we performed the analysis on the impact of social latent consisting
of Number of Clinic (CLIN), Hospital (HOSP), Population Density (POPDEN), Number of
University (NUMUNI), Services Centres (SERCENT), Social Welfare (SOCWEL), Welfare
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Foundation (WELFUND), Institutions of Youth Guidance (INSGUI), Institutions for the
Disabled (INSDIS), Homes for the Elderly (HOMELD), and Pre-Schools (PRESC).
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3.2. Communicable Disease

The Centers for Disease Control, R.O.C. (Taiwan) grouped the spread of disease
through its source in the first six groups, namely: food or waterborne, airborne or droplet,
vector-borne, sexually transmitted or blood-borne, contact transmission, and miscellaneous.
Broadly speaking, for communicable disease, a relationship will be made between each
latent spread of the disease based on the source. One of the values that can be used to
test outer models is the loading value. The loading value states the correlation among the
latent variable and the indicator. The higher the loading value, the closer the correlation
is among the latent variable and the indicator. Figure 6 shows that all indicators of the
Food Water Borne latent variable are positively correlated to the Food Water Borne latent
variable. It is known that the three most reliable indicators in terms of their correlation
to latent variables of Food Water Borne are Amoebiasis, Listeriosis, and Entovirus. In other
words, among the three types of diseases, food waterborne has the most significant impact
in Taiwan compared to other types of diseases that enter into food waterborne.
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Figure 6. The Loading Value for Each Indicator of the Latent Food Water Borne Variables.

Amebiasis is a parasitic infection of Entamoebae histolytica or E. histolytica in the intestine.
Amebiasis often occurs in tropical countries and developing countries that have inadequate
sanitation systems. Then, Listeriosis is a dangerous infectious disease that arises from
eating food contaminated with bacteria. The bacteria that cause Listeriosis usually live-in
undercooked meat and dairy products. Furthermore, the enterovirus enters the human
body through the digestive tract, multiplying in the mouth of the throat. After entering
the mouth, the virus will multiply in the digestive tract and respiratory tract. After a virus
occurs in the blood circulation, the infection will spread to tissues and several organs. Then,
it very often found in the patient’s stool.

Figure 7 shows that all indicators of the Airborne or Droplet latent variable are
positively correlated to the Airborne or Droplet latent variable. The three most significant
indicators in terms of their correlation with Airborne or Droplet latent variables are Invasive
Pneumococcal, Severe Complicated Influenza, and Legionellosis.
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Figure 8 shows that all indicators on Vector-Borne latent variables are positively
correlated with Vector-Borne latent variables. The most reliable indicators in terms of their
correlation to Vector Borne latent variables are Japanese Encephalitis, Malaria, and Zika.
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Figure 9 shows that all indicators on the latent variable Sexually Transmitted or Blood
Borne are positively correlated to the latent variable Sexually Transmitted or Blood Borne.
The most reliable indicators in terms of their correlation with latent variables Sexually
Transmitted or Blood Borne are HIV, Acute Hepatitis C, and Syphilis.
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All indicators on the contact transmission latent variable in Figure 10 are positively
correlated with the Contact Transmission latent variable. The most reliable indicators in
terms of their correlation with the contact transmission variable are Hansen’s, Tetanus, and
Acute Viral Hepatitis.
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3.3. Communicable Disease against Climate

The latent variable Climate in Figure 11 is positively correlated to the latent variable
Climate, except for the Number day Precipitation indicator <0.1 mm (NDPREC) negatively
correlated to the latent variable climate, with a loading value of −0.637. The 3 strongest
indicators in terms of correlation to latent variables are Number day with max tem >30
(NUMAXTEM) 0.875, Number Day Temp >25 (NDTEMP) 0.878, and Rainfall PH (RAIN)
0.683.
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The issue of global warming may be a problem that is considered a cliché by some
people. Maybe even most of us will not be surprised and panicked about the possibility of
a great danger that is ready to surround us, ranging from melting ice, animal extinction,
and the emergence of new diseases, followed by a decrease in our body’s ability to deal
with it due to weather changes [64]. Information regarding the source of virus infection is
not yet clear.

However, the possibility of worsening the spread of the virus suspected by the in-
fluence of the season [65] needs to be discussed in more detail. In line with this, in cold
regions, the spread of the flu becomes very fast due to cold weather and poor air venti-
lation [66]. Logically, warm weather should be able to inhibit the rate of spread of the
virus [67]. Unfortunately, this is not the case. Recent studies do not support the logic
above. The big reveal, experts believe that climate change is a boon that actually worsens
the disease outbreak. Climate change has influenced the way viruses, such as influenza
and even HIV, develop and expanded. This has also been proven that some categories of
influenza which can only be infected in the cold season could really remain alive in warm
season. There are several types of viruses found in Asia during the summer. These viruses
are carried by birds who are immigrating. However, this is not entirely the fault of the
birds. Climate change has disrupted their immigration routes. This changing immigration
route allows birds to interact with other bird species. This interaction which then spawned
is not a new bird species, but a new type of influenza.

These birds eventually transmit and carry these new viruses throughout the world.
The influence of weather in various places then causes varying degrees of infection. For
experts, until now, predicting the flu is still a complicated thing, given that there are
many factors that are related to each other. Even though we know for sure, how will
we know when the new disease spread and turns into a pandemic? What has happened
maybe a mirror of human powerlessness in dealing with the various obstacles caused by
human actions.

In other cases, changes in temperature and humidity as patterns related to climate
change will have a further impact on health by changing the ecology of various vector-
transmitted diseases such as malaria, dengue, chikungunya, Japanese encephalitis, Kala
Azar, and Filariasis. The effects of climate change can also be distinguished of direct and
indirect changes when some effects can be easily seen such as increased deaths due to
increased frequency and severity of heat waves while others depend on factors such as the
distribution of vector populations or other sources of disease. In other words, other effects
that are very varied and not obvious to health can come from expulsion or population



Symmetry 2021, 13, 657 14 of 21

migration. Temperature can affect the distribution of vectors and the effectiveness of
pathogens through vectors. For example, mosquitoes can live in low temperatures, but the
metabolism decreases and even stops when the temperature drops to the limit of about
10 degrees Celsius.

Then, low humidity can negatively affect mosquito survival and can reduce the
proportion of the vector population. It is even clearer that low humidity causes more
foraging vectors to overcome the dehydration that occurs. An increase in high temperature
and low humidity causes the vector to produce offspring more than double the low
temperature with high humidity. Rainfall also needs to be considered, because various
mechanisms that are possible to occur by changing rainfall are an increase in standing
water that can become a vector breeding area. Low rainfall can also increase breeding sites
through slow river flows, and increased rainfall can increase vegetation. The number of
rainy days also affects the vector’s life cycle and virus replication, because many rainy
days are generally suitable for mosquito. Another factor that is likely to influence is the
wind speed, because the wind will indirectly affect water evaporation and air temperature
confection. In the situation of calm air, the body temperature of mosquitoes may have
several fractions one degree higher than the ambient temperature; if there are good wind
evaporation and convection, then the mosquito’s body temperature drops several fractions
one degree lower than the ambient temperature. In short, climate change is related to
pathogens, hosts, and the environment as it is known that on the host, the climate can
influence behavior conditions and then has a susceptibility to changes in exposure or
contact level. When genes provide a mechanism, host immunization or disease resistance
is also influenced by the environment. The effects of climate change occur at a rate faster
than the host’s ability to adapt. Human activities and behavior significantly affect the
transmission of other viruses.

3.4. Model Construction

To begin, Dillon–Goldstein’s rho value is also one of the values in the outer model
testing. Dillon–Goldstein’s rho value is used to test unidimensionality. Dillon–Goldstein’s
rho value > 0.7 is seen as an indicator variable as unidimensional. Nevertheless, Dillon–
Goldstein’s rho 0.6–0.7 can be accepted in exploratory research. Long story short, Table 1
presents Dillon–Goldstein’s rho values.

Table 1. Testing the Outer Model based on Dillon–Goldstein’s rho.

Latent Variable Dillon–Goldstein’s rho

Climate 0.640
Social 0.864

Food Water Borne 0.957
Airborne or Droplet 0.975

Vector Borne 0.886
Sexually Transmitted or Blood Borne 0.977

Contact Transmission 0.862

Table 1 shows all Dillon–Goldstein’s rho values are >0.6, which means that each latent
variable has good unidimensionality. After testing the outer model (measurement model),
then there further testing the inner model (structural model) was performed. In testing the
inner model, an analysis of the relationship among latent variables, Climate, Social, Food
Water Borne, Airborne or Droplet, Vector-Borne, Sexually Transmitted or Blood Borne, and
Contact Transmission was performed. Figure 12 shows the correlation values of latent
variables. The most reliable Communicable Disease indicators in terms of their correlation
to Social are Food Water Borne with a correlation value of 0.890, Vector-Borne with a
correlation value of 0.860, and Contact Transmission with a correlation value of 0.849. In
contrast, the 3 most reliable indicators of communicable disease in terms of its correlation
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to climate are contact transmission with a correlation value of 0.702, Vector-Borne with a
correlation value of 0.693, and Food Water Borne with a correlation value of 0.566.

The three indicators most closely related to communicable disease are airborne or
droplets (ABDROPLET) with a correlation value of 0.985, Contact Transmission (CTRANS)
with a correlation value of 0.976, and Food Water Borne (FWBORNE) with a correlation
value of 0.975. Communicable disease and social correlate positively, with a correlation
value of 0.885. Communicable disease and climate correlate positively, with a correlation
value of 0.606. Social and Climate are positively correlated, with a correlation value of
0.754. Overall, Communicable Disease, Social and Climate are positively correlated. At the
same time, we performed the goodness of fit (GoF) to test the suitability of our model. GoF
index is a pseudo-goodness of fit measure that accounts for the model quality at both the
measurement and the structural models. GoF can be used as a global criterion that helps us
to evaluate the performance of the model in both the inner and the outer models. Basically,
GoF assesses the overall prediction performance of the model. GoF is calculated as the
geometric mean of the average communality and the average R2 value GoF =

√
µλ2 ∗ µR2

and it obtained 0.7924 or 79.24%.
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4. Conclusions

In a nutshell, we present the relation of communicable disease, social, and climate
towards Penta Helix. The relationship with each variable is high, such as climate against
social is 0.754, social and communicable disease is 0.885, and communicable disease against
climate is 0.606, respectively. The authority of the regional government are divided into
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compulsory and optional affairs. Obligatory affairs are government affairs that must
be carried out by provincial and district/city regional governments, relating to essential
services, for example, education, health, environment, and others. It can be understood
that health services are included in the mandatory affairs that must be carried out by
the regional government in order to improve the welfare of the community in the health
sector in their area. An important feature that distinguishes local authorities from private
sector organizations is that the public is not only a customer, but also a citizen. If they are
respected as customers, they are also respected as citizens. There is a dual responsibility
for local authorities in providing services to the community. To overcome health problems,
the role of the regional government in question can be an effective weapon in dealing with
political pressure by accommodating and articulating local interests, becoming a media
for political education for people who feel the implementation of government functions
directly. Because of its proximity to the location, the provision of services can take place
more efficiently. Planning can be better, because it knows more about its local conditions,
with the use of more efficient local personnel as well. Government officials have a better
responsibility, because relations with the public are closer. Local government can be an
effective medium of communicable aspects among the centre and local communities related
to central government programs in the regions. In order to provide quality services, of
course, both qualities must be met. Developing countries generally cannot meet both
of these qualities; so, public services are less satisfying. For instance, the substantial-
quality public services include the services with proper management and emphasizing
the regulation of public services. Moreover, there is the Efficiency aspect, emphasizing
the provision of better services with available resources. The Economical aspect involves
emphasizing the provision of services that are as cheap as possible and accessible to the
public (service users).

Additionally, there is the Social justice aspect, emphasizing equal rights in govern-
ment services; Responsiveness is more towards the needs of citizens than the needs of
public organizations. By involving stakeholders in better planning, implementation, and
monitoring of the rebuilding process, including local governments, local communities,
experts and academics, the media, and the private sector, known as Penta Helix, can be
more effective in solving problems, especially in the health sector. The Penta Helix concept
is also considered to be able to reduce the tendency of people to be too dependent on the
government in dealing with problems around them. Controlling the infectious diseases
caused by mosquitoes and other vectors needs to be adequately handled, given the very
significant relationship to climate. Future research should be performed in multilevel
modelling through, generalized linear latent mixed models (GLMMMs) and generalized
linear latent variable models (GLLVMs) [68–71].

A frequentist alternative approach is proposed by Lee and Nelder in 1996 [72], who
termed it as the hierarchical likelihood approach. Hereafter, we use the term h-likelihood for
short, which is more commonly seen in the literature [72,73]. Also, it provides a new way
of statistical inferences in entire fields of statistical science. Recently, h-Likelihood is also
commonly used for inferences and the application in big data and machine learning [74].
Therefore, we address likelihood for fitting SEMs that support various combinations of
different distributions for response variables. In DHGLMs [72,74–76], the h-likelihood
can be defined by the logarithm of the joint density of the response y and the unobserved
vectors of random effects v, p, and q given by

h = h(β, γ, δ, v, p, q; y)
h = log fβ,γ,δ(y|v, p, q) + log fδ(v|q) + log fα(p) + log fξ(q)

(20)

For estimation, we use h for v, pv(h) for β, pv,β (h) for (γ, δ, p, q), pb,β,γ,p(h) for α and
pv,β,δ,q(h) for ξ.
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Appendix A

Measurement model estimation approach by iteration procedure, where iteration will
stop when it has reached a convergent condition. The iteration procedure in the HSEM
algorithm is as follows:

• Step 0: Outer Weight Initialization. At this stage, an initialization is made, which is
to determine any arbitrary value for outer weight. To make it easier, the weights of
all indicators are the same: wjk. Indicators are scaled to have unit variance (mean = 0,
variance = 1).

• Step 1: Outside Approximation. After the outer weight is estimated, the estimation of
the measurement model is then performed, which illustrates that the latent variable is
the sum of the multiplication of weights with indicators.

• Step 2: Determination of Inner Weight. The initial value of the latent variable has
been obtained; then, recalculate the latent variable differently. The latent variable is
considered a linear combination of other related latent variables.

• Step 3: Structural Model Estimation (Inside Approximation). After the inner weight
is obtained, then estimation is made of the structural model.

• Step 4: Updating the Weight of the Measurement Model or Updating Outer Weight.
The process of updating the weight of the measurement model is divided into two;
first, for reflective indicators (mode A) and, second, formative (mode B).

If the direction of the indicator used is reflective, then, using a simple linear regression,
the latent variable in step 3 as a predictor and the indicator as a response. Where the
method used is the least square method by minimizing the number of ejk error squares as
mode A:

http://cheoling.snu.ac.kr:3838/DHGLM/
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In mode B, the vector wj from the wjk weighting is a vector of multiple regression
coefficients of zj on the xjk indicator that is connected to latent variable ξ j. Then, xj is a
matrix with columns defined by the xjk indicator connecting j latent, and zj is a matrix
containing j latent variable data. Steps 1 to 4 are repeated until the conditions converge. If,
in each iteration, there is S = 1, 2, 3, . . . until to converge, the determination of convergence
can be done by: if the outer weight on iteration to S minus the outer weight on iteration to
S− 1 is less than 10−5.

zj = wj xj + ε j
ε j = zj − wjxj

Solving the εT
j ε j :

εT
j ε j =

(
zj − wjxj

)T(zj − wjxj
)

εT
j ε j =

(
zT

j − wT
j xT

j

) (
zj − wjxj

)
εT

j ε j = zT
j zj − 2wjxT

j + wT
j wjxT

j xj
∂εT

j ε j

∂wj
= 0− 2xT

j zT
j + 2wjxT

j xj = 0

−xT
j zj = wjxT

j xj = 0
xT

j zj = wjxT
j xj

wj =
xT

j zj

xT
j xj

=
(

xT
j xj

)−1
xT

j zj
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