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Abstract: As a result of the severe difficulties presented by the COVID-19 pandemic, a holistic 13

response is required, one that takes into account both the urgent needs of patients and the long- 14

term viability of healthcare institutions. This study aims to give a complete knowledge of the 15

tactics and techniques necessary to maintain the continuing well-being of people and communi- 16

ties by examining the idea of health sustainability in the context of the COVID-19 pandemic. 17

This study conducts a literature review to investigate the many facets of health sustainability, 18

such as emergency preparedness, mental health care, health workforce support, health education 19

and communication, research and innovation, international cooperation, and resilience in the 20

face of pandemics. This study's results call attention to the necessity for universal healthcare 21

access, mental health services, the upkeep of critical services, and international coordination as 22

part of the COVID-19 response strategy. Societies may construct robust healthcare systems that 23

can deal with the short- and long-term effects of the pandemic if they use a comprehensive strat- 24

egy that takes into account social, economic, and environmental aspects. So, we used the concept 25

of multi-criteria decision-making (MCDM) to deal with various criteria of health sustainability. 26

The AHP MCDM method is used to deal with various criteria and give the weights of these cri- 27

teria. The AHP used a comparison between various criteria, so we used the neutrosophic envi- 28

ronment to deal with the vague data in the comparison process. The proposed framework is ap- 29

plied in the application of COVID-19. 30

Keywords: Neutrosophic Set, MCDM, Sustainability, Health, COVID-19 31

1. Introduction 32

Worldwide, healthcare facilities, economies, and communities are all being tested by the 33

COVID-19 epidemic. As the globe struggles to cope with the immediate effects of the pandemic, 34

it is crucial to take a holistic and future-oriented strategy that not only solves the current health 35

crisis but also guarantees the long-term viability of health institutions. This calls for health 36

sustainability concepts to be included in COVID-19 response methods and policies [1], [2]. 37
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Promoting and maintaining health and well-being is at the heart of the notion of health 1 

sustainability, which recognizes the complex relationship between social, economic, and 2 

environmental issues and how they affect the health of people and communities. Health 3 

sustainability in the context of the COVID-19 pandemic requires a careful balancing act between 4 

responding to the virus's immediate effects and planning for the pandemic's longer-term effects 5 

on public health, healthcare systems, and the well-being of communities [3], [4]. 6 

The purpose of this article is to examine the many facets of health sustainability about the 7 

current COVID-19 outbreak. The goal of this study is to shed light on the most important factors 8 

to consider and steps to take to guarantee the long-term viability of healthcare systems and the 9 

continuous health of people and communities in the face of this ongoing problem [5]–[7]. 10 

This study intends to inform policymakers, healthcare providers, and academics on 11 

incorporating health sustainability principles into COVID-19 response plans by synthesizing 12 

current knowledge, data, and best practices. Despite the current epidemic, the results will help 13 

shape the creation of healthcare systems that can weather future storms without compromising 14 

the health of people or communities[8]–[10]. The characteristics of health sustainability, and the 15 

feasibility of using Multi Criteria Decision Making (MCDM) techniques were investigated in this 16 

research[11], [12]. Neutrosophic MCDM approaches have been proved to be useful in the 17 

decision-making process, and the outcomes of this application demonstrate the potential for 18 

considerable improvements in defect count and time to solution [13], [14]. 19 

2. Background 20 

The COVID-19 has had a significant effect on world health. First discovered late in 2019, the 21 

virus has already caused a global pandemic that has impacted millions of people and put a bur- 22 

den on healthcare systems everywhere. The development of efficient response and mitigation 23 

methods requires an understanding of the health-related consequences of COVID-19 [15], [16]. 24 

Important health-related features of COVID-19 include: 25 

COVID-19 is disseminated most often when an infected person coughs, sneezes, speaks, or 26 

breathes loudly, dispersing infectious virus particles into the air. The virus may also be trans- 27 

mitted from person to person by contacting infected surfaces and then touching one's own face. 28 

Fever, coughing, shortness of breath, exhaustion, muscular pains, loss of taste or smell, sore 29 

throat, and headache are all fairly typical symptoms. Controlling the spread of the virus might 30 

be difficult if some people show no symptoms but can still pass it to others [17], [18]. COVID-19 31 

may cause moderate to severe sickness, with certain populations being at increased risk of severe 32 

disease. Hospitalization and mortality are more likely to occur in older persons and those with 33 

preexisting disorders such as cardiovascular disease, diabetes, chronic respiratory diseases, and 34 

weakened immune systems. However, even in healthy young people, serious sickness and prob- 35 

lems may occur [19], [20]. 36 

The fast global spread of COVID-19 has put pressure on healthcare systems in all regions. 37 

Hospitals have been unable to cope with the influx of patients, which has resulted in a lack of 38 

essentials including beds, ventilators, and PPE. Workloads have grown, hours have become 39 

longer, and mental health issues have become more prevalent among healthcare employees. 40 
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Overall health outcomes have been negatively affected due to the interruption of normal 1 

healthcare services and the delay in diagnosing and treating various diseases. 2 

Even in those with just a mild or moderate disease, COVID-19 may have lasting conse- 3 

quences. Long COVID occurs in some people after they have recovered from the acute phase of 4 

the virus. Chronic symptoms include sleepiness, shortness of breath, mental cloudiness, aches 5 

and pains in the muscles, joints, and chest, and heart. The chance of acquiring cardiovascular 6 

issues and mental health difficulties, for example, may be higher in COVID-19 survivors [21], 7 

[22]. The COVID-19 epidemic has had profound effects on people's mental health. Stress, anxi- 8 

ety, depression, and other mental health issues have grown in prevalence as a result of social 9 

isolation, fear of infection, economic insecurity, and the death of loved ones. Reducing the emo- 10 

tional toll of the epidemic has made it imperative that people have ready access to mental health 11 

care and support [23], [24]. The prevention of severe disease, hospitalization, and mortality due 12 

to COVID-19 may be greatly aided by vaccination. Many nations have produced and approved 13 

the use of vaccines for urgent situations, and there are continuous attempts to expand access to 14 

these vaccines in developing nations. In addition to vaccination, it is still important to take pre- 15 

ventative measures against the transmission of the virus, including using masks, washing hands 16 

often, keeping a safe distance from others, and staying away from big gatherings [25], [26]. 17 

COVID-19 has shed attention to the inequities and disparities in health care that already exist in 18 

our countries. Higher infection rates, more severe sicknesses, and worse health outcomes have 19 

disproportionately affected marginalized groups, low-income people, racial and ethnic minori- 20 

ties, and persons with restricted access to healthcare facilities. For a thorough and successful 21 

Figure 1. The relationsship between criteria and goal 
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response to COVID-19, it is essential to address these inequalities and guarantee everyone has 1 

access to healthcare and resources [27], [28]. 2 

3. Material and Method 3 

In this section we integrated the neutrosophic set with MCDM method such as AHP 4 

method to compute the weights of criteria. Among the several methods available for addressing 5 

MCDM issues, AHP is by far the most common. AHP is a methodical process for evaluating and 6 

prioritizing issues of great complexity. Hierarchical components such as goals, criteria, and al- 7 

ternatives are used to break down more complicated issues using this technique[29], [30]. 8 

 9 

Phase 1. Figure the hierarchical structure. 10 

 11 

We draw the relationship between criteria and goal from this study as shown in Figure 1.  12 

 13 

Phase 2. Evaluate the criteria. The criteria are evaluated by the experts by using linguistic scale 14 

of neutrosophic set. 15 

𝐴𝑖𝑗 =  (
𝑢11

𝑘 ⋯ 𝑢1𝑛
𝑘

⋮ ⋱ ⋮
𝑢𝑛1

𝑘 ⋯ 𝑢𝑛𝑛
𝑘

) (1) 

Phase 3. Convert the neutrosophic scale into a crisp value. 16 

 17 

Phase 4. Compute the weights of criteria. 18 

𝑤𝑖 =
∑ (𝑢𝑖𝑗)𝑛

𝑗=1

𝑛
 (2) 

  19 

Phase 5. Normalize the weights. 20 

𝑤𝑖
𝑚 =

𝑤𝑖

∑ 𝑤𝑖
𝑚
𝑖=1

 (3) 

  21 

Phase 6 Check the consistency. 22 

Verify that the comparison matrix used to make judgements is consistent. This is a function of 23 

the consistency rate (CR) and the total number of criteria (n) being compared. The CR ratio en- 24 

sures that the pair-wise comparison matrix has been correctly evaluated. 25 

𝐶𝑜𝑠𝑖𝑠𝑡 =
𝐶𝐼

𝑅𝐼
 (4) 

  26 

Where 𝐶𝐼 𝑎𝑛𝑑 𝑅𝐼 refer to the consistency index and random index 27 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
 (5) 

𝜆𝑚𝑎𝑥 = ∑ (𝑤𝑗
𝑚 ∗ ∑ 𝐴𝑖𝑗

𝑛

𝑖=1

)

𝑛

𝑗=1

  (6) 

The pair-wise comparison matrix may be used without modification if CR is less than 0.1. If the 28 

neutrosophic AHP scheme's pair-wise comparison matrix lacks neutrosophic consistency, we 29 
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will use similar techniques to isolate the offending components and raise the level of consistency 1 

to an acceptable level. 2 

4. Results and Analysis 3 

This section applied the proposed method into eleven criteria in health sustainability in COVID- 4 

19. 5 

When discussing COVID-19 and health sustainability, it is important to think about both the 6 

short- and long-term effects on public health and healthcare systems. Maintaining health and 7 

well-being, ensuring that everyone has access to healthcare, and reducing the strain on 8 

healthcare systems are all part of striking this balance as the pandemic response unfolds. Key 9 

factors in ensuring the long-term viability of health systems during the COVID-19 pandemic 10 

include: 11 

Health sustainability in the face of a pandemic calls for tried-and-true methods of prevent- 12 

ing the spread of COVID-19. To detect and control outbreaks, it is necessary to conduct extensive 13 

testing, contact tracing, and isolation procedures. Healthcare system capacity building and 14 

maintenance, medical supply security, and crisis response workforce preparation should all be 15 

prioritized in any emergency preparedness plan. 16 

Access to Healthcare for All People: Ensuring that everyone can get the medical treatment 17 

they need during a pandemic is crucial to keeping the population healthy in the long run. Efforts 18 

should be made to provide healthcare services and information to underserved communities, 19 

low-income populations, and other vulnerable groups to reduce access inequities. Language, 20 

transportation, and technology divide in access to healthcare must all be overcome. 21 

 22 

Support for Mental Health: The COVID-19 Pandemic Has Had a Serious Impact on Peo- 23 

ple's Psyches. To ensure long-term health, it is essential to identify and manage mental health 24 

issues caused by the epidemic. Mental health services should be easily available, public aware- 25 

ness should be raised, and mental health aid should be included in pandemic response plans. 26 

The provision of critical healthcare services must be maintained with COVID-19 response 27 

measures to ensure the long-term viability of the healthcare system. This includes making sure 28 

people can go to the hospital in an emergency and receiving treatment for chronic conditions. 29 

Care continuity may be achieved with fewer in-person visits by using methods like telemedicine 30 

and virtual consultations. 31 

 32 

Sustaining health services during a pandemic depends critically on the health and morale 33 

of the healthcare workforce. Personal protective equipment (PPE), training, and mental health 34 

services should all be made available to healthcare providers to guarantee their safety on the job. 35 

The sustainability of the healthcare workforce must recognize and address the issues experi- 36 

enced by healthcare professionals, such as burnout and exhaustion. 37 

 38 

Maintaining health during the COVID-19 epidemic requires constant and clear health com- 39 

munication. The public needs accurate and up-to-date information about the virus, preventative 40 

measures, testing, and vaccines. To stop the spread of the virus, health education initiatives may 41 

help people make better choices and adopt healthier habits. Supporting research and innovation 42 

for better diagnoses, treatments, and vaccinations is essential to ensuring long-term health in the 43 

context of COVID-19. The long-term health effects of COVID-19 should be studied, along with 44 
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the efficacy of various treatments and methods to prevent future pandemics. International Co- 1 

operation and Solidarity Are Necessary to Maintain Global Health During the COVID-19 Pan- 2 

demic. An efficient international response may be achieved by the exchange of information, re- 3 

sources, and best practices across nations. Global health sustainability requires cooperation in 4 

the distribution of vaccines, the exchange of scientific data, and the aid of low-income nations 5 

with inadequate healthcare facilities. 6 

Health sustainability concepts may be included in the response to the COVID-19 pan- 7 

demic to lessen the severity of the pandemic's immediate health effects, safeguard vulner- 8 

able people, and construct healthcare systems that can better withstand future threats. 9 

 10 

Phase 1.  We draw the relationships between the assessment the health sustainability 11 

in the COVID-19 as shown in Figure 1. We collected 11 criteria to be evaluated by the 12 

neutrosophic AHP method.  13 

Phase 2. We build the pairwise comparison matrix between criteria by using valued 14 

neutrosophic set by using Eq. (1). 15 

Phase 3. We convert the neutrosophic number into one number, then we build the 16 

normalized pairwise comparison matrix as shown in Table 1. 17 

 18 

    Table 1. The normalized pairwise comparison matrix 19 

 HSCO1 HSCO2 HSCO3 HSCO4 HSCO5 HSCO6 HSCO7 HSCO8 HSCO9 HSCO10 HSCO11 

HSCO1 0.051626 0.020065 0.022589 0.045571 0.065108 0.065692 0.048289 0.059698 0.062203 0.042855 0.056067 

HSCO2 0.139907 0.054377 0.022499 0.045571 0.043963 0.06776 0.031134 0.040346 0.062096 0.081021 0.04861 

HSCO3 0.097591 0.103202 0.042701 0.045581 0.009401 0.018841 0.064755 0.105926 0.062203 0.042832 0.109288 

HSCO4 0.053609 0.056466 0.044333 0.047322 0.030386 0.018845 0.0266 0.057544 0.043562 0.061056 0.112884 

HSCO5 0.06031 0.094078 0.345481 0.118453 0.076061 0.054479 0.030152 0.076318 0.053939 0.074172 0.126937 

HSCO6 0.062501 0.063823 0.180251 0.199714 0.111038 0.079531 0.039817 0.05761 0.062203 0.061056 0.115347 

HSCO7 0.080791 0.131983 0.049832 0.134438 0.19063 0.150941 0.075569 0.04286 0.062203 0.042832 0.069767 

HSCO8 0.094553 0.147363 0.044077 0.089915 0.10897 0.150941 0.192778 0.109338 0.112859 0.061404 0.111395 

HSCO9 0.09798 0.103378 0.081043 0.128244 0.166473 0.150941 0.143422 0.11437 0.118054 0.099465 0.069767 

HSCO10 0.139831 0.077904 0.115722 0.089966 0.119032 0.151199 0.204794 0.206688 0.137768 0.116075 0.048202 

HSCO11 0.121301 0.147363 0.051472 0.055225 0.078936 0.09083 0.142691 0.129302 0.222911 0.317233 0.131735 

 20 

 21 

Phase 4. We compute the weights of criteria by using Eq. (2) as shown in Figure 2. 22 

 23 
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 1 

 2 

Phase 5. Then we normalize the weights by using Eq. (3) 3 

Phase 6.  Then we check the consistency by using Eqs. (4-6). The consistency is less than 4 

0.1. Health communication and support is the best. 5 

 6 

5.  Conclusions 7 

The pandemic of COVID-19 has highlighted the significance of health sustainability 8 

in dealing with global health emergencies. This study provides insights and suggestions 9 

for policymakers, healthcare providers, and academics by examining the many elements 10 

of health sustainability in the context of the pandemic. The results indicate the need for 11 

an all-encompassing and coordinated strategy for health sustainability in reducing the 12 

effects of COVID-19. Pandemic planning, extensive testing, contact tracing, and isolation 13 

procedures have all been successful in stopping the spread of the virus. Protecting vul- 14 

nerable populations and underserved areas requires prioritizing healthcare access for eve- 15 

ryone. To combat the increasing mental health problems in people and communities, men- 16 

tal health care should be included in the response to the pandemic. 17 

Maintaining the health of the community as a whole during a pandemic depends 18 

critically on the availability of basic healthcare services. Maintaining access to primary 19 

care, chronic disease management, and emergency medical services should be a top pri- 20 

ority. Maintaining the health and resiliency of healthcare workers requires investment in 21 

areas such as personal protection equipment, training, and mental health services. Accu- 22 

rate information, encouragement of preventative action, and the development of sound 23 

judgment all stem from effective health communication and education. Establishing open 24 

and honest lines of communication is crucial for combating disinformation and giving 25 
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Figure 2. The weights of criteria in health sustainability in COVID-19. 
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people access to fact-checked data. This research integrated the heath sustainability in 1 

COVID-19. This paper used the neutrosophic AHP method to compute the weights of 2 

criteria. The neutrosophic set is used to deal with inconsistent data in the evaluation pro- 3 

cess. Communication and support are the best. 4 

 5 
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