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Abstract

The governments have been facing the challenges to develop tailored strategies to decrease COVID vaccine hesitancy (CVH) and
refusal and increase the acceptability and uptake to ensure the protection of public health. In Pakistan, it has been a great challenge
for the government to increase the acceptability of the COVID vaccine. CVH has been a great hurdle to achieving this objective. The
authors found it imperative to identify and evaluate the factors of CVH in Pakistan. For this purpose, the authors used an integrated
multicriteria decision analysis method (MCDM) by combining Delphi and DEMATEL methods. The factors of CVH have been
identified and finalized using the Delphi method. The experts’ opinions were obtained to evaluate the factors. The DEMATEL
method was used to find out the most critical factor(s) of CVH. Moreover, the cause/effect relationship was also developed to
have a better understating of factors and their relationships. The analysis revealed “ineffective public awareness strategies” as the
most critical factor of CVH followed by “misinformation and disinformation, conspiracy theories”, and “acquired knowledge”.
The study also examined the cause-and-effect relationship between the prioritized factors. The government in Pakistan introduced
successful efforts to deal with the COVID-19 pandemic, yet the government could do more to increase vaccine acceptance. For
this purpose to serve effective scientific and evidence-based public awareness strategies are needed to increase the acquired knowledge
and deal with misinformation, disinformation, and conspiracy theories to increase vaccine acceptance. The government could sue
the media, especially social media to increase vaccination. The findings of the study provide a detailed understanding of the CVH in
Pakistan and develop a comprehensive public health strategy to deal with any health-related potential issues in the future.

Keywords COVID vaccine hesitancy - Socioeconomic factors - Public health - DEMATEL, COVID prevention strategy -
Pakistan

Introduction innovations sparked due COVID-19 pandemic. The strat-
egies and frameworks have been developed and imple-
mented to rheostat the pandemic and limit its socioeco-
nomic costs and public health tolls (Ali et al., 2021a, b).

The resources were diverted to research and development

COVID-19 outbreak, with the dawn of the year 2020,
nosed every critical issue on the globe out of the head-
lines. Socioeconomic experimentation and public health
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(R&D) to roll out vaccines to prevent COVID-19 infec-
tions. However, the governments and pandemic control
agencies have come across a new challenge of COVID
vaccine hesitancy (CVH) and uptake refusal despite the
steady supplies of COVID vaccine(s) (Adhikari & Cheah,
2021; Razai et al., 2021a, b) along with the new public
health challenges posed by COVID-19 and its variants.
The wide acceptance and uptake of the vaccines have been
challenging objectives to achieve due to multiple socioeco-
nomic factors (Troiano & Nardi, 2021). Vaccine hesitancy
is one of the major threats to global health (WHO, 2021).
Health experts, health policy strategists, and governments
have been endeavoring to understand the sources/causing
factors of COVID vaccine hesitancy (CVH).

Bertoncello et al. (2020) explored the socioeconomic
determining factor of hesitancy and refusal of vaccines
for infectious diseases in Italy, but the study did not focus
on the CVH. However, the study provided strong reasons
to believe that socioeconomic factors influence vaccine
hesitancy. Most of the previous studies concentrated on
the analysis of CVH and its factor in developed countries.
For instance, Okubo et al. (2021) examined CVH and its
factors in Japan. CVH is higher in women compared to
men, and it is higher in younger age groups than the old
ones. Moreover, CVH is also higher in people with lower
education levels compared to degree qualified. While con-
sidering the ethnicity in the analysis, CVH was higher in
Blacks compared to Pakistani/Bangladeshi ethnic groups
(Robertson et al., 2021).

Solis Arce et al. (2021) analyzed the COVID-19 vac-
cine hesitancy and acceptance in low- and middle-income
countries (LMICs). The authors asserted the need for an
examination of vaccination attitudes to achieve sufficient
immunization to end the pandemic. The findings of the
study find out that vaccine acceptance is driven by per-
sonal protection motivation against the COVID-19 pan-
demic. However, concerns about the side effects of the
vaccine have been found the source of CVH in LMICs.
Sung et al. (2021) focused on attitudes and factors associ-
ated with CVH among patients with breast cancer. The
study stressed the need to develop a sustainable infrastruc-
ture for the effective and efficient dissemination of cancer
prevention measures and provision of cancer care in the
economies for cancer control. In another study, Moola
et al. (2021) examined the determinants and strategies
for COVID vaccine acceptance and hesitancy in LMICs.
While considering the demographic determinacies, the
author found that vaccine acceptance was higher in males
who have higher education, higher socio-economic status,
and are unmarried and employed as healthcare workers.
However, misinformation about COVID-19 vaccines and
public concerns over the safety of vaccines were major
factors in low vaccine acceptance rates.
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Some studies addressed CVH in developing countries.
For instance, AL-Mohaithef et al. (2021) explored the socio-
demographic correlates of CVH in the 2nd wave of COVID-
19 in Saudi Arabia and found that higher risk perception and
higher trust in healthcare were the main reasons to determine
participants’ intentions to be vaccinated. Chaudhary et al.
(2021) compared the factors related to the COVID-19 vac-
cine in Pakistan with a special focus on perceived beliefs,
knowledge, concerns, risks, and safety perception related
to COVID vaccine. However, the review of existing stud-
ies related to the COVID-19 vaccine and its acceptability
reveals that there is no study on the identification, evalua-
tion, and prioritization factors of CVH, especially in Paki-
stan. Nevertheless, the current study is an effort to fill this
gap, and the authors find it imperious to identify, evaluate,
prioritize, and trace out a cause/effect relationship among
the factors of CVH for better understating and formulation
of productive COVID-19 vaccine acceptance strategy.

The objective of this study is to identify, evaluate, and
explore the cause-and-effect relationship between the factors
of CVH in Pakistan. For this purpose, the study identifies
the socioeconomic factors of CVH through a wide-ranging
literature review. The most relevant factors were finalized
through the DELPHI method. Further, it evaluates these fac-
tors using the decision-making trial and evaluation labora-
tory (DEMATEL). An efficient multicriteria decision analysis
method (MCDM) serves two purposes. This study is novel in
the sense that it is the first study related to CVH in Pakistan.
Moreover, it contributes to the understanding of the factors of
CVH using an integrated MCDM method by combining the
Delphi and DEMATEL methods. The proposed methodology
provides the rankings of the identified and finalized CVH
factors. The DEMATEL method is useful in the sense that
it not only provides the ranking of the CVH factors but also
provides information about the cause-and-effect relationship
among these CVH factors. This study would help understand
the factors behind CVH in Pakistan. Moreover, it would also
provide guidelines to develop a profound policy framework to
increase the acceptability of the vaccines not only for COVID-
19 but also for other diseases including polio. Furthermore,
conclusions drawn from this analysis provide a deeper under-
standing of the factors of CVH in Pakistan and provide a com-
prehensive understanding to strategize the COVID-19 vac-
cination process in the 5th largest populous country.

Methodology
Study Design
The research design of this current study consists of two

parts. The first part consists of the identification and finali-
zation of the factors of CVH (see Fig. 1). The authors used
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a systematic literature review (Magbool & Khan, 2020a, b)
linked to COVID-19 vaccine hesitancy. The Delphi method
was used to finalize the factors based on the weights given
by the experts in the perspectives of the prevalence of CVH
in Pakistan. The second part contains the prioritization and
creation of the cause-and-effect relationship between the
factors of CVH using the DEMATEL approach. DEMA-
TEL is a suitable technique to analyze complicated decision
problems in practice (Gabus & Fontela, 1972). It helps in
prioritizing and finding out the cause-and-effect relationship
among the identified factors. Moreover, it also provides a
deeper understanding of the distinctive sensible measures
for a specific decision problem or entwined problems (Si
et al., 2018). It is a widely used approach with its applica-
tions in areas related to public healthcare and management.
For instance, it has been used in analyzing polio preven-
tion (Kumar et al., 2018), identification and assessment
of success factors of hospital service quality (Shieh et al.,
2010), in modeling lockdown relaxation protocols in retort
to COVID-19 (Ocampo & Yamagishi, 2020), and examining

the putting into practice public health and social measures to
avoid COVID-19 spread (Magbool & Khan, 2020b).

Identification of Factors of COVID Vaccine Hesitancy

The objective of the study is to identify and evaluate the
socioeconomic factors of CVH using DEMATEL—an
impressive MCDA approach. Following Kafadar et al.
(2022), a comprehensive literature review serves the pur-
pose to identify the CVH factors. The keywords “vaccine
hesitancy”, “COVID vaccine hesitancy”, “factors of vaccine
hesitancy”, and “determinants of COVID vaccine hesitancy”
were used to search the relevant studies using Google, Pub-
Med, Scopus, and Web of Science. The most relevant studies
mentioned in column 3 of Table 1 are selected to trace out
the CVH factors. The factors were identified and finalized
based on the expert opinions of the experts working in the
COVID-19 control and prevention programs in Pakistan. The
study identifies 11 socioeconomic factors of COVID vaccine
hesitancy through an extensive literature review following

Fig. 1 Framework of the study
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Table 1 Socioeconomic factors of COVID vaccine hesitancy in Pakistan

Factors Symbols Description

Demographic factors F1 Demographic factors such as gender (Dabla-Norris et al., 2021;
Kabamba Nzaji et al., 2020; Kadoya et al., 2021; Troiano & Nardi,
2021; Wake, 2021; Wang et al., 2020), age (Dabla-Norris et al.,
2021; Kuter et al., 2021; Malik et al., 2020; Troiano & Nardi,
2021), education levels (Kadoya et al., 2021; Malik et al., 2020;
Troiano & Nardi, 2021), and marital status (Kadoya et al., 2021;
Wang et al., 2020) influence the vaccine acceptance/hesitancy
behavior. Education level is a critical factor and is one of the
important correlates of vaccine acceptance (Ehde et al., 2021).

Lack of vaccine literacy F2 The lack of vaccine literacy (Sung et al., 2021) and poor access to
accurate and reliable information (Jarrett et al., 2015; Mills et al.,
2020; Razai et al., 2021a, b).

Lack of confidence vaccine and healthcare system F3 Lack of confidence in COVID vaccine (Chen et al., 2021) and the
healthcare system contributes to COVID-19 vaccine hesitancy
(Sung et al., 2021).

Misinformation, disinformation, and conspiracy theories F4 Misinformation, disinformation, rumors, and conspiracy theories,
(MDCTs) especially social media (Jarrett et al., 2015; Mills et al., 2020;
Mo et al., 2021; Razai et al., 2021a, b).
Acquired knowledge F5 Knowledge of the public about the epidemic/pandemic and its

vaccination for prevention is important, but it is not enough to
change behavior (Chaudhary et al., 2021; Goldstein et al., 2015).

Perceived severity, risk, and concerns associated with COVID- F6 Perceived severity (Mo et al., 2021), concerns and risks (Ehde et al.,
19 and its variants 2021), source of information perceive side effects (Chaudhary

et al., 2021; Troiano & Nardi, 2021), and lack of confidence in
vaccine and their effectiveness (Solis Arce et al., 2021), coupled
with the deficient healthcare system (Bono et al., 2021). Moreover,
the risk perception of the risks due to COVID-19 and the health
security after vaccination is important in vaccine acceptance or
vaccine hesitancy behavior (Ehde et al., 2021).

Poor health quality service (PHQS) and poor communication F7 Poor communication unfavorably affects vaccine acceptance and
adds to vaccine hesitancy (MacDonald et al., 2015), discusses
scarce communiqué resources, hampers the capability to deal
with the destructive information about vaccines, and undermines
the achievements of community support for vaccine programs.
PHQS undermines acceptance in any given conditions. Even
with well-resourced vaccination programs in high-income
countries, PHQS is more likely to surge vaccine hesitancy and
even utter refusal. Poorly communicated.

Ineffective public awareness strategies F8 Insufficient and ineffective public health messages and targeted
campaigns (Jarrett et al., 2015; Mills et al., 2020; Razai et al.,
2021a, b).
Socio-religious beliefs and biases and subjective norms and F9 The social-religious beliefs (Chaudhary et al., 2021) and biases
attitudes towards vaccine make the public hesitant to believe in the need and necessity

of vaccination. Subjective norms play important role in
participants’ attitudes toward vaccines and COVID vaccine
acceptance/hesitancy (Winter et al., 2021).

Socioeconomic and healthcare inequalities F10 Socioeconomic and healthcare inequalities intensify health-related
issues (Jarrett et al., 2015; Laurencin, 2021; Mills et al., 2020;
Razai et al., 2021a, b).

Economic factors F11 Economic factors such as household income and assets have
an impact on behaviors toward vaccine acceptance/hesitancy
(Kadoya et al., 2021; Laurencin, 2021).

Political factor(s) F12 Political views are one of the critical factors in vaccine hesitancy
(Albrecht, 2022).
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Magbool and Khan (2020a, b). A detailed description of
the identified factors is summarized in Table 1. Factor F1
symbolizes the demographic factor(s), F2-F9 designate the
social factors, F10-F11 represent economic factors, and F12
shows the political factors in Table 1.

Finalization of Factors

DELPHI method was used to identify factors to finalize
the most relevant factors. A questionnaire (Kumar et al.,
2018; Ali et al., 2021a, b) was used to collect opinion
from 7 experts about the relevance of the factors. Snowball
sampling with a scale 1-5 (i.e., 5 =extremely important,
1 =extremely unimportant) was used. Eleven out of 12 fac-
tors fulfilled the threshold level of 3.5 (Gumus, 2009; Kumar
et al., 2018). The F12 was excluded from the finalized fac-
tors, as it did not fulfill the threshold. This may be due to
the fact that political beliefs or views may be irrelevant to
CVH in Pakistan. The results of the DELPHI analysis are
summarized in Table 2.

Evaluation of Factors of COVID Vaccine Hesitancy
Through the DEMATEL Method

In the next step, the experts were asked to evaluate the rela-
tionships among the finalized factors (i,j=1, ...n) (Ali et al.,
2021a, b; Kumar et al., 2018; Shieh et al., 2010). The study
employs an MCDM method of DEMATEL to study the
factors of CVH, summarized in Table 1 except F12. Itis a
superior method as it explains the connections between the
factors and ranks the factors and also highlights the influen-
tial strength of factors (Magbool & Khan, 2020a; Magbool
et al., 2020; Si et al., 2018). Various studies have used the
DEMATEL method in examining the decision-making
process related to health issues. For instance, Kumar et al.

Table 2 Finalization of factors

Factors Importance Result
F1 3.89 Accepted
F2 4.06

F3 4.44

F4 4.17

F5 4.67

F6 3.83

F7 3.72

F8 3.56

F9 4.11

F10 3.83

F11 3.61

F12 2.83 Rejected

(2018) used DEMATEL to examine the role of social media
in polio prevention. Further, Ali et al. (2021a, b) utilized it
to analyze the barriers to implementing public health meas-
ures to control the COVID-19 pandemic. The steps of the
DEMATEL method are summarized in Fig. 2.

Results and Discussion

The results of the analysis summarized in Table 2 reveal
ineffective public awareness strategies (F8), a pivotal fac-
tor with the highest R + C value of 11.3275, whereas the
economic factors (F11) are the least important critical fac-
tor with R+ C value (5.0907). The prioritization of the
factors, based on R+ C, is F8 > F4 >F5>F9 > F6 >F7 >
F2>F3>F10>F1>FI11. The R — C values divide the fac-
tors into two groups, i.e., causes and effects. All factors
with positive R — C values are included in the cause group,
and the factors with negative R — C values are found to be
effects. F1, F4, F7, F9, F10, and F11 are cause factors.
It implies that these factors affect the rest of the factors,
which include F2, F3, F5, F6, and F8. Lack of confidence
vaccine and healthcare system (F3), with the highest R — C
value, turns out to be the most affected factor (Table 3).
F(R+C, R - C) are shown in Fig. 3 in which the hori-
zontal vector (R + C) shows the degree of the important
role that each factor plays in the entire system. It implies
that R+ C represents F,,; impact on the system and other
factors in the system. For instance, ineffective public
awareness strategies (F8) (with R+ C=11.3275) show the
most important factor in the system factors, whereas the
vertical vector (R — C) in Fig. 1 shows the degree e of a
factor's influence on the system. (D — R) > 0 demonstrates
a causal variable and a (D — R) < 0 indicates the effect.
The analysis uncovers that ineffective public awareness
strategies are the most critical factor of CVH in Pakistan.
Though the Pakistani government put forth comparatively
successful strategies and efforts to control COVID-19 trans-
mission despite the 4 waves hit by COVID-19 and its vari-
ants, the government has got to do more to increase vac-
cination acceptance and uptake. It would be possible with
the device of a comprehensive COVID vaccine strategy and
its strict implementation. However, other factors such as
MDCTs and acquired knowledge of the public are also the
leading factors. Misinformation, disinformation, and con-
spiracy theory are great sources of concern and include the
causing factors of the CVH in the country in the present
analysis. Jarrett et al. (2015) show that social media is a
major source of unreliable, invalid information and rumors.
Misinformation, disinformation, rumors, and conspir-
acy theories, especially social media have been the major
factors of vaccine hesitancy (Mills et al., 2020; Mo et al.,
2021; Razai et al., 2021a, b). Lack of acquired knowledge

@ Springer
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Fig.2 The steps in DEMATEL
method

\
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* The Individual Direct Influence Matrix (D) is generated. It is a non-negative matrix. The matrix is
developed based on the expert opinion. The experts are asked to assess the association between 1
criteria from C = {Cy, C, ..., Cp}. The respondents indicate the impact of C; on C; by assigning
scores from zero to 4. Where no ef fect = 0,low ef fect = 1, medium effect = 2,
high ef fect = 3, and very high influence = 4 (Atthirawong et al., 2018; Kumar et al., 2018).
The direct effect of each criteria on other criteria provided by kth respondent is designated by D;, =

[dfTnxn-

)
Step 2 )

&
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* Next step is to estimate the Group Direct Influence Matrix (GDIM), as:

dij =120 @
Step 3 }
+ Obtain normalized direct relation matrix (NDRM) (B) as:
B=D.S o)
In equation (2), S = L s

Maxycicn ¥j=, dij
The sum of each column of the NDRM matrix less than 1 confirms the feasibility of the solution's
existence. This also supports the application of DEMATEL method (Kumar et al., 2018; H. S. Lee

etal., 2013).

Step 4 }

» Total Relation Matrix (TRM), i.e.,, TRM = [q;j]nxn is obtained as:
TRM = B.(I — B) ™! ; Iis an nth order identity matrix (©))

1

Step 5 }

«Next step is to estimate the prominence and relation values as:

R = [r)nxy = ey qij for all i 3)
€ = [cilixn = Zi=y qij for all j ©
R and C in equation (5) and (6) represents the sum of ith row and the sum of jth column elements in
TRM, respectively. R and C show the effect of ith and jth criterion on other criteria respectively.
Here . If , it means it means ith criterion is a net cause. Whereas makes ith criteria a net receive.
indicates prominence. It explains the the degree of role played by the ith criteria (Si et al.. 2018).

and awareness regarding the perceived severity, risk, and
concerns associated with COVID-19 and its variants in
the Pakistani public may have contributed to CVH in
Pakistan. In addition, the lack of acquired knowledge and
the inability of the public to realize the severity of situa-
tions coupled with anti-vaccines conspiracy beliefs exac-
erbated the CVH in Pakistan. Our findings are supported
by the findings of Jolley and Douglas (2014), who reveal
that people exposed to material on anti-vaccine conspir-
acy theories show less intention to get vaccinated. The

study provides strong reasons to believe that anti-vaccine
conspiracy theories potentially play role in determining
health-related behaviors of the public. The low levels of
vaccine acceptance may also be due to poor health quality
service and poor communication between health institu-
tions, health ministries from national to provincial lev-
els, and related government agencies. These findings are
supported by the findings of Lee and Huang (2022) that
regional inequalities in healthcare services are character-
ized by under-vaccinated.

Table 3 Ranking of factors

Factors R, C; R,+C; R, -C,; Rank Cause/effect
F1 3.4751 2.7037 6.1788 0.7714 10 Cause
F2 4.2566 5.6252 9.8818 —1.3686 7 Effect
F3 3.5913 5.9944 9.5858 —2.4031 8 Effect
F4 5.8619 5.2640 11.1259 0.5979 2 Cause
F5 5.1102 5.9870 11.0972 —0.8768 3 Effect
F6 4.4857 6.1688 10.6545 —-1.6830 5 Effect
F7 5.8323 4.3613 10.1936 1.4710 6 Cause
F8 5.4388 5.8887 11.3275 —0.4499 1 Effect
F9 5.5277 5.4786 11.0063 0.0491 4 Cause
F10 5.6591 3.8896 9.5487 1.7696 9 Cause
F11 3.6066 1.4841 5.0907 2.1225 11 Cause

@ Springer
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Fig.3 Cause/effect diagram 2.50
5.00 F11(5.0907,2.1225) @ F10(9.5487, 1.7696)
9
1.50 F7(10.1936, 1.471) — @
1.00
F1(6.1788,0.7714) — @ F4(11.1259,0.5979) o
0.50
F9(11.0063, 0.0491)
0.00
2 4 6 8 10 12
-0.50 F8(11.3275,-0.4499) — 2
-1.00 F5(11.0972,-0.8768) @
150 F2(9.8818, -1.3686) @
’ ¢!
2.00 F(6(10.6545, -1.683)
-2.50 2
F3(9.5858, -2.4031)
-3.00
Conclusion responsibility in the public. The government should allocate

Since the outbreak of COVID-19, government all over the
globe has been facing multiple challenges regarding the con-
trol of the spread and transmission of the pandemic. Inven-
tions of multiple COVID vaccines gave hope to the pan-
demic-stricken world that it would help to control COVID-19
and its covariants and the world would return quicker than
it occurred in previous pandemics. The governments have
been facing new challenges regarding making the public vac-
cinated. Like other countries, in Pakistan, CVH has been a
challenge as the public has been hesitant to accept the vac-
cines. An overall CVH has been observed in Pakistan. Owing
to such issues related to COVID-19 vaccine acceptability in
the masses, there is a dire need to identify, evaluate, and pri-
oritize the factors that drive CVH behavior. For this purpose,
the authors proposed an integrated MCDM approach by com-
bining Delphi and DEMATEL methods. The present study
focused on the identification, evaluation, prioritization, and
cause-effect relationships between the socioeconomic factors
driving CVH behavior. The socioeconomic factors were rec-
ognized and finalized through comprehensive literature and
the DELPHI method, respectively. The DEMATEL method
was used to prioritize and establish a cause-effect relation-
ship between the finalized factors. The DELPHI-DEMATEL-
based analysis revealed ineffective public awareness strate-
gies as the most pivotal factor of CVH in Pakistan followed
by misinformation and disinformation, conspiracy theories,
and acquired knowledge. The findings of the study imply that
the government in developing countries like Pakistan should
formulate and strictly implement comprehensive health poli-
cies from national to provincial to local levels. Other socio-
economic policies such as education and public awareness
policies should be integrated with the health policies. It is
not only the development of a productive healthcare sys-
tem but also creating public awareness and a sense of social

more financial resources to education. Extended education
and awareness of the public would help to reduce cognitive
biases, remove conspiracy theories, and enhance under-
standing, and belief in evidence-based scientific findings.
In addition, the government should use the sources of media
to enhance public awareness. The promulgation of rules and
regulations especially for social media to control the rumors
and promulgation of conspiracies that are mainly sourced
from social media platforms.
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