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Vaccination associated w
ith gross domestic
product and fewer deaths in countries and
regions
A verification study
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Abstract
Background: Vaccination can have a substantial impact on mitigating COVID-19 outbreaks. However, the vaccine rollout rates
associated with the gross domestic product (GDP) and few deaths are required for verification. Three hypotheses were made:

1. the inflection point (IP) days on the cumulative number of confirmed cases (CNCCs) in 2021 are improved (i.e., shorter than 2021);

2. the vaccinations are associated with national GDP and fewer deaths; and

3. the association is weak between vaccinations and CNCC IP based on the argument that vaccinations are limited to protection
against milder infection.
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Methods: The corresponding CNCCs and deaths were downloaded from the GitHub website. Four variables, including IP days on
CNCCs and deaths, GDP per capita, and vaccine doses administered per 100 people (VD100) in countries/regions, were collected.
Correlation coefficients (CCs) between variables were computed to verify the association with vaccination rates. Four tasks were
achieved:

1. determining IP days for each country/region;

2. drawing forest plots to identify the improvement in 2021;

3. using a pyramid plot to identify the improvement in US states; and

4. applying the Kano diagram to verify the three hypotheses mentioned above.
Results: We observed that

1. the IP days on CNCCs in 2021 were shorter than those in 2021 among continents and US states;

2. the CCs were 0.66 (t=12.21, P< .01) and �0.15 (t=2.11, P< .01) using the paired variables of [VD100, GDP] and [VD100,
deaths IP], respectively; and

3. the CC between CNCC IP and deaths IP was 0.73 (t=14.84, P< .01), but a weak association with CC=�0.01 existed between
CNCC IP and VD100.
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Conclusion: Our results indicate that vaccination has a significant effect on mitigating COVID-19 outbreaks, even with limited
protection against infection. Continued compliance with nonpharmaceutical interventions is essential to the fight against COVID-19 in
the future.

Abbreviations: CC = Correlation coefficients, CNCCs = cumulative number of confirmed cases, FDA = Emergency Use
Authorization, GDP= gross domestic product, IP= inflection point, OC= ogive curve, QR= quick response, VD100= vaccine doses
administered per 100 people.

Keywords: correlation coefficient, COVID-19, GDP, inflection point, vaccine doses administered per 100 people
Highlights

� Google Maps are particularly used to show dashboards
on study results. This approach is rarely seen in previous
papers.

� The IP days were used to measure the effective control of
COVID-19, which is novel and modern in the literature.

� Three types of presentations using forest plots, pyramid
plots, and Kano diagrams were used to display study
results that are easy and clear to understand using
visualizations.
1. Introduction

The novel coronavirus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has caused more than 1 million
deaths in the first six months of the pandemic[1] and 0.9 billion
confirmed cases worldwide in 2020. They were still growing until
safe and effective vaccines ended the COVID-19 pandemic. This
is because vaccination can have a substantial impact on
mitigating COVID-19 outbreaks, even with limited protection
against infection.[2]
1.1. Vaccination on mitigating COVID-19 outbreaks

Among all continents, the cumulative number of confirmed cases
(CNCC) in Europe, North America, and Asia has exceeded 21
million, and the number of new confirmed cases in a single week in
North America, South America, and Asia has increased. The
CNCC in 18 countries, including the United States, India, and
Brazil,wasmore than1million, accounting for77.04%of the total
CNCC in the world.[3] As such, the COVID-19 pandemic was a
major issue of the campaign in the 2020 United States presidential
election.[4] President-elect Joe Biden received his first dose of the
Pfizer Covid-19 vaccine on December 20, 2020.[5] The inaugura-
tion of Joe Biden as the 46th president of the United States took
place on January 20, 2021,[4] and announced the COVID-19
VaccinationProgramand theEffort toDefeatCOVID-19Globally
(e.g., the goal to theUSAdminister at least one vaccine shot to 70%
of the U.S. adult population by July 4, 2021.[6] The first research
question is thus raised:whether vaccination has a substantial effect
on mitigating COVID-19 outbreaks.
1.2. Challenges to the efficacy of vaccines against COVID-
19

An efficacious vaccine is considered essential to prevent further
morbidity and mortality.[7] More than 44 candidate COVID-19
2

vaccines are in clinical development, and 151 are in preclinical
development.[8] In December 2020, the Pfizer vaccine was the first
COVID-19 vaccine given Emergency Use Authorization (EUA),
and the second FDA-approved vaccine was theModerna mRNA-
1273 vaccine introduced a week later.[9]

Both Pfizer and Moderna vaccines (administered in 104 and 54
countries, respectively) are mRNA-based vaccines and are
estimated to have an efficacy rate of more than 94%.[9] In
addition, a number of vaccines have been developed and approved
by various regulatory authorities around the world.[1,10,11]

Nonetheless, we were still facing some challenges, such as the
global shortage of vaccines, the public’s willingness to vaccinate,
and equity in the distribution of vaccines[12] (e.g., most countries
have focused their early vaccination efforts on priority groups
like the clinically vulnerable; people in their 60s, 70s, and older;
and front-line workers, like doctors and nurses).
Even more than 2.66 billion vaccine doses have been

administered worldwide (i.e., approximately 35 doses for every
100people; for example, 118, 113, and112 in Israel,Chile, and the
United Kingdom, respectively) as of June 22, 2021. There is still a
stark gap between vaccination programs in different countries,
with some yet to report a single dose (e.g., <0.1 in Congo and
Chad).[13] For example, as of 7April 2021, the cumulative number
of doses administered per 100 people ranges from 118 per 100 in
the case of Israel to<0.1 doses per 100 in countries that have just
begun their vaccination campaigns, such as Mali, Namibia, and
Brunei.[14] The procurement, allocation, distribution, administra-
tion, and uptake of vaccineswill be essential steps in the process[10]

(e.g., developing countries are likely to face challenges at each step
in the process since a majority of the global population resides in
these nations). The second research question is to investigate
whether vaccinations are associated with income group classi-
fications in countries/regions.
1.3. Effective containment referred to inflection points on
curves of COVID-19 confirmed cases

The effective containment of COVID-19 refers to the inflection
point (IP) days that stand for a point on a smooth plane curve
where curvature changes sign from an increasing con-cave
(concave downward) to a decreasing convex (concave upward)
shape, or vice versa.[15–17] The CNCC in a country/region can
thus be modeled on an ogive curve (OC) to search for the IP days.
The IP is defined at the moment of the outbreak to decrease after a
peak.[18] A shorter IP means more effective containment of
COVID-19.[16,17] Conversely, IP deaths can inflect efficacious
vaccines to prevent further morbidity and mortality.[7]

In addition to vaccinations, the effective containment of
measures on COVID-19 includes physical distancing, early
detection, self-isolation, and outbreak control, which should be
continually emphasized as important preventive interventions. As
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such, our concerns about the virus and vaccines may interfere
with public health measures to control COVID-19.[12]
1.4. COVID-19 vaccine doses administered: global
inequalities in vaccine access

Vaccines, when available, will prove to be crucial in the fight
against COVID-19.[12] The problem we face is the acute
dilemmas in allocating scarce life-saving resources in the form
of vaccines for COVID-19 mentioned in Section 1.2.
The rollout of COVID-19 vaccines in developing countries is

critical to protecting lives and stimulating economic recovery. The
current crisis is exacerbating inequalities throughout the world,
and without access to vaccines, the gap will widen further.[1]

Based on data on COVID-19 vaccine doses administered by
country income group,[19,20] 21.8% of the world population has
received at least one dose of a COVID-19 vaccine, particularly in
high-income countries. In contrast, only 0.9% of people in low-
income countries have received at least one dose. The major
concern in this study was to inspect whether vaccinations were
associated with the gross domestic product (GDP) and fewer
deaths in countries and regions.
1.5. Study aims

Based on the statements in the previous sections, that is,
1.
 vaccine doses administered by country income group,[20]
2.
 vaccination with limited protection against milder infection[2]

and

3.
 an efficacious vaccine merely preventing further morbidity and

mortality[7]

Three hypotheses were made, including
1.
 the IP days on CNCCs in 2021 are improved (i.e., shorter than
the year of 2021);
2.
 the vaccinations are associatedwith nationGDPand fewer deaths;

3.
 association is weak between vaccinations and the CNCCs IP

based on the argument that vaccinations are limited to
protection against milder infection.[2]

Four tasks would be achieved:
1.
 determining IP days for each country/region;

2.
 drawing forest plots[21] to identify the improvement in 2021;

3.
 using a pyramid plot[22] to identify the improvement in US

states; and

4.
 applying the Kano diagram[23] to verify the three hypotheses

mentioned above.

2. Methods

2.1. Data source

The COVID-19 CNCCs and deaths were downloaded from the
GitHub website[24–26] for countries/regions on June 20, 2021 (see
Supplemental Digital Content 1, http://links.lww.com/MD2/
A853). Four variables, including inflection point (IP) days on
CNCCs and deaths, gross domestic product (GDP) per capita,
and vaccine doses administered per 100 people (VD100) in
countries/regions, were collected.
All downloaded data are publicly released on the website.[24–26]

Ethical approval was not necessary for this study because all the
data were obtained from the GitHub website.
3

2.2. Data arrangements and data presentations
2.2.1. IP days on CNCCs and deaths using IRT model. The
item response theory (IRT)[27,28]-based scheme[16,17] was applied
to compute the IP days on CNCCs and deaths in the two phases
of 2020 and 2021 until June 20. The shorter the IP days, the more
effective containment of COVID-19 will be. The process of IP
search is provided in Supplemental Digital Content 1, http://links.
lww.com/MD2/A853. Choropleth maps[29] were used to display
the distribution of CNCC IP days around the world.

2.2.2. Comparisons of CNCCs IP days among continents.
Forest plots[22] were used to compare CNCC IP days on
continents. First, IP days were compared among continents in
2020 using the means and standard errors in Equation (1).

SE ¼ SD=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðn� 1Þ

p
; ð1Þ

The standard error (SE) was determined by Equation (1),
where SD is the standard deviation and n denotes the number of
countries/regions in a continent or sample.
Second, IPdayswere comparedamong continents between2020

and 2021 until June 20 using the means and standard deviations.

2.2.3. Calculations of statistics in a forest plot. The
meaningfulness of the study data for the individual effect of the
continent (or country, e.g., China or the United States) is denoted by
the weight (size) of the box. Data from studies with greater sample
sizes and smaller confidence intervals (CIs) are more meaningful
data, which contribute to the pooled result (i.e., the overall effect) to
a greater degree.[21] The 95% CIs can be yielded by following
Equations (2) to (16) if sample sizes (n1andn2),mean (M1andM2),
and SD (SD1 and SD2) are known in the 2 years of 2020 and 2021.

TVariance ¼ ðn1� 1Þ � SD1 � SD1þ ðn2� 1Þ � SD2
� SD2; ð2Þ

Variance ¼ TVariance=ðn1þ n2� 2Þ; ð3Þ

SD ¼ SQRTðVarianceÞ; ð4Þ

Cohend ¼ ðM1�M2Þ=SD; ð5Þ

Vard ¼ ðn1þ n2Þ=ðn1�n2Þ þ Cohend�Cohend=ð2�ðn1
þ n2ÞÞ; ð6Þ

Jcorrect ¼ 1� 3=ð4�ðn1þ n2� 2Þ � 1Þ; ð7Þ

Hedgesg ¼ measure ¼ Cohend�Jcorrect; ð8Þ

Varg ¼ Vard�Jcorrect�Jcorrect; ð9Þ

SD ¼ SqrðVargÞ; ð10Þ

SE ¼ 1=SD � 1=SD; ð11Þ

Z ¼ measure=SD; ð12Þ

http://links.lww.com/MD2/A853
http://links.lww.com/MD2/A853
http://links.lww.com/MD2/A853
http://links.lww.com/MD2/A853
http://www.md-journal.com
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P� valuse ¼ ð1�NORMSDISTðABSðZÞÞ�2; ð13Þ

Lower limit ¼ Measure� SE � 1:96; ð14Þ

Upper limit ¼ Measureþ SE � 1:96; ð15Þ

Wi ¼ 1=Varg; ð16Þ

Yi ¼ Mean on the ith continent; ð17Þ

M ¼
Xk

i¼1
Meani

� �
=k; ð18Þ

Q ¼
Xk

i¼1
WiðYi �MÞ2; ð19Þ

Prob ¼ ChidistðQ; dfÞ; ð20Þ

I2 ¼ Q� df
Q

� 100; ð21Þ

where Q denotes the summation of squared deviations from the
mean, and the P-value can be obtained from Equation (1), and df
is the degree of freedom. I2 is the proportion in Q. We assessed
heterogeneity visually by reporting the I2 statistic.
We decided to present forest plots along with a description of

the results. A fixed-effects model was applied in this study. An
author-made module was used for statistical analyses to produce
forest plots online on Google Maps. The variance in continents
was computed by T(tau) in Equation (22), which is commonly
used for calculating the random effect (e.g., the pooled or
nonpooled random effect in a subgroup meta-analysis). The Q
statistics in Equations (19) and (23) are equal.

T2 ¼ Q� df
C

; ð22Þ
Q ¼
Xk
i¼1

WiY
2
i �

ðPk
i¼1

WiYiÞ2

Pk
i¼1

Wi

; ð23Þ

df ¼ k� 1; ð24Þ

C ¼
Xk
i¼1

Wi �
Pk
i¼1

W2
i

Pk
i¼1

Wi

; ð25Þ

where k is the number of continents. The P-value yielded by the
function in MS Excel (i.e., Chidist(T2, df)) is identical to the
approach using analysis of variance (ANOVA).[21]

2.2.4. Calculations of correlation coefficients between var-
iables. Correlation coefficients (CCs) between variables were
4

computed to verify the association with vaccine rollout rates. The

CC t value was calculated by the formula ccffiffiffiffiffiffiffi
1�cc2
n�2

p
 !

The study

process was presented with an MP4 video (see Supplemental
Digital Content 1, http://links.lww.com/MD2/A853).
2.3. Three tasks to achieve the goals

Three tasks are shown in Figure 1:
1.
 determining the CNCC IP days for each country/region;

2.
 drawing forest plots[21] to identify the improvement in 2021;

3.
 using a pyramid plot[22] to identify the improvement in US

states; and

4.
 applying using the Kano diagram[23] to verify the three

hypotheses mentioned above.

2.4. Statistical tools and data analysis

The mean and standard deviation (SD) were extracted to
compare the standardized mean difference (SMD) in the forest
plot. The professional statistical software MedCalc 9.5.0.0 for
Windows (MedCalc Software) was used in this study. A
significance level of type I error was set at 0.05.
Visual representations of the forest plot and choropleth map

display the comparison of the difference in IP days. The
dashboards were plotted online on Google Maps. The data
arrangements were carried out in Microsoft Excel (Supplemental
Digital Content 1, http://links.lww.com/MD2/A853). The study
flowchart is shown in Figure 1.
3. Results

3.1. Determining IP days for each country/region

The CNCC IP days for countries/regions are presented using
the choropleth maps shown in Figure 2. We can see that
the CNCC IP days in China are obviously shorter in 2020 in
the top panel of Figure 1. Conversely, the CNCC IP days in the
United States are relatively shorter in 2021 in the bottom panel
of Figure 1.
Three examples of line charts regarding CNCC IP days are

shown in Figure 3 (i.e., 2020 in the left panel and 2021 in the right
panel). We can see that Taiwan suffers longer IP days in both
years. The United Kingdom and California (US) earn shorter IP
days in 2021, indicating that both countries earn effective
containment of COVID-19 with vaccinations in the first half of
2021.

3.2. Drawing forest plots to identify the improvement in
2021

In Figure 4, China earns the shortest CNCC IP days (=80.4) in
2020 (shown in the top panel), followed byOCEANIA and South
America. The longer CNCC IP days in 2020 are Europe, with a
mean = 291.2days. The Q-statistic (=190,594) implies that a
difference in IP days exists among regions (P< .05).
The bottom panel in Figure 4 shows that all regions, except

China, have made improvements in CNCC IP days in 2021,
indicating that the potential effect of vaccination emerged in the
half-year of 2021.

http://links.lww.com/MD2/A853
http://links.lww.com/MD2/A853


Figure 1. Study flowchart.
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3.3. Using the pyramid plot to identify the improvement in
US states
When viewing Figure 5, it can be seen that all US states
have shorter CNCC IP days in 2021 (with red bars shown in the
right panel). The shortest IP day reaches 23 in California.
The longest IP days (=162) are in Illinois, Oregon, and the Virgin
Islands.
Based on Figures 4 and 5, the first hypothesis was supported: IP

days on CNCCs in 2021 are improved among continents and US
states.
5

3.4. Using the kano diagram to verify the three
hypotheses

In Table 1, we can see that
1.
 the CCs are 0.66 (t = 12.21, P< .01) and �0.15 (t=2.11,
P< .01) when the two paired variables of [VD100, GDP] and
[VD100, deaths IP] are compared, respectively;
2.
 the CC between CNCC IP and deaths IP is 0.73 (t=14.84,
P< .01), but a weak association with CC=�0.01 exists
between CNCC IP and VD100.

http://www.md-journal.com


Figure 2. IP days of COVID-19 in regions in 2020 and 2021.
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The two hypotheses were thus supported:
1.
 the vaccinations are associated with national GDP and fewer
deaths (see Fig. 6; bubbles dispersed from the bottom-left
corner to the top-right side);
6

the association between vaccinations and CNCC IP is weak.
2.
Bubbles are sized by the deaths IP days in Figure 6, indicating
that the shorter IP days have smaller bubbles, such as United
States, United Kingdom, and China.



Figure 3. Examples of IP days in comparison between 2 years.
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3.5. Online dashboards shown on google maps

All of the QR codes in Figures are linked to the dashboards.[30–34]

Readers are recommended to examine the displayed dashboards
on Google Maps.
4. Discussion

4.1. Principal findings

We observed that
1.
 the IP days on CNCCs in 2021were shorter than those in 2021
among continents and US states;
2.
 the CCs were 0.66 (t=12.21, P< .01) and �0.15 (t=2.11,
P< .01) in the paired variables of [VD100, GDP] and [VD100,
IP deaths], respectively; and
3.
 the CC between CNCC IP and IP deaths was 0.73 (t=14.84,
P< .01), but a weak association with CC=�0.01 existed
between CNCC IP and VD100.

4.2. Contributions of the study

Vaccination against the COVID-19 virus began in December
2020 in the United Kingdom and into Spring 2021. It has been
running at a 5% population/week.[35] However, the three
7

phenomena (e.g., vaccine doses administered with inequalities
throughout the world,[20] vaccination with limited protection
against infection,[2] and an efficacious vaccine merely preventing
further morbidity and mortality[7]) were not verified as we did in
this study.
As of the end of 2020, a population of 9.3 million in Israel had

administered more COVID-19 vaccine doses than all countries
aside from China, the United States, and the United Kingdom.[36]

Moreover, Israel had administered almost 118.0 doses per 100
people as of June 21, 2021. Over 55% of Israel’s 9.3 million
citizens have received twodoses of the Pfizer/BioNTech vaccine.[37]

However, Israel quarantines anyone deemed to have been exposed
to an especially infectious variant of COVID-19[38] because the
extra contagious delta variant is spreading in Israel.[39]

Similarly, the National Basketball Association (NBA) player
Chris Paul tested positive for COVID-19 even though he received
a Pfizer vaccine in February 2021,[40] which supports our
verification of vaccination with limited protection against milder
infection,[2] albeit the vaccine prevents further morbidity and
mortality.[7]

Vaccinations can significantly reduce the number of hospital-
izations and deaths,[35] meeting our CC result (= �0.15, t=2.11,
P< .01) between VD100 and IP deaths.
The high cost of COVID-19 vaccines equates to low

affordability. While three out of four COVID-19 vaccines

http://www.md-journal.com


Figure 4. Comparisons of IP days on COVID-19 across regions between 2020 and 2021.
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procured by wealthy countries by the end of 2020 were nano
vaccines, this amounted to only 1 in 10 for middle-income
countries and none for low-income countries,[14,41] which meets
out the finding that the CC is 0.66 (t=12.21, P< .01) between
VD100 and GDP in countries/regions. As such, high-income
countries, representing just one-fifth of the global adult
population, have purchased more than half of all vaccine doses,
resulting in disparities between adult population share and doses
purchased for all other country income groups.[42]
4.3. Implications and recommendations

Numerous mathematical COVID-19 models[16,18,43–51] and IP
determinations[52–53] have been proposed in the literature. The IP
search scheme was applied to this study because the IP to stand
for the effective control of COVID-19 has been used in previous
studies.[16,17,55] Using the CNCC IP and deaths IP is recom-
mended for future studies regarding epidemic pandemics, not just
limited to COVID-19.
The forest plot was applied to compare the difference between

two entities (e.g., 2020 and 2021) in Figure 4 using Equations (1)
to (26). Over 5919 articles were searched by the keywords of
RevMan and meta-analysis in PubMed as of June 22, 2021.[56] It
is worth noting that the SMDmethod using RevMan[57] would be
different in results from our study because of the statistics of
8

Hedgesg and variance in Equations (9) and (10) are neglected in
RevMan. It should be cautious of the matter in the future.
The Kano diagram[23,58] was applied to compare the

association between two variables (e.g., shown in Fig. 5),
different from those using the scatter plot in the literature.[14,59–
61] The unidimensional area in the middle part is unique in the
Kano diagram that could be easily interpreted when compared to
the scatter plot (e.g., the simple one in the study[14]).
4.4. Strengths of the study

First, the IP of deaths applied as the indicator of effective
containment of COVID-19 is modern and unique, different from
the CNCC IP used in previous studies.[16,17]

Second, MP4 videos and modules on how to search for IP days
in an IRT-based model have been provided to ordinary readers
who are familiar with Microsoft Excel and hope to replicate the
study in the future.
Third, using the Microsoft Solver add-in to estimate the model

parameters is a common approach that can be easily applied by
researchers. Data and model-building videos are provided in
SupplementalDigital Content 1, http://links.lww.com/MD2/A853.
Fourth, the choropleth and forest plot diagrams used in this

study are able to provide comprehensive insights into the
evolution of the COVID-19 pandemic in various countries/

http://links.lww.com/MD2/A853


Figure 5. Comparison of IP days in US states between 2 years.

Wang et al. Medicine (2022) 101:4 www.md-journal.com
regions, which in turn can be used by policymakers and decision-
makers.
Furthermore, a Microsoft Excel module for drawing the forest

plot is provided. Readers are recommended to see the abstract
video along with the Excel module presented in Supplemental
Digital Content 1, http://links.lww.com/MD2/A853.
9

4.5. What this knowledge adds to what we knew
Our study identified the vaccine rollout rates associated with
GDP and few deaths. Our findings are consistent with those done
in the United States.[62] As a result, enough people need to have
access or be willing to receive the vaccine to achieve herd
immunity.[63] Nonetheless, previous literature has indicated

http://links.lww.com/MD2/A853
http://www.md-journal.com


Table 1

Association between variables.

Varible CNCCsIP DeathsIP VD100 GDP

CNCCsIP 2089.48 1687.85 �20.00 7440.45
DeathIP 0.73

∗
2621.10 �220.39 �84,099.29

VD100 �0.01 �0.15
∗

1097.33 424,947.06
GDP 0.01 �0.08 0.66

∗
378,839,613.07

Covariances in upper triangle, variances in diagonal, and correlation coefficients in bottom triangle.
∗
P< .05; n=195.
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disparities in vaccination rates between sociodemographic
groups, and such factors play a substantial role in the likelihood
of seeking vaccination (e.g., those with lower education and
income levels[64,65] and black individuals[66] are less likely to get
vaccinated). Some studies have used machine learning techniques
to build predictive models for vaccination uptake levels for
influenza[67] and childhood immunizations.[68]

Although the CNCC IP days in the US are pretty shorter in
2021 (shown in the bottom panel of Fig. 1), all other countries/
regions, except China, have made improvements in CNCC IP
days in 2021 as well. The reason for China’s slight improvement
in IP days is attributed to her IP days being obviously shorter in
2020 (shown in the top panel of Fig. 1), similar to the findings in
previous studies.[16,17] Readers might have doubts about whether
China’s strict epidemic prevention policy is more effective than
vaccination. This might be true to most countries, including
China, where the containment measures initiated by the
government play an important role in the fight against
COVID-19 pandemics (referred to Supplemental Digital Content
Figure 6. Vaccine doses administered per 100 people associated with income g
countries and regions.

10
2, http://links.lww.com/MD2/A854), such as physical distancing,
early detection, self-isolation, and outbreak control, which have
been mentioned in previous studies.[69–71]

The association is weak between vaccinations and CNCC IP
based on the argument that vaccinations are limited to protection
against milder infection.[2] The spectrum of COVID-19 ranges
from mild to critical.[62] Although most individuals suffer from a
mild form of the disease,[72] more than half of the patients who
died were admitted to the HDU and ICU,[62] suffering from the
critical form of illness. Similar reports of ICU mortality due to
COVID-19 have been reported globally.[73–75] The main cause of
mortality in ICU patients suffering from critical forms of COVID-
19 has been mainly attributed to diseases, including acute
respiratory distress syndrome (ARDS),[76,77] cardiovascular,[78–
80] thromboembolic,[81,82] and neurologic complications.[83]

Vaccine-rollout rates to protect against death have been verified
in studies.[84–86]

4.6. What the findings imply and what should be
changed?

Based on the findings of the vaccine rollout rates associated with
GDP and few deaths and the methodologies used in this study, we
shed some light on future relevant studies, such as
1.
rou
IP days[52–54] can be determined using the Newton–Raphson
Iteration Method[87–89] to better the efficiency and effective-
ness in searching IP,
2.
 the forest plot[21] can make data clearly and easily understood
when comparing the standardized mean difference (SMD)
between two situations,
p classifications and inflection points on curves of COVID-19 death tolls in

http://links.lww.com/MD2/A854
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3.
 the Kano diagram[23,58] can be applied to compare the
association between two variables (e.g., shown in Fig. 5,
different from the traditional scatter plot,[14,59–61]
4.
 the MP4 videos on how to conduct the study (offered in
Supplemental Digital Content 1, http://links.lww.com/MD2/
A853) can help researchers replicate the study on their own,
5.
 dashboards on Google Maps provide comprehensive insights
into the elements of interest for readers.

4.7. Limitations and future studies

Our study has several limitations that should be mentioned.
First, only the IP days were taken into account. Confirmed cases
should be considered to denote the effective containment of
COVID-19, such as the ipcase index used in the studies.[16,17]

Bias would occur in countries with identical IP days but different
CNCCs.
Second, visual dashboards on Google Maps are not free of

charge, and a paid project key for using the Google cloud
platform is required. Thus, one limitation in using the dashboard
is that it cannot be easily replicated by other authors or
programmers for use in a short period of time.
Third, the case number is changeable andmay vary day by day,

particularly in countries undergoing second or third waves
(peaks) in the ongoing pandemic. Thus, the comparison of IP
days in 2020 and 2021 would also vary over time.
Fourth, theMicrosoft Solver add-in is not a unique approach in

estimating model parameters. Thus, many other methods and
mathematical techniques should be used in making estimations
and comparisons in the future.
Fifth, the effective containment of COVID-19 is attributable to

vaccinations. Other measures of COVID-19, including physical
distancing, early detection, self-isolation, and outbreak control,
are also important preventive interventions.
Finally, virus variants are rapidly emerging. Only half of the

year in 2021 was taken into account. Future studies should
involve more months in comparison to IP days between years.
5. Conclusions

Our results indicate that vaccination has a significant effect on
mitigating COVID-19 outbreaks, even with limited protection
against infection, as the finding of a weak association with
CC=�0.01 between CNCCs IP and VD100. Continued
compliance with nonpharmaceutical interventions (e.g., continue
wearing masks, cleaning our hands, ensuring good ventilation
indoors, physically distancing, and avoiding crowds) is essential
to the fight against COVID-19 in the future.
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