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IntroductIon
By early 2020, the world stepped into an unexpected crisis known 
as the corona crisis or COVID‑19, starting in Wuhan, China. 
Coronavirus disease or COVID‑19 is a contagious respiratory 
illness disease caused by acute respiratory (SARS‑CoV‑2) 
syndrome.[1] This disease initiated the 2019 coronavirus 
pandemic and infected millions of people around the world. 
Infected people with coronavirus commonly show symptoms 

such as fever, cough, shortness of breath, and in some cases, the 
loss of smell. Reports also show other less common symptoms 
as follows: sore muscles, sputum, sore throat, tastelessness, and 
red eyes. Although most infected cases show mild symptoms, 
some cases progress to pneumonia and multiple organ failure 
with an approximate daily mortality rate between 1% and 
5%, this number varies with age and other underlying health 
conditions.[2] The disease is mainly transmitted to other people 
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through the respiratory droplets of infected people when they 
cough or sneeze. The time between exposure to the disease and 
the onset of symptoms is between 2 and 14 days. Preventative 
measures such as washing hands and other hygiene measures 
can stop the virus’s transmission and spread.[3]

According to the literature, to explain a data set (random 
variable), three fundamental traits contain central tendencies, 
shape tendencies, and dispersion tendencies. In other words, 
three essential criteria are introduced to summarize a set 
of data; criteria for central, dispersion, and shape. One of 
the tools related to dispersion tendency is the coefficient 
of variation (CV). CV is obtained by dividing the mean 
population’s standard deviation, CV = σ/μ, an applicable 
and suitable statistic for evaluating relative variability. This 
statistic is used to compare the dispersion of several groups 
of data collected with different units of measurement.[4] CV 
is a free parameter used in many sciences such as agriculture, 
biology, engineering, finance, medicine, and many others to 
indicate reliability or variability.[5‑7] In many cases, relating 
standard deviation to the level of measurement is of great 
importance to researchers. For this reason, CV is widely used 
to measure dispersion. Researchers are interested in better 
understanding the structure and shape of data. Therefore, 
they use the CV to compare their CVs to compare the 
dispersions of populations. If the means or variances of the 
two populations are the same, analysis of variance (ANOVA) 
and Leven’s tests can be used to examine the equality of the 
population’s CVs.[8] In practice, the researchers may intend to 
compare the parameters of two independent populations; for 
example, proportions,[9] means,[10] variances,[11] correlations,[12] 
skewnesses.[13] In most comparative tests, the difference 
between the sample coefficients is used. However, the 
statistics obtained from the difference between the sample’s 
coefficients are not very useful because the difference between 
the two coefficients may be slight and not very noticeable and 
therefore do not have a clear and definite interpretation. While 
if we use the ratio of two CV, a better result can be obtained. 
For example, suppose that in two populations, the CV is 0.1 
and 0.01, respectively. Their difference is a small amount of 
0.09, but their ratio is a relatively large amount of 10.[14] Yue 
and Baleanu[15] used asymptotic methods to test the hypothesis 
and construct the confidence interval about two CVs’ ratios.

This study aimed to investigate the dispersion value of daily 
morbidity and mortality due to COVID‑19 in 4 cities of Bojnord, 
Farooj, Jajarm, and Shirvan in North Khorasan province. For 
this purpose, the index ratio of coefficients of variation has 
been used. This method has been used due to its advantages 
compared to the “difference coefficients of variation” index.

MaterIals and Methods
For this study, a dataset containing COVID‑19 disease in 
Northern Khorasan province has been used along with different 
statistical methods. Furthermore, in this article, software R 
3.3.2 is used. Only the Stat package is used and programming 

is written in all sections. The full description of both cases is 
as below.

Data
The data used in this study were extracted from the “Syndromic 
Care System against COVID‑19” under the supervision of 
the Department of Infectious Diseases of Iran’s Ministry 
of Health. The dataset includes information about the daily 
morbidity and mortality of coronavirus (COVID‑19) in four 
Iranian cities (Bojnord, Farooj, Jajarm, and Shirvan), starting 
from March to the end of May. The source of information 
includes Northern Khorasan University of Medical Sciences 
and hospitals under this university’s supervision, shown in 
Table 1. Table 1 is in the appendix.[16]

Statistical methods
ANOVA
ANOVA method is one of the statistical methods used to study the 
difference between several populations’ means. Here, the ANOVA 
method has been used to investigate the significant difference 
between the means of daily morbidity and mortality of COVID‑19 
in Bojnord, Farooj, Jajarm, and Shirvan cities. Different methods, 
such as Scheffe’s method, can be used for pairwise comparisons.

Leven’s test
One of the inferential methods for comparing the variances 
in several independent populations is Leven’s statistic and 
performing a test called “Levene’s Test.” This test was used 
and examined to compare the equality of variances of daily 
morbidity and mortality of COVID‑19 in four cities in pairs. 
The same method was used to compare the equality of mortality 
variances. Different methods, such as Scheffe’s method, can 
be used to compare the means more accurately. Furthermore, 
the question of which difference of means between the two 
cities has become significant is answered by similar methods.

Ratio of coefficients of variations test
In cases where there are several populations with mean and 
different variances and equal CVs, the CV ratio is a good 
option for comparing populations’ dispersion. Due to the 
possible minor differences of several CVs and the lack of 
solid interpretation, the CVs ratio is more accurate than the 
CVs difference. In this research, we used the method given by 
Yue and Baleanu. The outline of their method is as follows:

Consider the two uncorrelated variables X and Y, with nonzero 
means μX and μY, respectively.

Assume two samples X1,…, Xm distributed from X, and Y1,…, 
Yn distributed from Y.

As mentioned earlier in the introduction, the parameter of the 
ratio of the two CVs is as follows:

Y

X

CV= ,
CV

γ

where CVX is the CV of the variable X and CVY is the CV of 
the variable Y.
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Table 1: The daily morbidity of coronavirus and daily mortality of coronavirus in four Iranian states (Bojnord, Farooj, 
Jajarm, and Shirvan) from March 2020 to May 2020

Month/day/year Daily morbidity of coronavirus Daily mortality of coronavirus

Bojnord Farooj Jajarm Shirvan Bojnord Farooj Jajarm Shirvan
March 01, 2020 3 1 2 1 0 0 0 0
March 02, 2020 0 0 0 0 0 0 0 0
March 03, 2020 2 1 1 1 0 1 0 1
March 04, 2020 4 2 1 1 0 0 0 0
March 05, 2020 1 0 0 1 1 0 0 0
March 06, 2020 1 0 0 0 0 0 0 0
March 07, 2020 11 0 1 0 0 0 0 0
March 08, 2020 6 1 1 2 0 0 0 0
March 09, 2020 9 2 1 1 3 0 0 0
March 10, 2020 9 0 1 1 2 0 0 1
March 11, 2020 5 1 0 2 2 0 0 0
March 12, 2020 10 0 0 2 0 0 0 0
March 13, 2020 2 0 3 3 0 0 1 0
March 14, 2020 13 0 1 1 3 0 0 0
March 15, 2020 20 0 0 0 2 0 0 2
March 16, 2020 8 1 1 3 2 0 0 0
March 17, 2020 7 0 5 3 1 0 0 0
March 18, 2020 12 0 2 1 1 0 0 1
March 19, 2020 2 1 1 0 0 0 0 0
March 20, 2020 13 0 2 4 0 0 0 0
March 21, 2020 6 0 3 8 1 0 0 0
March 22, 2020 15 0 0 1 2 1 0 0
March 23, 2020 3 1 2 6 2 0 0 1
March 24, 2020 25 1 3 5 2 0 2 1
March 25, 2020 11 1 2 2 1 1 1 0
March 26, 2020 0 0 0 0 0 1 0 0
March 27, 2020 7 0 0 2 1 0 1 0
March 28, 2020 12 1 3 3 3 1 0 0
March 29, 2020 16 1 0 4 2 0 0 0
March 30, 2020 13 2 0 3 2 0 0 1
March 31, 2020 6 0 1 0 1 0 1 1
April 01, 2020 5 0 3 1 2 0 0 1
April 02, 2020 5 2 1 3 2 0 0 1
April 03, 2020 4 3 2 1 1 0 0 1
April 04, 2020 4 1 2 7 0 0 0 0
April 05, 2020 9 0 3 1 1 1 0 0
April 06, 2020 10 0 2 2 1 0 1 1
April 07, 2020 4 4 3 3 1 0 0 0
April 08, 2020 6 0 5 3 0 0 0 0
April 09, 2020 5 0 1 1 0 1 1 1
April 10, 2020 2 0 2 4 0 0 0 0
April 11, 2020 3 1 1 0 0 0 0 0
April 12, 2020 4 0 2 5 2 0 0 0
April 13, 2020 3 1 1 1 0 0 1 0
April 14, 2020 7 2 0 1 1 0 0 0
April 15, 2020 6 0 0 4 0 0 0 0
April 16, 2020 2 1 2 2 0 0 0 1
April 17, 2020 1 0 2 2 0 0 0 1
April 18, 2020 6 3 1 0 0 0 0 0
April 19, 2020 5 1 0 1 0 1 0 1
April 20, 2020 8 0 0 3 1 0 0 1

Contd...
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Therefore, it is clear that

ˆ
ˆ

Y

X

CV=
CV

γ
∧

Can be logically estimated the parameter γ.[15,17]

Yue and Baleanu showed

á á
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is a 100 (1–α)% confidence interval for the parameter γ, 
where

( )2 2 2 2
X Y2

X

1= + .
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Moreover, they showed that the test statistic
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γ γ
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Table 1: Contd...

Month/day/year Daily morbidity of coronavirus Daily mortality of coronavirus

Bojnord Farooj Jajarm Shirvan Bojnord Farooj Jajarm Shirvan
April 21, 2020 5 0 0 1 0 0 0 0
April 22, 2020 7 1 0 2 0 0 0 0
April 23, 2020 6 3 0 1 0 0 1 0
April 24, 2020 3 1 0 1 0 0 0 0
April 25, 2020 3 0 4 1 0 0 0 0
April 26, 2020 3 0 2 1 0 0 0 0
April 27, 2020 2 0 2 4 0 0 0 0
April 28, 2020 2 0 1 1 0 0 0 0
April 29, 2020 8 1 0 2 0 0 1 1
April 30, 2020 7 1 1 4 0 0 0 0
April 31, 2020 0 0 0 0 0 0 0 0
May 01, 2020 7 1 0 2 0 0 0 1
May 02, 2020 4 1 3 3 1 1 0 1
May 03, 2020 12 2 0 0 0 0 0 0
May 04, 2020 5 0 1 4 1 0 0 0
May 05, 2020 5 0 0 1 1 0 0 0
May 06, 2020 7 2 2 1 0 0 0 0
May 07, 2020 8 0 0 2 1 0 0 0
May 08, 2020 3 1 1 0 2 0 0 1
May 09, 2020 3 3 2 1 2 1 0 0
May 10, 2020 5 1 3 2 2 0 1 0
May 11, 2020 14 0 0 2 0 0 0 0
May 12, 2020 5 1 0 4 1 0 0 0
May 13, 2020 7 2 1 1 3 0 0 0
May 14, 2020 7 2 0 2 0 0 1 1
May 15, 2020 4 1 0 2 1 0 1 0
May 16, 2020 3 1 2 1 0 1 0 0
May 17, 2020 10 1 1 5 1 1 0 1
May 18, 2020 5 2 0 3 0 1 0 0
May 19, 2020 6 2 2 1 2 1 0 0
May 20, 2020 9 1 0 3 0 0 0 0
May 21, 2020 7 2 0 3 0 1 0 0
May 22, 2020 5 3 2 2 1 0 0 0
May 23, 2020 5 2 1 6 0 0 0 0
May 24, 2020 3 1 0 5 2 0 0 1
May 25, 2020 8 2 0 4 0 0 0 0
May 26, 2020 9 1 1 2 0 0 1 0
May 27, 2020 5 2 2 1 1 1 0 2
May 28, 2020 7 3 1 3 0 1 0 0
May 29, 2020 4 2 0 5 2 0 0 0
May 30, 2020 8 2 1 4 1 0 0 0
May 31, 2020 7 1 1 5 0 1 0 0
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Table 2: The descriptive statistics about the daily 
morbidity of coronavirus and daily mortality of 
coronavirus in four Iranian cities (Bojnord, Farooj, 
Jajarm, and Shirvan) from March to May of 2020

State Number of 
population

Mean SD CV

Daily morbidity 
of coronavirus

Bojnord 594 6.387 4.250 0.665
Farooj 88 0.946 0.970 1.026
Jajarm 107 1.150 1.188 1.032
Shirvan 104 2.193 1.727 0.787

Daily mortality 
of coronavirus

Bojnord 71 0.763 0.913 1.196
Farooj 18 0.193 0.397 2.052
Jajarm 15 0.161 0.399 2.468
Shirvan 27 0.290 0.501 1.728

SD: Standard deviation, CV: Coefficients of variation

Is a suitable statistic to test H0: γ=γ0, where

ˆ

2 2
2 2

X Y02
X

1 + .
CV

λ γ δ δ
∧ ∧

∗  
 
 

=

Yue and Baleanu proved that the asymptotic distribution of  
T0 is standard normal.

Multiple testing
Multiple testing is the situation when we wish to investigate 
many hypotheses simultaneously.[18‑21]

Multiple testing occurs when a statistical analysis consists 
of several simultaneous statistical tests, each of which can 
produce a “discovery” from a similar or dependent dataset. 
The stated confidence level is usually considered for each test 
only, but it is often desirable to have a confidence level for the 
whole family of simultaneous tests.[21] Failure to compensate 
for multiple comparisons can have significant real‑world 
consequences. For example, if a test is performed at the 5% 
level and the corresponding null hypothesis is correct, there is 
only a 5% chance of rejecting the null hypothesis. However, 
if 100 tests are performed and all the corresponding null 
hypotheses are correct, the Type I errors is 0.05. If the tests 
are statistically independent of each other, the probability of 
at least one incorrect rejection is 99.4%.[20,21]

As mentioned above, we can then generalize the results to the 
equality of the CV of several communities using different methods 
of multiple tests such as Bonferroni Q‑value and FDR. These tests 
are simple methods based on P value values and do not require a 
normality condition. In the Bonferroni method, if we have M test, 
then the P values are arranged based on the larger‑sized order and 
multiplied by the number of tests, i.e. M. Now, the null hypothesis 
of number i is rejected if only if M*Pi < α. That is, α is divided by 
M, and in fact, we use 

M
α  in the ionferon method.[21] The local 

FDR (LFDR) is the probability that the hypothesis comes from 
the null at a specific value of the statistic.[20] The Q‑value provides 
a means to control the positive false discovery rate (pFDR).[22] 
Just as the P value gives the expected false‑positive rate obtained 
by rejecting the null hypothesis for any result with an equal or 
smaller P value, the Q‑value gives the expected pFDR obtained 
by rejecting the null hypothesis an equal or smaller Q‑value.[20,22]

To test the equality of the CVs of populations, we must test 
the null hypothesis

H0:γ2=γ3=…=γk = 1,

where

1
i

i

CV= , i = 2,…,k.
CV

γ

results
Descriptive statistics
As mentioned earlier, the present study is to compare daily 
morbidity and mortality from 4 cities (Bojnord, Farooj, 

Jajarm, and Shirvan) in Northern Khorasan Province. Table 2 
summarizes the dataset’s descriptive statistics containing the 
means, the standard deviations, and the CVs. It can be observed 
that Farooj and Bojnord have the minimum and the maximum 
daily morbidity of coronavirus. Furthermore, Jajarm and 
Bojonord have the minimum and the maximum daily mortality 
of COVID‑19. It can be seen that the means of daily morbidity 
in Bojnord, Farooj, Jajarm, and Shirvan cities are 6.387, 0.946, 
1.150, and 2.193, respectively. Furthermore, the means of daily 
mortality in these cities are 0.763, 0.193, 0.161, and 0.290, 
respectively. The standard deviations of daily morbidity in 
Bojnord, Farooj, Jajarm, and Shirvan are 4.250, 0.970, 1.188, 
and 1.727, respectively. Furthermore, the standard deviations 
of daily mortality in these cities are 0.913, 0.397, 0.399, and 
0.501, respectively. Finally, it is observed that the CVs of daily 
morbidity in the cities of Bojnord, Farooj, Jajarm, and Shirvan 
are 0.665, 1.026, 1.032, and 0.787, respectively. Besides, the 
CVs of daily Mortality in these cities are 1.196, 2.052, 2.468, 
and 1.728, respectively.

Variance comparison
To compare the variances of daily mortality and morbidity 
in cities studied, Leven’s test was used. Table 3 summarizes 

Table 3: Leven’s tests for daily morbidity and mortality 
from COVID‑19 in four Iranian cities (Bojnord, Farooj, 
Jajarm, and Shirvan) from March 2020 to May 2020

City SD

Daily morbidity Daily mortality
Bojnord 4.250c 0.913c

Farooj 0.970a 0.397a

Jajarm 1.188a 0.399a

Shirvan 1.727b 0.501b

*The cities with different letters have significant difference (aLow, 
bMedium, cHigh). SD: Standard deviation
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the results. As it can be seen, the variances of both daily 
mortality and morbidity are significantly different in all four 
cities (P < 0.05).

The results indicate that the dispersions of daily morbidity 
and mortality in Farooj and Jajarm are significantly less than 
in Shirvan (P < 0.05). Moreover, the dispersions of daily 
morbidity and mortality in Shirvan are significantly less than 
in Bojnord (P < 0.05). Furthermore, there are no significant 
differences between the dispersions of both daily morbidity 
and mortality in Farooj and Jajarm (P > 0.05).

Mean comparison
To compare the means of daily mortality and morbidity in 
cities studied, an ANOVA test was used. Table 4 summarizes 
the results. As it can be seen, the means of both daily mortality 
and morbidity are significantly different in all four cities. 
The P value of the ANOVA in the daily morbidity variable 
is <0.05. The P value of the ANOVA in the daily mortality 
variable is also <0.05. Therefore, the hypothesis of the means 
of four cities in the daily morbidity and mortality variables 
is rejected.

The results indicate that the means of both daily morbidity 
and mortality in Farooj and Jajarm are significantly less than 
in Shirvan (P < 0.05). Moreover, the means of both daily 
morbidity and mortality in Shirvan are significantly less than 
in Bojnord (P < 0.05). Furthermore, there are no significant 
differences between the means of both daily morbidity and 
mortality in Farooj and Jajarm (P > 0.05).

Coefficients of variation comparison
Yu gave the method, and Baleanu was used to compare 
the CVs of daily mortality and morbidity in cities studied. 
Table 5 summarizes the results. We observe that all the 
Q‑values and LFDR values are <0.05. Therefore, the 
null hypothesis H0: γ2= γ3= γ4 = 1 is rejected at the size 
0.05 by this method. Therefore, the CVs of both daily 
morbidity and mortality are significantly different in all 
four cities.

The results in Table 6 indicate that the CVs of both daily 
morbidity and mortality in Farooj and Jajarm are significantly 
less than in Shirvan (P < 0.05). Moreover, the CVs of both 
daily morbidity and Mortality in Shirvan are significantly 
less than in Bojnord (P < 0.05). Furthermore, there are no 
significant differences between the CV of both daily morbidity 
and mortality in Farooj and Jajarm (P > 0.05).

dIscussIon
The present study was performed to compare the prevalence 
of daily mortality and morbidity of COVID‑19 disease in 4 
cities of Bojnord, Farooj, Jajarm, and Shirvan from Northern 
Khorasan province. For this purpose, the “ratio of coefficient 
of variation” statistic was used.

The data used in this study, due to having independent 
populations, to better understand the structure of the data 
and examine the value of the dispersion of daily morbidity 
and mortality, suggests the use of the ratio of CVs. The 
analysis also confirmed that the ratio of CVs is better and 
more accurate than the “difference between coefficients of 
variation.”

In this study, the method introduced by Yue et al. was used 
in a large sample size. According to the hypotheses presented 
and the statistics specified in the article by Yue et al., as well 
as using the multiple testing methods, the ratio of CV of 
Bojnord to Farooj, Bojnord to Shirvan, Bojnord to Jajarm 
was obtained. As observed, the assumption of the equality 
of “coefficient of variation coefficient” in all four cities was 
rejected.

One of the reasons for the difference in daily morbidity of 
Farooj and Jajarm cities with Bojnord and Shirvan can be 

Table 4: ANOVA and Scheffe test results for daily 
morbidity and mortality from COVID‑19 in four Iranian 
cities (Bojnord, Farooj, Jajarm, and Shirvan) from March 
2020 to May 2020

City Mean

Daily morbidity Daily mortality
Bojnord 6.39c 0.760c

Farooj 0.95a 0.190a

Jajarm 1.15a 0.160a

Shirvan 2.19b 0.290b

P of ANOVA <0.001 <0.001
*The cities with different letters have significant difference (aLow, 
bMedium, cHigh)

Table 5: Comparison of the COVID‑19 ratio of the coefficients of variations of the daily morbidity and mortality in 
Bojnord concerning Farooj, in Bojnord concerning Jajarm, in Bojnord respect to Shirvan from March 2020 to May 2020

Morbidity and mortality 
of coronavirus

Ratio of CVs Ratio Test 
statistic

P LFDR Q Lower 
bound

Upper 
bound

Daily morbidity of 
coronavirus

Bojnord respect to Farooj 1.541 17.411 <0.001 <0.001 <0.001 1.368 1.715
Bojnord respect to Jajarm 1.551 11.816 <0.001 <0.001 <0.001 1.294 1.809
Bojnord respect to Shirvan 1.183 9.135 <0.001 <0.001 <0.001 0.929 1.437

Daily mortality of 
coronavirus

Bojnord respect to Farooj 1.714 9.898 <0.001 <0.001 <0.001 1.375 2.054
Bojnord respect to Jajarm 2.062 4.643 <0.001 <0.001 <0.001 1.191 2.933
Bojnord respect to Shirvan 1.444 6.959 <0.001 <0.001 <0.001 1.037 1.850

LFDRs: Local false discovery rates, CVs: Coefficients of variations
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Table 6: Pairwise comparison of coefficients of variations 
of the daily morbidity and mortality in Bojnord concerning 
Farooj, in Bojnord concerning Jajarm, in Bojnord respect 
to Shirvan from March 2020 to May 2020

City CV

Daily morbidity Daily mortality
Bojnord 0.665c 1.196c

Farooj 1.026a 2.052a

Jajarm 1.032a 2.468a

Shirvan 0.787b 1.728b

*The cities with different letters have significant difference (aLow, 
bMedium, cHigh). CV: Coefficients of variation

due to the higher population in Bojnord and Shirvan cities. 
Bojnord city has a population of 330,000 and Shirvan has 
a population of 154,000, while Farooj has a population of 
47,000 and Jajarm has a population of 38,000. The higher the 
population, the greater the chance of people being exposed 
indoors, and direct contact is the main route of transmission 
of COVID‑19 disease.

In North Khorasan province, only 3 hospitals in Bojnord, 
Shirvan, and Jajarm have been assigned to hospitalize 
COVID‑19 patients. Patients in Farooj and Shirvan counties 
are admitted to Ayatollah Hashemi Rafsanjani Hospital 
in Shirvan and patients in Jajarm are admitted to Jajarm 
Hospital, and one of the reasons for the difference in daily 
morbidity could be the different quality of services in these 
hospitals.

The validity of this method is affected by the large sample 
size. Therefore, in cases where a small amount of data is 
available, this research method’s choice, i.e. the use of “ratio 
of coefficients of variations” will not be appropriate.

conclusIon
COVID‑19 is a widespread viral disease that has affected 
many people around the world. The ability to compare this 
epidemic in cities or different treatment centers is beneficial 
for implementing treatment plans. One of the most accessible 
and most useful statistical techniques for comparing 
independent populations in most research areas is the CV. In 
many cases, it is possible to have several populations with 
different means and variances but with a CV. In other words, 
researchers may intend to examine the equivalence of CVs 
in different populations to understand the data structure. In 
this study, due to several CVs’ possible minor differences and 
the lack of solid interpretation, the CV ratio is more accurate 
than the CV difference. These findings can be exploited in 
any situation where predictions of outcomes are needed. Our 
results could be applied with caution to other cities with a 
high sample size like these cities.

Comparing the coefficient of morbidity changes between the 
studied cities can help the executive officials of the health 

system in identifying the places where the disease is more 
likely to circulate in order to prevent the spread of the disease 
by intervening in these cities.

In the mortality debate, comparing the CV can give officials the 
idea to identify high‑risk areas in terms of mortality and apply 
the necessary interventions, given the nature of the disease 
and the expectation of the same mortality among the cities of 
a province. Furthermore, to measure the effectiveness of these 
interventions in the cities under intervention, we can use the 
comparison of the CV between the cities under intervention 
and other cities.

For future works, the authors suggest comparing the 
COVID‑19 datasets of more regions based on this technique or 
apply this technique to compare the regions for other epidemic 
or pandemic diseases.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Tyrrell DA, Bynoe ML. Cultivation of a novel type of common‑cold 

virus in organ cultures. Br Med J 1965;1:1467‑70.
2. Geller C, Varbanov M, Duval RE. Human coronaviruses: Insights into 

environmental resistance and its influence on the development of new 
antiseptic strategies. Viruses 2012;4:3044‑68.

3. Long C, Xu H, Shen Q, Zhang X, Fan B, Wang C, et al. Diagnosis of 
the Coronavirus disease (COVID‑19): rRT‑PCR or CT? Eur J Radiol 
2020;126:108961.

4. Daniel, Wayne W. Biostatistics – A Foundations for Analysis in the 
Health Sciences. 6th ed. New York: Wiley and Sons; 1995.

5. Meng Q, Yan L, Chen Y, Zhang Q. Generation of numerical models 
of anisotropic columnar jointed rock mass using modified centroidal 
voronoi diagrams. Symmetry 2018;10:618.

6. Aslam M, Aldosari MS. Inspection strategy under indeterminacy based 
on neutrosophic coefficient of variation. Symmetry 2019;11:193.

7. Iglesias‑Caamaño M, Carballo‑López J, Álvarez‑Yates T, 
Cuba‑Dorado A, García‑García O. Intrasession reliability of the tests 
to determine lateral asymmetry and performance in volleyball players. 
Symmetry 2018;10:16.

8. Forkman J. Estimator and tests for common coeffcients of variation in 
normal distributions. Commun Stat Theory Methods 2009;38:233‑51.

9. Haghbin H, Mahmoudi MR, Shishebor Z. Large sample inference 
on the ratio of two independent binomial proportions. J Math Ext 
2011;5:87‑95.

10. Mahmoudi MR, Behboodian J, Maleki M. Inference on the ratio of means 
in two independent populations. J Stat Theory Appl 2017;16:366‑74.

11. Mahmoudi MR, Mahmoodi M. Inferrence on the ratio of variances of 
two independent populations. J Math Ext 2014;7:83‑91.

12. Mahmoudi MR, Mahmoodi M. Inferrence on the ratio of correlations of 
two independent populations. J Math Ext 2014;7:71‑82.

13. Mahmoudi MR, Nasirzadeh R, Mohammadi M. On the ratio of two 
independent skewnesses. Commun Stat Theor Methods 2019;48:1721‑7.

14. Yue ZH, Baleanu D. Inference about the ratio of the coeffcients of 
variation of two independent symmetric or asymmetric populations. 
Symmetry 2019;11:4.

15. Health.gov.ir. Tehran: Syndromic Care System against COVID‑19. 
Available from: https://behdasht.gov.ir/. [Last updated on 
2021 Mar 07].

16. Ferguson TS. A Course in Large Sample Theory. London, UK: Chapman 
and Hall; 1996.



Bahrampour, et al.: Cross‑sectional comparative study of morbidity and mortality of COVID‑19 disease in four cities

8  Advanced Biomedical Research | 2023

17. Nematollahi AR, Soltani AR, Mahmoudi MR. Periodically correlated 
modeling by means of the periodograms asymptotic distributions. Stat 
Papers 2017;58:1267‑78.

18. Midway S, Robertson M, Flinn S, Kaller M. Comparing multiple 
comparisons: Practical guidance for choosing the best multiple 
comparisons test. PeerJ 2020;8:e10387.

19. Mahmoudi MR. On comparing two dependent linear and nonlinear 
regression models. J Test Eval 2018;4:62.

20. Benjamini Y, Hochberg Y. Controlling the false discovery rate: 
A practical and powerful approach to multiple testing. J R Stat Soc Ser 
B Stat Methodol 1995;57:125‑33.

21. Kutner M, Nachtsheim C, Neter J, Li W. Applied Linear Statistical 
Models. 6: 5; 2005. p. 744‑5.

22. Storey JD. The positive false discovery rate: A Bayesian interpretation 
and the Q‑value. Ann Stat 2003;31:2013‑35.


