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Introduction 

The World Health Organization (WHO), on 
March 11, 2020, has declared the novel 
coronavirus (COVID-19) outbreak a global 
pandemic (WHO 2020a). COVID-19 originated 
from Wuhan; China spread to 218 Countries and 
Territories around the world. A total of 61.8 
million reported cases of coronavirus and 1.4 
million deaths globally since the start of the 
pandemic, as of 29 November 2020 (WHO 
2020b). This data is increasing day by day 
throughout the Globe, which is a matter of 
serious concern. The virus has raised world 
concern because of its high transmission capability 
as well as high mobility and mortality (Chen 2020; 
Phelan 2020; Li 2020). 

This ongoing pandemic of COVID-19 is a global 
challenge which resulted in significant morbidity 

and mortality worldwide. Since the beginning of 
the pandemic, researchers trying to assess the 
potential risk factors of COVID 19, which either 
increases the risk of getting an infection or worsen 
the outcome of the COVID 19 disease. 
Researchers found that diabetes is associated with 
increased incidence and severity of COVID-19 
(Singh 2020), whereas active smoking is 
significantly linked with the risk of more severity 
of COVID-19 (Tsigaris 2020). To prevent virus 
transmission, the Center for Disease Control 
(CDC) recommends frequent hand washing with 
soap and water for 20 seconds (CDC 2020), so the 
unavailability of a handwashing facility might 
increase the risk of COVID 19 infection. Though 
a high human development index (HDI) means 
longer life expectations, better education, and 
better living standards, it is surprising that it 
associates with a higher infection rate and 
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mortality rate for COVID 19 (Liua 2020).To the 
best of our knowledge, there is no research study 
published that depicts the correlation of these 
factors with COVID 19 at the Global level, so we 
planned this study to assess the correlation 
between COVID 19 and selected risk factors. 

Material and Methods 

An ecological study was conducted in December 
2020 to assess the correlation between COVID 19 
and selected risk factors. Data regarding the 
COVID-19 confirmed cases and deaths per 
million populations was retrieved using Our 
World in Data (Roser 2020) up to 28 th November 
2020. Socio-demographic related factors of 
countries like median age, percentage of 
population aged ≥65 years, GDP per capita, 
percentage of extreme poverty, population density 
and HDI and data regarding health-related factors 
like the prevalence of male and female smoking, 
diabetes, handwashing facilities and availability of 
hospital beds per 1000 population were also 
extracted from the same database. We categorized 
countries into a) seven Global Burden of Disease 
(GBD) (GBD 2020) super regions, including 1. 
South Asia, 2. Southeast Asia, East Asia & 
Oceania, 3. Central Europe, Eastern Europe & 
Central Asia, 4. North Africa &Middle East, 5. 
Sub-Saharan Africa, 6. Latin America & 
Caribbean, and7. High-income; b) World Bank 
income levels (World Bank 2020), including (1. 
Low-income countries, 2. Lower middle-income 
countries, 3. Upper middle-income countries, and 
4. High-income countries). 

Data has been extracted and recorded in an MS-
Excel spreadsheet. We have calculated COVID-19 
confirmed cases and deaths per million 
populations with their 95% confidence intervals 
(CIs) by each region classified according to GBD 
and World Bank. We have applied Spearman's 
rank correlation coefficient to assess the 
correlation between COVID-19 cases and deaths 
with various socio-demographic related and 
health-related factors. A Scatter plot matrix has 
been prepared for Socio-demographic related 
factors and health-related factors with COVID-19 
cases and deaths separately. Statistical analysis has 
been performed using Statistical Package for 
Social Sciences (SPSS) 27.0 (Trial Version). A p-
value of <0.05 is considered significant. 

 

Results 

As of November 28, 2020, the highest number of 
COVID-19 confirmed cases and deaths per 
million were reported in high-income regions 
(24477.67) and Latin America and the Caribbean 
region (670.30), respectively. The lowest COVID-
19 confirmed cases (570.42) and deaths (14.82) 
per million were reported in Southeast Asia, East 
Asia, and Oceania region of GBD study super 
regions (Table 1A).  

According to World Bank Classification, the 
highest number of COVID-19 confirmed cases 
(23552.65) and deaths (512.73) per million were 
reported in high-income groups. In contrast, the 
lowest number of COVID-19 confirmed cases 
(498.46) and deaths (12.46) were reported in low-
income groups (Table 1B). 

The median age and percentage of the population 
aged ≥65 years were highest in the high-income 
region and high-income countries, whereas it was 
lowest in Sub-Saharan Africa and low-income 
countries. We have provided the values of 
countries having minimum and maximum 
population density, GDP per capita, percentage of 
the population in extreme poverty, HDI, female 
smoking, male smoking, diabetes, hand washing 
facilities and hospital beds per 1000 population 
for each GBD Super region and World Bank 
income groups (Table 1, Table 2). 

Globally, we found significant moderate positive 
correlations between COVID-19 cases per million 
with various socio-demographic related factors 
like median age (r=0.609,p<0.001), percentage of 
population aged ≥65 years(r=0.532,p<0.001), 
GDP per capita(r=0.632,p<0.001) and 
HDI(r=0.652,p<0.001) whereas extreme poverty 
is negatively correlated (r=-0.548,p<0.001) and no 
significant correlation was found for population 
density (r=-0.116, p=0.118)(Fig. 1A).. A 
significant positive correlations was found 
between COVID-19 cases per million with various 
health related factors like female 
smoking(r=0.502,p<0.001), availability of hand-
washing facilities(r=0.525,p<0.001) and hospital 
beds per 1000 population(r=0.419,p<0.001); 
however, there is no significant correlation for 
male Smoking (r=-0.078, p=0.361) and diabetes 
(r=-0.124, p=0.095)(Fig.1B). 

Globally, we found significant positive 
correlations between COVID-19 deaths per 
million with various socio-demographic related 
factors like median age (r=0.543,p<0.001), 
percentage    of    population    aged    ≥65    years  
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Table 1. Global Burden and Mortality of COVID-19, Various Socio-Demographic Related Factors: 
Results Classified According To The A) Global Burden of Disease Super Region Classification and B) 
World Bank Income Level Based Classification 

A. Global Burden of Disease Study super regions 

 Covid-19 Socio-Demographic related Factors 

Super Regions Cases per 
Million (95% 

CI) 

Deaths per 
Million 

(95% CI) 

Age, 
Median 
(IQR) 

Populati
on aged 

≥ 65 
years   
(%) 

Population 
Density/10

00 pop 
(min,max) 

GDP per 
Capita 

(min,max) 

Extrem
e 

Poverty 
% 

(min,m
ax) 

HDI 

(min,max
) 

Central Europe, 
Eastern Europe, 
and Central Asia 
Region 

16866.33 
(16613.94-
17118.72) 

287.84 
(254.59-
321.09) 

40.75 
(36.65 -
43.15) 

13.49 (1.98, 
137.18) 

(2896.91, 
32605.91) 

(0.1, 
5.7) 

(0.65, 
0.90) 

High-income 
Region 

24477.67 
(24174.80-
24780.54) 

562.46 
(515.99-
608.93) 

41.60 
(37.9 -
43.3) 

18.31 (3.20, 
19347.50) 

(18933.91, 
94277.97) 

(0.1,2.0) (0.80, 
0.95) 

North Africa and 
Middle East 
region 

7188.25 
(7022.67-
7353.82) 

186.36 
(159.60-
213.11) 

30.7 (23.2 
-32.4) 

5.38 (3.62, 
1935.91) 

(1479.15, 
116935.60) 

(0.1,18.
8) 

(0.45, 
0.86) 

South Asia region 5810.05 
(5661.09-
5959.01) 

84.72 
(66.68-
102.76) 

26.25 
(23.5 -
28.2) 

5.65 (21.19, 
1265.04) 

(2442.80, 
8708.60) 

(1.5,21.
2) 

(0.56, 
0.64) 

Latin America 
and Caribbean 
region 

18662.06 
(18396.82-
18927.31) 

670.30 
(619.57-
721.03) 

29.35 
(26.9 -
32.85) 

7.61 (3.61, 
664.46) 

(1653.17, 
28763.07) 

(1.3, 
23.5) 

(0.50, 
0.81) 

Sub-Saharan 
Africa 

1250.44 
(1181.18-
1319.71) 

28.46 
(18.00-
38.92) 

19.25 
(17.9 -
21.75) 

3.11 (3.08, 
494.87) 

(661.24, 
22604.87) 

(3.4, 
77.6) 

(0.35, 
0.72) 

Southeast Asia, 
East Asia, and 
Oceania region 

570.42 
(523.62-
617.21) 

14.82 
(7.27-
22.36) 

29.3 (25.2 
-34.1) 

9.21 (18.22, 
1454.43) 

(2205.92, 
26808.16) 

(0.1, 
30.3) 

(0.54, 
0.80) 

B. World Bank classifications 

 Covid-19 Socio-Demographic related Factors 

Income Levels Cases per 
Million (95% 

CI) 

Deaths per 
Million 

(95% CI) 

Age, 
Median 
(IQR) 

Populati
on aged 

≥ 65 
years   
(%) 

Populatio
n 

Density/1
000 pop 

(min, 
max) 

GDP per 
Capita 

(min, max) 

Extrem
e 

Poverty 
% (min, 

max) 

HDI 

(min, 
max) 

High Income 23552.65 
(23255.42-
23849.89) 

512.73 
(468.36-
557.10) 

41.1 (36.2 
-43.2) 

17.73 (3.20, 
19347.50) 

(16978.07, 
116935.60) 

(0.1, 
5.7) 

(0.78, 
0.95) 

Upper Middle 
Income 

6578.98 
(6420.53-
6737.44) 

203.22 
(175.29-
231.16) 

31.25 
(28.8 -
38.35) 

9.77 (3.08, 
1454.43) 

(3819.20, 
26808.16) 

(0.1, 
18.9) 

(0.59, 
0.83) 

Lower Middle 
Income 

4472.26 
(4341.47-
4603.04) 

72.83 
(56.11-
89.56) 

25.05 
(20.35 -

28.4) 

5.38 (1.98, 
1265.04) 

(1413.89, 
13913.84) 

(0.1, 
59.6) 

(0.48, 
0.77) 

low Income 498.46 
(454.71-
542.21) 

12.46 
(5.53-
19.36) 

18.75 
(17.5 -
19.4) 

3.1 (7.48, 
494.87) 

(661.24, 
4466.51) 

(4.8, 
77.6) 

(0.35, 
0.65) 
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Table 2: Global Burden and Mortality of COVID-19, Various Health-Related Factors: Results Classified 
According to the A) Global Burden of Disease Super Region Classification and B) World Bank Income 
Level Based Classification 

A. Global Burden of Disease Study super regions 

 Covid-19 Health related factors 
Super Regions Cases per 

Million (95% CI) 
Deaths per 

Million (95% 
CI) 

Smoking 
% (Female) 
(min, max) 

Smokin
g % 

(Male) 
(min, 
max) 

Diabetes 
% (min, 

max) 

Hand-
washing 

Facilities% 
(min, max) 

Hospital 
Beds/1000 
Pop (min, 

max) 

Central Europe, Eastern 
Europe, and Central Asia 
Region 

16866.33 
(16613.94-
17118.72) 

287.84 
(254.59-321.09) 

(0.3, 44.0) (24.7, 
58.3) 

(3.67, 
10.08) 

(71.18,99.
00) 

(2.60, 
11.00) 

High-income Region 24477.67 
(24174.80-
24780.54) 

562.46 
(515.99-608.93) 

(2.0, 35.3) (15.2, 
52.7) 

(3.28,12.
79) 

- (2.11, 
13.80) 

North Africa and 
Middle East region 

7188.25 
(7022.67-7353.82) 

186.36 
(159.60-213.11) 

(0.2, 26.9) (15.6, 
65.8) 

(5.35, 
17.72) 

(37.75, 
97.40) 

(0.5, 
3.70) 

South Asia region 5810.05 
(5661.09-5959.01) 

84.72 (66.68-
102.76) 

(1.0, 9.5) (20.6, 
44.7) 

(7.26, 
10.39) 

(34.81, 
79.81) 

(0.30, 
1.70) 

Latin America and 
Caribbean region 

18662.06 
(18396.82-
18927.31) 

670.30 
(619.57-721.03) 

(1.9, 17.1) (9.9, 
53.3) 

(5.55, 
17.11) 

(22.86, 
90.65) 

(0.60, 
5.80) 

Sub-Saharan Africa 1250.44 
(1181.18-1319.71) 

28.46 (18.00-
38.92) 

(0.1, 9.7) (7.7, 
53.9) 

(0.99, 
15.67) 

(1.19, 
52.23) 

(0.10, 
6.30) 

Southeast Asia, East 
Asia, and Oceania region 

570.42 (523.62-
617.21) 

14.82 (7.27-
22.36) 

(0.3, 23.5) (27.0, 
78.1) 

(4.00,30.
53) 

(25.21,95.
80) 

(0.80, 
5.90) 

        B. World Bank classifications 
 Covid-19 Health related factors 

Income Levels Cases per 
Million (95% CI) 

Deaths per 
Million (95% 

CI) 

Smoking 
% (Female) 
(min, max) 

Smokin
g % 

(Male) 
(min, 
max) 

Diabetes 
% (min, 

max) 

Hand-
washing 

Facilities % 
(min, max) 

Hospital 
Beds/1000 
Pop (min, 

max) 

High Income 23552.65 
(23255.42-
23849.89) 

512.73 
(468.36-557.10) 

(0.5,35.3) (9.9, 
52.7) 

(3.28, 
22.02) 

(88.47, 
97.40) 

(1.20, 
13.80) 

Upper Middle Income 6578.98 
(6420.53-6737.44) 

203.22 
(175.29-231.16) 

(0.3, 44.0) (12.3, 
76.1) 

(3.94, 
30.53) 

(24.64, 
99.00) 

(0.60, 
11.00) 

Lower Middle Income 4472.26 
(4341.47-4603.04) 

72.83 (56.11-
89.56) 

(0.2, 23.5) (7.7, 
78.1) 

(0.99, 
18.68) 

(2.12, 
90.65) 

(0.30, 
8.80) 

low Income 498.46 (454.71-
542.21) 

12.46 (5.53-
19.36) 

(0.1, 8.8) (8.5, 
41.3) 

(1.91, 
15.67) 

(1.19, 
72.70) 

(0.10, 
4.80) 

 

(r=0.546,p<0.001), GDP per capita 
(r=0.531,p<0.001) and HDI (r=0.567,p<0.001) 
whereas extreme poverty is negatively correlated 
(r= -0.490,p<0.001) and no significant correlation 
was found for population density (r= -0.008, 
p=0.922) (Fig.2A). A significant positive 
correlations was found between COVID-19 
deaths per million with various health related 
factors like female smoking (r=0.509,p<0.001), 
availability of hand-washing facilities 
(r=0.608,p<0.001), diabetes (r=0.166,p<0.05) and 
hospital beds per 1000 population 
(r=0.383,p<0.001); however, there is no 

significant correlation for male Smoking (r=-
0.075, p=0.390) (Fig.2B). 

Discussion  

In this study, we found that the highest number of 
COVID-19 confirmed cases were reported in 
World Bank high-income group which include 
countries like USA, Japan, South Korea and 
Hongkong, Australia, New Zealand, Western 
European countries etc. large population from 
China travel to these countries for various reasons 
like trade, tourism, education and employment. 
The   first  four  countries  are  China's  top  most  
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Fig. 1A. Correlation Between COVID 19 Cases With 
Socio-Demographic Related Factors 

 

 
Fig. 1B. Correlation Between COVID 19 Cases With 
Health-Related Factors 

export and import partners (41.65% partner share) 
(WITS 2018). These might be the reasons for 
reporting of the highest number of cases from 
high-income groups. The high-income group also 
reported the highest number of COVID 19 
deaths, whereas the low-income group reported 
the lowest number of COVID 19 deaths; this 
might be because of the population composition 
of these groups, the high-income group had 
17.73% of the population aged above 65 years, 
and the low-income group had 3.1% of population 
aged above 65 years. We have also found a  

 
Fig. 2A. Correlation Between COVID 19 Deaths With 
Socio-Demographic Related Factors 

 

 
Fig. 2B. Correlation Between COVID 19 Deaths With 
Health-Related Factors 

significant positive correlation between population 
aged above 65 years and COVID 19 deaths; this is 
corroborated with the studies conducted by 
Nikolich-Zugich et al. (2020), Onder et al. (2020), 
Wu et al. 2020 and Zhu et al. (2020). This may be 
because immune responses in older adults are 
slower, less coordinated, and less efficient, making 
older adults more susceptible to emerging 
infections (Chen et al., 2021). This may also be 
due to negative effect of previous diagnosed 
diseases (Liu et al., 2020 and Onden et al., 2020). 
Additionally, elderly persons who live alone or in 
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poor circumstances may find it difficult to obtain 
food, medicine, and other supplies while under 
quarantine (Armitage et al., 2020; Lloyd-Sherlock 
et al., 2020a and Lloyd-Sherlock et al., 2020b). 

We found a significant positive correlation 
between median age and COVID 19 cases & 
deaths; the same results were seen in a study 
conducted by other researchers (Sun 2020). HDI, 
which indicates longer life expectancy, better 
education and a decent standard of living, is 
positively correlated with COVID 19 cases & 
deaths; this is corroborated with the study 
conducted by Liua K et al. (2020). 

In our study, extreme poverty is significantly 
negatively correlated with COVID 19 cases & 
deaths; this is a surprising finding as one link 
between poverty and disease that is readily 
observable to most physicians is the increased 
vulnerability of the poor to communicable 
diseases and the lack of medical care once infected 
(Alsan 2011). 

In this study, a significant positive correlation has 
been found between female smoking and COVID 
19 cases & deaths. In contrast, the study 
conducted by Tsigaris et al. (2020) found a 
negative correlation between smoking and 
COVID 19 cases at a population level. Zhou et al. 
(2020) and Yang et al. (2020) found that smoking 
is not a risk factor for COVID 19 mortality.   

We have found a significant positive correlation 
between handwashing facilities and COVID 19 
cases & deaths; this is again very unlike finding as 
hand washing reduces communicable disease 
transmission rate; this may be because of several 
confounding factors like better handwashing 
facilities are available in high-income countries. 

Whether people with diabetes have a higher 
susceptibility to COVID-19 is currently unknown. 
Still, there is a perception that the risk of infection 
and severe disease is higher in people with 
diabetes. In this ecological study, we have found 
no correlation between diabetes and COVID 19 
cases, but a significant positive correlation exists 
with COVID 19 mortality. It implies that diabetes 
increases the severity of COVID 19 disease. In 
studies conducted to know the prevalence of 
diabetes among survivor and non-survivor 
COVID 19 patients, it has been found that the 
prevalence of diabetes is more than twice among 
non-survivor patients vis-à-vis survivor patients 
(Zhou 2020; Yang 2020). 

Strength of the present study. First, To the best of 
our knowledge this is first study which assess the 
correlation between COVID 19 cases and death 

with socio-demographic and health related factors 
together at global level. Second, this study utilised 
large data from GBD study and Our World in 
Data. 

This study has few limitations. First, We have 
correlated selected risk factors with COVID 19 
cases and deaths at various GBD Super regions 
and World bank groups; it may not accurately 
reflect the true association between individuals 
within those regions. Second, being an ecological 
study, we could not establish a cause-and-effect 
relationship. 

In this study, the highest number of COVID-19 
confirmed cases and deaths were reported in 
World Bank high-income groups. We found a 
significant positive correlation between median 
age, percentage of population aged ≥65 years, 
GDP per capita, HDI,  female smoking, 
availability of handwashing facilities, hospital beds 
per 1000 population and COVID-19 cases & 
deaths per million. In contrast, extreme poverty is 
significantly negatively correlated with COVID-19 
cases& deaths per million. Diabetes had a 
significant positive correlation with COVID 19 
deaths, but no correlation was found with 
COVID-19 cases. This study shows no significant 
correlation between population density and male 
smoking with COVID 19 cases & deaths. 

Extra emphasis on high-income countries is 
required to reduce the burden of COVID 19 cases 
and deaths. A multi-centric study should be 
planned to know the reasons for a high burden of 
cases and deaths in high-income countries.  
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