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Abstract
Background: To provide an overview of the worldwide association between hospital beds, the burden of non-
communicable diseases (NCDs), and COVID-19 mortality.

Methods: Data was extracted regarding COVID-19 deaths and cases from the Our World in Data as of March 23,
2021. The following data was obtained:1) NCDs disability-adjusted life years (DALYs), health-adjusted life
expectancy, and the health access and quality index from the Global Burden of Disease study; 2) the number of
hospital beds, physicians, nurses and midwives per population, and out-of-pocket payments from the WHO website.
Using the multilevel generalized linear model, these variables’ independent associations with COVID-19 mortality rate
ratio (MRR) was examined.

Results: Hospital beds were associated with reduced COVID-19 mortality (MRR=0.47; 95% CI: 0.44 to 0.5) globally.
During COVID-19 peak periods, despite a decreasing trend in COVID-19 MRR with increasing beds in high-income
countries, the odds of mortality remained high even within the highest percentile of hospital beds (MRR=1.54 for 20th-
40th and 1.06 for >60th bed percentile, respectively). On the contrary, in middle-income countries, an inverse
association was observed between the number of hospital beds and COVID-19 mortality in both periods. NCD DALYs
were associated with increased COVID-19 deaths, particularly during peak mortality periods in high-income countries.
Death-to-case ratio increased by approximately two times during the peak vs non-peak mortality periods.

Conclusions: COVID-19 is a syndemic interacting with non-communicable diseases and not only a pandemic. A
comprehensive national healthcare plan against COVID-19 spread should include adequate measures to protect
vulnerable patients with pre-existing chronic conditions.

Background
A preventive model against COVID-19 should account for non-communicable diseases (NCDs). We have previously
shown a signi�cant correlation between NCDs and con�rmed COVID-19 cases and deaths.[1,2] Speci�cally, the burden
of all NCDs measured by disability-adjusted life years (DALYs) was correlated with COVID-19 cases and deaths.[1,2]

Ischemic heart disease, ischemic stroke, and particularly dementia DALYs [1] were correlated with COVID-19 deaths.2

These two studies indicated a higher number of COVID-19 deaths in high-income countries, which can be potentially
explained by the ageing populations.[1,2]

Despite overall better healthcare in many High-income countries, we have seen a higher number of cases and deaths
in these countries compared to low-income countries and middle-income countries. Although underreporting in low-
and middle-income countries could be a plausible explanation, several other alternative hypotheses such as
differences in population age and density, chronic disease prevalence, and healthcare resources require further
investigation. 

In the current study, we aimed to provide information regarding healthcare resources and the burden of non-
communicable diseases (NCD-DALYs). We also assessed correlations between healthcare resources, particularly
hospital beds and COVID-19 mortality.

Methods
Databases

http://sciwheel.com/work/citation?ids=9324932&pre=&suf=&sa=0
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Using the Our World in Data database, we extracted data regarding COVID-19 cases and deaths per 1,000,000
population as of March 23, 2021. Brie�y, the Our World in Data database provides up-to-date COVID-19 data
according to the Centre for System Science and Engineering (CSSE) at John Hopkins University.[3] Using the global
burden of disease study (GBD), we obtained data regarding NCD DALYs (per 100,000 with 95% uncertainty intervals
[UIs], from GBD 2019), Healthy life expectancy (HALE, from GBD 2019), and the health access and quality index
(HAQI, from GBD 2016).[4,5] We used the World Health Organization (WHO) database to extract information about
healthcare resources, including the number of hospital beds (per 10,000 populations), the number of physicians,
nurses, and midwives (per 100,000 population), and out-of-pocket expenditure as a percentage of total expenditure on
health.[6] Data regarding the gross domestic product (GDP) per capita was obtained from the Our World in Data
database. Using the World Bank database, we extracted data regarding population density (people per km2 of land
area), and income classi�cation of countries into Lower-income countries, lower- Middle-income countries, upper-
Middle-income countries and High-income countries.[7]

Statistical analysis

We used Spearman correlation to assess the association between the study variables and COVID-19 mortality.
Multicollinearity was measured using a generalized variance in�ation factor. Values with a factor >2 were considered
a collinearity. We used a multilevel generalized linear model to identify the associations between study variables and
COVID-19 mortality rate ratio (MRR). Country (as a variable) and income levels were included as a random effect in
the model. Healthcare resources (i.e. number of hospital beds, physicians, nurses and midwives, and HAQI), HALE,
NCD DALYs, GDP per capita, out-of-pocket payments, median age, and population density were included as �xed
effects in the model. Due to over-dispersion in COVID-19 mortality rate, we used a negative binomials link function in
the multilevel model. To address any multicollinearity problems, we used a principal component analysis. Hospital
beds had a positively skewed distribution pattern. Accordingly, this was entered into our analytic model in quintiles (or
combination of quantiles), excluding Lower-income countries due to inadequate sample size. COVID-19 peak
mortality periods (≥ percentile 75th of COVID-19 death rate) were identi�ed for each country. We then compared the
association between hospital beds per quantiles and COVID-19 mortality rate during peak and non-peak periods. We
also assessed the association of NCD DALYs (categorized according to their median values) with COVID-19 mortality
during peak vs non-peak mortality periods. We used the Poisson-Tweedie mixed-effects model to track the risk of the
death-to-case ratio and compare it between non-peak and peak mortality periods. Death-to-case ratio was calculated
based on total number of deaths and cases in each country. To track changes in this ratio, we also calculated its
difference by subtracting the ratio obtained during non-peak mortality periods from the ratio calculated during peak
mortality periods. We used hierarchical cluster analysis to compare clusters of countries according to their death-to-
case ratio during non-peak and peak mortality periods.

We used, plyr, pls, dendextend, and ggplot2 packages to implement analysis in the software R 4.03. A p-value <0.05
was considered statistically signi�cant.

Data sharing: All data is publicly available with no individual identi�ers.

Results
In the current paper, we obtained the following data: 1) COVID-19 cases and deaths (Supplemental Table 1); 2) Total
country population, median age, senior citizens (aged>65 and aged>70 years) per population, and life expectancy
(Supplemental Table 2); 3) Healthcare resources including the number of beds, physicians, nurses and midwives, GDP
per capita, and out-of-pocket spending (Supplemental Table 3); 4) NCD-DALYs, HALE, and access to healthcare (HAQI)

https://drive.google.com/file/d/1gkABPg2MPMIRK2Da72dHAu_3rUmoMPn8/view?usp=sharing
https://drive.google.com/file/d/1G8a-brkjk7m8OuVcF8Sq-DrhgmodYksz/view?usp=sharing
https://drive.google.com/file/d/1YhcAlg3NBJrDd4IqxE5mi0ZQh2wGbef8/view?usp=sharing


Page 5/15

(Supplemental Table 4). The �nal analysis included data from 139 countries which had all the information needed for
our study. 

COVID-19 mortality, healthcare resources, and ageing

As of March 23, 2021, 35.69 COVID-19 deaths per 100,000 population have been reported globally, including 2.5
(95%CI: 2.5, 2.502) in low-, 11.2 (95%CI: 11.204, 11.205) in lower-Middle-income countries-, 35.46% (95%CI: 35.461,
35.462) in upper-middle-income countries, and 112.47 (95%CI: 112.47, 112.48) in High-income countries. Correlations
between variables and possible collinearity are summarized in Supplemental Figure 1.

High-income countries had a higher median number of all healthcare resources as compared to lower-middle-income
countries (p<0.0001) (Supplemental Figure 2). A positive independent association was observed between COVID-19
mortality rate and median age ratio (MRR=1.077 [1.07, 1.08]). 

COVID-19 mortality, pandemic phases, and number of hospital beds

In the multilevel model, lower COVID-19 mortality was associated with higher numbers of hospital beds, with the
greatest reduction in COVID-19 deaths seen in the highest percentile of hospital beds (for >Percentile 80th MRR: 0.53
[0.49, 0.56], Table 1). 

In a subgroup analysis based on COVID-19 mortality periods, the number of hospital beds per population reduced
COVID-19 mortality in both peak and non-peak mortality periods (Figure 1-A). A similar pattern with an inverse
association between COVID-19 MRR and the number of hospital beds was observed in both COVID-19 peak and non-
peak mortality periods in middle-income countries (Figure 1-B).

In a subgroup analysis, in lower-middle-income countries, we observed a declining trend of COVID-19 mortality with
an increasing number of hospital beds during both peak and non-peak mortality periods. In upper-middle-income
countries, we found the following declining trend only during non-peak mortality periods (COVID-19 MRR for hospital
beds per population <20thpercentile: 0.80 [0.72, 0.87]; 20th-40th percentile: 0.68[0.60, 0.77]; and >60th percentile:
0.56[0.50, 0.63]). However, during peak mortality periods a non-signi�cant increase in COVID-19 mortality was
observed in upper-middle-income countries with an increasing number of hospital beds (COVID-19 MRR for hospital
beds per population <20th percentile: 0.77 [0.68, 0.86]; 20th to 40th percentile: 1.05[0.91, 1.22]; and >60th percentile:
0.90[ 0.79, 1.02]). 

In High-income countries during peak mortality periods, despite a declining trend in COVID-19 mortality rate with an
increasing number of hospital beds, the odds of COVID-19 mortality increased even with beds per population above
60th or 80th percentile (COVID-19 MRR for hospital beds per population 20th-40th percentile: 2.19[2.39, 3.74]; >60th:
2.59[1.17, 1.94]; >80th: 2.50 [1.27, 1.68]) ( Figure 1-C).

The association between the number of COVID-19 cases and deaths

During the period of study, 124,535,520 con�rmed COVID-19 cases were reported globally. Globally the death-to-case
ratio was 2.2%, ranging from 1.85% to 2.56% during non-peak and peak mortality periods, respectively (Table 2). In
the Poisson-Tweedie mixed-effects model, we observed a signi�cant interaction effect of “COVID-19 cases × periods”
on COVID-19 mortality rate (interaction effect: 3.79 [3.62, 3.97]). Globally, the risk of death-to-case ratio increased
signi�cantly by 1.95 times (1.75, 2.18) during peak mortality periods compared to the non-peak periods, with a
different pattern in countries depending on income levels (Lower-middle-income countries: 1.3[0.99, 1.71]; upper-

https://drive.google.com/file/d/1imicSyDXWkQIHWlf3FkBR-BtVnvD6s_l/view?usp=sharing
https://drive.google.com/file/d/1jadVggxITZRK9-WMFLczmoFYyEzdLMRc/view?usp=sharing
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middle-income countries: 1.77 [1.43, 2.20]; High-income countries: 2.14[1.79, 2.57]). We were not able to analyze
lower-income countries due to missing information.

Death-to-case ratio during non-peak and peak mortality periods: ranking and clustering of 139 countries

We categorized all countries according to the death-to-case ratio in non-peak and peak mortality periods. Death-to-
case ratio during peak mortality periods compared to non-peak mortality periods increased signi�cantly in 121
countries. The greatest changes can be seen in Bhuran and Yemen followed by NewZealand as a High-income
country (Supplemental Figure 3). In 10 countries (Albania, Colombia, Brazil, Hungary, Bangladesh, Morocco, India,
Macedonia, Egypt, and Saudi Arabia) the increase in death-to-case ratio did not reach signi�cance. The death-to-case
ratio decreased during peak mortality periods only in eight countries (Algeria, Azerbaijan, Belarus, Serbia, Moldova,
Turkey, Indonesia, and Romania). In the hierarchical clustering analysis of countries, we observed a signi�cant
change in the clustering of countries according to their death-to-case ratio during the peak mortality periods
compared to non-peak periods (Supplemental Figure 4).

COVID-19 and the burden of non-communicable diseases

The burden of NCDs was associated with increased COVID-19 mortality rate globally in both peak and non-peak
mortality periods (Figure 2-A). This association was, in particular, more evident in High-income countries where NCD
DALYs increased COVID-19 mortality rate by 1.45 (1.35, 1.56) and 3.24 (3.04, 3.44) during non-peak and peak
mortality periods, respectively (Figure 2-C). In upper-middle-income countries, during non-peak and peak mortality
periods, NCD DALYs increased COVID-19 mortality by 0.995 (0.94, 1.04), and 1.51 (1.41, 1.61), respectively (Figure 2-
B). We could not analyze lower-income countries and lower-middle-income countries during peak and non-peak
mortality periods due to missing information.

Discussion
Our paper analyses the capacity of healthcare resources worldwide and assesses how this capacity is associated
with COVID-19 mortality during peak and non-peak mortality periods of the pandemic. This approach provides
insights into system capacity during peak mortality periods with important implications for public health authorities.
Despite overall better healthcare resources in High-income countries, these countries had the highest COVID-19
deaths per population. Worldwide, a signi�cantly lower COVID-19 MRR was observed in association with access to
more hospital beds. However, we noticed a difference in the pattern of this association, during peak and non-peak
mortality periods in middle-income countries (a declining trend in both peak and non-peak mortality periods) and
High-income countries (where MRR was >1 during peak period even with the highest number of hospital beds).

The COVID-19 pandemic has burdened healthcare systems, and the related consequences are not entirely clear yet.
One of the biggest questions for public and health authorities is regarding the extent to which redesign of healthcare
systems may change COVID-19 mortality. In an ecological study of 185 countries, High-income countries had a
signi�cantly higher number of intensive care unit beds.[8] In this study, COVID-19 mortality had a weakly positive
association with the number of intensive care unit beds and a non-signi�cant association with hospital and acute
care beds.[8] However, since the authors used linear regression analysis for data with non-normal distributive patterns,
these results should be considered with caution. In another study of 86 countries, as of 30th April 2020, countries with
greater healthcare capacities had fewer deaths per case during the pandemic.[9] Likewise, our analyses indicate that
access to a greater number of hospital beds reduced COVID-19 MRR signi�cantly. Additionally, in this study, we have

https://drive.google.com/file/d/1SeiCMbWLMvilSvzbdvxEdwIT06NP7BJq/view?usp=sharing
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compared COVID-19 peak and non-peak mortality periods to provide a more in-depth analysis of healthcare capacity
during the crisis.[9]

Despite overall better healthcare resources in High-income countries (Supplemental Figure 2), these countries had the
highest COVID-19 deaths per population. This �nding may be explained by High-income countries having older
populations with underlying chronic conditions as we have previously shown.[1,2] Additionally, the highest
percentages of people aged ≥65 years were seen in High-income countries, followed by upper-middle-income
countries. A combination of ageing, frailty, and comorbidities can put these individuals at higher risk for COVID-19
mortality. Older adults also have slower and less e�cient immune responses than younger adults, making them more
vulnerable to complications of COVID-19.[10] In addition, a substantial number of COVID-19 cases and deaths occur
among residents in residential aged care facilities and assisted living facilities, where individuals often have pre-
existing chronic conditions.[11,12] It should be noted that we cannot rule out the possibility of under-reporting COVID-
19 cases due to a reduced capacity for testing and active surveillance in Lower-middle-income countries.

The pattern of COVID-19 mortality rate differed during peak mortality periods in Middle-income countries vs. High-
income countries. In Middle-income countries, including both Lower-Middle-income countries and Upper-Middle-
income countries, we observed a lower COVID-19 mortality rate with a higher number of beds, in both peak and non-
peak mortality periods. In Upper-Middle-income countries during peak mortality periods speci�cally, there was a non-
signi�cant increase in COVID-19 mortality rate even in the presence of a higher number of hospital beds. Despite a
declining association between the number of hospital beds and COVID-19 mortality rate during peak mortality periods
in High-income countries, COVID-19 MRR remained high even with the highest percentile of hospital beds per
population (Figure 2-C). We do not have an adequate explanation for these �ndings in Upper-Middle-income countries
and High-income countries. It seems that the exponentially increased number of deaths during peak mortality periods
were beyond the direct effect of new con�rmed COVID-19 cases. After controlling the effects of other variables such
as healthcare resources, income, NCD DALYs, and ageing, the death-to-case ratio increased by approximately two
times during the peak periods compared to non-peak mortality periods worldwide (Table 2). Therefore, there is a
possibility of overwhelming healthcare systems during peak mortality periods. In the majority of countries,
particularly in High-income countries, the death-to-case ratio increased signi�cantly during peak mortality periods
(Supplemental Figure 3). In low-income countries, the greatest increase in death-to-case ratio during peak compared
to non-peak mortality periods occurred in Yemen, Niger, and Chad. We also observed a signi�cant change in the
death-to-case ratio clusters during peak mortality periods (Supplemental Figure 4). These are important �ndings for
public health authorities, who should adjust national healthcare programs to allow adaptable responses to the
dynamic phases of the pandemic.

In addition, we observed a signi�cant rise in COVID-19 mortality rate due to the burden of NCDs during COVID-19 peak
mortality periods. The burden of NCDs, measured by DALYs, increased deaths by about 2.8 times during peak and 4.2
times during non-peak mortality periods in High-income countries (Figure 2). The course and impact of COVID-19 is
in�uenced by NCDs and possible social inequities present in our societies.[13] COVID-19 is “not a pandemic”; it is “a
syndemic” with multiple interactions between communicable and non-communicable diseases.13 Due to social
isolation, lack of adequate follow-up, and limited healthcare resources, we may observe worsening of pre-existing
non-communicable diseases in COVID-19 survivors.[14] The pandemic has burdened healthcare systems and
impacted the effectiveness of preventive measures for NCDS, which may have a direct and indirect effect on COVID-
19 mortality. While we are waiting for widespread public vaccination, an adequate plan to control COVID-19 spread
should especially protect people with pre-existing NCDs. Otherwise, we may expect higher mortality and morbidity
worldwide.

https://drive.google.com/file/d/1ZIX-mT6b1IFALjvuu5IPx8mfqHpBhDOp/view?usp=sharing
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Control of the COVID-19 syndemic requires a thorough public health program that considers the interaction of NCDs
with COVID-19, especially in High-income countries. Disparities in care for older people with pre-existing chronic
diseases in High-income countries vs. Lower-middle-income countries may have contributed to the signi�cant rise of
COVID-19 mortality due to NCD-DALYs during non-peak and, particularly, peak mortality periods (Figure 2). In Lower-
middle-income countries, most people living with chronic diseases can rely on care provided by family members or
neighbours.[15] The majority of this care in Lower-middle-income countries is provided by women, who account for
three-quarters of all time spent on paid and unpaid care responsibilities at home.[15] Because these people are at
home, there is a decreased risk of COVID-19 for caregivers and the elderly with pre-existing chronic diseases. In
addition, in Lower-middle-income countries, only a small number of older citizens who can afford paid care can enter
long-term care facilities and assisted living homes. In contrast, in High-income countries (where long-term care
facilities are more available), several COVID-19 cases and deaths occur among residents of these facilities.[16-18]

Improving the quality of surveillance in the long-term care population is a priority for ensuring this population’s safety
from COVID-19. Although there is a more signi�cant association between NCD-DALYs and COVID-19 mortality in High-
income countries, the combination of COVID-19 with NCDs is a global threat. It indeed may affect Lower-middle-
income countries with limited resources in primary healthcare prevention.[19,20] The greatest increases in death-to-
case ratios during peak mortality periods happened in Yemen, Niger, and Chad.

The COVID-19 syndemic is learning that it is necessary to build global health services into holistic publicly �nanced
universal health care systems that require investment in the foundations of health for all with integrated core
capacities for public health and aligned across all levels of governance.[21]

Our study has some limitations. Since this is an ecological study, it is susceptible to the ecological fallacy.[22]

Therefore, factors associated with COVID-19 mortality at the national level may not necessarily correlate at the
individual level in the same manner.[23] Likewise, to avoid any problematic interpretations, readers need to be cautious
of making causal inferences because the results of this study indicate correlations and not causations. 

We did not include the number of COVID-19 tests in our analytic models due to missing information in a substantial
number of countries. There are also differences in COVID-19 testing policies between countries, affecting the number
of tests and con�rmed cases globally.[24,25] Similarly, due to missing data in Lower-income countries, we only
compared data between and within the Middle-income countries and High-income countries. Finally, a highly dynamic
pattern of COVID-19 spread across the globe, and possible unstudied confounders may change our current �ndings.
The major strength of our study is using multiple veri�ed databases and extended statistical models to provide
accurate information about the interrelationship of healthcare systems and COVID-19 mortality worldwide. To the
best of our knowledge, this is the �rst ecological study of 139 countries that provides supportive information
regarding the idea that COVID-19 is a syndemic.

Conclusion
Our study emphasizes the importance of e�cient hospital care in the prevention of COVID-19 deaths. A triad of
ageing, NCDs, and COVID-19 mortality can result in higher pressure on healthcare systems and may overwhelm them.
During this critical stage of the pandemic, it is crucial to allocate resources to protect vulnerable populations and
avoid further depletion of global healthcare resources. Despite the importance of social isolation during local and
national lockdowns, health authorities can reduce additive deaths by implementing an effective plan to manage non-
communicable diseases. COVID-19 is a syndemic but is indeed a preventable condition.
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Tables
Table 1: The association between COVID-19 mortality and hospital beds: Results of the multilevel generalized model
analysis among 139 countries.
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  MRR SE z P-value 95% CI for MRR

Variables

Hospital beds per population*

 40th to <60th percentile 0·705 0·019 -12.12 <0·0001 [0·67 to 0·75]

 60th to <80th percentile 0·536 0·018 -17.20 <0·0001 [0·54 to 0·61]

 >80th percentile 0·489 0·019 -17.57 <0·0001 [0·49 to 0·56]

Out-of-pocket payments 0·984 0·0001 -29.1 <0·0001 [0·99 to 0·99]

Population density **

1st to 2nd quartile 1.45 0·03 16.98 <0.0001 [1.38 to 1.51]

2nd to 3rd  quartile 1.08 0.02 3.73 <0.0001 [1.04 to 1.13]

> 3rd quartile 0.804 0.019 -9.12 <0.0001 [0.76 to 0.84]

First component§ 1.8 0.007 54.25 <0.0001 [1.76 to 1.84]

Second component§ 0.929 0.013 -1.4 <0.0001 [0.81 to 0.83]

Abbreviations: MRR: Mortality rate ratio; SE: Standard error; CI: Con�dence interval

* Reference: Hospital bed per 10,000 population <40th percentile; ** References: 1st quartile

§ Principal components of collinear variables include: Non-communicable disease disability-adjusted life years,
health access and quality index, health-adjusted life expectancy, gross domestic product per capita, and median
age.

Table 2: COVID-19 death-to-cases during non-peak and peak mortality periods: Total case and death number as of
March 23, 2021, and results of Poisson-Tweedie mixed-effects model.
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Total COVID-19 death numbers to case ratio.

   

Global

Lower- middle-
income countries

Upper- middle-
income countries 

High-income
countries

 

COVID-
19
death
to
case
ratio

During
the
study
period

2664826/120938816
(2.2%)

295914/17836939
(1.66%)

1006062/36997288
(2.72%)

1352321/65690464
(2.06%)

During
non-
peak
mortality
period

1128636/61018256

(1.85%)

121065/7990985
(1.52%)

481415/19152011

(2.51%)

523602/33670576
(1.56%)

During
peak
mortality
period

1536190/59920560
(2.56%)

174849/9845954
(1.78%)

524647/17845278
(2.94%)

828719/32019888
(2.59%)

Results of Poisson-Tweedie mixed effects model*.

  COVID-19 MRR SE Z P-value 95% CI for MRR

Global 1.952  0.11 11.75 <0.0001 1.75 to 2.18

High-Income
countries

2.148 0.2 8.29 <0.0001 1.79 to 2.57

Upper-middle-
income countries

1.772 0.2 5.12 <0.0001 1.42 to 2.21

Lower-middle-
income

1.307 0.18 1.94 0.052 0.998 to 1.71

Abbreviations: MRR: mortality rate ratio; SE: Standard error; CI: Con�dence interval.

§Adjusted using principal components of collinear variables that include: Bed ratio, non-communicable disease
disability-adjusted life years, health access and quality index, health-adjusted life expectancy, gross domestic
product per capita, and median age.

Figures
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Figure 1

(A-C): The effect of hospital beds on COVID-19 mortality rate: A worldwide comparison between COVID-19 peak and
non-peak mortality periods.

Figure 2

(A-C): The association between the burden of non-communicable diseases and COVID-19 mortality rate ratio.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.



Page 15/15

SupplementalTable1.docx

SupplementalTable2.docx

SupplementalTable3.docx

SupplementalTable4.docx

SupplementalFigure1.png

SupplementalFigure2.png

SupplementalFig3.png

SupplementalFig4AC.png

https://assets.researchsquare.com/files/rs-379944/v1/fe0abebebae35a962bc7f258.docx
https://assets.researchsquare.com/files/rs-379944/v1/2a3deb7e0df894d7cbab9fa0.docx
https://assets.researchsquare.com/files/rs-379944/v1/61fa8aeaf9f5fbe46c72be3e.docx
https://assets.researchsquare.com/files/rs-379944/v1/154fd75c138b3f5c62cd4061.docx
https://assets.researchsquare.com/files/rs-379944/v1/9aa0170a5f25933a8d96db69.png
https://assets.researchsquare.com/files/rs-379944/v1/9e1a5babbc9311cb4f8053b7.png
https://assets.researchsquare.com/files/rs-379944/v1/c33587424cf0593d99b152b9.png
https://assets.researchsquare.com/files/rs-379944/v1/c9ad0a997988130fe9b20419.png

