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Background: As the COVID-19 pandemic continues, there is a question of whether hospitals

have adequate resources to manage patients. We aim to investigate global hospital bed

(HB), acute care bed (ACB), and intensive care unit (ICU) bed capacity and determine any

correlation between these hospital resources and COVID-19 mortality.

Method: Cross-sectional study utilizing data from the World Health Organization (WHO)

and other official organizations regarding global HB, ACB, ICU bed capacity, and confirmed

COVID-19 cases/mortality. Descriptive statistics and linear regression were performed.

Results: A total of 183 countries were included with a mean of 307.1 HBs, 413.9 ACBs, and

8.73 ICU beds/100,000 population. High-income regions had the highest mean number of

ICU beds (12.79) and HBs (402.32) per 100,000 population whereas upper middle-income

regions had the highest mean number of ACBs (424.75) per 100,000. A weakly positive

significant association was discovered between the number of ICU beds/100,000 population

and COVID-19 mortality. No significant associations exist between the number of HBs or

ACBs per 100,000 population and COVID-19 mortality.

Conclusions: Global COVID-19 mortality rates are likely affected by multiple factors,

including hospital resources, personnel, and bed capacity. Higher income regions of the

world have greater ICU, acute care, and hospital bed capacities. Mandatory reporting of

ICU, acute care, and hospital bed capacity/occupancy and information relating to coro-

navirus should be implemented. Adopting a tiered critical care approach and targeting the

expansion of space, staff, and supplies may serve to maximize the quality of care during

resurgences and future disasters.

ª 2020 Elsevier Inc. All rights reserved.
Background 19.4% of global COVID-19 confirmed cases and 19.3% of deaths
As of October 11, 2020, 37,318,319 confirmed COVID-19 cases

and 1,074,500 deaths (case fatality rate of 2.88%) have been

reported across the globe. The United States (U.S.) accounts for
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due to COVID-19.1 Many other countries around the world,

including Brazil, the United Kingdom (U.K.), and India, are

experiencing high disease burdens and deaths.1 Several factors

likely contribute to the differing fatalities observed in each
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country. One of the largest factors implicated in the COVID-19

deaths is the surge of cases that deplete hospital resources.2-4

Many resources are required to adequately treat a critically ill

patient with COVID-19, such as an ICU bed with a full-featured

ventilator, personal protective equipment (e.g., isolation

gowns, N95 respirators, gloves, etc.), and adequate hospital

staffing.5-7 The rapid surge of cases has at times overwhelmed

available resources and potentially comprised the ability to

provide consistent, high-quality care, often forcing physicians

to triage treatment among critically ill patients.8

Prior to the peak of the first wave of the outbreak in April,

the Institute for Health Metrics and Evaluation (IHME) pro-

jected ICU bed shortages in many countries, including the

U.S., U.K., and France, as the pandemic continues.9 These

countries have experienced relatively high incidences of

COVID-19 deaths amounting to 207,366 in the U.S., 42,317 in

the U.K., and 31,969 in France as of October 4, 2020.10 Thus, an

accurate report of the hospital supplies that continue to be

exhausted is warranted in order to prioritize intervention and

prevention strategies in anticipation of a second wave of

COVID-19 cases that may occur once daily routines resume in

full.

The relative shortage of hospital resources is a growing

issue that can influence the practices of physicians and the

subsequent care provided to their patients. The primary aim

of this study is to investigate global hospital resources cate-

gorized as hospital beds (HBs), acute care beds (ACBs), and ICU

beds. A secondary aim is to assess if there is any correlation

between hospital resources and the number of confirmed

COVID-19 deaths with the hypothesis that the number of

COVID-19 deaths will be shown to decrease in areas with a

greater concentration of hospital, acute care, and ICU beds.
Methods

Search strategy and selection criteria

This cross-sectional study utilized the data obtained through

literature, government, Central Intelligence Agency (CIA),

Center for Disease Control and Prevention (CDC), The World

Bank, World Health Organization (WHO), and professional &

official hospital sources (Supplementary File). A literature

search for data regarding ICU bed capacity was necessary due

to the lack of publicly available data regarding these figures. A

total of 183 countries were included in this analysis. The

countries chosen in this analysis were selected based on the

availability of data, as many countries do not have informa-

tion regarding the number of ICU beds and/or ACBs. Countries

were then classified by income according to The World Bank

definitions: low-income (gross net income [GNI] of �$1035/

capita), lower middle-income (GNI $1036-4045/capita), upper

middle-income (GNI $4046-12,535/capita), and high-income

(GNI �$12,536/capita).11,12 ICU beds were defined as beds

with critical care equipment (e.g., ventilator) that are

adequately staffed by specialized nurses and physicians with

critical care training.13 HBs were defined as beds regularly

maintained, staffed, and available for use in public, private,

general, and specialized hospitals and rehabilitation cen-

ters.14 ACBs were defined as beds accommodating patients for
curative carewith the intent to do at least one of the following:

manage labor, perform surgery, cure illness/provide definitive

treatment of injury, reduce the severity of illness/injury,

protect against exacerbation/complications and perform

diagnostic or therapeutic procedures.15
Data collection

The most recent reports detailing statistics relevant to the

countries under study were utilized. Due to variability in the

format statistics were reported in, data was uniformly con-

verted to the number of beds/100,000 population utilizing

epidemiological information from the CIA. Hospital resource

data provided by news media articles, unofficial, or unreliable

resources were excluded. Finally, the number of COVID-19

deaths as of October 4, 2020, were obtained from the WHO,

Korean CDC, and Taiwan CDC.10,16-18
Statistical analysis

A descriptive statistical analysis was performed to evaluate

the counts, means, and distribution of hospital, ICU, and ACBs

in relation to the number of COVID-19 cases, deaths, and case-

fatality rates (CFRs). Linear regression was also performed in

order to test for any significant associations between bed ca-

pacity and confirmed COVID-19 deaths. IBM SPSS Statistics

Version 26.0 (Armonk, NY) was used for statistical analyses.

Significancewas defined as P< 0.05. This studywas conducted

in compliance with ethical principles, was reviewed by our

institutional review board, and was deemed exempt.
Results

Number of hospital beds per 100,000 population

Data for total HBs were available for 183 countries with a

mean of 307.1/100,000 in the population (Fig. 1). Monaco, Japan

and North Korea reported the greatest amount of HBs/100,000

(1380, 1340, 1320, respectively).14,18 In contrast, all of the

countries in Africa reported less than 200 HBs/100,000 popu-

lation with the exception of Libya reporting 370, Somalia

reporting 870, and Gabon reporting 630/100,000 population.14

Similarly, the majority of countries in North and South

America, and Southern Asia reported <200 HBs/100,000

(Fig. 1).14,18 In regards to World Bank Income Regions, low-

income regions had a mean of 231.79 HBs/100,000

(maximum ¼ 880, minimum ¼ 40, range ¼ 840, standard de-

viation [SD] ¼ 189.07), lower middle-income regions had a

mean of 308.85 HBs/100,000 (maximum ¼ 1,870,

minimum ¼ 30, range ¼ 1,840, SD ¼ 371.61), upper middle-

income regions had a mean of 283.13 HBs/100,000

(maximum ¼ 1,100, minimum ¼ 10, range ¼ 1,090, and high-

income regions had a mean of 356.13 HBs/100,000

(maximum¼ 1,440, minimum¼ 20, range¼ 1,420, SD¼ 275.1).

Linear regression analysis did not reveal any significant as-

sociation between the number of HBs/100,000 and the number

of confirmed COVID-19 deaths (Pearson coefficient ¼ e0.006,

R2 ¼ 0.0004, P ¼ 0.935, 95% CI: e0.003,0.003) nor CFR (Pearson

https://doi.org/10.1016/j.jss.2020.11.062
https://doi.org/10.1016/j.jss.2020.11.062


Fig. 1 e Number of Hospital Beds per 100,000 Population. The majority of countries with hospital bed data reside in the 0-

299 hospital beds/100,000 population range: 79 (43%) countries had <200 hospital beds/100,000 population whereas 37

(20%) countries reported 200-299 hospital beds/100,000 population. In contrast, only 13 (7.1%) countries reported ‡700
hospital beds/100,000 population. The number of hospital beds per 100,000 population ranged from 100 in Mali to 1870 in

the Virgin Islands. Countries shaded in gray did not have data for the number of hospital beds. (Color version of the figure is

available online.)
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coefficient ¼ e0.098, R2 ¼ 0.010, P ¼ 0.186, 95% CI:

e0.002,0.000).

Number of acute care beds per 100,000 population

Data for ACBs were available for 52 countries with a mean of

413.87 ACBs/100,000 population. The U.S. and Belarus reported

>700 ACBs/100,000 population (Fig. 2).15 In contrast, some Eu-

ropean countries, including Turkey, Italy, Spain, Sweden, U.K.,

Iceland and Ireland reported <200 ACBs/100,000 population.15

Several Asian countries reported a moderate number of

ACBs/100,000 population, including Tajikistan with 425,

Kazakhstan 419, Kyrgyzstan 354, Uzbekistan 334, and

Turkmenistan with 306/100,000 population.15 In regards to

World Bank Income Regions, low-income regions had a mean

of 425.00 ACBs/100,000 (maximum ¼ 425, minimum ¼ 425,

range¼ 0, SD¼ 0), lowermiddle-income regions had amean of

439 ACBs/100,000 (maximum ¼ 613, minimum ¼ 334,

range ¼ 279, SD ¼ 127.52), upper middle-income regions had a

mean of 424.75 ACBs/100,000 (maximum ¼ 866,

minimum ¼ 210, range ¼ 656, SD ¼ 190.56) and high-income

regions had a mean of 402.32 ACBs/100,000

(maximum¼ 1,119, minimum¼ 190, range¼ 929, SD¼ 179.58).

Linear regression analysis did not reveal any significant asso-

ciation between the number of ACBs/100,000 and the number

of deaths (Pearson coefficient ¼ e0.078, R2 ¼ 0.006, P ¼ 0.585,

95% CI: e61.725,35.182) nor CFR (Pearson coefficient ¼ e0.084,

R2 ¼ 0.007, P ¼ 0.552, 95% CI: e0.004,0.002).
Number of ICU beds per 100,000 population

Data for ICU Beds/100,000 were available for 87 countries

with a mean of 8.73 beds/100,000 population. The number of

ICU beds differed considerably between countries. The U.S.,

Italy, and Tajikistan reported >25 ICU beds/100,000 popula-

tion (Fig. 3).19,20 In contrast, many countries in Africa such as

Libya, Niger, Ethiopia and Zambia reported a capacity of <1

ICU bed/100,000 population.21 Similarly, countries in Asia,

including India, China, Vietnam, and Cambodia, among

others, reported a similar ICU capacity (Fig. 3).22-29 In regards

to World Bank Income Regions, low-income regions had a

mean of 6.44 ICU bed/100,000 (maximum ¼ 65,

minimum ¼ 0.03, range ¼ 64.97, SD ¼ 19.45), lower middle-

income regions had a mean of 2.05 ICU beds/100,000

(maximum ¼ 15, minimum ¼ 0.03, range ¼ 14.97, SD ¼ 3.54),

upper middle-income regions had a mean of 9.23 ICU beds/

100,000 (maximum ¼ 57, minimum ¼ 0.16, range ¼ 56.84,

SD ¼ 13.60) and high-income regions had a mean of 12.79

ICU beds/100,000 (maximum ¼ 86, minimum ¼ 1.8,

range ¼ 84.2, SD ¼ 14.57). Linear regression analysis coun-

terintuitively revealed a significant association between the

number of ICU beds/100,000 population and number of

COVID-19 deaths (Pearson coefficient ¼ 0.258, R2 ¼ 0.067,

P ¼ 0.016, 95% CI: 62.298,602.402). However, there was no

significant association between number of ICU beds/100,000

population and CFR (Pearson correlation ¼ 0.169, R2 ¼ 0.029,

P ¼ 0.119, 95% CI: e0.015, 0.126).

https://doi.org/10.1016/j.jss.2020.11.062
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Fig. 2 e Number of Acute Care Beds per 100,000 Population. The number of acute care beds* per 100,000 population ranged

from 190 in Andorra to 1119 in Monaco. Countries shaded in gray did not have data for the number of acute care beds. *Acute

Care Beds were defined as hospital beds that are available for curative care. (Color version of the figure is available online.)

Fig. 3 e Number of ICU beds per 100,000 Population. The number of ICU beds per 100,000 population ranged from <1 in

many African countries to >25 in the United States, Tajikistan, and Italy. The majority of countries reported ICU beds/

100,000 in the 0-4.9 range: 23 (26.1%) countries reported <1 ICU beds/100,000 population, whereas 27 (30.7%) countries

reported ICU beds/100,000 in the 1.0-4.9 range. In contrast, countries with >5 ICU beds/100,000 comprised a smaller

percentage of countries, including 15 countries (17.0%) with 5-9.9 ICU beds/100,000, 8 countries (9.1%) with 10-14.9 ICU beds/

100,000, 5 countries (5.7%) reporting 15-19.9 ICU beds/100,000, 7 countries (8.0%) with 20-24.9 ICU beds/100,000, and 3

countries (3.4%) reporting >25 ICU beds/100,000. Countries shaded in gray did not have data for the number of ICU beds.

(Color version of the figure is available online.)
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COVID-19 deaths as of July 15, 2020

Data for the number of COVID-19 deathswere available for the

183 countries analyzed in this study as of October 4, 2020. The

ten countries with the highest number of COVID-19 deaths

include the U.S. (207,366), Brazil (145,388), India (101,782),

Mexico (78,492), U.K. (42,317), Italy (35,968), Peru (32,609), Spain

(32,086), France (31,969), and Iran (26,746). In contrast, 12 of the

183 countries with confirmed COVID-19 cases have reported

zero COVID-19 deaths, including Cambodia, Eritrea,

Greenland, and Mongolia, among others.10 COVID-19 cases,

deaths, and CFRs for each World Bank Income Region are

listed in Table.
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Discussion

Our study revealed a weakly positive significant association

between the number of ICU beds/100,000 population and

COVID-19 deaths.While counterintuitive, our interpretation is

that areas of high population density likely have a higher

number of ICU beds to accommodate the needs of the popu-

lation. However, densely populated areas are also those,

which propagate the spread of the coronavirus and ultimately

yield a higher death count. Therefore, the positive association

discovered is likely affected by population size as a modifying

variable. Additionally, patients with COVID-19 who are

admitted into the ICU are in more critical condition and are in

greater need of extreme supportive treatment, such as me-

chanical ventilation, compared to patients in other hospital

locations.30 Recent literature has shown dramatic variation in

the global mortality rate of COVID-19 patients admitted to the

ICU, ranging from 2.7% to 65.4%, whereas hospitalized pa-

tients in non-ICUwards experienced amortality rate of 14%.30-

34 Moreover, another study concluded that themajority of ICU

admissions occur in geriatric patients �65 y of age and ac-

count for 80% of all COVID-19 deaths.35 These findings suggest

that the significant association discovered between ICU beds/

100,000 population and COVID mortality rates is likely influ-

enced by multiple patient factors, including age, underlying

comorbidities, disease severity, and population size. There-

fore, the collection and utilization of this clinical data from

hospitalized patients represent one way in which future an-

alyses could adjust for these variables to examine the asso-

ciation between ICU beds/100,000 population and COVID-19

mortality in greater detail.

However, our findings of low-income countries having a

low reported COVID-19 mortality rate despite having a lower

number of ICU beds, ACBs, and HBs per 100,000 population

compared to high-income countries is worth discussing. Pa-

tient access to care is dependent on individual factors (e.g.,

insurance status, income/ability to afford healthcare, ability

to travel to the hospital, etc.), as well the type of healthcare

system utilized in their country (public, private, or mixed

public/private). While patients in a public healthcare system

have the cost of healthcare services paid by their government,

those in a country with a mixed or private healthcare system

may be less likely to seek care due to an inability to pay for

services.36 Previous literature has shown that those with

https://doi.org/10.1016/j.jss.2020.11.062
https://doi.org/10.1016/j.jss.2020.11.062
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health insurance are more likely to seek care, with income

serving as an important determinant in the decision to seek

treatment, implying that those without insurance/adequate

income aremore likely to not seek care.36 In the context of our

findings, the low reported mortality rates for COVID-19 pa-

tients in low-income regions may be attributed to these pa-

tients not traveling to hospitals to seek care due to an inability

to afford care, consequently causing severely ill patients to die

at home rather than in a hospital, which would confirm both

their case and mortality due to COVID-19.36 Therefore, the

greater mortality rate observed in high-income countries may

be due to an increased patient ability to travel to and unfor-

tunately succumb to COVID-19 in the hospital setting despite

high-quality care.

Our study revealed no significant association between the

number of hospital beds/100,000 and COVID-19 deaths, nor

the number of ACBs/100,000 and COVID-19 deaths. This may

imply that there are other factors that have a greater influence

on the mortality of COVID-19 patients, such as available

supplies and personnel. For example, full-feature ventilators

may be needed to treat critically ill patients in the course of

this disease and can significantly affect the prognosis of the

patient.5,37 Furthermore, a relative deficit of PPE can com-

pound the effects of healthcare personnel shortages and can

have a dramatic effect on the survival of COVID-19 pa-

tients.6,7,38, In particular, previous studies have deemed an

insufficient number of respiratory therapists as a main

limiting factor affecting the ability to deliver care in this large-

scale pandemic.5

However, the true impact of COVID-19 on hospital systems

is likely to be underestimated without considering the burden

of other patient populations. As it has been shown that

COVID-19 can profoundly exhaust hospital resources, many

countries have been projected to experience a shortage of

critical care supplies due to the rapid influx of COVID-19 pa-

tients.9,34 Therefore, it is important to consider the additional

strain that non-COVID patients can place on already deficient

hospital resources and the implications this has for treating

patients. For example, many patients present to emergency

departments due to traumatic injuries. Since the onset of the

pandemic and the encouragement of social distancing and

stay-at-home orders, patterns of traumatic injury have been

shown to change.39-43 For example, the U.S. has observed a

decrease in vehicle-related injuries and a paradoxical increase

in gun violence in certain major cities.39-43 With an increased

number of HBs, ACBs, and ICU beds being dedicated to COVID-

19 patients, there is a question of whether patients with

traumatic injuries can still receive a high quality of care and

vice-versa, particularly as countries begin to lift restrictions

and move toward restoring normalcy.

In addition to changing patterns of traumatic injury, recent

studies have discovered altered patterns of mortality in non-

COVID related categories.44 In particular, areas that have

been heavily burdened with COVID-19 related deaths have

also experienced large increases in deaths from other etiol-

ogies, including diabetes, heart disease, and cerebrovascular

disease.44 This may imply that patients with underlying

comorbidities are not seeking treatment due to fear and

further highlights the need for hospitals tomaintain adequate

resources andminimize the risk of virus transmission in order
to allow for those who require emergency medical treatment

to feel comfortable doing so.

Many countries are currently experiencing a “second-

wave” of COVID-19.1,45 Aswe enter the second half of 2020, the

effects of seasonal influenza viruses can further complicate

the situation and could potentially cause many areas of the

world to reach bed capacity.46,47 Therefore, urgent action is

needed by hospital administration, official organizations such

as the Centers for Disease Control and Prevention (CDC), and

government to implement strategies that can encourage suf-

ficient hospital bed capacity/resources and minimize the ef-

fects these limiting factors can have on patient care.

Our study has several advantages over the existing litera-

ture. While researchers have previously investigated ICU bed

capacity in 182 countries around the world, our study includes

a greater number of countries, as well as the incorporation of

HBs and ACBs and capacity in relation to COVID-19 moral-

ity.34,47 Additionally, in contrast to other studies, we only

utilized data published by reputable government and health-

care organizations.34 However, there are several limitations to

our study. First, as there is no globally accepted consensus of

the definitions for different categories of hospital beds eval-

uated in this study, countriesmay differ in their interpretation

and reporting. For example, although the U.K. has a clear

definition of ICU beds describing level three care with

advanced respiratory support or at least two organ systems

involved, the U.S. definition is less clear.11 Therefore, this lack

of standardization in terminology may cause certain trends

observed in this study to be overreported or underreported.

Second, our study utilized global data that was reliant on

countries submitting accurate reports of COVID cases and

mortality to organizations such as WHO. Therefore, variation

in reporting practices between countries may cause our

analysis to be overestimated or underestimated. Finally, due

to lack of available information, adjusting for potential ICU,

ACB, and HB capacity expansion that many countries,

including the U.S. and Spain, have resorted to during the

COVID-19 pandemic was not possible and should be accoun-

ted for in future analyses.48

We offer several recommendations for moving forward.

Bed capacity data for all categories evaluated in this analysis

was not publicly available for all countries; we recommend

the implementation of mandatory bed capacity and occu-

pancy reporting to organizations such as WHO. Similarly, we

recommend for hospitals to collect and synthesize informa-

tion regarding coronavirus patient clinical and demographic

variables in order to allow for these factors to be controlled for

in future analyses that examine bed capacity in relation to

patient outcomes. Additionally, it is of paramount importance

that physicians, hospital administration, official health orga-

nizations, and government bodies cooperate and implement

interventional strategies aimed at expanding hospital bed

capacity and critical resources as countries experience a

resurgence of coronavirus cases. Implementation of a tiered

critical care surge strategy may have the potential to

compensate for obstacles that bottleneck the ability of

healthcare workers to deliver care. For example, the expan-

sion of ICU bed capacity by transferring floor patients to

alternate locations (e.g.., university dorms, hotels, etc.) may

serve to increase the capacity to accommodate additional

https://doi.org/10.1016/j.jss.2020.11.062
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patients in a critical state.49 Additionally, increasing the

ventilator/respiratory therapist (RT) ratio may maximize

healthcare delivery. With a shortage of RTs implicated as a

major concern in the future, it is important to have their

expertise.5,49 Adherence to these strategies in combination

with an adequate supply of healthcare resources may serve to

maximize hospital capabilities and quality of care provided to

COVID and non-COVID patients alike.
Conclusion

Global COVID-19 mortality rates are likely affected by

numerous factors, including ICU, acute care, and hospital bed

capacity, critical care resources, and personnel, among others.

Higher income regions of the world have been shown to have

a greater number of acute care, ICU, and hospital bed capac-

ities compared to lower income regions. Mandatory reporting

of ICU, acute care, and hospital bed capacity/occupancy, as

well as accurate coronavirus cases/mortality, should be

implemented on a global scale and made publicly available in

order to rapidly identify areas for intervention. Additionally,

implementation of a tiered critical care staffing could maxi-

mize healthcare delivery in spite of healthcare staffing

shortages andminimize the burden a resurgence in COVID-19

cases can have on hospital resources and provide the highest

quality patient care possible.
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