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ABSTRACT
Introduction. This cross-sectional study investigated rural Kansas 
healthcare resources relevant to COVID-19 at the county level in the 
context of population characteristics.  
Methods.xThe federal Area Health Resource File was used to assess 
system capacity and critical care-related resources and COVID-
19-related risk factors at the county level. Data were described with 
summary statistics, cross-tabulations, and bivariate tests to discern 
differences across county rurality categories (2013 Rural-Urban Con-
tinuum Codes).
Results. Kansas has 105 counties. Metropolitan counties had an 
average of 1.5 physicians (M.D. or D.O., any specialty) per 1,000 people, 
while rural counties had 0.8. A total of 63.5% of rural counties had no 
anesthesia providers and 100.0% of rural counties had no pulmonary 
disease physicians. While 96 counties have at least one hospital, nearly 
90% rural counties had no intensive care unit (ICU) services. The 
percent of the population estimated to be over 65 was higher among 
rural counties (24.2%) than metropolitan counties (19.3%). On average, 
rural counties had nearly twice as many deaths per 1,000 people by car-
diovascular disease and more chronic obstructive pulmonary disease 
deaths than metropolitan and nonmetropolitan/urban adjacent coun-
ties.  
Conclusions. Kansas faced limited ICU capabilities and physician 
workforce shortages in rural counties, both in primary care and special-
ties such as anesthesia and pulmonology. In addition, nonmetropolitan/
urban adjacent and rural population age structures and mortality rates 
potentially demonstrated an increased risk to overwhelm local health-
care systems. This may have serious implications for rural health, 
particularly in the context of the COVID-19 pandemic.  
Kans J Med 2021;14:95-102

INTRODUCTION
With the evolution of coronavirus disease 2019 (COVID-19) into 

a worldwide pandemic, national concern originally focused on urban 
areas of the United States. Researchers tracking COVID-19 thought 
rural America was so isolated that the virus might not reach it. However, 
a Kaiser Family Foundation study found that in a two-week period 
between April 13 and 27, rural counties saw a 125% increase in coronavi-
rus cases, on average, and a 169% increase in deaths.1 Meanwhile, urban 
counties saw a 68% increase in cases and a 113% increase in deaths. 

Then, between June 1 and 18, 2020, 18 of the top 25 COVID-19 hot 
spots were in rural counties.2,3 This trend was sustained in Kansas. The 
Kansas Department of Health and Environment (KDHE) reported an 
86% increase in new cases between July 1 and July 31, 2020, and said it 
expected a spike in rural cases in mid-August while urban cases would 
be on the decline.4 Rural America is home to 60 million people, and it 
is a real possibility that it may become one of the hardest-hit areas.3

There are serious implications for mortality due to COVID-19 in 
rural Kansas, and it is important to understand the resources the state 
has available to fight this pandemic. To that end, a population-based 
study was conducted to evaluate three areas: (1) healthcare system 
capacity, (2) critical care-related resources, and (3) COVID-19-related 
risk factors at the population level. We aimed to fill a gap in knowledge 
around rural Kansas pandemic preparedness and better understand 
whether these areas may be overwhelmed by a surge in COVID-19 
cases. 

Rural America faces serious challenges due to reduced hospital 
capacity and large proportions of its population falling into high-risk 
categories. According to the U.S. Centers for Disease Control and Pre-
vention (CDC), those at risk for severe illness from COVID-19 are 
patients over the age of 65 and patients of any age with severe under-
lying medical conditions such as heart disease, severe obesity, and 
diabetes.5 A report published by the U.S. Census Bureau in 2019 stated 
17.5% of the rural population was 65 years or older compared to 13.8% 
in urban areas.6 Additionally, obesity and other chronic diseases occur 
at higher rates among adults in rural versus urban populations in the 
U.S.7,8 This study examined such population factors to provide insight 
into why rural areas may face a high incidence of severe COVID-19 
illness and, therefore, may have their healthcare infrastructure over-
whelmed.

Nationally, only 1% of the country’s intensive care unit (ICU) beds 
are located in rural communities, significantly out of proportion with 
the potential need that about 17 - 20% of the population lives in rural 
areas, depending on the measure of rurality used.9,10 In addition, if larger 
hospitals become overwhelmed, patient transfers to these centers may 
not be possible. This is already happening in some areas of Kansas. Phy-
sicians in rural Kansas are facing a situation of having to call eight to ten 
hospitals in the region to find an open ICU bed.11 Of the rural patients 
who are able to be transferred, two-thirds are in need of intensive care.12

If coronavirus cases continue to escalate in rural communities, there 
is the potential for critical care resources, already in short supply, to 
reach levels unsustainable for the care of rural populations. The charac-
teristics of rural Kansas populations and the nature of their healthcare 
infrastructure form a perfect storm and yield the very real possibil-
ity of a rural surge in COVID-19 cases. It is imperative that we better 
understand Kansas’s available critical care resources, capacity, and risk 
factors. 

METHODS
Data Source. A cross-sectional, retrospective study was conducted 

to assess critical care-related resources and healthcare system capacity 
in rural Kansas. The federal Area Health Resource File (AHRF) 2018-
2019 release was used.13 The AHRF is a county-level, national database 
maintained by the U.S. Health Resources and Services Administration. 
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It contains data from all 3,230 counties in the U.S. and more than 
6,000 variables for current and historic measures of healthcare 
resources and population characteristics. It is updated annually and 
includes multiple years of data for many variables; however, due to lags 
in data collection, not all years were available for all variables in the 
2018 - 2019 release. The most recent year available across all our vari-
ables of interest was 2017.

Fourteen variables of interest were selected. A full list of variables 
and detailed descriptions are located in the Appendix (Appendix is 
online only at journal.ku.edu/kjm). The 2013 Rural-Urban Continuum 
Codes (RUCCs) was used to describe rurality.14 RUCC is a scheme 
used by the U.S. Department of Agriculture that distinguishes counties 
by their population size and adjacency to a metro area; 2013 is the most 
recent year these classifications were updated. RUCC uses a scale of 
1 - 9, with the lowest values representing the most metropolitan coun-
ties. Based on prior literature, the nine RUCCs were grouped into three 
categories (referred to as “rurality categories”) with the following labels: 
metropolitan (RUCC 1 - 3), nonmetropolitan/urban adjacent (4 - 6), 
and rural (7 - 9).15-20

Variables related to rural health networks were included. In Kansas, 
critical access hospitals (CAHs) are organized into state-designat-
ed rural health networks (Figure 1).21 These networks are similar to 
regions and consist of one or more CAHs and a supporting hospital 
with higher-acuity care capabilities. Each network has a comprehensive 
plan regarding patient referrals and emergency and non-emergency 
transfers. There are ten counties that contain larger hospitals desig-
nated as supporting assigned CAHs. Four counties contain CAHs that 
are supported by out of state hospitals. There are 23 counties that do 
not contain either a supporting hospital or a CAH. These networks 
are included in our analyses to understand not only individual county 
resources but also collective resources within established patient trans-
fer patterns.

Figure 1. Kansas Rural Health Networks. 
*Gray counties are those without a CAH.

Based on reports of the impact of COVID-19 to date, three catego-
ries were established to organize the data, each relating to a different 
aspect of COVID-19 preparedness: (1) healthcare system capacity, (2) 
critical care-related resources, and (3) COVID-19-related risk factors 
at the population level.22

The variables in the first category, healthcare system capacity, were: 
total number of hospitals, total number of CAHs, total active M.D. and 

D.O. phsycians, and active M.D.s and D.O.s per 1,000 people. The vari-
ables chosen to describe critical care-related resources (the second 
category of variables) in Kansas were: total primary care physicians, 
primary care physicians per 1,000 people, total anesthesia providers 
(M.D., D.O., and Certified Registered Nurse Anesthetists (CRNA)), 
total pulmonary disease M.D.s, total ICU beds, and ICU beds per 1,000 
people. The providers were selected based on evidence of those most 
involved in the care of critically ill COVID-19 patients, specifically 
those needed in intensive care units.23 While the data were variable, 
reports have shown 4.9 - 14.2% of  COVID-19 hospitalized patients 
require ICU admission, making providers with pulmonary and critical 
care training important.24,25 There were no data available in the AHRF 
database on pulmonary physicians with a degree other than an M.D. 
To recognize the contributions nursing staff provide to COVID-19 
patients, a future analysis dedicated specifically to this critical work-
force is recommended at a later time. 

To understand ICU beds beyond the raw number and number per 
1,000 people, they were examined in the context of the Kansas rural 
health networks, which reflect established patient transfer patterns. 
Two binary indicator variables were created (0/1) to identify coun-
ties as a “CAH county” or a “supporting county.” A supporting county 
was any county that contained a hospital that received transfers from 
CAH counties. A categorical variable was created to establish groups 
of counties based on what supporting hospital their CAH fed into. See 
Appendix for detailed information on variable use and construction 
(Appendix is online only at journal.ku.edu/kjm).

The variables chosen to describe population-level COVID-19 risk 
factors (the third category of variables) were: percentage of the popu-
lation eligible for Medicare, percent active physicians (M.D. and D.O.) 
over age 55, percent active physicians over age 65, and three-year mor-
tality average per 1,000 people for cardiovascular disease, influenza 
and pneumonia, and chronic obstructive pulmonary disease (COPD). 
The variables for physician age demonstrated the proportions of the 
physician workforce who were, themselves, at higher risk for severe 
COVID-19 illness or death if they contracted the virus. The three-
year disease mortality rates per 1,000 people were used as proxies 
for disease burden because individuals with chronic conditions are at 
higher risk for severe illness and death if infected with COVID-19.5

Data Analysis. Variables were analyzed descriptively to understand 
the range of resources, capacity, and risk across the state by rurality 
category. Using RUCC classifications, Kansas counties were grouped 
into three categories, referred to as rurality categories: rural (RUCC 7 
- 9), nonmetropolitan/urban adjacent (4 - 6), and metropolitan (1 - 3). 
Summary statistics were calculated for each variable. These included 
frequencies and percentages for categorical variables and measures of 
central tendency for continuous variables. The AHRF is a ‘population’ 
dataset, representing all applicable data points used in each test, and is 
not a sample. While other published studies that have used the AHRF 
have used t-tests for continuous variables,26,27 we concluded that the 
best bivariate test to determine meaningful differences in resources, 
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capacity, and risk by rurality category (rural, nonmetropolitan/urban 
adjacent, and metropolitan) were two-tailed z-tests using standard 
deviations. Analyses were conducted using Stata/SE 15. 

RESULTS
The AHRF database included 3,230 counties, which were nar-

rowed to the 105 counties in Kansas. There were 63 (60.0%) counties 
designated as rural, 23 (21.9%) nonmetropolitan/urban adjacent coun-
ties, and 19 (18.1%) metropolitan counties. As noted above, variables 
of interest were grouped by relevance to healthcare system capac-
ity, critical care-related resources, or population-level COVID-19 risk 
factors. Variables were cross tabulated by the rurality category (rural, 
nonmetropolitan/urban adjacent, and metropolitan) to describe differ-
ences. Table 1 summarizes the variables statewide. Table 2 summarizes 
average healthcare system capacity, critical care-related resources, and 
population-level COVID-19-related risk factors among counties in 
each rurality category.

Healthcare System Capacity. There were 96 counties with at least 
one hospital and nine counties without a hospital. Of the nine coun-
ties without a hospital, five were rural and four were metropolitan. The 
average number of hospitals per metropolitan county was 2.8. Nonmet-
ropolitan/urban adjacent and rural counties had an average of 1.3 and 
1.1 hospitals per county, respectively, with 65.2% of nonmetropolitan/
urban adjacent counties and 74.6% of rural counties having one hos-
pital per county. Both the nonmetropolitan/urban adjacent and rural 
categories fell below the state average of 1.5. Z-tests were conducted to 
determine if there were meaningful differences in the average number 
of hospitals per county between rural and metropolitan counties (p = 
0.053) and between rural and nonmetropolitan/urban adjacent coun-
ties (p = 0.109). There was no statistically significant difference in 
average number of hospitals according to a county’s rurality category.

There were 72 counties with at least one CAH and 33 counties with 
no CAH. Of the counties with at least one CAH, 55 (76.4%) were rural, 
12 (16.7%) were nonmetropolitan/urban adjacent, and 5 (6.9%) were 
metropolitan. Nonmetropolitan/urban adjacent and rural counties had 
an average of 0.7 and 1.0 CAHs per county, respectively. Metropolitan 
counties had an average of 0.3 CAHs per county, which was below the 
state average of 0.8. This was expected given that the CAH program 
was designed for rural areas. A z-test found a statistically significant 
difference in the average number of CAHs in rural versus metropolitan 
counties (p < 0.001) and in rural versus nonmetropolitan/urban adja-
cent counties (p = 0.032).

The state of Kansas had an average of 73.7 physicians per county, 
with a range of 0 to 3,259 physicians per county (Figure 2). On average, 
metropolitan counties had 348.4 per county, nonmetropolitan/urban 
adjacent 34.0, and rural 5.3, indicating a statistically significant differ-
ence in the supply of physicians per county by rurality category. The 
metropolitan category had the widest variation of the three rurality 
categories, from a low of 1 to a high of 3,259. Z-tests found a statistically 
significant difference between the means of rural versus nonmetro-

politan/urban adjacent counties (p < 0.001), but no difference between 
rural and metropolitan counties (p = 0.059) since the test accounts for 
variation within the two groups being compared.

Table 1. Summary of variables of interest statewide.
Healthcare system capacity
Kansas (n = 105) Mean Range

Total number of hospitals 1.5 0 - 14
Total number of CAHs 0.8 0 - 2
Total active M.D.s and D.O.s 73.7 0 - 3,259
Active M.D.s and D.O.s per 1,000 people 1.0 0 - 5.5
Critical Care-related Risk Factors Mean Range
Primary care physicians 21.4 0 - 725
Primary care physicians per 1,000 people 0.6 0 - 2.0
Anesthesia providers 9.8 0 - 335
Pulmonary disease M.D.s 1.0 0 - 64
Total ICU beds 4.3 0 - 97
ICU beds per 1,000 people 0.1 0 - 1.5
Population-level COVID-19 Risk Factors Mean Range
Percentage of population Medicare eligible 22.6% 10.3% - 34.0%
High-risk physician workforce population: 
age 55+ 42.7% 100.0%

High-risk physician workforce population: 
age 65+ 17.0% 100.0%

Three-year mortality from heart disease per 
1,000 people 1.6 0.4 - 4.7

Three-year mortality from COPD per 1,000 
people 0.7 0.2 - 0.8

Three-year mortality from influenza and 
pneumonia per 1,000 people 0.3 0.1 - 0.7

Metropolitan counties had an average of 1.5 physicians per 1,000 
people. Nonmetropolitan/urban adjacent counties had an average of 
1.2 physicians per 1,000 people, and rural counties had 0.8 physicians 
per 1,000 people. Only rural counties fell below the state average of 1.0. 
A z-test was conducted to compare the means between rural and met-
ropolitan counties (p = 0.043) and between rural and nonmetropolitan/
urban adjacent counties (p = 0.10). Rural counties had significantly 
smaller physician workforces compared to both other types of counties. 

Critical Care-Related Resources. The variable, “primary care 
physicians (PCPs), non-federal,” combined family medicine, general 
practice, general internal medicine, and pediatric physicians, according 
to AHRF documentation. Metropolitan counties had an average of 89.6 
PCPs, nonmetropolitan/urban adjacent counties had 14.6, and rural 
counties had 3.4. Z-tests were conducted to determine whether there 
were statistically significant differences in the mean supply of rural 
versus metropolitan PCPs (p = 0.042) and rural versus nonmetropoli-
tan/urban adjacent PCPs (p < 0.001). Rural counties had fewer PCPs 
on average than either other type of county. The primary care work-
force also was examined in terms of number of PCPs per 1,000 people. 
In metropolitan counties, there were 0.5 PCPs per 1,000 people, in 
nonmetropolitan/urban adjacent 0.6, and in rural 0.6. Z-tests showed 
no difference between average rural and metropolitan per-1,000-per-
son rates (p = 0.715) or between the average PCPs per 1,000 people 
in rural versus nonmetropolitan/urban adjacent counties (p = 0.671). 
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Table 2. Average healthcare system capacity, critical care-related risk factors, and population-level COVID-19 risk factors across 
Kansas counties in each rurality category.

Metro
(n = 19)

Nonmetro/
urban adjacent

(n = 23)

Rural
(n = 63) Metro vs. rural 

comparison
Nonmetro vs. rural 

comparison

Healthcare system capacity 
(means/per county)
Total number of hospitals 2.8 1.3 1.1 0.053 0.109
Total number of CAHs 0.3 0.7 1.0 < 0.001** 0.032*
Total active M.D.s and D.O.s 348.4 34.0 5.3 0.059 < 0.001**
Active M.D.s and D.O.s per 1,000 people 1.5 1.2 0.8 0.043* 0.010**
Critical care-related risk factors 
(means/county)
Total primary care physicians 89.6 14.6 3.4 0.042* < 0.001**
Primary care physicians per 1,000 people 0.5 0.6 0.6 0.715 0.671
Anesthesia providers 43.9 6.4 0.8 0.036* < 0.001**
Pulmonary disease M.D.s 5.1 0.2 0.0 < 0.001** 0.475
Total ICU beds 15.9 5.0 0.5 0.017* < 0.001**
ICU beds per 1,000 people 0.1 0.2 0.1 0.357 0.004**
Population-level COVID-19 risk factors 
(means/county)
Percentage of population Medicare eligible 19.3%% 20.7% 24.2% < 0.001** 0.003**
High-risk physician workforce population: 
age 55+
   Mean % of physicians aged 55+ 39.7% 42.9% 49.3% 0.177 0.248
   Proportion of counties with > 50% of 

 physicians 55+ 31.6% 30.4% 61.9% 0.016* 0.007**

High-risk physician workforce population: 
age 65+
   Mean % of physicians aged 65+ 16.0% 16.5% 26.2% 0.123 0.056
   Proportion of counties with > 50% of 

 physicians 65+ 5.3% 4.3% 28.6% 0.003** < 0.001**

Three-year mortality from heart disease per 
1,000 people 1.3 1.4 2.1 < 0.001** 0.004**

Three-year mortality from COPD per 1,000 
people 0.6 0.8 0.9 < 0.001** 0.083

Three-year mortality from influenza and 
pneumonia per 1,000 people 0.2 0.3 0.5 0.041* 0.144

*Indicates significance at the 0.05 confidence level. 
**Indicates significance at the 0.01 confidence level.
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Figure 2. M.D./D.O.s per county.

Next, the supply of anesthesia providers was examined, which 
included M.D. and D.O. anesthesiologists as well as CRNAs. Eleven 
(57.9%) metropolitan counties and 17 (73.9%) nonmetropolitan/
urban adjacent counties had two or more anesthesia providers. Forty 
(63.5%) rural counties had zero anesthesia providers. The mean 
number of anesthesia providers in metropolitan counties was 43.9, 
in nonmetropolitan/urban adjacent it was 6.4, and in rural 0.8. Both 
nonmetropolitan/urban adjacent and rural counties fell well below 
the state average of 9.8. Z-tests were used to determine whether there 
were statistically significant differences between the average number of 
anesthesia providers in rural versus metropolitan counties (p = 0.036) 
and in rural versus nonmetropolitan/urban adjacent counties (p < 
0.001). In both cases, rural counties had significantly fewer anesthesia 
providers.

Figure 3. Anesthesia providers per county.

On average, both nonmetropolitan/urban adjacent and rural 
counties had fewer than the state average of 1.0 pulmonary disease 
M.D. (mean in nonmetropolitan/urban adjacent counties 0.2, in rural 
0.0). In contrast, metropolitan counties had an average of 5.1. Z-tests 
were used to determine that the means in rural versus metropolitan 
counties were statistically significant with fewer pulmonary disease 
physicians than urban counties in Kansas (p < 0.001), but there were 
no differences between rural and nonmetropolitan/urban adjacent 
counties (p = 0.475).

The maximum number of ICU beds in any county was 97. There 
were no data available in the AHRF on surge capacity, or how far 
above their maximum ICU beds any hospital or county might be able 
to go. The majority of the state’s available ICU beds were in the five 
most metropolitan counties (RUCC = 1), which collectively had 60% 
of all medical/surgical ICU beds in the state. Fifty-six (88.9%) rural 
and eight (34.8%) nonmetropolitan/urban adjacent counties had 
zero ICU beds. On average, metropolitan counties had 15.9 ICU beds, 
nonmetropolitan/urban adjacent had 5.0, and rural had 0.5. Although 
metropolitan and nonmetropolitan/urban adjacent counties were 
above the state average of 4.3, rural counties fell well below. Z-tests 
showed that the mean supply of ICU beds in rural counties was sig-
nificantly different from the mean supply in metropolitan counties 
(p = 0.017), and it was different from the mean supply in nonmetro-
politan/urban adjacent counties (p < 0.001). When analyzed in terms 
of ICU beds per 1,000 people, results were different. Metropolitan 
counties had 0.1 ICU beds per 1,000 people, nonmetropolitan/urban 
adjacent had 0.2, and rural had 0.1. Z-tests showed a statistically sig-
nificant difference in this rate between rural and nonmetropolitan/
urban adjacent counties (p = 0.004), but not between rural and met-
ropolitan counties (p = 0.357).

Figure 4. ICU beds by county.

The data available for ICU beds and the structure of the Kansas 
Rural Health Network allowed for assessing the availability of ICU 
beds within counties supporting CAHs. Using population estimates 
from 2017, the county populations in each individual network (the 
counties of a given supporting hospital and its supported CAHs) were 
summed. The number of ICU beds were calculated per 1,000 people 
in each individual network. There were, on average, 0.14 ICU beds 
per 1,000 people in each network.

Population-level COVID-19 Risk Factors. On average, 19.3% of 
metropolitan county populations, 20.7% of nonmetropolitan/urban 
adjacent county populations, and 24.2% of rural county populations 
were Medicare eligible. A z-test was conducted to compare these 
mean percentages across rurality categories. Rural and metropolitan 
counties were compared (p < 0.001), as were rural and nonmetro-
politan/urban adjacent counties (p = 0.003), with both tests showing 
statistically significant differences. These findings indicated elderly 
individuals make up significantly greater proportions of the popula-
tions in rural counties.
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populations and ICU capacity in Kansas.

Supporting 
county

Number of 
CAHs 

supported

Number of 
ICU beds in 

network
Population 
in network

ICU beds per 
1,000 people RUCC

Crawford 1 8 59,179 1.35 4

Ellis 23 12 137,367 0.87 5

Finney 9 8 64,928 1.23 5

Johnson 2 97 611,530 1.59 1

Pratt 3 6 20,130 2.98 7

Reno 1 13 72,170 1.80 4

Riley 4 8 121,268 0.66 3

Saline 10 18 143,850 1.25 5

Sedgwick 8 48 627,956 0.76 2

Shawnee 5 32 235,717 1.36 3

Out of state 4 4 45,740* 0.87 n/a

*This does not include the out of state county that supports the Kansas popula-
tion.

DISCUSSION
This study investigated COVID-19-related healthcare system capac-

ity, critical care resources, and population-based health risk factors in 
Kansas. Limited hospital presence in nonmetropolitan/urban adjacent 
and rural counties is problematic in the context of rising COVID-19 
cases. Moreover, hospitals that are in nonmetropolitan/urban adja-
cent and rural counties tend to be CAHs, which are by nature limited 
in scope and acuity level.

There are approximately 69.1 primary care physicians per 100,000 
people in the U.S. as of 2017.28 According to the Organization for Eco-
nomic Cooperation and Development (OECD), the U.S. average of 
2.6 physicians per 1,000 is lower than the OECD average of 3.3. The 
Kansas average is even lower at 1.0 physician per 1,000, and the rural 
county level is 0.8 physicians per 1,000, highlighting the physician 
maldistribution in the U.S. Given that physician expertise is critical in 
COVID-19 prevention, monitoring, and treatment, the limited physi-
cian workforce in rural areas is alarming. While knowledge of a rural 
physician shortage is not new, understanding the shortage in terms of 
its criticality to COVID-19 or other similar, future public health threats 
is an important contribution to the rural health literature.

Most physicians in rural and nonmetropolitan/urban adjacent 
areas are primary care physicians; however, even among primary care 
specialties, the workforce is minimal in rural counties.29 The primary 
care physicians who are practicing in rural areas are beneficial to these 
communities facing COVID-19, as they bring a wide skill set to the 
healthcare team. However, our data showed that these physicians do 
not exist in sufficient numbers; thus, rural Kansas is in a vulnerable 
position.30,31

Further, rural and nonmetropolitan/urban adjacent counties have 
serious voids in anesthesia and pulmonary medicine physicians, hin-
dering the treatment of severe COVID-19 cases in these areas. Nearly 
two-thirds of rural counties had no anesthesia providers of any kind. 
This is of particular concern because anesthesia providers bring a 
unique skill set to COVID-19 patient management, including intuba-
tion for mechanical ventilation. In critically ill patients, profound acute 

hypoxemic respiratory failure from acute respiratory distress syndrome 
is the dominant clinical finding in COVID-19.23 In a study of 5,700 
hospitalized patients in New York, 1,151 (20.0%) required mechanical 
ventilation.25 Our evidence of the lack of rural anesthesia providers was 
consistent with past findings relevant to the U.S. as a whole; a study of 
all U.S. counties from 2010 - 2015 found nonmetropolitan/urban adja-
cent counties had less than half the amount of anesthesia providers that 
non-nonmetropolitan/urban adjacent counties had, 7.72 versus 16.42 
per 100,000 people, respectively.32 This relationship was especially 
significant for anesthesiologists, who were four times more likely to 
work in urban counties. 

Our findings showed an overall shortage of pulmonary disease phy-
sicians in Kansas. Rural and nonmetropolitan/urban adjacent counties 
had averages of zero, and metropolitan counties had an average of one, 
with only the five most metropolitan counties having two or more. This 
finding was consistent with previous research. A 2017 study showed 
that approximately 5% (2.2 million) of adults living in rural areas do not 
have a pulmonologist available within 50 miles.33 It also showed that 
among 12,392 U.S. self-identified pulmonologists, 92.9% were located 
in metropolitan areas, whereas only 2.1% practiced rural areas.

Particularly alarming was the limited ICU capacity in nonmetropoli-
tan/urban adjacent and rural areas. Our results showed that while 96 of 
105 Kansas counties had at least one hospital, 88% of rural counties had 
no ICU services. Although evidence on hospitalization rates varies, up 
to 25% of those hospitalized for COVID-19 may need ICU admission, 
representing approximately 5 - 8% of the total infected population.23 
Overall, the results from our study aligned with other national data 
on hospital and ICU beds. For example, in the Society of Critical Care 
Medicine’s most up-to-date statistics on resources, 9% of U.S. hospitals 
with ICU services and 1% of ICU beds were located rural areas, defined 
as areas with fewer than 10,000 people.9

These results provided important context for rural Kansas. Without 
intensive care services in rural counties, many hospitals will need to 
rely on the closest supporting hospitals during the COVID-19 crisis in 
rural Kansas. Kansas Rural Health Networks provide coordinated alli-
ances of supporting hospitals assigned to critical access hospitals,21 but 
the supporting hospitals cover up to 23 counties each. The ICU beds-
per-1,000-people ratios were assessed to understand the potential 
for COVID-19 to overwhelm these supporting hospitals. Our results 
showed that the average ratio was 0.14 ICU beds per 1,000 people. 
While 0.14 is less than one ICU bed, the reason this variable was scaled 
to 1,000 people was because of the distribution of rural populations. 
Using the AHRF data, the majority of Kansas rural counties had an 
average population of 3,000 people, and this resource should be viewed 
in the context of rural counties’ realities.

Older adults are affected more commonly and are more likely to 
have severe disease in the event of COVID-19 infection.25,34 Age is a 
risk factor to be considered not only among the general populace, but 
also among the physician workforce. Over one-third of the physician 
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workforce in metropolitan and nonmetropolitan/urban adjacent coun-
ties in Kansas and nearly half in rural counties could be at greater risk 
for COVID-19 due to being over age 55. In rural counties, one-fifth of 
their physician workforce was over age 65. The fact that these propor-
tions were not statistically different from those found in metropolitan 
counties meant that all counties, regardless of rurality, should be con-
cerned about the proportions of the physician workforce that could be 
at a higher risk for severe illness if exposed to COVID-19. The percent 
of the general population estimated to be over the age 65 was higher 
among rural counties (24.2%) than metropolitan counties (19.3%). 
This difference in age structures across Kansas counties has the po-
tential to influence the severity of COVID-19 cases and the associated 
mortality. It is important that these facts are viewed in terms of practi-
cal significance, not only statistical significance.

This study sought to describe the burden of chronic underlying 
conditions that may increase a patient’s risk for severe illness from 
COVID-19 by rurality. In a study assessing a COVID-19 outbreak 
across several long-term care facilities in the state of Washington, 
94.0% of 101 facility residents affected had a chronic underlying condi-
tion, with hypertension and cardiac disease being most common.35 On 
average, rural counties in Kansas had more deaths per 1,000 people by 
cardiovascular diseases and COPD than metropolitan and nonmetro-
politan/urban adjacent counties. These higher mortality rates among 
nonmetropolitan/urban adjacent and rural populations in conditions 
associated with greater risk for severe COVID-19 illness, combined 
with the greater proportion of elderly individuals in rural counties, 
were important factors that nonmetropolitan/urban adjacent and 
rural counties should consider. While some of the differences in raw 
numbers may seem small, practical significance must again be taken 
into account. Even small increases in disease burden can mean serious 
complications for rural health systems given the shortages of health-
care resources we have described.

This study had several limitations. Our study utilized 2017 data to 
assess capacity, preparedness, and risk factors for a pandemic that 
began in 2020. While these data were valid for descriptive purposes, 
more recent data would provide a more accurate picture of the circum-
stances Kansas will face in the months to come. In addition, depending 
on how state policymakers choose to make resource-related decisions, 
it may be necessary to examine resources in the context of the state 
medical underservice schema, rather than the federally-established 
RUCC system.36 Lastly, while the AMA Physician MasterFile has been 
found to be a valid and frequently-used source, it does rely on physician 
self-reporting and this is an important factor when considering study 
limitations.37,38

The use of bivariate statistics was intended to be descriptive, as the 
entire population of Kansas counties was used rather than a sample. 
There would be value in completing a per capita analysis for all of these 
resources and more, and this is a suggested direction for future work. 
In addition, future research should include more conclusive evidence 

on rural disease burden and broaden the scope to include other criti-
cal COVID-19 care providers, including nursing staff. We believe this 
analysis should be performed again, following the same or similar pro-
tocol, after 2020 Census data are available.

CONCLUSIONS
In this study, the Kansas healthcare system capacity and critical 

care-related resources important to the care of COVID-19 patients 
were investigated at the county level in the context of population health 
characteristics. This study found that the quantity of total physicians, 
primary care physicians, and specialty physicians needed for the care of 
COVID-19 patients decreased dramatically in nonmetropolitan/urban 
adjacent areas and especially in rural areas. In addition to the physician 
workforce shortage challenging rural Kansas, ICU bed scarcity was also 
problematic. Most rural counties had no intensive care units and when 
analyzed at the supporting-network level, there was an average of 0.14 
ICU beds per 1,000 people. Lastly, there was significant risk for inun-
dating the healthcare system due to the increased portion of the general 
population over the age 65 and the higher average three-year mortal-
ity for COVID-19-associated underlying chronic conditions in rural 
populations. This evidence cast light on rural Kansas and the threat it 
faces from COVID-19 and similar crises with limited healthcare system 
capacity and resources.

These findings should inform rural physicians, county public health 
officials, as well as other health professionals on the front lines of 
COVID-19 preparedness and response. Our study can educate rural 
Kansas healthcare professionals on the level of risk for severe COVID-
19 cases within their populations. This information may be useful 
to other majority-rural states to the extent their rural counties are 
resourced similarly. Future research should examine these resources 
in a variety of rural contexts so that rural communities can prepare for 
future health crises. 
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