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Abstract

Objective: This study aimed to determine if a disproportionate number of radiologists practice in high-
income versus low-income counties in New Jersey (NJ), identify which vulnerable populations are most in
need of more radiologists, and discuss how these relative differences can ultimately influence health
outcomes.

Methods: The NJ Health Care Profile, a database overseen and maintained by the Division of Consumer
Affairs, was queried for all actively practicing radiologists within the state of NJ. These results were grouped
into diagnostic and interventional radiologists followed by further stratification of physicians based on the
counties where they currently practice. The median household income and population size of each county
for 2021 were obtained from the US Census database. The ratio of the population size of each county over the
number of radiologists in that county was used as a surrogate marker for disparities in patient care within
the state and was compared between counties grouped by levels of income.

Results: Of the 1,186 board-certified radiologists actively practicing within the state of NJ, 86% are solely
diagnostic radiologists and 14% are interventional radiologists. About 44% of radiologists practice within
counties that are within the top one-third of median household income in NJ, 25% practice within counties
in the middle one-third, and 31% practice within counties in the bottom one-third.

Conclusions: There is a disproportionate number of radiologists practicing in high-income counties as
opposed to lower-income counties. A contradiction to this trend was noted in three low-income counties:
Essex, Camden, and Atlantic County, all of which exhibited low numbers of individuals per radiologist that
rivaled those of higher-income counties. This finding is a concrete measure of successful radiologist
recruitment efforts within these counties during the past few years to combat the increased prevalence of
disease and associated complications that historically marginalized communities tend to disproportionately
exhibit. Other low-income counties should look to what Essex, Camden, and Atlantic County have done to
increase radiologist recruitment to levels that rival those of high-income areas.
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Introduction

The growing shortage of physicians in the United States and the implications this trend has on overall
patient health has been well documented. Patients who are residents of areas deemed to have a shortage of
primary care physicians, which are typically low-income or rural areas, have already been shown to have
increased morbidity and mortality due to heart disease, cancer, and diabetes [1]. The COVID-19 pandemic
highlighted the severe scarcity of healthcare resources which includes the number of physicians as well as
access to screening tests and medical imaging [2]. While there is a rapidly increasing demand for medical
imaging in the hospital, there is an alarming decline in the number of radiologists available to read the
growing number of imaging studies. One previous study conservatively predicted that the demand by 2030
for radiologists would rise to a staggering 62,000 radiologists, yet there will only be a predicted 33,700
radiologists available [3,4]. Without drastic advancements in technology to assist in reducing the time spent
reading each imaging study, radiologists will be unable to accommodate the increasing orders for imaging
leading to further radiologist burnout [5]. This discrepancy in the number of radiologists can have severe
ramifications in regards to patient care including missed or delayed diagnoses.

Previous county-level analysis of the US radiologist workforce utilized public datasets from 2014 and earlier
which showed negative associations between county income and radiologist supply [6]. There are very few,
recent studies that assess radiologists' geographical distribution despite an almost near-double increase in
computed tomography and ultrasound tests ordered from 2010 to 2020 [7].
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This surge is seen especially after the resolution of the COVID-19 pandemic and more specifically in
underserved communities where an uptick in imaging studies like breast cancer screenings was observed.
Essex County, New Jersey (NJ), is home to a large underserved community that observed a significant
increase in the number of screening mammograms following the COVID-19 shutdown [8]. Without a
sufficient supply of radiologists to read these screening mammograms in a timely manner, patient outcomes
could be severely affected if a diagnosis were delayed or missed [9]. However, there are no studies that assess
if the supply of radiologists in NJ in underserved areas such as Essex County is adequately sufficient to
handle the increase in imaging volume. The primary objective of this study is to evaluate the geographical
distribution of radiologists in relation to county income in NJ in hopes to identify any disparity in patient
care in the field of radiology.

This article was previously presented in the form of an electronic poster presentation at the 2023 American
College of Radiology Annual Meeting on May 6, 2023.

Materials And Methods

To ultimately evaluate disparities in radiologist densities between different counties, a list of currently
active and practicing radiologists had to be generated. This study chose to utilize and query the NJ Health
Care Profile to generate the aforementioned list. The database’s maintenance and oversight by the Division
of Consumer Affairs made it a highly reliable option for the purposes of this study [10].

The advanced search option setting was used to generate alphabetized lists of actively practicing radiologists
within NJ. Each radiologist was then searched online to determine all the locations, and ultimately the
counties, in which they were practicing. Multiple locations within a single county were only listed as one
county location due to the focus of the study pertaining to the actual counties themselves rather than the
towns comprising the county. Any physician practicing outside of NJ was disregarded. Once a physician was
found to be practicing in at least one location within the state of NJ, they were further stratified on the basis
of being either a diagnostic radiologist or an interventional radiologist.

Using the US Census database, the median household income and population size for each county was
recorded in the year 2021. All of the counties were then ordered by their median household so that the
counties could be stratified into the following three different income categories: counties in the top one-
third of median household income, counties in the middle one-third of median household income, and
counties in the bottom one-third of median household income.

Using the substratifications by radiology specialty type, household income, population size, and counties,
Microsoft Excel (Microsoft, Washington, USA) was used to carry out chi-squared analyses and descriptive
statistics on these different subgroups, including many proportions and ratios using the stratified dataset.
This allowed the study to use the ratio of the population size of each county to the number of radiologists in
each county to serve as a surrogate marker for disparities following a standardization to account for
differing population sizes between all of the different counties within the state. This ratio was subsequently
used to compare disparities in the amount of practicing radiologists within a county on the basis of the
income level within which the county fell into. A p-value less than 0.05 was considered statistically
significant.

Results

After querying the NJ Health Care Profile for all actively practicing radiologists within the state of New
Jersey, the study identified 1,186 board-certified radiologists. Of these 1,186 radiologists, 86% (1,038
physicians) are solely diagnostic radiologists, while 14% (148 physicians) are interventional radiologists. As a
result of many radiologists covering locations in multiple counties, the study found 1,555 county-based
coverages.

Subsequent to stratifying counties by median household income in 2021, three groupings of the counties
were created by splitting the counties into the following: in the top one-third of median household income,
in the middle one-third of median household income, and in the bottom one-third of median household
income. The study found that of the 1,555 county-based coverages, 44.37% (690 coverages) of them were in
counties in the top one-third of median household income. About 25.15% (391 coverages) were in counties
in the middle one-third of median household income, while 30.48% (474 coverages) were in counties in the
bottom one-third of median household income (Table ). A subsequent chi-squared analysis of the county-
based coverages was performed resulting in a p-value of less than 0.001.
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County sub-group County Median income Population # of radiologists Individuals/radiologist
Morris $123,727 491,845 7 6927
Hunterdon $123,373 124,371 26 4784
Somerset $121,695 328,934 51 6450
Top one-third of median household income Monmouth $110,356 618,795 146 4238
Bergen $109,497 932,202 182 5122
Sussex $101,645 140,488 15 9366
Middlesex $96,883 825,062 199 4146
Burlington $95,935 445,349 49 9089
Gloucester $93,208 291,636 36 8101
Union $87,369 556,341 92 6047
Middle one-third of median household income Mercer $85,687 367,430 7 5175
Warren $85,163 105,267 20 5263
Hudson $79,795 672,391 62 10845
Passaic $78,386 501,826 61 8227
Ocean $76,644 607,186 ral 8552
Cape May $76,237 92,039 14 6574
Camden $75,485 506,471 130 3896
Bottom one-third of median household income Salem $67,898 62,385 3 20975
Essex $67,826 798,975 155 5155
Atlantic $66,473 263,670 78 3380
Cumberland $58,397 149,527 23 6501

TABLE 1: County population sizes and corresponding radiologist counts in NJ

The national percentage of individuals living below the poverty level in 2021 was estimated to be 12.8% [11].

Of the 21 counties that make up the state of NJ, five were found to have a higher percentage of individuals
living below the poverty level compared to the national percentage of 12.8% (Figure ). Hudson County was
found to have the highest percentage of individuals living below the poverty level within the state with 16%
living below the poverty level.
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FIGURE 1: Graph demonstrating the number of individuals in each
county per radiologist

As aforementioned, to standardize the number of radiologists covering an area by the population size of a
given county, ratios of individuals to radiologists were compared across the 21 counties to generate the
number of patients per single radiologist (Table 2 and Figure ). The average number of individuals per
radiologist was 5,861 in the top one-third of the median household income county subgroup, 7,535 in the
middle one-third of the median household income county subgroup, and 7,861 in the bottom one-third of
the median household income county subgroup. A subsequent chi-squared analysis of the individuals per
radiologist stratified by county income level was performed resulting in a p-value of less than 0.001.

of
Highest one-third of income bracket: 690
Chi-squared analysis of radiologist coverage by county income bracket Middle one-third of income bracket: 391 p<0.001
Lowest one-third of income bracket: 474
Highest one-third of income bracket: 5,861
Chi-squared analysis of radiologist coverage by county income bracket Middle one-third of income bracket: 7,535 p<0.001

Lowest one-third of income bracket: 7,861

A p-value less than 0.05 is considered statistically significant

TABLE 2: Statistical analysis of radiologist distribution by income bracket subgroup

Discussion

There is a clear discrepancy between the need for radiologists and the availability of radiologists per given
geographic area in the state of NJ. When assessing the geographic distribution of radiologists within the
state, it becomes apparent that there is an enormous amount of variability in the number of people per
available radiologist within certain towns and counties.

The present study found 1,555 county-based coverages by radiologists within the state, and of these, the
largest percentage of coverages (44.7%) were in counties that fell into the top one-third of median
household income relative to all counties within the state. Statistical analyses demonstrated a significant
difference in county-based coverage by radiologists depending on county income stratification. Therefore,
from a public health standpoint that underscores health equity, this is an extremely alarming trend
especially given the already apparent disparity in the rates of certain radiologic procedures, such as
diagnostic and screening mammograms, within low-income communities [12]. An inequitable distribution of
radiologist coverage as evidenced by the present study can further serve to exacerbate these community-
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wide systemic health disparities [13].

The number of patients per radiologist within a certain categorical stratification was used as a surrogate
measure for entities such as healthcare resource allocations and the burden on medical professionals, both
of which are critical factors that ultimately determine the quality of care that a patient receives [14]. With
decreased resources per patient and an increased burden on medical professionals, health outcomes are
negatively affected. The present study calculated the ratios of individuals to available radiologists within
different counties and towns to elucidate the current state of radiologists and the healthcare burden within
the state. Statistical analyses demonstrated significant differences in patients per radiologist depending on
county income level. Alarmingly, the bottom one-third of the median household income county subgroup
had the largest patient-to-radiologist ratio (7,861 patients per radiologist compared to 5,861 patients per
radiologist in the highest one-third of the income subgroup). This is yet again extremely concerning given
that there is already an abundance of evidence to suggest that lower-income communities are in greater
need of healthcare resource allocation [15].

Despite the importance and significant implications of the results of this study, it is also important to
acknowledge a few limitations of the study. The data for the study regarding the populations of each county
within the state of NJ was limited by the most recent US Census Bureau report which was in 2021. Therefore,
any systemic changes that may have been instituted to remedy statewide health disparities after this year
may not be accurately reflected. Additionally, querying the NJ Health Care Profile did not allow for the
investigators of this study to account for teleradiology within counties. Despite these limitations, the results
of this study demonstrated clear significance in the disparities pertaining to radiology within the state.
Further longitudinal studies to assess radiologist recruitment efforts are needed to determine which counties
are successfully recruiting more radiologists.

Conclusions

Many public health efforts and initiatives to streamline equitable healthcare have displayed the need for
greater medical resource allocation in low-income communities, particularly due to the greater need present
within these communities. However, the current study shows that the field of radiology specifically within
the state of NJ has yet to address this concern.

It is apparent that the highest income communities have less patient burden for radiologists, a surrogate for
patient outcomes and health within the community as a whole. There needs to be a statewide re-evaluation
of current policies and initiatives to redirect the geographic distribution of radiologists to better reflect the
number of patients in a given geographic location rather than the current trend of following geographic
income levels. NJ is particularly vulnerable to systemic community-based health disparities rooted in
socioeconomic disparities due to having many counties (5 out of 21) that are even below the national poverty
level.

As we continue to evaluate what can be done to improve community health both statewide and nationally, it
is imperative that we explore the avenue of redirecting radiologists geographically to create uniformity in
the number of patients per radiologist in a given geographic county and area.

Additional Information
Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Virani SS, Akeroyd JM, Ramsey DJ, et al.: Health care resource utilization for outpatient cardiovascular
disease and diabetes care delivery among advanced practice providers and physician providers in primary
care. Popul Health Manag. 2018, 21:209-16. 10.1089/pop.2017.0090

2. Ahmed H, Carmody JB: On the looming physician shortage and strategic expansion of graduate medical
education. Cureus. 2020, 12:e9216. 10.7759/cureus.9216

3. Smith-Bindman R, Kwan ML, Marlow EC, et al.: Trends in use of medical imaging in US health care systems
and in Ontario, Canada, 2000-2016. JAMA. 2019, 322:843-56. 10.1001/jama.2019.11456

4. Bhargavan M, Sunshine JH, Schepps B: Too few radiologists?. AJR Am ] Roentgenol. 2002, 178:1075-82.
10.2214/ajr.178.5.1781075

5. Parikh JR, Wolfman D, Bender CE, Arleo E: Radiologist burnout according to surveyed radiology practice
leaders. ] Am Coll Radiol. 2020, 17:78-81. 10.1016/j.jacr.2019.07.008

2023 Lee et al. Cureus 15(8): e43474. DOI 10.7759/cureus.43474 50f6


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1089/pop.2017.0090
https://dx.doi.org/10.1089/pop.2017.0090
https://dx.doi.org/10.7759/cureus.9216
https://dx.doi.org/10.7759/cureus.9216
https://dx.doi.org/10.1001/jama.2019.11456
https://dx.doi.org/10.1001/jama.2019.11456
https://dx.doi.org/10.2214/ajr.178.5.1781075
https://dx.doi.org/10.2214/ajr.178.5.1781075
https://dx.doi.org/10.1016/j.jacr.2019.07.008
https://dx.doi.org/10.1016/j.jacr.2019.07.008

Cureus

10.
11.

12.

13.

Rosenkrantz AB, Wang W, Hughes DR, Duszak R Jr: A county-level analysis of the us radiologist workforce:
physician supply and subspecialty characteristics. ] Am Coll Radiol. 2018, 15:601-6.
10.1016/j.jacr.2017.11.007

Winder M, Owczarek AJ, Chudek J, Pilch-Kowalczyk ], Baron J: Are we overdoing it? Changes in diagnostic
imaging workload during the years 2010-2020 including the impact of the SARS-CoV-2 pandemic.
Healthcare (Basel). 2021, 9:1557. 10.3390/healthcare9111557

Lee W], Shah Y, Patel N, Ku A, Salvador M: The consequences of COVID-19 on breast cancer screenings in
an underserved urban population and the screening access of value for Essex program’s efforts to control
the damage. Cureus. 2023, 15:e42338. 10.7759/cureus.42338

Brady AP: Error and discrepancy in radiology: inevitable or avoidable? . Insights Imaging. 2017, 8:171-82.
10.1007/s13244-016-0534-1

New Jersey healthcare profile. (2023). Accessed: March 15, 2023: https://www.njdoctorlist.com/NJPublic/.
US census bureau QuickFacts: New Jersey . (2021). Accessed: March 15, 2023:
https://www.census.gov/quickfacts/fact/table/NJ .

Nguyen DL, Ambinder EB, Myers KS, Oluyemi E: Addressing disparities related to access of multimodality
breast imaging services before and during the COVID-19 pandemic. Acad Radiol. 2022, 29:1852-60.
10.1016/j.acra.2022.03.017

Rosenkrantz AB, Hughes DR, Duszak R Jr: The U.S. radiologist workforce: an analysis of temporal and
geographic variation by using large national datasets. Radiology. 2016, 279:175-84.
10.1148/radiol.2015150921

van Leeuwen KG, de Rooij M, Schalekamp S, van Ginneken B, Rutten MJ: How does artificial intelligence in
radiology improve efficiency and health outcomes?. Pediatr Radiol. 2022, 52:2087-93. 10.1007/s00247-021-
05114-8

Harford J, Azavedo E, Fischietto M: Guideline implementation for breast healthcare in low- and middle-
income countries: breast healthcare program resource allocation. Cancer. 2008, 113:2282-96.
10.1002/cncr.23841

2023 Lee et al. Cureus 15(8): e43474. DOI 10.7759/cureus.43474

6 0of 6


https://dx.doi.org/10.1016/j.jacr.2017.11.007
https://dx.doi.org/10.1016/j.jacr.2017.11.007
https://dx.doi.org/10.3390/healthcare9111557
https://dx.doi.org/10.3390/healthcare9111557
https://dx.doi.org/10.7759/cureus.42338
https://dx.doi.org/10.7759/cureus.42338
https://dx.doi.org/10.1007/s13244-016-0534-1
https://dx.doi.org/10.1007/s13244-016-0534-1
https://www.njdoctorlist.com/NJPublic/
https://www.njdoctorlist.com/NJPublic/
https://www.census.gov/quickfacts/fact/table/NJ 
https://www.census.gov/quickfacts/fact/table/NJ 
https://dx.doi.org/10.1016/j.acra.2022.03.017
https://dx.doi.org/10.1016/j.acra.2022.03.017
https://dx.doi.org/10.1148/radiol.2015150921
https://dx.doi.org/10.1148/radiol.2015150921
https://dx.doi.org/10.1007/s00247-021-05114-8
https://dx.doi.org/10.1007/s00247-021-05114-8
https://dx.doi.org/10.1002/cncr.23841
https://dx.doi.org/10.1002/cncr.23841

	Evaluating Health Disparities in Radiology Practices in New Jersey: Exploring Radiologist Geographical Distribution
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: County population sizes and corresponding radiologist counts in NJ
	FIGURE 1: Graph demonstrating the number of individuals in each county per radiologist
	TABLE 2: Statistical analysis of radiologist distribution by income bracket subgroup

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


