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Abstract

Background: An established body of literature has shown evidence of implicit bias in the health care system on
the basis of patient race and ethnicity that contributes to well documented disparities in outcomes. However, little
is known about the influence of patient race and ethnicity on the decision to order diagnostic radiology exams in
the acute care setting. This study examines the role of patient race and ethnicity on the likelihood of diagnostic
imaging exams being ordered during United States emergency department encounters.

Methods: Publicly available data from the National Hospital Ambulatory Medical Care Survey Emergency Department
sample for the years 2006–2016 was compiled. The proportion of patient encounters where diagnostic imaging was
ordered was tabulated by race/ethnicity, sub-divided by imaging modality. A multivariable logistic regression model
was used to evaluate the influence of patient race/ethnicity on the ordering of diagnostic imaging controlling for other
patient and hospital characteristics. Survey weighting variables were used to formulate national-level estimates.

Results: Using the weighted data, an average of 131,558,553 patient encounters were included each year for the 11-
year study period. Imaging was used at 46% of all visits although this varied significantly by patient race and ethnicity
with white patients receiving medical imaging at 49% of visits and non-white patients at 41% of visits (p < 0.001). This
effect persisted in the controlled regression model and across all imaging modalities with the exception of ultrasound.
Other factors with a significant influence on imaging use included patient age, gender, insurance status, number of co-
morbidities, hospital setting (urban vs non-urban) and hospital region. There was no evidence to suggest that the
disparate use of imaging by patient race and ethnicity changed over the 11-year study time period.

Conclusion: The likelihood that a diagnostic imaging exam will be ordered during United States emergency
department encounters differs significantly by patient race and ethnicity even when controlling for other patient
and hospital characteristics. Further work must be done to understand and mitigate what may represent
systematic bias and ensure equitable use of health care resources.
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Background
Despite significant attention and attempts at systemic
change, racial and ethnic related inequalities in the
provision of health care remain a significant public
health problem in the United States [1–3]. These dispar-
ities persist across the full range of health care settings
and are not fully explained by differences in socio-
economic status, culture, patient preferences, or racial
variation in disease severity [4, 5]. The body of previous
work on this topic continues to show concern for sys-
tematic bias within the health care system towards mi-
nority racial and ethnic groups [6, 7]. Although bias may
be implicit, the effects are pervasive and may influence
diagnostic decision making. For example, previous stud-
ies have shown that minority groups may receive fewer
diagnostic tests when evaluated for pediatric acute
gastroenteritis or mild traumatic brain injury, may be
less likely to be referred for screening mammography,
and may be less likely to receive necessary cardiac proce-
dures [8–12].
Although differential health care outcomes occur in all

health care settings, the problem may be particularly
acute in the Emergency Department (ED) setting which
may serve as a de facto source of primary care for disad-
vantaged groups and where a large number of care deci-
sions must be made, often with limited time and
resources [13–15]. When seen in the ED, minority
groups may be triaged to a lower acuity than white pa-
tients with similar conditions, are less likely to receive
pain medication, are less likely to be admitted to an in-
patient service, and face longer wait times than white pa-
tients [16–21]. As the ED often serves as a gateway to
the health care system, understanding health care dispar-
ities inherent to the ED setting may be of particular im-
portance for advancing health equity.
Diagnostic decision making in the ED is a complex,

multi-faceted process. The physician must rapidly assess
the patient with a history and physical examination and
decide what—if any—further diagnostic testing should
be performed. This may include the ordering of diagnos-
tic imaging exams such as x-rays, computed tomography
(CT) scans, magnetic resonance imaging (MRI), or ultra-
sound. Although guidelines may exist for specific patient
presentations [22–24], it is often up to the individual
physician to decide how to proceed. This subjective as-
sessment process is subject to potential bias that may
lead to differential care for minority groups.
Although diagnostic imaging is not indicated for every

patient encounter in the ED, medical imaging is a funda-
mental and measurable component of the diagnostic
process. Understanding racial and ethnic based differ-
ences in its use is of primary importance but may also
serve as a marker for broader inequity during diagnostic
decision making. To date, there has been little research

on the role of race and ethnicity on imaging utilization
during the patient evaluation process in the acute care
setting. Previous research has suggested that minority
groups may be less likely to receive diagnostic imaging
in the ED [25] although the extent to which this occurs
on a national level and how this trend has changed over
time remains poorly understood. The aim of our study is
to build on this previous research by using survey
weighted data from a large nationally representative data
set to evaluate the influence of patient race/ethnicity on
the decision to order diagnostic imaging exams in the
ED. Our hypothesis is that the decision to order diag-
nostic imaging may be subject to implicit bias leading to
lower imaging utilization rates in racial and ethnic mi-
nority groups. Additionally, trends in imaging use over
time are visually and quantitatively explored to assess
whether the extent of any racial/ethnic bias has changed
over the study time period of 2006–2016. Additional pa-
tient and hospital factors that may influence the use of
diagnostic imaging are explored to put the issue in
context.

Methods
Data source
The National Hospital Ambulatory Medical Care Survey
(NHAMCS) is a nationally representative database of
United States outpatient visits administered annually
and designed by the National Center for Health Statistics
to provide information on the utilization of health care
services in the hospital-based outpatient environment. A
waiver of exemption was provided by the University of
Wisconsin School of Medicine and Public Health institu-
tional review board for the use of this publicly available
anonymized data set. The Emergency Department (ED)
sample focuses on provision of care within the ED set-
ting. The data set uses a four-stage probability sampling
design. The primary sampling unit is geographical area
further stratified by hospital, ED unit, and finally patient
visits. The complex survey design with stratification,
clustering, and patient visit weighting variables allows
for national level estimates of outcomes although only a
smaller subset of hospitals is included in the survey. Par-
ticipating hospitals are randomly assigned to one of 13
four-week survey periods occurring annually. The sam-
ple frame includes hospitals in all 50 states and the Dis-
trict of Columbia excluding federal, military, and
Veteran’s Administration facilities. Survey sites include a
distribution of both urban and rural hospitals, regional
trauma centers, and smaller non-trauma sites represent-
ing the full range of ED settings and services. It should
be noted that the data reflect patient visits, not individ-
ual patients, and therefore patients who return more
than once during the 4-week sampling period may be
represented in the dataset multiple times. Data are
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centrally processed and validated both manually and by
computer algorithm for consistency. The full data collec-
tion methodology for the NHAMCS is described on the
National Center for Health Statistics website where the
data used in this study are publicly available [26]. Data
from the 2006–2016 survey years were combined for
analysis in this study.

Study population
Because this study seeks to broadly investigate the differ-
ential use of imaging by patient race/ethnicity for all
types of patient encounters, the study sample consisted
of all emergency department encounters in the data set
for the included years (2006–2016). The unweighted
data include 325,037 ED visits over the 11 years included
in the analysis. As the survey reflects patient visits, not
individual patients this may reflect a small number of re-
peat visits from the same patients during the 4-week
sampling time period at any given sample site. With sur-
vey weighting, this provides estimates on an average of
131,558,553 patient encounters each year for the 11-year
study period.

Study variables
Outcome variables
The primary outcome variable for this study was the or-
dering of any diagnostic imaging examination of any
modality including x-ray, CT, MRI, or US. These im-
aging categories were also evaluated independently to
analyze the use of imaging by specific modality.

Structured variables
As the aim of the study was to evaluate the influence of
patient race/ethnicity on the likelihood of diagnostic im-
aging use, patient race and ethnicity, was the primary
predictor for the outcome variable. For the NHAMCS,
information on patient race and ethnicity is completed
by hospital staff using a standardized patient record
form [27]. Survey instructions state that this should be,
“based on observation or the hospital’s usual practice or
knowledge” [28]. Racial categories include white, black,
Asian/Pacific Islander, American Indian/Eskimo/Aleut.
Ethnic categories included Hispanic and non-Hispanic.
Missing data for non-responders in these categories is
imputed. Our analysis included the imputed values for
missing responses in the data set concordant with previ-
ous NHAMCS publications and as recommended for
this type of modeling [29–31]. For our analysis, the com-
bined survey variable for race and ethnicity was used
with the collapsed categories of white (non-Hispanic),
black (non-Hispanic), Hispanic, and Asian/other to allow
for sufficient numbers within groups for meaningful ana-
lysis. Additional variables used in the analysis included
the demographic variables of age and gender; patient

characteristics including expected primary payor (pri-
vate, Medicaid, Medicare, self-pay/unknown/other), and
total number of co-morbid diseases; as well as hospital
characteristics including U.S. region (Northeast, Mid-
west, South, and West), and setting (urban versus non-
urban).

Statistical analysis
Demographic variables for the study sample of U.S. ED
visits were tabulated by race/ethnicity including age,
gender, primary payor, and the proportion of ED visits
at which a diagnostic imaging exam was ordered both
for any imaging exam and further subcategorized by mo-
dality (x-ray, ultrasound, magnetic resonance imaging,
or computed tomography). Analysis was performed to
evaluate whether these variables differed significantly
across racial/ethnic groups including an ANOVA test
for patient age and total number of chronic conditions
and a Pearson’s chi-squared test to compare patient gen-
der, distribution of insurance status, and proportion of
different types of imaging exams ordered. A Bonferroni
correction was used to allow for multiple comparisons
in this portion of the analysis with a corrected signifi-
cance level of p < 0.005. To incorporate the complex sur-
vey design, the stratification, clustering, and weighting
variables provided in the data set were utilized to pro-
vide weighted counts and proportions. This allows for
national level estimates that are generalizable to all
United States ED visits.
To illustrate imaging utilization rates by race/ethnicity

over the study time period, the proportion of ED visits
with imaging use was graphed by year to compare
utilization between whites and non-white minority
groups and to compare utilization within non-white mi-
nority sub-groups.
For the regression analysis, the dependent variable was

whether any diagnostic imaging exam was ordered dur-
ing the patient encounter—coded as a dichotomous yes
or no—with additional regression models performed for
each individual imaging modality including x-ray, CT,
MRI, and US. The independent variable was patient
race/ethnicity classified in the survey as white (non-His-
panic), black (non-Hispanic), Hispanic, Asian/other. In
keeping with our hypothesis that minority groups may
be less likely to have diagnostic imaging ordered during
an encounter, white patients were set as the reference
group for the regression analysis. Covariates for control
in the regression model included other available patient
and hospital level characteristics that might reasonably
influence whether an imaging exam was ordered. Selec-
tion of these variables was based on similar analyses in-
vestigating racial/ethnic bias in the ED setting [18] with
the intention of controlling for disease severity and
socio-economic influencers. These included patient age,
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gender, primary insurance payor, total number of co-
morbidities, hospital region, hospital setting (urban or
non-urban), and survey year. An interaction term of race
by survey year was included in the model to assess
whether the influence of race on image ordering chan-
ged during the 11-year study period. Odds ratios for the
likelihood of diagnostic imaging use were constructed
for white patients versus all non-white minority racial/
ethnic groups, and pair-wise comparisons were per-
formed between white patients and each individual mi-
nority group to compare overall imaging use and by
specific imaging modality (x-ray, CT, MRI, ultrasound).
The regression analysis used the weighted data to allow
for the complex survey design. Analysis was performed
in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Demographic characteristics of patients seen during
these ED visits are tabulated by race in Table 1. Com-
pared to whites, non-white minority patients were sig-
nificantly younger. The most common payor for white
patients was private insurance whereas Medicaid was
most common for patients in minority groups. There
were also small but statistically significant differences in
gender distribution and total number of co-morbid

chronic conditions. Between racial/ethnic groups, there
were significant differences in the proportion of visits at
which imaging was ordered. Across patients of all races,
imaging was ordered during 46% of visits. However, this
differed significantly by race as shown in Table 1, with
white patients receiving medical imaging at 49.3% of pa-
tient visits and non-white minority groups at 41.4% of
visits. For all racial/ethnic groups, x-ray imaging was the
most commonly ordered modality followed in descend-
ing order by CT, ultrasound, and MRI. White patients
had the highest image utilization rates for all imaging
modalities with the exception of ultrasound which was
most frequently ordered for Hispanic patients.
The logistic regression model indicated that this asso-

ciation between image ordering and patient race/ethni-
city held true even when controlling for a variety of
other patient and hospital factors that might reasonably
predict the ordering of an imaging exam. Table 2 shows
the odds ratios for pair-wise comparison of minority ra-
cial groups compared to whites in the controlled regres-
sion model. The greatest difference in the odds exists
between white patients and black, with the odds of a
black patient having an imaging exam of any kind 22%
less than the odds for a white patient. A significant dis-
parity also existed between white patients and those

Table 1 Demographic characteristics from United States emergency department patient visits by race/ethnicity from 2006 to 2016

Patient race and ethnicity

White vs Minority Sub-divided Minority Groups

White All minorities Black Hispanic Asian/Other p-valueb

Count (weighted) 865,098,482 582,045,941 323,144,348 212,126,410 46,775,183

Age (mean (SE)) 40.5 (0.25) 32.2 (0.30) 33.6 (0.34) 29.3 (0.45) 34.8 (0.59) < 0.001

Gender (% male) 45.5 (0.19) 44.5 (0.25) 43.1 (0.32) 46.3 (0.34) 46.1 (0.64) < 0.001

Total number of chronic conditions a (mean (SE)) 0.8 (0.03) 0.6 (0.02) 0.7 (0.03) 0.5 (0.03) 0.6 (0.04) < 0.001

Insurance status (% (SE)): < 0.001

Private insurance 34.1 (0.47) 23.4 (0.51) 22.8 (0.63) 22.1 (0.63) 33.0 (1.17)

Medicare 21.6 (0.34) 11.2 (0.27) 12.9 (0.35) 8.3 (0.32) 12.5 (0.70)

Medicaid 21.3 (0.49) 36.6 (0.71) 35.2 (0.71) 40.2 (1.11) 30.2 (1.29)

Uninsured, unknown, other 23.0 (0.55) 28.8 (0.70) 29.1 (0.80) 29.5 (0.89) 24.3 (1.31)

Imaging ordered (% of all visits (SE)):

Any imaging exam 49.3 (0.48) 41.4 (0.44) 41.3 (0.62) 41.0 (0.49) 43.5 (1.02) < 0.001

-X-ray 36.2 (0.38) 30.5 (0.38) 31.3 (0.54) 28.8 (0.39) 32.4 (0.95) < 0.001

-CT 17.1 (0.34) 12.3 (0.25) 11.8 (0.34) 12.7 (0.33) 13.9 (0.55) < 0.001

-MRI 0.7 (0.04) 0.6 (0.04) 0.5 (0.05) 0.6 (0.06) 0.9 (0.12) < 0.001

-Ultrasound 3.5 (0.13) 3.9 (0.13) 3.5 (0.16) 4.6 (0.18) 3.8 (0.26) < 0.001

SE standard error, CT computed tomography, MRI magnetic resonance imaging
Demographic characteristics of United States Emergency Department visits for the years 2006–2016 are tabulated by patient race/ethnicity. The counts in the first
row represent the survey weighted numbers of patient visits in the data set over the study time period. The mean values and proportions in the body of the table
are formulated using the survey weighted values to produce national level estimates
a Data only available from 2012 to 2016
b ANOVA test was used to test if the age and total number of chronic conditions were different across racial and ethnic groups. Pearson’s chi-squared test was
used to compare the proportion of male, distribution of insurance status, and proportion of different types of imaging exams ordered across four racial/ethnic
groups. Bonferroni calculation used for multiple comparison correction
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categorized in the collapsed category of Asian/other.
Hispanic patients were also less likely to receive imaging,
but this comparison did not reach statistical significance
in the pairwise comparison controlling for other hospital
and patient characteristics. The differential use of med-
ical imaging by patient race and ethnicity persisted when
compared by imaging modality. White patients had the
highest odds of receiving x-ray and CT exams. Patients
in the category of Asian/other had the highest odds for
MRI and Hispanic patients the highest odds for ultra-
sound however neither of these differences achieved sig-
nificance in the controlled model. Black patients had the
lowest odds of receiving imaging exams of any kind with
the exception of ultrasound where patients in the Asian/
other category showed slightly lower odds. The differ-
ences in diagnostic imaging rates between whites and
minority groups remained significant across the 11-
year study period with insufficient evidence to con-
clude that there was variation in these racial and eth-
nic differences in image ordering by year, an indicator
that the disparate use of imaging did not change over
time. Figures 1 and 2 illustrate the differential image
utilization rates by patient race and ethnicity over the
study time period, comparing whites versus non-white
minorities and minority sub-groups respectively.
A variety of other factors included in the regression

analysis also had a significant association with the likeli-
hood of imaging being ordered. These are summarized
in Table 3. Holding the other variables constant, diag-
nostic imaging rates were significantly higher with ad-
vancing age, with a greater number of comorbidities, in
male patients, and in urban hospitals. Rate of imaging
varied by geographic region with the highest odds of im-
aging utilization in Midwestern and Southern hospitals
although this reached statistical significance only in the
pairwise comparison between the Southern and Western
regions. There was insufficient evidence to suggest that
the overall rate of imaging in the ED varied by year.

Discussion
This analysis of a large nationally representative database
of ED visits over an 11-year period demonstrates a strong
and consistent association with patient race/ethnicity and
the likelihood of diagnostic imaging use. This trend, in
which patients in minority racial and ethnic groups were
less likely to receive an imaging examination, persisted
even when controlling for measurable confounders and
remained true throughout the study time period. Our re-
sults raise strong concern that minority patients face a
consistent pattern of systematic bias influencing diagnos-
tic decision-making during ED visits. Imaging was ordered
in 46% of all ED encounters in our analysis testifying to
the key role it plays in the work up for many clinical sce-
narios. The systematic underutilization of imaging in ra-
cial and ethnic minorities may therefore place these
groups at risk for delayed or incorrect diagnosis, poten-
tially leading to poorer outcomes. This adds to the body
of previous work demonstrating worsened outcomes in
minorities and may indicate a potential step in the causal
pathway, specifically that the threshold to obtain diagnos-
tic imaging may be higher in minorities than for white pa-
tients. Although not well investigated specifically in the
ED setting, delays or barriers to appropriate imaging can
have unpredictable but negative downstream effects in-
cluding diagnosis of disease at a more advanced stage [32],
longer hospital length of stay [33], or unnecessary hospital
admission [34].
Although the dominant trend was for higher rates of

imaging in white patients, this varied slightly by imaging
modality. Specifically, in contrast to the other imaging
modalities, white patients were slightly less likely to re-
ceive ultrasound exams compared to non-white patients
(3.5% of visits compared to 3.9% of visits respectively).
Additionally, the highest rate of MRI utilization was for
patients in the combined racial/ethnic category of Asian
and other. However, the absolute difference was small
(0.9% of visits for Asian/other and 0.5–0.7% in the other

Table 2 Adjusted odds ratios with 95% confidence intervals for the effect of patient race/ethnicity on the likelihood of diagnostic
imaging being ordered during United States emergency department visits from 2006 to 2016

Patient race/ethnicitya

Imaging modality: White Any minority group Black Hispanic Asian/other

-Any imaging 1.00 (ref) 0.84 (0.79–0.89) 0.78 (0.72–0.84) 0.94 (0.89–1.00) 0.82 (0.72–0.94)

-X-ray 1.00 (ref) 0.91 (0.86–0.96) 0.89 (0.82–0.96) 0.93 (0.87–1.00) 0.93 (0.81–1.06)

-CT 1.00 (ref) 0.78 (0.73–0.84) 0.70 (0.64–0.76) 0.92 (0.84–1.01) 0.78 (0.67–0.92)

-MRI 1.00 (ref) 0.86 (0.65–1.13) 0.75 (0.54–1.05) 0.90 (0.62–1.29) 1.34 (0.88–2.04)

-Ultrasound 1.00 (ref) 1.03 (0.92–1.14) 0.99 (0.88–1.12) 1.10 (0.94–1.27) 0.91 (0.69–1.20)

Adjusted odds ratios evaluating the influence of patient race/ethnicity on the ordering of medical imaging during United States emergency department visits
from 2006 to 2016 are shown. Odds ratios were adjusted for age, gender, insurance payor, number of co-morbid conditions, hospital region and setting, and
survey year
aThe collapsed racial ethnic categories of non-Hispanic white, non-Hispanic black, Hispanic, and Asian/other were used for analysis
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Fig. 1 Proportion of patient encounters with diagnostic imaging ordered during United States Emergency Department visits from 2006 to 2016
by patient race/ethnicity, comparing white versus non-white minorities

Fig. 2 Proportion of patient encounters with diagnostic imaging ordered during United States Emergency Department visits from 2006 to 2016
by patient race/ethnicity, comparing non-white sub-groups. Error bars are omitted for clarity
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patient groups) and did not achieve significance in the
controlled model. The reasons for these small variations
are unknown but it should be noted that ultrasound and
MRI were utilized in the ED setting much less com-
monly than x-ray or CT exams where minority groups
clearly lagged in imaging utilization rates. Nonetheless,
this variation bears further study, perhaps at the local
level where more detailed individual patient information
is available.
It is important to note that more imaging does not al-

ways equate to better health care, and it is possible that
to some extent the higher rate of imaging use in white
patients reflects over-utilization. Examples of race-based
over-treatment include the increased rate of antibiotic
use for viral illnesses in white patients [35] and increased
rates of Clostridium difficile infection associated with
better access to the health care system [36]. However,
imaging over-utilization is unlikely to explain the large
and consistent differences in imaging rates between ra-
cial and ethnic groups, and it is doubtful that the lower
rate of imaging utilization in minorities reflects best
available care. Nonetheless, further research examining
the influence of patient race/ethnicity on image ordering
patterns in more specifically designated clinical scenarios
may help to further elucidate these trends and their
implications.
This study does have several important limitations.

First, patient race and ethnicity are classified by hospital
and survey staff rather than by patient self-identification
creating potential for misclassification. It seems unlikely

that this would alter the study conclusions as perceived
patient race/ethnicity may be as or more important than
self-identification in a study on the potential for ordering
provider implicit bias. However, the extent to which
misclassification of racial and ethnic identity occurs
within the NHAMCS dataset is unknown as is its effect
on the observed effects of race and imaging use in our
study. As a separate concern, although the use of the
NHAMCS dataset for analysis provides a national over-
view, the level of detail for any individual patient
encounter is limited. The total number of patient co-
morbidities is listed but detailed patient level data is not
available so the appropriateness of imaging for any indi-
vidual patient cannot be ascertained. A large body of
previous research highlights a range of health conditions
which disproportionately affect people of color [37] sug-
gesting that the decreased use of imaging in minority
groups may reflect inadequate patient care, but as not all
health conditions require medical imaging in the acute
care setting, further research evaluating differences in
imaging use for more specific, evidence-based indica-
tions is necessary.
The data used in this study are cross-sectional and

thus patient outcomes over time are unknown. Whether
the decreased use of imaging in minority groups results
in worse outcomes cannot be directly answered by this
study. Nonetheless, there is reason for concern that this
may be the case. For example, minority groups are fre-
quently diagnosed at later stages of cancer than white
patients [32, 38, 39] and minority pediatric patients with
appendicitis are more likely to progress to perforation
and abscess than whites requiring longer hospitalizations
and more frequent ICU admissions [40]. Both scenarios
may reflect a higher threshold to obtain imaging for mi-
nority patients with associated health consequences.
An additional limitation is the possibility of residual

confounding. Not every patient and hospital characteris-
tic that may affect the decision to order imaging is avail-
able in the data set. Perhaps most importantly, there is
no direct measurement of patient socioeconomic status.
Racial disparities in health care may decrease when con-
trolled for socioeconomic standing [4, 5]. Patient insur-
ance payor served as an imperfect surrogate marker for
socioeconomic standing in this study and racial disparity
persisted despite controlling for this variable as well as
other key possible confounders such as the number of
patient co-morbidities. Nonetheless, it is possible that
some of the variability in imaging utilization is related to
un-measured confounders of disease severity or socio-
economic status which would lead to an overestimation
of the effect of patient race and ethnicity on imaging
use. Although the possibility of residual confounding
should always be considered, the strength and
consistency of the findings across a nation-wide database

Table 3 Adjusted odds ratios of patient and hospital factors on
the likelihood of diagnostic imaging being ordered during
United States Emergency Department visits from 2006 to 2016

Patient or hospital factor Odds Ratio (95% CI)

Age 1.02 (1.01, 1.02)

Gender (female vs male) 0.95 (0.91, 0.99)

Total chronic conditionsa 1.12 (1.09, 1.15)

Urban vs non-urbanb 1.24 (1.12, 1.38)

Midwest vs West 1.11 (0.97, 1.27)

Northeast vs West 0.94 (0.81, 1.10)

South vs West 1.16 (1.04, 1.29)

Medicaid vs Private 0.82 (0.76, 0.88)

Medicare vs Private 0.87 (0.80, 0.95)

Uninsured/other vs Private 0.82 (0.76, 0.89)

The influence of multiple patient and hospital factors on the likelihood of any
imaging exam being ordered during United States Emergency Department
encounters is shown with adjusted odds ratios from the logistic regression
model. Model variables include patient race/ethnicity, age, gender, insurance
payor, number of co-morbid conditions, hospital region and setting, and
survey year
a Data only available from 2012 to 2016
b Urban hospitals are designated as in a Metropolitan Statistical Area (MSA) by
the NHAMCS survey

Ross et al. BMC Health Services Research          (2020) 20:840 Page 7 of 10



over an 11-year time period make it unlikely that racial
and ethnic differences in imaging utilization are ex-
plained entirely by unknown confounders.
Although our analysis reflects a consistent difference

in image ordering rates based on patient race and ethni-
city, the reasons for this are likely complex. Undoubtably
individual health care providers have a variable threshold
for the decision to use diagnostic imaging during any
given patient encounter. This may be based on explicit
criteria such as local practice protocols, patient present-
ing symptoms, vital signs, co-morbidities, and age or
may reflect less measurable factors such as the physi-
cian’s clinical instinct and judgement. The interplay of
race and ethnicity may affect the patient/physician
relationship in multiple ways, tipping the balance of
diagnostic decision making. This may be a result of the
well-known phenomenon of implicit/unconscious bias
[41–43] or may be more indirect resulting from other
identifiable impacts of racial and ethnic identity on the
patient/provider relationship including levels of trust,
willingness to communicate, and perceived cultural dif-
ferences [44–46]. Strategies used to overcome the dis-
parities observed in our study must account for these
potential pathways.
A variety of other factors included in our analysis

also demonstrated a significant association with diag-
nostic imaging use each of which bears further inves-
tigation. Predictably, advancing age and increasing
number of co-morbidities was associated with higher
imaging use. Imaging also varied significantly by pa-
tient gender with male patients receiving more im-
aging exams than females. Much of this may be
explainable by a greater provider inclination to avoid
tests with ionizing radiation (x-ray and CT) in fe-
males, particularly of child-bearing age. However, the
possibility of gender bias should also be considered.
Gender-based health care disparities have been found
by investigators in other contexts. This includes crit-
ical differences in chest pain management in ambula-
tory care in men vs. women, with men being 2.5
times more likely to be referred to a cardiologist than
women [47]. Gender bias in health care has been well
documented, [48–50], but further investigation of
gender differences in the use of diagnostic imaging is
warranted with more specifically defined clinical sce-
narios before firm conclusions can be drawn. The dif-
ferences in imaging rates between designated urban
and non-urban hospitals and between different re-
gions of the country are also important but less easily
interpreted as there is no defined “ideal” imaging rate
and this may represent either under or over
utilization of imaging resources. Further studies with
measures of quality imaging use may better define
these regional differences.

Conclusion
The results of our study indicate that despite many years
of study and intervention, racial disparities may remain a
part of our health care system. Further studies are
needed to better define these disparities in more specific
clinical settings, and an emphasis should be placed on
identifying evidence-based strategies to mitigate them
and pursue an agenda of health equity.
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