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Abstract

Objective

While prior research shows that mental illness is associated with lower utilization of screen-

ing imaging, little is known about how mental illness impacts use of diagnostic imaging,

other than for screening. This study explores the association between a history of anxiety or

depression in the prior year and utilization of diagnostic imaging.

Methods

Commercial and Medicare Advantage health plan claims from 2017 and 2018 from patients

with plans from one national organization were extracted. Exclusions were made for patients

without continuous plan enrollment. History of anxiety or depression was determined using

2017 claims, and downstream diagnostic imaging was determined using 2018 claims. Uni-

variate associations were assessed with Chi-square tests. A matched sample was created

using Coarsened Exact Matching, with history of mental illness serving as the treatment var-

iable. Logistic regressions were used to calculate adjusted odds ratios, before and after

matching, controlling for age, sex, urbanicity, local income, comorbidities, claims history,

region, and health plan characteristics. Associations between mental illness and chest

imaging, neuroimaging, and emergency department imaging were also evaluated.

Results

The sample included 2,381,851 patients before matching. Imaging was significantly more

likely for patients with a history of anxiety (71.1% vs. 55.7%, P < .001) and depression

(73.2% vs. 55.3%, P < .001). The adjusted odds of any imaging were 1.24 (95% confidence

interval [CI]: 1.22–1.26) for patients with a history of anxiety, and 1.43 (CI: 1.41–1.45) for

patients with a history of depression before matching, and 1.18 (CI: 1.16–1.20) for a history

of anxiety and 1.33 (CI: 1.32–1.35) for a history of depression after matching. Adjusted anal-

yses found significant, positive associations between mental illness and chest imaging, neu-

roimaging, and emergency department imaging both before and after matching.
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Discussion

In contrast to prior findings on screening, anxiety and depression were associated with

greater likelihood of diagnostic imaging within the population studied.

Introduction

Health equity has been a pressing concern of many organizations, including the World Health

Organization, the American Academy of Family Physicians, as well as in the radiology com-

munity [1–3]. Health equity is realized when everyone has the opportunity to achieve their

best potential health. Mental illness has been shown to be a source of inequity in access to care

related to physical health. For example, prior research has suggested that people with a history

of mental illness are less able to access various types of screening imaging. Anxiety and depres-

sion have been shown to be risk factors for the underuse of screening mammography [4–7].

Mental illness has likewise been shown to be a barrier to lung cancer screening by low-dose

computed tomography [8]. A meta-analysis concluded that screening for any cancer has been

found to occur significantly less frequently in people with any mental illness than in the gen-

eral population [9].

Little is known regarding whether mental illness is associated with reduced utilization of

diagnostic imaging, and the extent to which an inequity exists within a privately insured popu-

lation. While screening imaging is performed on people with no suspicion of a disease, and is

somewhat elective in nature, diagnostic imaging is performed in response to clinical suspicion

of a disease and is less elective. For instance, it is recommended that some people with a history

of smoking receive a screening via computed tomography (CT), even if they have no signs of

cancer [10]. In contrast, a patient with Pancoast syndrome would receive a diagnostic lung CT.

Given the difference in the circumstances under which diagnostic versus screening imaging is

performed, it is possible that anxiety and depression impact diagnostic imaging differently

than they impact screening. To the extent that psychosomatic symptoms present in patients

with anxiety and depression, these illnesses may increase diagnostic imaging utilization, rather

than reduce it. Alternatively, anxiety and depression could potentially reduce diagnostic imag-

ing utilization if they make people less willing to leave their homes to seek diagnosis, or impact

peoples’ willingness to undergo diagnostic imaging.

The purpose of this study is to assess whether anxiety and depression are associated with

a diagnostic imaging utilization disparity, analogous to the disparity that has been demon-

strated in the context of screening imaging. The association between a history of anxiety or

depression and chest imaging, neuroimaging, and diagnostic imaging occurring in an emer-

gency department (ED) setting are each explored separately to help better characterize the

nature of the imaging received. As anxiety and depression can cause people to experience

chest pain, it is possible that they lead to elevated levels of chest imaging and imaging in an ED

setting [11]. Since patients with anxiety or depression may complain of headaches or other

forms of brain-based somatic illness, and signs of these mental illnesses may be physically

observable in the brain, the analysis separately examined whether a history of mental illness

has a differential impact on neuroimaging [12, 13]. Finally, as social support and imaging

needs vary across the course of a person’s life, additional age-stratified analyses were con-

ducted to characterize how age moderates the relationship between mental illness and diagnos-

tic imaging utilization.
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Materials and methods

Data source and sample population

Commercial (privatized, employer-sponsored) and Medicare Advantage (privatized, government-

sponsored) health plan claims from calendar years 2017 and 2018, pertaining to patients with health

plans from one national healthcare organization, were extracted. Patients were included in the sam-

ple if they had a health plan from the organization in 2017 that contractually allowed participation

in research. Patients were excluded from the sample if they were not continuously enrolled in their

health plan from January 1st 2017 to December 31st 2018, or if they were not between ages 18 and

89. Finally, patients were excluded if it was not possible to link them to 2017 comorbidity flags that

had been generated by the national healthcare organization independently from this analysis.

In addition to the sample of patients constructed before matching, two additional matched

samples were constructed. Coarsened Exact Matching (CEM) was used to construct a sample

in which patients were matched on covariates, with a history of mental illness (anxiety or

depression) serving as the treatment variable [14]. As racial data was only available for patients

with Medicare Advantage plans, patients with commercial health plans were excluded from

the sample constructed before matching, and a second matched sample of patients with Medi-

care Advantage health plans was constructed using CEM. The second sample matched patients

on race, as well as the covariates considered in constructing the first sample.

This study was reviewed by the Advarra institutional review board (Pro00036954), and on

June 25, 2019, received an exemption from oversight in accordance with the Department of

Health and Human Services regulations found in Title 45 of the Code of Federal Regulations.

The study was conducted in accordance with the Declaration of Helsinki.

Measurement

The independent variables in the analyses were whether the patient had a history of anxiety or

depression in calendar year 2017 medical claims, as indicated by the International Classifica-

tion of Diseases version 9 or 10 codes associated with the claims. All the diagnosis coding defi-

nitions used in this study are provided in Appendix A in S1 File. Patients with no claims in

2017 were considered to not have had a history of anxiety or depression. Claims including

codes for illnesses related to anxiety or depression could come from any healthcare provider;

claims from internists, family physicians, and other healthcare providers outside of the core of

the behavioral health system were also considered.

For each patient, the total number of outpatient diagnostic imaging claims in calendar year

2018 were counted. Claims were grouped by Healthcare Common Procedure Coding System

code according to the scheme shown in Appendix B in S1 File. Diagnostic imaging claims con-

sisted of claims for computed tomography, magnetic resonance imaging, positron emission

tomography, plain film radiography, ultrasound, and other modalities. Codes were selected in

consultation with a board-certified academic radiologist specialized in neuroimaging and a medi-

cal coding expert. While these counts served as one dependent variable, four other dependent var-

iables were derived from the claims that were counted: a binary variable indicating whether each

patient received any imaging, a binary variable indicating whether each patient received any chest

imaging, a binary variable indicating whether each patient received any neuroimaging, and a

binary variable indicating whether each patient received any imaging in an ED setting.

Outcomes and analysis

All statistical analyses were conducted using R version 4.0.3, from the R Foundation for Statis-

tical Computing. Descriptive statistics were calculated for the overall population in the sample
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constructed before matching, with a breakout of individuals with and without a history of

mental illness (anxiety or depression). Descriptive statistics were additionally calculated for

the matched sample (not considering race), and for the matched sample of patients with Medi-

care Advantage health plans in which race served as a covariate.

Using Chi-square tests, the univariate associations between utilization of any imaging and a

history of anxiety, as well as a history of depression, were calculated. These univariate analyses

were repeated with use of any chest imaging, neuroimaging, and ED imaging serving as depen-

dent variables.

To control for other factors that may have influenced imaging utilization, a series of multi-

variate logistic regressions were run, with 2018 claims-based measures of any imaging, any

chest imaging, any neuroimaging, and any imaging in an ED setting serving as dependent vari-

ables of the models. History of anxiety and history of depression in 2017 served as the indepen-

dent variables of the regressions, and patient age, urbanicity (rural versus urban), health plan

line of business (commercial versus Medicare Advantage), health plan type (fee-for-service

versus health maintenance organization versus preferred provider organization), sex, and resi-

dency in a ZIP code with median income below $40,000, diagnosis code-based history of

comorbidities (coronary artery disease, congestive heart failure, chronic obstructive pulmo-

nary disease), claims-based history of prior procedures (imaging, cardiology, oncology), preva-

lence of obesity in the patient’s state, and patient’s region serving as the control variables. In

one analysis, race was additionally used as a control variable. The urbanicity of patients’ ZIP

codes were determined using a mapping table from the Centers for Medicare & Medicaid Ser-

vices (CMS) [15]. The median income within patients’ ZIP Codes were determined using data

from American Community Survey’s 2013–2017 5-year estimates of median income, reporting

income in 2017 inflation-adjusted dollars [16]. The average rate of obesity in patients’ home

states was determined using 2018 data from the Behavioral Risk Factor Surveillance Survey

released by the Centers for Disease Control and Prevention [17]. Region was assigned using

the methodology used by CMS [18]. Results from the regressions were reported as odds ratios

(ORs) with 95% confidence intervals (CIs).

Since people of varying ages have differing degrees of social support in obtaining needed

medical care, and older people on average require a greater quantity of imaging, additional

analyses were performed to evaluate the role of age in the relationship between mental illness

and diagnostic imaging utilization [19]. The adjusted analysis was repeated for different age

strata: ages 18 to 29, 30 to 44, 45 to 64, and 65 or older. To quantify the imaging performed for

each age strata and clinical presentation (all, anxiety, no anxiety, depression, no depression),

the percentage of patients receiving images was calculated for each age/presentation combina-

tion. Secondly, the mean number of images received by patients in each age strata was also

reported. Within each clinical presentation category, the significance of the association

between age and utilization of imaging was assessed using a logistic regression, and the signifi-

cance of the association between age and quantity of imaging, conditional upon a patient hav-

ing received any imaging, was assessed using a Poisson regression. Finally, the adjusted

association between a history of anxiety, a history of depression, and the quantity of imaging

utilization was calculated using a Poisson regression.

To account for potential differences between people with a history of mental illness and

people without a history of mental illness, the multivariate logistic regressions were each

recomputed using a matched sample constructed using CEM, where a history of mental illness

(anxiety or depression) served as the treatment variable. The multivariate logistic regressions

were run an additional time with a matched sample of patients with Medicare Advantage

health plans, with race included as a covariate. Results were again reported as ORs with 95%

CIs.
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Results

As shown in Fig 1, of the 4,729,480 patients that met initial inclusion criteria, 2,381,851

remained after exclusion criteria were applied. Using patients from this population, a matched

sample not considering race was formed using a subpopulation of 1,888,159 patients, and a

Fig 1. Participant flow diagram.

https://doi.org/10.1371/journal.pone.0254572.g001
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second matched sample considering race was formed using a subpopulation of 1,522,986

patients with Medicare Advantage health plans. Within the original sample of 2,381,851

patients, 83,146 patients had a history of anxiety, 124,101 patients had a history of depression,

and 19,884 patients had a history of both.

As described in Table 1, patients with a history of mental illness were significantly younger,

more likely to live in rural areas, to have a preferred provider organization health plan, and to

be female, to have a history of cardiology claims, to have a history of imaging claims, to have

congestive heart failure, and to have chronic obstructive pulmonary disease, and significantly

less likely to have a history of oncology claims, coronary artery disease, or diabetes. The health-

care organization offering the health plans had a heavy Medicare Advantage emphasis, with

90.9% of included patients holding Medicare Advantage plans. Consequently, the mean age of

included patients was 70.3 years. Patients predominantly resided in CMS Region 4; an area

consisting of Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Caro-

lina, and Tennessee.

Findings from the sample before matching

Univariate analyses found that patients with a history of anxiety were significantly more likely

to use imaging (71.1% [59,100/83,146] vs. 55.7% [1,279,404/2,298,705], P<0.001). Patients

with a history of depression were likewise significantly more likely to use imaging (73.2%

[90,846/124,101] vs. 55.3% [1,247,658/2,257,750], P<0.001). A multivariate analysis of the

sample before matching (Table 2) found that when considered concurrently, along with con-

trol variables, a history of anxiety was associated with increased odds of any imaging (1.24;

95% CI: 1.22–1.26), as was a history of depression (1.43; 95% CI: 1.41–1.45).

Additional univariate analyses were conducted to characterize the association between a

prior year history of anxiety or depression and the presence of subsequent claims for chest

imaging, neuroimaging, and imaging within an ED setting. Chest imaging utilization was sig-

nificantly associated with a history of anxiety (7.2% vs. 5.9%, P< .001) and depression (7.4%

vs. 5.9%, P< .001). Neuroimaging utilization followed the same pattern; patients with a history

of anxiety (18.1% vs. 10.3%, P< .001) and depression (20.0% vs. 10.0%, P< .001) were signifi-

cantly more likely to have neuroimaging. Lastly, patients with a history of anxiety (32.8% vs.

19.8%, P< .001) and depression (33.8% vs. 19.6%, P< .001) were significantly more likely to

have ED imaging. Adjusted analyses (Table 2) similarly showed that both anxiety and depres-

sion were associated with significantly increased odds of chest imaging, neuroimaging, and

imaging in an ED setting.

As the majority of the patients were aged 65 years or older, age stratified analyses were con-

ducted so that associations could be examined in the context of patients other age bands. In

each age band considered, the adjusted analysis (Table 3) showed that patients with a history

of anxiety or depression had significantly increased odds of having imaging in 2018. Depend-

ing upon the age band considered, a history of anxiety was associated with between 1.15 to

1.32 increased odds of imaging, and a history of depression was associated with between 1.32

to 1.44 increased odds of imaging.

For each of the health statuses examined (history of anxiety, no history of anxiety, history of

depression, no history of depression, all), there was a significant, positive association between

age and likelihood that an individual would receive imaging, as well as the number of images

received, as is shown in Table 4. Among the overall population, a year of age was associated

with 1.0063 odds (CI: 1.0060–1.0065) of any imaging. The positive association between a year

of age and receipt of any imaging was stronger for patients with a history of anxiety (OR:

1.0168; CI: 1.0157–1.0179) or depression (OR: 1.0127; CI: 1.0117–1.0137), and weaker for
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patients without a history of anxiety (OR: 1.0067; CI: 1.0065–1.0070) or depression (OR:

1.0076; CI: 1.0074–1.0078).

Regardless of health status, patients aged 45 to 64 on average received the most images.

Likelihood of imaging peaked within the 45 to 64 age band for patients with both a history of

anxiety and a history of depression. An adjusted Poisson regression considering the full sample

before matching additionally found that the quantity of imaging received was significantly and

positively associated with both presence of a history of anxiety (P<0.001) and a history of

depression (P<0.001).

Findings from the matched sample not consider race

Using CEM, a matched sample consisting of 1,888,159 patients was created. As is shown in

Table 1, after weighting the data, there was not a significant association between whether

patients had a history of mental illness (anxiety or depression) and their covariate values. Mul-

tivariate logistic regression (Table 5) found that a history of anxiety was significantly and

Table 2. Adjusted odds ratios for factors influencing use of any imaging (sample before matching).

Any

Imaging

Chest

Imaging

Neuroimaging

Imaging

ED

Imaging

Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Anxiety 1.24 1.22–1.26 1.06 1.03–1.09 1.48 1.45–1.51 1.46 1.43–1.48

Depression 1.43 1.41–1.45 1.08 1.06–1.11 1.83 1.80–1.86 1.55 1.53–1.57

Age 1.00 1.00–1.00 1.00 1.00–1.00 1.01 1.01–1.01 1.00 1.00–1.00

Rural (as opposed to Urban) 0.99 0.98–1.00 0.96 0.94–0.97 0.96 0.95–0.97 1.07 1.06–1.08

Commercial (as opposed to Medicare) 1.07 1.06–1.09 0.77 0.75–0.80 0.81 0.79–0.83 0.76 0.75–0.77

Plan Type: HMO (as opposed to FFS) 0.72 0.70–0.73 0.87 0.84–0.90 0.83 0.81–0.85 0.86 0.85–0.88

Plan Type: PPO (as opposed to FFS) 1.09 1.07–1.11 1.13 1.09–1.16 0.96 0.94–0.98 0.97 0.96–0.99

Female 1.40 1.39–1.41 0.91 0.90–0.92 1.15 1.14–1.16 1.14 1.13–1.15

Below $40k Income 0.96 0.95–0.97 1.00 0.98–1.01 1.02 1.01–1.03 1.09 1.08–1.10

2017 Cardiology Claims 3.31 3.29–3.34 3.11 3.04–3.18 2.26 2.22–2.29 2.27 2.25–2.30

2017 Imaging Claims 3.24 3.22–3.26 1.66 1.63–1.68 2.11 2.09–2.13 2.17 2.15–2.18

2017 Oncology Claims 1.86 1.81–1.91 0.99 0.96–1.02 1.45 1.41–1.48 1.25 1.22–1.27

2017 CAD 1.21 1.20–1.22 2.54 2.51–2.57 1.27 1.26–1.28 1.35 1.34–1.36

2017 CHF 1.16 1.14–1.17 1.14 1.12–1.16 1.37 1.35–1.39 1.62 1.60–1.63

2017 COPD 1.32 1.31–1.34 1.13 1.12–1.15 1.23 1.22–1.25 1.56 1.54–1.57

2017 Diabetes 1.02 1.02–1.03 1.25 1.23–1.26 1.20 1.19–1.21 1.24 1.23–1.25

Prevalence of Obesity (scaled) 3.85 3.76–3.95 1.62 1.55–1.69 1.66 1.61–1.72 1.81 1.76–1.86

Region: 1 (as opposed to 4) 1.85 1.75–1.95 0.93 0.83–1.04 1.40 1.30–1.50 1.64 1.55–1.73

Region: 2 (as opposed to 4) 2.19 2.10–2.29 1.44 1.35–1.55 1.39 1.31–1.47 1.43 1.36–1.49

Region: 3 (as opposed to 4) 1.32 1.30–1.33 0.99 0.97–1.01 1.14 1.12–1.16 1.33 1.32–1.35

Region: 5 (as opposed to 4) 1.03 1.03–1.04 0.87 0.85–0.88 1.05 1.03–1.06 1.22 1.20–1.23

Region: 6 (as opposed to 4) 1.12 1.11–1.13 1.13 1.11–1.14 1.02 1.01–1.03 1.04 1.03–1.05

Region: 7 (as opposed to 4) 1.19 1.17–1.21 0.93 0.90–0.96 1.10 1.08–1.12 1.16 1.14–1.18

Region: 8 (as opposed to 4) 2.51 2.45–2.58 0.97 0.92–1.02 1.41 1.36–1.47 1.67 1.62–1.72

Region: 9 (as opposed to 4) 1.88 1.86–1.91 1.28 1.24–1.32 1.25 1.22–1.28 1.49 1.47–1.52

Region: 10 (as opposed to 4) 1.89 1.84–1.95 0.83 0.78–0.88 1.25 1.20–1.30 1.46 1.42–1.51

Abbreviations: Confidence Interval (CI); Coronary Artery Disease (CAD); Chronic Obstructive Pulmonary Disease
(COPD); Congestive Heart Failure (CHF); Emergency Department (ED); Fee-For-Service (FFS); Health Maintenance
Organization (HMO); Odds Ratio (OR); Preferred Provider Organization (PPO)

https://doi.org/10.1371/journal.pone.0254572.t002
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positively associated with any imaging (1.18; 95% CI: 1.16–1.20), chest imaging (1.07; 95% CI:

1.04–1.10), neuroimaging (1.39; 95% CI: 1.36–1.42), and ED imaging (1.37; 95% CI: 1.34–

1.39). Likewise, a history of depression was significantly and positively associated with any

imaging (1.33; 95% CI: 1.32–1.35), chest imaging (1.08; 95% CI: 1.06–1.11), neuroimaging

(1.65; 95% CI: 1.63–1.68), and ED imaging (1.41; 95% CI: 1.40–1.43). Thus, the findings were

directionally the same after matching.

Findings from the matched sample considering race

A second matched sample of 1,522,986 patients with Medicare Advantage health plans was

created to examine the impact of race. As is shown in Table 6, a history of anxiety and a history

of depression were both significantly and positively associated with each of the four dependent

variables. Relative to White patients, patients that were Asian, Black, Hispanic, classified as

Other, or of an unknown race, were significantly less likely to receive any imaging. Patterns

Table 3. Adjusted odds ratios for factors influencing any imaging, by age.

Age 18–29 Age 30–44 Age 45–64 Age 65+

(n = 24,151) (n = 69,494) (n = 398,295) (n = 1,889,911)
Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Anxiety 1.32 1.19–1.46 1.15 1.08–1.23 1.22 1.18–1.26 1.27 1.24–1.30

Depression 1.32 1.18–1.47 1.36 1.29–1.45 1.36 1.32–1.39 1.44 1.42–1.47

Age 1.02 1.01–1.02 1.01 1.01–1.02 1.01 1.01–1.01 1.00 1.00–1.00

Rural (as opposed to Urban) 1.01 0.92–1.12 1.10 1.05–1.16 1.05 1.03–1.07 0.97 0.96–0.97

Commercial (as opposed to Medicare) 0.88 0.77–1.00 0.78 0.75–0.81 0.94 0.93–0.96 1.50 1.44–1.55

Plan Type: HMO (as opposed to FFS) 0.57 0.22–1.49 0.82 0.68–0.97 0.74 0.70–0.78 0.71 0.69–0.72

Plan Type: PPO (as opposed to FFS) 0.58 0.22–1.51 0.91 0.76–1.09 0.98 0.93–1.02 1.13 1.11–1.15

Female 1.50 1.42–1.59 1.80 1.74–1.86 1.52 1.50–1.54 1.37 1.36–1.38

Below $40k Income 1.02 0.93–1.11 0.95 0.91–0.99 0.95 0.93–0.97 0.96 0.95–0.97

2017 Cardiology Claims 1.37 1.29–1.46 1.67 1.61–1.73 2.27 2.23–2.31 3.80 3.76–3.83

2017 Imaging Claims 2.40 2.27–2.55 2.72 2.63–2.81 3.44 3.39–3.50 3.17 3.15–3.19

2017 Oncology Claims 2.24 1.42–3.53 2.52 1.99–3.18 2.32 2.14–2.51 1.79 1.74–1.84

2017 CAD 2.13 1.33–3.42 1.18 1.06–1.31 1.17 1.14–1.20 1.21 1.20–1.22

2017 CHF 1.37 0.74–2.55 1.40 1.22–1.62 1.20 1.16–1.24 1.16 1.14–1.17

2017 COPD 1.29 0.90–1.87 1.23 1.11–1.36 1.25 1.22–1.28 1.33 1.32–1.35

2017 Diabetes 1.00 0.87–1.16 1.08 1.02–1.13 1.07 1.05–1.09 1.01 1.00–1.01

Prevalence of Obesity in State (Scaled) 1.25 0.95–1.64 1.75 1.51–2.03 2.90 2.73–3.08 4.22 4.11–4.34

Region: 1 (as opposed to 4) 0.92 0.35–2.41 1.27 0.81–2.01 1.55 1.33–1.8 1.95 1.84–2.07

Region: 2 (as opposed to 4) 1.00 0.50–1.98 1.34 0.97–1.84 1.89 1.70–2.10 2.29 2.19–2.40

Region: 3 (as opposed to 4) 0.97 0.65–1.46 1.25 1.12–1.40 1.31 1.27–1.35 1.31 1.29–1.33

Region: 5 (as opposed to 4) 0.92 0.85–1.00 0.94 0.89–0.99 0.98 0.96–1.00 1.05 1.04–1.06

Region: 6 (as opposed to 4) 0.92 0.85–0.99 1.00 0.96–1.05 1.06 1.04–1.09 1.13 1.12–1.14

Region: 7 (as opposed to 4) 0.88 0.77–1.01 0.87 0.80–0.94 0.99 0.95–1.03 1.29 1.27–1.32

Region: 8 (as opposed to 4) 1.03 0.78–1.35 1.35 1.16–1.57 2.12 1.98–2.27 2.66 2.58–2.74

Region: 9 (as opposed to 4) 0.99 0.82–1.19 1.10 0.99–1.22 1.48 1.43–1.54 2.04 2.01–2.08

Region: 10 (as opposed to 4) 0.79 0.36–1.73 1.18 0.91–1.52 1.74 1.60–1.90 1.96 1.90–2.02

Abbreviations: Confidence Interval (CI); Coronary Artery Disease (CAD); Chronic Obstructive Pulmonary Disease
(COPD); Congestive Heart Failure (CHF); Emergency Department (ED); Fee-For-Service (FFS); Health Maintenance
Organization (HMO); Odds Ratio (OR); Preferred Provider Organization (PPO)

https://doi.org/10.1371/journal.pone.0254572.t003
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Table 4. Percentage of people receiving imaging and quantity�, by age and health status.

Age 18–29 Age 30–44 Age 45–64 Age 65+ All Ages P-Value

(n = 24,151) (n = 69,494) (n = 398,295) (n = 1,889,911) (N = 2,381,851)
Status % Images % Images % Images % Images % Images % Images
Anxiety 44.50% 2.13 55.10% 4.32 71.80% 6.72 73.20% 6.35 71.10% 6.23 <

.001

< .001

No

Anxiety

32.90% 1.28 44.70% 2.42 57.40% 4.00 56.00% 3.77 55.70% 3.74 <

.001

< .001

Depression 45.50% 2.36 63.60% 5.52 73.60% 6.87 74.50% 6.54 73.20% 6.54 <

.001

< .001

No

Depression

32.90% 1.28 43.80% 2.26 56.40% 3.84 55.70% 3.73 55.30% 3.68 <

.001

< .001

All 33.80% 1.35 45.70% 2.57 58.30% 4.17 56.40% 3.84 56.20% 3.83 <

.001

< .001

�P-Values calculated by testing for a univariate association with age. Logistic regression used for any imaging; Poisson
for # of images.

https://doi.org/10.1371/journal.pone.0254572.t004

Table 5. Adjusted odds ratios for factors influencing use of any imaging (sample after matching).

Any

Imaging

Chest

Imaging

Neuroimaging

Imaging

ED

Imaging

Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Anxiety 1.18 1.16–1.20 1.07 1.04–1.10 1.39 1.36–1.42 1.37 1.34–1.39

Depression 1.33 1.32–1.35 1.08 1.06–1.11 1.65 1.63–1.68 1.41 1.40–1.43

Age 1.00 1.00–1.00 1.01 1.00–1.01 1.00 1.00–1.00 0.99 0.99–0.99

Rural (as opposed to Urban) 0.98 0.97–0.99 0.98 0.97–1.00 0.92 0.91–0.93 1.02 1.01–1.03

Commercial (as opposed to Medicare) 0.73 0.72–0.74 0.59 0.57–0.61 0.51 0.50–0.52 0.49 0.49–0.50

Plan Type: HMO (as opposed to FFS) 0.83 0.82–0.85 0.94 0.91–0.98 0.89 0.86–0.91 0.99 0.97–1.01

Plan Type: PPO (as opposed to FFS) 1.06 1.04–1.08 1.12 1.08–1.16 0.98 0.95–1.00 1.00 0.98–1.02

Female 1.48 1.47–1.49 0.95 0.93–0.96 1.19 1.18–1.20 1.16 1.15–1.17

Below $40k Income 0.98 0.97–0.98 1.01 0.99–1.02 1.01 1.00–1.02 1.08 1.08–1.09

2017 Cardiology Claims 2.42 2.39–2.44 2.27 2.21–2.33 1.81 1.78–1.85 1.81 1.79–1.84

2017 Imaging Claims 3.00 2.98–3.02 1.71 1.67–1.74 2.01 1.99–2.04 2.09 2.07–2.12

2017 Oncology Claims 1.91 1.84–1.99 0.95 0.91–1.00 1.44 1.40–1.49 1.23 1.20–1.27

2017 CAD 1.27 1.26–1.28 2.52 2.48–2.55 1.31 1.29–1.32 1.39 1.38–1.40

2017 CHF 1.20 1.19–1.22 1.17 1.15–1.19 1.42 1.40–1.44 1.70 1.68–1.72

2017 COPD 1.47 1.46–1.49 1.18 1.16–1.20 1.23 1.22–1.24 1.60 1.59–1.62

2017 Diabetes 1.08 1.07–1.09 1.32 1.31–1.34 1.20 1.18–1.21 1.28 1.27–1.29

Prevalence of Obesity 2.06 2.01–2.12 1.25 1.20–1.31 1.15 1.11–1.19 1.25 1.21–1.28

Region: 1 (as opposed to 4) 1.16 1.10–1.23 0.74 0.65–0.83 0.92 0.86–1.00 1.21 1.14–1.28

Region: 2 (as opposed to 4) 1.40 1.33–1.46 1.29 1.20–1.39 1.01 0.95–1.07 0.99 0.94–1.04

Region: 3 (as opposed to 4) 1.04 1.03–1.06 0.96 0.94–0.98 1.02 1.01–1.04 1.17 1.15–1.18

Region: 5 (as opposed to 4) 0.84 0.84–0.85 0.83 0.81–0.84 0.95 0.94–0.97 1.08 1.07–1.09

Region: 6 (as opposed to 4) 0.98 0.98–0.99 1.07 1.05–1.09 0.97 0.96–0.98 0.98 0.97–0.99

Region: 7 (as opposed to 4) 0.99 0.97–1.00 0.88 0.85–0.90 1.01 0.99–1.04 1.02 1.00–1.04

Region: 8 (as opposed to 4) 1.43 1.39–1.47 0.76 0.72–0.81 1.05 1.02–1.10 1.20 1.16–1.23

Region: 9 (as opposed to 4) 1.40 1.37–1.44 1.27 1.22–1.32 1.10 1.06–1.13 1.14 1.11–1.16

Region: 10 (as opposed to 4) 1.26 1.23–1.30 0.68 0.63–0.73 1.04 1.00–1.08 1.11 1.08–1.15

Abbreviations: Confidence Interval (CI); Coronary Artery Disease (CAD); Chronic Obstructive Pulmonary Disease
(COPD); Congestive Heart Failure (CHF); Emergency Department (ED); Fee-For-Service (FFS); Health Maintenance
Organization (HMO); Odds Ratio (OR); Preferred Provider Organization (PPO)

https://doi.org/10.1371/journal.pone.0254572.t005
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were slightly different for the other forms of imaging. Relative to White patients, Black

and Native American patients were significantly more likely to receive chest imaging,

while Hispanic patients were significantly less likely to receive chest imaging. Black patients

were significantly more likely to receive neuroimaging, relative to White patients, while Asian

patients, patients classified as Other, and patients of unknown race were significantly less

likely. ED imaging followed a similar pattern to neuroimaging, with the addition that relative

to White patients, Native American patients were significantly more likely to receive ED

imaging.

Table 6. Adjusted odds ratios for factors, including race, influencing use of any imaging by patients with Medi-

care advantage health plans (sample after matching).

Any

Imaging

Chest

Imaging

Neuroimaging

Imaging

ED

Imaging

Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Anxiety 1.19 1.17–1.22 1.07 1.04–1.10 1.39 1.36–1.42 1.39 1.37–1.42

Depression 1.33 1.31–1.35 1.08 1.06–1.11 1.67 1.64–1.70 1.43 1.41–1.45

Age 0.99 0.99–0.99 1.00 1.00–1.00 1.00 1.00–1.00 0.99 0.99–0.99

Rural (as opposed to Urban) 0.95 0.94–0.96 0.97 0.95–0.98 0.92 0.90–0.93 1.03 1.02–1.04

Plan Type: HMO (as opposed to FFS) 0.83 0.81–0.85 0.95 0.91–0.99 0.88 0.85–0.90 0.98 0.95–1.00

Plan Type: PPO (as opposed to FFS) 1.09 1.06–1.11 1.16 1.12–1.21 0.96 0.94–0.99 1.02 0.99–1.04

Female 1.46 1.45–1.47 0.95 0.93–0.96 1.18 1.17–1.20 1.15 1.14–1.16

Below $40k Income 0.97 0.96–0.98 1.00 0.98–1.01 1.01 1.00–1.02 1.03 1.03–1.04

2017 Cardiology Claims 2.78 2.75–2.81 2.32 2.24–2.39 1.90 1.86–1.94 1.90 1.87–1.92

2017 Imaging Claims 2.98 2.95–3.00 1.64 1.60–1.67 2.01 1.98–2.04 2.09 2.06–2.11

2017 Oncology Claims 1.86 1.78–1.93 0.99 0.94–1.04 1.45 1.40–1.51 1.27 1.23–1.31

2017 CAD 1.27 1.26–1.29 2.48 2.44–2.51 1.31 1.29–1.32 1.40 1.38–1.41

2017 CHF 1.22 1.20–1.24 1.17 1.15–1.19 1.40 1.38–1.42 1.64 1.62–1.66

2017 COPD 1.46 1.45–1.48 1.17 1.16–1.19 1.24 1.22–1.25 1.63 1.61–1.64

2017 Diabetes 1.07 1.06–1.08 1.30 1.28–1.32 1.20 1.19–1.21 1.27 1.26–1.28

Prevalence of Obesity 2.36 2.29–2.43 1.35 1.29–1.42 1.23 1.19–1.28 1.32 1.28–1.36

Region: 1 (as opposed to 4) 1.36 1.28–1.44 0.95 0.84–1.06 1.08 1.00–1.17 1.36 1.28–1.44

Region: 2 (as opposed to 4) 1.52 1.45–1.60 1.21 1.11–1.32 1.10 1.03–1.17 1.02 0.96–1.07

Region: 3 (as opposed to 4) 1.05 1.04–1.07 0.97 0.95–0.99 1.02 1.00–1.04 1.16 1.15–1.18

Region: 5 (as opposed to 4) 0.86 0.85–0.87 0.82 0.81–0.84 0.96 0.95–0.98 1.09 1.08–1.11

Region: 6 (as opposed to 4) 1.00 0.99–1.01 1.08 1.06–1.10 0.97 0.96–0.99 0.98 0.97–0.99

Region: 7 (as opposed to 4) 1.04 1.02–1.06 0.87 0.83–0.90 1.02 0.99–1.04 1.05 1.03–1.07

Region: 8 (as opposed to 4) 1.57 1.52–1.62 0.81 0.76–0.86 1.10 1.06–1.15 1.28 1.24–1.32

Region: 9 (as opposed to 4) 1.53 1.49–1.57 1.36 1.30–1.42 1.15 1.11–1.19 1.19 1.16–1.22

Region: 10 (as opposed to 4) 1.32 1.27–1.36 0.71 0.66–0.76 1.04 1.00–1.09 1.12 1.08–1.16

Race: Unknown (as opposed to White) 0.94 0.89–0.98 0.92 0.83–1.02 0.72 0.66–0.78 0.61 0.57–0.65

Race: Black (as opposed to White) 0.96 0.95–0.97 1.08 1.05–1.10 1.04 1.03–1.06 1.25 1.23–1.27

Race: Other (as opposed to White) 0.73 0.70–0.77 0.91 0.83–1.00 0.75 0.70–0.80 0.79 0.74–0.83

Race: Asian (as opposed to White) 0.69 0.63–0.75 1.00 0.84–1.19 0.67 0.58–0.78 0.54 0.48–0.61

Race: Hispanic (as opposed to White) 0.74 0.70–0.77 0.75 0.67–0.84 1.01 0.94–1.09 1.02 0.97–1.08

Race: Native American (as opposed to White) 0.94 0.82–1.08 1.58 1.31–1.89 1.12 0.96–1.31 1.29 1.14–1.46

Abbreviations: Confidence Interval (CI); Coronary Artery Disease (CAD); Chronic Obstructive Pulmonary Disease
(COPD); Congestive Heart Failure (CHF); Emergency Department (ED); Fee-For-Service (FFS); Health Maintenance
Organization (HMO); Odds Ratio (OR); Preferred Provider Organization (PPO)

https://doi.org/10.1371/journal.pone.0254572.t006
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Discussion

The findings of this study suggest that a history of anxiety or depression in the prior calendar

year is associated with greater odds of diagnostic imaging utilization. These findings are direc-

tionally opposite to those from the literature on the impact of anxiety and depression on

screening imaging, which has found that mental illness is associated with decreased screening

imaging [4, 5]. These findings were robust, in that they were maintained regardless of whether

the raw sample or a matched sample was analyzed, and held for each of the age strata

examined.

As an association was found between a history of mental illness and increased likelihood of

chest imaging, neuroimaging, and imaging within the ED, it suggests that there may be a vari-

ety of factors causing patients to be more likely to use imaging. Prior research has shown that

major depression is often comorbid with ischemic heart disease, and that both depression and

psychological stress predispose people to cardiovascular disease [20]. Thus, it is possible that

the elevated levels of chest imaging experienced by people with a history of mental illness are a

byproduct of the linkage between physical and mental illness [21]. Furthermore, depression

and anxiety have been found to be independently associated with recurrent chest pain in low

to moderate risk ED patients [22]. Bouts of chest pain could lead patients to present in the ED

for imaging. Consequently, patients with a history of coronary artery disease, with a history of

congestive heart failure, and with a history of cardiology claims were significantly more likely

to need all the categories of imaging examined (Tables 2, 5, & 6).

There are several potential explanations for the finding of a positive association between a

history of anxiety or depression and the utilization of diagnostic imaging. First, anxiety or

depression may increase patients’ subsequent physical illness [21]. The analysis controlled for

several physical comorbidities measured in the prior year, but some patients may have devel-

oped subsequent comorbidities because of a reduction in physical activity or in the quality of

sleep or diet, caused by anxiety or depression. Second, anxiety or depression may increase

patients’ perceptions that they have physical illnesses, and thus increase their likelihood of

seeking imaging [22, 23]. Screening imaging is different from diagnostic imaging, in that

patients receiving screening imaging do not perceive there to be a physical illness, while

patients receiving diagnostic imaging seek imaging in response to their belief that they have a

physical illness. Thus, patients with a history of anxiety or depression may have differing

behaviors towards screening imaging versus diagnostic imaging, due to the difference in their

perception of a need for imaging in the two scenarios.

Although the findings of this study did not address whether or not people with a history of

anxiety or depression in this population are receiving an amount of diagnostic imaging appro-

priate for their clinical condition, they do show that people with these histories are accessing

imaging to a greater extent than the overall population. This stands in contrast to the literature

on screening imaging, where people with a history of mental illness have been shown to access

screening imaging less than the overall population. These findings held even after controlling

for factors which might explain the need for imaging, such as a history of cancer, diabetes,

heart disease, or imaging in the prior year.

Limitations

The methodology through which histories of anxiety or depression were determined, a review

of one year of claims, likely underreports the frequency of these two conditions. To be counted

as having these histories, a patient would have to both have one or more encounters with the

healthcare system in 2017, and to have had the anxiety or depression documented during at

least one encounter. It is possible that people experiencing anxiety or depression might not
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interact with the healthcare system in a given year, or might not have a clinician document

their anxiety or depression in a claim. This imprecision in determining patients’ 2017 histories

likely biases the study away from having significant findings, as the “no history” populations

may contain a mixture of people with and without histories of anxiety or depression in the

prior year. While it is possible that some of the patients that experienced anxiety or depression

in 2017 had their symptoms resolve in 2018, and vice-versa, that some patients in the group

without a 2017 history of anxiety or depression went on to develop the conditions in 2018,

both of types of clinical changes would bias the study away from having significant findings.

There appears to be a greater frequency of missingness of comorbidity information among

younger patients and patients with commercial plans. As a result, the sample used in the analy-

sis had a bias towards older patients than would be the case had there been no exclusion crite-

ria. Nonetheless, there the general finding of an association between the use of imaging and a

history of anxiety or depression was maintained after creating a matched sample (Tables 5 and

6), and was observed in each of the age strata when the analysis was stratified by age band

(Table 3).

As can be seen from the descriptive statistics, the population that was studied was not repre-

sentative of the American people. Likewise, the subpopulations of patients with histories of

anxiety and depression that were included were not representative of the national population

of patients with histories of anxiety and depression. Due to the data source used, all patients

had a commercial or Medicare Advantage health plan. Any of the patients included in the sam-

ple that had a Medicaid health plan had to have been dually-eligible for Medicare Advantage

to meet the study’s inclusion criteria. As was shown in Table 3, the majority of the sample was

aged 65 or older. However, subsequent analysis (Tables 3 and 4) helped account for the impact

that age may have had on the findings. Finally, the health plans included primarily operate in

Southern states, and thus there may be a regional bias.

Conclusions

Within the context of a privately-insured population, histories of anxiety and depression were

associated with greater likelihood of diagnostic imaging utilization. This held true for all imag-

ing, chest imaging, neuroimaging, and imaging within an ED setting. This finding stands in

contrast to the literature on screening imaging, which shows that people with a history of men-

tal illness receive significantly less screening.

Supporting information

S1 File.

(DOCX)

Author Contributions

Conceptualization: Adam C. Powell, James W. Long, Garry Carneal, Kathryn J. Schormann,

David P. Friedman.

Formal analysis: Adam C. Powell.

Investigation: Adam C. Powell.

Methodology: Adam C. Powell, James W. Long, Garry Carneal, Kathryn J. Schormann, David

P. Friedman.

Project administration: Adam C. Powell.

PLOS ONE History of anxiety or depression and utilization of diagnostic imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0254572 July 12, 2021 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254572.s001
https://doi.org/10.1371/journal.pone.0254572


Resources: James W. Long.

Supervision: James W. Long.

Validation: Adam C. Powell, James W. Long, Garry Carneal, Kathryn J. Schormann, David P.

Friedman.

Visualization: Adam C. Powell.

Writing – original draft: Adam C. Powell.

Writing – review & editing: Adam C. Powell, James W. Long, Garry Carneal, Kathryn J.

Schormann, David P. Friedman.

References
1. Health equity. World Health Organization 2017. https://www.who.int/topics/health_equity/en/ (accessed

December 18, 2019).

2. AAFP Policies on Health Equity Issues. AAFP 2017. https://www.aafp.org/patient-care/social-

determinants-of-health/discrimination-policies.html (accessed December 18, 2019).

3. Carlos RC, Flores EJ. Health Equity. Journal of the American College of Radiology. 2019 Apr 1; 16

(4):539–41. https://doi.org/10.1016/j.jacr.2019.02.041 PMID: 30947884

4. Pirraglia PA, Sanyal P, Singer DE, Ferris TG. Depressive symptom burden as a barrier to screening for

breast and cervical cancers. Journal of Women’s Health. 2004 Jul 1; 13(6):731–8. https://doi.org/10.

1089/jwh.2004.13.731 PMID: 15333288

5. Edwards NI, Jones DA. Uptake of breast cancer screening in older women. Age and ageing. 2000 Mar

1; 29(2):131–5. https://doi.org/10.1093/ageing/29.2.131 PMID: 10791447

6. Carney CP, Jones LE. The influence of type and severity of mental illness on receipt of screening mam-

mography. Journal of general internal medicine. 2006 Oct 1; 21(10):1097–104. https://doi.org/10.1111/

j.1525-1497.2006.00565.x PMID: 16970559

7. Mitchell AJ, Santo Pereira IE, Yadegarfar M, Pepereke S, Mugadza V, Stubbs B. Breast cancer screen-

ing in women with mental illness: comparative meta-analysis of mammography uptake. The British

Journal of Psychiatry. 2014 Dec; 205(6):428–35. https://doi.org/10.1192/bjp.bp.114.147629 PMID:

25452600

8. Flores EJ, Park ER, Irwin KE. Improving lung cancer screening access for individuals with serious men-

tal illness. Journal of the American College of Radiology. 2019 Apr 1; 16(4):596–600. https://doi.org/10.

1016/j.jacr.2018.12.045 PMID: 30947893

9. Solmi M, Firth J, Miola A, Fornaro M, Frison E, Fusar-Poli P, et al. Disparities in cancer screening in peo-

ple with mental illness across the world versus the general population: prevalence and comparative

meta-analysis including 4 717 839 people. The Lancet Psychiatry. 2019 Nov 29. https://doi.org/10.

1016/S2215-0366(19)30414-6 PMID: 31787585

10. Final Update Summary: Lung Cancer: Screening. U.S. Preventive Services Task Force. 2013. https://

www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-

screening [accessed December 20, 2019].

11. Kim Y, Soffler M, Paradise S, Dziura J, Sinha R, Safdar B. Depression is associated with recurrent

chest pain with or without coronary artery disease: a prospective cohort study in the emergency depart-

ment. American heart journal. 2017 Sep 1; 191:47–54. https://doi.org/10.1016/j.ahj.2017.06.003 PMID:

28888269

12. Song T, Han X, Du L, Che J, Liu J, Shi S, et al. The role of neuroimaging in the diagnosis and treatment

of depressive disorder: a recent review. Current pharmaceutical design. 2018 Jun 1; 24(22):2515–23.

https://doi.org/10.2174/1381612824666180727111142 PMID: 30051778

13. Oathes DJ, Patenaude B, Schatzberg AF, Etkin A. Neurobiological signatures of anxiety and depres-

sion in resting-state functional magnetic resonance imaging. Biological psychiatry. 2015 Feb 15; 77

(4):385–93. https://doi.org/10.1016/j.biopsych.2014.08.006 PMID: 25444162

14. Iacus SM, King G, Porro G. Causal inference without balance checking: Coarsened exact matching.

Political analysis. 2012 Jan 1:1–24.

15. DME-Rural-Zip-and-Formats. Centers for Medicare & Medicaid Services. https://www.cms.gov/

Medicare/Medicare-Fee-for-Service-Payment/DMEPOSFeeSched/DMEPOS-Fee-Schedule-Items/

DME-Rural-Zip-and-Formats.html?DLPage=1&DLEntries=10&DLSort=2&DLSortDir=descending.

Published October 21, 2015. Accessed December 5, 2019.

PLOS ONE History of anxiety or depression and utilization of diagnostic imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0254572 July 12, 2021 14 / 15

https://www.who.int/topics/health_equity/en/
https://www.aafp.org/patient-care/social-determinants-of-health/discrimination-policies.html
https://www.aafp.org/patient-care/social-determinants-of-health/discrimination-policies.html
https://doi.org/10.1016/j.jacr.2019.02.041
http://www.ncbi.nlm.nih.gov/pubmed/30947884
https://doi.org/10.1089/jwh.2004.13.731
https://doi.org/10.1089/jwh.2004.13.731
http://www.ncbi.nlm.nih.gov/pubmed/15333288
https://doi.org/10.1093/ageing/29.2.131
http://www.ncbi.nlm.nih.gov/pubmed/10791447
https://doi.org/10.1111/j.1525-1497.2006.00565.x
https://doi.org/10.1111/j.1525-1497.2006.00565.x
http://www.ncbi.nlm.nih.gov/pubmed/16970559
https://doi.org/10.1192/bjp.bp.114.147629
http://www.ncbi.nlm.nih.gov/pubmed/25452600
https://doi.org/10.1016/j.jacr.2018.12.045
https://doi.org/10.1016/j.jacr.2018.12.045
http://www.ncbi.nlm.nih.gov/pubmed/30947893
https://doi.org/10.1016/S2215-0366%2819%2930414-6
https://doi.org/10.1016/S2215-0366%2819%2930414-6
http://www.ncbi.nlm.nih.gov/pubmed/31787585
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/lung-cancer-screening
https://doi.org/10.1016/j.ahj.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28888269
https://doi.org/10.2174/1381612824666180727111142
http://www.ncbi.nlm.nih.gov/pubmed/30051778
https://doi.org/10.1016/j.biopsych.2014.08.006
http://www.ncbi.nlm.nih.gov/pubmed/25444162
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/DMEPOSFeeSched/DMEPOS-Fee-Schedule-Items/DME-Rural-Zip-and-Formats.html?DLPage=1&DLEntries=10&DLSort=2&DLSortDir=descending
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/DMEPOSFeeSched/DMEPOS-Fee-Schedule-Items/DME-Rural-Zip-and-Formats.html?DLPage=1&DLEntries=10&DLSort=2&DLSortDir=descending
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/DMEPOSFeeSched/DMEPOS-Fee-Schedule-Items/DME-Rural-Zip-and-Formats.html?DLPage=1&DLEntries=10&DLSort=2&DLSortDir=descending
https://doi.org/10.1371/journal.pone.0254572


16. S1903 | MEDIAN INCOME IN THE PAST 12 MONTHS (IN 2017 INFLATION-ADJUSTED DOLLARS):

2013–2017 American Community Survey 5-Year Estimates. https://factfinder.census.gov/faces/

tableservices/jsf/pages/productview.xhtml?pid=ACS_17_5YR_S1903&prodType=table Accessed

December 5, 2019.

17. Adult Obesity Prevalence Maps. Centers for Disease Control and Prevention. https://www.cdc.gov/

obesity/data/prevalence-maps.html Accessed March 6, 2020.

18. Regional Map. Centers for Medicare & Medicaid Services. https://www.cms.gov/About-CMS/Agency-

Information/Consortia/RegionalMap Accessed February 1, 2021.

19. Lang K, Huang H, Lee DW, Federico V, Menzin J. National trends in advanced outpatient diagnostic

imaging utilization: an analysis of the medical expenditure panel survey, 2000–2009. BMC medical

imaging. 2013 Dec; 13(1):40.

20. O’Connor CM, Gurbel PA, Serebruany VL. Depression and ischemic heart disease. American heart

journal. 2000 Oct 1; 140(4):S63–9. https://doi.org/10.1067/mhj.2000.109979 PMID: 11011350

21. Roose SP. Depression, anxiety, and the cardiovascular system: the psychiatrist’s perspective. The

Journal of clinical psychiatry. 2001; 62:19–22.

22. Kim Y, Soffler M, Paradise S, Naftilan M, Jelani QU, Dziura J, et al. Depression and anxiety are associ-

ated with high rates of recurrent chest pain. Journal of the American College of Cardiology. 2016 Apr 5;

67(13S):581–.

23. Musey PI Jr, Patel R, Fry C, Jimenez G, Koene R, Kline JA. Anxiety associated with increased risk for

emergency department recidivism in patients with low-risk chest pain. The American journal of cardiol-

ogy. 2018 Oct 1; 122(7):1133–41. https://doi.org/10.1016/j.amjcard.2018.06.044 PMID: 30086878

PLOS ONE History of anxiety or depression and utilization of diagnostic imaging

PLOS ONE | https://doi.org/10.1371/journal.pone.0254572 July 12, 2021 15 / 15

https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_5YR_S1903&prodType=table
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_17_5YR_S1903&prodType=table
https://www.cdc.gov/obesity/data/prevalence-maps.html
https://www.cdc.gov/obesity/data/prevalence-maps.html
https://www.cms.gov/About-CMS/Agency-Information/Consortia/RegionalMap
https://www.cms.gov/About-CMS/Agency-Information/Consortia/RegionalMap
https://doi.org/10.1067/mhj.2000.109979
http://www.ncbi.nlm.nih.gov/pubmed/11011350
https://doi.org/10.1016/j.amjcard.2018.06.044
http://www.ncbi.nlm.nih.gov/pubmed/30086878
https://doi.org/10.1371/journal.pone.0254572

