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Purpose: To characterize cumulative radiation exposure from diagnostic imaging (CEDI) in pediatric
patients and to investigate its relationship to patients’ socioeconomic status and comorbid medical conditions.

Methods: A retrospective cohort study of �19,000 pediatric patients seen within the outpatient clinic system
of an academic tertiary care urban medical center during the month of January 2006 was conducted to estimate
CEDI from all procedures performed within 3 years of the index visit (until January 2009). Socioeconomic
status was estimated from census tract geocoding. Comorbid medical conditions were identified from the
electronic medical record.

Results: A total of 19,063 patients underwent imaging tests within the index month. The mean age was 8.9 �
6.3 years. Most had private insurance (56%), with 36% receiving Medicaid and 8% private payers. Our
population lived in census tracts in which 27 � 16% of the population were below the federal poverty level with
62% living in areas in which 20% of residents were living below the poverty level. There were differences in
CEDI (P � .0001) by age, insurance type, and percentage poverty in the census tract of residence but not
among racial groups (P � .6508). The association between poverty and CEDI was generally explained by the
26 Elixhauser diagnoses, with the exception of rheumatoid arthritis.

Conclusion: Patients living in areas of greater poverty were exposed over time to more radiation from
diagnostic testing than those living in areas with lower percentages of residents living in poverty. This
association was explained almost entirely by the presence of disease burden. No direct association was found
between socioeconomic status and CEDI.

Key Words: Radiation dose, radiation exposure, exposure to patients and personnel, socioeconomic factor,
access to health care, pediatrics
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INTRODUCTION
Although the benefits of radiographic imaging are gener-
ally accepted, the side effects of ionizing radiation expo-
sure from CT scans, fluoroscopy, and nuclear medicine
studies are receiving more attention. A recent study indi-
cated that approximately 40% of children aged � 18
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ears in the United States are exposed to at least one
onizing radiation examination over a 3-year period from

edical imaging procedures [1]. Studies suggest that radia-
ion exposure may be more hazardous in children because
heir tissues are still growing and may be more prone to
omatic genetic damage. Additionally, children’s greater life
xpectancy provides a longer observation time for adverse
vents [2-8]. The use of CT has increased rapidly, with an
stimated 70 million CT scans performed in 2007 in the
nited States [9]. Primarily on the basis of epidemiologic
ata from atomic bomb survivors, it has been estimated that
.5% to 2% of future cancers in the United States may be
ttributable to current CT use and that 29,000 cancers may
e attributable to the CT scans performed in 2007 [10].
urthermore, some have estimated that the mortality from
adiation exposure is 1 death per 4,000 scans and 1 excess
ancer per 1,000 scans [11].

Understanding the factors associated with the utiliza-

ion of radiologic imaging is important in correcting
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possible differences in the delivery of health care services
according to patient demographic characteristics (health
disparities). Lower socioeconomic status (SES), lack of
health insurance, and belonging to a disadvantaged race
or ethnicity are associated with increased disease preva-
lence, decreased access to care, and worse health out-
comes across a broad spectrum of diseases [12-16]. In a
study of adult patients undergoing myocardial perfusion
imaging, those patients without health insurance under-
went fewer tests involving radiation and had lower cu-
mulative effective doses than patients with any health
insurance [17]. Our objective was to test the association
in children between SES and medical radiation exposure
and diagnostic imaging utilization in the US health care
setting. We hypothesized that because of increased dis-
ease burden, lower SES may contribute to an increase in
exposure to medical ionizing radiation. Our population
was primarily African American and Latino children liv-
ing in varying degrees of poverty who were followed for 3
years at an urban medical center. We tested our hypoth-
esis by evaluating the associations between cumulative
radiation exposure from diagnostic imaging (CEDI) and
SES, race, ethnicity, and insurance status, controlling for
comorbidities.

METHODS

Data Sources
This was a retrospective cohort study of patients from a
tertiary care academic urban medical center with special-
ized pediatric outpatient, inpatient, and emergency facil-
ities. We accessed our institution’s computerized medical
record system using Clinical Looking Glass version 3.3
(Montefiore Medical Center, Bronx, New York), an in-
teractive software application, to derive radiation expo-
sure (estimated effective dose), geocoding (census tract of
residence), comorbidity reports, demographics, and in-
surance status. The study was approved by the medical
center’s Institutional Review Board for the Protection of
Human Subjects and was compliant with HIPAA.

Study Population
The population was defined to include all patients aged
�21 years at the time of an initial visit during January
2006 at any of the institution’s 14 outpatient clinic sites,
which all use the electronic medical record system. Pa-
tient records were reviewed through January 2009 to
identify all medical imaging studies performed over this
time period. Patients who died during the 3 years of
follow-up were excluded to minimize potential bias due
to numerous examinations preceding their deaths and
the truncation of their observation period. Patients with
�3 years of follow-up were also excluded. Age, gender,
race, and ethnicity were self-reported by the patient or
guardian at registration. Ethnicity was defined as either
Hispanic or Latino or non-Hispanic or non-Latino. In-

surance information was based on the source of payment
ecorded for the original outpatient encounter and was
ubsequently categorized as private insurance, Medicare,

edicaid, or no insurance (self-pay).

SES
The percentage of people living below the poverty level in
a census tract has previously been used as a measure of
SES [18]. To validate this approach in this cohort, 100
randomly selected addresses geocoded by the Clinical
Looking Glass geocoding report were compared with the
census tract on the US Census Bureau’s geocoding Web
site [19]. Eighty-two percent of addresses were assigned
the same census tracts by both methods, 10% could not
be geocoded by the census Web site, and a small fraction
(8%) were assigned different census tracts. To account
for the possible nonlinearity of the relationship between
census tract percentage of persons living below the pov-
erty level and radiation exposure, percentage poverty cat-
egories of 0% to 10%, �10% to 20%, �20% to 30%,
�30% to 40%, �40% to 50%, �50% were created.
Bronx County has one of the highest poverty rates in the
nation (28.3% in 2009), and the study population there-
fore did not replicate the previously used cutoff of
�20%, the federal definition of a poverty area, as the
highest poverty group [20].

Examination Utilization and Estimation of
Radiation Dose
All diagnostic radiology examinations, nuclear medicine
examinations, and cardiac catheterizations were recorded
for 3 years from the original outpatient visit date for each
patient. These included all procedures performed at multi-
ple imaging facilities, including inpatient, emergency, and
outpatient settings. Mean radiation doses were assigned to
the common examinations performed in radiology, nuclear
medicine, and invasive cardiology on the basis of literature-
reported values [21,22] available before the initiation of this
cohort. The estimated radiation doses for all examinations
for the 3-year period of each patient were then summed,
yielding a total estimated cumulative radiation dose in mil-
lisieverts. Actual measured radiation exposures vary widely
and also tend to be higher than estimated mean calculated
exposures [9,22,23].

Comorbidities
Because SES is associated with disease risk, we incorpo-
rated comorbidities into our analyses to account for in-
creases in imaging procedures due to increased burden of
disease. We determined the presence of each of 26 Elix-
hauser diagnoses for each patient using International
Classification of Diseases, ninth rev., codes for the entire
3-year study period. Elixhauser diagnoses have been
shown to be positively associated with mortality and hos-
pital charges [24].

Statistical Analysis
Descriptive statistics are presented as mean � SD for

continuous variables and as relative frequencies for cate-



i
i
C
p
t
g
w
m

Freeman, Strauchler, Miller/SES and Ionizing Radiation Exposure in Children 801
gorical variables. Multiple linear regression analysis with
a monitored backward variable elimination procedure
was used to derive models of the relationship between
cumulative radiation exposure and patient character-
istics, with estimated cumulative radiation dose as the
dependent variable. Because the distribution of esti-
mated cumulative radiation was not normal, transfor-
mations of scale were attempted to better approximate
assumptions of normally distributed error terms. How-
ever, with most patients receiving very low doses or no
radiation, and because the data set was sufficiently large,
errors were reasonably normal, and thus assumptions of
the multiple linear regression analyses were not violated.
Bivariate analyses between CEDI and demographics and
insurance were performed using Kruskal-Wallis tests for
categorical or short-scale ordinal variables or Wilcoxon’s
rank-sum tests for dichotomous variables. Variables sig-
nificantly associated with CEDI were included in multi-
variate models. Primary analyses included CEDI as the
dependent variable and age and its effect on poverty and

Table 1. Distribution of demographic characteristics and
by poverty and CEDI (n � 19,063)

Variable

Frequency
Distribution

Pov

n % Mean �

Age (y)
�5 6,458 33.88 0.27 �
5-9 4,449 23.34 0.27 �
10-15 4,244 22.26 0.27 �
16-21 3,911 20.52 0.28 �

Gender
Male 9,212 48.33 0.27 �
Female 9,847 51.67 0.27 �

Race
American Indian 91 0.48 0.32 �
Asian 324 1.70 0.23 �
African American 6,303 33.06 0.28 �
Multiracial 2,839 14.89 0.31 �
Pacific Islander 11 0.06 0.29 �
White 1,946 10.21 0.20 �

Ethnicity
Hispanic 6,874 36.37 0.31 �

Insurance
Medicaid 6,825 35.80 0.32 �
Medicare 61 0.32 0.34 �
None 1,496 7.85 0.27 �
Private 10,680 56.03 0.24 �

Percentage poverty
�10% 3,909 20.76 —
10%-�20% 3,207 17.03 —
20%-�30% 3,637 19.32 —
30%-�40% 3,311 17.58 —
40%-�50% 3,356 17.82 —
�50% 1,409 7.48 —

Total 19,063 100.00 0.27 �
Note: CEDI � cumulative radiation exposure from diagnostic imaging.
ts effect on diagnosis as independent variables. Sensitiv-
ty analyses were performed for the entire data set, with
EDI as the dependent variable and the following inde-
endent variables: age, gender, ethnicity, race, census
ract percentage poverty as either a continuous or a cate-
orical variable, insurance categories, and diagnosis, as
ell as within insurance group. Variables retained in final
odels were those significant at P � .05. Analyses were

performed using SAS version 9.1.2 (SAS Institute Inc,
Cary, North Carolina).

RESULTS
A total of 19,063 patients had outpatient visits between
January 1 and January 31, 2006, and were followed for 3
years. Distributions of children from infancy to 21 years
by demographic characteristics and insurance type are
shown in Table 1. The mean age was 8.9 � 6.3, with
34% aged � 5 years. The most prevalent racial groups
were African American (33.1%) and multiracial
(14.9%); 36.4% of the population was of Hispanic eth-

urance in children and adolescents aged 0 to 21 years

y Rate of Living
nvironment 3-Year CEDI (mSv)

D
Difference:

P Value Mean � SD
Difference:

P Value
�.0001 �.0001

6 0.50 � 8.73
6 0.38 � 4.00
6 0.76 � 7.66
6 1.61 � 11.14

.0064 .5132
6 0.80 � 8.65
6 0.72 � 7.89

�.0001 .6508
4 0.99 � 5.48
6 1.45 � 20.39
6 0.80 � 8.76
5 1.23 � 11.60
2 0.14 � 0.28
6 0.57 � 6.05

�.0001 .8353
5 1.03 � 8.30

�.0001 �.0001
4 1.06 � 9.63
3 2.15 � 6.83
7 0.29 � 2.31
6 0.62 � 7.84

— �.0001
0.44 � 3.85
0.83 � 9.43
1.00 � 11.31
0.69 � 6.64
0.75 � 6.61
1.11 � 11.90

6 — 0.76 � 8.27 —
ins

ert
E

S

0.1
0.1
0.1
0.1

0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1

0.1

0.1
0.1
0.1
0.1

0.1



A

i
a
w
f
c
l
c
a
h
e
s
d
d
w
E
y
t
d

a
p

s
o
s
t
h
G
a
i
s
d
n
w
F
a
(
a
t
t
w
a
d
a
g
v
a

802 Journal of the American College of Radiology/Vol. 9 No. 11 November 2012
nicity. Most children were covered under private insur-
ance (56%), with an additional 36% receiving Medicaid.
Across census tracts, 27 � 16% of children from this
population lived in poverty, with 62% living in areas in
which �20% of residents were living below the poverty
level.

Descriptive statistics for percentage poverty and CEDI
stratified by demographic characteristics and insurance
type are also shown in Table 1. Differences in mean levels
of poverty were significant for age, with both the very
young and the oldest children more likely to be living in
higher poverty areas, and for sex, with female patients
more likely to live in higher poverty areas. Percentage
poverty differed by race, with Native Americans, African
Americans, and Pacific Islanders more likely to live in
higher poverty areas than Asians or Caucasians, and by
ethnicity, with Hispanics more likely to live in higher
poverty areas (P � .0001). As expected, children receiv-
ing Medicaid were more likely to live in higher poverty
areas than those with either no or private insurance and
were more likely to be Native American (P � .0016),

frican American (P � .0001), or Hispanic (P � .0001)
(data not shown). With regard to CEDI, 82.5% of chil-
dren received no ionizing radiation, and �1% received
�10 mSv. Differences among age groups with regard to
CEDI were significant, with those aged 16 to 21 years
having notably higher levels of cumulative radiation ex-
posure than younger children (P � .0001). Differences
among insurance types were significant, with those on
Medicaid or Medicare receiving significantly more radi-
ation than those with private or no insurance (P �
.0001). There were no significant differences by gender,
race, or ethnicity.

The distribution of children with one or more Elix-
hauser diagnosis is shown in Table 2. For each diagnosis,
descriptive statistics for percentage poverty and CEDI
are presented, along with corresponding P values indicat-
ng the significance of the difference between those with
nd without the diagnosis. The most prevalent diagnosis
as chronic pulmonary disease, affecting more than one-

ourth of all children. Other diagnoses affecting �2% of
hildren included deficiency anemia, fluid and electro-
yte disorders, and depression. More than one-third of
hildren had at least one Elixhauser diagnosis. In bivari-
te analyses, Elixhauser diagnoses more prevalent in
igher poverty areas included chronic pulmonary dis-
ase, hemiplegia or paraplegia, complicated hyperten-
ion, other neurologic disorders, fluid and electrolyte
isorders, deficiency anemia, drug abuse, psychoses, and
epression; having at least one diagnosis was associated
ith living in areas of significantly greater poverty. For
lixhauser diagnoses with sufficient sample sizes for anal-
sis (n � 10), children with the diagnoses were exposed
o significantly greater CEDI than those without the

iagnoses. CEDI was notably greater for such diagnoses
s myocardial infarction, metastatic solid tumor, lym-
homa, and blood loss anemia.
Table 3 presents the results of multiple linear regres-

ion models to determine the effect of percentage poverty
f living environment on CEDI, controlling for diagno-
is. Each model accounted for age and how age modified
he effect of poverty on CEDI, as well as diagnosis and
ow poverty modified the effect of diagnosis on CEDI.
iven the two interaction terms in each initial model,

nalyses of interaction terms were reviewed to determine
f sample sizes within subgroups were sufficient to con-
ider results reliable (ie, �10 subjects in each subgroup
ichotomized at the median). After controlling for diag-
osis and age, poverty was not significantly associated
ith CEDI, with the exception of rheumatoid arthritis.
or this diagnosis only, the interaction between poverty
nd diagnosis was significantly associated with CEDI
P � .0001), indicating that children with rheumatoid
rthritis living in greater poverty areas had much higher
han expected CEDI compared with those with rheuma-
oid arthritis living in areas of lesser poverty and those
ithout the disease. The interaction between poverty

nd disease was significant for moderate to severe liver
isease; in examining these results more closely, there was
significant difference in CEDI between those living in
reater poverty areas and those without moderate or se-
ere liver disease. These findings are illustrated in Figs. 1
nd 2. Sensitivity analyses supported all findings.

DISCUSSION
From our multiracial and ethnic population in which the
majority of children lived in areas with �20% of resi-
dents living below the poverty level, those living in areas
of greater poverty had higher levels of cumulative ioniz-
ing radiation exposure. However, analyses that con-
trolled for age and diagnosis attributed this finding pri-
marily to burden of disease. Our results are consistent
with those of prior studies, which demonstrated an asso-
ciation between lower SES and greater disease burden
[25,26]. We found that more than one-third of children
had at least one Elixhauser diagnosis, and those affected
lived in notably poorer environments. Contrary to expec-
tations regarding barriers to accessing health care by
poorer patients, our analyses showed that mean levels of
CEDI in general did not differ between children living in
census tracts with greater vs lower poverty after control-
ling for diagnosis and age.

There was only one diagnosis, rheumatoid arthritis,
for which poverty was associated with CEDI. For chil-
dren with this diagnosis living in areas of �10% poverty,
mean CEDI was more than twice that of those living in
areas of �10% poverty; for children without this diag-
nosis, the difference in mean CEDI was not as pro-
nounced. Only one study examined the relationship be-
tween SES and juvenile rheumatoid arthritis and

indicated that children in families with higher incomes
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were more likely to have the diagnosis; however, the
investigators did not examine effects of imaging and
treatment [27]. This finding warrants further investiga-
tion focusing on this population of patients with juvenile
rheumatoid arthritis. The current data concern limited
variables pertaining to the whole population of patients
studied. Prospective detailed analysis of this clinic popu-
lation may shed light on the finding.

In a 2011 report, the use of ionizing radiation was
generally higher among boys than girls aged � 15 years
and increased dramatically in older children [1]. Al-
hough consistent with what we observed, these results
ere limited to children with private insurance. With

egard to differences among racial groups, the results of
ur study differed from those of Einstein et al [17] in that
hey found that white patients had higher cumulative

Table 2. Distribution of demographic characteristics, insu
to 21 years by poverty and CEDI (n � 19,063)

Diagnosis

Frequency
Distribution

n %
Myocardial infarction 2 0.01
Congestive heart failure 18 0.10
Peripheral vascular disorders 16 0.09
Cerebrovascular disease 42 0.23
Dementia 4 0.02
Chronic pulmonary disease 4,883 27.14
Peptic ulcer disease 11 0.06
Mild liver disease 76 0.42
Diabetes without

complications
178 0.99

Hemiplegia or paraplegia 157 0.87
Moderate or severe liver

disease
176 0.98

Metastatic solid tumor 14 0.08
Valvular disease 130 0.72
Pulmonary circulation

disorders
12 0.07

Complicated hypertension 124 0.69
Other neurologic disorders 324 1.80
Hypothyroidism 163 0.91
Lymphoma 20 0.11
Rheumatoid arthritis collagen

vascular disease
63 0.35

Coagulopathy 102 0.57
Fluid and electrolyte

disorders
621 3.45

Blood loss anemia 13 0.07
Deficiency anemia 976 5.42
Drug abuse 49 0.27
Psychoses 267 1.48
Depression 471 2.62
Elixhauser diagnoses

None 12,237 64.19
Any 6,826 35.81

Total 19,063 100.00

Note: CEDI � cumulative radiation exposure from diagnostic imaging.
ffective doses of ionizing radiation, whereas we found w
o differences. Consistent with our findings, those inves-
igators also found that patients without health insurance
ad lower cumulative effective doses than patients with
ny health insurance [17]. Two previous studies have
nvestigated the relationship between SES and dimin-
shed access to ionizing medical imaging in large popu-
ations. A Canadian study found that the highest income
uintile was more likely than the lowest income quintile
o receive nearly all radiologic examinations [28]. How-
ver, a Taiwanese study found that lower SES was asso-
iated with a higher rate of CT utilization [29]. It is
mportant to note that both of these studies were per-
ormed in systems with different health care and insur-
nce systems than was analyzed in this study. Neither of
hese studies reported cumulative radiation exposure es-
imates. In a study paralleling our cohort of children but

nce, and diagnoses in children and adolescents aged 0

rcentage Poverty of
iving Environment 3-year CEDI (mSv)

an � SD P Mean � SD P
8 � 0.02 — 160.50 � 163.30 —
3 � 0.14 .0927 21.83 � 65.20 �.0001
2 � 0.14 .2200 4.57 � 8.62 �.0001
8 � 0.16 .5802 7.75 � 13.69 �.0001
5 � 0.06 — 0.03 � 0.05 —
9 � 0.16 �.0001 0.99 � 7.30 �.0001
6 � 0.16 .8851 4.73 � 6.79 �.0001
9 � 0.15 .2032 2.54 � 5.84 �.0001
8 � 0.16 .4105 1.83 � 6.47 �.0001

1 � 0.18 .0114 4.84 � 12.96 �.0001
8 � 0.15 .1308 5.47 � 10.34 �.0001

9 � 0.14 .6689 140.70 � 139.80 �.0001
9 � 0.15 .1740 1.96 � 5.55 �.0001
6 � 0.16 .8165 15.79 � 23.96 �.0001

2 � 0.17 .0016 12.62 � 46.89 �.0001
9 � 0.15 .0495 5.37 � 25.98 �.0001
9 � 0.17 .1315 2.89 � 8.43 �.0001
2 � 0.16 .1242 110.10 � 118.30 �.0001
9 � 0.15 .2577 9.59 � 36.07 �.0001

0 � 0.17 .1569 15.59 � 45.26 �.0001
8 � 0.15 .0207 4.62 � 21.45 �.0001

9 � 0.16 .6691 32.21 � 74.25 �.0001
1 � 0.16 �.0001 3.44 � 22.68 �.0001
2 � 0.13 .0082 10.10 � 40.38 �.0001
0 � 0.14 .0004 1.56 � 6.33 �.0001
2 � 0.14 �.0001 2.38 � 8.31 �.0001

�.0001 �.0001
6 � 0.16 0.24 � 2.40
9 � 0.16 1.69 � 13.38
7 � 0.16 0.76 � 8.27
ra

Pe
L

Me
0.4
0.3
0.3
0.2
0.1
0.2
0.2
0.2
0.2

0.3
0.2

0.2
0.2
0.2

0.3
0.2
0.2
0.3
0.2

0.3
0.2

0.2
0.3
0.3
0.3
0.3

0.2
0.2
0.2
ith adult patients, we similarly reported that radiation
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exposure was directly related to comorbidities rather than
SES [30].

Several studies have discussed diminished imaging uti-
lization in mammography, bone densitometry, and car-
diac catheterization as they relate to lower SES in adults
[31-36]. The international consistency of these findings,
including countries with socialized health care, indicates
that insurance is not the only factor limiting access to
radiologic imaging. We have shown no differences in
race or ethnicity with regard to CEDI, and for only 1 of
the 26 Elixhauser diagnoses, juvenile rheumatoid arthri-
tis, was there an association between poverty and CEDI.
We did demonstrate that those children enrolled in Med-

Table 3. Multivariate associations between 3-year CEDI
a census tract and presence or absence of Elixhauser dia

Diagnosis CEDI vs % Povert
Myocardial infarction ‡
Congestive heart failure .1343
Peripheral vascular disorders .1810
Cerebrovascular disease .1843
Dementia ‡
Chronic pulmonary disease .2103
Peptic ulcer disease .1848
Mild liver disease .1862
Diabetes without complications .1815
Hemiplegia or paraplegia .1433
Moderate or severe liver disease† .2134
Metastatic solid tumor .1080
Valvular disease .1803
Pulmonary circulation disorders .1770
Complicated hypertension .2293
Other neurologic disorders .1704
Hypothyroidism .1897
Lymphoma .0642
Rheumatoid arthritis collagen

vascular disease†
.2150

Coagulopathy .1677
Fluid and electrolyte disorders .0789
Blood loss anemia .2740
Deficiency anemia .1473
Drug abuse .2432
Psychoses .1704
Depression .1861
Any Elixhauser diagnoses .0297

Note: CEDI � cumulative radiation exposure from diagnostic imaging.
�For all analyses, the interaction between age and poverty was
poverty have much higher levels of CEDI than older children livin
†P � .05 indicates that the interaction between poverty and diagn
of the relationship between diagnosis and CEDI: (1) those withou
significantly greater CEDI than those without the disease who live
in higher vs lower poverty areas among those with the diagnosis
CEDI was significantly greater in those living in higher poverty a
rheumatoid arthritis, the difference in CEDI between those living
‡Too few (�10) patients in one or more of the subsets stratified
icaid or Medicare received significantly more radiation r
han those with private or no insurance. Patients with
edicaid or Medicare will be those who are poor and

ave Elixhauser diagnoses. They will be enrolled to ob-
ain required services. Those without insurance (�10%
f the sample) have no means of payment and would not
e expected to have ready access to health care services
egardless of their medical comorbidities. It is also possi-
le that this 10% represents those who were not located
ithin the catchment area throughout the study period

nd were not able to benefit from social services afforded
o those enrolled in Medicare or Medicaid.

In a review from 2009, it was reported that for every
,000 CT scans, there would be one excess death from

percentage of people living below the poverty level in
oses�

P Value

CEDI vs Diagnosis

CEDI vs Interaction of
Poverty and
Diagnosis†

‡ ‡
.3336 ‡
.0708 .2246
.0002 .1377
‡ ‡

.2169 .8995

.4233 .0770

.3902 .7732

.2230 .4070

.0042 .9009
�.0001 .0010
�.0001 ‡

.7370 .7507
�.0001 ‡
�.0001 .2597
�.0001 .3107

.0332 .3831
�.0001 ‡

.7748 �.0001

�.0001 .5313
.0001 .0542

�.0001 ‡
�.0001 .0987

.0369 ‡

.1825 .2129

.1485 .6620
�.0001 .2266

nificant (P � .05), indicating that older children living in greater
n less poverty, relative to what is observed in younger children.

was significant and that poverty was a significant effect modifier
oderate or severe liver disease living in higher poverty areas had
lower poverty areas (the difference in CEDI between those living

s not significant), and (2) among those with rheumatoid arthritis,
s than those living in lower poverty areas (among those without
igher vs lower poverty areas was not significant).
poverty and diagnosis group.
and
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adiation-induced malignancy [11]. Although imaging
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data have not supported a causal relationship with can-
cer, evidence from Japanese populations demonstrate a
dose-response relationship [3]. The authors estimated
hat in 15 developed countries between 0.6% and 1.8%
f all malignancies occurred as a result of diagnostic med-
cal radiation, on the basis of the estimate that CEDI

50 mSv was considered high [11]. Thus, we agree that
hysicians caring for such patients must seek to limit
adiation exposure whenever possible to lessen the life-
ime risk for malignancy [37]. In children and adoles-
ents aged 5 to 21 years diagnosed with osteosarcoma,
xcess cancer incidence and excess mortality decreased
ramatically with age, with rates for those aged 15 to 21
ears �15% of values for children aged 5 to 10 years
38]. For the 34 children in our sample diagnosed with
etastatic solid tumors or lymphoma as well as for chil-

ren with other diagnoses, we agree with the need to
inimize patient exposure to ionizing radiation associ-

ted with medical imaging, with specific attention paid
o young children, in considering the advantages of such
maging.

Although the assertion cited above that a significant
umber of cancers are caused by medical radiation has
een questioned [39,40], the need to minimize unneces-

Fig 1. Chart demonstrating the interaction between mod-
erate or severe liver disease, poverty, and CEDI. Those
without moderate or severe liver disease living in higher
poverty areas had significantly greater CEDI than those
without the disease who lived in lower poverty areas (the
difference in CEDI between those living in higher vs lower
poverty areas among those with the diagnosis was not
significant).
ary ionizing radiation has been widely accepted. The
American College of Radiology White Paper on Radia-
ion Dose in Medicine” cites research indicating a signif-
cant cancer increase at radiation levels � 50 mSv and
otes that it would not be uncommon for patients receiv-

ng multiple CT scans to have an estimated exposure
bove this level [24]. Because of these concerns, the In-
ernational Commission on Radiological Protection [41]
as recommended that occupational effective radiation
oses be limited to an effective dose of 100 mSv over 5
ears, with a maximum of 50 mSv in any year. Assuming
hat we limit the effective dose to 60 mSv over the 3 years
f follow-up, it is estimated that 34 children (0.18%) had
EDI values exceeding this threshold, 4 of whom had no
lixhauser diagnoses.
Limitations of the study include the inaccuracy of

ensus tract geocoding and the inability to approximate
he SES of individual patients. Insurance status captured
t the index visit may have changed over the 3 years. Also,
single hospital system’s imaging facilities may lead to
otential underestimation of cumulative radiation expo-
ure. Although it is possible that subjects obtained imag-
ng services outside of the net cast by the Clinical Look-
ng Glass software, the true magnitude is unknown. The

edical center provides primary care to two-thirds of the
oorest children living in the Bronx and subspecialty care
o nearly all of these children. The majority of outpatient

Fig 2. Chart demonstrating the interaction between rheu-
matoid arthritis, poverty, and CEDI. Among those with rheu-
matoid arthritis, CEDI was significantly greater in those
living in higher poverty areas than those living in lower
poverty areas (among those without rheumatoid arthritis,
the difference in CEDI between those living in higher vs

lower poverty areas was not significant).
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encounters that generate imaging requests via the elec-
tronic medical record automatically generate scheduling
requests within the radiology information system, which
spans 4 inpatient sites and 5 outpatient imaging centers.
We are currently designing prospective analyses of the
subsets of the cohort within each Elixhauser diagnosis
group. This prospective methodology will allow us to
more accurately account for these confounders.

Estimated doses rather than actual doses were used,
which would tend to underestimate true findings; how-
ever, uniform correction would likely not alter results.
Information regarding the use of shielding and whether
scans were repeated was unavailable. Factors unique to
our institution or its patient population, such as its
greater proportion of African Americans and smaller pro-
portion of Caucasians, limit generalizability further. Ad-
ditionally, children could have received imaging at other
institutions, which would serve to underestimate the
CEDI values reported here. Although we accounted for
greater use of ionizing radiation due to increased morbid-
ity by incorporating Elixhauser diagnoses in analyses, we
may have omitted other diagnoses associated with in-
creased radiation.

CONCLUSIONS
Although medical imaging provides valuable informa-
tion at the appropriate settings, many tests can only be
done using ionizing radiation. Exposure to ionizing radi-
ation at levels from diagnostic testing is associated with
an increased risk for forming solid tumors, and this risk is
particularly notable in young children and those with
cancer [38]. This study confirms previous work showing
that patients of lower SES have greater disease burden.
Contrary to expectations with regard to barriers to care,
patients in this cohort living in areas with greater concen-
trations of persons living in poverty had higher levels of
CEDI than those living in areas with lower concentra-
tions. This association was explained by the presence of
disease burden. We found no direct association between
SES and CEDI. Our study demonstrates that poorer
children have increased burden of disease and as a conse-
quence receive more CEDI. Although disparities in dis-
ease burden resulting from poverty are unlikely to change
rapidly, awareness of higher overall potential radiation
exposure from diagnostic testing and conscious efforts to
utilize nonionizinig alternatives may be used to reduce
consequences of imaging in a poorer and sicker pediatric
population.

TAKE-HOME POINTS

● Disease burden increases as census tract poverty per-
centage increases.

● Total accumulated ionizing radiation from diagnostic

imaging increases with disease burden.
● Controlling for SES, disease burden accounted for all
differences in ionizing radiation exposure.
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