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Abstract

Objective: To assess cumulative radiation doses from computed tomography (CT), patient
characteristics, and clinical indications for CT in a population-based sample.

Patients and Methods: A cohort study using medical record linkage through the Rochester
Epidemiology Project was conducted to ascertain all CT examinations in Olmsted County,
Minnesota in 2004-2013 among all adults who were alive for =3 years after end of follow up (to
exclude exposures preceding death). Ten-year cumulative effective ionizing radiation doses were
estimated based on typical doses per CT modality. Among patients with high doses (=100 mSv/10
years), CTs were reviewed for clinical setting, indications, and results.

Results: Of 54,447 adults with a median age of 44.0 years at inclusion, 26,377 (48.4%)
underwent at least one CT. Ten-year radiation doses from CT were 0.1-9.9 mSv in 15.8% of the
population, 10-24.9 mSv in 16.9%, 25-99.9 mSv in 13.8%, and =100 mSv in 1.9%. CT of
abdomen and pelvis accounted for 67% of the estimated dose. In multivariable models, doses
differed 1.21-fold to 2.16-fold between extreme categories of age, body mass index, education
level, smoking status, and by race. Of 600 CTs in 200 patients with high doses, 70% were obtained
for restaging of solid cancers and lymphoma, abdominal pain, infection, kidney stones, follow up
of nodules or masses, and chest pain/evaluation for pulmonary embolism.

Conclusions: Exposure to ionizing radiation from CT occurred disproportionally in specific
subgroups of the population. A limited number of clinical indications contributed the majority of
radiation among adults with high doses.

Computed tomography (CT) has revolutionized how medical diagnoses are made. Increased
use of CT over time has made it the main modifiable source of ionizing radiation exposure
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in medicinel: 2 and has raised concerns about radiation-induced cancers.3 lonizing radiation
contributed to cancer incidence and mortality among atomic bomb survivors.# ® Whether
repeated low-dose exposures from medical radiation are associated with proportional risks is
subject to debate. Under the most widely accepted “linear—-no threshold model,” even small
doses of ionizing radiation would contribute to cancer risk.3 -0 Guidelines recommend
reducing radiation from CT.11. 12

The exposure of the U.S. population to ionizing radiation from CT is incompletely
understood. Previous studies provided ecologic measures of dose in adults with specific
insurance status, without being able to study individual patient factors or clinical indications.
1.2,13,14 Others were performed in referral populations, capturing only subsets of the
population selected by their healthcare use.% 15 16

In this population-based study of a geographically defined part of the United States
population, we estimated exposure to ionizing radiation from CT among adults, which parts
of the population were most affected, and for what clinical indications CTs were obtained.

Study population and measures

The Rochester Epidemiology Project (REP) is a medical record linkage system that has been
capturing virtually the entire population of Olmsted County, Minnesota since 1966.17-19 Alll
local health care providers share information with the REP; an exception during parts of the
study period was incompletely captured dental and ophthalmologic care.1® Computed
tomography (CT) is performed at Mayo Clinic, Olmsted Medical Center, and affiliated
hospitals. The institutional review boards of Mayo Clinic and Olmsted Medical Center
approved the study.

Within the REP, a closed cohort was defined that included all adults (=18 years) who were
residents of Olmsted County both on January 1, 2004 and on December 31, 2013 who were
alive, irrespective of in-county residency status, after additional three years of follow up on
December 31, 2016 (Figure 1, Supplemental Figure 1). In-county residency was defined as
medical contact with an Olmsted County address, with up to three (women) or four years
(men) in between contacts and up to six months after the last contact, according to the
validated REP Census.18 20 Anyone who had declined use of one or more medical records
for research (10.8% of the total population) was excluded.18: 21

Because the closed cohort might have selected a less mobile and sicker population, a
sensitivity analysis used a cohort with flexible contributions of person-time, irrespective of
in-county residency status on December 31, 2013. The fraction of time of in-county
residency in ten years was the denominator for calculating estimated ten-year doses.

Age at inclusion, gender, race, Hispanic ethnicity, self-reported highest education level at the
end of follow up, zip code, first recorded body mass index (BMI), and most frequently
reported tobacco use status were retrieved from electronic health records as pre-defined
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predictors of radiation dose. Median household income per zip code served as a proxy for
socioeconomic status.2

To calculate the radiation dose from CT, Current Procedural Terminology codes for all types
of CT were retrieved from billing data. Estimated effective doses per examination per body
area were based on prior literature (Supplemental Table 1).7- 9 23-26 \When different typical
doses were reported, the lowest dose was used, without adjustments for gender, height, or
weight. Other radiation sources such as conventional plain radiography, angiography/
fluoroscopy, positron-emission tomography, or single-photon emission CT were not
included, given that they contribute significantly less to radiation exposure or are performed
in specialized clinical settings.? To calculate the cumulative effective dose per person, doses
per modality were multiplied with counts of CT modalities per person over the study period.
Because the literature-derived typical doses might underestimate true doses in people with
higher BMI, in a sensitivity analysis, doses were modeled to increase by a factor of two
between BMIs of 20 and 40 kg/m2.27

Medical record review

Characterizing patients with high doses (=100 mSv/10 years), a random subset of 200
patients with stratification by deciles of dose was sampled for medical record review.
Diagnoses listed in medical histories and active problem lists in two-year time periods
around inclusion (2004) and end of follow up for CT (2013) were abstracted, based on
common multimorbid conditions.28

Three CTs per patient were sampled, and clinical setting, main indication, and results were
abstracted from radiology reports, orders, and clinical notes. Based on a pilot review of 100
CTs, repeatedly occurring indications were defined. Radiology reports were scored for
positive results (related to the main indication, or major findings necessitating timely
changes in plan of care), other changes (compared to prior CTs), chronic findings, and
incidental findings (unrelated to the indication, but generally requiring further follow up or
for which the radiologist recommended follow up). One CT could fulfill more than one
criterion.

Statistical analysis

The cumulative dose distribution was analyzed both on a relative scale and on an absolute
scale. Models accounted for persons without any CT (zero inflation) and the wide spread of
doses among persons with high doses (right skew). On the relative scale, two-stage modeling
developed for healthcare cost estimation was employed.2® First, logistic regression was used
to assess predictors of receiving any radiation dose over follow up. Second, among those
with any dose, relative differences in dose were calculated. Because of the right-skewed dose
distribution, a standard linear regression approach (ordinary least squares regression) would
have overestimated differences in dose. Instead, the natural logarithm of the dose was
modelled using robust linear regression with Huber weights,3? and standard errors were
calculated using heteroskedasticity-consistent type 3 robust estimators3! to further reduce
undue influence of outliers. This model choice was guided by split-sample model
comparisons and regression diagnostics. In a pre-defined subgroup analysis, multiplicative
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effect measure modification by gender was assessed, wWith Pinteraction < -05 from two-sided
global Wald tests considered statistically significant. For plotting unadjusted absolute doses,
age and BMI were modelled using restricted cubic splines with five knots given their non-
linear relationships with dose.32 Adjusted absolute differences were obtained from
multivariable quantile regression for the median.33

Missing data were reported as a separate category. In the main analysis, regression models
excluded persons with missing values (overall, 17.3%). In a sensitivity analysis, 20 datasets
from multiple imputation by chained equations were pooled.3*

Associations of calendar year and numbers of annual CTs were assessed in univariable linear
regression models. Binomial proportions were reported with Wilson confidence intervals.3°
Count data for settings and indications were analyzed using negative binomial regression.
The association of indications and results was analyzed using mixed-effects logistic
regression, accounting for clustering of three CTs per person.

Study population and overall exposureto CT

54,447 adults were residents of Olmsted County for one decade from 2004 to 2013 and alive
in 2016 (Supplemental Figure 1). Median age was 44.0 years at inclusion. 54.4% were
women, 90.0% were white, 45.6% had a four-year college degree or higher education,
35.1% were overweight, and 35.9% were obese (Table 1).

Over one decade, 107,961 CTs were performed in 26,377 patients (48.4% of the cohort). Of
patients who underwent CT, 7833 (29.7%) had one CT, 11,630 (44.2%) had 2-4, 4596
(17.5%) had 5-10, and 2318 (8.8%) had =10 CTs.

The most frequently performed modalities were CT of the abdomen, pelvis, head, and chest
(Supplemental Table 2). During follow up, the number of CTs increased by 5.8% annually
(95% Cl, 4.6 to 9.4%). Annual increases were 4.9% (95% Cl, 3.7 to 6.1%) for abdominal
CT, 4.8% (95% Cl, 3.2 to 6.3%) for pelvic CT, 3.1% (95% Cl, 1.5 to 4.8%) for chest CT
with and without contrast medium, and 9.6% (95% CI, 7.4 to 11.7%) for other CT
modalities.

Cumulative effective radiation doses from CT were 0 mSv in 51.6% of the population, 0.1-
9.9 mSv in 15.8%, 10-24.9 mSv in 16.9%, 25-99.9 mSv in 13.8%, and =100 mSv in 1.9%
(Table 1). The median dose among those with any CT was 14.0 mSv. CT of the abdomen
and pelvis accounted for 67.2% of the dose, while 19.9% were due to CT of the chest with
and without contrast medium. Doses increased by 6.5% per calendar year (95% ClI, 5.3 to
7.8%). The increase in dose per one-year increase in baseline age was 1.58% (95% CI, 1.47
to 1.68%).

In a sensitivity analysis, a cohort defined with flexible person-time, including all 82,090
persons who were residents in 2004 irrespective of residency status after 10 years, yielded
slightly higher dose estimates in a similar distribution (Supplemental Tables 3-5).
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Doses in subgroups of the population

The dose differed markedly according to baseline characteristics (Table 1, Supplemental
Table 6). In multivariable models, all were independent predictors of receiving any CT,
except for Hispanic ethnicity (Table 2). The strongest predictor of higher dose among those
with any CT was older age, followed by extremes of BMI and current tobacco use.
Additionally, educational levels lower and higher than four-year college degrees and black
race were associated with higher doses. Absolute dose differences according to baseline
characteristics were considerably more pronounced with higher doses, such as at the 75t
and 90™ percentile, than at the median (Figure 2, Supplemental Figure 2).

Men were less likely to receive any CT (odds ratio, 0.93; 95% CI, 0.89 to 0.97), but gender
was not associated with dose overall (Table 2). The associations of BMI (BPinteraction < -001),
age (Pinteraction = -001), and tobacco use (Pinteraction = -002) with dose differed by gender
(Supplemental Tables 7, 8, Supplemental Figure 3). Women had more pronounced higher
doses with higher BMI, with those with BMI = 40 kg/m? having 1.40-fold (95% ClI, 1.28 to
1.52) higher average doses than normal-weight women, while in men, doses were 1.20-fold
(95% Cl, 1.07 to 1.33) higher. Doses in current tobacco users were higher than in never-
users among women (by 1.28-fold; 95% ClI, 1.20 to 1.37); among men, the difference was
only 1.15-fold (95% ClI, 1.07 to 1.23). 70-79-year-old women compared to 18-29-year-olds
had 2.03-fold (95% CI, 1.84 to 2.23) higher doses, compared to a difference of 2.40-fold
(95% CI, 2.12 to 2.71) between these age groups among men.

In a sensitivity analysis, when doses were assumed to increase with higher BMI, the
proportion of people with high absolute doses =100 mSv increased from 1.9% to 4.1%
(Supplemental Figure 4). Nevertheless, how risk factors other than BMI were associated
with dose was similar in this sensitivity analysis (Supplemental Table 9). Estimates were
also similar when missing covariates were imputed (Supplemental Table 10).

Clinical indications for CT among patients with high doses

In a random sample of 200 patients with 10-year doses of at least 100 mSv (median, 141.2
mSv; interquartile range, 112.6 to 191.7 mSv), the ten most common conditions at the end of
follow up were hypertension, prior history of cancer, depression, gastroesophageal reflux
disease and dyspepsia, painful conditions, coronary artery disease, history of bowel
resection, diabetes mellitus, anxiety disorder, and nephrolithiasis (Supplemental Table 11).

The CT was requested in primary care in 17.5% (95% Cl, 14.2 to 20.9%) of the CTs, while
47.7% (95% ClI, 42.2 to 53.3%) were requested by subspecialists, 27.7% (95% CI, 23.5 to
31.9%) in the emergency department, and 7.0% (95% Cl, 4.9 to 9.1%) in hospital. CT
modalities among patients with high doses were similar to the overall cohort (data not
shown). The seven most common indications accounted for 70% of CTs (Table 3).

CTs were positive for the indication or showed acute major findings in 29.7% (95% ClI, 26.2
to 33.5%). Other changes compared to prior CTs were present in 24.7% (95% Cl, 21.4 to
28.3%). Incidental findings were found in 10.7% (95% ClI, 8.5 to 13.4%). Whether CTs had
a positive result varied by indication (Table 3).
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Discussion

In this study, we found a wide variation in estimated cumulative effective ionizing radiation
doses from CT within a geographically defined part of the U.S. population. Doses were
considerably higher in older patients, underweight and obese patients, smokers, black
patients, and patients with lower educational status. Among patients receiving high doses,
70% of CTs were obtained for restaging of solid cancers and lymphomas, abdominal and
chest pain, workup of infection, kidney stones, and the follow up of nodules or masses. 93%
were obtained in the outpatient setting or emergency department. These results are important
for setting a benchmark and developing population-level diagnostic guidelines that account
for potential risks of CT while retaining their clinical benefit and for studies of CT exposure
and cancer risk.

CT use was common. 13.8% of the population received 10-year-doses of 25-100 mSv and
1.9% received more than 100 mSv. These estimates could be compared to natural
background radiation, which varies by geographic location, averaging at 3 mSv/year in the
United States.24 25 At least five years of lag time between radiation exposure and incident
cancer are generally assumed.10 The design of our cohort allowed us to quantify radiation
exposure among patients with sufficient remaining life expectancy such that potential cancer
risks from ionizing radiation could be relevant.

Patients who underwent repeated CTs had specific characteristics. The identified
sociodemographic characteristics should not be interpreted as direct etiologic factors.
Instead, they are likely drivers of higher disease burden and healthcare utilization, while
highlighting differences that need to be better understood. These differences were
particularly pronounced among patients with high absolute doses (Figure 2). Most of these
factors are positively associated with cancer risk, suggesting that potential risks of radiation
exposure would be particularly relevant to patients with higher absolute risks of cancer
incidence or mortality. These factors are also important to consider as confounders of an
association of CT exposure and cancer risk.

Our data confirmed that radiation exposure from CT increases with age and as a secular
trend during the study period from 2004 to 2013.1: 2 14 |n contrast to prior studies of
commercially insured patients with limited person-level data, 14 we were unable to
corroborate that women generally incur higher doses. Instead, women were more likely to
ever undergo a CT. Higher doses among women who ever had a CT were largely confined to
smokers and obese patients. Among men, doses increased more steeply with age than among
women.

A limited number of clinical indications drove CT use. Patients who accumulated high doses
generally had several comorbidities, yet the top indications (Table 3) stood for the vast
majority of CTs. The restriction of our cohort to non-terminally ill patients likely partly
accounts for the fact that many CTs obtained for indications such as cancer restaging had
negative results. Ruling out differential diagnoses with a negative CT can be valuable, yet
incidental findings were common in our study (11% of CTs among patients with high
doses).36
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Potential strategies to reduce radiation exposure include interventions that address the
number of imaging tests ordered.3” For example, the value of scheduled surveillance CTs for
diffuse large B-cell and Hodgkin lymphoma survivors is at best very limited.38: 39 Other
dose-reduction strategies decrease doses per exam,* address variations in dose between
institutions,*! and substitute CT with other imaging modalities. In a randomized-controlled
trial, evaluation for nephrolithiasis by ultrasound instead of CT reduced radiation exposure
without apparent negative clinical consequences.*2

Notable strengths of our study are a geographically defined study population without
selection by insurance status, the relatively long follow up, completeness of data on clinical
covariates and locally obtained CTs, and the linkage to complete medical records. The 10-
year-residency requirement for the closed cohort definition might have selected sicker, less
mobile patients. However, cumulative doses were actually lower than in our sensitivity
analysis with flexible person-time, with little impact on risk factor associations. We can only
speculate that selection bias from exclusion of the 10.8% of the population without research
authorization potentially affected estimates in specific subgroups. In an older study, patients
declining research authorization were more likely to be younger, women, and to have mental
and infectious disorders.2

Effective ionizing radiation doses were only estimated based on average doses per CT
modality without regard to body composition, scan protocol, or additional body areas
imaged in the same session. Technical improvements led to reductions in absolute doses per
CT over time.*0 This would not alter which subgroups of the population are exposed to the
highest doses (Table 2). Overall, our study likely underestimated absolute doses (Figure 2)
and how these reflect the United States population. First, overweight and obese patients
(70% of our study population) incur significantly higher doses per CT.2” When modeling
doses to increase with higher BMI, absolute doses in the population increased, but
associations with sociodemographic factors beyond BMI were unaltered. Second, CTs at the
end of life were excluded. This population as well as children and adolescents would need to
be studied separately. Third, CTs obtained during seasonal migration or travel were not
captured. Fourth, the local health care market has little fragmentation, likely decreasing
duplicative CTs at different providers. Fifth, while Mayo Clinic is also an international
tertiary referral center, patients included in our study were not a referral population.
Diagnostic testing intensity in the Rochester area is 17.7% lower than the national average.*3
Finally, some factors associated with higher doses, such as lower educational levels and non-
White/Asian race, were relatively uncommon in our population compared to national
averages.

Conclusions

In this population-based cohort with long-term assessment of CT use in non-terminally ill
adults, exposure to ionizing radiation from CT disproportionally occurred in specific
subgroups that have a higher baseline risk of cancer. Studies of CT use and cancer incidence
and mortality need to consider potential confounders described here. Estimates should be
validated with direct dose measures and in populations with greater ethnic diversity and
socioeconomic disparities. Our population-level results should not be used in risk-benefit
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considerations for single CTs in individual patients.** As the majority of radiation dose
among people with high cumulative doses stems from few clinical indications in the
outpatient setting and emergency department, our results might help prudent tailoring of
when CT is recommended in frequently used diagnostic algorithms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Disparities in dose associated with Indications for computed tomography
sociodemographic characteristics in patients with high dose
Figure 1.

Overview of the study design. The study included residents of Olmsted County for one
decade who were alive, irrespective of their residency, for an additional three years. Their
cumulative effective radiation dose from computed tomography was estimated to assess for
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participant characteristics associated with higher doses and to assess what indications
computed tomography had been obtained for among those with high doses.
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Figure 2.

Unadjusted cumulative effective radiation doses in the entire study population according to
key sociodemographic characteristics. The upper two panels show non-linear relationships
of age and body mass index with dose from restricted cubic spline models; the lower panels
show how education level, race, and tobacco use are associated with dose. Lines indicate the
50t percentile (or median; solid line), the 75t percentile (dashed), and the 90t percentile
(dotted). For example, the 90 percentile indicates that 90% of the population have doses at
or below the indicated value while 10% have doses higher than the indicated value.
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Table 1.
Participant characteristics and categories of cumulative 10-year effective radiation dose.
Radiation dose
Overall None <10 mSv 10-24.9 mSv 25-99.9 mSv ~100 mSv
N (%) N % N (%) N (%) N (%) N (%)
All 54447 (100.0) 28116 (516) 8593 (15.8) 9205 (16.9) 7492  (13.8) 1041 (1.9)
Gender
Women 20640  (54.4) 14953 (50.4) 4826 (16.3) 5155  (17.4) 4142 (14.0) 564 (1.9)
Men 24807  (45.6) 13163 (53.1) 3767 (152) 4050  (16.3) 3350 (135) 477 (1.9)
Age
18-29 years 10562  (19.4) 6597 (62.5) 1638 (155) 1359  (12.9) 860  (8.1) 108 (L.0)
30-39 years 10830  (19.9) 6434 (59.4) 1606 (14.8) 1620 (15.0) 1061  (9.8) 109 (1.0)
40-49 years 14362  (26.4) 7827 (54.5) 2223 (155) 2412 (168) 1702 (11-9) 198 (1.4)
50-59 years 9808  (18.0) 4480 (45.7) 1683 (17.2) 1861  (19.0) 1562 (15.9) 222 (2.3)
60-69 years 5844  (10.7) 2038 (34.9) 928 (159) 1275 (21.8) 1350 (23.1) 253 (4.3)
70-79 years 2651 (4.9) 639 (24.1) 450 (17.0) 589  (22.2) 842 (31.8) 131 (4.9)
80+ years 390 (0.7) 101 (25.9) 65 (16.7) 89  (22.8) 115 (29.5) 20 (5.1)
Race
(Missing) 248 (0.5) 168 (67.7) 34 (13.7) 30 (12.1) 15  (6.0) 1 (04)
Black 1500 (2.8) 676 (45.1) 277 (185) 271 (18.1) 244 (16.3) 32 (1)
Asian 2026  (3.7) 1151 (56.8) 322 (159) 323 (159) 206 (10.2) 24 (1.2
Other/Mixed 1691 (3.2) 852 (50.4) 304 (18.0) 264 (15.6) 237 (14.0) 34 (2.0)
White 48982  (90.0) 25269 (51.6) 7656 (15.6) 8317  (17.0) 6790 (13.9) 950 (1.9)
Hispanic
Not Hispanic 52283 (96.0) 26908 (51.5) 8258 (15.8) 8875 (17.0) 7234  (13.8) 1008 (1.9)
Hispanic 2164 (40) 1208 (55.8) 335 (15.5) 330 (15.2) 258 (11-9) 33 (L5)
Education level
(Missing) 5482  (10.1) 4191 (76.5) 662 (12.1) 484 (8.8) 144 (26) 1 (0.0
Less than high school 1733 (3.2) 664 (38.3) 305 (17.6) 322 (18.6) 382 (22.0) 60 (3.5)
High school or equivalent 9129  (16.8) 3877 (425) 1561 (17.1) 1736  (19.0) 1705 (18.7) 250 (2.7)
Two-year college 15765  (29.0) 7420 (47.1) 2596 (16.5) 2869  (182) 2533 (16.1) 347 (2.2)
Four-year college 8807  (16.2) 4972 (56.5) 1335 (15.2) 1414  (16.1) 955  (10.8) 131 (L5)
Postgraduate studies 13531 (24.9) 6992 (51.7) 2134 (15.8) 2380 (17.6) 1773 (131) 252 (1.9)
Socioeconomic status
(Missing) 1869 (3.4) 994 (532) 303 (16.2) 280 (15.0) 257 (13.8) 35 (L9)
Low 12871  (23.6) 6487 (50.4) 2105 (16.4) 2180  (16.9) 1851 (14.4) 248 (1.9)
Middle 21785  (40.0) 11498 (52.8) 3357 (15.4) 3627  (16.6) 2877 (13.2) 426 (2.0)
High 17922 (32.9) 9137 (51.0) 2828 (15.8) 3118  (17.4) 2507 (14.0) 332 (L.9)
Body mass index (kg/m?)
(Missing) 1043 (1.9) 796 (76.3) 113 (10.8) 84 (8.1) 45 (43) 5 (0.5)
<185 532 (1.0) 253 (476) 79 (14.8) 86  (16.2) 94  (17.7) 20 (3.8)
18.5-24.9 14948  (275) 8255 (55.2) 2344 (15.7) 2359  (16.8) 1756 (11.7) 234 (1.6)
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Radiation dose
Overall None <10 mSv 10-24.9 mSv 25-99.9 mSv ~100 mSv

N (%) N (%) N (%) N (%) N (%) N (%)
25-29.9 18732 (34.4) 9705 (51.8) 2977 (159) 3159  (169) 2537 (135) 354 (1.9)
30-34.9 11093  (20.4) 5404 (48.7) 1818 (16.4) 1978  (17.8) 1666 (15.0) 227 (2.0)
35-39.9 4789 (88) 2274 (475) 768 (16.0) 880  (18.4) 763 (159) 104 (2.2)
40+ 3310 (6.1) 1429 (43.2) 494 (14.9) 659  (19.9) 631  (19.1) 97  (2.9)

Tobacco use

(Missing) 4225 (78) 3379 (80.0) 449 (10.6) 315 (7.5) 82 (L9 0
Never 28422 (52.2) 14982 (52.7) 4508 (15.9) 4879  (17.2) 3607 (127) 446 (1.6)
Former 12235  (22.5) 5177 (42.3) 1996 (16.3) 2370  (19.4) 2303 (18.8) 389 (3.2)
Current 9565  (17.6) 4578 (47.9) 1640 (17.1) 1641 (17.2) 1500 (157) 206 (2.2)
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Table 2.
Risks of receiving any radiation dose and relative cumulative 10-year effective radiation dose among those

with any dose, from multivariable models.”
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Any CT Relative dose
Characteristic ORb 95% ClI Ratio® 95% ClI
Gender
Women 1.00 Reference 1.00 Reference
Men 093 0.89-0.97 1.03 0.99-1.06
Age (years)
18-29 1.00 Reference 1.00 Reference
30-39 117  110-124 117 1.10-1.25
40-49 136 1.29-1.24 127 1.20-1.35
50-59 1.90 1.78-2.02 1.44 1.35-1.53
60-69 282 2.62-3.05 1.89 1.77-2.02
70-79 475 427-529 216 2.00-2.33
80+ 407 3.19-520 217 1.77-2.51
Race
Black 153 1.35-1.74 121 1.10-1.33
Asian 099 0.89-1.10 0.96 0.87-1.05
Other/Mixed 129 114-146 1.03 0.92-1.15
White 1.00 Reference 1.00 Reference
Hispanic ethnicity
Not Hispanic 1.00 Reference 1.00 Reference
Hispanic 091 0.82-1.01 0.96 0.87-1.07
Education level
Less than high school 168 1.48-191 1.23 1.12-1.36
High school 134 1.25-143 111 1.05-1.18
Two-year college 130 1.23-1.37 112 1.06-1.18
Four-year college 1.00 Reference 1.00 Reference
Postgraduate studies 114 1.08-1.21 1.07 1.01-1.13
Socioeconomic status
Low 1.06 1.01-1.12 0.99 0.95-1.03
Middle 1.00 Reference 1.00 Reference
High 1.03 0.98-1.07 0.96 0.92-0.99
Body mass index (kg/m?)
<185 132 1.09-1.61 1.38 1.16-1.63
18.5-24.9 1.00 Reference 1.00 Reference
25-29.9 1.07 1.01-112 101 0.96-1.05
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Any CT Relative dose

Characteristic ORb 95% ClI Ratio® 95% ClI

30-34.9 120 1.14-127 1.04 0.99-1.10

35-39.9 1.30 1.21-140 1.12 1.05-1.19

40+ 162 1.48-1.76 1.33 1.25-1.43
Tobacco use

Never 1.00 Reference 1.00 Reference

Former 124 1.18-130 115 1.10-1.19

Current 132 1.25-140 1.22 1.16-1.28

a . . . . . . . . .
Mutually adjusted for gender, age, race, Hispanic ethnicity, education level, socioeconomic status, body mass index, tobacco use (as categorized
above).

bOdds ratio for receiving any radiation dose from computed tomography.

[
Ratio between doses.
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Table 3.
Indications for 600 CTs among 200 patients with high estimated cumulative radiation exposure (=100 mSv/10
years).
Proportion of CTs Positive result®
n % (95% CI) n % OR (95% ClI)

1  Restaging of solid cancer 110 18.3% (14.9-21.8%) 20 182% 0.34 (0.17-0.65)
2 Abdominal pain 103 17.2% (13.8-20.5%) 33 32.0% 0.79 (0.44-1.43)
3 Lymphoma restaging 73 12.2% (9.4 — 15.0%) 11 151% 0.24 (0.10-0.56)
4 Infection 42 70%  (49-91%) 22 524% 206 (0.94-451)
5 All otherb 36 6.0% (4.0-8.0%) 12 33.3% Reference’
6  Nephrolithiasis workup 34 57% (3.8-7.6%) 17 50.0% 159 (0.68-3.72)
7 Nodule/mass follow up 31 52% (3.3-7.0%) 8 226% 050 (0.18-1.39)
8  Chest pain/pulmonary embolism rule-out 30 5.0% (3.2-6.8%) 2 6.7% 0.10 (0.02-0.47)
9 Initial workup for/of cancer 23 3.8% (2.3-5.4%) 15 65.2% Reference®

10  Vascular restaging 23 3.8% (2.3 -5.4%) 9 39.1%

11 Motor vehicle accident 16 2.7% (1.4 -4.0%) 5 313%

12 Headache 13 2.2% (1.0-3.3%) 1 7.7%

13 Fall 12 2.0% (0.9-3.1%) 2 16.7%

14 Trauma (other than motor vehicle accident, fall) 12 2.0% (0.9-3.1%) 6 50.0%

15  Activity of inflammatory bowel disease 10 1.7% (0.6 — 2.7%) 5 50.0%

16  Painless hematuria 9 1.5% (0.5 -2.5%) 5 55.6%

17  Stroke 7 1.2% (0.3-2.0%) 2 28.6%

18  Altered mental status 5 08% (0.1-1.6%) 0 0%

19  Back pain, nontraumatic 4 0.7% (0.0-1.3%) 1 25.0%

20 Hemorrhage (other than hematuria, stroke) 4 0.7% (0.0 -1.3%) 2 50.0%

21 Pain (other than headache, chest, abdominal) 2 03% (0.0-0.8%) 1 50.0% Reference®

22 Unclear (unable to tell from medical record) 1 02% (0.0 - 0.5%) Unknown Unknown

600  100% 178  29.7%

a .. ] L - . . .
Positive results are defined as results related to the main indication, or major findings that would necessitate timely changes in plan of care. Odds

ratios assess how common positive results are among specific “top” indications compared to the remainder of the indications, accounting for

within-patient correlation between the three CTs per patient.

The category “all other” contains all indications not described by the 21 listed indications.

clndications with fewer than 30 CTs (ranks 9-22) and “All other” served as the reference category for comparisons of positivity.
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