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Background: Although variation exists in the classification and practice of managing clinical findings in
research, emerging views suggest that researchers bear some responsibility in the management of inci-
dental findings. This study contributes to the documentation of the population characteristics and prev-
alence of medical findings incidental to research participation, specifically findings related to coronary
calcium scores and computed tomography (CT) scans that investigated cardiovascular disparities in an
asymptomatic population.

Methods: A total of 571 asymptomatic adult participants were recruited in the North Texas Healthy
Heart Study. Participants completed a 16-slice CT scan of the heart and abdomen. Findings of radiology
reports and 3 years of follow-up documentation were reviewed.

Results: A total of 246 clinically apparent findings were identified in 169 asymptomatic participants
(32.9% of participants who completed a CT scan). Another 245 participants (48%) had findings of un-
known significance, a total of 307 findings. At least 4 cases in this study led to a clinically significant
intervention.

Conclusion: Although CT scans were completed for research purposes, study procedures resulted in
the diagnosis and treatment of individuals who were previously asymptomatic. Potential clinical benefits
in imaging research are moderated by considerations regarding possible harm and costs resulting from
uncertain findings and the use of CT scans for nonclinical purposes. The continued development of pro-
tocols for the handling of incidental findings in research and the establishment of guidelines are needed
to ensure that research procedures mirror the best interests of participants. (J Am Board Fam Med
2014;27:314–320.)
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Recent advances in computed tomography (CT)
have allowed the production of more defined im-
ages in shorter times. The availability of more ad-
vanced CT has resulted in increased medical use,
with consequent increases in radiation exposure

among patients.1–3 The use of CT in clinical set-
tings has been examined in the literature, describ-
ing both the clinical benefit of using less invasive
techniques and identifying increased radiation-as-
sociated cancer risk with imaging of different parts
of the body.4–7 The use of CT for research pur-
poses and the resulting incidental findings (IFs)
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have been less closely considered, with recent calls
for the documentation of the prevalence of IFs in
different research settings and guidance on how to
manage findings.8–12

Medical practice is premised on the provision of
interventions designed to improve the well-being
of a patient with a reasonable expectation of suc-
cess.13,14 In contrast, research is characterized by ac-
tivities intended to contribute to new and generaliz-
able knowledge, presenting a different basis from
which to consider ethics regarding medical testing
provided during the course of study procedures.
Some studies show that detection of IFs may lead to
earlier diagnoses, whereas others document increased
costs related to the generation of a large number of
findings with unknown significance and the possibil-
ity of further unnecessary testing.9,15–18 Follow-up to
IFs in research settings is complicated by the lack of
institutional and federal regulations on how to man-
age such findings in research and unbudgeted costs
associated with management.8,9,18,19 In addition, IFs
may be difficult to follow because findings are typi-
cally managed independent of or tangential to re-
search protocols.9

Although variation in the classification and prac-
tice of managing clinical findings in research exists,
emerging views suggest that researchers bear some
responsibility in the management of IFs.9,20,21 This
study contributes to the documentation of the pop-
ulation characteristics and prevalence of medical
findings incidental to research participation, specif-
ically findings related to coronary calcium scores
and CT findings resulting from participation in a
primary care practice-based research network study
that investigated disparities in cardiovascular health
outcomes. Although coronary artery calcium is an
established marker of increased cardiovascular risk,
the indications for which testing is recommended
continues to be a subject of debate, in particular
with regard to asymptomatic patients.22 Case vi-
gnettes are provided here to qualitatively illustrate
follow-up and clinical management procedures used
when clinically apparent findings were identified dur-
ing the course of the study.

Methods
Study Procedures
The North Texas Healthy Heart Study recruited a
purposive sample of 571 subjects and assessed the
association of psychosocial and metabolic factors

among 3 racial/ethnic groups to examine factors
related to disparities in cardiovascular health. Par-
ticipants were recruited from the North Texas
(NorTex) primary care practice-based research
network from April 2006 to June 2008, with a
repeat visit after 2 years and yearly follow-up calls
for 3 years. Participants consisted of men and
women 45 years of age and older and self-reported
as non-Hispanic white, non-Hispanic African
American, or Hispanic. Exclusion criteria included
a self-reported history of cardiovascular disease,
renal failure, and/or liver failure. Study procedures
were completed at the University of North Texas
Health Science Center at Fort Worth, and were
approved by the institutional review boards at Uni-
versity of North Texas Health Science Center and
John Peter Smith Hospital.

Multislice CT scans (MSCTs) of the heart and
abdomen were performed for each participant us-
ing a 16-slice CT scanner (Aquilion 16, model
TSX-101A; Toshiba America Medical Systems,
Inc., Tustin, CA) to obtain a coronary calcium and
visceral adipose tissue score. Coronary artery cal-
cium (CAC) scores were measured by taking im-
ages every 3 mm from the carina to the base of the
heart. The scanner was open, and no oral or intra-
venous contrast media were used. A radiologist,
who was blinded to the study results, interpreted all
scans. Eight axial CT images of the abdomen were
obtained from each subject for abdominal visceral
adipose tissue measurements; slice 6 was centered
on the L4-L5 interspace.

Demographic and Health-Related Measures
Demographic and selected health behavior infor-
mation were collected using standardized questions
from the Behavioral Risk factor Surveillance System.
Age was registered as a continuous variable. Self-
reported race/ethnicity was categorized as non-
Hispanic white, non-Hispanic African American,
and Hispanic. Education was coded as less than
high school, high school graduate, and some col-
lege or higher. Smoking status was assessed using
the question, “Have you smoked at least 100 ciga-
rettes in your entire life?” and was coded as a
dichotomous variable. Family history of heart dis-
ease was similarly assessed using the question, “Did
any of your first-degree family members ever have
a heart attack or blocked arteries?”

Hypertension was considered present if the par-
ticipant had an average blood pressure �140/90
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mmHg, reported a previous diagnosis of hyperten-
sion, or was taking antihypertensive medication.
Diabetes was considered present if the participant
had a fasting blood glucose concentration �126
mg/dL, reported a previous diagnosis of diabetes,
or was taking diabetic medication. Hyperlipidemia
was considered present if the participant showed
low-density lipoprotein levels �160 mg/dL, re-
ported a previous diagnosis of hyperlipidemia, or
was taking a lipid-lowering medication.

Analysis of Incidental Findings
Radiology reports and 3 years of follow-up docu-
mentation were reviewed for findings and coded
according to clinically apparent findings and find-
ings of unknown significance. Clinically apparent
findings were defined as CT results that yielded
diagnoses with a known definite course of treat-
ment or management. Findings of unknown signif-
icance were defined as CT findings whose progno-
ses were indeterminate from radiology findings,
study follow-up, or other study documentation and
would normally require further diagnostics or as-
sessments to yield a final diagnosis.

Follow-up documentation was assessed for res-
olution of responses to the following questions:
“Were you hospitalized, and, if yes, for what?”
“Were you diagnosed with any serious medical
conditions, and, if yes, for what?” and “Did you
have more health problems this past year?” Surveys
also were reviewed for documentation of a heart
attack, stroke, heart blockages, ministroke, or diag-
nosis of heart failure during the 3-year follow-up
period. Study progress notes, documented patient
communication such as letters and phone conver-
sations, insurance status, and presence of a primary
care physician also were reviewed to determine
how findings and their resolutions were managed.

Results
Among 571 study participants, 513 completed a
CT scan. Of participants who completed a scan,
62% were female (Table 1). Participants were, on
average, 55.1 years old, and 57.7% had completed
some college or more. Participants were non-His-
panic white (28.1%), African American (34.7%),
and Hispanic (37.2%), and 42% had smoked at
least 100 cigarettes in their life. Of participants,
51% had hypertension, 51.7% had hyperlipidemia,
and 18.9% had diabetes; 34.9% showed some cor-

onary calcification (CAC �0), and 48.9% had a
family history of heart disease. Characteristics of
those who did not complete a CT scan were similar
to those who completed a scan.

A total of 246 clinically apparent findings were
identified in 169 asymptomatic participants (32.9%
of participants who completed a CT scan). The 3
most common findings were osteoarthritis, hernia,
and fatty infiltration of the liver (Table 2). Hernia
includes hiatal, periumbilical, paraumbilical, and
abdominal hernias. Other common findings in-
cluded diverticulosis, ecstasia of the thoracic aorta
or aortic root, and nephrolithiasis. Almost 307
findings of unknown significance, such as pulmo-
nary nodules, liver lesions, and questionable lymph
nodes, were identified in 245 participants (48%)

Table 1. Characteristics of North Texas Healthy Heart
Study Participants, Fort Worth, Texas, 2006 to 2008
(n � 513)

Variable Participants*

Age (years), mean (SD) 55.1 (8.0)
Sex

Female 320 (62.4)
Men 193 (37.6)

Race/ethnicity
Non-Hispanic white 144 (28.1)
Non-Hispanic black 178 (34.7)
Hispanic 191 (37.2)

Education
Less than high school 113 (22.0)
High school graduate/GED 104 (20.3)
Some college or higher 296 (57.7)

Smoked �100 cigarettes in one’s life
Yes 217 (42.3)
No 289 (56.3)

Diabetes mellitus status
Yes 97 (18.9)
No 393 (76.6)

Hypertension status
Yes 262 (51.1)
No 127 (24.8)

Hyperlipidemia status
Yes 265 (51.7)
No 232 (45.2)

First-degree relative with history of coronary
heart disease

Yes 251 (48.9)
No 248 (48.3)

Data are n (%) unless otherwise indicated. *May not add up to
513 participants because of missing data.
SD, standard deviation.
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(Table 3). A total of 22 participants had a CAC
score �500, and 164 subjects had a CAC between
0 and 500 (Figure 1), whereas 324 participants had
a CAC score of 0 arterial calcification.

At least 4 cases in this study required a clinically
significant intervention. The following 4 case vi-
gnettes were selected as examples of the steps taken
during the course of study procedures to ensure
appropriate treatment and referral of participants
when clinical findings were discovered.

Case 1
A 61-year-old Hispanic man had a calcium score of
2384, indicating extensive atherosclerotic plaque

and a high likelihood of at least one significant
coronary artery stenosis. The participant was re-
ferred to his primary care provider and was subse-
quently referred to a cardiologist. He underwent an
elective procedure to place stents in 4 coronary
arteries. The procedure was well tolerated and had
no complications, and the patient was released from
the hospital within 36 hours. The participant was
asymptomatic before this study’s procedures and
completed them in May 2007; he underwent coro-
nary stent placement in August 2007.

Case 2
A 66-year-old married, non-Hispanic white man
had a calcium score of 0. The participant’s CT scan
showed a diffuse enlarged spleen measuring 15.9
cm (anterior to posterior). He was referred to his
primary care physician and was later diagnosed
with leukemia. At the first year follow-up, the par-
ticipant had relocated outside of Texas and per
patient report was free of cancer.

Case 3
A 46-year-old non-Hispanic white woman had a
calcium score of 0 but a significant history of severe
menorrhagia and anemia. CT of the abdomen
showed an enlarged uterus or abnormal uterine
mass requiring further evaluation with a pelvic
sonogram. The participant was referred to her pri-
mary care physician, which eventually resulted in a
total hysterectomy 3 months later (as documented
during study follow-up). The patient self-reported
that the pathology was a uterine fibroid.

Case 4
A 67-year-old Hispanic man had a calcium score of
3987, indicating the presence of extensive athero-

Table 2. Clinically Apparent Computed Tomography
Findings in the North Texas Healthy Heart Study
(n � 246)

Findings No.

Osteoarthritis 134
Hernia 30
Fatty infiltration of the liver 27
Diverticulosis 16
Ecstasia 12
Cardiomegaly 10
Nephrolithiasis 9
Cholelithiasis 7
Leukemia 1

Table 3. Computed Tomography Findings of Unknown
Significance in the North Texas Healthy Heart Study
(n � 307)

Findings No.

Pulmonary nodules 151
Liver lesions (possible cysts or hemangiomas) 33
Questionable lymph nodes 5
Emphysematous change 11
Gynecological findings* 17
Gallbladder findings† 9
Bronchiectasis 8
Renal cysts 11
Pulmonary cysts/indeterminate lesion 5
Breast lesions 5
Other 52

*Includes enlarged uterus or ovaries, uterine mass, uterine or
ovarian cysts, and ovarian vein phlebolith; excludes atelectasis
(n � 132).
†Includes irregularity of gallbladder, contracted gallbladder, di-
lated gallbladder, probable gallstones, and possible gallbladder
sludge.

Figure 1. Coronary calcium scores of participants (n �

513) in the North Texas Healthy Heart Study. *May not
add up to 513 participants because of missing values.
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sclerotic plaque (at least one significant coronary
stenosis). Mild calcifications of the thoracic aorta
also were identified. The study’s principal investi-
gator (RC) notified the participant and the subject’s
primary care physician. During the first year fol-
low-up phone call, the subject self-reported that he
underwent a coronary artery bypass graft surgery
several months after the finding.

Discussion
Orme and colleagues10 indicate that the evaluation
of imaging completed for research purposes leads
to a high number of IFs that result in important
clinical benefits to a small but significant minority
of participants. Of the 513 participants who com-
pleted CT scans in the present study, there were at
least 4 known cases that resulted in significant clin-
ical intervention. In comparison, 1090 routine CT
scans with no contrast are estimated to result in one
radiation-induced cancer among women 60 years
of age; 2080 routine CT scans are estimated to lead
to the development of one cancer among men aged
60 years.2 In this study, the prevalence of clinically
apparent findings leading to a clinical intervention
suggests that the benefits may outweigh the radia-
tion risks typically associated with imaging.1–3

Moreover, the chest MSCT used in the study ex-
poses an individual to approximately 3 mSv of ra-
diation, compared with 7 mSv from a traditional
chest CT scan, further conferring less risk.23 Al-
though CT scans were completed for research pur-
poses, study procedures resulted in the diagnosis
and treatment of individuals who were previously
asymptomatic.

Potential clinical benefits in imaging research
are moderated by considerations regarding possible
harms and costs resulting from uncertain findings
and the use of CT scans for nonclinical pur-
poses.9,15–17 Clinically, the use of CT scans to test
for coronary calcium is not recommended for
asymptomatic patients and can result in anxiety and
further unnecessary testing if findings are in fact
benign.24 The consent process in research settings,
therefore, plays an important role in conveying
both the risks and benefits of clinical tests such as
CT that are provided during the course of study
procedures. Aldington and colleagues9 recommend
that the potential for IFs should be disclosed during
informed consent and how possible findings will be
managed should be identified. The Presidential

Commission for the Study of Bioethical Issues rec-
ommends that clinicians engage in shared decision
making with participants about the scope of find-
ings that will be probed and subsequent steps that
will be taken. Shared decision making should re-
flect the best interests of the participant.21 Consent
must also address the difference between partici-
pating in research and seeking medical testing for
clinical care purposes, given the differences in the
underlying ethical considerations in providing test-
ing in clinical and research settings13,14 and, as this
study demonstrates, the potential for clinically sig-
nificant findings.

In a study of CT chest scans conducted while
examining the pulmonary effects of smoking, 19.9%
of participants required referral or follow-up as a
result of incidental study findings.9 Varying incidence
of IFs has been observed in studies of CT screen-
ings for heart disease, lung cancer, and diagnosis of
renal stones.25–27 In a review of chest CT screening
studies, 7.7% of patients undergoing screening for
coronary artery disease and 14.2% of patients un-
dergoing screening for lung cancer had IFs requir-
ing additional follow-up.25 In one study, 45% of
noncontrast, helical, abdominal CT scans con-
ducted in an emergency department setting for the
diagnosis of renal stones resulted in IFs, of which
23.1% were considered moderate or severe.26 In
the current study, approximately 60% of partici-
pants had findings of unknown significance and
32.9% of participants had clinically apparent find-
ings, with combined results for both chest and
abdominal MSCT. In a study of patients who un-
derwent elective multidetector CT, 43% had IFs,
compared with 33% in the current study.27 The
current study, however, included only asymptom-
atic individuals with no known cardiac disease.
Comparison between studies is complicated by dif-
ferences in the categorization of IFs, the body re-
gion for which scanning procedures were com-
pleted, and follow-up procedures. In addition, the
number of IFs identified in the current study may
have been higher if contrast or a greater number of
slices had been used.

Coordination of the study team with primary
care physicians and a federally qualified medical
clinic were necessary to ensure appropriate referral
and follow-up of study participants. Findings of
high potential clinical significance were verbally
communicated to participants by the physician
principal investigator (RC). Referral to a primary
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care physician was the primary method used to
manage clinical IFs. When a participant was not
insured, they were provided with information
about a federally qualified medical clinic. Fol-
low-up and documentation of participant outcomes
was possible because of the longitudinal nature of
the research. However, the study’s longitudinal
surveys included general questions about hospital-
izations and clinical diagnoses since the previous
study visit. The questions were not specific to the
CT findings. Including follow-up questions specific
to incidental findings may provide more detailed
information.

Clinical responsibility may conflict with partic-
ipants’ informed preferences; such is the case when
participants decline to learn information related to
the primary purpose of the study procedures. In
such a case, the participant should forego the pro-
cedure.21 Clinical responsibility in research may be
constrained by difficulties in participant follow-up,
such as in cases where participants relocate or change
contact information, as was illustrated in case 2. Fol-
low-up may be further complicated in studies that do
not follow a longitudinal design. Other barriers to
follow-up identified in the literature include a lack of
funding for the management of findings in study
protocols and the expectation placed on poten-
tially nonclinician researchers to process clinical
findings.9,12

Findings of this study are specific to an older
asymptomatic population. Research procedures that
include medical testing should emphasize the differ-
ence between participating in research and seeking
medical care, especially in cases where research and
practice may occur in the same setting. While this
study focuses on the use of CT, the considerations
raised in this study may apply to other forms of
clinical testing and care provided during research
procedures and provide a basis for further consid-
eration of the intersection between research and
clinical practice. Current practices for managing
IFs in research may not reflect the best interests of
study volunteers.28,29 The continued development
of protocols for handling IFs in research and the
establishment of guidelines are needed to ensure
that research procedures mirror the best interests
of participants.8,12,30
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Texas Health Science Center. We also thank the clinicians of
the North Texas Primary Care Research Network, who helped
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