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Introduction: Prior studies suggest overuse of nonrecommended lung cancer screening tests in
U.S. community practice and underuse of recommended tests.

Methods: Data from the 2010 and 2015 National Health Interview Surveys was analyzed from
2016 to 2018. Prevalence, populations, and number of chest computed tomography (CT) and chest
x-ray tests were estimated for people who did and did not meet U.S. Preventive Services Task Force
(USPSTF) criteria for lung cancer screening, among people aged ≥ 40 years without lung cancer.

Results: In 2015, among those who met USPSTF criteria, 4.4% (95% CI=3.0%, 6.6%), or 360,000
(95% CI=240,000, 535,000) people reported lung cancer screening with a chest CT; and 8.5% (95%
CI=6.5%, 11.1%), or 689,000 (95% CI=526,000, 898,000) people reported a chest x ray. Among
those who did not meet USPSTF criteria, 2.3% (95% CI=2.0%, 2.6%), or 3,259,000 (95%
CI=2,850,000, 3,724,000) people reported a chest x ray; and 1.3% (95% CI=1.1%, 1.5%), or
1,806,000 (95% CI=1,495,000, 2,173,000) people reported a chest CT. The estimated population
meeting USPSTF criteria for lung cancer screening in 2015 was 8,098,000 (95% CI=7,533,000,
8,702,000), which was smaller than the 9,620,000 people (95% CI=8,960,000, 10,325,000) in 2010.

Conclusions: The number of adults inappropriately screened for lung cancer greatly exceeds the num-
ber screened according to USPSTF recommendations, the prevalence of appropriate lung cancer screen-
ing is low, and the population meeting USPSTF criteria is shrinking. To realize the potential benefits of
screening, better processes to appropriately triage eligible individuals to screening, plus screening with a
USPSTF-recommended test, would be beneficial.
Am J Prev Med 2019;56(1):66−73. Published by Elsevier Inc. on behalf of American Journal of Preventive Medicine.
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I n 2011, the National Lung Screening Trial
(NLST) reported that annual screening for lung
cancer with low-dose computed tomography

(CT) can reduce mortality from lung cancer com-
pared with annual screening with chest radiography.1

In the NLST, eligible participants were invited to
undergo three screenings at 1-year intervals, were
aged between 55 and 74 years at the time of random-
ization, had a history of cigarette smoking of at least
30 pack-years, and, if former smokers, had quit
within the previous 15 years.1

Prior to the NLST, chest x-rays were often used to
screen patients for lung cancer,2 but this practice was
not supported by scientific evidence.3 In 2011, the
ehalf of American Journal of Preventive Medicine.
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Prostate, Lung, Colorectal, and Ovarian Cancer Screen-
ing Trial reported that annual screening with chest radi-
ography did not reduce lung cancer mortality when
compared with usual care.3

In December 2013, the U.S. Preventive Services Task
Force (USPSTF) recommended annual screening for
lung cancer with low-dose chest CT.4 This was a Grade
B recommendation, which required insurers to cover
lung cancer screening with no cost sharing under the
Affordable Care Act.4 In February 2015, the Centers for
Medicare & Medicaid Services (CMS) issued a National
Coverage Determination that established lung cancer
screening with low-dose CT as an additional preventive
service benefit under the Medicare program.5 Both the
USPSTF and CMS used the same smoking criteria as the
NLST and 55 years as the starting age for lung cancer
screening, but the USPSTF and CMS differed on the old-
est age for screening.6 The USPSTF recommended
80 years as the oldest age for lung cancer screening based
on evidence from modeling studies.4 By contrast, CMS
determined 77 years as the oldest age for screening
because this was the oldest age of participants at the end
of the NLST screening period.6

The National Health Interview Survey (NHIS) Cancer
Control Supplements7,8 in 2010 and 2015 collected data
that can be used to monitor the extent to which health
providers in community practice have implemented
low-dose CT and abandoned chest x-rays for lung cancer
screening. Given the developments in lung cancer
screening before the start of the 2015 NHIS data collec-
tion, a potential hypothesis might be that the 2015 NHIS
would reveal increased use of chest CT and reduced use
of chest x-rays for lung cancer screening. Another
hypothesis might be that substantial changes in lung
cancer screening patterns would only become evident
sometime after the end of the 2015 NHIS data collection,
because the CMS determination5 occurred in early
2015, and multiple challenges remained in 2015 that lim-
ited the uptake of lung cancer screening in community
practice.9−11

Several prior studies have used data from the 2010
and 2015 NHIS to report on lung cancer screening
consistent with NLST,12,13 CMS,14 or USPSTF risk
criteria,15,16 and also to estimate lung cancer screening
prevalence for categories developed using individual
risk-based models for lung cancer.14,16 Combined, the
prior studies indicate that, in 2015, the prevalence of
lung cancer screening with chest CT among people
meeting criteria was low13−16; chest x-rays were used
more often than chest CT for lung cancer screening14;
and screening was reported by individuals who did not
meet the criteria for lung cancer screening, in addition
to individuals who met criteria.13,15
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The purpose of the current study is to more
completely describe lung cancer screening inconsistent
with USPSTF criteria. Three categories of lung cancer
screening inconsistent with USPSTF criteria are defined,
in addition to one category consistent with USPSTF cri-
teria. For each category, the prevalence, population size,
and number of chest CT and chest x-ray tests for lung
cancer screening are estimated. Respondents aged
40 years or older are analyzed because that age group is
the sample universe for NHIS questions on lung cancer
screening; and respondents included both individuals
who meet and do not meet the USPSTF criteria.

METHODS

Study Population
The study analyzed NHIS data collected in 2010 and 2015. The
NHIS is an annual, cross-sectional, in-person interview survey of
a nationally representative sample of the civilian, non-institution-
alized U.S. population, selected with a multistage cluster sample
design.7,8 The survey includes components to collect information
about the household, each family in the household, and a ran-
domly selected sample adult and child in each family. The Cancer
Control Supplements for the 2010 and 2015 NHIS also included
questions about lung cancer screening among adults aged
≥ 40 years.7,8 The National Center for Health Statistics Research
Ethics Review Board and the Office of Management and Budget
approved the NHIS data collection.

The 2010 NHIS interviewed 34,329 households and completed
27,157 sample adult interviews, with a final response rate of
60.8%; 16,957 of these respondents were aged ≥ 40 years.7 The
2015 NHIS interviewed 41,493 households and completed 33,672
sample adult interviews, with a final response rate of 55.2%;
22,328 of these respondents were aged ≥ 40 years.8 To facilitate
statistical comparisons between 2010 and 2015, the adults aged
≥ 40 years from the 2010 and 2015 NHIS were combined. The fol-
lowing categories then were excluded: 119 individuals with a
reported lung cancer diagnosis at an age younger than their age at
interview, 70 respondents with unknown lung cancer status, and
four individuals with missing age at interview or missing age at
lung cancer diagnosis. The final study population aged ≥ 40 years
included 39,092 respondents, with 16,878 from the 2010 NHIS
and 22,214 from the 2015 NHIS.

Pack-years were defined as the average of number of packs (20
cigarettes) smoked per day multiplied by the number of years
smoked. Within the final study population aged ≥ 40 years with-
out a diagnosis of lung cancer, respondents meeting USPSTF rec-
ommendations for lung cancer screening were defined as current
and former smokers aged 55−80 years with ≥ 30 pack-years of
cigarette smoking history; additionally, former smokers must
have quit within the last 15 years.4

Measures
Both the 2010 and 2015 NHIS surveys included two questions
about chest x-rays: In the last 12 months, did you have a chest x-
ray? and Were any of the chest x-rays you had in the last 12 months
done to check for lung cancer, rather than for some other reason?
The 2010 NHIS included three questions about chest CT or
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computed axial tomography (CAT) scans: (1) In the last 12 months,
did you have a CAT scan or CT scan? (2) Were any of the CAT
scans you had in the last 12 months done of your chest area? (3)
Were any of the CAT scans of your chest area done to check for lung
cancer, rather than some other reason? Appendix Table 1 (available
online) provides details on the questions and answer choices in the
2015 NHIS. Although the 2015 NHIS included similar questions
about chest CT scans to those in the 2010 NHIS, the 2015 NHIS
added a new question with expanded answer choices to report the
time of the most recent chest CT for lung cancer screening.

The chest CT analysis included respondents who reported
either a CT of the chest area or a CT of several areas of the upper
body region; the latter was one of the response options for the
question asking whether the CT scan was of the chest area
(Appendix Table 1, available online). Lung cancer screening with
chest CT in the last 12 months was analyzed in the 2010 NHIS,
and a year ago or less in the 2015 NHIS.

Four outcome measures were defined for respondents who
reported a chest x-ray or chest CT to screen for lung cancer,
after consideration of their age and smoking status. The first
outcome measure was lung cancer screening consistent with
USPSTF recommendations, defined as respondents who
reported receipt of a chest CT to screen for lung cancer and
who met USPSTF recommended age and smoking status crite-
ria. The next three outcome measures were inconsistent with
USPSTF recommendations, and included respondents who
met USPSTF criteria and reported a chest x-ray to screen for
lung cancer, respondents who did not meet USPSTF criteria
and reported a chest x-ray to screen for lung cancer, and
respondents who did not meet USPSTF criteria and reported
a chest CT to screen for lung cancer.
Statistical Analysis
Data analysis was conducted during 2016 to 2018 with SAS-call-
able SUDAAN, version 11.0 software and the NHIS-provided final
weights for household sampling probabilities and nonresponse.
Weighted prevalence of screening by chest CT or chest x-ray were
estimated with 95% CIs, for various combinations of age and
smoking status. The p-values for differences in prevalence from
2010 to 2015 were evaluated using linear contrast procedures and
t-tests (p< 0.05). Population estimates replicated the methods
used in the prior analysis by Doria-Rose et al.12 With this method,
the U.S. total study population for all respondents aged ≥ 40 years
without lung cancer was estimated, and then the population for
each age and smoking status combination corresponding to
USPSTF criteria, using the formula:

½ U:S: total study populationð Þ � weighted percent prevalenceð
of the age and smoking status combination = 100Þ�:

The total number of each type of screening test received (chest
CT or chest x-ray) in each age and smoking status combined cate-
gory was estimated, using the formula:

½ Total population in the age and smoking status combinationð Þ
� weighted percent prevalenceð
of receipt of a lung cancer screening test in the age

and smoking status combination = 100Þ�:
The percentage change from 2010 to 2015 in estimated popula-
tions and types of screening test were estimated, using the formula:

100½ � � 2015 estimate�2010 estimateð Þ=2010 estimate½ �:

RESULTS

In 2015, the estimated prevalence of lung cancer screen-
ing with chest CT was about 4% among individuals
meeting USPSTF smoking status and age criteria (55
−80 years; Table 1). Application of NLST age criteria
(55−74 years) or CMS age criteria (55−77 years) gave
similar results (Appendix Table 2, available online). The
estimated prevalence in 2015 for lung cancer screening
inconsistent with USPSTF criteria was 8.5% for respond-
ents who met USPSTF age and smoking status criteria
and reported a chest x-ray, 2.3% for respondents who
did not meet USPSTF criteria and reported a chest
x-ray, and 1.3% for respondents who did not meet
USPSTF criteria and reported a chest CT (Table 1). For
each lung cancer screening outcome measure, the differ-
ence between the estimated prevalence in 2015 com-
pared to 2010 was not statistically significantly different
(p> 0.05).
The number of U.S. adults aged 55−80 years without

lung cancer that met USPSTF smoking status criteria in
2015 (8,098,000) was 15.8% (1,522,000) less than that in
2010 (9,620,000; Table 2). Less than half (42.8%) of the
estimated population meeting USPSTF criteria in 2015
were aged 65−80 years (Table 2), and about half (49.4%)
in both age groups (55-64 and 65-80) were former smok-
ers (data not shown). The estimated number of never
smokers aged ≥ 40 years without lung cancer in 2015
(90,543,000) was 15.0% (11,802,000) higher than that in
2010 (78,741,000; Table 2).
The number of respondents reporting lung cancer

screening consistent with USPSTF recommendations
was similar in 2010 and 2015 (Figure 1 and Appendix
Table 3, available online). In both 2010 and 2015, the
number of respondents who reported lung cancer
screening inconsistent with USPSTF recommendations
greatly exceeded the number who reported screening
consistent with USPSTF recommendations. Among the
three categories of inconsistent lung cancer screening,
the largest category was respondents who did not meet
USPSTF criteria and reported a chest x-ray, followed by
those who did not meet USPSTF criteria and reported a
chest CT scan, and then those who met USPSTF criteria
and reported a chest x-ray.

DISCUSSION

In 2015, the number of adults inappropriately screened
for lung cancer greatly exceeded the number screened
www.ajpmonline.org



Table 1. Estimated Prevalence of Lung Cancer Screening, 2010 and 2015a

2010 2015

Variable N n Weighted % (95% CI) N n Weighted % (95% CI) p-valueb

Consistent with
USPSTF recommendations

Met USPSTF criteria and
reported a chest CT scan

1,085 40 3.8 (2.7, 5.2) 1,228 62 4.4 (3.0, 6.6) 0.52

Inconsistent with USPSTF
recommendations

Met USPSTF criteria and
reported a chest x-ray

1,085 80 7.7 (6.1, 9.7) 1,246 111 8.5 (6.5, 11.1) 0.60

Did not meet USPSTF criteria and
reported a chest x-ray

13,937 310 2.1 (1.8, 2.4) 18,606 440 2.3 (2.0, 2.6) 0.24

Did not meet USPSTF criteria and
reported a chest CT scan

13,936 164 1.1 (0.9, 1.3) 18,439 242 1.3 (1.1, 1.5) 0.23

aRespondents are adults aged ≥40 years without lung cancer. Lung cancer screening categories are not mutually exclusive.
bThe p-values are for the differences in prevalences from 2010 to 2015 using linear contrast procedures and t-tests (p<0.05).
CT, computed tomography; USPSTF, U.S. Preventive Services Task Force.
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according to USPSTF recommendations, the prevalence
of appropriate lung cancer screening was low, and the
population meeting USPSTF criteria was shrinking.
Harms of lung cancer screening include the physi-

cal and psychological consequences of identifying and
evaluating lung nodules, the impact of the cumulative
radiation exposure on cancer risk, and the potential
for overdiagnosis and overtreatment of lung can-
cer.4,6,17 Harms may be higher in the general popula-
tion than reported in clinical trials if lung cancer
screening is inconsistent with the patient selection
and methods used in clinical trials.4,6,17 To achieve a
moderate net benefit in U.S. community practice sim-
ilar to that obtained in the NLST, the USPSTF cau-
tioned that lung cancer screening needs to be limited
to people at high risk, low-dose CT needs to be used,
the interpretation of images needs to be standardized,
and most false-positive tests need to be resolved with-
out invasive procedures.4,6

Even among those who are eligible for screening
according to USPSTF criteria, the ratio of benefits to
harms may differ according to smoking history.18 For
example, Kovalchik and colleagues18 calculated the pre-
dicted 5-year risk of death from lung cancer for NLST
participants, and then stratified those individuals into
five quintiles, with quintile 1 having the lowest risk, and
quintile 5 having the highest risk. Those at lowest risk
(in quintile 1) accounted for only 1% of the screening
prevented lung cancer deaths, but were associated with
the greatest number of false positives per prevented lung
cancer death.
Clinical risk prediction calculators have been devel-

oped to identify individuals at high risk for lung cancer
incidence and mortality, and also to quantify the
January 2019
probability that a lung nodule detected by lung cancer
CT screening is malignant.19−21 These calculators
include an expanded list of risk factors in addition to
smoking status and age. The risk prediction results have
been used by radiologists as part of decisions about fol-
low-up management of lung nodules,22 and by patients
and primary care providers20,21 as part of the shared
decision-making discussions23 that are recommended by
the USPSTF and required by CMS before the start of
lung cancer screening. In its 2018 draft research plan on
lung cancer screening,4 one of the research questions
proposed by the USPSTF was whether risk prediction
models for identifying adults at higher risk of lung can-
cer mortality improve the balance of benefits and harms
of screening compared with NLST criteria or USPSTF
recommendations.
Among respondents meeting USPSTF criteria in 2015,

the prevalence of recommended screening with chest CT
was low. Healthy People 2020 does not include specific
objectives for lung cancer screening to reduce the lung
cancer death rate; however, interventions to stop smok-
ing and increase lung cancer screening with low-dose
chest CT consistent with USPSTF recommendations
would align with Cancer Objective C-2.24 A 70%−80%
level of utilization might be a reasonable, longer-term
objective for lung cancer screening, given the levels of
screening reported for mammography (71.5%) and colo-
rectal cancer screening test use (62.4%) in the 2015
NHIS.25 In a simulation model of clinical, resource use,
and fiscal impacts of implementing low-dose CT screen-
ing among high-risk individuals who were Medicare
beneficiaries, low-dose CT lung cancer screening utiliza-
tion was assumed to be about 70% after 5 years of
implementation.26



Table 2. Population Estimates by USPSTF Criteria, Cigarette Smoking Status, and Age Groupa

Variable
2010,

Population (95% CI)
2015,

Population (95% CI)
Difference 2015−2010,

n (%)

Smokers, age 55−80 years, met
USPSTF criteria

55−64 years 5,408,000 (4,927,000, 5,935,000) 4,631,000 (4,187,000, 5,119,000) −777,000 (−14.4)
65−80 years 4,212,000 (3,790,000, 4,678,000) 3,467,000 (3,098,000, 4,341,000) −745,000 (−17.7)
Total 9,620,000 (8,960,000, 10,325,000) 8,098,000 (7,533,000, 8,702,000) −1,522,000 (−15.8)

Smokers, age ≥40 years, did not
meet USPSTF criteria

40−54 years 27,137,000 (26,066,000, 28,241,000) 22,511,000 (21,476,000, 23,586,000) −4,626,000 (−17.0)
55−64 years 11,382,000 (10,719,000, 20,034,000) 12,345,000 (11,589,000, 13,146,000) 962,000 (8.5)

65−80 years 10,545,000 (9,886,000, 15,677,000) 13,974,000 (13,229,000, 14,757,000) 3,429,000 (32.5)

≥81 years 1,523,000 (1,283,000, 6,314,000) 1,703,000 (1,445,000, 2,006,000) 180,000 (11.8)

Total 50,587,000 (49,237,000, 52,016,000) 50,533,000 (49,207,000, 51,876,000) −55,000 (−0.1)
Never smokers, age ≥40 years, did not
meet USPSTF criteria

40−54 years 39,017,000 (37,718,000, 40,343,000) 41,854,000 (40,479,000, 43,258,000) 2,837,000 (7.3)

55−64 years 19,090,000 (18,183,000, 20,034,000) 23,636,000 (22,576,000, 24,737,000) 4,546,000 (23.8)

65−80 years 14,866,000 (14,092,000, 15,677,000) 19,239,000 (18,353,000, 20,162,000) 4,373,000 (29.4)

≥81 years 5,768,000 (5,268,000, 6,314,000) 5,813,000 (5,331,000, 6,336,000) 45,000 (0.8)

Total 78,741,000 (77,323,000, 80,102,000) 90,543,000 (89,244,000, 91,832,000) 11,802,000 (15.0)
aRespondents are adults aged ≥40 years without lung cancer. Estimates are rounded to nearest thousand.
USPSTF, U.S. Preventive Services Task Force.
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Figure 1. Population estimates for adults who reported lung cancer screening, 2010 and 2015.a
aRespondents are adults aged ≥40 years without lung cancer. Estimates are rounded to nearest million. Lung cancer screening categories are not
mutually exclusive.
CT, computed tomography; USPSTF, U.S. Preventive Services Task Force.
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Lung cancer screening with chest x-rays was the larg-
est contributor to lung cancer screening inconsistent
with USPSTF criteria. Some health providers may be
unaware that low-dose CT is the only recommended
lung cancer screening test.3,14 Additionally, some pro-
viders may have ordered a chest x-ray to screen for lung
cancer rather than do nothing, if low-dose CT was not
available in their geographic location.14

The decrease from 2010 to 2015 in the size of the popu-
lation who met USPSTF criteria for lung cancer screening
is consistent with prior reports,15,16 and with known
decreases in daily cigarette smoking in the U.S. population
between 2005 and 2014.27 Assuming successful smoking
control efforts will be sustained over time in the U.S., the
number of individuals with 30 or more pack-years of ciga-
rette smoking is likely to be reduced even further. A
CHEST (American College of Chest Physicians) Lung
Cancer Screening Guideline Panel concluded in 2018 that
additional research is needed on the best way to promote
smoking cessation in the context of lung cancer screening.6

Smokers with a screen-detected nodule are more likely to
quit smoking, whereas smokers with a negative screen
may incorrectly believe that screening protects them from
lung cancer and they continue to smoke.6
January 2019
Lung cancer screening programs and multidisciplinary
clinical teams for lung cancer evaluation and treatment
currently tend to be clustered in larger, urban healthcare
markets rather than geographically dispersed.28 If the at-
risk population is relatively small in size, mass media cam-
paigns to promote lung cancer screening will need to be
carefully worded to minimize requests for lung cancer
screening from individuals who do not meet USPSTF cri-
teria and would not benefit from screening.

Limitations
The NHIS questions did not address the quality of
reported lung cancer screening, such as whether a
shared decision-making discussion occurred prior to
screening, whether smoking cessation was offered to
current smokers, or whether the chest CT was
obtained at an accredited imaging facility. Some of the
NHIS lung cancer screening questions had a relatively
small number of respondents, which limited reliable
estimates for smaller age-group categories. The NHIS
lung cancer screening estimates were based on self-
reports without medical record validation of the
indication or occurrence of the exam. The extent of
misclassification among respondents reporting a chest
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CT or CAT scan is unknown. A comparison of self-
reported chest x-rays with clinic data in the Prostate,
Lung, Colorectal, and Ovarian Cancer Screening Trial
showed that self-reported chest x-ray screening had
good sensitivity but poor specificity.29 Cognitive test-
ing of the 2015 NHIS lung cancer screening questions
suggested that some respondents may not know the
reason that their doctor ordered a test, and also that
some respondents may not always distinguish between
a “screening test” and “a test ordered to diagnose” a
physical symptom.30

Strengths of the study include estimates of three dif-
ferent categories of lung cancer screening inconsistent
with USPSTF recommendations, in addition to estimates
of screening consistent with USPSTF recommendations.
The study estimates are for a probability-based sample
covering the entire U.S., and that potentially includes
the use of lung cancer screening provided by non-
accredited as well as accredited facilities.

CONCLUSIONS

To realize the potential benefits of lung cancer screening,
better processes to appropriately triage eligible individu-
als to screening, plus screening with a USPSTF recom-
mended test, would be beneficial.
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