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CLINICAL

Public health authorities worldwide discourage the
use of chest radiography as a screening modality
in primary care.1-5 The diagnostic performance of

chest radiography does not justify its application for
screening in the general population or among high-risk
groups such as smokers or persons with a family history
of lung cancer.6,7 Prescription of chest radiography as a
screening tool may be harmful7 because patients with
false-positive results may experience anxiety and con-
cern.6 Moreover, if they proceed to further evaluation,
they are subjected to associated increased cost and risk.6

Despite the accumulated evidence and clear guide-
lines, findings from various reports8-15 suggest that pri-

mary care physicians throughout the world still pre-
scribe chest radiography for screening in the general
population and among selected high-risk subgroups.
Therefore, we set out to assess in a systematic review of
the relevant literature whether this habit of old has been
diminishing over time and at what pace.

METHODS

Identification of Eligible Studies
We searched MEDLINE, ISI, and the Cochrane Cen-

tral Register of Controlled Trials (last search, January
2005) using combinations of terms such as screening,
chest radiography, cancer, baseline test, reference test,
primary care, and prescription. We set no language or
geographical restrictions. We also handsearched16 the
last 4 years of 5 primary care and public health journals
(European Journal of General Practice, Journal of
Family Practice, American Family Physician, Annals of
Family Medicine, and Family Practice) and perused the
references of the retrieved relevant articles to identify
reports that may have been missed by the electronic
searches.

Eligibility Criteria
We considered as eligible all cross-sectional surveys

or controlled trials providing information on the propor-
tion of primary care physicians who reported using or
who actually prescribed chest radiography as a screen-
ing tool in asymptomatic individuals (from the general
population or among high-risk population subgroups).
We evaluated all relevant studies, regardless of whether
the corresponding proportion was a primary outcome
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or not. We excluded all qualitative research reports
because their sampling methods and stopping rules do
not ensure a representative sample and because the the-
matic coding of the main findings is formulated post hoc
by the researchers. Physicians with specialties that are
usually encountered in nonprimary care settings were
excluded from the calculations unless it was clearly stat-
ed that they were indeed primary care oriented. We did
not consider information pertaining to beliefs or person-
al views of physicians regarding the role of chest radiog-
raphy, as these may be different from actual practice.
Finally, we excluded all studies in which chest radiogra-
phy was used in the diagnostic workup of persons with
signs and symptoms of disease or in the follow-up of
patients with pulmonary or systematic diseases. Reports
from countries in which prescription of screening chest
radiography was a part of any sort of national screening
policy or trial were excluded from the analysis.

Definitions and Outcomes
We specified that smokers comprise a high-risk sub-

group for lung cancer or nonmalignant pulmonary dis-
eases (eg, chronic obstructive pulmonary disease). We
also considered persons at high risk who were charac-
terized as such in the primary reports (because of fami-
ly history, high-risk profession, or any other reason).
Screening for any disease pertained to the use of chest
radiography in the diagnosis of any clinical entity;
screening for malignancy pertained mostly to lung can-
cer screening. We evaluated the proportion of primary
care physicians who reported using or who actually used
chest radiography to screen for (1) malignancy in the
general asymptomatic population, (2) malignancy in a
high-risk subgroup, (3) any disease in the general
asymptomatic population, and (4) any disease in a high-
risk subpopulation changed over time, using random-
effects meta-regression analysis.

Data Extraction
We extracted information from each eligible study.

The data recorded included the first author’s name, jour-
nal and year of publication, place and country of origin,
study design, physician inclusion and exclusion criteria,
number of enrolled and analyzed physicians, number of
physicians who reported using or actually used chest
radiography for screening in each setting, method used
to measure study outcomes (standard or telephone inter-
view, questionnaire, patient medical record review, or
the use of actors paying unannounced visits to the physi-
cian), population that would be screened (general popu-
lation or high-risk subgroup) and for what purpose
(screening for any disease or screening for cancer), and
definition of high-risk population (if applicable).

In controlled studies that compared the prescription
rates between a group of physicians who received edu-
cational interventions and a control group not exposed
to the educational program, only physicians in the con-
trol group were considered eligible. Similarly, in inter-
ventional studies in which screening attitudes were
evaluated before and after an educational intervention,
we considered only baseline data (before the education-
al intervention). Finally, whenever prescription practice
was evaluated by means of different methods in the
same study, we recorded the most objective one. For
example, we preferred information inferred from
patients’ medical record surveys over information based
on patients’ self-reports, and the latter was preferred
over physicians’ self-reported practices.

Analyses
The study was the unit of the analyses. For each of

the aforementioned outcomes, we calculated whether
the proportion of physicians who use chest radiography
as a screening tool changed over time, using random-
effects meta-regression analyses.17 Meta-regressions are
variance-weighted least-square regressions, in which the
within-study and between-study variability of the perti-
nent proportions are accounted for. We used the year of
study publication to approximate when each study was
conducted.

Because guideline availability and knowledge of rec-
ommendations have been enhanced by the introduction
of Internet and Web sites, we split the data for a sub-
analysis before and after 1990. We assessed whether
there were any changes over time by comparing with a
standardized z score18 the summary proportions of
physicians prescribing chest radiographs for screening
in studies published before and after 1990. Summary
proportions were estimated using general inverse vari-
ance random-effects models,19 which allow for between-
study heterogeneity (dissimilarity) and incorporate it
into the calculations.20 Heterogeneity in each subgroup
was assessed using Fisher exact test and was quantified
using I2, a metric that expresses the percentage of
between-study variability that is attributed to hetero-
geneity rather than to chance. I2 ranges between 0% and
100%, and values above 75% typically represent high
heterogeneity. Because we were interested in the tem-
poral trends of the percentage of physicians who pre-
scribe chest x-rays for screening, we did not consider
further subgroup analyses. Instead, we performed addi-
tional meta-regressions that included as a covariate
whether national guidelines existed at the time the
study was completed or published (yes or no).

Analyses were performed in Intercooled STATA 8.2
(StataCorp LP, College Station, Tex) using the metareg
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module and in Meta-Analyst (Joseph Lau, Boston, Mass).
Unless otherwise specified, all P values are 2-tailed, and
P < .05 indicates formal statistical significance.

RESULTS

We identified 28 articles8-15,21-40 published between
1970 and 2005 describing 23 potentially eligible studies
(5 publications25,29,30,38,39 were excluded because they
were covered by 3 other reports of the same studies).
Overall, the proportions of physicians who prescribe
chest radiography for screening were described in 17
cross-sectional surveys and in 1 randomized trial11

(Table 1). Sample sizes in the studies using surveys
ranged from 120 to 1349 analyzed primary care physi-
cians. In all studies, the pertinent information was self-
reported, except for the randomized trial, in which a
more objective method was used (unannounced visits
from standard patients). Three studies were conducted
before the announcement of corresponding national
guidelines (an American study23 published in 1970) or
in countries in which relevant national guidelines do not
exist (studies from Greece33 and France40). The percent-
age of physicians who reported using chest radiography
for screening was more than 75% in all these cases. Most
studies did not clearly state the exact phrasing of the
questions used in the various studies to assess how com-
monly physicians prescribe chest x-ray for screening
and in which setting. Similarly, most studies did not
evaluate physician beliefs; therefore, discrepancy in
physician beliefs and attitudes could not be analyzed.

Overall, 10% to 90% of primary care physicians actu-
ally used or reported that they used chest radiography
for screening purposes in the various studies. When all
studies were considered, the percentage of physicians
who use chest x-ray to screen for malignancy in the gen-
eral population8,9,14,15,22,27,28,40 seemed to increase by
0.9% per year, although this was not formally statistical-
ly significant (P = .55; 8 studies with 4313 analyzed par-
ticipants) (Table 2). The increasing trend is due to
leverage from the French study,40 in which 85% of 480
physicians reported that they use biannual chest x-ray
to screen for cancer among patients older than 50 years.
This trend was reversed when the availability of
national guidelines was taken into account in the cal-
culations (annual decrease, −1.4%; P = .14) (Figure
1A). When screening for cancer in high-risk population
subgroups,8-10,14,24,26,28,40 we estimated a −2.9% annual
decrease in the corresponding percentage (P = .10; 8
studies with 2784 analyzed participants). The trend
became stronger, albeit only marginally and nonsignifi-
cantly, when the availability of national guidelines was

taken into account (P = .05) (Figure 1B). Similarly,
Figure 1C shows a small decreasing tendency of −0.8%
per year in the proportion of primary care physicians
who use chest radiography to screen for any disease in
the general population (P = .41; 7 studies with 2627 ana-
lyzed physicians).12,23,31,33-35 In the latter case, the trend
disappeared (annual decrease, −0.4%; P = .40) when the
presence of national guidelines was taken into account
(Table 2). Because only 1 study11 provided data on the
use of chest radiography to screen for any clinical enti-
ty in a high-risk population, no meta-regressions were
run for this outcome. In that study, 15 (27.3%) of 55 pri-
mary care physicians reported using chest x-ray for this
purpose.

There was substantial between-study heterogeneity
in the proportion of physicians prescribing chest radiog-
raphy for screening (P < .05 for the subgroups of studies
published before or after 1990 in all 3 outcomes in
which the analysis was meaningful; I2 was universally
above 90% in all these analyses). When we compared the
corresponding summary proportions before and after
1990 (Figure 2), a diminishing trend was again evident.
The decrease was significant only for chest x-ray pre-
scription for cancer screening among high-risk popula-
tion subgroups (P = .007).

Chest radiography prescription rates were lower in
Israel, Australia, and North American countries (United
States and Canada). They were higher in Europe
(France and Greece).

DISCUSSION

Despite the available evidence and recommenda-
tions, physicians commonly prescribed chest radiogra-
phy for screening purposes in the general asymptomatic
population and among high-risk population subgroups.
There are indications that this habit of old diminishes at
a slow pace over time.

Screening tests are generally harmful, and only in
selected cases does their application outweigh potential
harms.41,42 In 2 systematic reviews6,7 of older random-
ized trials, there was no evidence supporting the use of
chest radiography for lung cancer screening. If anything,
screening with chest radiography was associated with
increased lung cancer mortality,7 although this finding
is consistent with overdiagnosis bias, given that overall
mortality was not affected. Health hazards are unrelated
to radiation exposure, because the delivered dose is
low.43 They rather stem from the additional diagnostic
or therapeutic interventions during the further evalua-
tion of false-positive findings.6 The proportion of false-
positive screening chest radiograms suspicious for lung
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Table 1. Characteristics of Eligible Studies*

No. Analyzed/Characteristics
Source Period/Country of Enrolled Physicians Method Setting

American Cancer 1984/United States 1035/Stratified sample (per specialty) of Telephone interview General
Society,22 1985 primary care physicians in continental with questionnaire population

United States; sampling method not described

American Cancer 1989/United States 1029/Stratified sample (per specialty) of Telephone interview General
Society,15 1990 primary care physicians in continental with questionnaire population

United States; sampling method not described

Ashford et al,9 2000 NA/United States 122/Primary care physicians in New York Interview with General
disadvantaged areas recruited from state and questionnaire population
local hospital lists and smokers

Bates and NA/United States 202/American Medical Directory–listed  Interview with General
Mulinare,23 1970 New York internists and GPs aged <65 years; questionnaire population

sampling method not described

Battista,24 1983 1981-1982/Canada 430/Random samples of Federacion des Interview with High-risk
Medicines Omnipraticiens du Quebec questionnaire population
primary care physicians

Battista et al,26 1985 1982/Canada 265/All New Brunswick practicing GPs Interview with High-risk
questionnaire population

Beaulieu et al,11 2002 1998-1999/Canada 55/Quebec continual medical education Unannounced visit Smokers
network–listed Montreal family physicians from 2 standard 

patients

Bergner et al,27 1990 1985/United States 346/Random sample of American Medical Telephone interview General
Association–listed physicians with questionnaire population

Ganry and 2003/France 480/GPs employed in Picardy region Mailed questionnaire General
Boche,40 2004 population

and smokers

Gemson and 1984/United States 120/Systematic sample of New York  Telephone interview General
Elinson,28 1987 Medical Society–listed internists, family with questionnaire population

physicians, and GPs and smokers

Hutchison et al,31 1994-1995/Canada 964/Systematic sample of Canadian Medical Mailed questionnaire General
1996 Associations’ Physician Resource population

Databank–listed family physicians 

Montano and 1988-1989/United 326/Random sample of Washington Academy Mailed questionnaire General
Phillips,14 1995 States of Family Physicians and patients’ medical population

record survey and smokers

Nakar et al,12 2002 NA/Israel 147/Family physicians attending a continuing Questionnaire General
medical education program in Tel Aviv population

Proiskos et al,33 2005 2001-2002/Greece 211/Sample of physicians employed in   Interview with General
primary care activities in 9 Hellenic questionnaire population
provinces

Resnicow NA/United States 146 and 129/Randomly selected Society of Mailed questionnaire General
et al,34 1987 Teachers of Family Medicine and American population

Academy of Family Physicians–listed family 
physicians

Schwartz 1987/United States 1349/Randomly selected American College  Mailed questionnaire General
et al,35 1991 of Physicians–listed internists and fellows population

Sladden and 1996/Australia 1271/Nationwide random sample of family Mailed questionnaire General 
Ward,8 1999 physicians population 

and heavy 
smokers

Smith and 1991/Canada 285/Random sample of British Columbia Mailed questionnaire General
Herbert,10 1993 College of Physicians and Surgeons–listed population

primary care physicians and smokers 

*NA indicates not available; GPs, general practitioners.



CLINICAL

654 THE AMERICAN JOURNAL OF MANAGED CARE NOVEMBER 2006

cancer may be high (range, 40%-60%).7 There-
fore, the implementation of even an inexpen-
sive imaging study on a massive scale would
greatly burden health economics and the
workload of radiology departments. Most
patients in the United States and Canada are
not screened for lung cancer using chest x-
rays. However, because recommendations are
based on older randomized trials (and the
comparisons were against screening less often
rather than no screening), the question is
revisited. The ongoing Prostate, Lung,
Colorectal and Ovarian Cancer Screening
Trial44 is investigating approximately 100 000
people aged 55 to 74 years to clarify the value
of annual screening with chest x-ray com-
pared with usual care.

There is evidence that chest radiography
was prescribed for screening purposes in all
identified relevant studies13,21,32,36,37,45,46

(including those that were ineligible for the
analyses). Time seemed to change prescrip-
tion patterns (although statistically nonsignif-
icantly), but not fast enough to obliterate
these habits during more than 20 years of fol-
low-up. There may be many reasons for this
slow drop. High rates of chest radiography
prescription may be explained by economic
and professional factors (especially in the
context of fee-for-service medical prac-
tice)21,45 or by the absence of national guide-
lines. Judging from the Greek33 and French40

studies, it seems that the recommendations of
the European Code Against Cancer1 do not
have any effect on prescription practices in
the absence of specific national guidelines.
The role of the language barrier in such cases
is debatable. Ignorance of formal recommen-
dations on the issue might be an explanation,
especially in countries without a strong tradi-
tion in primary care medicine. Considering

Table 2. Meta-Regression Estimates

Annual Change (95% Confidence Interval), %

Setting Unadjusted Adjusted*

Screening for cancer in the general population 0.8 (−2.4 to 4.2) −1.4 (−3.5 to 0.7)

Screening for cancer in high-risk subgroups −1.9 (−4.5 to 0.5) −2.9 (−5.9 to 0.03)

Screening for any disease in the general population −0.8 (−3.1 to 1.5) −0.4 (−1.6 to 0.8)

*Adjusted for the availability or unavailability of national guidelines at the time of the study.

Figure 1. Proportion of Primary Care Physicians Who Used
Chest Radiography for Screening Over Time
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the dearth of high-quality studies,
strong suspicion arises that the
frequency of screening chest radiog-
raphy in primary care is underesti-
mated, especially in countries
without an established tradition in
primary care33 and in the absence of
national guidelines.23,33,40

There are some study limitations
that should be discussed. First,
despite the fact that screening chest
radiography was being studied from
the 1960s onward, only 18 studies
were eligible, and all but 4
reports8,12,33,40 were from the United
States and Canada. Therefore, these
findings may not be globally general-
izable. Second, data were derived
from cross-sectional studies. This
design has a limited internal validity
and is sensitive to several biases.
Furthermore, it is not uncommon for
surveys to have low response rates.47

Overall, 7876 (57.5%) of 13 690
enrolled physicians were analyzed in the eligible stud-
ies. This raises further concerns regarding the generaliz-
ability of the results, because nonresponders may have
systematically different characteristics from those of
responders. Nevertheless, cross-sectional surveys are
commonly used47 and are considered appropriate and
easy to perform. Third, the exact question that was used
to assess the outcome of interest was not clearly
described in most studies. Unfortunately, the effect of
different phrasings on our findings cannot be assessed.

Allowing for the aforementioned caveats, we con-
clude that chest radiography prescription for screening
purposes among asymptomatic subjects is an old habit
that dies hard. This ongoing practice may harm the
screenees’ health and burdens health economics and
radiology department activities. Continuing medical
education programs and the establishment of relevant
national guidelines, where lacking, may reduce the fre-
quency of recommendation of chest radiography for
screening purposes.
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