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Background: The National Cancer Institute’s Prostate,
Lung, Colorectal, and Ovarian (PLCO) Cancer Screening
Trial was designed to examine whether annual screening
tests for these four tumor sites result in reduced disease-
related mortality. We assessed the impact of trial participa-
tion on both health-related quality of life (HRQL) and trial
adherence. Methods: Participants (N � 432; 217 in the con-
trol arm and 215 in screening arm) were accrued from the
Georgetown University PLCO site from May through De-
cember 1998. Screening-arm participants were interviewed
by telephone at baseline (prescreening), shortly after notifi-
cation of screening results (short-term follow-up), and 9
months after notification of screening results (intermediate-
term follow up). Control-arm participants completed a base-
line and 1-year follow-up assessment. Logistic regression
analyses were conducted. Results: Participants reported high
levels of HRQL and satisfaction with their decision to par-
ticipate. Screening-arm participants with abnormal screen-
ing results had a higher level of intrusive thoughts about
cancer than those with all normal results (odds ratio [OR] �
2.9, 95% confidence interval [CI] � 1.3 to 6.3) at the short-
term follow-up but not at the intermediate-term follow-up
(when abnormal test results were known to be false positive;
OR � 1.9, 95% CI � 0.89 to 4.2). Trial adherence was
statistically significantly better among participants who had
received all normal results in the previous year’s screening
tests (93.7% versus 78.7%; OR � 3.7, CI � 1.1 to 12.0) than

in those who received at least one abnormal result. In the
control arm, adherence (defined as returning annual ques-
tionnaires) was positively associated with education (OR �
3.4, 95% CI � 1.4 to 8.4) and sex, with women being more
likely to return questionnaires than men (OR � 2.1, 95% CI
� 1.05 to 4.4). Conclusions: It is feasible to collect HRQL
measures as part of a large cancer screening trial. Prior
abnormal screening results were related to short-term
HRQL but not to intermediate-term HRQL. Trial adherence
was poorer among those who had received previous false-
positive results. These results suggest several methods for
improving adherence in this and other subgroups. [J Natl
Cancer Inst 2004;96:1083–94]

Health-related quality of life (HRQL), defined as physical,
psychological, and social functioning, is recognized as an im-
portant outcome in randomized trials (1–5), particularly in clin-
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ical trials involving cancer patients (6–10) and in cancer pre-
vention trials (11–13). However, little is known about the
outcomes of participants in cancer screening trials, particularly
the impact of receiving false-positive results on both HRQL and
trial adherence. We are aware of only one study that has exam-
ined HRQL in the context of a cancer screening trial (14), the
European Randomized Screening for Prostate Cancer trial (ER-
SPC) (15). In this study, screening did not substantially raise
general anxiety, nor was a false-positive screening result asso-
ciated with an immediate reduction in general HRQL (14).

Outside the context of randomized trials, there is a large body
of literature concerning the psychological impact of clinically
based cancer screening, particularly the impact of false-positive
results from mammography or cervical cancer screening (16–
25). Findings regarding the psychological impact of false-
positive results have varied depending on the length of follow-
up: cross-sectional studies have reported a negative
psychological impact (22,26), whereas several longitudinal stud-
ies have reported no lasting adverse effects of false positives
(20,23,25,27–32). Additional longitudinal studies are needed to
evaluate the HRQL benefits and limitations of cancer screening
trials because the vast majority of individuals undergoing
screening will never develop cancer yet are exposed to the
potential risk of false-positive results.

Although there is a large body of literature on the demo-
graphic, medical, and psychological predictors of adherence to
various clinical cancer screening regimens (33–39), limited in-
formation is available about adherence outcomes within ran-
domized screening studies. Two studies (40,41) have assessed
demographic and medical predictors of adherence within the
U.S. National Cancer Institute’s (NCI) Prostate, Lung, Colorec-
tal, and Ovarian (PLCO) Cancer Screening Trial, a large multi-
site trial designed to examine whether annual screening tests for
these four cancers can reduce disease-related mortality (42).
Nonadherence to lung screening was associated with false-
positive screening results at the previous screening, current
smoking, being African American, being female, and having a
high school education or less (40). Nonadherence to flexible
sigmoidoscopy screening for colorectal cancer was associated
with being female, having had a prior technically inadequate
flexible sigmoidoscopy result, and, among men, an abnormal
(noncancerous) prior result (41). Thus, false-positive results
have been associated with poorer adherence in the PLCO. This
association may be related to the fact that many people who seek
cancer screening are doing so to obtain peace of mind or reas-
surance about cancer (43), and receipt of a false-positive result
does not immediately provide this outcome. Thus, concern over
a false-positive result could affect trial adherence if participants
opt to seek follow-up screening with their own physicians rather
than remaining in the trial.

In contrast to the screening trial studies, clinically based
breast screening studies have not reported an adverse impact of
false positives on adherence (24,44) or on intentions to undergo
screening (20,22). In fact, two studies reported improved adher-
ence among women with a false-positive mammogram result
(45,46). One possible explanation for this difference in the
association between false positives and screening adherence in
the PLCO versus in clinical settings may be that screening
guidelines explicitly recommend breast and cervical cancer
screening, compared with the uncertainty surrounding the PLCO
cancer screening tests. Furthermore, it is possible that, in the

clinical setting, physician recommendation plays a role in ad-
herence, whereas physician recommendation is unlikely to play
a role in continued PLCO participation.

In sum, few studies have assessed HRQL or screening ad-
herence within the context of a randomized screening trial, and
the findings from those that have differ from those from studies
conducted within a clinical screening context. To address these
issues, we conducted an ancillary study in the PLCO to assess
the impact of trial participation, specifically the impact of ab-
normal results, on both HRQL and trial adherence among par-
ticipants during their initial year of participation. Our study was
intended to extend the literature in several ways. We have 1)
conducted a longitudinal study that includes both general and
cancer-specific measures of HRQL; 2) included both men and
women, in contrast to previous studies; 3) assessed these vari-
ables in the context of screening for four different cancers; and
4) measured both HRQL and adherence within the same study,
which allows for an evaluation of the impact of HRQL on trial
adherence. We used a conceptual framework (47) developed to
test HRQL and cost-effectiveness questions within the PLCO
and ERSPC screening trials. This framework, which was de-
signed to facilitate health policy decisions regarding screening,
outlines the events that trial participants may experience, includ-
ing randomization, screening, receipt of screening results, diag-
nostic workup, diagnosis, treatment, illness, and death. In this
study, we assessed the impact of several of these events on
HRQL and adherence and whether HRQL had a direct impact on
trial adherence.

This study had three goals. First, we sought to determine the
feasibility of collecting HRQL data within a large U.S. screening
trial and of documenting the level of HRQL over the course of
the initial year of participation. Second, we sought to assess
HRQL with the Miller (47) framework, in terms of the impact of
random assignment, and of the short-term (shortly after notifi-
cation of results) and intermediate-term (approximately 9
months after notification of results) impact of receiving screen-
ing results (normal or abnormal). We predicted that having an
abnormal screening result would be associated with poorer
short- and intermediate-term quality-of-life outcomes. Third, we
sought to assess predictors of adherence to the second round of
screening exams in the screening arm and questionnaire com-
pletion in the control arm. In particular, we evaluated whether
demographic-, HRQL-, or trial-related events predicted trial
adherence at 1 year after enrollment. On the basis of the two
previous studies of screening adherence within the PLCO
(40,41), we predicted that having a false-positive result from the
initial screening would be associated with poorer adherence at
the second round of screening.

SUBJECTS AND METHODS

Overview of the PLCO Cancer Screening Trial

The PLCO trial has been described elsewhere (48). Briefly,
the PLCO is being conducted at 10 sites nationwide and includes
75 000 men and 75 000 women between the ages of 55 and 74.
Study accrual began in 1993 and ended in 2001. Participants are
being monitored for mortality outcomes and health information,
and trial results are expected in approximately 5 years. PLCO
exclusion criteria were as follows: having a history of prostate,
lung, colon, rectum, or ovarian cancer; currently undergoing
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treatment for any cancer; having undergone surgical removal of
the prostate, lung, ovary, or any part of the colon or rectum;
currently taking finasteride or tamoxifen; having had a colonos-
copy, flexible sigmoidoscopy, or barium enema within the past
3 years; current enrollment in another cancer screening or pre-
vention study; being unwilling or unable to sign the consent
form; and (for males) having had more than one prostate-specific
antigen (PSA) test within the past 3 years. Eligible participants
were randomly assigned to the control arm (and instructed to
follow their normal health care routine) or to the intervention
arm (and instructed to obtain annual digital rectal exam and PSA
test for prostate cancer [men]; annual CA-125 blood test and
transvaginal ultrasound for ovarian cancer [women]; chest x-ray
for lung cancer in year 0 (baseline) through year 2 for nonsmok-
ers and year 0 through year 3 for smokers; and flexible sigmoid-
oscopy for colorectal cancer in year 0 and year 5 [both sexes]).

After randomization, participants at the Georgetown Univer-
sity PLCO site were sent an informational packet containing
group assignment (i.e., to control or intervention) and baseline
questionnaires that assessed demographic and screening history
variables. Participants in the intervention arm also received
screening instructions and were instructed to complete the
PLCO year 0 screening exams. Four to six weeks after their
screening exams, participants were mailed the results along with
any recommendations to seek necessary diagnostic exams. Par-
ticipants in the control arm were instructed to complete the
mailed annual study update, which assessed health status and
new cancer diagnoses.

Procedure for the HRQL Study

Between May and December 1998, all PLCO participants
who were randomized at the Georgetown University site (N �
483 of a total of 8111 patients randomized at this site over the
entire recruitment period) were invited to participate in the
HRQL ancillary study. Potential HRQL participants were mailed
an introductory letter and a consent form; subsequently, trained
interviewers attempted to contact all persons by telephone and
completed a 15-minute baseline telephone assessment with those
who agreed to participate. Signed consent forms were returned
by mail. The Georgetown University Institutional Review Board
and the PLCO Ancillary Studies Subcommittee provided study
approval.

Figure 1 presents the points of assessment, the number of
participants, and the number eligible at each assessment. We
conducted two HRQL assessments with control-arm participants
(baseline and 1-year follow-up) and three with the screening-
arm participants (baseline, after notification of results, and
1-year post-baseline [which is 9 months post-results] follow-up).
The baseline and post-results HRQL assessments were con-
ducted via telephone interviews, and the 1-year assessment was
done via mailed questionnaire. The baseline assessment was
completed before the year 0 screening exams. The post-results
assessment was completed an average of 17.9 days (standard
deviation [SD] � 11.3 days) after the results were mailed from
the Georgetown University PLCO office. All post-results HRQL
assessments were conducted before the diagnostic workup,
meaning that this assessment evaluated participants’ responses
to having an abnormal screening result as opposed to a known
false-positive result. The 1-year HRQL assessment was com-
pleted within 1.5 months (SD � 2.0) of the expected date of the

year 1 screening exams and approximately 9 months after re-
ceipt of the year 0 screening results; thus, we refer to it as an
intermediate-term HRQL assessment. Participants diagnosed
with cancer were excluded from this HRQL assessment; conse-
quently, it evaluated participants’ responses to having received a
normal or abnormal (and known false positive) screening result
9 months earlier.

Measures

Demographic and medical information. In the baseline
HRQL assessment, participants provided information about age,
marital status, educational level, ethnicity, employment status,
and personal and family history of cancer, including the number
of first-degree relatives with cancer.

HRQL. We used the SF-12 Physical and Mental Component
Scales (49) to determine participants’ HRQL at each assessment.
The SF-12 scale is a generic measure of health status that was
designed to be a shorter alternative to the SF-36 (50). The
test–retest reliability coefficient is 0.89 for the Physical Com-
ponent Scale (PCS) and 0.76 for the Mental Component Scale
(MCS) (49). Alpha reliability cannot be calculated for the SF-12
due to the heterogeneity of the items (49). Scores on the SF-12
are standardized (i.e., mean � 50 and SD � 10) (50), with a
higher score indicating better HRQL.

Cancer-specific distress. We included four items from the
seven-item Intrusion Subscale of the Impact of Events Scale
(IES) to assess cancer-specific distress (“your thoughts about
cancer”) at each assessment (51). To reduce respondent burden,
we selected the four items with the highest item–total correlation
(51). The items were: 1) “I thought about cancer when I did not

Fig. 1. Assessments and response rates for the health-related quality of life
(HRQL) study of the Georgetown University Prostate, Lung, Colorectal, and
Ovarian (PLCO) ancillary HRQL study. At the year 1 assessment, we excluded
those persons who had explicitly dropped out of the PLCO trial for the HRQL
analyses but included them in the adherence analyses, resulting in different
sample sizes for the HRQL and adherence analyses.
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mean to”; 2) “I had waves of strong feelings about cancer”; 3)
“Other things kept making me think about cancer”; and 4) “Any
reminder brought up feelings about cancer.” The internal con-
sistency of these four items was 0.85 at the baseline assessment.
Respondents indicated how frequently each was true over the
past 7 days, using a four-point Likert scale (“not at all” to
“often”). Because the Intrusion Subscale was highly skewed in
this sample, it was dichotomized at the median (the median
subscale score was 1.0).

Satisfaction with the decision to participate in the PLCO
trial. The Satisfaction with Decision (SWD) scale (52) is a
widely used six-item scale in which the particular decision under
investigation is modified, depending on the study. We used the
SWD to measure participants’ satisfaction with their decision to
enroll in the PLCO trial. This scale had very good reliability
(Cronbach’s � � 0.88 at baseline). Items were rated on a
five-point scale (1 � strongly disagree to 5 � strongly agree)
and were scored so that a higher score indicates greater satis-
faction with the decision to participate in the PLCO trial. Sat-
isfaction was measured at each assessment.

Screening result at the baseline screening exam. For each
of the four cancers, the PLCO classified the year 0 (baseline)
screening result as follows: normal; abnormal, not suspicious for
cancer; abnormal, suspicious for cancer; or inadequate screen.
Because we were interested in the impact of an abnormal result
on HRQL and adherence, we dichotomized the result categories
into “abnormal, suspicious for cancer” versus the other three
categories combined. There were no statistically significant
HRQL or adherence differences between the normal and the
abnormal, not suspicious for cancer categories (data not shown).
Participants were divided into two groups: those who received
an abnormal result on one or more of the exams and those whose
exams were all normal.

Trial adherence. Participants were considered adherent 1
year following enrollment (year 1) if they had completed all
three of the required screening exams (blood test, chest x-ray,
and prostate or ovarian exam, for participants in the intervention
arm) or if they returned the completed annual questionnaire (for
participants in the control arm). Because adherence was there-
fore defined differently in the two study arms, adherence could
not be compared directly within the same analysis.

Statistical Analysis

The data analyses were conducted in five steps. First, we
conducted descriptive analyses of the medical and demographic
characteristics and of the HRQL outcome variables. Second, for
the short-term and intermediate-term HRQL outcomes (SF-12
and IES) in the screening arm, we conducted chi-square analyses
to identify the bivariate associations between the demographic
variables and the outcome variables. We did not include marital
status, ethnicity, or personal history of cancer in the bivariate or
multivariate analyses because the cell sizes became prohibitively
small once the variables were stratified by trial arm and result
status. Third, we included all potential predictor variables (age,
educational level, gender, first-degree relative with cancer,
screening result status) in a series of hierarchical logistic regres-
sion analyses to identify the independent predictors of HRQL
within the screening arm. (Logistic regression was used in the
HRQL analyses because the outcome variables were not nor-
mally distributed.) Fourth, we conducted chi-square analyses to

determine the bivariate associations between demographic vari-
ables and trial adherence within each arm. Finally, we conducted
logistic regression analyses predicting adherence at year 1 for
each trial arm separately and included all of the possible pre-
dictor variables in the model. All tests of statistical significance
were two-sided, and a P value of less than .05 was used to
establish statistical significance.

For tests of the impact of screening results on psychosocial
variables (IES, PCS, MCS), our screening sample size at short-
term follow-up (n � 166) and intermediate-term follow-up (n �
149) had 80% power with a two-tailed � of .05 to detect a
response probability yielding an odds ratio of 1.6. For tests
examining predictors of adherence, our sample size of screening
participants (N � 171) had 80% power with a two-tailed � of .05
to detect a response probability yielding an odds ratio of 1.8, and
our sample size of control participants (n � 210) had 80% power
with a two-tailed � of .05 to detect the response probability
yielding an odds ratio of 1.6.

RESULTS

Baseline Participation Rate

Of the 483 PLCO participants we invited to participate in the
HRQL study, 20 were ineligible (five did not speak English, 14
dropped out of the PLCO trial, and one died before the baseline
assessment). Of the remaining 463 participants, 11 (2.4%) de-
clined to participate, seven (1.5%) completed the baseline
screening exams before being contacted for the HRQL study,
and 13 (2.8%) could not be reached (even after �10 call at-
tempts). The remaining 432 (93.3% participation rate) com-
pleted the baseline assessment (n � 215 screening, n � 217
control).

Follow-up Participation Rates

Of the 215 screening-arm participants, 27 (12.6%) did not
complete any of the baseline screening exams, and five (2.3%)
dropped out of the PLCO trial due to illness or because they
moved from the area. Participants who dropped out of the PLCO
trial could not be included in the analyses involving HRQL
outcomes because the relevant data could not be collected,
although they were included in the calculation of year 1 adher-
ence rates. These exclusions left 183 (85.1%) participants who
completed the baseline screening exams and were thus eligible
to continue in the HRQL study. Of these, 176 (96.2%) com-
pleted both the baseline and short-term assessments, and of
those, 10 (5.7%) were subsequently excluded due to a cancer
diagnosis. Thus, 166 (90.7%) of 183 screening-arm participants
were eligible for analyses involving the short-term HRQL out-
comes. Of these 166 participants, 149 (89.8%) completed all
three assessments and were therefore included in the
intermediate-term HRQL analyses.

In the control arm, of the 217 participants who completed a
baseline HRQL assessment, six were diagnosed with cancer by
the 1-year assessment, leaving 211 participants who were eligi-
ble for the adherence analyses. An additional eight had dropped
out of the PLCO trial by the 1-year assessment, leaving 203
participants who were eligible for the HRQL analyses. The
1-year assessment in the HRQL ancillary study was completed
by 179 of 203 participants (88.2%).
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We compared the HRQL dropout rates between the two trial
arms at the 1-year HRQL assessment (Fig. 1). The 88.2% (179
of 203) control-arm participation rate at 1 year did not differ
statistically from the 90.1% (163 of 181) screening-arm partic-
ipation rate at 1 year (	2 [1, N � 384] � 0.39, P � .53). (The
N value for the screening arm includes those who completed the
1-year HRQL assessment, regardless of their participation in the
other two assessments; the analyses that required complete data
at all three assessments therefore include a smaller number of
screening-arm participants.)

Screening Results at Year 0

Of the 166 screening-arm participants who were eligible for
analyses of the short-term HRQL outcomes, 61 (36.7%) had
normal screening results on all exams, and 105 (63.3%) had at
least one abnormal screening result. Of the 149 participants who
were eligible for the analyses involving the intermediate-term
HRQL outcomes, 58 (38.9%) had normal screening results on all
year 0 exams, and 91 (61.1%) had at least one abnormal screen-

ing result at year 0. The majority of the abnormal results were
due to abnormal flexible sigmoidoscopy results. For example, of
the 105 participants with an abnormal exam who were included
in the short-term HRQL analyses, 79 (75.2%) of 105 had an
abnormal flexible sigmoidoscopy exam, 17 (16.2%) of 105 had
an abnormal flexible sigmoidoscopy exam in addition to one or
two other abnormal exams, and nine (8.6%) of 105 had an
abnormal exam other than flexible sigmoidoscopy.

Demographic and Medical Characteristics

Overall, the population included in this study was well edu-
cated and largely white, with a high percentage reporting a
family history of cancer (Table 1). Compared with the women,
the men reported a higher educational level, were more likely to
be married, and were less likely to have a personal or family
history of cancer. There were no differences between the screen-
ing arm and control arm for any medical or demographic
variables.

Impact of Random Assignment

Random assignment did not have a substantial negative im-
pact on control participants’ baseline HRQL. The only differ-
ence between trial arms was a higher baseline HRQL on the
SF-12 MCS among control participants [t(398) � –2.7; P �
.01]. There were no other differences between arms on the other
HRQL variables (i.e., the PCS, the IES scale, or the SWD scale
[i.e., about the decision to participate in the PLCO trial]).

Quality of Life and Satisfaction During the Initial Year of
PLCO Participation

Table 2 presents descriptive information for the HRQL and
satisfaction measures. Participants reported statistically sig-
nificantly higher baseline levels of mental and physical func-
tioning compared with age-matched SF-12 US general pop-
ulation norms (49). We computed a series of unequal-
variance two-sample t tests (Welch’s t test), using the mean,
standard deviation, and sample size from the SF-12 manual
(49); in each case, the current sample reported better quality
of life than the general population. For example, 55- to
64-year-olds in the screening arm reported statistically sig-
nificantly higher scores on the SF-12 MCS [t(229.5) � 2.5; P

Table 1. Demographic and medical characteristics of participants in the
Georgetown University PLCO Ancillary HRQL Study Stratified by Sex*

Variable
Males

(n � 205)
Females

(n � 227)

Age, y 63.8 (SD � 5.8) 64.6 (SD � 6.5)
55–64, % 49.3 (n � 101) 46.3 (n � 105)
65–74, % 50.7 (n � 104) 53.7 (n � 122)

Education†, y 16.91 (SD � 3.25) 15.87 (SD � 2.66)
High school, % 10.8 (n � 22) 9.3 (n � 21)
Some college, % 19.6 (n � 40) 33.0 (n � 75)
College degree, % 17.2 (n � 35) 22.5 (n � 51)
Graduate level, % 52.5 (n � 107) 35.2 (n � 80)

Marital status (% married)† 77.5 (n � 158) 57.3 (n � 130)
Ethnicity (% white) 87.7 (n � 179) 87.7 (n � 199)
Employment status (% employed) 54.1 (n � 111) 46.3 (n � 105)
Personal history of cancer†, % 6.9 (n � 14) 20.7 (n � 47)
Family history of cancer†, % 72.4 (n � 147) 86.3 (n � 196)
First-degree relative with cancer†, % 58.5 (n � 120) 75.8 (n � 172)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-
related quality of life; SD � standard deviation.

†P�.001; chi-square analyses were conducted to assess for sex differences on
each of the variables.

Table 2. Means and standard deviations of HRQL and satisfaction measures of participants in the Georgetown University PLCO Ancillary HRQL Study by
screening test result status*

Measures

Screening arm

Baseline
(N � 215)

Post-results notification
(N � 166)

Year 1
(N � 149) Control arm

All normal
(n � 61)

�1 abnormal
(n � 105)

All normal
(n � 58)

�1 abnormal
(n � 91)

Baseline
(N � 217)

Year 1
(N � 179)

SF12 PCS† 52.3 (7.1) 53.7 (5.5) 51.1 (9.1) 50.3 (8.5) 48.7 (10.1) 51.8 (7.5) 49.1 (8.8)
SF12 MCS† 54.2 (7.3) 52.3 (8.6) 53.9 (7.8) 52.5 (9.7) 55.1 (5.7) 55.7 (5.1) 54.4 (7.1)
IES‡, % 45.1 44.3 65.7 48.3 65.9 45.2 47.5
Satisfaction with

participation†
4.4 (0.44) 4.6 (0.48) 4.6 (0.51) 4.5 (0.46) 4.5 (0.54) 4.5 (0.52) 4.3 (0.61)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-related quality of life; SF12 PCS � physical component scale of the SF-12; SF12 MCS
� mental component scale of the SF-12; IES � impact of event scale; N/A � not applicable.

†Mean scores with standard deviations.
‡Percentage who endorsed at least one of the items (representing poorer HRQL on this measure). The IES scores were dichotomized because they were too skewed

to utilize a mean score.
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� .01] and on the PCS [t(262.4) � 5.8; P�.001] compared
with the same age group in the general population standard-
ization sample. In addition, participants reported a low level
of intrusive thoughts about cancer and high satisfaction with
the decision to participate in the PLCO (Table 2).

Impact of the Screening Result on the HRQL Outcomes

Short-term outcomes. We assessed the short-term impact of
the year 0 screening results (all normal versus one or more
abnormal) with the scores on the IES and the SF-12 PCS and

Table 4. Logistic regression analysis predicting short-term HRQL in the screening arm of the Georgetown University PLCO Ancillary HRQL Study (n � 166)*

Step Variable

IES MCS PCS

	2 Change
for step OR (95% CI)

	2 Change
for step OR (95% CI)

	2 Change
for step OR (95% CI)

1 Baseline assessment of outcome variable
Low† 1.0 (referent) 1.0 (referent) 1.0 (referent)
High 5.98 (2.9 to 12.4) 6.8 (3.3 to 13.7) 12.6 (5.7 to 27.6)

Sex
Male 1.0 (referent) 1.0 (referent) 1.0 (referent)
Female 1.9 (0.91 to 4.1) 0.61 (0.29 to 1.3) 2.0 (0.89 to 4.4)

Age, y
�64 1.0 (referent) 1.0 (referent) 1.0 (referent)
�65 0.99 (0.94 to 1.06) 1.5 (0.71 to 3.1) 0.97 (0.45 to 2.1)

Education
Some college or less 1.0 (referent) 1.0 (referent) 1.0 (referent)
College degree 1.13 (0.44 to 2.9) 1.2 (0.50 to 3.1) 0.96 (0.36 to 2.5)
Graduate level 0.81 (0.32 to 2.02) 1.1 (0.44 to 2.6) 1.8 (0.71 to 4.7)

First-degree relative
No 1.0 (referent) 1.0 (referent) 1.0 (referent)
Yes 2.4 (1.1 to 5.2) 0.73 (0.34 to 1.5) 0.83 (0.37 to 1.8)

39.3 (P�.001) 40.1 (P�.001) 54.4 (P�.001)

2 Result status (year 0)†
All normal 1.0 (referent) 1.0 (referent) 1.0 (referent)
�1 Abnormal 2.9 (1.3 to 6.3) 1.5 (0.73 to 3.2) 0.77 (0.35 to 1.7)

7.1 (P � .008) 1.3 (P � .26) .41 (P � .52)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-related quality of life; PCS � physical component scale of the SF-12; MCS � mental
component scale of the SF-12; IES � impact of event scale; OR � odds ratio; CI � confidence interval. Boldface type indicates statistically significant odds ratio.

†For the IES, a low score indicates better HRQL; for the MCS and PCS, a lower score indicates poorer HRQL.

Table 3. Bivariate analyses for HRQL outcomes within the screening arm of the Georgetown University PLCO Ancillary HRQL Study*

Categorical
predictor Variable

Short-term (immediate post-results) assessment Intermediate term (9-mo post-results) assessment

% Low IES
(better HRQL)

(N � 166)

% High MCS
(better HRQL)

(N � 166)

% High PCS
(better HRQL)

(N � 166)

% Low IES
(better HRQL)

(N � 149)

% High MCS
(better HRQL)

(N � 146)

% High PCS
(better HRQL)

(N � 146)

Sex Male 50.6 59.7 48.1 38.8 54.5 59.1
Female 34.8 43.8 50.6 42.7 48.8 46.3

(P � .040) (P � .041)

Age, y �64 45.6 44.3 53.2 42.5 39.4 54.9
�65 39.1 57.5 46.0 39.5 62.7 49.3

(P � .09) (P � .005)

Education Some college or less 34.0 50.0 44.0 34.9 48.8 46.5
College degree 40.0 52.0 50.0 44.7 54.5 52.3
Graduate level 50.0 51.5 53.0 42.4 50.8 55.9

First-degree relative
with cancer

No 56.6 58.5 56.6 44.9 65.3 42.9

Yes 35.4 47.8 46.0 39.0 44.3 56.7
(P � .010) (P � .017)

Result Status at
year 0 screen

�1 Abnormal 34.3 56.2 44.8 34.1 55.7 50.0

All normal 55.7 42.6 57.4 51.7 44.8 55.2
(P � .007) (P � .092) (P � .033)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-related quality of life; PCS � physical component scale of the SF-12; MCS � mental
component scale of the SF-12; IES � impact of event scale. Chi-square analyses were conducted. P values are indicated (unless P�.10).
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MCS as the outcome variables. We first conducted chi-square
analyses to assess the relationship between the predictor vari-
ables and the outcome variables (Table 3). For the IES outcome,
bivariate analyses revealed that women (	2 [1, N � 166] � 4.2;
P � .04), participants with a first-degree relative with cancer (	2

[1, N � 166] � 6.7; P � .01), and participants with an abnormal
screening result (	2 [1, N � 166] � 7.3; P � .007) all reported
a higher level of intrusive thoughts about cancer than men,
participants without a first-degree relative with cancer, and par-
ticipants with normal screening results, respectively. For the
MCS outcome, bivariate analyses revealed poorer mental func-
tioning among women (	2 [1, N � 166] � 4.2; P � .041) than
among men. The differences in mental functioning in younger
participants compared with that of older participants (	2 [1, N �
166] � 2.9; P � .09) and in participants with all normal results
as compared with participants with at least one abnormal result
(	2 [1, N � 166] � 2.8; P � .09) were not statistically signif-
icant by conventional hypothesis testing. No statistically signif-
icant relationships between the predictor variables and the PCS
outcome emerged from the bivariate analyses (Table 3). Next,
we used logistic regression to identify independent predictors of
the IES score. Controlling for baseline IES and potential con-
founding variables (Table 4), we found that participants who
received an abnormal screening result reported a higher level of
intrusive thoughts about cancer on the IES than those who
received all normal results (odds ratio [OR] � 2.9, 95% confi-
dence interval [CI] � 1.3 to 6.3). There were no statistically
significant interactions between result status and the other vari-
ables in the model (all P�.10). Result status was not statistically

significantly associated with the MCS and PCS outcomes in the
logistic regression model (Table 4).

Intermediate-term outcomes. For the IES outcome, bivari-
ate analyses (Table 3) revealed an association with result status,
such that participants with a false-positive result on a screening
test reported a higher level of intrusive thoughts (	2 [1, N �
149] � 4.6; P � .03) than those with all normal results. Poorer
quality of life (i.e., lower score on the MCS) was associated with
younger age (	2 [1, N � 146] � 7.9; P � .005) and with having
a first-degree relative with cancer (	2 [1, N � 146] � 5.7; P �
.02). There were no statistically significant bivariate associations
between any predictor variables and the intermediate-term PCS
outcome (Table 3). In the logistic regression model for the IES
score (Table 5), result status was not a statistically significant
predictor (P � .096; OR � 1.9, 95% CI � 0.89 to 4.2),
indicating that the effect of result status on the IES had dissi-
pated since the short-term assessment. In the logistic models for
intermediate-term MCS and PCS outcomes, result status was not
associated with either of the outcomes (Table 5). As shown in
Table 5, older persons reported better HRQL on the MCS than
younger persons, and those with a first-degree relative with
cancer reported better HRQL on the PCS compared with those
without a first-degree relative without cancer.

Trial Adherence at Year 1

For the adherence analyses, we excluded participants who
had been diagnosed with cancer (n � 10 in the screening arm,
n � 6 in the control arm), who were too ill to complete the

Table 5. Logistic regression analysis predicting intermediate-term HRQL in the screening arm of the Georgetown University PLCO Ancillary HRQL Study*

Step Variable

IES
(n � 149)

MCS
(n � 146)

PCS
(n � 146)

	2 Change for
step OR (95% CI)

	2 Change for
step OR (95% CI)

	2 Change for
step OR (95% CI)

1 Baseline assessment of outcome variable
Low† 1.0 (referent) 1.0 (referent) 1.0 (referent)
High 6.8 (3.1 to 14.5) 4.4 (2.1 to 9.3) 3.2 (1.6 to 6.6)

Sex
Male 1.0 (referent) 1.0 (referent) 1.0 (referent)
Female 0.74 (0.34 to 1.6) 0.98 (0.46 to 2.1) 0.62 (0.30 to 1.3)

Age, y
�64 1.0 (referent) 1.0 (referent) 1.0 (referent)
�65 0.76 (0.35 to 1.6) 2.6 (1.2 to 5.5) 0.93 (0.45 to 1.9)

Education
Some college or less 1.0 (referent) 1.0 (referent) 1.0 (referent)
College degree 0.85 (0.33 to 2.2) 1.3 (0.49 to 3.3) 1.2 (0.50 to 3.1)
Graduate level 0.96 (0.37 to 2.5) 1.2 (0.47 to 3.0) 1.5 (0.64 to 3.6)

First-degree Relative
No 1.0 (referent) 1.0 (referent) 1.0 (referent)
Yes 1.3 (0.58 to 2.8) 0.47 (0.21 to 1.0) 2.4 (1.1 to 5.2)

30.2 (P�.001) 30.9 (P�.001) 17.6 (P � .007)

2 Result status (year 0)
All normal 1.0 (referent) 1.0 (referent) 1.0 (referent)
�1 Abnormal 1.9 (0.89 to 4.2) 1.3 (0.6 to 2.9) 0.94 (0.44 to 2.0)

2.8 (P � .09) 0.46 (P � .49) 0.03 (P � .87)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-related quality of life; PCS � physical component scale of the SF-12; MCS � mental
component scale of the SF-12; IES � impact of event scale; OR � odds ratio; CI � confidence interval. Boldface type indicates statistically significant odds ratio.

†For the IES, a low score indicates better HRQL, whereas for the MCS and PCS, a lower score indicates poorer HRQL.
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screening exams (n � 4), or who had moved away (n � 4).
Participants who had not completed the baseline screening ex-
ams (n � 27) were included in the adherence rate calculation for
the screening arm because they were still eligible for the second
round of screening and had been contacted by the PLCO office
to complete the exams. However, those who had not completed
the year 0 baseline screening exams were excluded from the
logistic models because we sought to assess the role of the year
0 screening result (abnormal versus normal) in adherence to the
year 1 screening exams.

In the control arm, 78.7% (166 of 211) of the participants
completed the annual PLCO questionnaire. Chi-square analyses
(Table 6) indicated that individuals with a higher level of edu-
cation were more likely to be adherent (	2 � 7.3 [1, N � 210];
P � .03). Adherent individuals did not differ from nonadherent
individuals in the likelihood of having intrusive thoughts on the
IES (	2 � 3.2 [1, N � 211]; P � .08).

The logistic regression analysis (Table 7) revealed that edu-
cation was positively associated with adherence in the control
arm; participants with a graduate degree (OR � 3.4, 95% CI �
1.4 to 8.4) were more likely to complete the questionnaire than
those with some college education or less. A similar but not
statistically significant association was seen in those with a
college degree compared with those with some college educa-
tion or less (OR � 2.3, 95% CI � 0.98 to 5.2). Participants with
greater cancer-related distress were less likely to be adherent
than those with lower distress (OR � 0.54, 95% CI � 0.26 to
1.1), but the difference was not statistically significant (P � .09).
Sex was related to adherence, with women being more likely
than men to return questionnaires (OR � 2.1, 95% CI � 1.05 to
4.4). There were no statistically significant interactions among
the predictors.

In the screening arm, 76.6% (151 of 197) of those eligible for
screening were adherent, defined as completing all three exams
required at the year 1 screening. The chi-square analyses (Table

6), which included only the 171 participants who had a year 0
baseline screening exam, indicated that, compared with nonad-
herent participants, adherent participants were younger (	2 [1, N
� 171] � 5.9; P � .02), had higher education (	2 [1, N � 171]

Table 7. Logistic regression analysis predicting year 1 adherence in the control
arm of the Georgetown University PLCO Ancillary HRQL Study (n � 210)*

Step Variable 	2 Change for step OR (95% CI)

1 Sex
Male 1.0 (referent)
Female 2.1 (1.05 to 4.4)

Age, y
�64 1.0 (referent)
�65 0.975 (0.48 to 1.97)

Education
Some college or less 1.0 (referent)
College degree 2.3 (0.98 to 5.2)
Graduate level 3.4 (1.4 to 8.4)

First-degree relative
with cancer
No 1.0 (referent)
Yes 1.2 (0.57 to 2.5)

11.6 (P � .04)
2 IES†

Low (better HRQL) 1.0 (referent)
High 0.54 (0.26 to 1.1)

2.9 (P � .09)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-
related quality of life; OR � odds ratio; CI � confidence interval; PCS �
physical component scale of the SF-12; MCS � mental component scale of the
SF-12; IES � impact of event scale. Boldface type indicates statistically signif-
icant odds ratio.

†The statistics for IES or for any of the other variables did not change when
MCS and PCS were added to the model.

Table 6. Bivariate analyses of year 1 adherence in the Georgetown University PLCO Ancillary HRQL Study*

Categorical predictor Variable
Control arm, % adherent

(n � 211)
Screening arm, % adherent

(n � 171)

Sex Male 74.5 88.5
Female 82.6 80.6

Age, y �64 80.4 91.4 (P � .015)
�65 77.1 77.8

Education Some college or less 69.1 (P � .027) 73.6 (P � .038)
College degree 82.5 88.2
Graduate level 86.4 89.6

First-degree relative with cancer No 77.5 92.5 (P � .048)
Yes 79.3 80.5

Baseline PCS Low (poorer HRQL) 76.7 78.8 (P � .055)
High 80.6 89.5

Baseline MCS Low (poorer HRQL) 80.0 85.9
High 77.4 82.3

Baseline IES Endorsed 0 items (better HRQL) 84.2 (P � .076) 84.6
Endorsed �1 item 74.1 83.9

Result status at year 0 screen �1 Abnormal N/A 78.7 (P � .010)
All normal 93.7

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-related quality of life; PCS � physical component scale of the SF-12; MCS � mental
component scale of the SF-12; IES � impact of event scale. Chi-square analyses were conducted. P values are indicated (unless P�.10). N/A � not applicable.
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� 6.6; P � .04), did not have a first-degree relative with cancer
(	2 [1, N � 171] � 3.9; P � .05), and had negative results on
all of the year 0 screening exams (	2 [1, N � 171] � 6.7; P �
.01). The baseline PCS score was not statistically significantly
related to adherence (	2 [1, N � 171] � 3.7; P � .06), and the
IES and the MCS scores were not related to adherence.

In the logistic regression model (Table 8), adherence at year
1 was statistically significantly better among participants who
had received all normal results (i.e., no false-positive results) at
the year 0 screening (OR � 3.7, CI � 1.1 to 12.0) than among
those who had received at least one abnormal result. There were
no other statistically significant main effects and no statistically
significant interactions between result status and the other vari-
ables in the model (gender, age, educational level, first-degree
relative with cancer, and baseline PCS score; all P�.20).

DISCUSSION

This study is one of the first, to our knowledge, to demon-
strate the feasibility of collecting data on HRQL and related
measures as part of a cancer screening trial. Further, we have
demonstrated the impact that abnormal results can have on both
HRQL and trial adherence. Participants who received abnormal
baseline screening results reported a higher level of intrusive
thoughts about cancer shortly following receipt of the results,
although this relationship was no longer statistically significant
at the intermediate-term follow-up assessment, when abnormal

results among remaining participants were known to be false
positive. Adherence to the second round of screening tests was
statistically significantly lower among participants who had re-
ceived false-positive results at the previous year’s screening. In
the control arm, adherence (returning the annual questionnaire)
was higher among those with more education and among women
and was lower among those with cancer-related distress, al-
though that association was not statistically significant. Taken
together, these results suggest that receipt of an abnormal result
may only temporarily heighten cancer-related distress but may
negatively affect trial adherence at the subsequent annual
screening exams. An important question for future research is
whether receipt of false-positive results in the subsequent
screening years will negatively affect trial adherence in an
additive fashion.

The high participation and retention rates in our study dem-
onstrated that participants were willing to enroll and complete a
series of telephone assessments and a mailed questionnaire con-
cerning HRQL. These participation rates corroborate those
found in cancer treatment trials (6–10) and cancer prevention
trials (11–13). In addition, as is typical of healthy individuals
who are participating in medical research, subjects reported a
favorable quality of life, with the means for the MCS and PCS
subscales of the SF-12 virtually identical to those in the ERPSC
screening trial (14).

We also found that random assignment did not have a statis-
tically significant impact on HRQL. Participants in the control
arm did not report less satisfaction with trial participation or
poorer HRQL at the baseline assessment than participants in the
screening arm. This outcome suggests that random assignment
may not have negative implications for participants or for the
trial itself. The high level of satisfaction with participation was
similar to that reported by another study of PLCO participants
(53). Our results also indicate that an abnormal screening result
had negative implications for short-term but not intermediate-
term cancer-related distress. These findings are consistent with
those of a number of prior studies. For example, a false-positive
screening result has been associated with poorer short-term
cancer-related HRQL (32,54) but not with short-term general
HRQL (14,32). The intermediate-term outcomes in our study are
consistent with those of a number of longitudinal clinically
based screening studies (20,23,25,27–32) that found no lasting
relationship between false-positive results and general HRQL.

One of the most commonly expressed reasons for undergoing
cancer screening is to seek peace of mind about cancer (55–57).
The lack of immediate reassurance for participants who receive
abnormal results may explain the increased cancer-related dis-
tress in this group at the post-results (i.e., short term) assessment.
One implication of this finding is that, on enrollment, partici-
pants in screening trials need to be clearly informed that they
may or may not achieve peace of mind about cancer from
participating in the trial because of the substantial possibility of
obtaining an abnormal result. Presenting this information in a
consent form is not likely to be sufficient for the information to
be fully understood; a better understanding would likely require
that additional information detailing the benefits and limitations
of trial participation be included with the introductory materials.
In addition, after receiving an abnormal screening result, partic-
ipants may benefit from additional attention from trial staff both
to encourage completion of follow-up diagnostic exams and to
allay concerns that may exist about continued participation in

Table 8. Logistic regression analysis predicting year 1 adherence for screening
arm of the Georgetown University PLCO Ancillary HRQL Study (n � 171)*

Step Variable
	2 Change

for step OR (95% CI)

1 Sex 14.8 (P � .011)
Male 1.0 (referent)
Female 0.54 (0.21 to 1.4)

Age, y
�64 1.0 (referent)
�65 0.48 (0.18 to 1.3)

Education
Some college or less 1.0 (referent)
College degree 2.1 (0.68 to 6.3)
Graduate level 2.1 (0.72 to 6.3)

First-degree relative
with cancer
No 1.0 (referent)
Yes 0.43 (0.13 to 1.4)

2 PCS 2.0 (P � .15)
Low (poorer HRQL) 1.0 (referent)
High 1.8 (0.72 to 4.7)

3 Result Status (year 0) 5.6 (P � .02)
�1 Abnormal 1.0 (referent)
All normal 3.7 (1.1 to 12.0)

*PLCO � Prostate, Lung, Colorectal, and Ovarian trial; HRQL � health-
related quality of life; OR � odds ratio; CI � confidence interval; PCS �
physical component scale of the SF-12; MCS � mental component scale of the
SF-12; IES � impact of event scale. Boldface type indicates statistically signif-
icant odds ratio.

†The statistics for result status or any of the other variables did not change
when MCS and IES were added to the model.
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the trial. For example, participants with an abnormal result
might think that if they have cancer, they would be more
comfortable if monitored closely by a personal doctor rather
than remaining in the trial.

We found that, consistent with the two previous studies of
screening adherence within the PLCO (40,41), false-positive
screening results at baseline were associated with poorer trial
adherence 1 year later. A possible explanation for this finding is
if, for example, participants with abnormal results become more
vigilant and/or more anxious about cancer screening and there-
fore leave the trial to seek regular screening with their own
physician, as noted above. Conversely, those whose screening
results were all normal may have received positive reinforce-
ment for their trial participation (i.e., reassurance that they did
not have cancer) and were therefore likely to continue their
participation. Finally, adherence in the screening arm could be
affected by the test losing credibility due to an inadequate prior
screen. Indeed, Weissfeld (41) reported that having had a tech-
nically inadequate prior screening was associated with poorer
adherence.

Our results suggest several potential interventions that
may improve adherence among screening trial participants.
One straightforward solution would be to make proactive
phone calls to the less adherent subgroups of participants to
remind them about the upcoming screening and to make an
appointment with them rather than relying on participants to
make their own appointments. In addition, it may be benefi-
cial to target persons with poorer physical functioning, as it is
conceivable that their health problems may take precedence
over trial participation and that they may perceive PLCO
participation as less important. Thus, they may require addi-
tional resources to improve their trial adherence. Similarly,
printed educational materials that address the meaning of an
abnormal test result, the importance of following through
with the recommended diagnostic workup, and the need for
continued trial participation may improve adherence among
participants with abnormal screening results (58). Among
control participants, phone calls or letters to men and to those
with less education who do not return their questionnaires by
a particular date may improve the rate of questionnaire com-
pletion. In addition, conducting the questionnaire by phone
with those who do not return the questionnaire by mail would
substantially improve the completion rates. Enhanced efforts
that are focused on particular subgroups may improve overall
adherence rates in a cost-efficient manner, as has been dis-
cussed in several reviews of the behavioral and logistic issues
that are important to trial adherence (58 –61). Maintaining
high rates of completion of the annual questionnaires is
essential to adequately track cancer incidence and use of
screening tests in both the screening and control arms.

Our study has several limitations that should be considered
in evaluating the results. One is the homogeneity of the
sample: Participants were largely white, highly educated, and
in good mental and physical health. Thus, although this
sample was representative of the 8111 PLCO participants
accrued at the Georgetown site and is similar to the partici-
pants who typically enroll in other cancer screening and
prevention trials, the results cannot necessarily be generalized
to other populations. Another limitation was that we were
unable to evaluate the association between an abnormal
screening result and subsequent adherence to the same test

because the majority of abnormal exams were flexible sig-
moidoscopies, and that exam was not one of the three re-
quired at the year 1 screening. It is possible that different
relationships with adherence would have emerged if the ab-
normal result was linked with adherence to the same screen-
ing test. However, the results do provide a strong test of the
association between abnormal results and adherence, given
that we found that an abnormal sigmoidoscopy result was
associated with poorer adherence with three different tests at
year 1 (blood test, chest x-ray, and prostate or ovarian exams).

In conclusion, this study has confirmed the feasibility of
collecting HRQL data in a cancer screening trial. It has also
provided insights about the impact of cancer screening results
on HRQL and screening adherence within a large cancer
screening trial. This information is important from the stand-
point of understanding the impact of trial participation and
cancer screening on HRQL and adherence. This knowledge
will be particularly important if the data from the PLCO trial
do not provide definitive evidence for or against screening,
because individuals will need to continue to make an in-
formed, personal decision about whether to undergo screen-
ing for these four cancers, which may include weighing the
impact of screening on quality of life. Finally, these findings
revealed subgroups of participants who were less likely to
adhere to screening or to questionnaire completion at the year
1 follow-up, including those who previously had a false-
positive screening result. Providing additional attention to
these subgroups may serve to improve adherence in a cost-
efficient manner. Future research needs to address the poten-
tial of such interventions as well as the impact of receiving
repeated false-positive screening results on long-term HRQL
and trial adherence. As is now the case in cancer treatment
and cancer prevention trials, we contend that the assessment
of HRQL and the evaluation of behavioral and psychological
predictors of trial adherence should also become standard in
cancer screening trials.
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