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SYNOPSIS

Objectives. We obtained population estimates of the prevalence of lack of 
diagnostic follow-up after an abnormal prostate-specific antigen (PSA) result 
and assessed the role of sociodemographic, access, and risk perception factors 
on follow-up of abnormal tests. 

Methods. We used data from the 2000 National Health Interview Survey 
cancer control supplement. For 3,310 men aged 40 or older with a PSA test, 
463 men reported an abnormal PSA test. Outcomes were abnormal PSA and 
lack of diagnostic follow-up in the latter group. Covariates for logistic regres-
sion included sociodemographic variables (age, race/ethnicity, and education), 
access to care (health insurance and usual source), and risk of cancer (family 
history and perceived risk). Survey analysis procedures accounted for the 
complex survey design.

Results. Abnormal PSA results were associated with age, family history, and 
perceived risk of cancer. Approximately 15% of men with abnormal PSA tests 
reported no follow-up. The estimated number was 423,549 (95% confidence 
interval [CI] 317,755, 529,343). No follow-up was more likely in Hispanic 
men (odds ratio [OR] 5 2.21, 95% CI 1.04, 4.70) and men without insurance 
(OR56.56, 95% CI 2.02, 21.29), but less likely in men with a family history of 
prostate cancer or higher perceived risk of cancer. 

Conclusions. Substantial numbers of men had no follow-up of abnormal 
PSA tests. Primary care physicians should assess continuity of care following 
abnormal PSA results. Data about prostate cancer screening and follow-up are 
needed to support clinical and policy decisions.
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Despite controversy, screening for prostate cancer with 
the prostate-specific antigen (PSA) test and digital 
rectal examination is widespread. The controversy sur-
rounding prostate cancer screening stems from impor-
tant clinical uncertainty. With respect to prostate cancer 
screening, the evidence for treatment effectiveness on 
reducing mortality has not been clearly established,1 
though mortality for prostate cancer has declined in 
recent years.2 Treatments may adversely affect quality 
of life by contributing to sexual, urinary, or bowel 
problems.3–5 Due to false positives and false negatives 
of the screening procedures, some men receive unnec-
essary invasive testing and cancer may be missed in 
others.6,7 There is also a flourishing body of research 
concerning the optimum threshold for follow-up of an 
abnormal or suspicious PSA test.7 Values higher than 
the traditional PSA cutoff of 4.0 nanograms/milliliter 
(ng/ml) frequently prompt more testing, which can 
include PSA retesting, or transrectral ultrasonography 
and prostate biopsy. In successful screening programs, 
the loop should be closed with follow-up of positive 
tests occurring promptly, as treatment is generally more 
effective in early disease stages.

Professional guidelines for prostate cancer screening 
vary, but agree that it is important to provide informa-
tion to men about the advantages and disadvantages 
of screening so they can make informed choices that 
are consistent with their personal values and prefer-
ences.8–11 Screening recommendations frequently 
consider a man’s age and health. For example, the 
U.S. Preventive Services Task Force recommends not 
screening men older than age 75,1 while other groups 
(e.g., the American Cancer Society) ask clinicians to 
consider the health status and life expectancy of men 
when making screening decisions.10 The vision of 
informed decision-making has emphasized processes 
occurring before the decision to be screened, but may 
also include actions taken in the wake of a positive 
screening result. 

Because large numbers of men are being screened 
for prostate cancer,12,13 it is important to identify char-
acteristics associated with diagnostic follow-up. Factors 
associated with an abnormal PSA result include both 
risk factors for the disease and for being tested, par-
ticularly regular testing, which gives more opportunities 
for a positive result.14 The most consistently identified 
risk factors for prostate cancer are race (African Ameri-
can), older age, and family history of the disease.15,16 
Factors associated with regular testing include older 
age (65–79 years), higher education, health insurance 
coverage, usual source of care, family history of prostate 
cancer, both risk factors, and enhanced access to care. 
Evaluation studies of the PSA report abnormal results 

in 6% to 20% of men.6,17–22 Age is positively related 
to having an abnormal result.22,23 A community-based 
study found higher PSA levels in African American 
men at each age level.23 

Little is known about what influences whether men 
with abnormal results receive follow-up, even from clini-
cal trials but particularly for the general population. 
In the major U.S. trial, the Prostate, Lung, Colorectal, 
and Ovary Cancer Screening Trial (PLCO), 8% of men 
in the intervention arm at baseline had PSA results 
above the threshold of 4.0 ng/ml and were referred to 
their regular physician or health plan. Of that group, 
41% had a biopsy, with more than half having a repeat 
PSA prior to biopsy. Biopsies were more common with 
higher PSA values and less common in men older than 
age 65 or with a history of prostate problems or prior 
negative biopsies.24 Participants in the PLCO are volun-
teers and, as such, differ from the general population 
in ways that are difficult to assess. 

The objectives of this study were to (1) obtain popu-
lation estimates on the prevalence of men having no 
diagnostic follow-up after an abnormal PSA result and 
(2) assess the role of sociodemographic factors, access 
to care, and risk of cancer on follow-up. The cancer 
control supplements of the National Health Interview 
Survey (NHIS) have been important sources of data 
for examining behaviors and trends related to cancer 
prevention and control.25 The NHIS has been useful, 
even essential, in characterizing population screening 
patterns. The data on abnormal PSA test results are 
limited and require careful analysis and thoughtful 
interpretation. 

METHODS

Conceptual framework
The outcome of diagnostic follow-up of an abnormal 
screening test is a multistep process. Consequently, 
different constructs may influence the phases of the 
process. 

Risk factors associated with disease incidence are 
likely to be associated with a positive screening test. 
Variables identified as major risk factors for prostate 
cancer include age, family history of the disease, and 
being African American.15,16 The probability of an 
abnormal result may also be influenced by charac-
teristics associated with screening, in particular with 
repeat screening. Ross et al.12 identified access and 
social resource indicators as predictive of having three 
or more PSA tests in five years. 

Constructs thought to be associated with receipt 
of diagnostic follow-up also include access and social 
resource variables. In addition, perceived and objective 
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disease risk may prompt action to specify a diagnosis 
and potentially seek treatment. Screening-related 
behaviors may also be associated with follow-up, but 
we did not include these variables in statistical models, 
as they may trail the initial abnormal test. 

We used data from the 2000 NHIS cancer control 
supplement.26 The NHIS is a probability-based survey 
of the noninstitutionalized civilian population. Its com-
plex sample design includes clustering, stratification, 
and oversampling of African American and Hispanic 
populations. One of the hallmarks of the NHIS is the 
use of computer-aided personal interviews conducted 
by highly trained Census Bureau interviewers. The 
instrument has a general component that collects 
information about health status and utilization for each 
family member, and extended interviews of a randomly 
selected adult and child. 

The cancer control supplement is part of the 
detailed adult interview. Interviews are conducted in 
either English or Spanish. The response rate in 2000 
was 89% for households and 83% for the detailed adult 
interview for a net or conditional response rate of 72%. 
The 3,310 men aged 40 or older who reported having 
the PSA test were asked additional questions about 
their experience with PSA testing and are included 
in our analysis. The PSA questions were asked only of 
men aged 40 or older.

Measures

Screening behaviors. The questions about PSA tests 
begin by asking if the man had heard of the PSA test. 
If so, he is asked additional questions as follows: If he 
ever had a PSA test, the interval since his last PSA test, 
the number of tests in the past five years, and his age 
when he initiated testing. Men were not asked about 
the receipt of digital rectal examinations for prostate 
cancer screening. The outcome of abnormal PSA 
results was obtained by asking, “Have you ever had a 
PSA test where the results were not normal?” Diagnostic 
follow-up was assessed with the question, “Because of 
these results, what additional tests or surgery did you 
have?” Follow-up procedures included another PSA 
test, prostate ultrasound, prostate biopsy, or further 
imaging studies. Men who reported an abnormal PSA 
result and no additional tests or surgery were classi-
fied as having no follow-up. Men were also asked if 
subsequent tests indicated cancer. Having an abnormal 
result was not specifically defined, and there was no 
information about specific PSA values. 

Sociodemographic and access variables. Sociodemo-
graphic variables were age (stratified as 40–64 or $65 
years) and educational attainment (less than high 

school, high school graduate or general equivalency 
diploma, and some college). Respondents could 
report multiple race categories and either Hispanic 
or non-Hispanic ethnicity. These were categorized as 
non-Hispanic black, Hispanic, or other (predominately 
non-Hispanic white). Access variables included health 
insurance (categorized as private, public, or none) and 
usual source of care. Personal health status was used 
as a summary measure of overall health condition. 
There has been extensive research concerning this 
variable, and it has been found to be correlated with 
many objective health measures, including mortality.27 
Health status was categorized as excellent, very good, 
or good vs. fair or poor. 

Risk of prostate cancer. Objective risk of cancer was 
measured by whether a man had a first-degree rela-
tive (biological father, brother, or son) with prostate 
cancer. Subjective risk was measured by the perceived 
risk of getting cancer in the future. The question 
asked, “Would you say your risk of getting cancer in 
the future is low, medium, or high?” This response was 
categorized as high vs. medium or low. 

Analysis
In bivariate analyses, we examined the relationship of 
abnormal result and receipt of follow-up with sociode-
mographic factors, access, cancer risk, and screening 
behaviors. Results are presented as percentages and 
95% confidence intervals (CIs). All estimates were 
weighted for selection probabilities except where 
noted.

In the multivariable analyses, we used Hispanic 
ethnicity (Hispanic or non-Hispanic) instead of the 
combined race/ethnicity measure, and categorized 
health insurance as none vs. private or public health 
insurance. We fitted the model in segments, for socio-
demographic, access, and cancer risk variables. If a 
variable had an association in the segment models 
at p,0.10, we included it in the final model for that 
dependent variable. We did not use variables related to 
screening behavior in the final models, as they may be 
associated with follow-up of the initial abnormal PSA 
test (i.e., be endogenous). 

We conducted analysis using Stata® 9.2 software28 to 
take into account unequal sampling probabilities and 
the complex sample design. Results from the logistic 
regression analyses are reported as adjusted odds 
ratios (ORs) and 95% CIs. The study was approved by 
the Committee for the Protection of Human Subjects 
at the University of Texas Health Science Center at 
Houston.
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RESULTS

The analysis sample included 3,310 men aged 40 or 
older who reported ever having a PSA test. Abnormal 
results for any prior test were reported by 13.3% of 
tested men (95% CI 12.1, 14.6). Among 463 men with 
an abnormal result, 14.8% (95% CI 11.8, 18.5) reported 
no follow-up diagnostic procedures, for an estimated 
population total of 423,500 men (95% CI 317,800, 
529,300). Another PSA test was reported by 44.3% 
(95% CI 38.8, 50.0), biopsy of the prostate by 59.2% 
(95% CI 54.1, 64.2), and ultrasound by 24.3% (95% 
CI 19.9, 29.4) of the men. The ultrasound procedures 
were likely in conjunction with a biopsy and may have 
been viewed by men as secondary to the biopsy. Mul-
tiple responses concerning procedures were possible 
so that the percentages for the follow-up procedures 
did not total 100.0%. Prostate cancer was reported by 
46.4% (95% CI 41.3, 51.6) of the men. 

Among sociodemographic variables, abnormal PSA 
tests were more likely in older men, those with poorer 
health, and those with less than a high school education 
(Table 1). We found no correlation between race/eth-
nicity and abnormal PSA results. Abnormal PSA results 
were more likely in men with a usual source of care 
and less likely in men with private insurance. Men with 
a family history of prostate cancer or who perceived 
their risk of cancer as above average were more likely 
to have had an abnormal result. Men screened within 
the past year or those who initiated testing after age 
60 were more likely to have an abnormal test. The 
association with age of initiation was likely related to 
when the PSA test was introduced into practice.

Among men with abnormal results (Table 2), 
younger men and Hispanic men were less likely to 
have follow-up, but the difference for Hispanic men 
was not statistically significant (p50.07). Access to 
health care was influential: men with no usual source 
of care or without health insurance were less likely to 
report follow-up, though the 95% CIs were wide. Men 
with a family history of prostate cancer or with higher 
perceived risk of cancer were more likely to report 
diagnostic follow-up. We found an association between 
longer screening intervals and lack of follow-up.

Table 3 presents ORs and 95% CIs for the logistic 
regression of abnormal test results. Older men and 
those with poorer health status were more likely to 
have an abnormal result. In addition, men with a fam-
ily history of prostate cancer and men with a higher 
perceived risk of cancer were more likely to have 
abnormal results. We found the strongest association 
with age (OR54.25, 95% CI 3.18, 5.09).

Table 4 summarizes analyses for lack of diagnostic 
follow-up. Lack of follow-up was more common in His-

panic men (OR=2.21, 95% CI 1.04, 4.70) and men with 
no health insurance (OR=6.56, 95% CI 2.02, 21.29). 
Men with a family history of prostate cancer or those 
with greater perceived risk of cancer were more likely 
to have diagnostic follow-up. 

DISCUSSION

We found an association between age and a family 
history of prostate cancer—both risk factors for the 
disease—and abnormal test results. Although they have 
higher incidence rates for prostate cancer, African 
American men were not more likely to report a prior 
abnormal test result. Age and poorer health status were 
associated with increased likelihood of abnormal tests. 
A portion of this effect may be through more frequent 
physician visits, with better opportunity for testing. 

Nearly 15% of men with abnormal PSA results 
reported no follow-up. Social resources and access 
variables were influential for receipt of follow-up, with 
lack of follow-up more common in men of Hispanic 
ethnicity and those who lacked health insurance. Afri-
can American men were not disadvantaged relative 
to non-Hispanic white men, but Hispanic men were. 
Hispanic men have also been found to have lower 
awareness of the PSA test.29 

In addition, we found a relation between both fam-
ily history of prostate cancer and higher perceived risk 
of cancer—indicators of objective and subjective risk, 
respectively—and follow-up care. In prior research, 
family history but not perceived risk was related to use 
of screening.29 Physicians may be attuned to family his-
tory in framing their discussions and recommendations, 
but men may also be prompted by their subjective risk 
perceptions.30

The recent update by the U.S. Preventive Services 
Task Force has suggested that men older than 75 years 
of age not be screened for prostate cancer because the 
harms of screening and treatment for prostate cancer 
outweigh the benefits.1 The data examined in this study 
(from 2000) do not address whether physicians follow 
this recommendation. However, 45% of men older 
than 75 years of age reported a PSA test in the past 
year, as compared with 48% of men aged 65–74 years 
(data not shown), consistent with research showing 
that clinicians do not temper their screening recom-
mendations based on advanced age or poor health.31 
In addition, the prevalence of diagnostic follow-up was 
the same for these two age categories. 

We were not able to specifically link information 
about discussions of PSA testing with men’s physicians 
and their use of diagnostic follow-up, nor can we know 
about the content of the discussion.32,33 For example, 
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Variable Percent 95% CI Probabilityb

Sociodemographic and health variables

Age (in years) ,0.001
  40–64 6.8 5.6, 8.2
  $65 22.7 20.5, 25.0

Race/ethnicity 0.945
  Non-Hispanic whitec 13.2 12.0, 14.6
  Hispanic 14.0 10.3, 18.7
  African American 13.3  9.7, 17.9

Education ,0.001
  <High school 18.9 16.0, 22.2
  High school graduate/GED 12.6 10.3, 15.3
  Some college 11.8 10.2, 13.6

Self-rated health
  Excellent/very good/good
  Fair/poor

11.9
19.6

10.5, 13.4
16.4, 23.3

,0.001

Access variables

Usual source of care 0.035
  No 7.2 3.8, 13.1
  Yes 13.5 12.3, 14.9

Health insurance ,0.001
  Public 20.5 18.5, 22.7
  Private  6.9  5.6, 8.4
  None 14.4  8.6, 23.0

Risk of cancer variables

Perceived risk ,0.001
  Low or medium 11.6 10.2, 13.1
  High 16.0 13.9, 18.3

Family history 0.010
  No 12.8 11.5, 14.1
  Yes 18.3 14.0, 23.4

Screening-related behavior variables

Screening interval ,0.001
  #1 year 15.8 14.2, 17.5
  .1 year  8.0  6.5, 9.8

Age (in years) when first testedd ,0.001
  ,50  8.6  6.4, 11.5
  50–60 11.8  9.8, 14.1
  $60 23.8 21.1, 26.6

aData source: the 2000 National Health Interview Survey
bFrom survey design-based version of Pearson’s Chi-square test
cIncludes non-Hispanic other
dLimited to men $50 years of age

PSA 5 prostate-specific antigen

CI 5 confidence interval

GED 5 general equivalency diploma

Table 1. Report of any abnormal PSA test by sociodemographic, access, risk perception, and screening variablesa
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Variable Percent 95% CI Probabilityb

Sociodemographic and health variables

Age (in years) 0.012
  40–64 21.8 15.3, 30.2
  $65 11.7  8.4, 16.0

Race/ethnicity 0.074
  Non-Hispanic whitec 14.4 11.0, 18.5
  Hispanic 28.6 16.7, 44.4
  African American  9.4  3.1, 25.2

Education level 0.269
  ,High school 16.6 10.5, 25.4
  High school graduate/GED
  Some college

 9.9
16.9

 5.3, 17.7
12.1, 23.3

Self-rated health
  Excellent/very good/good
  Fair/poor

14.7
15.1

11.3, 19.0
9.6, 22.7

0.934

Access variables

Usual source of care 0.022
  No 41.6 15.8, 73.0
  Yes 14.2 11.2, 17.8

Health insurance 0.001
  Public 12.7  9.3, 17.2
  Private 15.0  9.2, 23.5
  None 51.4 26.2, 75.9

Risk of cancer variables

Perceived risk 0.032
  Low or medium 17.9 13.4, 23.5
  High 10.2  6.6, 15.4

Family history 0.006
  No 16.4 13.0, 20.4
  Yes  4.4  1.4, 12.6

Screening-related behavior variables

Screening interval 0.005
  #1 year 12.2  9.2, 16.1
  .1 year 25.8 16.6, 37.4

Age (in years) when first testedd 0.344
  ,50 18.7 10.1, 32.0
  50–60 15.6 10.1, 23.4
  $60 11.4  7.6, 16.8

aData source: the 2000 National Health Interview Survey 

bFrom survey design-based version of Pearson’s Chi-square test
cIncludes non-Hispanic other
dLimited to men $50 years of age

PSA 5 prostate-specific antigen

CI 5 confidence interval

GED 5 general equivalency diploma

Table 2. Lack of diagnostic follow-up in men with abnormal PSA result by sociodemographic,  
access, risk, and screening variablesa
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some of the men may have decided not to obtain follow-
up after a discussion of the nature of prostate cancer 
and the outcomes and side effects of treatment. We can 
report that men with abnormal test results and normal 
test reports had an equal likelihood of discussing the 
pros and cons with physicians.33 

There are several reasons for men to not obtain 
follow-up care, ranging from psychosocial reasons of 
fear or denial to issues of access. Indeed, men may 
have discussed their options with their physician and 
decided not to obtain follow-up, because the survey 
questions do not identify men who discussed options 
following an abnormal test result with their physician. 
The screening setting may also influence receipt of 
follow-up. For example, PSA tests are often conducted 
outside ongoing primary care, at health fairs or similar 
events. Men who are screened in such settings may be 
more likely to lack health insurance or socioeconomic 
resources, and these test sites may lack support systems 
to facilitate follow-up care. Primary care physicians 
should consider asking men about PSA tests obtained 
in community settings. Despite these possible explana-
tions for lack of follow-up, major screening initiatives 
such as the National Breast and Cervical Cancer Early 
Detection Program34 have identified follow-up and 
access to treatment as important unsolved issues. It is 
important to close the loop to ensure that screening 
services achieve proper evaluation of men with abnor-
mal or suspicious results.

Limitations
Among the limits of this study is that it was difficult to fix 
the sequence of events in time, as all events were based 
on self-reports. For example, risk perceptions may have 
been heightened by the abnormal test result (though 
family history of prostate cancer generally would not 
be). In addition, we lacked information about what 
recommendations were conveyed to the man upon 
communication of the test result and concerning the 
effect on subsequent screening behavior.32

This study benefited from a nationally representa-
tive sample. Its detailed questions about screening 
initiation, frequency and recency of testing, experi-
ence with abnormal results, and receipt of diagnostic 
follow-up permitted construction of a retrospective 
account of screening and follow-up. As the number 
of men reporting abnormal PSA results was relatively 
small, it was more difficult to identify real effects in 
this subsample. The usual solution to this problem 
would be to aggregate data from several years, but 
the next cancer control supplement of the NHIS in 
2005 did not ask about abnormal results or follow-up, 
nor are these questions included annually. Because 
of the public health significance of this question, we 
used this relatively small available sample. The analysis 
identified statistically significant effects, but the size of 

Table 3. Weighted logistic regression  
for abnormal PSA resulta

Variable OR (95% CI) P-value

Age (in years) ,0.001
  40–64
  $65

1.00
4.25 (3.18, 5.09)

Self-rated health
  Excellent/very good/good
  Fair/poor

1.00
1.36 (1.03, 1.80)

0.028

Usual source of care  0.114
  No 1.00
  Yes 1.83 (0.86, 3.89)

Family history 0.017
  No history 1.00
  History reported 1.52 (1.08, 2.13)

Subjective risk ,0.001
  Low or medium 1.00
  High 1.62 (1.03, 1.80)

aData source: the 2000 National Health Interview Survey 

PSA 5 prostate-specific antigen

OR 5 odds ratio

CI 5 confidence interval

Table 4. Weighted logistic regression for  
lack of follow-up of PSA test resultsa 

Variable OR (95% CI) P-value

Hispanic ethnicity 0.040
  Not Hispanic 1.00
  Hispanic, any race 2.21 (1.04, 4.70)

Age (in years) 0.278
  40–64 1.00
  $65 0.70 (0.37, 1.34)

Usual source of care  0.810
  No 1.00
  Yes 0.90 (0.22, 3.61)

Health insurance 0.002
  Public or private 1.00
  None 6.56 (2.02, 21.29)

Family history 0.018
  No history 1.00
  History reported 0.29 (0.09, 0.92)

Subjective risk  0.013
  Low or medium 1.00
  High 0.43 (0.22, 0.83)

aData source: the 2000 National Health Interview Survey

PSA 5 prostate-specific antigen

OR 5 odds ratio 

CI 5 confidence interval 
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the effect could not be precisely fixed given the wide 
CIs. There may also have been smaller effects, which 
we were unable to identify. 

CONCLUSIONS

Given the clinical and public health importance of 
prostate cancer, it is important to expand the amount 
and quality of relevant data about screening, treat-
ment, and the experience of survivors. Common 
question areas in health surveys concern recency and 
frequency of testing, as well as age of initiation. Other 
important questions to ask concern men’s awareness 
of prostate cancer screening tests, the discussion of 
advantages and disadvantages of the test, how test 
results are communicated to them, whether a physi-
cian had recommended the test, and in what type 
of setting the test was performed. It may be that our 
major national surveys were slow to include questions 
about prostate cancer screening because of clinical 
controversy regarding prostate cancer screening and its 
absence in the national health objectives. However, this 
investment in data collection is important to provide 
accurate information about prostate cancer screening 
and follow-up. 
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