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Abstract
Background: As the debate over the effectiveness of prostatespecific antigen (PSA) screening for prostate cancer continues,
it is increasingly important to understand how PSA screening
occurs in general-practice settings.
Methods: We conducted a retrospective cohort study within
Kaiser Permanente Southern California, a large integrated health
care system. Men aged 35 years and older at baseline, in 1998,
were eligible. The proportion of men who underwent PSA
screening was estimated and compared across groups defined by
patient and physician characteristics. We also evaluated trends
in screening across time and serum PSA levels for all subgroups.
Results: Of 2,061,047 men, 572,306 (28%) underwent PSA
screening from 1998 through 2007. Patterns of PSA screening
varied modestly by age, race, and physician. The lowest frequencies of screening occurred among men younger than age
45 years (19%) and men ages 85 years and older (13%). PSA
screening was most common among white men (33.5%) and
in men seen by physicians of the same race/ethnicity (32%),
compared with men with physicians of disparate race/ethnicity
(26%, p < 0.001). PSA screening increased over time for all
racial/ethnic groups and among men age 75 years and older
but decreased over time for men younger than age 75 years old.
Conclusions: Nearly 1 in 4 eligible men underwent PSA
screening from 1998 through 2007, and screening varied only
modestly by patient and physician characteristics. Estimates of
the frequency of PSA screening in general-practice settings can
inform the debate and provide useful insight as to how changes
in cancer screening guidelines would alter practice patterns in
an increasingly integrated health care environment.

Introduction
Despite its importance as the most commonly diagnosed
noncutaneous cancer and the second leading cause of cancer
death among men in the US, no definitive screening tool for
prostate cancer exists.1-3 Digital rectal examination (DRE) and
measurement of serum prostate-specific antigen (PSA) levels are
imperfect but widely used methods of early detection. Current
patterns of use of these screening tools have not been well
characterized, complicating our understanding of the effects of
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early detection. Given the questionable benefit of PSA screening regarding prostate cancer mortality4,5 and the discussion
surrounding the guidelines that inform its use,6 understanding
the utilization of this test is imperative.
Central to the discussion regarding early detection of prostate
cancer is the inability to distinguish between indolent prostate
cancer that does not require treatment and aggressive prostate
cancer that does require definitive treatment. The issues of
overdetection and overtreatment of early stage prostate cancer
are further compounded by the questionable accuracy of serum
PSA measurements. Current estimates of the sensitivity and
specificity of serum PSA testing for prostate cancer screening,
based on the Prostate Cancer Prevention Trial, are 21% and
88.6%, respectively.7-9 As a result, some men with false-positive
results undergo invasive and unnecessary work-ups (eg, prostatic
ultrasound-guided biopsy). Furthermore, many men with indolent prostate cancer receive invasive therapies that often result
in treatment-related complications such as erectile dysfunction
and incontinence.10-13
Despite the potential limitations of PSA testing, prostate cancer
mortality has decreased by 4% annually since its introduction.2
Controversy persists nonetheless, because the influence of PSA
testing on prostate cancer mortality is questionable.6,14-20 Two
recently published randomized clinical trials, the Prostate, Lung,
Colon, and Ovarian Cancer Screening Trial and the European
Randomized Study for Screening Prostate Cancer suggest that
PSA testing does not decrease prostate cancer mortality.4,5 In
light of these findings, the American Urological Association and
the American Cancer Society have updated their prostate cancer
screening guidelines. The American Urological Association recommends PSA and DRE screening begin at age 40 years, given
a life expectancy of at least another 10 years, and at a younger
age for men with certain risk factors (eg, African-American men
or men with a family history of prostate cancer).21 The American
Cancer Society takes a more conservative stance, recommending that men with low risk begin discussing the pros and cons
of screening with their physician at age 50 years.22 Taking this
conservative stance further, the US Preventive Services Task
Force recently concluded that there is insufficient evidence to
recommend screening.23 Further complicating the issue, payers
and governmental agencies have attempted to intervene either
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through reimbursement policy or by requiring insurers to provide
coverage for PSA testing.24-26 This ambiguity has made it difficult
for health care systems and physicians both in the US and in
Europe to develop consistent and appropriate approaches to
prostate cancer screening.
Despite the discussion surrounding the use of PSA to screen
for prostate cancer, estimates of PSA screening rates in the US
are generally limited to surveys or institutional studies.17,24,25
Furthermore, these estimates are based on samples that are
small and that often lack diversity, limiting their generalizability.
National guidelines can have the greatest effect in large general
practices, but the implementation of PSA testing in this setting
remains poorly characterized.26-29 Therefore, the goal of this

study was to characterize prostate cancer screening practices
in a large managed health care system that promulgates and
enforces practice guidelines across an integrated care network.
This study was approved by the Kaiser Permanente Southern
California (KPSC) institutional review board.
Methods
Setting and Study Population
KPSC is a large managed care organization that spans from
Bakersfield, in the southern San Joaquin Valley, to San Diego, at
the Mexican border. KPSC currently serves more than 3.4 million
members with a racial and ethnic composition similar to that of
Southern California. Health care is mostly delivered in 1 of 14

Table 1. Characteristics of 2,061,047 men enrolled in KPSC 1998–2007, by PSA screening status

Eligible patients
Age at Baselineb (years)
<45
45–54
55–64
65–74
75–84
≥85
Race/ethnicity
White
Black
Asian
Hispanic
Other
Language preference
English
Spanish
Asian languages
Other non-English
Physician characteristics
Race/ethnicity
White
Black
Asian
Hispanic
Other
Specialty
Family medicine
Internal medicine
Urology
Other
Unknown
Race concordance
Yes
No

PSA test
n
%
572,306
27.77

No PSA
n
%
1,488,741
72.23

Total

pa

2,061,047
<0.001

131,510
202,931
136,113
73,772
25,531
2557

18.55
30.39
36.39
36.95
28.02
13.03

577,284
464,884
237,977
125,856
65,578
17,073

81.45
69.61
63.61
63.05
71.98
86.97

708,794
667,815
374,090
199,628
91,109
19,630

205,817
42,926
29,486
102,971
1811

33.54
30.35
29.98
28.49
31.11

407,738
98,500
68,868
258,481
4010

66.46
69.65
70.02
71.51
68.89

613,555
141,426
98,354
361,452
5821

535,258
22,256
2973
1124

28.97
22.71
25.2
29.45

1,312,124
75,735
8826
2692

71.03
77.29
74.80
70.55

1,847,382
97,991
11,799
3816

233,513
25,339
208,013
64,174
52

30.51
28.56
30.29
28.06
31.52

531,921
63,371
478,680
164,531
113

69.49
71.44
69.71
71.94
68.48

765,434
88,710
686,693
228,705
165

257,404
206,487
27,400
79,164
1851

25.46
32.87
99.99
52.77
0.32

753,422
421,696
2
70,854
242,767

75.54
67.13
0.01
47.23
16.31

1,010,826
628,183
27,402
150,018
244,618

148,967
423,339

32.38
26.44

311,027
1,177,714

67.62
73.56

459,994
1,601,053

<0.001

<0.001

<0.001

<0.001

<0.001

χ2 test of general association.
Baseline is when the study started, in 1998.
KPSC = Kaiser Permanente Southern California; PSA = prostate-specific antigen.
a

b
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Medical Centers or affiliated outpatient facilities. A small fraction of emergent and specialty care is received from contracted
physicians or through reimbursement claims. Regardless of the
setting, detailed information on all diagnoses, procedures, test
and biopsy results, pathology reports, treatments, and outcomes
is tracked in electronic data systems.
Men who were 1) active KPSC members for at least 1 day
during the period 1998 to 2007; 2) at least age 35 years on
January 1, 1998; 3) at least age 45 years upon termination of
membership or at the conclusion of the study period; and 4)
without a prostate cancer diagnosis before baseline (ICD-9
code 185) were eligible for inclusion (N = 2,061,047). PSA data
were captured from electronic medical records, including tests
performed from the date of first eligibility (based on age and
membership) until termination of membership or prostate cancer
diagnosis (censoring).
Measurements
Demographic information was obtained from electronic medical
records. Physician race/ethnicity (white, black, Asian, Hispanic,
and other) and medical specialty, categorized as family medicine,
internal medicine, or other, were ascertained from electronic
provider files. During the study period, serum PSA levels were
measured in ng/mL, using three immunoassays: AxSYM (Abbott
Laboratories; Abbott Park, IL; 1998–2003), Immulite (Siemens
Medical Solutions; Malveryn, PA; 2003–5), and Elecsys
(Roche Diagnostics; Indianapolis, IN; 2005–7). All serum
… men age
PSA measurements from tests that were performed from
85 years and
the beginning of study eligibility through the end of followolder, had
up (or censoring) were extracted from electronic health
the lowest
plan files. To confirm the consistency of the test results, we
proportion
randomly selected a 100-patient sample from tested men
of PSA
for chart abstraction. In addition, we abstracted DRE retesting: 13%.
sults, physician interpretations, and indications for testing.
Statistical Analysis
Demographic characteristics of men who had PSA tests during the study period were compared with those of men who did
not, using the χ2 test and two-sided t test where appropriate. The
proportion of men who had a PSA test was then calculated as
the number of men with at least one PSA test divided by the total
number of men eligible for PSA screening (as defined by the age
and membership inclusion criteria) during the study period. The
proportion of men screened was then calculated by demographic
and physician characteristics. The proportions were similarly
estimated over specific time periods (1998–2000, 2001–2003, and
2004–2007), with each proportion based on the first serum PSA
measurement within the time period. The distributions of men with
serum PSA values above the corresponding age-specific reference
ranges (ASRRs) or greater than or equal to 4 ng/mL were also
determined. All analyses were performed using SAS version 9.1
(SAS Institute, Cary, NC), with an α-level of 0.05.
Results
In this cohort of men eligible for prostate cancer screening,
the duration of enrollment in the Health Plan from 1998 through
2007 was 6.46 years. Approximately 27% of men had at least one
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PSA test during the study period. Patterns of PSA testing differed
significantly by age (Table 1), with lower proportions observed
in the oldest and youngest groups (p < 0.001). Men aged 45–74
years, constituting the majority of men screened, had similar
testing proportions, approximately 36%, when age groups were
divided by deciles. Only 19% of men younger than age 45 years
underwent PSA tests, while 28% of men aged 75–84 years were
tested. The oldest subgroup, men age 85 years and older, had
the lowest proportion of PSA testing: 13%. In addition, the overall
proportion of PSA testing varied slightly across racial groups,
with white men (33.5%) having the highest proportion of PSA
screening, followed by black men (30.4%), Asian men (30.0%),
and Hispanic men (28.5%, p < 0.001, Table 1).
The percentage of men who had a PSA test differed minimally
across physician specialty and race/ethnicity. PSA testing was
more common in men receiving care from family physicians than
in patients cared for by internal medicine physicians (45.0% vs
36.1%, p < 0.001). Although patients seen by black and Hispanic
physicians had a screening rate of 28% (28.56% and 28.06%),
those treated by white and Asian physicians were screened at
a slightly higher rate (30.5% and 30.3%, respectively). Patients
with physicians who shared the same race/ethnicity were more
likely to be screened (32.4%) than patients with physicians of a
different race (26.4%, p < 0.001, Table 1).
Table 2 presents rates of PSA screening during 3 progressive
time periods beginning in 1998 and ending in 2007. During the
study period, PSA testing rose from 16.4% to 20.2%, to 26.0%.
Screening rates increased over time for black men (19.5%,
21.9%, and 26.3%), white men (21.1%, 24.5%, 29.7%), Hispanic
men (14.1%, 18.4%, and 25.6%), and Asian men (17.4%, 22.0%,
and 27.3%). PSA testing among the youngest men (<45 years)
rose from 2.1% to 18.3% during the study period. Concurrently,
screening for men older than age 55 years consistently decreased.
Most Medical Centers had initial testing rates in the range of
13.7% through 20.8% and rates ranging from 22.7% through
30.2% in the most recent period (data not shown).
The distribution of PSA levels over the entire study period is
presented in Table 3. The median overall serum PSA level was
1.01 ng/mL during the study period. The proportions of initial
serum PSA levels greater than 4.0 ng/mL or exceeding the ASRR
were 9.7% and 8.5%, respectively. Elevated serum PSA levels
(>4 ng/mL or >ASRR) were more frequent among black men
(13.7% and 12.8%) than white men (12.6% and 10.0%), Asians
(9.8% and 8.6%), and Hispanics (8.9% and 8.4%). Older men
had substantially higher proportions of elevated PSA levels than
younger men (p < 0.001). We compared men younger than age
45 years to older subgroups defined by 10-year intervals extending to age 85 years. The proportion of PSA results above the
ASRR increased considerably with age (range, 3.9%–30.9%).The
proportion of men with results exceeding 4 ng/mL diminished
from 16.1% in 1998 to 5.0% in 2007. Comparably, 12.7% and
5.5% of screened men had results exceeding the ASRR in 1998
and 2007, respectively (Table 3).
We performed validation studies of the electronic medical
records via chart abstracting for a sample of 100 patients who
had a PSA test ordered and completed. Of the 46 patients who
underwent a DRE, 3 (6.5%) had abnormal findings.
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Table 2. Proportions of men who participated in PSA testing, among those who were eligible,
over time by age and racea
1998–2000
n
%
248,200
16.39

Total
Age
<45
45–54
55–64
65–74
75–84
≥85
Race/ethnicityb
White
Black
Asian
Hispanic
Other

2001–2003
n
%
312,173
20.16

2004–2007
n
%
417,923
26.01

9,167
82,415
81,093
54,236
19,271
2018

2.09
16.82
26.52
30.40
23.24
10.92

38,416
116,579
90,884
50,711
14,599
984

7.32
23.84
31.04
31.10
21.3
9.24

116,452
150,874
95,386
44,466
10,289
456

18.25
30.29
35.22
31.31
19.71
8.26

111,431
24,569
12,940
34,967
846

21.13
19.51
17.40
14.07
17.5

126,311
26,687
63,039
51,910
1062

24.45
21.86
21.97
18.35
16.33

147,514
30,914
23,641
81,549
1321

29.74
26.3
27.25
25.59
28.29

Tests for trend across time for age and race all yielded p values <0.001.
Numbers for race/ethnicity do not add up to total because of missing values.
PSA = prostate-specific antigen.
a

b

Table 3. Distribution of initial PSA levels and PSA levels exceeding the ASRR or greater than 4.0 ng/mL,
among men with a history of PSA testing in KPSC, 1998–2007

Total
Age at baseline
<45
45–54
55–64
65–74
75–84
≥85
Race/ethnicitya
White
Black
Asian
Hispanic
Other
Calendar year
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

n
561,194

PSA
Median
1.01

Interquartile range
0.60–1.94

>ASRR
n
47,902

130,450
201,063
133,606
70,438
23,406
2231

0.75
0.9
1.28
1.89
2.53
3.21

0.49–1.15
0.56–1.53
1.28–2.46
0.94–3.82
1.11–5.55
1.26–8.25

5021
12,221
14,800
10,325
4846
689

3.85
6.08
11.08
14.66
20.7
30.88

2262
9486
16,802
16,689
8159
977

1.73
4.72
12.58
23.69
34.86
43.79

200,595
41,263
29,117
101,517
1780

1.11
1.09
1.06
0.96
0.98

0.62–2.28
0.61–2.30
0.64–1.98
0.57–1.83
0.59–1.89

20,146
5275
2500
8544
143

10.04
12.78
8.59
8.42
8.03

25,311
5653
2845
9061
177

12.62
13.7
9.77
8.93
9.94

107,585
74,207
59,299
52,747
49,955
44,729
42,650
41,935
43,202
44,885

1.32
1.16
1.08
1.05
0.98
0.85
0.8
0.84
0.89
0.88

0.73–2.74
0.67–2.24
1.08–2.04
1.05–1.95
0.98–1.81
0.85–1.60
0.80–1.58
0.84–1.54
0.89–1.52
0.88–1.46

13,689
7114
5100
4458
3935
3066
2983
2629
2472
2456

12.72
9.59
8.6
8.45
7.88
6.85
6.99
6.27
5.72
5.47

17,293
8619
5885
4985
4195
3193
2991
2560
2394
2260

16.07
11.61
9.92
9.45
8.4
7.14
7.01
6.1
5.54
5.04

%
8.54

≥4.0 ng/mL
n
%
54,375
9.69

Numbers for race/ethnicity do not add up to total because of missing values.
ASRR = age-specific reference ranges; KPSC = Kaiser Permanente Southern California; PSA = prostate-specific antigen.
a
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Discussion
In this descriptive analysis of prostate cancer screening practices in a large managed care organization with a predilection
for protocol and guideline-driven clinical practice, we found that
nearly one in four eligible KPSC members underwent PSA testing
from 1998 through 2007. PSA screening increased considerably
over time and varied modestly across certain populations. This
analysis of real-world practice could prove particularly useful in
assessing the cost-effectiveness of prostate cancer screening as
it is currently applied and the impact of emerging advances in
cancer detection, and in anticipating how changes in screening
guidelines will alter practice patterns in an increasingly coordinated health care environment.
Few population-based studies have assessed how screening
is implemented in general-practice settings.15,30,31 Without direct
observational data on screening patterns, researchers typically
rely on billing and survey data or focus on physician or patient
attitudes toward screening.24,26,28,32-34 Estimates using Medicare
data put rates of PSA testing at 34% and 25% for white and
black men over age 65 years, respectively.35 The Behavioral Risk
Factor Surveillance Survey, a comprehensive national assessment of cancer screening, found that 49.3% of men underwent
PSA testing within the previous 2 years of being questioned,
in 2004.25 Despite its methodologic rigor, the Behavioral Risk
Factor Surveillance Survey was limited by its self-report design
and was subject to participation bias.
Interestingly, differences in rates of PSA testing between blacks
and whites, which have been inconsistently reported in other
studies, were not apparent in our study.35,36 Race was a very
minor factor: the proportion of whites who were screened was
10% greater relative to blacks, Hispanics, and Asians, all of whom
had similar rates of testing. This study does, however, highlight
the need to better understand patterns of testing among minority racial/ethnic groups. Furthermore, some may argue that the
greater risk of prostate cancer among black men should lead to
higher rather than similar rates of testing relative to other racial
groups. However, this variability could reflect appropriate differences in screening practices that are based on our understanding
of prostate cancer risk factors and competing recommendations.
Age was a significant factor in this analysis, with the youngest
and oldest men less likely to undergo PSA testing. In a study of
self-reported data from the National Health Interview Survey,
Ross et al showed that the rate of PSA testing for men aged 40 to
49 years was 16%, whereas men aged 50 to 69 years had a rate
of 49%.37 Variability in rates of PSA testing by age may have the
most potential for interventions aimed at standardizing prostate
cancer screening practices. Surprisingly, the rate of PSA testing
for older men (>85 years) was 13% and increased over the most
recent study period, representing an opportunity for patient and
physician education based on the multiple guidelines that argue
against screening in this age group.
Reasons for the variability in PSA testing rates among the
various subpopulations in the present study are not immediately
evident. However, earlier literature suggests that educational attainment, marital status, poverty, usual source of medical care,
family history of prostate cancer, and comorbidities may all play a
role.38-41 Clinical uncertainty, conflicting guidelines, physician be-
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liefs, and patient preferences are also proffered.24,28,42-44 Insurance
status and having a personal physician have been found to be
associated with the likelihood of PSA testing.45 Patient-physician
concordance has been suggested to increase PSA testing rates.46
These factors taken together suggest a disadvantage of certain
populations (eg, those of low socioeconomic status and racial
and ethnic minorities) in accessing or negotiating available
services for prostate cancer detection.
Looking to modifiable factors, patient and physician perceptions of the efficacy of PSA testing may affect physician screening
practices and adherence to guidelines.32 Certainly, differences in
screening practices can result from variability in patient demographics and risk factors, however individual and organizational
knowledge and preferences must also be considered. In fact,
in our small validation sample of men who had undergone PSA
testing, only 46% also had a concomitant DRE, raising the question of patient preferences and physician perceptions regarding
the relative utility of symptomatic evaluations of prostate cancer.
Although this study characterizes the use of PSA testing in
a large, general-practice setting, there are potential limitations
that should be considered. It was not possible to differentiate
between screening and diagnostic PSA testing or to identify the
underlying rationale for performing a physical exam. Nonetheless, the chart review–based validation sample demonstrated
that less than half of those who underwent PSA testing also
had a DRE, and few of them had abnormal findings. Thus,
the continued role of physical examination in prostate cancer
screening may be questionable. Although the managed care
organization setting was an advantage of this study because
it provided access to data necessary to characterize the evolution of screening practices, the generalizability of our study is
limited. KPSC members are a fully insured population, albeit
a diverse one with coordinated care services. Additionally, we
were not able to capture data for PSA testing performed outside
of KPSC. However, managed care organizations, which provide
similar care as universal health care systems, encourage patients
to obtain services through general practitioners and within the
system. For KPSC, this means members seek fewer tests and
services outside the network. Finally, because the inclusion
criteria specified that men only had to be members for one day
during the study period and reach age 45 before membership
termination, the denominator of men eligible for PSA screening in this study may be inflated. As a result, estimates of PSA
screening rates in this study may be conservative.
Conclusions
Among this large, managed care sample, approximately one
quarter of eligible men underwent PSA testing from 1998 through
2007. Lower rates of screening among racial minorities and
younger men and persistent testing among men age 75 years
and older may be opportunities for practice-based interventions
aimed at optimizing PSA screening practices. v
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