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BACKGROUND: Most guidelines recommend against
PSA-based screening for prostate cancer in men ≥ 70
years of age. Adherence to these guidelines is variable.
OBJECTIVE: To determine whether the use of a “Best
Practice Advisory” (BPA) intervention within the electronic
medical record (EMR) system can alter the rate of PSA
screening in men ≥ 70 years of age.
DESIGN: This is an interventional study spanning the
years 2013 through 2017, in men ≥ 70 years of age in
Kaiser Permanente Northern California with no prior his-
tory of prostate cancer. The BPA intervention was activat-
ed in the EMR system on October 15, 2015, with no prior
notice or education.
SETTING: Integrated healthcare system including all
Kaiser Permanente Northern California facilities.
PARTICIPANTS: A population-based sample that includ-
ed all malemembers≥ 70 years of age without a history of
prostate cancer.
MAINMEASURES: Themain outcomewas the rate of PSA
testing inmen≥ 70 years of age.We compared the rates of
PSA testing between the pre-BPA period (January 1,
2013–October 14, 2015) and the post-BPA period
(October 15, 2015–December 31, 2017). An interrupted
time series analysis of PSA ordering rates was performed.
KEY RESULTS: Following the 2015 BPA intervention,
screening rates substantially declined from 36.0 per 100
person-years to 14.9 per 100 person-years (rate ratio =
0.415; 95% CI: 0.410–0.419). The effect of the BPA was
comparable among all patient races and ordering provider
specialties. The interrupted time series analysis showed a
rapid, large, and sustained drop in the rate of PSA order-
ing, and much less temporal variation in test ordering
after activation of the BPA.
CONCLUSION: Following activation of a BPA within the
EMR, the rates of inappropriate PSA testing significantly
declined by 58.5% in men≥ 70 years of age and temporal
variation was reduced.
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INTRODUCTION

In the past several years, the American College of Physicians,
the American Academy of Family Physicians, the United
States Preventive Services Task Force, and the American
Urological Association have recommended against prostate
cancer screening in men 70 years of age and older.1–4 This
differs from the shared decision-making process that these
organizations recommend for prostate-specific antigen
(PSA)–based prostate cancer screening in men under age 70.
No randomized screening trial shows benefit of screening men
70 years of age or older and the risks of overdiagnosis and thus
overtreatment are significant in this population.5

Despite the consensus that routine screening in this popu-
lation is not indicated, inappropriate prostate cancer screening
is common among older men. Estimates from the European
Randomized Study of Screening for Prostate Cancer (ERSPC)
suggest overdetection (detection of indolent cancers not re-
quiring treatment) rates in men 70 years of age and older to be
greater than 50%.6 The Healthcare Effectiveness Data and
Information Set (HEDIS) has a specific “overuse/appropriate-
ness” measure pertinent to this population, specifically “Non-
recommended PSA-based screening in older men” defined as
men 70 years of age and older. However, national adherence
with this HEDIS measure is generally low, with screening
rates of men 70 years of age and older reported to be between
31.0 and 34.5% in the years 2015 to 2017.7 Furthermore,
minimal data exist on effective strategies for reducing this
practice of over screening.
A growing body of data suggests that alerts or advisories

within the electronic medical record (EMR) system can in-
crease safety and efficiency in clinical care. Some alerts notify
providers of patient allergies or recommend medication dose
adjustments in hepatic or renal insufficiency. Other alerts
promote appropriate test ordering or prevent inappropriate
repetitive test ordering.
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Two studies have been reported that utilized the EMR to
regulate PSA testing. One looked at repetitive PSA testing in
men of all ages and did not find a statistically significant
effect.8 Another, using a strategy similar to ours, used a
“Best Practice Advisory” (BPA) in a single Veterans Affairs
Hospital to decrease PSA ordering in men 75 years of age and
older, and did demonstrate a significant decline in testing.9

We focused on leveraging the EMR to improve adherence
to a quality indicator that recommends against PSA screening
in men 70 years of age and older in a large integrated health-
care system. We implemented an intervention using a BPA
within the EMR throughout Kaiser Permanente Northern
California (KPNC), with a goal to reduce the rates of inappro-
priate PSA testing in men 70 years of age and older with no
history of prostate cancer. This study evaluates the effective-
ness of our intervention by quantifying the rates of PSA testing
in this population before and after implementation of our
intervention.

METHODS

Study Population

KPNC is a large integrated healthcare system that includes 21
hospitals, 247 medical offices, and over 9000 physicians that
provides comprehensive medical services to over 4 million
members in Northern California. The study population for this
intervention study included all men ≥ 70 years of age with no

prior history of prostate cancer who were members of KPNC
at any time during 2013 through 2017.

Intervention

The BPA intervention was activated in our electronic medical
record system at all medical centers on October 15, 2015. No
additional interventions were used (i.e., there were no warn-
ings, emails, or educational interventions accompanying the
introduction of the BPA). The BPA appeared on the EMR
screen if a provider attempted to order a PSA test in a man ≥ 70
years of age with no history of prostate cancer documented in
our EMR (Fig. 1). The specific ICD9 and ICD10 codes, which
if present in the EMR, would prevent the appearance of the
BPA included: 185, 199.1, V10.46, V45.77, V15.3,
V10.46, V15.3, C61, C79.9, Z85.46, Z90.79, Z92.3,
Z85.46. Providers could override and complete the order
with an additional “click” if desired (e.g., patient with
possible symptoms related to prostate cancer or patient
preference). The BPA also provided a hyperlink to the
Kaiser Permanente National Prostate Cancer Screening
Guideline which provides an evidence-based approach to
PSA screening (and that recommends against screening
in men at least 70 years old).

Outcomes

The outcome studied was the rate of PSA testing in men at
least 70 years old both before and after the intervention of the
BPA.

Figure 1 Best Practice Advisory which providers saw in the electronic medical record if they tried to order a PSA test in a man 70 years of age
or older with no history of prostate cancer.

Table 1 Study Population

Year Men ≥ 70
No history of prostate
cancer

PSA screened men ≥ 70
No history of prostate cancer

N Age, median
(IQR) (years)

N (%) Age, median (IQR) (years) PSA median (IQR) (ng/ml) PSA screen rate and 95%
CI (per 100 person-years)

2013 129,530 75 (72–81) 39,118 (30.2) 74 (71–77) 2.7 (1.2–5.7) 41.4 (41.1–41.8)
2014 135,404 75 (71–81) 36,632 (27.1) 73 (71–77) 2.1 (0.9–4.5) 34.6 (34.3–34.9)
2015 141,998 75 (72–81) 32,635 (23.0) 73 (71–77) 2.1 (0.9–4.5) 29.0 (28.7–29.3)
2016 150,208 75 (71–81) 18,251 (12.2) 73 (71–77) 2.5 (1.0–5.4) 15.6 (15.4–15.8)
2017 160,259 75 (71–80) 17,997 (11.2) 73 (71–76) 2.4 (1.0–5.5) 14.4 (14.2–14.6)
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Statistical Analysis

We a priori identified two time periods: the “before interven-
tion period” (January 1, 2013, to October 14, 2015) and the
“after intervention period” (October 15, 2015, to December
31, 2017).
We computed the rate of PSA testing in men at least 70

years old annually from 2013 to 2017 and during the period
before and after the intervention. All eligible men within a
given year were included in the denominator in all rate calcu-
lations accounting for the duration of enrollment within that
year (person-years at risk). A rate ratio (RR) and 95% confi-
dence interval (CI) were calculated to compare the rates of
men tested between the two time periods. We conducted an
interrupted time series (ITS) analysis to evaluate introducing
the BPA as a population-level intervention and its effect
on this rate.10 Two-sided p values < 0.05 were consid-
ered statistically significant. Analyses were conducted in
SAS 9.3 and R 3.4.4.

RESULTS

Table 1 shows the characteristics of our study population and
the annual PSA testing rates among individual men 70 years of
age and older with no history of prostate cancer. Prior to our
intervention, the PSA testing rate was 36.0 per 100 person-
years (95% CI: 35.9–36.2). After the intervention, this rate
declined to 14.9 per 100 person-years (95% CI: 14.8–15.1).
The rate ratio was 0.415 (95% CI: 0.410–0.419).
Tables 2 and 3 show the entire study population and those

who underwent PSA testing, respectively, stratified by race.
Table 2 shows the “at risk population,” specifically men 70
years of age and older with no history of prostate cancer. There
was no significant change in the racial composition of the

population over the study period. Table 3 shows the men
who underwent PSA testing stratified by race. The frequency
of testing was comparable in all races both prior to and after
our BPA.
Table 4 shows the ordering provider specialty.

Approximately three-quarters of the PSA testing was ordered
by primary care (internal medicine and family practice). The
relative contribution of the various specialties to PSA testing
did not significantly vary over the study period.
Interrupted time series analysis models the trend in the rate

over time before and after the intervention and tests whether a
statistically significant change in the rate trend occurred after
the intervention. The results of our ITS analysis (Fig. 2) show
a declining slope prior to the activation of the BPA with
substantial temporal variation. After activation of the BPA,
we observed a rapid, substantial, and sustained drop in the rate
(i.e., level change) as well as a change to a near horizontal
slope; both the level and slope changes were statistically
significant (p < 0.001). In addition, the month-to-month var-
iation in rates, as measured by the overdispersion of the
Poisson model was estimated to be 3.7 times larger before
the intervention as compared with after the intervention, which
was statistically significant (p < 0.001).

DISCUSSION

In a study of electronic medical records in men 70 years of age
and older cared for in a large, diverse, community-based
healthcare system, we found that relative inappropriate screen-
ing rates declined 58.5% following a simple intervention in the
EMR. The effect of the BPA was comparable among all
patient races as well as across different provider specialties.
It is important to recognize that our healthcare system spans a

Table 2 Annual Numbers and Percentages of Men “At Risk” for PSA Testing

Year Race

Caucasian
N (%)*

Asian
N (%)*

African American
N (%)*

American Indian
N (%)*

Pacific Islander
N (%)*

Unknown
N (%)*

2013 94,951 (73.3%) 18,226 (14.1%) 7124 (5.5%) 682 (0.5%) 639 (0.5%) 7908 (6.1%)
2014 98,250 (72.5%) 19,478 (14.4%) 7322 (5.4%) 747 (0.5%) 702 (0.5%) 8905 (6.6%)
2015 101,890 (71.8%) 20,843 (14.7%) 7559 (5.3%) 793 (0.6%) 780 (0.5%) 10,133 (7.1%)
2016 106,583 (71.0%) 22,506 (15.0%) 7900 (5.3%) 848 (0.5%) 852 (0.5%) 11,519 (7.7%)
2017 112,555 (70.2%) 24,540 (15.3%) 8312 (5.2%) 913 (0.6%) 916 (0.6%) 13,023 (8.1%)

*Numbers and percentages of men “at risk” for PSA testing that year

Table 3 Annual Numbers and Percentages of Men “At Risk” Who Underwent PSA Testing

Year Race

Caucasian
N (%)*

Asian
N (%)*

African American
N (%)*

American Indian
N (%)*

Pacific Islander
N (%)*

Unknown
N (%)*

2013 28,337 (29.8%) 6037 (33.1%) 2063 (29.0%) 204 (29.9%) 180 (28.2%) 2297 (29.0%)
2014 26,262 (22.7%) 5828 (29.9%) 1837 (25.1%) 222 (29.7%) 183 (26.1%) 2300 (25.8%)
2015 23,403 (23.0%) 5174 (24.8%) 1575 (20.8%) 188 (23.7%) 161 (20.6%) 2134 (21.1%)
2016 13,398 (12.6%) 2563 (11.4%) 941 (11.9%) 96 (11.3%) 90 (10.6%) 1163 (10.1%)
2017 13,097 (11.6%) 2567 (10.5%) 950 (11.4%) 103 (11.3%) 89 (9.7%) 1191 (9.1%)

*Numbers and percentages of “at risk” population undergoing PSA testing that year

S798 Presti et al.: Changing Provider PSA Screening Behavior JGIM



large geographic area and has 21 major medical centers and
247 medical offices and employs more than 4000 primary care
providers. On October 15, 2015, the BPA was activated in our
EMR at all medical centers throughout our organization. This
was an isolated intervention, without any antecedent provider
education or structured promotion; therefore, the cost of im-
plementation was very small (primarily a small amount of
EMR programmer time). If providers attempted to order a
PSA test in a man 70 years of age or older, with no history
of prostate cancer, a warning appeared on the screen stating
“Routine PSA screening is not recommended in asymptomatic
men 70 years of age and older who do not have prostate cancer
or history of prostate cancer.” An override was available
because in a small number of select patients—for example,
those presenting with signs or symptoms suggestive of pros-
tate cancer—testing is appropriate and our intention was to
provide primary care providers with maximal decision-
making authority and flexibility. Prior to implementation of
the BPA, our inappropriate screening rate (36 per 100 person-
years) in this population was similar to what is reported at the
HEDIS website with national rates ranging from 31.0 to
34.5% in 2015–2017.7 Following activation of the BPA, a
rapid, large, and durable decline was observed in our system
and temporal variation was substantially reduced, as seen in
the ITS analysis (Fig. 2). It should be noted that even prior to
activation of the BPA, screening rates were declining in this
population. We suspect this may have been due to the 2012
United States Preventive Services Task Force (USPSTF) state-
ment which gave a “D” grade (“Discourage the use of this
service”) to PSA-based screening for prostate cancer in all age
groups.11 While overall temporal trends showed a gradual
decline in inappropriate test ordering over the observation
period, there was a rapid, large, and sustained drop in
guideline-discordant test ordering after the BPA was
deployed.
Inappropriate testing in this population has large implica-

tions. With respect to the direct financial burden of the PSA
blood test alone, Medicare Part B payment for a PSA test was

$25.23 in 2017.12 Nationwide in 2017, approximately 4.3
million tests were ordered in the Medicare population age (≥
65 years of age) and Medicare payments were $105,000,000
(while this study does not report on testing in men specifically
over the age of 69, national HEDIS data confirms a large
number of these tests were in men 70 years of age and older).
In addition to the actual blood tests, elevated PSA test results
often lead to additional diagnostic tests including a prostate
biopsy and downstream intervention costs. For 2018, global
Medicare reimbursement for a prostate biopsy was $434.13

Patients who are found to have cancer will often undergo
additional diagnostic imaging such as CT or MRI scans and
bone scans. Finally, some of these men with cancer will
undergo treatment such as surgery or radiation therapy which
results in additional costs and subjects patients to quality of
life-related risks pertaining to bowel, bladder, and sexual
function.
Population-based interventions have been shown to result

in more appropriate laboratory utilization for many tests in-
cluding erythrocyte sedimentation rates, microscopic urinaly-
ses, renal and thyroid function tests, and iron stores.14

Typically, these interventions have involved changes in guide-
lines, funding policies, or laboratory ordering forms. The
EMR provides a unique opportunity to interact with providers
and influence ordering behavior in real time. Well-established
examples are in the areas of drug-drug interaction warnings or
drug allergy alert warnings within the EMR.15 Less informa-
tion is available regarding leveraging the EMR to influence
test ordering. Providing laboratory costs at the time of order
entry resulted in a decline in test ordering in one study.16 The
use of a BPA for repetitive ordering has been shown to be
successful for laboratory tests in the ICU setting.17 A cluster-
randomized trial using a BPA demonstrated a safe reduction in

Table 4 Annual Numbers and Percentages of Ordering Provider
Specialty

Year Specialty

Internal
medicine
N (%)*

Family
practice
N (%)*

Urology
N (%)*

Other†

N (%)*
Unknown
N (%)*

2013 24,521
(49.6%)

11,780
(23.8%)

8077
(16.3%)

4116
(8.3%)

995
(2.0%)

2014 22,272
(51.4%)

11,111
(25.7%)

5896
(13.6%)

3006
(6.9%)

1035
(2.4%)

2015 19,271
(50.6%)

10,454
(27.4%)

4947
(13.0%)

2468
(6.5%)

975
(2.5%)

2016 9118
(42.5%)

5837
(27.2%)

4200
(19.6%)

1735
(8.1%)

579
(2.6%)

2017 9073
(42.9%)

6292
(29.6%)

3677
(17.4%)

1817
(8.6%)

311
(1.5%)

*Numbers and percentages of tests ordered that year by specialty in the
study population
†Includes other medical specialties and nurse practitioners

Figure 2 Interrupted time series analysis. Notice PSA ordering rates
were declining yet had large temporal variation prior to the

activation of the Best Practice Advisory (BPA). Following activation
of the BPA on October 15, 2015, PSA ordering rates were

substantially and significantly lower and temporal variation was
reduced. The dotted line in the shaded area is an estimate if the

downward trend persisted.
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telemetry duration in the inpatient setting.18

As mentioned previously, one study evaluated the use of a
BPA to reduce repetitive PSA testing in patients of all ages.8

This study used an alert within the EMR to avoid repetitive
testing and did have a significant impact on several tests
including sedimentation rate, lipid panels, thyroid-
stimulating hormone, and vitamin D but had a non-
significant effect on PSA (OR = 0.74, 95% CI 0.24–2.26).
While a decline was noted, the very wide confidence interval
suggests that the study may have been underpowered for this
endpoint. One prior study investigated the use of a similar
strategy to ours in the Veterans Affairs Greater Los Angeles
Healthcare System in men 75 years of age and older. In that
study, the eligible population was 30,150 and the baseline
screening rate was 8.3%, much lower than the typical national
rate, with a 30–40% decline during their intervention periods.9

This study, conducted in an academic center likely involving
numerous trainees, does not address the generalizability of this
intervention to a large community-based practice. As seen in
Table 1, our eligible population was almost five times larger
and our baseline screening rate was strikingly similar to na-
tional data, while our decline was a durable 58.5% after
introduction of the BPA and the large temporal variation was
diminished. Additionally, our system includes over 4000 pri-
mary care providers and a racially and ethnically diverse
patient population.

Strengths and Limitations

Our study is unique in several respects. Our integrated health-
care system allows us to define an “eligible population”which
served as the denominator in rate calculations; thus, accurate
rates could be determined. Our sample size was quite large and
diverse, and PSA screening rates were determined by the PSA
test performed in the electronic medical record, not by patient
recall or administrative claims data. In addition, this study
involved a large number of hospitals and medical offices and
several thousand care providers in community-based practice
throughout a large geographic area. Because our design
employed a simple, inexpensive BPA implementation only
(with no warnings or educational aspects), we were able to
study the effect of the BPA alone without the potential for
contamination by cointerventions. We used an interrupted
time series analysis which is widely considered to be the best
methodology for evaluating the effectiveness of population-
level health interventions that have been implemented at a
clearly defined point in time when outcomes that are expected
to change relatively quickly after the intervention are imple-
mented. One limitation of our study was that this was not a
randomized trial, yet the magnitude of the rate decline was
large and sustained after the intervention. Another limitation
of our study was that we did not conduct individual chart
reviews to determine whether patients for whom the PSA
was ordered had any symptoms suggestive of prostate cancer
that would warrant testing. However, we suspect that only a

small fraction of the men studied would be symptomatic and
we have no reason to suspect that the distribution of symp-
tomatic men would have changed in our population during the
study period. This study took place in a consensus-driven
integrated health plan and may not generalize to other practice
settings.

Conclusions

Although PSA-based screening for prostate cancer remains
controversial, most organizations recommend against routine
PSA-based screening in men 70 years of age or older.
Screening in the elderly may result in overdiagnosis and
overtreatment along with numerous risks associated with these
interventions. Inappropriate testing and the downstream con-
sequences also result in a large financial burden to healthcare
systems. Our intervention significantly reduced inappropriate
testing in this population. This simple and inexpensive inter-
vention is likely widely generalizable to many other healthcare
systems and other clinical scenarios. Of course, issues such as
“alert fatigue” and similar challenges must be considered to
ensure effectiveness of similar practice-changing interven-
tions. Future studies should measure patient and provider
satisfaction and unintended consequences, such as less order-
ing in appropriate patients. However, our study illustrates the
great potential of new electronic tools for helping providers
deliver more appropriate, cost-effective care.
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