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Abstract

Background: Most prostate cancer cases are diagnosed with low-grade, localized disease and 

may not require definitive treatment. In 2012 the US Preventive Services Task Force (USPSTF) 

recommended against prostate cancer screening to address over-detection and over-treatment.

Objective: To determine the effect of guideline changes on prostate-specific antigen (PSA) 

screening and initial diagnostic stage for prostate cancer.

Design: A difference-in-differences analysis to compare changes in PSA testing (exposure), 

relative to cholesterol testing (control) following the 2012 USPSTF change.

Setting: Data were derived from a tertiary academic medical center’s electronic health records 

(EHRs), a national commercial insurance database (Optum), and the Surveillance, Epidemiology, 

and End Results Program (SEER).

Participants: Men aged 35+ before (2008–2011) and after (2013–2016) the guideline changes.

Intervention: 2012 USPSTF guideline change.
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Measurements: PSA screening rates and diagnostic stage for prostate cancer.

Results: In both the academic center and insurance database, PSA testing significantly decreased 

for all men compared to the control. The greatest decrease at the academic center was among men 

aged 55–75 and 35–55 in the commercial database. The proportion of early stage prostate cancer 

diagnoses (<T2) decreased across age groups at the academic center and in SEER.

Conclusions and Relevance—This study highlights the impact of the USPSTF’s 2012 PSA 

screening recommendation on primary care testing patterns and an associated effect on early stage 

diagnoses for prostate cancer patients. In primary care, PSA testing decreased significantly and 

fewer prostate cancers were diagnosed at an early stage, suggesting provider guideline adherence. 

Long-term follow-up is needed to understand the effect of decreased screening on prostate cancer 

survival.

Introduction

Prostate cancer is the most common cancer in US men; 2018 is projected to see 164,700 new 

cases, accounting for 19% of all new cancers in men, and 29,500 deaths.1 However, there 

remains a lack of consensus as to best practices for screening and for treatment, partly due to 

the difficulty in distinguishing aggressive from indolent cancers.2 The majority of prostate 

cancers are asymptomatic, are detected by primary-care directed screening, are slow 

growing and will not become clinically evident during the lifetime of a patient. Autopsy 

studies detect prostate cancer in 30% of men by age 55 and 60% of men by age 80.3 

Widespread implementation of prostate-specific antigen (PSA) screening has led to a 

significant increase in the diagnosis and treatment of prostate cancer, including many 

inconsequential tumors,4 with minimal or no effect on mortality rates.5–9 Meanwhile, 

treatment of these cancers can lead to treatment-related side effects such as urinary 

incontinence or sexual dysfunction.10,11

The Prostate Lung, Colon and Ovarian (PLCO) trial demonstrated that systematic PSA 

testing resulted in higher prostate cancer diagnosis rates - particularly of early-stage disease 

- but without improvements in mortality.7 In addition, the Prostate Intervention Versus 

Observation Trial (PIVOT), conducted in the Veterans Health Administration, showed no 

survival advantage for surgery compared to no treatment for localized prostate cancer.12 

Based on the results of these trials, the US Preventative Services Task Force (USPSTF) 

published new guidelines in 2012 that recommended against PSA screening in all men (D 

rating),13 expanding a 2008 guideline that recommended against screening in the over-75 

age group.14 However, these recommendations were highly controversial since the death rate 

from prostate cancer had dropped 50% since the initiation of PSA testing in the US, and 

randomized trials of PSA screening and surgical treatment of localized prostate cancer 

conducted in Europe showed significant survival benefits for both screening and treatment.
5,15,16 The controversy continued to grow based on criticisms of PLCO due to contamination 

of the control arm, and criticisms of PIVOT for selection of patients with co-morbidities and 

indolent disease.17,18 Finally, since 2012, the increased use of active surveillance for 

management of indolent disease in both the U.S. and Europe changed the risk/benefit ratio 

for prostate cancer screening by decoupling screening from treatment side effects.19 Because 

of this, in 2018 the USPSTF rolled back the 2012 recommendations and advises men aged 
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55–69 to discuss the risks and benefits of screening with their health care provider (C 

rating).20

Better understanding the effects of guideline changes, particularly in controversial topics 

such as cancer screening, may help inform future policy. Studies of Medicare beneficiaries 

have shown that the 2008 guidelines changes were associated with: a 2% decline in PSA 

screening for men over the age of 75, and decline in treatment by 42% at the population 

level but only by 8% among diagnosed men, suggesting that declines in screening and 

diagnosis were driving the decline rather than changes in the patterns of treatment.21 Studies 

examining men of all ages have found conflicting results, observing significant declines22,23 

or no change24 in PSA screening rates in the wake of the 2012 changes, and declines in 

testing have been suggested to underly increases in late-stage disease burden from 2010 to 

2014.23 However, these studies did not control for secular trends like the Affordable Care 

Act that might influence screening and diagnosis and only encompassed a year or two of 

data following the guideline changes.

Given the controversy over this guideline change, clinician adherence and impacts on 

prostate cancer diagnosis are poorly understood. Using multiple datasets from 2008–2016, 

the purpose of this study was 2-fold: (1) determine whether PSA testing rates changed in 

primary care following the 2012 USPSTF guideline changes; and (2) to determine if early-

stage, low-risk prostate cancer diagnoses decreased following the downgrade in PSA 

screening recommendations. This finding can highlight the impact of even controversial 

guideline changes on clinical practice.

Methods

Study Design

We used a quasi-experimental, difference-in-differences design25 to compare PSA vs 

cholesterol testing rates among men aged 35+ before (2008–2011) vs after (2013–2016) the 

2012 USPSTF prostate cancer screening guideline changes. We focused on primary care 

providers because they are tasked with disease screening, while subspecialists likely use 

PSA for disease monitoring after therapy. Cholesterol testing, like PSA, addresses conditions 

that are asymptomatic at onset, targets similar risk populations, is administered as a blood 

test, is widely accessible across care settings and is mainly used by primary care physicians. 

The difference-in-differences allows the control to serve as the counterfactual, thereby 

accounting for secular trends such as increased access to care following the Affordable Care 

Act. We adjusted for potential time-varying confounders that could bias estimates and tested 

for parallelism in pre-policy trends between the study and control populations before the 

guideline changes, adhering to published best practices to asses validity of the control as a 

suitable counterfactual.25,26 We further compared rates of prostate and colorectal cancers 

diagnosed at early stage before (2008–2011) and after (2013–2016) USPSTF guideline 

changes. Colorectal cancer like prostate cancer has a similar patient population and a 

clinically silent period, yet screening guidelines were stable over the study period.
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Data Sources

Primary data were derived from the Electronic Health Records (EHR) of a tertiary academic 

medical center containing encounter-level data from 2008 to 2016, including demographics, 

lab orders, insurance payer, clinical features, and provider specialty. The clinical data 

warehouse is described elsewhere.27

Optum Labs was founded in early 2013 by Mayo Clinic and Optum, a commercial data, 

infrastructure services, and care organization that is part of UnitedHealth Group. Optum 

Labs now has eleven collaborators and a database of deidentified information on more than 

150 million people that is compliant with the Health Insurance Portability and 

Accountability Act (HIPAA) of 1996. Records include inpatient, outpatient, pharmacy, and 

laboratory claims. Socioeconomic status (SES) was established using net worth as coded by 

the Optum database. We used a 1% sample of the population from 2008–2016.28

Surveillance, Epidemiology, and End Results Program (SEER) is a national cancer registry 

covering about a third of the US population. We used 2008–2015 data for both prostate and 

colorectal diagnoses, including demographics and diagnostic stage. SEER data was available 

up to 2015 and lacked comorbidity scores.29 Due to data structure, insurance was 

categorized as insured, any Medicaid, or other/unknown/uninsured.

Study Participants

The screening population consisted of undiagnosed men aged 35+ seen by a primary care 

provider. Primary care was defined in EHR data by provider specialty (family medicine, 

family practice, geriatric medicine, or nurse practitioner-family), while the Optum database 

already included a variable for provider type that identified records from primary care 

providers. Charlson comorbidity scores were assigned at the start of each year, and ages 

were calculated between birth and encounter dates. Race included White, Asian, Black, 

Hispanic, and other/unknown. Insurance payer was categorized to Medicare, Medicaid, 

private, and other/unknown. Annual testing rates were assessed independently: patients 

could be counted as receiving screening or not only once per annual eligibility period. 

Diagnosed patients were excluded following their diagnosis date.

Diagnostic stage was assessed in all first-time cancer diagnoses by calendar year. We defined 

low-grade based on AJCC (American Joint Committee on Cancer) prognostic stage groups.
30 Early stage was defined as localized (summary stage ≤ 2) at initial diagnosis. Cancers 

with unrecorded initial stage were excluded.

Statistical Analysis

Linear regression difference-in-differences models compared changes in PSA screening 

relative to cholesterol testing following the 2012 USPSTF recommendation. The models 

account for secular changes, which include factors like expanded access to care following 

the Affordable Care Act, by assuming the control is a counterfactual for the exposure group 

had the policy not existed; we adhered to published best practices in assessing this 

assumption by testing for parallelism in the pre-intervention period (Supplement eMethods 

and eTable 1).25,26 Linear probability models were a function of separate binary indicator 
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variables for exposure status, post-policy status (2013–2016), and their product yielding 

their interaction (Supplement eMethods). The difference-in-differences estimate is 

represented by the interaction term, which describes the differential change between 

exposure and control following policy implementation. Charlson comorbidity, age, race, and 

insurance or socioeconomic status (net worth) were included in the models. The pre-policy 

and post-policy periods were defined as 1 January 2008 to 31 December 2011 and 1 January 

2013 to 31 December 2016 (2015 for SEER). The implementation year, 2012, was excluded 

as a ‘washout’ period.13 Screening trends compared PSA (exposure) and cholesterol 

(control) testing. Diagnostic stage separately examined prostate and colorectal cancers by 

Chi squared test. We stratified analysis by age group. Statistical significance was defined by 

2-sided p value < 0.05. All analyses were performed with the open source statistical program 

R, version 3.4.1 via RStudio version 1.0.153.

Results

In the academic center’s EHR, we identified 18,559 pre-policy and 78,281 post-policy 

patients; 296 (1.6%) pre-policy and 874 (1.1%) post-policy were excluded due to prostate 

cancer diagnosis prior to tabulated annual PSA screening. Pre-policy, 3,252 received any 

PSA tests (3,456 tests ordered) and 5,686 received any cholesterol tests (6,410 tests 

ordered); post-policy, 8,306 patients received any PSA tests (8,914 tests ordered total) and 

24,491 received any cholesterol tests (28,161 tests ordered total). Compared to the pre-

policy patients, the post-policy patients (Table 1) were slightly older, with a greater 

proportion of men 55–74, slightly fewer on Medicare, and consisted of a similar proportion 

of Whites, slightly more Black and Hispanic, and fewer Asian patients.

In the Optum 1% sample, we identified 93,334 pre-policy and 110,067 post-policy patients 

by year. Post-policy patients (Table 1) were slightly older, with larger proportions of men 

aged 55–74, fewer aged 35–54, with fewer Whites compared to other groups and a larger 

proportion with unknown socioeconomic status (net worth). The number of patients in the 

academic center’s population increased over the course of the study due to an expanded 

primary care initiative, which is controlled for along with other background temporal trends 

through the difference-in-differences model via the cholesterol control.

Annual primary care testing rates for PSA (exposure) and cholesterol (control), including 

composite rates and rates stratified by age group, are shown unadjusted in Figure 1 for the 

tertiary academic center and Optum. PSA testing declined in both the academic medical 

center and in Optum, with the greatest decreases in PSA testing observed in men 55–74 and 

75+, respectively. Modeled estimates accounting for background temporal trends (Table 2) 

show significant decreases in PSA testing both overall and by age group (all p < 0.001). PSA 

testing declined across all age groups by 8.0% [95% CI: −8.9% to −7.1%] in the academic 

center and by 3.6% [95% CI: −4.1% to −3.2%] in the Optum population. The academic 

center had largest changes in men 55–74 (−13.0%) and smaller declines in men 35–54 

(−4.8%) and 75+ (−8.5%). Optum had its largest decrease in men 75+ (−8.2%) with smaller 

drops in men 55–74 (−2.8%) and 35–54 (−4.1%).
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In the EHRs, we identified 2,572 prostate and 413 colorectal pre-policy diagnoses after 

dropping 288 (10.1%) and 204 (33.1%) without stage, respectively. There were 1,397 

prostate and 521 colorectal post-policy diagnoses after dropping 593 (29.8%) and 176 

(25.3%) without stage. Compared to pre-policy, post-policy (Supplement eTable 2) prostate 

cancer patients had similar age, slightly higher comorbidity scores, larger White and Asian 

proportions, and larger Medicaid and private insurance proportions. Colorectal cancer 

patients had similar age, comorbidity, and insurance but smaller proportions of White and 

Asian men. Prostate cancer patients were generally older than colorectal cancer patients and 

had a larger proportion of Asians.

In SEER, there were 75,641 prostate and 20,250 colorectal pre-policy diagnoses after 

dropping 1,945 (2.5%) and 821 (3.9%) without stage, respectively; there were 44,904 

prostate and 15,077 colorectal post-policy diagnoses after dropping 1,477 (3.2%) and 681 

(4.3%) without stage. Post-policy (Supplement eTable 2), age slightly increased for prostate 

cancer patients and decreased for colorectal cancer patients; both had fewer Whites and a 

larger Medicaid proportion. Prostate cancer patients were slightly older comparison to men 

with colorectal cancer.

Decreases in the unadjusted proportion of cancers with early stage (Table 3) were seen in 

both the academic medical center and SEER. The academic center had nearly uniform 

decreases across age groups with an overall decline from 79.0% to 63.4% (−15.6%). In 

comparison, colorectal diagnoses did not display significant changes except for an increase 

from 46.3% to 58.6% (+12.3%, p < 0.01) in men 55–74. SEER showed smaller decreases in 

early stage prostate cancer, decreasing overall from 82.6% to 77.7% (−4.9%). The largest 

decline was in men 75+ (−10.1%), followed by men 55–74 (−4.1%) and men 35–54 

(−2.6%). SEER colorectal diagnoses also decreased, but to a lesser degree, from 44.0% to 

41.7% overall (−2.3%) with men 75+ showing the largest decrease (−4.0%), followed by 

men 55–74 (−2.2%), while men 35–54 had no significant change. All results were 

significant at p < 0.001 unless noted otherwise.

Discussion

In this large, retrospective, observational study, we found PSA testing rates in the primary 

care setting declined relative to cholesterol screening across age groups in both an academic 

medical center and a large commercial claims database following the controversial 2012 

USPSTF recommendation against PSA screening in men of all ages. The academic center 

saw largest declines in men 55–74, the population that many clinicians view as the target 

prostate cancer screening population, and while the USPSTF has never endorsed PSA 

screening, in their updated 2018 recommendations they upgraded from a grade “D” rating to 

a “C” for men 55–69, softening an explicit recommendation against screening to leaving the 

decision to patients and their doctor after discussing the risks and benefits.20 In the 

commercial database, the greatest decline was seen in men 75+, reflecting continued 

improvement in adherence to 2008 PSA USPSTF guideline recommendations. Coinciding 

with these declines in PSA testing, there was a decrease in the proportion of prostate cancer 

patients diagnosed with early stage disease, as would be expected based on the results of 

randomized PSA screening trials showing fewer diagnoses in the non-screened control arm.
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6,7,30 It is notable that the decline in diagnoses was confined to early stage cancers, 

potentially decreasing the number of men identified when their disease is curable, but also 

diminishing rates of overdiagnosis (and subsequent overtreatment).16

These findings demonstrate that the guideline changes had durable effects on practice 

patterns through 2016, in line with previous work that demonstrated declines of 3–10% in 

PSA screening across age groups with data through 2013.31 A recent survey study 

demonstrated men aged 55–59, 60–74, and over 75 had similar decreases in screening 

following the 2012 guidelines,32 while another found significant declines of 5–10% in men 

under 75.33 These studies only included data through 2013, one year after the 

recommendation changes, therefore, our findings demonstrate that the guideline changes had 

durable effects on practice patterns through 2016. An analysis of Optum’s privately insured 

patients found a 38.4% decline in PSA testing that was restricted to men 75+ while no 

significant changes were seen in younger men. Again, this study was limited to data through 

2013 and calculate raw rates of PSA testing that did not account for secular trends.34 By 

including data through 2016 and accounting for secular trends through the difference-in-

differences method, we found declines in PSA testing across ages, demonstrating the 

declines were generalized and not restricted to an academic practice. It is of interest that the 

academic practice showed greater declines in PSA testing, suggesting a closer adherence to 

the guidelines. Whether this is true generally, or due to other factors such as regional 

difference in practice patterns, should be tested by analyzing EHR extracted data in 

academic and non-academic settings.

We observed reductions in unadjusted proportions of prostate cancers diagnosed at early 

stage, particularly compared to colorectal cancers, showing that the number and proportion 

of low-risk prostate cancer diagnoses decreased after the guideline changes, consistent with 

ongoing attempts to reduce overtreatment.11,19,35,36 Data from SEER has shown that 

prostate cancer incidence as a whole has declined substantially in recent years,31 including 

early-stage cancers, although the drop in early stage cancers has become attenuated over 

time after 2013.37 Our study included more years following the guideline changes and 

suggests continued but modest declines in the proportion of early stage cancers. Future work 

will need to evaluate whether the upgrading of the recommendations to a C rating in 201820 

will affect PSA testing rates.

Our findings suggest, at least for the controversial recommendations for prostate cancer 

screening, that guideline changes impact physician behavior. In addition, the decrease in 

diagnosis of early stage prostate cancer shows that the guidelines affect important disease 

characteristics in patients. Fewer low stage cancers will decrease the number of men 

overtreated for prostate cancer and thereby diminish the burden of treatment side effects 

such as incontinence and erectile dysfunction in the male population.10,11,38,39 However, 

some randomized trials of screening and treatment have shown mortality reductions in 

screened populations and in men treated, as opposed to those observed, with early stage 

prostate cancer.5,15 Since prostate cancer has a long natural history, changes in mortality 

rates in the population might not be seen for several years following guideline changes.
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Our study has limitations that should be mentioned. First, we used a nonrandomized design 

and thus could not prove that the 2012 USPTF recommendations caused any of the observed 

changes in PSA testing; however, studying changes over time, using multiple datasets, and 

controlling for patient demographics reduces the chance that the results were confounded by 

variations in unobserved patient characteristics. In our analysis, we assumed that cholesterol 

testing patterns serve as a counterfactual that reflects secular changes in practice patterns 

since it is widely practiced, administered via blood test, applied in men across a spectrum of 

ages, and guidelines regarding its use did not change during the study period. We followed 

published best practices in assessing this assumption by testing for parallelism in the pre-

policy period.25,26 If this assumption was inaccurate, the results of our analysis could be 

biased.

Conclusions

We observed declines in primary care PSA testing rates following the USPSTF’s 2012 grade 

D recommendation relative to cholesterol testing patterns. Coincident with this drop, we 

observed a decrease in the proportion of prostate cancers diagnosed at early stage. Our study 

shows that primary care physicians respond to guidelines changes by changing their practice 

patterns. Guideline adherence was not absolute, evidenced by the continued use of PSA 

testing, and likely reflects controversies surrounding PSA testing. As our healthcare system 

moves to a more efficient, patient-centered focus and guidelines and quality metrics become 

widespread, our findings show that providers rapidly respond to guideline recommendations. 

However, technological advances in screening technologies are likely to beget clinical 

scenarios that parallel the controversies surrounding PSA testing. It is important to consider 

how to best meet needs for disease screening in adults and the efficient use of health 

services. Further research is needed to understand the effects of the guideline change on 

cancer survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Unadjusted Trends in PSA (Exposure) and Cholesterol (Control) Testing in Primary Care 

Settings for Men, (A) Academic Center, All Ages; (B) Academic Center, By Age Group, (C) 

Optum, All Ages; (B) Optum, By Age Group, 2008–2016.
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