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Abstract

Background: Electronic health record (EHR)-linked clinical decision support (CDS) may impact primary care clinicians’
(PCCs') clinical care opinions. As part of a clinic cluster-randomized control trial (RCT) testing a cancer prevention

and screening CDS system with patient and PCC printouts (with or without shared decision-making tools [SDMT])

for patients due for breast, cervical, colorectal, and lung cancer screening and/or human papillomavirus (HPV) vac-
cination compared to usual care (UC), we surveyed PCCs at study clinics pre- and post-CDS implementation. Our
primary aim was to learn if PCCs'opinions changed over time within study arms. Secondary aims including examining
whether PCCs'opinions in study arms differed both pre- and post-implementation, and gauging PCCs’ opinions on
the CDS in the two intervention arms.

Methods: This study was conducted within a healthcare system serving an upper Midwestern population. We
administered pre-implementation (11/2/2017-1/24/2018) and post-implementation (2/2/2020-4/9/2020) cross-sec-
tional electronic surveys to PCCs practicing within a RCT arm: UC; CDS; or CDS + SDMT. Bivariate analyses compared
responses between study arms at both time periods and longitudinally within study arms.

Results: Pre-implementation (53%, n=166) and post-implementation (57%, n=172) response rates were similar. No
significant differences in PCC responses were seen between study arms on cancer prevention and screening ques-
tions pre-implementation, with few significant differences found between study arms post-implementation. How-
ever, significantly fewer intervention arm clinic PCCs reported being very comfortable with discussing breast cancer
screening options with patients compared to UC post-implementation, as well as compared to the same interven-
tion arms pre-implementation. Other significant differences were noted within arms longitudinally. For intervention
arms, these differences related to CDS areas like EHR alerts, risk calculators, and ordering screening. Most intervention
arm PCCs noted the CDS provided overdue screening alerts to which they were unaware. Few PCCs reported using
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liked the CDS's information and utility.

provide

the CDS, but most would recommend it to colleagues, expressed high CDS satisfaction rates, and thought patients

Conclusions: While appreciated by PCCs with high satisfaction rates, the CDS may lower PCCs'confidence regard-
ing discussing patients'breast cancer screening options and may be used irregularly. Future research will evaluate the
impact of the CDS on cancer prevention and screening rates.

Trial registration: clinicaltrials.gov, NCT02986230, December 6, 2016.
Keywords: Cancer prevention, Cancer screening, Clinical decision support, Electronic health record, Primary care

Background

Primary care clinicians (PCCs) manage multiple com-
plex medical issues for a wide variety of patients, as well
as must stay on top of patients’ preventative health care
[1-9]. Given competing priorities, limited visit time, and
the areas of importance for patients, cancer prevention
and screening may be overlooked by both patients and
PCCs [1, 4, 68, 10, 11]. Workable solutions are needed
that adapt into clinic workflow, such as algorithm-based
clinical decision support (CDS) systems connected with
the electronic health record (EHR) [1, 2, 4, 6-8]. CDS can
be used to help facilitate health care and save PCCs time
and effort by: identifying numerous health care needs
through instantly reviewing the EHR; alerting the user
to context-specific knowledge; and assisting with medi-
cal decision-making [12—-14]. A randomized control trial
(RCT) of a web-based, patient-tailored, and EHR-linked
CDS system, called “Priority Wizard” [15], targeted
patients at risk for cardiovascular disease and showed a
positive effect on both patients and clinicians by enhanc-
ing chronic disease health care for high-risk patients
[15-18]. This CDS was updated to include targeted pri-
mary (human papillomavirus [HPV] vaccination, tobacco
use, obesity) and secondary (breast, cervical, colorectal,
lung) cancer prevention. Breast, cervical, colorectal, and
lung cancer screening recommendations followed the
United States Preventive Services Task Force (USPSTF)
[19-22], and HPV vaccination recommendations fol-
lowed the Centers for Disease Control and Prevention’s
(CDC) Advisory Committee on Immunization Practices
(ACIP) [23]. The CDS was designed to encompass multi-
ple domains and the decision support component of the
Chronic Care Model [24—26]. However, it was unknown
whether expanding the CDS to include cancer preven-
tion and screening might impact PCCs’ opinions on the
specific cancer prevention and screening areas included
in the CDS.

The objective of this exploratory study was to under-
stand how the cancer prevention and screening CDS
impacted PCCs’ views in a three arm, clinic cluster-RCT.
One intervention arm implemented the CDS with can-
cer prevention and screening (breast, cervical, colorectal,

and lung cancer and HPV vaccination) (CDS arm), the
other intervention arm implemented the CDS cancer
prevention and screening components with the addition
of shared decision-making tools (SDMT) for breast, colo-
rectal, and lung cancer screening and HPV vaccination
(CDS+SDMT arm), and the third arm employed the
usual care (UC) cancer prevention and screening patients
received within the healthcare system (UC arm) [1, 2, 4,
6-8]. The primary aim of this study was to examine dif-
ferences in PCC opinions within study arms between
pre- and post-intervention implementation. Secondary
aims included: 1) comparing PCC responses between
study arms both pre- and post-intervention implementa-
tion; and 2) gauging PCC’s views of the cancer prevention
and screening CDS components within the two interven-
tion arms of the study post-implementation.

Methods

Sampling

The sample for the pre-implementation (# = 335) and
post-implementation (n=302) survey included PCCs
that either worked 50% or more as a PCC or provided
ongoing care for 25 or more eligible patients within one
integrated healthcare system [4]. The healthcare system
has primary care clinics located within three states in
the Upper Midwest and serves a patient population that
is predominantly rural [1, 2, 4, 6-8]. The study sample
included advanced practitioners (nurse practitioners
and physician assistants) and physicians (family prac-
tice or internal medicine) who practiced in at least one
of 36 (including three clinics randomized together due
to shared PCCs for 34 clinic randomization units) pri-
mary care or internal medicine clinics that were also part
of the RCT assessing the impact of cancer prevention
and screening CDS and SDMT [4]. Clinics were rand-
omized in a 1:1:1 ratio to either the UC control arm that
utilized the healthcare system’s typical cancer preven-
tion and screening (n=12), or to one of two interven-
tion arms: either the CDS arm (n=11), which received
the CDS with cancer prevention and screening, or the
CDS+SDMT arm (n=11), which received both the
CDS with cancer prevention and screening and SDMT
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for breast, colorectal, and lung cancer and HPV vaccina-
tion [8]. Detailed information on the design of the RCT is
available in a paper by Elliott et al. [8], with final results
of the RCT forthcoming. All clinics are part of a single
healthcare system that uses the same cancer and preven-
tion screening metrics systemwide within a single EHR
(Epic®) [8].

Survey instrument

Questions in both the pre- and post-intervention sur-
veys were developed by the study team or adapted
from the System Usability Scale (SUS) and the National
Survey of Primary Care Physicians’ Recommendations

Table 1 Respondent demographics by survey and study arm
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& Practice for Breast, Cervical, Colorectal, & Lung
Cancer Screening [4, 27, 28]. The post-implementa-
tion survey instrument included select questions pre-
viously reported in the pre-implementation survey
sent to clinic PCCs 2 years previously [4]. These sur-
vey questions, presented in Tables 1, 2, 3, 4 and 5 of
this paper, focused on: patient demographics; breast,
cervical, colorectal, and lung cancer prevention and
screening and HPV vaccination; the EHR; and shared
decision-making between patients and PCCs [4]. The
post-implementation survey instrument also included
questions developed by the study team on the can-
cer prevention and screening CDS for PCCs working

Pre-implementation survey

Post-implementation survey

Survey Questions n uc CDS CDS+SDMT p n uc CDS CDS+SDMT p
n (%) n (%) n (%) n (%) n (%) n (%)
Age Range (years) 164 0.129 165 0449
<34 15(25.0) 11(19.0) 8(174) 14(222)  9(180) 16 (30.8)
35-44 12 (20.0) 19(32.8) 7(15.2) 17 (27.0) 18(36.0) 9(17.3)
45-54 17 (28.3) 10(17.2)  8(174) 14(22.2) 11(22.0) 15 (28.9)
55-64 10 (16.7) 15(25.9) 17 (37.0) 13 (20.6) 11220 9(0173)
>065 6(10.0) 3(5.2) 6(13.0) 5(7.9) 1(2.0) 3(5.8)
Pre-post within arm p? 0.809° 0.892 0.089
Current Role 165 0.022 166 0.009
Nurse Practitioner 17(283) 26(448) 9(19.2) 15(23.8) 26(51.0) 13 (25.0)
Physician Assistant 6(10.0) 1(1.7) 9(19.2) 110175 239 11(21.2)
Family Practice physician 27 (450) 26(448) 22(46.8) 30(476) 18(353) 23442
Internal medicine physician 9(15.0) 5(8.6) 6(12.8) 7(11.1) 3(5.9) 5(9.6)
Other 1(1.7) 0(0.0) 1.1) 0(0.0) 2(3.9) 0(0.0)
Pre-post within arm p? 0.609 0.503 0.853
Years in practice 165 0020° 166 0.540°
<5 24 (4000 19(328) 10(21.3) 21(333) 16(314) 23(44.2)
6-10 5(83) 14(24.1)  5(106) 12.(19.7) 11216 6(115)
>11 31(51.7)  25(43.1)  32(68.1) 30(476) 24(47.0) 23442
Pre-post within arm p? 0.220° 0.910° 0.040
Days/week seeing patients 165 0.015 166 0.083
0-2 3(5.0) 4(6.9) 11(234) 0(0.0) 3(59) 4(7.7)
3 13(21.7)  9(155) 4(8.5) 11(17.5) 11216 6(115)
4 20(333) 27(466) 22(46.8) 22(349 17(333) 26(500)
5 24(40.0) 18(31.0) 10(21.3) 30(476) 20(39.2) 16 (30.8)
Pre-post within arm p? 0329 0.521 0.169
Sex 165 0814° 166 0925°
Female 39(65.0) 35(60.3) 28(59.6) 40 (64.5 34(680) 34(654)
Male 21(350) 23(39.7) 19(404) 22(355) 16(320) 18(34.0)
Pre-post within arm p? 0.955° 0.409° 0.551°

Note. Freeman-Halton Test
CDS Clinical Decision Support, SDMT Shared Decision-Making Tool, UC Usual Care
@ Comparing pre- and post-implementation survey responses within study arms

b Chi-square
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Table 2 Prevention and screening preparedness, priority, comfort, recommendations, and risk calculators by survey and study arm

Pre-implementation survey

Post-implementation survey

Survey Questions n uc CDS CDS + SDMT p n uc CDS CDS + SDMT p
n (%) n (%) n (%) n (%) n (%) n (%)
How well prepared do you feel to prioritize cancer risk factors and screening and discuss them with your patients?
Not Prepared 164 1(1.7) 1(1.7) 2(43) 0.891 172 0(0.0) 0(0.0) 0(0.0) 0.056
Somewhat Prepared 22 (373) 19(32.8) 16 (34.0) 14 (21.2) 22(415) 17 (32.1)
Very Prepared 36 (61.0) 38 (65.5) 29 (61.7) 52(78.8) 31(58.5) 36 (67.9)
Pre-post within arm p? 0.038 0431 0.392
In relation to other health issues, what level of priority do your patients give cancer screening?
Low Priority 165  4(6.7) 2(35) 0(0.0) 0361 170 2(3.1) 4(7.7) 1(1.9) 0.669
Medium Priority 28 (46.7) 22(379) 21(44.7) 34(523) 24 (46.2) 26 (49.1)
High Priority 28 (46.7) 34 (58.6) 26 (55.3) 29 (44.6) 24 (46.2) 26 (49.1)
Pre-post within arm p? 0.598 0376 0.760
How comfortable are you advising your patients on breast cancer screening options?
Very uncomfortable 155 0(0.0) 0(0.0) 1(2.3) 0.754 171 0(0.0) (0.0 0.0 0.038
Somewhat uncomfortable 1(1.8) 0(0.0) 1(2.3) (1.5) (0.0 (7.6)
Somewhat comfortable 13(232) 16(286) 10(233) 24(364)  27(519)  27(509
Very comfortable 42 (75.0) 40(71.4) 31(72.1) 41 (62.1) 25(48.1) 22(415)
Pre-post within arm p? 0.240 0.013 0.004
How comfortable are you advising patients about selecting a particular method of colorectal cancer screening?
Very uncomfortable 153 0(0.0) 0(0.0) 0(0.0) 0.089 167 0(0.0) 0(0.0) 1(1.9) 0.434
Somewhat uncomfortable 0(0.0) 0(0.0) 124 1(1.6) 1(1.9) 1(1.9
Somewhat comfortable 14 (25.5) 8(14.3) 4(9.5) 8(12.7) 12 (23.1) 12 (23.1)
Very comfortable 41(746)  48(85.7)  37(88.1) 54(857)  39(750)  38(73.1)
Pre-post within arm p? 0.098 0.268 0.169
How comfortable are you advising patients about selecting a particular method of lung cancer screening?
Very uncomfortable 145 0(0.0) 0(0.0) 1(2.6) 0.783 166 0(0.0) 120 0(0.0) 0.213
Somewhat uncomfortable 4(7.7) 4(74) 5(12.8) 3(4.8) 7(13.7) 5(9.6)
Somewhat comfortable 21(404) 24(444) 16410 22(349  22(431) 17327
Very comfortable 27 (51.9) 26 (48.2) 17 (43.6) 38(60.3) 21(41.2) 30(57.7)
Pre-post within arm p® 0.625 0518 0433

How often did you recommend colorectal cancer screening tests other than colonoscopy to your asymptomatic, average-risk patients during the

past 12 months?
Never 153
Sometimes
Usually
Always
Pre-post within arm p?

2(3.6)
23(41.8)
12(21.8)
18(32.7)
0.338

1(1.8)
28 (50.0)
14 (25.0)
13(232)
0.521

124
19 (45.2)
7(16.7)
15(35.7)
0.330

0806 168

At preventive care visits, how often do you use a cancer risk calculation for any of the following?

Breast cancer (e.g.,, BCRAT)
Never 154
Sometimes
Usually
Always
Pre-post within arm p?
Colorectal cancer
Never 153
Sometimes
Usually
Always
Pre-post within arm p?

44 (80.0)
9(16.4)
2(3.6)
0(0.0)
0.328

48 (87.3)
50.1)
2(3.6)
0(0.0)
0.778

43(76.8)
10(17.9)
1(1.8)
2(3.6)
0.569

46 (82.1)
7(12.5)
1(1.8)
2(3.6)
0.440

37 (86.1) 0.225 171
2(47)
2(4.7)
2(47)
0.017
36 (85.7) 0.745 169

3(7.1)
124)
2(4.8)
0.080

0(0.0)

21(328)
17 (26.6)
26 (40.6)

44 (67.7)
15(22.7)
5(7.6)
2(3.0)

3(58)

20 (38.5)
16 (30.8)
13(25.0)

42(82.4)
4(7.8)
4(7.8)
1(20)

2(39)

18 (34.6)
17 (32.7)
15(28.9)

34 (65.4)
14 (26.9)
2(3.9)
239

35(67.3)
12(23.1)
4(7.7)
1(1.9)

0.349

0.855

0.161
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Pre-implementation survey

Post-implementation survey

Survey Questions n uc CDS CDS + SDMT p n uc CDS CDS 4 SDMT p
n (%) n (%) n (%) n (%) n (%) n (%)
Lung cancer (e.g,, CDC/AHRQ)
Never 154 42(764) 43(768) 35(814) 0936 164  46(742) 35(686)  25(49.0) 0.184
Sometimes 7(12.7) 7(12.5) 5(11.6) 9(14.5) 9(17.7) 15(294)
Usually 5(9.1) 3(54) 2(4.7) 5(8.1) 4(7.8) 6(11.8)
Always 1(1.8) 3(54) 123) 2(3.2) 3(59) 5(9.8)
Pre-post within arm p? 0.979 0.783 0.012

Note. Freeman-Halton Exact Test. CDS Clinical Decision Support, SDMT Shared Decision-Making Tool, UC Usual Care

@ Comparing pre- and post-implementation survey responses within study arms

in the two intervention arm (CDS and CDS+ SDMT)
clinics.

Intervention

Intervention arm clinics followed the same workflow
as for the cardiovascular CDS studies [15]. In both inter-
vention arms (CDS and CDS+ SDMT), rooming staff
measured and entered patients’ blood pressure into the
EHR, which triggered the web-based CDS via an alert
built into the EHR instructing the rooming staff to print
two patient-tailored handouts for eligible patients: a
patient version and a PCC version with more detailed
information specific to the patient [1, 2, 4, 6-8]. In the
CDS+SDMT arm, rooming staff also printed abbre-
viated SDMT for breast, colorectal, or lung cancer
screening and HPV vaccination in patients due or over-
due for these items [1, 2, 4, 6-8]. An electronic version
of the CDS was available to PCCs practicing in CDS
and CDS+SDMT study arms that included access to
breast, colorectal, and lung cancer risk calculators and
multi-page SDMT for breast, colorectal, and lung can-
cer screening and HPV vaccination in the CDS+ SDMT
study arm [1, 2, 6-8]. Rooming staff and PCCs in clin-
ics randomized to the UC arm did not have access to
the CDS or SDMT, and instead provided the same can-
cer prevention and screening care as other clinics in the
healthcare system [ 1, 2, 4, 6-8]. This included electronic
best practice alerts or flags in the EHR for patients due
or overdue for breast, colon, and lung cancer screen-
ing or HPV vaccination. The EHR lacked a best prac-
tice alert for cervical cancer screening at the time of
our study. All intervention arm clinics received baseline
and booster training, including ongoing in person train-
ings conducted by study team members at intervention
clinics, electronic self-completed training administered
through the healthcare system’s employee training sys-
tem that included a video tutorial, and distributed infor-
mation on the CDS and SDMT to intervention clinic

managers for further distribution to clinic staff [1, 2, 8].
In addition, we conducted virtual webinar trainings [2]. A
feedback button was built into the CDS so that rooming
staff and PCCs could alert the study team to any issues
experienced with the CDS [1]. Study team members gave
monthly updates to clinics that presented individualized
reports of how well the clinic was doing reaching the rec-
ommended 80% CDS print rate (e.g., intervention clinics
were encouraged to print the CDS, and any abbreviated
SDMT in the CDS+SDMT arm, for approximately 80%
of eligible patients) [8]. There was also a two-week sup-
pression of the CDS for eligible patients to prevent alert
fatigue [8].

Data collection

Information on the pre-implementation survey, con-
ducted from November 2, 2017 to January 24, 2018,
has been previously published in a paper comparing
responses between physicians and advanced practi-
tioners [4]. The electronic post-implementation survey
was administered through email from February 2, 2020
to April 9, 2020. First, a notification email signed by a
healthcare system primary care leader was sent notifying
all eligible PCCs of the upcoming survey and encourag-
ing them to complete it. Next, an initial invitation email
with a link to the survey was sent to PCCs, who were
emailed up to 11 reminders over the course of 12weeks
linking them to the survey. Emails and surveys were
administered using REDCap electronic data capture tools
[29, 30]. Completion of either survey implied PCC con-
sent. The healthcare system’s Institutional Review Board
reviewed, approved, and monitored this survey and
RCT study, and it was also monitored by an Indendent
Project Safety Officer.

Data analysis
Descriptive analyses and tests of association were con-
ducted in SAS v. 9.4 and SAS Enterprise Guide v. 8.1 [31,
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Table 3 Colorectal and lung cancer prevention and screening discussions and decision-making by survey and study arm
Pre-Implementation Survey Post-Implementation Survey
Survey Questions n uc CDS CDS + SDMT p n uc CDS CDS + SDMT p
n (%) n (%) n (%) n (%) n (%) n (%)

Consider the last patient you saw regarding colorectal cancer screening. For each of the following six statements related to the decision-making in
this consultation, please select the response that best describes your actions with this patient.

I told my patient that there are different screening options (e.g. FIT, Colonoscopy)

Agree 152 49(89.1)  49(87.5)  39(95.1) 0.838
Neither 1(1.8) 1(1.8) 0(0.0)
Disagree 5(09.1) 6(10.7) 2(4.9)
Pre-post within arm p? 0.559 1.000 0.691
I explained the advantage and disadvantages of the screening options to my patient
Agree 152 49(89.1)  49(87.5)  40(97.6) 0.489
Neither 1(1.8) 2(3.6) 0(0.0)
Disagree 5(9.1) 5(8.9 124)
Pre-post within arm p? 0.559 0.905 0448
I'helped my patient understand all the information
Agree 150 49 (90.7) 47 (85.5) 40 (97.6) 0442
Neither 2(3.7) 3(5.5) 0(0.0)
Disagree 3(5.6) 5(9.1) 1(24)
Pre-post within arm p? 0.440 0.688 0.284
| asked my patient which screening option he/she prefers
Agree 152 47(85.5) 50(893)  38(92.7) 0.837
Neither 2(3.6) 1(1.8) 1(4)
Disagree 6(10.9) 5(89) 2(4.9)
Pre-post within arm p? 0.206 0.583 1.000
My patient and | selected a screening option together
Agree 150 43(782)  49(87.5)  38(974) 0.054
Neither 7(12.7) 2(3.6) 0(0.0)
Disagree 50.7) 5(89) 1(26)
Pre-post within arm p? 0.005 0.905 0383
My patient and | reached an agreement on how to proceed
Agree 150 46 (83.6) 46 (85.2) 38(92.7) 0.522
Neither 5(09.1) 2(3.7) 1(4)
Disagree 4(7.3) 6(11.1) 2(49)
Pre-post within arm p? 0.025 1.000 1.000

Consider the last patient you saw who was a possible candidate for lung cancer screening. For each of the following two statements related to the
decision-making in this consultation, please select the response that best describes your actions with this patient.

I helped my patient understand all the risks and benefits and details about screening

Agree 146 37 (69.8) 35 (64.8)
Neither 6(11.3) 11 (204)
Disagree 10(18.9) 8(14.8)
Pre-post within arm p? 0.122 0.136
My patient and | reached an agreement on how to proceed
Agree 142 37(69.8) 34 (65.4)
Neither 9(17.0) 10(19.2)
Disagree 7(13.2) 8(154)
Pre-post within arm p® 0.015 0.060

28(71.8) 0.665
4(10.3)

7(18.0)

0.305

26 (70.3) 0.957
5(13.5)

6(16.2)

0.076

168

165

159

56 (87.5)
0(0)
8(12.5)

56 (87.5)
0(0)
8(12.5)

53(82.8)
0(0)
11(17.2)

53(82.8)
0(0)
11(17.2)

54 (85.7)
0(0)
9(14.3)

53 (84.1)
2(3.2)
8(12.7)

50 (84.8)
1(1.7)
8(13.6)

45 (86.5)
1(1.9
6(11.5)

45 (86.5)
1(1.9)
6(11.5)

45 (86.5)
1(1.9
6(11.5)

43(82.7)
2(3.9)
7(13.5)

45 (86.5)
1(1.9)
6(11.5)

45 (86.5)
1(1.9)
6(11.5)

40 (78.4)
9(17.7)
239

39 (79.6)
9(184)
1(20)

47 (90.4)

]
@

43 (84.3)
2(39)
6(11.8)

44 (86.3)
1.0
6(11.8)

0.409

0411

0.601

0.152

0.302

0324

0.030

0.002

Note. Freeman-Halton Exact Test. CDS Clinical Decision Support, SDMT Shared Decision-Making Tool, UC Usual Care

@ Comparing pre- and post-implementation survey responses within study arms
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Table 4 Provider perspectives on the EMR for cancer prevention and screening by survey and study arm

Pre-Implementation Survey Post-Implementation Survey

Survey Questions n uc CDS CDS + SDMT p n uc CDS CDS + SDMT p
n (%) n (%) n (%) n (%) n (%) n (%)

Select"yes" or "no”for the following questions on the EMR your clinic uses for screening of breast, cervical, colorectal, or lung cancers or HPV vaccination.
The EMR alerts me that this action is due.

Breast Cancer Screening 156 56 (96.6) 50(90.9) 40 (93.0) 0.506% 171 66 (100) 50 (96.2) 51(96.2) 0.247°
Pre-post within arm p° 0.217° 0.439* 0.654%
Cervical Cancer Screening 155 20 (35.1) 18 (32.7) 12 (27.9) 0.745 172 29 (43.9) 29 (54.7) 23 (434) 0.409
Pre-post within arm pb 0317 0.021 0117
Colorectal Screening 153 54 (94.7) 49 (90.7) 36 (85.7) 0.310% 172 64 (97.0) 48 (90.6) 49 (92.5) 0.380°
Pre-post within arm pP 0.662° 0.975 0.329°
Lung Screening 153 41(73.2) 35(63.6) 21 (50.0) 0.062 169 56 (86.2) 43 (84.3) 40 (75.5) 0.287
Pre-post within arm p° 0075 0016 0010
HPV Vaccination 153 39(70.9) 44 (80.0) 30 (69.8) 0429 168 41 (65.1) 37.(71.2) 37 (69.8) 0.758
Pre-post within arm pb 0.499 0.286 0.996

The EMR makes it easy for me to order the needed service.
Breast Cancer Screening 154 49 (87.5) 44 (80.0) 37(86.1) 0.520 171 58(87.9) 42 (80.8) 46 (86.8) 0.522
Pre-post within arm pP 0.949 0.920 0915
Cervical Cancer Screening 153 30 (53.6) 34 (61.8) 28 (66.7) 0.403 170 44 (67.7) 34 (65.4) 36 (67.9) 0.953
Pre-post within arm pb 0.112 0.702 0.897
Colorectal Screening 153 51(91.1) 40 (74.1) 37(86.1) 0.048 172 63 (95.5) 45 (84.9) 47 (88.7) 0.130%
Pre-post within arm pb 0.468° 0.166 0.698
Lung Screening 149 42 (75.0) 30 (56.6) 26 (65.0) 0.128 172 57 (86.4) 40 (75.5) 41(774) 0.273
Pre-post within arm pP 0.110 0.043 0.189
HPV Vaccination 148 40 (74.7) 43(82.7) 30(71.4) 0.391 167 44 (69.8) 35(68.6) 36 (67.9) 0.975
Pre-post within arm p° 0612 0.960 0713

The EMR enables me to print out materials that help patients identify their preferred screening method.
Breast Cancer Screening 151 18 (32.7) 20 (37.0) 11(26.2) 0.530 165 17 (26.2) 25 (50.0) 20 (40.0) 0.030
Pre-post within arm pb 0430 0.183 0.163
Cervical Cancer Screening 149 16 (29.1) 17 (32.1) 9(22.0) 0.547 165 16 (24.6) 25(50.0) 16 (32.0) 0.016
Pre-post within arm pb 0.581 0.064 0.285
Colorectal Screening 148 19 (34.6) 22 (43.1) 14 (33.3) 0.548 165 18 (27.7) 26 (52.0) 20 (40.0) 0.029
Pre-post within arm p° 0418 0.373 0.509
Lung Screening 148 18 (33.3) 18 (34.0) 11(26.8) 0.726 163 23(35.9) 26 (52.0) 20 (40.8) 0.220
Pre-post within arm pb 0.767 0.064 0.164
HPV Vaccination 145 20 (38.5) 21 (404) 10 (24.4) 0.228 160 17 (26.6) 23 (48.9) 20 (40.8) 0.047
Pre-post within arm pP 0.172 0.393 0.100

The EMR makes it easy to calculate cancer risks for individual patients.
Breast Cancer Screening 152 4(7.1) 5(9.1) 3(7.3) 0.9322 170 8(12.1) 11(21.6) 12 (22.6) 0.256
Pre-post within arm p° 0.544° 0.073 0.051°
Cervical Cancer Screening 153 5(8.9) 4(7.3) 2(4.8) 0.861° 170 5(7.7) 9(17.3) 9(17.0) 0216
Pre-post within arm p° 0.806 0.144% 0.105%
Colorectal Screening 153 6(10.7) 6(10.9) 4(9.5) 1.000* 168 5(7.7) 8(15.4) 13 (25.5) 0.031
Pre-post within arm pb 0.564 0493 0.061%
Lung Screening 151 14 (25.5) 9(16.4) 6(14.6) 0.329° 169 15(22.7) 13 (25.5) 20(38.5) 0.146
Pre-post within arm p° 0.726 0.247 0.011
HPV Vaccination 152 10(18.2) 6(10.9) 3(7.1) 0.262° 166 6(9.2) 7(143) 12(23.1) 0.113
Pre-post within arm p° 0.151 0.603 0.048°

Note. Chi-square. Yes responses shown. CDS Clinical Decision Support, SDMT Shared Decision-Making Tool, UC Usual Care

@ Fisher’s Exact Test

b Comparing pre- and post-implementation survey responses within study arms
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32]. Responses to each item were summarized by study
arm (UC, CDS, or CDS+SDMT) and are included in
Tables 1, 2, 3, 4 and 5. For items with five-tiered Likert
scale responses (strongly disagree, somewhat disagree,
neither agree or disagree, somewhat agree, strongly
agree), responses were recoded into three levels (disa-
gree, neither, agree) to allow for more straightforward
interpretation. Chi-square statistics, Fisher’s exact tests
(expected cell count <5 in 2 x 2 tables), or Freeman-Hal-
ton tests (expected cell count <5 in R x C tables) were
used to determine significant differences in responses
between the three arms and within arms temporally.
Tests were two-tailed with an alpha of 0.05.

Results

Pre- and post-implementation survey respondent demo-
graphics within each of the three study arms are pre-
sented in Table 1. Of the 335 pre-implementation surveys
sent to 312 active email addresses, 165 were fully or par-
tially completed by PCCs (53% response rate) [4]. Post-
implementation surveys were administered to 302 PCCs
with 301 having an active email address, and were fully or
partially completed by 172 PCCs, resulting in a response
rate of 57%. We found significant differences between
the three arms related to PCCs’ current role at pre-
(p =0.022) and post-implementation (p =0.009). Family
practice physicians were the most common role repre-
sented in both surveys. The majority of respondents had
11 of more years in practice, and years in practice did dif-
fer significantly between study arms pre-implementation
(p =0.020), but not post-implementation (p =0.540). The
number of days per week PCCs saw patients also differed
significantly between study arms pre-implementation
(p =0.015), but not post-implementation (p =0.083).
Most respondents saw patients 4—5days a week in the
clinic, and the majority of respondents were female in all
study arms.

Pre-implementation survey comparison between study
arms

Statistical comparisons of cancer prevention and screen-
ing survey questions between the three study arms pre-
implementation are presented in Tables 2, 3 and 4. No
significant differences between study arms were seen on
these questions prior to CDS implementation.

Post-implementation survey comparison between study
arms

Cancer screening and prevention

At post-implementation, there was a significant differ-
ence between study arms in how prepared PCCs felt to
prioritize cancer risk factors and screening and to discuss
them with patients. UC PCCs felt more prepared than the
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other two groups, although this did not reach the level
of significance (p =0.056), and the majority of respond-
ent felt “very prepared” in all groups (Table 2). Cancer
screening was ranked as either a medium or high prior-
ity for PCCs’ patients in all arms, with only 4% (n =7)
of PCCs ranking screening as “low priority” for patients.
UC clinic PCCs reported significantly higher rates of feel-
ing very comfortable advising patients on breast cancer
screening option a as compared to the intervention arms
(62% vs. 48% and 42%, p =0.038) (Table 2).

When asked to consider the last patient PCCs saw
who was eligible for lung cancer screening, UC and
CDS + SDMT respondents were significantly more likely
to report not being able to present all options, risks, and
benefits (p =0.030) and ending their interaction with
no agreement with the patient as to how to proceed
(p =0.002) than CDS arm respondents (Table 3). How-
ever, for these and other items in Table 3, PCCs gave gen-
erally affirmative responses when grading their actions
within colorectal and lung cancer discussions with
patients.

Electronic health record

Similar to pre-implementation, there were no significant
differences between arms when it came to describing
most EHR uses for breast, cervical, colorectal, or lung
cancer screening or HPV vaccination post-implementa-
tion (Table 4). Almost all of the PCCs in the three arms
reported that the EHR alerted them when breast cancer
screening was due (UC = 100%, CDS = 96%, CDS +
SDMT = 96%), while alerts for cervical cancer screening
were least frequently reported (UC = 44%, CDS = 55%,
CDS + SDMT = 43%). The groups all had a majority of
PCCs agree that the EHR made it easy for them to order
screening for all conditions. There was a significant dif-
ference in responses when it came to whether the EHR
allowed PCCs to print materials to help patients iden-
tify their preferred screening method, with the CDS
group reporting significantly more frequent use of this
functionality for breast (UC = 26%, CDS = 50%, CDS
+ SDMT = 40%, p =0.030), cervical (UC = 25%, CDS
= 50%, CDS 4+ SDMT = 32%, p =0.016), and colorectal
cancer (UC = 28%, CDS = 52%, CDS + SDMT = 40%,
p =0.029) and HPV vaccination (UC = 27%, CDS = 49%,
CDS + SDMT = 41%, p =0.047), but not for lung can-
cer (UC = 36%, CDS = 52%, CDS + SDMT = 41%,
p =0.220). Overall, PCCs reported that the EHR did not
make it easy to calculate cancer risk for an individual
patient, but the CDS + SDMT group agreed that the EHR
allowed them to calculate colorectal cancer risks more
easily for individual patients as compared to the other
two arms (UC = 8%, CDS = 15%, CDS + SDMT = 26%)
(p =0.031).
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CDS functionality and use in the CDS and CDS + SDMT
intervention arms

Table 5 shows responses to questions pertaining to
CDS functionality, which were only included on the
surveys sent to PCCs at the two intervention arms
post-implementation. Compared to the CDS arm, the
CDS+SDMT arm PCCs were more likely to responded
they definitely agreed that their patients liked (0% vs.
25%, p <0.001) and valued the CDS’s information (11% vs.
35%, p =0.008). Also, compared to the CDS arm, a sig-
nificantly higher percentage of CDS+ SDMT PCCs were
more likely to recommend the CDS to colleagues (65% vs.
78%, p =0.030) and agree that the CDS influenced their
treatment recommendations (68% vs. 82%, p =0.022).
Both groups agreed that the CDS helped them get more
patients screened for cancer, was useful for shared deci-
sion-making, and provided accurate information. While
not significantly different (p =0.228), the CDS arm PCCs
were more likely to disagree (53%) that the CDS saved
them time talking to patients than the CDS+SDMT arm
PCCs (38%). PCCs’ levels of being very or somewhat sat-
isfied with the CDS for cancer prevention and screening
where high at 84% in the CDS+SDMT arm and 75% in
the CDS arm, although this difference was not statisti-
cally significant (p =0.062).

Comparison between pre-implementation

and post-implementation surveys

The respondents for both pre-implementation and post-
implementation surveys were similar in their demograph-
ics, with family practice physicians the most common
role represented, and the majority of respondents having
6 or more years in practice (Table 1). Compared to pre-
implementation, there was an increase in PCCs respond-
ing that they felt very prepared to prioritize cancer risk
factors and screening post-implementation (63-79%)
(not shown). The CDS+ SDMT and CDS arms reported
being more likely to use the cancer risk calculation tool
for breast, colorectal, and lung cancer as compared to the
overall responses from the pre-implementation survey.
The percent of respondents that ranked cancer screening
as a high priority for patients fell overall from 53 to 45%,
with none of the three arms responding at a higher rate.
Similarly, there was a decrease in PCCs who responded
that they were very comfortable advising their patients
on breast cancer screening options (73-51%), although
there was a slight increase in overall very comfortable
responses for the same question regarding lung cancer
screening (48—54%). There was no observed difference in
reports of how PCC utilized the EHR for cancer screen-
ings or in the reported frequency of recommending colo-
rectal cancer screening tests other than colonoscopy to
asymptomatic, average-risk patients (Always 30—32%).
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Longitudinal within study arm comparisons

Some significant differences were seen when comparing
responses on cancer prevention and screening items
longitudinally within study arms (Tables 2, 3 and 4). In
the UC arm, more PCCs (79%) reporting feeling very
prepared to prioritize risk factors post-implementation
compared to pre-implementation (61%) (p =0.038)
(Table 2). Post-implementation, more PCCs described
either disagreeing (17%) or agreeing (83%) that they
selected a colorectal cancer screening option together
with patients than pre-implementation (9, 78%), with
none responding “neither” post-implementation
(p =0.005) (Table 3). Similarly, no PCCs responded
“neither” on reaching an agreement on how to proceed
with colorectal cancer screening with patients post-
implementation (p = 0.025), although rates of agree-
ment were similar between pre-implementation (84%)
and post-implementation (86%). Post-implementation,
more PCCs (85%) affirmed that they reached an agree-
ment on how to proceed with patients due or overdue
for lung cancer screening than pre-implementation
(70%) (p =0.015).

Within the CDS intervention arm, the already high
level of comfort with advising patients about breast
cancer screening options declined slightly over time.
Fewer PCCs describing being very comfortable post-
implementation (48%), with more somewhat comfort-
able (52%) compared to pre-implementation (very
comfortable =71%, somewhat comfortable =29%,
p =0.013) (Table 2). Significantly more post-imple-
mentation PCCs (55%) responded that the EHR alerted
them when cervical cancer screening was due than pre-
implementation (33%, p =0.021) (Table 4). Similarly,
more PCCs responded that the EHR alerted them to lung
cancer screening post-implementation (84%) than pre-
implementation (64%, p =0.016). More PCCs also agreed
that the EHR made it easy to order the needed service for
lung cancer screening post-implementation (76%) than
pre-implementation (57%, p =0.043).

In the CDS+SDMT intervention arm, while PCCs
still primarily responded as being very or somewhat
comfortable advising patients on breast cancer screen-
ing options post-implementation, fewer reported being
very comfortable (42%) than pre-implementation (72%,
p =0.004) (Table 2). Most respondents did not use risk
calculators; however, fewer PCCs post-implementation
reported never using a breast cancer risk calculator (65%
vs. 86%, p =0.017) or a lung cancer risk calculator (49%
vs. 81%, p =0.012) compared to pre-implementation.
Significantly more PCCs answered that the EHR alerted
them to patients due for lung cancer screening post-
implementation (76%) than pre-implementation (50.0%,
p =0.010) (Table 4). Post-implementation, more PCCs
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noted the EHR made it easy to calculate patients’ lung
cancer risk (39% vs. 15%, p =0.011) and HPV risk (23%
vs. 7%, p =0.048) than pre-implementation, although
rates were still low. No other significant differences were
seen between study arms over time regarding post-imple-
mentation survey items.

Discussion

In this study, we found no significant differences in PCCs’
opinions on cancer prevention and screening questions
related to breast, cervical, colorectal, or lung cancer or
HPV vaccination between the control arm receiving UC
and two CDS-focused intervention arms in a clinic-RCT
prior to CDS implementation. Some significant differ-
ences were seen between study arms post-CDS imple-
mentation, such as UC PCCs having higher rates of
comfort discussing breast cancer screening options with
patients than in both intervention arms, and CDS inter-
vention arm PCCs having higher rates of noting the EHR
printed breast, cervical, colorectal, and HPV vaccination
materials and calculating colorectal cancer risk than UC
PCCs. Furthermore, we found significant differences in
survey responses within all three study arms over time,
but these differed between UC and the two intervention
arms. Significant differences in survey items within inter-
vention arms were primarily in areas where the CDS and/
or SDMT could be expected to impact clinical practice.
These included significant increases in EHR alerts for
patients overdue for cervical (CDS arm) and lung (CDS
and CDS+SDMT arms) cancer screening, improving
ordering of lung cancer screening in the EHR (CDS arm),
and providing opportunities for lung and HPV risk calcu-
lation in the EHR (CDS+SDMT arm). Rates of using a
lung or breast cancer risk calculator also increased signif-
icantly in at least one intervention arm (CDS+ SDMT).
Of note, both intervention arms saw significant decreases
in how comfortable PCCs were in advising patients on
available breast cancer screening options; however, rates
stayed similar over time in the usual care arm. Most CDS
and CDS+ SDMT intervention arm PCCs found value in
the CDS, would recommend it to colleagues, and thought
it provided benefits to patients, but few PCCs reported
regularly using the CDS.

A recent survey of 37 PCCs practicing in another Mid-
western healthcare system found that most PCCs were
comfortable using CDS system alerts for patients over-
due for cancer prevention and screening, but that com-
pared to physicians, advanced practice clinicians (e.g.,
nurse practitioners and physician assistants) had signifi-
cantly higher rates of agreeing that CDS system alerts
were straightforward, the current number of alerts was
acceptable, and that more alerts were needed [33]. While
the present study did not compare post-implementation
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responses by PCC type, we reported a similar compari-
son between PCC types pre-implementation [4], with
few significant differences seen between physicians and
advanced practice clinicians.

The findings from our post-CDS-implementation sur-
vey suggest modest impacts of the CDS on PCC opin-
ions related to the EHR and some cancer prevention and
screening areas. Yet the low rate of self-reported CDS use
is a concern as it may allude to issues with intervention
adoption. Other studies have also demonstrated many
barriers to clinician uptake of a CDS tool. Workflow
incompatibilities, redundant alerts, time and resource
burden, incorrect material, not being appropriate for
the situation, repetitive information, limited training,
and feeling threatened by the technology were all cited
by clinicians as barriers to using CDS [34, 35]. As we
noted previously [2], the “Ten Commandments for Effec-
tive Clinical Decision Support” described by Bates et al.
in 2003 are still relevant today, particularly those related
to CDS and time, workflow, hard stops, simplicity, con-
ciseness, monitoring and responding, and managing the
CDS systems [36]. The GUIDES checklist, published after
our CDS was developed, appears to be a useful tool to aid
adoption and use of future cancer prevention and screen-
ing-focused CDS in primary care [2, 37].

Of note, PCCs in both intervention arms reported
significantly lower levels of being very comfortable
regarding making breast cancer screening decisions
with patients post-implementation compared to pre-
implementation. This may be due to the CDS and the
SDMT using USPSTF recommendations for breast can-
cer screening for average risk women (mammogram
every other year starting at age 50) [19] that differed
from the healthcare system’s recommendations that all
women age 40 and older receive annual mammograms
(similar to recommendations by the American College
of Radiology) [38, 39]. The CDS and SDMT also recom-
mended that PCCs calculate patients’ breast cancer risk
score in making shared decisions with patients regarding
when to start screening for breast cancer in individual
patients [40]. Our survey findings suggest that the CDS
and SDMT may have introduced some uncertainty into
this discussion for PCCs given the conflicting USPSTFE
and institutional recommendations [22], and the different
pathways for women with higher risk.

Limitations

Limitations to this study include those related to self-
reported survey research (e.g., social desirability, miss-
ing data, and nonresponse bias) [4, 7], as well as the
passage of time, the potential impact of other cancer
prevention and screening initiatives within the health-
care system, and attrition. Some respondents may
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also have changed between pre-implementation and
post-implementation. While all PCC eligibility crite-
ria were the same for survey recruitments at both time
points, PCCs’ individual eligibility may have changed
due to changes in care roles and clinics, as well as the
addition of new PCCs in clinical practice between
pre-intervention and post-intervention surveys.
Rooming staff, tasked with printing the CDS handouts
for patients and PCCs, may also have changed; how-
ever, to address the limitation of changes in PCC and
rooming staff, ongoing and multimodal training was
provided for all intervention clinic staff by the study
team throughout the intervention [1, 2, 8]. Statistical
methods comparing pre-implementation and post-
implementation responses within study arms assumed
independence, although some respondents may have
contributed to both sets of survey responses, while
others only one. Due to the real-time deidentification
of the data, there was no way to determine individual
PCC response patterns. Furthermore, individual clini-
cian variance may explain between group differences.
Also, analyses were limited to bivariate comparisons.
We were unable to compare differences in opinions
between PCCs practicing in rural compared to urban
clinic locations due to anonymized data. Differences
may exist between rural and urban PCCs, as rural
healthcare faces a shortage of PCCs and other areas of
clinical care [41, 42]. Prior research did explore differ-
ences in pre-implementation survey responses by PCC
type (advanced practitioners compared to physicians)
[4]. Lastly, this survey only gauged PCC opinions.
Future research should assess low long shared deci-
sion-making conversations between PCCs and patients
last when using CDS and/or SDMT for cancer preven-
tion and screening, as well as the quality and outcomes
of those discussions. The results of a qualitative study
we conducted by interviewing 37 patients seen in 10 of
the RCT’s intervention arm clinics immediately after
their visits suggested that patients who discussed the
CDS with their PCC during their visit may be more
likely to make a choice regarding cancer prevention
and screening than patients who received the CDS but
did not review it with their PCP, a finding that future
research should investigate further [6].

Conclusions

In this pre- and post-implementation survey study of
a CDS intervention for cancer prevention and screen-
ing in primary care for patients due for breast, cervical,
colorectal, or lung cancer screening or HPV vaccina-
tion, we found that most PCCs practicing in CDS (with
or without SDMT) intervention arms would recommend
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the CDS to colleagues and found it held value for
patients and within their practice. However, PCCs also
described lower self-reported CDS use rates than would
be expected with these positive perspectives on the pri-
mary intervention. Our findings also suggest that the
EHR-linked CDS impacted PCC perceptions in areas like
printing materials and providing risk calculators. Within
intervention arms but not in UC, rates of PCCs’ comfort
with discussing breast cancer screening also declined
between pre- and post-implementation surveys, suggest-
ing that the CDS may have had an unexpected impact
on PCCs level of comfort in this area. Whether reported
changes in PCC opinions within study arms would
lead to care practice changes, and potential benefits to
patients, requires further study. Forthcoming findings
from the RCT in which this survey study took place will
examine this in more detail, as should future research on
cancer prevention and screening CDS with or without
SDMT in primary care.

Abbreviations

ACIP: Advisory Committee on Immunization Practices; CDC: Centers for
Disease Control and Prevention; CDS: Clinical decision support; EHR: Electronic
health record; HPV: Human papillomavirus; PCC: Primary care clinician; RCT:
Randomized control trial; SDMT: Shared decision-making tools; UC: Usual care;
USPSTF: United States Preventive Services Task Force.

Acknowledgements
HealthPartners Institute, Essentia Health, and Dr. Joseph A. Bianco, Essentia
Health Co-Investigator on the study who provided clinical advice.

Authors’ contributions

MH drafted of the manuscript. EC and LF contributed to the drafting of the
manuscript. MH, EC, and SA analyzed the study data. TE, DS, PO, JSH, AT, HE, JZ,
CA, and SA edited the manuscript. JZ led the survey administration. CA, AT, HE,
LF, and MH managed the study. TE, DS, and MH provided study supervision. All
authors read and approved the final manuscript.

Funding

This study was funded by the National Institutes of Health/National Cancer
Institute (grant number ROT1CA193396). The funder did not take part in the
design of the reported study or the collection, analysis, or interpretation of
data or in writing the manuscript.

Declarations

Ethics approval and consent to participate

This study was reviewed and approved by the Essentia Institute of Rural Health
Institutional Review Board (Protocol number EIRH-16-1550). All methods were
performed in accordance with relevant institutional and federal guidelines
and regulations. The Essentia Health Institutional Review Board waived the
requirement of documentation of informed consent for this survey, as the
survey was not sensitive. Primary care clinicans were notified in the invitation
email that “The survey is entirely voluntary and your responses will only be
reported as an aggregate summary of all provider responses.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Harry et al. BMC Health Services Research (2022) 22:38

Author details

'Essentia Institute of Rural Health, 502 E. Second Street, Duluth, MN 55805,
USA. 2HealthPartners Institute, 3311 E. Old Shakopee Road, Bloomington, MN
55425, USA. 3Carle Foundation Hospital, Clinical Business and Intelligence, 611
W Park St, Urbana, IL 61801, USA.

Received: 10 August 2021 Accepted: 14 December 2021
Published online: 06 January 2022

References

1. Harry ML, Truitt AR, Saman DM, Henzler-Buckingham HA, Allen CI, Walton
KM, et al. Barriers and facilitators to implementing cancer prevention
clinical decision support in primary care: a qualitative study. BMC Health
Serv Res. 2019;19:534. https://doi.org/10.1186/512913-019-4326-4.

2. Harry ML, Saman DM, Truitt AR, Allen Cl, Walton KM, O'Connor PJ, et al.
Pre-implementation adaptation of primary care cancer prevention
clinical decision support in a predominantly rural healthcare system.
BMC Med Inform Decis Mak. 2020;20(1):117. https://doi.org/10.1186/
$12911-020-01136-8.

3. Kwon HT, Ma GX, Gold RS, Atkinson NL, Wang MQ. Primary care
physicians’cancer screening recommendation practices and per-
ceptions of cancer risk of Asian Americans. Asian Pac J Cancer Prev.
2013;14:1999-2004.

4. Saman DM, Walton KM, Harry ML, Asche S, Truitt A, Henzler-Buckingham
H, et al. Understanding primary care providers' perceptions of cancer
prevention and screening in a predominantly rural healthcare system in
the upper Midwest. BMC Health Serv Res. 2019;19:1019. https://doi.org/
10.1186/512913-019-4872-9.

5. Samimi G, Heckman-Stoddard BM, Holmberg C, Tennant B, Sheppard BB,
Coa K, et al. Cancer prevention in primary care: perception of impor-
tance, recognition of risk factors and prescribing behaviors. Am J Med.
2020;133(6):723-32. https://doi.org/10.1016/j.amjmed.2019.11.017.

6. Saman DM, Harry ML, Freitag LA, Allen CI, O'Connor PJ, Sperl-Hillen JM,
et al. Patient perceptions of using clinical decision support for cancer
screening and prevention:“l wouldn't have thought about getting
screened without it” J Patient Cent Res Rev. In press.

7. Saman DM, Chrenka EA, Harry ML, Allen Cl, Freitag LA, Asche SE, et al.
The impact of personalized clinical decision support on primary care
patients'views of cancer prevention and screening: a cross-sectional
survey. BMC Health Serv Res. 2021;21:592. https://doi.org/10.1186/
$12913-021-06551-9.

8. Elliott TE, O'Connor PJ, Asche SE, Saman DM, Dehmer SP, Ekstrom HL, et al.
Design and rationale of an intervention to improve cancer prevention
using clinical decision support and shared decision making: a clinic-
randomized trial. Contemp Clin Trials. 2021;102:106271. https://doi.org/
10.1016/j.cct.2021.106271.

9. Harry ML, Saman DM, Allen Cl, Ohnsorg KA, Sperl-Hillen JM, O'Connor
PJ, et al. Understanding primary care provider attitudes and behaviors
regarding cardiovascular disease risk and diabetes prevention in the
northern Midwest. Clin Diabetes. 2018;36(4):283-94. https://doi.org/10.
2337/cd17-0116.

10. Konrad TR, Link CL, Shackelton RJ, Marceau LD, von dem Knesebeck O,
Siegrist J, et al. It's about time: physicians’ perceptions of time constraints
in primary care medical practice in three national healthcare systems.
Med Care. 2010;48:95-100.

11. Yarnall K, Pollak K, @stbye T, Krause KM, Michener JL. Primary care: is there
enough time for prevention? Am J Public Health. 2003;93:635-41.

12. Bright TJ, Wong A, Dhurjati R, Bristow E, Bastian L, Coeytaux RR, et al. Effect
of clinical decision-support systems: a systematic review. Ann Intern Med.
2012;157(1):29-43.

13. Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker
KI. An overview of clinical decision support systems: benefits, risks, and
strategies for success. npj Digit Med. 2020;3:17. https://doi.org/10.1038/
s41746-020-0221-y.

14. Osheroff J, Teich J, Levick D, Saldana L, Velasco F, Sittig D, et al. Improving
outcomes with clinical decision support: an implementer’s guide. 2nd ed.
Chicago: ILHIMSS publishing; 2012.

15. Sperl-Hillen JM, Rossom RC, Kharbanda El, Gold R, Geissal ED, Elliot TE,
et al. Priority wizard: multisite web-based primary care clinical decision

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31
32.
33.

34.

35.

Page 13 of 14

support improved chronic care outcomes with high use rates and high
clinician satisfaction rates. eGEMs. 2019;7(1):9. https://doi.org/10.5334/
egems.284.

O'Connor PJ, Sperl-Hillen JM, Rush WA, Johnson PE, Amundson GH, Asche
SE, et al. Impact of electronic health record clinical decision support on
diabetes care: a randomized trial. Ann Fam Med. 2011;9:12-21.
Sperl-Hillen JM, Crain AL, Ekstrom HL, Margolis K. A clinical decision sup-
port system promotes shared decision-making and cardiovascular risk
factor management. J Patient Cent Res Rev. 2016,3:218.

Sperl-Hillen JM, Crain AL, Margolis KL, Ekstrom HL, Appana D, Amund-
son G, et al. Clinical decision support directed to primary care patients
and providers reduces cardiovascular risk: a randomized trial. J Am Med
Inform Assoc. 2018;25:1137-46 https://doi.org/10.1093/jamia/ocy085.
U.S. Preventive Services Task Force. Final recommendation statement:
Breast cancer: Screening. 2016. https://www.uspreventiveservicestaskf
orce.org/Page/Document/RecommendationStatementFinal/breast-can-
cer-screening 1. Accessed 9 Aug 2021.

U.S. Preventive Services Task Force. Final recommendation statement.
Cervical cancer: screening. 2018. https://www.uspreventiveservicestaskf
orce.org/uspstf/recommendation/cervical-cancer-screening. Accessed 9
Aug 2021.

US Preventive Services Task Force, Bibbins-Domingo K, Grossman DC,
Curry SJ, Davidson KW, Epling JW Jr, et al. Screening for colorectal cancer:
US Preventive Services Task Force Recommendation Statement. JAMA.
2016;315(23):2564-2575. doi: https://doi.org/10.1001/jama.2016.5989.
Erratum in: JAMA. 2016;316(5):545. Erratum in: JAMA. 2017;317(21):2239.
Moyer VA. US preventive services task force. Screening for lung cancer:
U.S. preventive services task force recommendation statement. Ann
Intern Med. 2014;160(5):330-8 https://doi.org/10.7326/M13-2771.
Meites E, Kempe A, Markowitz LE. Use of a 2-dose schedule for human
papillomavirus vaccination — updated recommendations of the advisory
committee on immunization practices. MMWR Morb Mortal Wkly Rep.
2016;65:1405-8. https://doi.org/10.15585/mmwr.mm6549a5.

Wagner EH. Chronic disease management: what will it take to improve
care for chronic illness? Eff Clin Pract. 1998;1:2-4.

Bodenheimer T, Wagner E, Grumbach K. Improving primary care

for patients with chronic iliness: the chronic care model. JAMA.
2002;288:1775-9.

Bodenheimer T, Wagner EH, Grumbach K. Improving primary care for
patients with chronic illness. JAMA. 2002;288(14):1775-9. https://doi.org/
10.1001/jama.288.14.1775.

Brooke J. SUS: a‘quick and dirty’ usability scale. In: Jordan PW, Thomas B,
Weerdmeester BA, McClelland AL, editors. Usability evaluation in industry.
London: Taylor and Francis; 1996.

National Cancer Institute. National survey of primary care physicians’
recommendations & practice for breast, cervical, colorectal, & lung cancer
screening; 2018. https://healthcaredelivery.cancergov/screening_rp/.
Accessed 9 Aug 2021.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap) -- a metadata-driven methodology and
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009,42(2):377-81.

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. REDCap
consortium, the REDCap consortium: building an international com-
munity of software partners. J Biomed Inform. 2019. https://doi.org/10.
1016/},jbi.2019.103208.

SAS Institute Inc. SAS® software, Version 9.4. 2015. Cary, NC.

SAS Institute Inc. SAS Enterprise Guide vs 8.1.1.4580. 2019. Cary, NC.
Kelsey EA, Njeru JW, Chaudhry R, Fischer KM, Schroeder DR, Croghan IT.
Understanding user acceptance of clinical decision support systems to
promote increased cancer screening rates in a primary care practice. J
Prim Care Community Health. 2020;11:2150132720958832. https://doi.
0rg/10.1177/2150132720958832.

Dixon BE, Kasting ML, Wilson S, Kulkarni A, Zimet GD, Downs SM. Health
care providers' perceptions of use and influence of clinical decision sup-
port reminders: qualitative study following a randomized trial to improve
HPV vaccination rates. BMC Med Inform Decis Mak. 2017;17:119. https://
doi.org/10.1186/512911-017-0521-6.

Marc DT, Khairat SS. Why do physicians have difficulty accepting clinical
decision support systems? Stud Health Technol Inform. 2013;192:1202.


https://doi.org/10.1186/s12913-019-4326-4
https://doi.org/10.1186/s12911-020-01136-8
https://doi.org/10.1186/s12911-020-01136-8
https://doi.org/10.1186/s12913-019-4872-9
https://doi.org/10.1186/s12913-019-4872-9
https://doi.org/10.1016/j.amjmed.2019.11.017
https://doi.org/10.1186/s12913-021-06551-9
https://doi.org/10.1186/s12913-021-06551-9
https://doi.org/10.1016/j.cct.2021.106271
https://doi.org/10.1016/j.cct.2021.106271
https://doi.org/10.2337/cd17-0116
https://doi.org/10.2337/cd17-0116
https://doi.org/10.1038/s41746-020-0221-y
https://doi.org/10.1038/s41746-020-0221-y
https://doi.org/10.5334/egems.284
https://doi.org/10.5334/egems.284
https://doi.org/10.1093/jamia/ocy085
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/breast-cancer-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/breast-cancer-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/breast-cancer-screening1
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening
https://doi.org/10.1001/jama.2016.5989
https://doi.org/10.7326/M13-2771
https://doi.org/10.15585/mmwr.mm6549a5
https://doi.org/10.1001/jama.288.14.1775
https://doi.org/10.1001/jama.288.14.1775
https://healthcaredelivery.cancer.gov/screening_rp/
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1177/2150132720958832
https://doi.org/10.1177/2150132720958832
https://doi.org/10.1186/s12911-017-0521-6
https://doi.org/10.1186/s12911-017-0521-6

Harry et al. BMC Health Services Research

36.

37.

38.

39.

40.

(2022) 22:38

Bates DW, Kuperman GJ, Wang S, Gandhi T, Kittler A, Volk L, et al. Ten com-
mandments for effective clinical decision support: making the practice of
evidence-based medicine a reality. JAMIA. 2003;10(6):523-30.

Van de Velde S, Kunnamo |, Roshanov P, Kortteisto T, Aertgeerts B,
Vandvik PO, et al. The GUIDES checklist: development of a tool to
improve the successful use of guideline-based computerized clinical
decision support. Implement Sci. 2018;13:86. https://doi.org/10.1186/
$13012-018-0772-3.

Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA. Breast
cancer screening in women at higher-than-average risk: recommenda-
tions from the ACR. J Am Coll Radiol. 2018;15(3 Pt A):408-414. https://doi.
0rg/10.1016/jjacr2017.11.034.

Monticciolo DL, Newell MS, Hendrick RE, Helvie MA, Moy L, Monsees B,

et al. Breast cancer screening for average-risk women: recommenda-
tions from the ACR Commission on breast imaging. J Am Coll Radiol.
2017;14(9):1137-43.

National Cancer Institute. Breast Cancer Risk Assessment Tool. National
Cancer Institute website. https://bcrisktool.cancergov/. Accessed 9

Aug 2021.

41. Skinner L, Staiger DO, Auerbach DI, Buerhaus PI. Implications of an aging
rural physician workforce. N Engl J Med. 2019;381:299-301. https://doi.
org/10.1056/NEJMp1900808.

42. Weinhold |, Gurtner S. Understanding shortages of sufficient health care
in rural areas. Health Policy. 2014;118:201-14. https://doi.org/10.1016/].
healthpol.2014.07.018.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s13012-018-0772-3
https://doi.org/10.1186/s13012-018-0772-3
https://doi.org/10.1016/j.jacr.2017.11.034
https://doi.org/10.1016/j.jacr.2017.11.034
https://bcrisktool.cancer.gov/
https://doi.org/10.1056/NEJMp1900808
https://doi.org/10.1056/NEJMp1900808
https://doi.org/10.1016/j.healthpol.2014.07.018
https://doi.org/10.1016/j.healthpol.2014.07.018

	Primary care clinicians’ opinions before and after implementation of cancer screening and prevention clinical decision support in a clinic cluster-randomized control trial: a survey research study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Sampling
	Survey instrument
	Intervention
	Data collection
	Data analysis

	Results
	Pre-implementation survey comparison between study arms
	Post-implementation survey comparison between study arms
	Cancer screening and prevention
	Electronic health record
	CDS functionality and use in the CDS and CDS + SDMT intervention arms

	Comparison between pre-implementation and post-implementation surveys
	Longitudinal within study arm comparisons


	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


