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Abstract 

Background  The aim of this quality improvement (QI) project was to increase Colorectal Cancer (CRC) screening 
in patients ages 50–75 years from a baseline of 27–40% within 12 months in a primary care clinic in limited resource 
communities.

Methods  The multidisciplinary QI-team applied the Plan-Do-Study-Act method and developed stakeholder analy-
sis, an Ishikawa fish bone diagram, a process flow map, and a driver diagram. Major barriers to suboptimal CRC 
screening included limited health literacy, language preferences, absence of stool test options, and knowledge gaps 
among patients and providers. The outcome measure was CRC screening rates, while stool test and colonoscopy 
completion rates served as process measures. Major interventions included the use of a patient-navigator, leveraging 
digital health technology to create a novel CRC screening data dashboard, educating patients and providers, patient 
centered-shared decision making, and creating messages and educational videos in patient’s preferred languages. We 
used monthly run charts and statistical process control charts (SPC) for data analysis.

Results  We observed a sustainable, steady increase in CRC screening rates from baseline rates of 27.0–40.0% 
(n = 1304/3271) during the study period and 45.6% (n = 1493/3,271) six months post-study, with median rates of 34.0% 
in the run chart and mean rates of 43.0% in the SPC chart. Furthermore, we observed an increase in colonoscopy 
completion rates during the study and six months post-study to 65.0% (n = 411/631) and 72.9% (n = 461/631) respec-
tively, from a baseline rate of 25.0%, with a median of 63.0% in the monthly run chart.

Conclusion  The increase in CRC screening rates highlights the effectiveness of addressing barriers such as health lit-
eracy, language preferences, and knowledge gaps. This underscores the value of a multifaceted approach and the role 
of a patient navigator in enhancing preventive, patient-centered care. This project focused on population health 
and addressing social determinants of health to overcome disparities and improve CRC screening in a primary care 
setting. Continued emphasis on these strategies is likely to further advance colorectal cancer screening efforts.
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Introduction
Colorectal cancer (CRC) is the third most common can-
cer diagnosed in both men and women, and the second 
leading cause of cancer-related deaths in the US [1]. In 
2022, an estimated 149,500 new CRC cases and 53,100 
deaths occurred in the US, with expected progression 
of similarly high rates in 2023 [2, 3]. The United States 
Preventive Services Task Force (USPSTF) recommends 
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routine CRC screening for adults aged 45–75 years. Indi-
viduals with a familial history of CRC or other risk fac-
tors may require earlier or more frequent screenings [4]. 
Disparities in screening rates are pronounced in under-
resourced communities, notably among African Ameri-
cans, who face the highest mortality rates from CRC 
despite having the lowest screening rates [5, 6]. Similar 
trends are observed among other under-resourced ethnic 
groups, including Hispanic and Native American popula-
tions, also report lower CRC screening rates [7]. Evidence 
suggests that Social Determinants of Health (SDOH), 
including low health literacy, language barriers, and lack 
of access to transportation, contribute to these disparities 
[8]. CRC screenings play a crucial role in early detection 
and prevention of CRC [9]. The stool tests and colonos-
copy are the most used CRC screening tests. Stool tests, 
such as the stool DNA test, are non-invasive methods 
that detect the presence of blood and CRC-associated 
DNA changes in the stool, offering an accessible screen-
ing option [4, 10, 11]. In contrast, colonoscopies are inva-
sive but serve as the gold standard for CRC screening as 
they enable the detection and removal of precancerous 
polyps, thus preventing CRC development [4, 10].

The Internal Medicine Clinic (IMC) is the largest 
community-based academic clinic, located in the urban 
northern section of the Buffalo, New York. It serves a 
patient population of about 8,000 individuals in need 
of resources. The IMC is a part of Kaleida Health, the 
largest healthcare organization in Buffalo. As of Sep-
tember 2021, the CRC screening rate for the patient 
population at the IMC was 27%, significantly below the 
2021 national average and far from the National Colo-
rectal Cancer Roundtable’s (NCCRT) goal of achieving 
an 80% CRC screening rate in every community [12]. In 
2021, CRC screening based on the most recent guidelines 
was received by 71.8% of adults aged 50–75 [2, 3]. Our 
organization supported NCCRT’s goal and provided the 
highest support to increase CRC screening rates for the 
IMC patient population. The clinic research team was led 
by a lead QI physician and resident physician team lead-
ers from the Internal Medicine and preventive Medicine, 
combined residency program, and Internal Medicine 
residency program. A multi-disciplinary team including 
clinic administrative leadership, the clinic medical direc-
tor and a senior analyst from information technology 
were highly engaged in these quality improvement initia-
tives. Furthermore, our health care organization received 
a grant from American Cancer Society (ACS) to increase 
CRC screening rates and to mitigate health care disparity 
in under resourced communities.

We identified significant gaps in colorectal cancer 
(CRC) screening, including limited access to colonoscopy 
and stool-based tests, inaccurate data capture for CRC 

screening, and the inability to track data by race and eth-
nicity in the existing electronic health records (EHR). The 
multifaceted strategies implemented focused on patient-
centered, shared decision-making and improving colo-
noscopy access through a patient navigator, all aimed at 
increasing CRC screening rates.

Methods
The global aim was to mitigate healthcare disparities in 
evidence-based CRC screening by executing multifaceted 
strategies, using patient centered shared decision mak-
ing approach [13] in the target population. The primary 
focus was to optimize the healthcare delivery system, 
promote equity, and enhance health outcomes for CRC 
by addressing SDOH barriers, improving care coordina-
tion, and enhancing education within our clinic popula-
tion. The specific aim of this QI project was to increase 
the CRC screening rate from 27.0 to 40.0% among 
patients aged 50–75 years by offering stool-based tests 
and colonoscopy options to eligible patients at IMC 
within a 12-month period. The three objectives were to: 
(1) Increase CRC screening in high-risk patients through 
completion of colonoscopy and in average-risk patients, 
increase screening via stool test or colonoscopy comple-
tion based on patient’s choice, (2) Enhance digital health 
technology for accurate medical documentation, (3) Cre-
ate a population health electronic dashboard to improve 
timely access and tracking of CRC screening rates by race 
and ethnicity. High risk patients were defined as patients 
with a personal or family history of colorectal cancer or 
pre-cancerous polyps, patients with inflammatory bowel 
disease (ulcerative colitis or Crohn’s disease) or familial 
adenomatous polyposis or other hereditary familial can-
cer syndrome.

Patient population and settings
Our primary care clinic is an academic, community-
based IMC in Buffalo, providing care for an under-
resourced community. Most patients are black, refugees, 
immigrants or Hispanic. This population has limited 
English proficiency, low health literacy and many do not 
speak English as their first language. Spanish and Arabic 
are the preferred first languages for some patients. The 
IMC is the largest primary care clinic in Buffalo, New 
York, comprised of a diverse, multidisciplinary patient 
care team of 53 resident physicians, 8 providers, nurses, 
social workers, referral specialists, gastroenterology (GI) 
attending, information technology staff and administra-
tive staff. The patient care team speaks over 10 different 
languages including Spanish and Arabic. The IMC is one 
of the main sites for resident physicians’ longitudinal, 
continuity of care experience for the IM residency pro-
gram at University of Buffalo. This study was reviewed by 
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the human subject institutional review board (IRB) and 
was classified as exempt. Informed consent was waived 
by IRB.

Design
The design of this innovative population health QI pro-
ject was based on a “Safe, Timely, Effective, Efficient, 
Equitable and Patient-Centered” (STEEEP) model [14] 
The multidisciplinary QI-team applied Define, Measure, 
Analyze, Improve and control (DMAIC) approach [15] 
(Supplementary Table 1). The multidisciplinary QI team 
was comprised of patients and their families, a patient 
care team, a patient navigator, the Lead QI physician, two 
resident team leaders, a liaison from ACS and leadership 
from the IMC, gastroenterology clinics and information 
technology department. The multidisciplinary QI team 
performed a stakeholder analysis to outline stakeholder 
engagement strategies in weekly group meetings and face 
to face interviews in the two months. Resident physicians 
and clinic providers engaged patients during clinic visit 
encounters. Core QI team members included the lead QI 
physician, clinic directors, resident team leaders and an 
ACS liaison. The Core QI team members met weekly to 
brainstorm various ideas to identify and overcome barri-
ers to suboptimal CRC screening. The lead QI physician, 
clinic medical director and clinic manager conducted 
small group feedback sessions with other stakeholders 
including front line clinic staff, resident physicians, and 
patients. The QI team developed an Ishikawa fishbone 
diagram and a driver diagram with engagement of a mul-
tidisciplinary team. The QI team used the SQUIRE 2.0 
guidelines for this project [16].

Data collection
Our study involved the same group of patients before, 
during and after the intervention. Therefore, our denomi-
nator population remained stable at baseline, during the 
study and post study period. We identified a target popu-
lation of 3,271 patients seen in 2021 in the clinic. 40.88% 
of the whole clinic population (n = 3,271/8,000) was our 
target population. The QI team used Cerner EHR(s) 
for CRC screening data during the initial phase of the 
QI project. Due to inaccuracies and incomplete data in 
the Cerner EHR(s), additional time was required to col-
lect colonoscopy completion reports from outside the 
health system, making the process challenging. Colonos-
copy orders and completion data were not available from 
the Cerner EHR. Therefore, We designed a novel, health 
equity electronic, population health dashboard for CRC 
screening. Variables comprised of patient’s demographic 
data including race and ethnicity, and various measures. 
We designed special reports for the outcome meas-
ures, and colonoscopy order and completion rates. This 

dashboard was created from “HealtheIntent”, a Cerner’s 
population health platform. HealtheIntent is made up of 
over 50 data sources including, but not limited to vari-
ous hospital and health system’s EHRs and claims data of 
major community health insurances such as Highmark, 
Independent Health, Univera and Fidelis. The research 
team was internal to the health care organization and 
received access for the dashboard and collected data 
directly from the dashboard. Run charts and SPC charts 
were created from the data.

We used the DNA stool test,  Cologuard  (Multitarget 
(mt)-sDNA), from Exact Sciences laboratories avail-
able in the United States. There was a lack of interface 
between the Cerner EMR and mt-sDNA stool test. The 
QI team collected data from “EpicCare Link” software 
by exact sciences laboratories, an electronic patient reg-
istry. Resident team leaders accessed this registry and 
tracked all mt-sDNA stool test orders, status and results. 
Exact sciences faxed individual patient’s results and these 
results were scanned in the clinic EHR. Positive results 
were sent to clinic providers for follow up and notifica-
tion to patients.

Family of measures

Outcome measure  The outcome measure was to 
increase the CRC screening rate from 27.0 to 40.0% in 
patients aged 50–75 by offering mt-sDNA  stool-based 
testing and colonoscopy options for eligible patients at 
the IMC within a 12-month period. Our study involved 
the same group of patients before, during and after the 
intervention. Therefore, our denominator population 
remained stable at baseline, during the study and post 
study period. We identified a target population of 3,271 
patients seen in 2021 in the clinic. 40.88% of the whole 
clinic population (n = 3,271/8,000) was our target popula-
tion. The target population for CRC screening improve-
ments included patients 50–75 years that never had CRC 
screening or had a normal colonoscopy 10 years ago or 
had a negative mt-sDNA stool test 3 years ago or had a 
negative fecal immunochemical test (FIT) one year ago, 
or those that were due for a repeat surveillance colonos-
copy after an initial screening colonoscopy based on his-
tory of prior pre-cancerous polys.

Process measures  The QI team used the following pro-
cess measures of performance: (1) mt-sDNA-Stool test 
completion rates, (2) Increase in colonoscopy completion 
rates from the baseline rates of 25.0–50.0%, (3) increase 
in diagnostic colonoscopy completion rates after a mt-
sDNA positive stool test to 30% from the estimated base-
line rates of 10% within 12 months, and (4) objective 
improvement in the resident physicians’ knowledge from 
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education, assessed by pre and post-test multiple choice 
questions after a PowerPoint Presentation for SDOH, 
CDC inclusive language and for evidence based guide-
lines for CRC.

Balance measures  These included an increase in patient 
and physician satisfaction and increase in colonoscopy 
wait times due to increase in the demand. We designed 
8 questions surveys using a 5-point Likert scale to receive 
providers’ feedback (Supplementary Fig. 1).

Strategy (interventions)
The QI team implemented a total of 10 interventions 
based on various secondary drivers (Table  1) with an 
engagement of 27 members of clinic patient care team 
and 53 resident physicians. The $20,000 ACS grant was 
allocated to fund patient navigation services at four 
hours per week over one year, as well as for printing 
costs associated with patient mailings, such as postcards, 
and pocket cards for physicians. The grant also sup-
ported patient incentives. Videos and skits were created 
internally by engaging clinic staff and physicians, incur-
ring no additional costs. Additionally, our healthcare 
organization’s IT leadership developed a dashboard at no 
expense. The lead QI physician and resident team leaders 
contributed time to create postcards, pocket cards, and 
EHR templates, and facilitated dashboard development, 
enhancing both patient and provider education. Patient 
education materials were supplied by ACS at no cost. 
Although the grant budget included potential costs for 
transportation and co-pays for diagnostic colonoscopies 
following positive mt-sDNA stool tests, these funds were 
ultimately unused due to insurance coverage.

During the pre-study period, we conducted interven-
tion 1 (stakeholder analysis and multidisciplinary team 
engagement) and intervention 2 (Education to provid-
ers, care team and patients). During the study period, we 
completed 7 interventions (interventions 3–9). We cre-
ated process flow maps for CRC screening (Fig. 1a) and 
positive mt-sDNA  stool test (Fig.  1b). During the post 
study period, we implemented intervention 10 (Creation 
of dashboard and closing colonoscopy referral loop).

 Table 1.

Data analysis
Data analysis was performed by monthly run charts and 
a statistical process control chart (SPC), proportion (p) 
chart by using QI macros software for Excel 2021 (Know-
Ware International, Denver, CO). We used a run chart 
and a SPC P chart to plot our data over time to reflect 
changes related to various interventions. The  Run chart 

and SPC chart are the recommended tools for data analy-
sis for QI projects [17]. We included rules for interpret-
ing run charts and SPC to enhance the robustness of the 
study findings.

Results
Demographic characteristics of the patient population 
who completed CRC screening during the pre-study, 
study and post study period are displayed in Table 2. The 
demographics of those that completed CRC screening 
were similar to the general clinic population.

We utilized an Ishikawa fishbone diagram to con-
duct root cause analysis for barriers to suboptimal CRC 
screening. The QI team identified SDOH barriers in 
patients and knowledge gaps among patients and pro-
viders as significant factors (Fig.  2a). The team created 
a driver diagram and identified five primary drivers and 
fifteen secondary drivers to optimize CRC screening 
(Fig. 2b: Driver Diagram).

Outcome measures
CRC screening rates
We observed a sustainable, steady increase in CRC 
screening rates from the baseline rate of 27.0% 
(n = 885/3,271) to 40.0% (n = 1304/3271) and 45.6% 
(n = 1493/3,271) during the study and post-study period, 
respectively. The median and mean were 34.0% and 43.0% 
during both the study and post-study period respec-
tively, as shown in monthly run chart and SPC chart. We 
observed the rule of shift, indicated by 6 or more suc-
cessive points above the baseline which is indicative of 
variation attributable to nonrandom attributable change 
in the process based on the run chart rule (Fig. 3a). Our 
SPC chart demonstrated a shift, 8 successive points on 
one side of the center line, signaling a special cause vari-
ation [18] (Fig.  3b). Rules of run chart and SPC charts 
confirmed special cause variation, attributable to changes 
in the process resulting in to improved outcome and 
demonstrated robustness of this study findings [19]. Our 
study involved the same group of patients before, dur-
ing and after the intervention. Therefore, our denomina-
tor, population remained stable at baseline, during study 
and post study period. We identified target population 
of 3,271 patients seen in 2021 in the clinic. 40.88% of the 
whole clinic population (n = 3,271/8,000) was our target 
population.

Process measures
Colonoscopy completion rates
Our baseline colonoscopy completion rate was approxi-
mately 25.0% in 2021. We observed a steady increase in 
colonoscopy completion rates for all ordered colonosco-
pies during the study period (January 1, 2022 - December 
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Table 1  Interventions and “Change Ideas” to Advance Health Equity in CRC screening, S: secondary driver; ACS: American Cancer 
Society; SDOH: Social Determinants of Health; CDC: Center for Disease Control; NCCRT: National colorectal cancer roundtable

Interventions and Secondary Drivers Change Ideas Tested

Intervention 1 (S1, S2)
Stakeholder Analysis and Multi
disciplinary Team Engagement
September 2022-October 2022

• Stakeholder Analysis & Partner with Exact Science and ACS liaison
• Multi-disciplinary team engagement including front-line staff & patients
• Lead QI Physician, resident team leaders and administrative leadership champion
• Weekly meeting with core team members, Q5 weekly feedback & data sharing with stakeholders

Intervention 2 (S3, S4, S10, S11, S15)
Education to patients & providers
November 2021-December 2021

• PowerPoint presentation on SDOH & CDC guidelines on principles for inclusive communication education 
to providers & residents
• Structured didactics for residents and clinic staff about USPSTF and ACS CRC guidelines
• Offer mt-sDNA-stool test as an option for average risk patients
• Transportation vouchers, facilitation by clinic social workers

Intervention 3 (S11, S12, S15)
EHR template & Patient Registry
January-February 2022

• Create Standard algorithm and clinic workflows, create & implement EHR template
• Train providers to use EHR reminders & recall for due & overdue patients during clinic visits
• Provide access of “Epic care Link” database for stool-DNA test result to registered nurses for tracking & follow 
up of positive results
• Create Process flow map for CRC screening, positive mt-sDNA stool test
• Design pocket cards for providers for algorithm and clinic workflows

Intervention 4 (S5, S9, S10)
Patient Engagement and Creation of
Video
March 2022-May 2022

• Demonstrate mt-sDNA-stool test kit in patient’s language in examination room
• Create customized “Simplified instructions for mt-sDNA stool test in preferred languages to patients
• Provide patient education about CRC and screening options by brochures and one on one education 
in patient’s preferred language by multi-lingual materials
• Utilize translator services and use of multilingual residents during clinic visits
• Create culturally tailored skits and special messages in video by clinic providers & care team in English, Span-
ish and Arabic languages

Intervention 5 (S4, S6, S7, S9, S15)
Advance Education and Patient
Navigator
April- May 2022

• Provide brochure from Exact Science with QR code for video showing how to perform mt-sDNA stool test 
at home to patients
• Co-pays cost for diagnostic colonoscopy after positive mt-sDNA-stool test
• Patient navigation for colonoscopy scheduling and closing the loop
• Patient navigator scanning outside mt-sDNA tests and colonoscopy reports as structured data in EHR
• Patient education in preferred languages & at patient’s health literacy level including “special messages” 
from NCCRT​

Intervention 6 (S5, S8)
Patient Outreach and Leveraging EHR
June 2022

• Send reminder letter for no-shows and for patients that lost follow up
• Create customized multi-lingual postcards for client reminder and recall
• Patient navigator for reminder & recall by telephone communication
• Reminder calls to return kit and offer education on how to perform the test, scheduling assistance for diag-
nostic colonoscopy after positive mt-sDNA stool test & screening colonoscopy for high risk patients
• Provide client reminders in culturally tailored, patient’s preferred languages
• Culturally tailored patient education in patient’s health literacy level

Intervention 7 (S3, S11, S15)
Provider Advance Education and
Enhancement of Referral Workflow
July-August 2022

• Refresher education to residents and educating new interns about CRC templates, pocket cards and work-
flows
• Provider group education by PowerPoint Presentation on USPSTF and ACS CRC screening guidelines 
as structured didactics
• Identification of positive mt-sDNA stool test & closing the loop for colonoscopy referrals

Intervention 8 (S15, S8, S10)
Patient Incentive
September-December 2022

• CRC education in weekly huddle with providers & care team
• Creation of mass mailing > 2000 copies of reminder cards with information in 3 languages
• $25 gift card for completion of mt-sDNA stool test or colonoscopy

Intervention 9 (S1, S10)
Stakeholder Reflection & Feedback
September-December 2022

• Educate providers in shared decision making & motivational interview techniques, offer test of choice based 
on patient preference for average risk patients
• Reinforce use of standard, customized algorithm/clinic Workflow & use of EHR template
• Grand rounds to educate about USPSTF & ACS CRC guidelines
• Patient feedback for video and CRC projects
• Resident feedback on QI tools and workflows created in CRC project

Intervention 10 (S6, S14)
Creation of Dashboard & Closing the
loop for colonoscopy
January-June 2023

• Biweekly meeting with Information Technology leadership
• Create mt-sDNA stool test scanning folder in EHR to satisfy CRC screening for negative test, activate urgent 
automated email notification of positive stool test results to registered nurses
• Scheduling assistance for urgent diagnostic colonoscopy after positive mt-sDNA stool test
• Scheduling assistance for colonoscopy based on patient’s preference for average risk patients & for high risk 
patients
• Created health equity population health CRC dashboard for accurate data capturing & reporting
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Fig. 1  (a) Process flow map for CRC screening, (b) Process flow map for positive stool test

Table 2  Demographic breakdown of patients who completed colorectal cancer screening during phases of study

Demographic Baseline 
01/2021–12/2021
(n = 885)

Study 
01/2022–12/2022
(n = 1304)

Post-Study 
01/2023–06/2023
(n = 1493)

Gender

 Female 506 (57.2%) 745 (57.1%) 864 (57.9%)

 Male 378 (42.7%) 557 (42.7%) 627 (42.0%)

 Refused/Other 1 (0.1%) 2 (0.2%) 2 (0.1%)

Race

 Black 394 (44.5%) 587 (45.0%) 669 (44.8%)

 White 365 (41.2%) 541 (41.5%) 621 (41.6%)

 Other 37 (4.2%) 51 (3.9%) 61 (4.1%)

 Refused/Unknown 89 (10.1%) 125 (9.6%) 142 (9.5%)

Ethnicity

 Not Hispanic/Latino 756 (85.4%) 1117 (85.7%) 1279 (85.7%)

 Hispanic/Latino 125 (14.1%) 181 (13.9%) 208 (13.9%)

 Refused/Unknown 4 (0.5%) 6 (0.5%) 6 (0.4%)

Fig. 2  (a) Ishikawa Diagram, (b) Diagram Driver
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Fig. 3  (a) Monthly run chart for CRC screening rates, CL: Control Limit, __: Median, (b) Monthly SPC chart for CRC Screening Rates, UCL: upper 
control limit: Control Limit, LCL: lower control limit, __: Mean, (c) Colonoscopy Completion Rates by Orders - Monthly Run Chart, CL: Control Limit, 
__: Median
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31, 2022) and post-study period (January 1, 2023 - June 
30, 2023) to 65.0% (n = 411/631) and 72.9% (n = 461/631) 
respectively, with a median of 63.0% in the monthly run 
chart (Fig. 3c).

mt‑sDNA stool test completion rates
We observed an increase in mt-sDNA Stool tests com-
pletion rates from 73.1% (n = 68/93) at baseline to 81.8% 
(n = 54/66) and 93.8% (n = 15/16) during the study period 
and post-study period, respectively.

mt‑sDNA stool test positive rates
During the study period, the mt-sDNA Stool test positive 
rate was 20.4% (n = 11/54).

Diagnostic colonoscopy completion rates after a positive 
stool test
We followed a  total of 30 patients with a  positive mt-
sDNA  stool test during pre-study study and post study 
period for follow up colonoscopy completions. We 
observed an increase of follow-up colonoscopy comple-
tion rates to 30% within 12 months from the baseline 
rates of less than 10% for diagnostic colonoscopy among 
these patients. During the 7-month post-study period, 
we achieved a 76% diagnostic colonoscopy completion 
rate (n = 19/25). Out of the 30 patients with positive 
mt-sDNA stool tests, 4 patients were ineligible for diag-
nostic colonoscopy due to terminal illness or deceased 
from other comorbidities. Colonoscopy data could not 
be obtained for one patient who changed their primary 
care physician. Five patients declined colonoscopy but 
are being monitored in the clinic with regular complete 
blood counts. One patient diagnosed with colon can-
cer underwent surgery. Most diagnostic colonoscopies 
revealed precancerous polyps, including tubular ade-
noma, tubulovillous adenoma, and sessile polyps. A few 
patients were found to have hemorrhoids, hyperplastic 
polyps, or a normal colonoscopy.

Qualitative feedback on dashboard
The lead QI physicians collaborated with IT staff and 
spent about 48 h of total time over a period of 6 months 
for the design and verification of accuracy of the dash-
board. This process was time consuming. Once the 
dashboard was fully functional, the QI physician leaders 
started tracking data from the dashboard. The QI physi-
cian leaders were able to run reports and collect accurate 
data more efficiently and share data with stakeholders 
monthly. Dashboard data is refreshed every 12 h, so we 
can generate live, up to date data and reports for CRC 
screening and colonoscopy. The creation and use of a 
dashboard changed time management by the QI lead 
physicians. The QI team was able to focus and spend 

more time in the continuous QI for implemented changes 
listed in Table 2. Excellent feasibility and acceptability of 
the dashboard allowed for continuous, dedicated time 
of QI physicians to guide and foster a positive culture 
of continuous QI in the clinic. This verbal feedback was 
received from weekly team meetings.

Improvement in residents’ knowledge
Residents’ average pre- and post-test performance 
on CRC screening guidelines and SDOH educa-
tion improved from 74 to 96% and from 85 to 90%, 
respectively.

Balance measures
Resident and provider feedback survey results
Resident and provider survey results are displayed in 
supplementary Table 2.

Patient feedback results
Patients reported that they understood stool test and 
colonoscopy options for CRC screening. Patients also 
reported that they found education was very useful, so 
they were able to make decision on CRC screening. The 
providers received this feedback from the patients during 
clinic visits.

Discussion
We successfully implemented a QI project to reduce 
healthcare disparities in CRC screening, which led to an 
increase in screening rates from 26.0 to 40.0% during the 
study period, and to 45.6% six months afterward. Our 
approach involved enhancing screening options, pro-
moting shared decision-making, and addressing SDOH 
barriers such as language and health literacy. Key strat-
egies included patient education, system navigation by a 
patient navigator, and engaging both patients and pro-
viders in patient-centered care. We also launched a com-
prehensive CRC population health dashboard in January 
2023 to track screening rates by demographics and moni-
tor progress toward health equity goals. Our multifaceted 
strategies, including educational materials in preferred 
languages, and face-to-face education, demonstrated sig-
nificant improvement in screening rates. The dashboard 
did not directly improve screening rates, but it played a 
crucial role in facilitating the timely and accurate cap-
ture of data, enabling effective sharing with stakehold-
ers. This, in turn, allowed for the development of targeted 
strategies to improve CRC screening rates. However, 
challenges such as the lack of interface between multiple 
EHRs and data integration barriers remain. Employing 
patient navigators and improving access to colonoscopy 
are essential for timely completion of diagnostic proce-
dures after a positive stool test.
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Previous studies have identified various factors impact-
ing CRC screening rates, including older age, breast 
cancer survivorship, and urban residence, which cor-
relate with lower participation [20–23]. Socioeconomic 
factors such as income, education influence and health 
literacy affect mortality rates [24–27]. To address these, 
multicomponent strategies are recommended, including 
patient navigation, reminders, and community engage-
ment [5–7, 24–31]. Offering a range of screening tests 
and improving access to colonoscopy are also crucial 
[23, 32]. Patient-provider language concordance is high-
lighted as essential for culturally competent healthcare 
delivery [5, 22, 26, 29]. Cost-effectiveness analyses favor 
organized DNA tests with targeted reminders over 
universal approaches, emphasizing the importance of 
inclusive screening program design [33]. Furthermore, 
advanced dashboards offer decision support tools to ana-
lyze data and generate alerts, aiding in identifying high-
risk patients. By aggregating data, dashboards facilitate 
population health management, enabling providers to 
improve screening rates and address care disparities [34–
36]. Our study suggests that the use of a real-time CRC 
clinical dashboard is an effective tool for healthcare pro-
viders to evaluate screening data as it is collected, ena-
bling the identification of gaps in screening coverage. By 
providing an up-to-date overview of screening rates and 
individual patient progress, the dashboard allows clini-
cians to make timely interventions, improve patient care, 
and optimize screening efforts. Monitoring CRC screen-
ing rates are crucial to meet the NCCRT goal of achiev-
ing an 80% CRC screening rate in every community [12]. 
Real-time data enables more targeted, data-driven strate-
gies for improving screening uptake, addressing dispari-
ties, and ultimately reducing CRC mortality [37]. As our 
findings suggest, the implementation of such tools in 
clinical practice can play a vital role in advancing public 
health objectives and ensuring that more individuals are 
screened on schedule, leading to earlier detection and 
better outcomes.

We learned valuable lessons from this QI project, the 
first being the importance of a robust population health 
electronic registry capable of continuous and accurate 
data capture. The second lesson highlights the impor-
tance of identifying barriers to screening, such as SDOH 
barriers in patients and knowledge gaps among patients 
and providers as significant factors for CRC screening. 
Emphasizing the need to overcome these obstacles is 
crucial to ensure effective preventive care. The third, we 
recognized the challenges associated with access to fol-
low-up procedures like colonoscopies, including sched-
uling difficulties and long wait times. Addressing these 
access issues is vital for timely intervention and manage-
ment of CRC.

This project has a few limitations. First, we were una-
ble to conduct this study with a control group and were 
not able to access CRC screening rates data in similar 
population for comparisons. Second, findings from this 
study cannot be generalizable to other settings. This 
study was conducted in an academic, primary care set-
ting with limited resourced, diverse population. Third, 
we were unable to exclude patients that had a history of 
CRC cancer or total colectomy, or patients with advanced 
illness, or receiving palliative care; they were included in 
the denominator when calculating CRC screening rates. 
Therefore, we may have under reported our CRC screen-
ing rates. Fourth, process measures, specifically DNA 
stool test completion rates and colonoscopy completion 
rates are estimated over a very low number of subjects 
and therefore the results cannot be considered conclu-
sive and should be interpreted with caution. Additionally, 
our study found a rate of 20% positive results in mt-
sDNA stool tests, which is higher than the 12% positive 
rate reported in a previous study [38] suggesting poten-
tial false positives. This supports previous findings that 
mt-sDNA Cologuard has a false positive rate of approxi-
mately 13% [10, 39].

Conclusions
The unwavering commitment of the lead QI physician, 
organizational administrative leadership, and engage-
ment of a multidisciplinary team and patients were 
pivotal to the success of this QI project. A novel dash-
board provided comprehensive data for CRC screen-
ing. Through effective strategies and interventions, we 
increased CRC screening rates, reduced disparities, and 
ultimately improved health outcomes for our patients 
and the broader community.
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