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Abstract
The 2013 American College of Cardiology/American Heart
Association (ACC/AHA) guidelines focus on atherosclerotic
cardiovascular disease (ASCVD) risk reduction, using a
Pooled Cohort Equation to calculate a patient’s 10-year
risk score, which is used to guide initiation of statin
therapy. We identified a gap of evidence-based treatment
for hyperlipidaemia in the Internal Medicine Clinic.
Therefore, the aim of this study was to increase calculation
of ASCVD risk scores in patients between the ages of
40 and 75 years from a baseline rate of less than 1% to
10%, within 12 months, for primary prevention of ASCVD.
Root cause analysis was performed to identify materials/
methods, provider and patient-related barriers. Plan-DoStudy-Act cycles included: (1) creation of customised
workflow in electronic health records for documentation
of calculated ASCVD risk score; (2) physician education
regarding guidelines and electronic health record
workflow; (3) refresher training for residents and a chart
alert and (4) patient education and physician reminders.
The outcome measures were ASCVD risk score completion
rate and percentage of new prescriptions for statin
therapy. Process measures included lipid profile order and
completion rates. Increase in patient wait time, and blood
test and medications costs were the balanced measures.
We used weekly statistical process control charts for
data analysis. The average ASCVD risk completion rate
was 14.2%. The mean ASCVD risk completion rate
was 4.0%. In eligible patients, the average lipid profile
completion rate was 18%. ASCVD risk score completion
rate was 33% 1-year postproject period. A team-based
approach led to a sustainable increase in ASCVD risk score
completion rate. Lack of automation in ASCVD risk score
calculation and physician prompts in electronic health
records were identified as major barriers. Furthermore,
the team identified multiple barriers to lipid blood tests
and treatment of increased ASCVD risk based on ACC/AHA
guidelines.

Introduction
Problem
Atherosclerotic
cardiovascular
disease
(ASCVD) remains the leading cause of
mortality in the world with approximately
17.7 million annual deaths.1 The American
College of Cardiology/American Heart Association (ACC/AHA) released guidelines
on the treatment of blood lipids to reduce
ASCVD in adults in 2013.2–6 These guidelines
include a Pooled Cohort Equation risk calculator that uses age, gender, race, diabetes,

hypertension and smoking history, lipid
levels and blood systolic pressure to guide
primary prevention methods of ASCVD.3–6
In the Internal Medicine Clinic, we identified a gap of evidence-based treatment
for hyperlipidaemia; less than 1% of active,
eligible patients had ASCVD risk scores documented in electronic health record using the
ASCVD risk calculator. These data indicate
that evidence-based treatment for hyperlipidaemia using ACC/AHA guidelines were
underused in the Internal Medicine Clinic.
Background
The ACC/AHA guidelines focus on ASCVD
risk reduction, advocating for the use of
evidence-based doses of HMG-CoA-enzyme
reductase inhibitors (statins) as first-line
therapy and using a Pooled Cohort Equation
risk calculator to calculate a patient’s 10-year
risk score, which is used to guide initiation
of statin therapy.3–8 Based on this 10-year
percent risk, patients are stratified into highrisk, moderate-risk or low-risk categories and
are accordingly started on high-intensity
or medium-intensity statin medications.2–6
Therefore, identification of patients who
are eligible to receive statin therapy as per
current ACC/AHA guidelines is not possible
without calculation of the Pooled Cohort
ASCVD risk score.
Primary prevention of ASCVD includes a
heart healthy lifestyle9–12 as well as the use of
medications, including lipid lowering statins,
which target modifiable cardiovascular risk
factors and have been shown to reduce coronary artery disease, stroke and other cardiovascular diseases.9 10 There are multiple
comorbidities that are significant risk factors
for coronary artery disease, including obesity
and hyperlipidaemia, and predispose patients
to future cardiovascular events. Over 70% of
the Internal Medicine Clinic patient population has a diagnosis of hypertension and
obesity (body mass index of 30 or greater).
The majority of these patients have associated comorbidities that include type 2
diabetes mellitus and nicotine dependence.
Many of these patients have undiagnosed
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hyperlipidaemia and are at risk for major cardiovascular
mortality and morbidities such as coronary artery disease,
stroke, heart failure and premature death.13–17 Therefore, diagnosing comorbidities and implementing statin
therapy based on an ASCVD risk score is crucial to reduce
cardiovascular morbidity and mortality.3–6 Since the
majority of the Internal Medicine Clinic patients did not
have ASCVD risk score assessment, the aim of this quality
improvement project was to increase ASCVD risk score
assessment in patients between the ages of 40 and 75 years
from a baseline rate of less than 1% to 10%, within 12
months.The ultimate goal was improving treatment of
blood cholesterol for the primary prevention of ASCVD
in the Internal Medicine Clinic.
Methods
Setting
This quality improvement project was conducted in an
academic Internal Medicine Clinic, located within a
tertiary care safety net hospital. The multidisciplinary
care team included 5 attending physicians, 40 rotating
residents (Internal Medicine Residency Program of the
University at Buffalo, State University of New York),
nurses (Registered Nurses and licensed practical nurse),
a social worker and administrative staff. The population
is mostly urban and underserved patients. The Internal
Medicine Clinic provides longitudinal primary care. The
monthly average patients’ visits were about 700, with a
consistent show rate of 80%.
We create an electronic patient database, in collaboration with the information technology department,
using electronic health records. We included male and
female patients, between the ages of 18 and 75 years, seen
from June 2015 to June 2016 in the Internal Medicine
Clinic. The baseline ASCVD risk scores were less than
1% in eligible patients, calculated by retrospective review
of the health record database for patients seen within
6 months. Prior to initiation of this project, Internal
Medicine Clinic patients were diagnosed and treated for
hyperlipidaemia based on Adult Treatment Panel (ATP)
III guidelines.18–20 Patients were eligible for a lipid profile
blood test if they did not have a lipid profile completed
within the past 5 years. Patients were eligible for ASCVD
risk score calculation if they had no documented ASCVD
risk score in their electronic health record at any previous
visits. During 12 months of this quality improvement,
patients were counted more than once if they were
eligible during any clinic visit.
Measurements
The outcome measures were percentage of patients
with documented ASCVD risk score in electronic health
records, and percentage of new prescriptions for statins
based on ACC/AHA guidelines. Process measures
included: lipid profile order rate in eligible patients
and lipid profile completion rate. An increase in patient
wait time, blood test and medications costs were the
2

balanced measures. We set a low improvement target for
the outcome measure due to the following reasons: (1)
Patients in the Internal Medicine Clinic had multiple
comorbidities, therefore there was limited follow-up time
(20–30 min) and we anticipated a lack of sufficient time to
address lipid ASCVD risk documentation in every patient.
(2) We anticipated multiple barriers to the acceptance
of fasting lipid profile blood test and treatment of hyperlipidaemia as the majority of Internal Medicine Clinic
patients were underserved, uninsured and a vulnerable
population.
Data analysis
We analysed data from the electronic patient database
and created weekly statistical process control (SPC) charts
for the process measure and outcome measure.
Design
We designed our Aim statement using SMART (Specific,
Measurable, Achievable, Results, Timely) goal.21 We
also used the STEEEP (Safe, Timely, Effective, Efficient,
Equitable, Patient-centered) model from the Institute
of Medicine22 to design this project as well as the PlanDo-Study-Act (PDSA) model for quality improvement .23
A root cause analysis in a small group discussion setting
with a multidisciplinary team was performed to identify
barriers to the acceptance of lipid profile blood tests,
calculating ASCVD risk scores and treatment. Materials/
methods, provider and patient-related barriers were identified (figure 1). We addressed the identified barriers
and developed interventions to improve the ASCVD
risk documentation and treatment based on ACC/AHA
blood lipid guidelines (figure 2). Initiation of statins
for the primary prevention of ASCVD involved a shared
decision making process between the provider and
the patient during which the benefits of statin therapy,
adverse effects, potential drug-drug interactions as well as
patient preferences were discussed.
Strategy
This quality improvement was conducted for a period of
12 months (from June 2015 to June 2016). Forty residents
were divided into five cohorts; each cohort had eight residents. Internal medicine residents rotated in the ambulatory Internal Medicine Clinic every 5 weeks, residents
spent 1 week in the continuity of care clinic in the Internal
Medicine Clinic. Forty residents, five attending physicians
and ancillary Internal Medicine Clinic staff participated
in this quality improvement project. We plotted weekly
results from the database every 5 weeks during every new
cohort of residents.
PDSA cycle 1
(June–July 2015) Integration of customised workflow in
electronic health records: In collaboration with the information technology department, we created a customised electronic health record template that integrated
ASCVD risk calculation. There was no automated ASCVD
risk calculator in the electronic health record. A new
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Figure 1 Fishbone diaphragm: root cause analysis identifying barriers to hyperlipidaemia screening and ASCVD risk
calculation. ASCVD, atherosclerotic cardiovascular disease; EHR, electronic health record; IMC, internal medicine clinic; MOA,
medical office assistant; QI, quality improvement.

customised workflow included calculation of ASCVD risk
using an ASCVD risk calculator in a separate application
outside of the electronic health record and manual entry
of calculated ASCVD risk score in the electronic health
record as a structured data entry. This step was crucial to

generate trackable data from electronic health records.
ASCVD documentation of structured data was incorporated into the ‘finding’ section of the electronic health
record. We also created a customised check list in the
electronic health record to document patient-related

Figure 2 Process flow map for hyperlipidaemia screening and ASCVD risk calculation. ASCVD, atherosclerotic cardiovascular
disease. EHR, electronic health record; MOA, medical office assistant.
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barriers to acceptance of statin therapy. We included
barriers of communication, knowledge, transportation,
understanding of diagnosis and cost of medication. This
innovative electronic health record workflow generated
structured documentation under ‘Health Management’.
Physicians documented barriers to acceptance of a recommended statin therapy based on a calculated ASCVD risk
score. Patients were referred to a social worker when
physician identified ‘cost’ of the medication as the barrier
to acceptance of statin therapy.
PDSA cycle 2
(August–December 2015) Resident Education about
lipid guidelines and ASCVD workflow in electronic
health records: We identified a gap in residents’ knowledge regarding 2013 ACC/AHA lipid guidelines. The
quality improvement resident leader and attending physician champion provided training and education to the
Internal Medicine Clinic physicians and reviewed a new
customised electronic health record workflow for ASCVD
risk documentation. The team discussed guidelines and
workflow in a small group discussion format using a
PowerPoint presentation.
PDSA cycle 3
(January–March 2016) Refresher Training for Residents and Chart Alert: We provided refresher training to
internal medicine residents. The quality improvement
team assessed various physician-related barriers to documentation of ASCVD risk scores in the electronic health
record. Physicians were instructed to create manual chart
alerts to remind physicians to perform ASCVD risk calculation.
PDSA cycle 4
(April–June 2016) Patient Education and Physician
Reminder: In order to improve physician reminders
as well as patient awareness, heart-shaped reminder

pamphlets were placed in the physicians’ task boxes and
posted in patient’s examination rooms (figure 3).
Results
Process measures
Lipid profile order rates
We were unable to report accurate results of lipid order
rates due to a deficiency in the electronic database.
Therefore, we have reported imperfect estimates. A 50%
lipid profile order rate was calculated in eligible patients.
Lipid profile completion rate
The mean (average) lipid profile completion rate in
eligible patients was 18% (n=313/1691 patient visits)
(figure 4A). The completion rate is based on the total
number of patients’ visits that were eligible for a lipid
profile order. We estimated only a 50% completion rate
of fasting lipid profiles once physicians ordered the blood
test. This is based on anecdotal reports of physicians. In
our database, it was not possible to accurately identify
orders of lipid profiles. The significant variation seen in
relation to PDSA cycles was not sustainable.
Outcome measures
ASCVD risk completion rate
The average ASCVD risk calculation completion rate was
14.2% (n=364/2565 patients). The mean ASCVD risk
completion rate was 4.0% (n=364/9105 patient visits)
within a 12-month period, plotted in a weekly SPC chart
(figure 4B). During the first PDSA cycle, the ASCVD risk
calculation completion rate was very low except for a 12%
increase during the week of 5 July to 11 July 2015. This
specific weekly increase may be explained by active participation of team residents that were assigned to implement
this quality improvement project as residents rotated
every 5 weeks and spent 1 week in the clinic during the
ambulatory continuity care clinic rotation. However, this

Figure 3 Handouts reminding physicians about calculating a 10-year ASCVD risk score and patients asking about their risk of
heart attack and stroke. ASCVD, atherosclerotic cardiovascular disease.
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Figure 4 (A) Weekly SPC chart: ASCVD risk calculation completion rate. (B) Weekly SPC chart: lipid completion rate. ASCVD,
atherosclerotic cardiovascular disease; LCL, lower control limit; PDSA, Plan-Do-Study-Act; SPC, statistical process control;
UCL, upper control limit.

increase was not sustainable. The ASCVD risk calculation completion rate was very low; this may be explained
by the lack of physician’s knowledge about ACC/AHA
lipid guidelines and unawareness of the new electronic
health record workflow for ASCVD risk completion, we
based these conclusions on residents’ anecdotal reports.
During the second PDSA cycle, we did not achieve any
significant increase in ASCVD risk calculation completion rates. During the third PDSA cycle, the ASCVD risk
calculation completion rate was highly variable, with a
21% increase during the week of 13 March to 19 March
2016. During the 4th PDSA cycle, we achieved unsustainable variability with an 18% increase during the week of
24 April to 30 April 2016. We had difficulty in sustaining
the improvement during the entire project; however, we
were able to sustain an ASCVD risk score completion rate
of 33% (n=644/1949 patients) during the postproject
1-year period. Several explanations for the sustainability
of this ASCVD rate increase after the project improvement period include: (1) Continuous quality improvement of ASCVD risk assessment was integrated as a
standard of care in the physician work flow as a part of
routine screening tests in the -Internal Medicine Clinic.
Bakhai S, et al. BMJ Open Quality 2018;7:e000071. doi:10.1136/bmjoq-2017-000071

(2) Annual and ongoing education of new interns and
residents regarding ACC/AHA lipid lowering guidelines
was done. (3) Reminder and reinforcement was given to
residents by an actively engaged supervising Attending
Physician Champion to address ASCVD risk score during
case presentations at the time of clinic visit.
New prescriptions for statins
A total of 359 new statin prescriptions based on ACC/
AHA guidelines were initiated in the Internal Medicine
Clinic population for primary prevention of ASCVD due
to this quality improvement project.
Balance measures
Increase in patient wait time
During this quality improvement, we did not observe a
significant increase in patient wait time during clinic visits.
The extra time required for the physician to perform
ASCVD risk calculation and to explain the calculated risk
to the patient did not result in any patient backlog during
clinic visits. This was determined by anecdotal reports of
lack of patient complaints for a long wait time and lack of
overtime for clinic staff during this project. The baseline
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time for the cycle time of a follow-up clinic visit was an
average of 1 hour from start of the registration to patient
discharge. We did not measure actual cycle time during
the project.
Cost of blood test and medications
Internal Medicine Clinic physicians identified blood
test and medication costs as a minor barrier. The cost of
statin medication was documented by physicians in the
electronic health record under barriers for acceptance
of lipid therapy; however, we were unable to retrieve an
accurate percentage of patients who refused lipid therapy
due to cost reasons. During follow-up clinic visits, patients
reported to the physicians that requirement of fasting
blood sample for lipid profile was the barrier for the
completion of lipid profile.
Summary
In the Internal Medicine Clinic, we identified a gap in the
implementation of AHA/ACC blood cholesterol guidelines, with a major deficiency in ASCVD risk scores assessment, therefore, we implemented a quality improvement
project to increase the percentage of patients with calculated ASCVD risk scores. The ultimate goal was to improve
treatment of blood cholesterol for primary prevention
of ASCVD. The mean ASCVD risk completion rate was
14.2% (n=364/2565 patients) within 12 months. ASCVD
risk score assessment completion rate was sustainable;
achieving 33% (n=644/1949 patients) 1 year post project
completion. Meaningful impact was demonstrated in the
rate of ASCVD risk calculation from the various PDSA
cycles. Manual entry of ASCVD risk calculation in electronic health record by physicians in the electronic health
record resulted in a sustainable increase in the diagnosis
and treatment of hyperlipidaemia in the Internal Medicine Clinic. The average lipid profile completion rate was
18% in eligible patients. The significant variation seen in
relation to various PDSA cycles was not sustainable for
the process measure of lipid completion rate. Low lipid
completion rates and various physician related barriers
to acceptance of the ASCVD risk calculation resulted
in a slow increase in ASCVD risk score assessment rate.
This quality improvement did not result in an increase in
opportunity costs.
This quality improvement project has been translated to an increase in the number statin prescriptions
for primary prevention of ASCVD in the Internal Medicine Clinic. We learned several important lessons. Multidisciplinary team engagement and root cause analysis
to identify various barriers were the key components
responsible for the success of this quality improvement
project. Lack of automated electronic health record algorithm support to determine eligibility for lipid testing,
calculating and documenting ASCVD risk, and clinical
decision support to determine the treatment plan were
found to be the greatest system barriers. Our electronic
health record did not have an automated and integrated
ASCVD risk calculator. The addition of this feature was
6

considered an enhancement to the existing electronic
health record, with an additional cost. Automatically
calculated risk scores can be used successfully in population health management.24 Despite these barriers, an
innovative workflow was introduced within the electronic
health record which resulted in surpassing our aim of a
10% increase in ASCVD risk score assessment within 12
months. Physician’s barriers to the acceptance of ASCVD
risk assessment included: lack of electronic chart alerts
and lack of extra time needed to complete the ASCVD
risk score assessment during the limited clinic visit while
addressing multiple chronic diseases. The continuous
feedback from quality improvement team members was
crucial to identify appropriate interventions. This quality
improvement project has resulted in an increase in the
use of ASCVD risk calculator and initiating a patient-centred approach for the management of blood cholesterol
with an ultimate goal of primary prevention of ASCVD in
the clinic population.
Interpretation
In an effort to reduce the global burden of ASCVD, the
ACC/AHA released guidelines in 2013 for treatment
of blood cholesterol for reducing the risk of ASCVD in
adults.3–6 These guidelines replaced the 2004 National
Cholesterol Education Program (NCEP) ATP III guidelines that focused on low-density lipoprotein cholesterol
(LDL-C) levels for prevention and treatment of coronary
artery disease.20 Instead, the current guidelines have
shifted the emphasis on management of risk of ASCVD
in adults.3–6 Estimated risk is based on the pooled cohort
equation to predict the risk of having a cardiovascular
event. Patients are stratified into high-risk, moderate-risk
or low-risk categories and accordingly started on high-intensity or medium-intensity statin medications. Additionally, for high-risk patients with clinical ASCVD, LDL
cholesterol ≥190 mg/dL, diabetes history and estimated
10-year ASCVD risk ≥7.5% should be on a high-intensity statin.3–6 Prior to this quality improvement, Internal
Medicine Clinic patients were treated for hyperlipidaemia based on ATP III guidelines. Current evidence
validates the efficacy of implementation of therapies
based on ASCVD risk scores.7 8 25–29 However, less than 1%
of the Internal Medicine Clinic population had ASCVD
risk scores completed; therefore, implementation of the
current evidence-based treatment guidelines is the most
effective way to increase primary prevention and management of ASCVD in the Internal Medicine Clinic.
Limitations
This quality improvement project has several limitations:
(1) We were unable to retrieve the rate of new statin
prescriptions and rate of modification (change in dose
or intensity) of prescriptions for primary prevention of
ASCVD based on ACC/AHA guidelines in Internal Medicine Clinic. (2) This quality improvement was conducted
in a safety-net primary care clinic in patients with multiple
comorbidities. These results are not generalisable to
Bakhai S, et al. BMJ Open Quality 2018;7:e000071. doi:10.1136/bmjoq-2017-000071
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other settings. (3) We did not analyse the results of
specific types of patient-related barriers to the acceptance
of statin therapy.
Conclusion
A team-based approach including patient’s engagement was critical in the success of this quality improvement project. We have implemented ASCVD risk score
assessment as a standard of care in the Internal Medicine Clinic. We plan to increase ASCVD risk score assessment substantially and make interventions sustainable
by shifting the responsibility of ASCVD risk calculation
from the physician to the nursing staff, and creation of
a chart alert to remind physicians during previsit planning. These steps may increase physician’s efficiency and
physician’s acceptance of ASCVD risk score discussion
with patients, and offering of evidence-based treatment
for primary prevention of ASCVD in clinic patients. The
next phase of this study will focus on ensuring appropriate of statin prescriptions (dose and recommended
intensity) based on ACA/AHA guidelines. With regard
to future directions to improve and continue our efforts
towards primary prevention of ASCVD, we are planning
to monitor therapeutic responses as well as adherence to
statin therapy by repeating lipid panels to confirm the
percent decrease in serum low-density lipoprotein within
6 months to 1 year after initiation of statin therapy.
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