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T reatment of elevated low-density lipoprotein cholesterol 
(LDL-C) is part of standard care for patients with coronary 
artery disease (CAD). National treatment guidelines recom-

mend an LDL-C goal of <100 mg/dL for all patients with CAD and 
a goal of <70 mg/dL for those at particularly high risk.1,2 In addition, 
the National Committee for Quality Assurance Healthcare Effective-
ness Data and Information Set (HEDIS), a tool used by the majority 
of health plans to measure performance on various dimensions of care 
and service, includes the proportion of patients with cardiovascular 
conditions who have LDL-C values of <100 mg/dL as part of the per-
formance measures.3 

Statins are the mainstay treatment option for lowering LDL-C and 
have been shown to improve clinical outcomes and survival among 
patients with CAD.4 As a result of this and other treatment strategies, 
there has been a decrease in both the numbers of deaths and the rate of 
death from CAD.5 However, real-world data consistently demonstrate 
that a significant portion of patients with CAD are not screened, ini-
tiated on lipid-lowering therapy, or treated to recommended LDL-C 
goals.6-8 Although the reasons for undertreatment have not been fully 
elucidated, healthcare provider, patient, and healthcare system factors 
likely all contribute.

 In an effort to improve treatment patterns, multidisciplinary cardiac 
disease management programs have been established.9-12 A meta-analysis 
of randomized controlled trials demonstrated that such programs improve 
processes of care, risk factor profiles including lipid and blood pressure 
levels, appropriate use of secondary prevention medications, and quality 
of life, and result in fewer hospitalizations for the patients enrolled.11 
The majority of studies evaluating these programs have focused their 
evaluations on a prespecified enrollment time in a program, but have 
not investigated the sustainability of a program’s interventions over time 
once patients are discharged. Thus, few studies have explored the main-
tenance of treatment goals after discharge from such programs.12-14

Given limited resources within healthcare systems, care delivery 
must be focused and efficient in order to provide care to the greatest 

number of high-risk patients and to be 
able to expand care to other patients 
who could derive benefit, such as 
those with diabetes, peripheral arteri-
al disease, or cerebrovascular disease. 

	 In this issue
		  Take-Away Points / p498
	 www.ajmc.com
		  Full text and PDF

Outcomes of Patients Discharged From Pharmacy-Managed 
Cardiovascular Disease Management

Kari L. Olson, PharmD; Thomas Delate, PhD; Jon Rasmussen, PharmD;  

Tammy L. Humphries, PharmD; and John A. Merenich, MD;  

for the Clinical Pharmacy Cardiac Risk Service Study Group

Objective: To evaluate whether patients with coro-
nary artery disease (CAD) discharged from the 
Clinical Pharmacy Cardiac Risk Service (CPCRS) 
would maintain their lipid goals with use of an 
electronic laboratory reminder system. 

Study Design: A 2-year, randomized study at 
Kaiser Permanente Colorado.

Methods: Patients with prior CAD (acute myo-
cardial infarction, coronary artery bypass graft 
surgery, percutaneous coronary intervention) 
who had been enrolled in the CPCRS for at least 
1 year and who had 2 consecutive low-density 
lipoprotein cholesterol (LDL-C), non–high-density 
lipoprotein cholesterol, and blood pressure read-
ings at goal within 6 months before enrollment 
were randomized to remain in the CPCRS (CPCRS 
care) or to receive usual care from primary care 
physicians plus laboratory reminder letters (usual 
care). The primary outcome was maintenance of 
LDL-C goal at study end. The t test and c2 test of 
association were used to assess differences in 
mean and categorical values, respectively. 

Results: A total of 421 patients (214 CPCRS care, 
207 usual care) were randomized. Their mean age 
was 72 years; 74% were male. After 1.7 years of 
follow-up, the proportions of patients maintain-
ing their LDL-C goal of <100 mg/dL were 91% and 
93.1% in the CPCRS care and usual care groups, 
respectively (P = .46). The proportions maintain-
ing their LDL-C goal of <70 mg/dL were 68.6% and 
56.8% in the CPCRS care and usual care groups, 
respectively (P = .23).

Conclusion: This study demonstrated that LDL-C 
measures can remain controlled in most patients 
discharged from a cardiac disease management 
program.

(Am J Manag Care. 2009;15(8):497-503)
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However, methods to maintain the gains achieved within 
cardiac disease management programs need to be evaluated 
because such services are resource intensive. The purpose of 
this study was to evaluate whether patients with CAD who 
were at their LDL-C goal would maintain lipid control after 
discharge from a cardiac disease management program. 

METHODS
Study Design

This was a 2-year, randomized controlled study conducted 
at Kaiser Permanente Colorado (KPCO). Kaiser Permanente 
Colorado is a group-model, closed-panel, nonprofit health 
maintenance organization that provides integrated healthcare 
services to more than 480,000 members at 18 medical offices 
in the Denver-Boulder metropolitan area. Kaiser Permanente 
Colorado utilizes electronic medical records that contain all 
office visit, vital, laboratory, and pharmacy data. Approval to 
conduct the study with a waiver of informed consent was ob-
tained from the KPCO Institutional Review Board. 

Study Setting
In 1998, KPCO established the Clinical Pharmacy Car-

diac Risk Service (CPCRS), a centralized, clinical pharmacy 
specialist–managed, physician-directed disease management 
program that utilizes a systems-based approach to focus on 
the long-term management of more than 12,000 patients 
with CAD.10 All KPCO patients with a history of acute myo-
cardial infarction, percutaneous coronary interventions, or 
coronary artery bypass graft surgery are enrolled into the pro-
gram through direct referral by primary care physicians, re-
ferral from a registered nurse–managed cardiac rehabilitation 
program, or administrative queries of International Classifica-
tion of Diseases, Ninth Revision codes. The CPCRS staff work 
closely with primary care providers, cardiologists, and nurses 
to ensure that lipids are controlled, evidence-based second-
ary prevention treatment strategies are initiated and adhered 
to, and follow-up laboratory tests are completed. The CPCRS 
focuses on patient follow-up to ensure that appropriate lipid-
lowering, antihypertensive, and smoking cessation medica-

tions are initiated and titrated, as 
necessary. Patient care is delivered 
primarily over the telephone.

All interventions by the 
CPCRS are made using collab-
orative drug therapy management 
protocols for lipid, hypertension, 
and laboratory management. With 
regard to fasting lipid profiles 
(FLPs), the CPCRS reorders labo-

ratory tests approximately 8 to 12 weeks after any changes to 
lipid-lowering medications or therapeutic lifestyle changes 
and does so until the patients have achieved their LDL-C 
goal. Once patients are at their goal, FLPs are ordered every 6 
months until at least 2 consecutive LDL-C values are at goal, 
at which time patients are monitored yearly. With regard to 
blood pressure, the specialists review blood pressure at the 
time FLP results are available and adjust medications accord-
ingly. The patient’s primary care physician is notified of any 
medication changes via the electronic medical record. 

All patients are entered into a Web-based electronic 
database (HealthTrac), which is integrated with the KPCO’s 
administrative, laboratory, pharmacy, diagnosis/procedure, 
vital sign, and demographic data. The HealthTrac database 
is used to identify patients due for laboratory tests in order 
to send reminder letters and minimize missed laboratory 
appointments. The CPCRS has achieved high participa-
tion rates (>90% of the entire CAD population at KPCO). 
The service also has achieved top-tier HEDIS scores, with 
98% of the population screened and 82.8% with LDL-C of 
<100 mg/dL, and has demonstrated improvements in both 
surrogate and clinical outcomes of the patients enrolled.15,16 
Prior to this investigation, patients were monitored by the 
CPCRS indefinitely or until they terminated their health 
plan membership with KPCO.

Study Population
Patients identified for inclusion in the study were those 

who required only yearly follow-up per the CPCRS treatment 
protocol. Patients had to have at least 2 consecutive LDL-C 
and non–high-density lipoprotein cholesterol (non–HDL-
C) values at goal; the most recent value had to have been 
recorded within 6 months prior to study enrollment. There 
was no prespecified required time frame between the 2 FLPs 
for eligibility. The LDL-C and non–HDL-C goals were de-
fined as <100 mg/dL and <130 mg/dL, respectively, for all 
patients except those with diabetes, multivessel coronary 
disease, at least 1 recurrent coronary event, or current smok-
ers. For these patients, the LDL-C and non–HDL-C goals 
were <70 mg/dL and <100 mg/dL, respectively.1,2,10

Take-Away Points
Patients with coronary artery disease can maintain their lipid levels after discharge from a 
disease management program. 

n	 Disease management programs for patients with heart disease improve processes of care 
and risk factor profiles for the patients enrolled; however, they are resource intensive.

n	 Patients can maintain lipid levels after discharge from such programs through the use of 
electronic laboratory reminder letters.

n	 Such a system of follow-up will allow disease management programs to provide care to 
other high-risk populations without the need for additional resources.
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with specific questions regarding patients with significant 
medication side effects. Physicians did, however, have access 
to regional guidelines for the treatment of CAD risk factors.

Outcome Measures
Patients were followed for 2 years (until August 31, 2007) 

or until the date of termination of KPCO membership, a 
recurrent cardiovascular event, or death, whichever came 
first (study end). The primary outcome measure was the 
percentage of patients maintaining the LDL-C goal at study 
end. A number of secondary outcome measures were evaluat-
ed: the occurrence of fatal/nonfatal coronary events, all-cause 
mortality, and any-cause hospitalization over the 2-year study 
period between groups. Coronary events were defined as acute 
myocardial infarction, percutaneous coronary intervention, 
and/or coronary artery bypass graft. In addition, blood pressure 
control, maintenance of non–HDL-C goal, and persistence 
with lipid-lowering therapy were assessed at study end. The 
lipid and blood pressure values assessed for the outcomes were 
those reported most recently but no later than 1 year prior to 
the study end date. Persistence was confirmed if a patient had 
a day’s supply of lipid-lowering therapy, based on the fill date 
and supply, which overlapped the study end date. 

Sample Size
Based on dichotomizing the LDL-C goal and assuming 

that 99% of the CPCRS care group and 90% of the usual care 
group would remain at LDL-C goal at follow-up, a total of 150 
study patients per group (300 study subjects) were required to 
provide a power of 80% and a 2-sided alpha of .05. To account 
for study subjects who terminated KPCO membership over 
the 2-year study period (estimated at approximately 20%), 
the sample size was increased to 400 patients.

Statistical Analysis
All statistical analyses were performed on an intention-to-

treat basis utilizing SAS statistical software (SAS, Cary, NC). 
Baseline characteristics were reported as means, medians, and 
standard deviations for interval-level and ratio-level variables 
(eg, age, length of time between events, mean lipid levels) 
and proportions for nominal-level and ordinal-level data (eg, 
sex, cardiovascular event history). Interval-level outcome 
variables were assessed for normality of their distributions, 
and appropriate tests (eg, t test, rank-sum test) were used to 
assess differences in mean values between groups. To assess 
differences in proportions between groups on categorical vari-
ables, the Pearson c2 test of association was utilized. Patients 
were excluded from an analysis if they had missing data in the 
follow-up period. The alpha level for statistical significance 
was set at .05.

Patients also were required to have controlled blood pres-
sure within 6 months prior to study enrollment. The blood 
pressure goal was defined as <140/90 mm Hg for all patients 
except for those patients with diabetes or chronic kidney dis-
ease, for which the goal was <130/80 mm Hg.17 Patients were 
excluded if they had a glycosylated hemoglobin measurement 
of >9% within the previous 6 months, had dementia, died 
within 30 days of randomization, or had a life expectancy of 
less than 3 years.

Study Procedures
All patients eligible for study enrollment were identified 

administratively using the HealthTrac database and random-
ized on September 1, 2005. Eligible patients were randomly 
assigned in a 1:1 fashion using a computer-generated list of 
random numbers to either continue to receive CPCRS care 
or to be discharged from the CPCRS to receive usual care 
from the primary care team plus laboratory reminder letters 
(usual care).

Patients randomized to CPCRS care continued to receive 
the standard care delivered by the CPCRS for all CAD pa-
tients in the program. This care consisted of clinical pharmacy 
specialists telephoning patients to review the results of their 
annual FLP, blood pressure measurements, and medications 
and adherence; counseling on diet and exercise regimens; and 
making medication adjustments to maintain treatment goals. 
The specialists ordered follow-up laboratory tests through 
the electronic medical record. Additionally, all patients were 
mailed letters informing them of their results, were scheduled 
for a follow-up FLP, and received laboratory reminder letters. 
Each patient contact was documented in the electronic medi-
cal record for other healthcare providers to review and was 
estimated to take the clinical pharmacy specialist approxi-
mately 15 minutes.

Patients randomized to usual care were discharged from the 
CPCRS at the time of study enrollment (September 1, 2005), 
and an FLP was ordered for 1 year in the future with results 
to be returned electronically to each patient’s primary care 
physician. It was the responsibility of the physician to address 
the results as they became available and order follow-up labo-
ratory tests, as needed, during the study period. Patients in 
the usual care group received laboratory reminder letters that 
were generated electronically using the HealthTrac database. 
However, unlike the CPCRS care group, patients in the usual 
care group received no contact or counseling by the CPCRS 
specialists or letters informing them of their FLP or blood 
pressure results. Other than the aforementioned reminder let-
ters, physicians received no additional clinical assistance from 
CPCRS specialists with respect to the usual care patients. In 
rare instances, physicians were able to contact the CPCRS 
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RESULTS
A total of 421 patients were randomized; 207 to usual care 

and 214 to CPCRS care. The reasons for study exclusion are 
detailed in the Figure. There were no differences between the 
groups at baseline (Table 1). The mean age of the popula-
tion enrolled was 72 years and 74% were male. The majority 
of patients had a diagnosis of hypertension and a history of 
acute myocardial infarction. The majority of patients (76%) 
had an LDL-C goal of <100 mg/dL and 89% had a blood pres-
sure goal of <140/90 mm Hg. The mean time of enrollment in 
the CPCRS prior to randomization was 4 years. The majority 
of patients (79%) were followed for the entire 2-year study 
duration; however, 8.4% terminated membership in KPCO 
(average of 9 months after randomization) and 12.6% died or 
had a recurrent cardiovascular event (average of 12 months 
after randomization) before the study end. The mean duration 
of follow-up was 1.8 years in the CPCRS care group and 1.6 
years in the usual care group (P = .02). 

The main study results are displayed in Table 2. The over-
all percentage of patients with at least 1 FLP performed during 
the study follow-up was 92.8% (94.3% CPCRS care vs 91.3% 

in usual care; P = .21). The percentage of patients who main-
tained their LDL-C goal at study end was 85%. The percent-
ages of patients who maintained their LDL-C goal of <100 
mg/dL at study end were 91% and 93.1% in the CPCRS care 
and usual care groups, respectively (P = .46). The percentages 
of patients who maintained their LDL-C goal of <70 mg/dL 
at study end were 68.6% and 56.8% in the CPCRS care and 
usual care groups, respectively (P = .23). There were no dif-
ferences between groups in maintenance of the non–HDL-C 
goal at study end (88.7% CPCRS care and 88.2% usual care; 
P = .89).

Overall, 75.7% of patients maintained their blood pres-
sure goal by study end. A higher proportion of patients in 
the usual care group maintained a blood pressure goal of 
<140/90 mm Hg compared with those in the CPCRS care 
group (75% CPCRS care vs 84.2% usual care; P = .03). 
Among those with a blood pressure goal of <130/80 mm Hg, 
there were no differences between groups in the proportion 
that maintained their goal (60% CPCRS care vs 54.5% usual 
care; P = .71).

There were few coronary events during the study period. A 
total of 3.3% of patients in CPCRS care compared with 5.8% 
in usual care experienced a fatal/nonfatal coronary event dur-
ing the study period (P = .21). Similarly, there were no differ-
ences in all-cause mortality (8.4% CPCRS care vs 7.7% usual 
care; P = .80) or any-cause hospitalization (33.6% CPCRS 
care vs 27.1% usual care; P = .14) between groups. There were 
no differences in persistence with lipid-lowering therapy be-
tween groups at the end of the study (86.5% CPCRS care vs 
85.5% usual care; P = .78).

DISCUSSION
This 2-year, randomized study demonstrated that both 

LDL-C and blood pressure can remain controlled among pa-
tients with CAD discharged from our cardiac disease manage-
ment program to usual care with laboratory reminder letters. 
We found that the majority of patients maintained their LDL-
C and blood pressure goals at study end. In addition, there 
were no differences in the rates of recurrent coronary events 
and deaths at study end, although our study was not powered 
to evaluate these differences. 

Few studies have evaluated the outcomes of patients dis-
charged from cardiac risk reduction programs. One retrospec-
tive analysis of 68 patients (43.5% with prior CAD) evaluated 
follow-up and maintenance of lipid goals after being discharged 
back to usual care from a pharmacist-coordinated, multidisci-
plinary lipid clinic.13 All patients were advised to schedule an 
appointment with their physician within 6 months of discharge 
for review of their FLP, and a clinic discharge summary of these 

n  Figure. Patient Disposition

2165 patients

1846 patients

1579 patients

1162 patients

483 patients

425 patients

Randomization

 Exclusions:

CPCRS <1 year: 319

A1C >9%: 267

LDL-C not at goal or 
not available within 
previous 6 months: 417

BP not at goal or 
not available within 
previous 6 months: 679

Non–HDL-C above goal or 
not available within 
previous 6 months: 58

Died within 30 days: 4

A1C indicates glycosylated hemoglobin; BP, blood pressure; CPCRS, 
Clinical Pharmacy Cardiac Risk Service; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol.
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recommendations was sent to each 
patient’s physician. This study found 
that 53% and 43% of patients dis-
charged for at least 6 months and 1 
year, respectively, did not have a fol-
low-up FLP completed; however, this 
study did not report the outcomes for 
the CAD patients specifically. Fur-
thermore, LDL-C was maintained 
in only 61% of patients who had 
originally achieved their goal prior 
to clinic discharge.13 A nonrandom-
ized study of 481 patients with CAD 
evaluated maintenance of LDL-C 
levels as a secondary outcome mea-
sure 18 months after discharge from 
a collaborative care intervention 
compared with usual care.12 During 
the follow-up period after discharge, 
LDL-C levels were maintained in the 
intervention group and remained 
statistically lower than those in the 
usual care group. Finally, a study of 
411 primary and secondary preven-
tion patients who were followed 
for an average of more than 2 years 
after discharge from a cardiac risk 
reduction program with no system-
atic follow-up found no statistically 
significant changes in LDL-C levels 
over time.14

None of the aforementioned stud-
ies reported on the maintenance of 
blood pressure goals, and only one reported on the proportion 
maintaining their LDL-C goal after discharge. Our study pro-
vides further evidence from a prospective, randomized study 
that lipid levels and blood pressure can be maintained for at 
least 2 years.

In our study, rather than discharging patients from our 
CPCRS with no coordinated, systematic follow-up, we uti-
lized an electronic laboratory reminder system for the usual 
care patients to ensure that, at a minimum, annual FLPs were 
obtained. Given the small proportion of patients with no FLPs 
over the 2-year study (7.2%), this system was effective. This 
study provides support for the position that most patients 
who achieve their LDL-C goal within a risk reduction pro-
gram will likely maintain that goal once discharged. Although 
more than 90% of the patients in our study with an LDL-C 
goal of <100 mg/dL maintained that goal, the proportion who 
maintained their LDL-C goal of <70 mg/dL was much lower 

in both groups, although not statistically different between 
groups. This result suggests that a 1-year follow-up interval 
may not be sufficient for those patients with more aggressive 
LDL-C goals; and shorter periods of follow-up may be war-
ranted to maintain these goals. Future studies are needed to 
address this issue.

Our study is not without limitations. We did not evaluate 
the length of time it took to get to treatment goals within 
the CPCRS prior to study enrollment and whether this had 
an impact on the maintenance of LDL-C control. Thus, we 
cannot provide recommendations as to the length of time pa-
tients should remain within a risk reduction program before 
being discharged. The results of this study may not be gen-
eralizable to healthcare systems that do not have electronic 
medical records with laboratory ordering and patient tracking 
capabilities. This study relied heavily on the use of these elec-
tronic systems for patient tracking and follow-up. It is possible 

n Table 1. Baseline Demographics for the Study Populationa

 
Characteristic

Usual Care  
(n = 207)

CPCRS Care  
(n = 214)

Male 160 (77) 151 (71)

Age, mean (SD), y 71 (9) 72 (10)

Current smoker 6 (3) 9 (4)

Diabetes 18 (9) 24 (11)

Hypertension 133 (64) 147 (69)

Chronic kidney disease 4 (2) 1 (0.5)

Prior myocardial infarction 114 (55) 104 (49)

Percutaneous coronary intervention 105 (51) 99 (46)

Coronary artery bypass graft surgery 62 (30) 62 (29)

Systolic blood pressure, mean (SD), mm Hg 117 (12) 118 (11)

LDL-C, mean (SD), mg/dL 69 (16) 70 (15)

Non–HDL-C, mean (SD), mg/dL 93 (17) 94 (17)

Treatment goals

    LDL-C <100 mg/dL 160 (77) 162 (76)

    LDL-C <70 mg/dL  47 (23)  52 (24)

    Blood pressure <140/90 mm Hg 185 (89) 189 (88)

    Blood pressure <130/80 mm Hg 22 (11)  25 (12)

Medication use

    Statin 186 (90) 194 (91)

    Nonstatin 12 (6) 6 (3)

    b-Blocker 139 (67) 129 (60)

    ACE inhibitor/ARB 106 (51) 114 (53)

Time in service prior to enrollment, mean (SD), y 4 (2) 4 (1)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CPCRS, Clinical 
Pharmacy Cardiac Risk Service; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol.  
aValues are number (percentage) unless indicated otherwise.
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that patients may have maintained their goals with no system-
atic follow-up, as suggested by prior observational studies.12-14 
Lastly, we did not compare the economic outcomes between 
groups. Additional resources (eg, more intense lipid manage-
ment pharmacotherapy, more frequent clinic visits) may have 
been required to maintain the lipid control observed.

CONCLUSION
As evidence continues to emerge supporting the aggres-

sive use of secondary prevention medications and control of 
risk factors for not only patients with CAD but also other 
high-risk patients, healthcare systems need to determine 
methods to deliver comprehensive and focused care to all 
patients that is sustainable over time. Cardiac disease man-
agement programs deliver comprehensive and focused care. 
Resources typically limit delivery of care to select patients 
at any given time. This study demonstrates that the major-
ity of patients will maintain lipid and blood pressure goals 
after discharge from such programs with minimal, systematic 
follow-up. The ability to discharge well-controlled patients 
from a disease management program may permit expanding 
care to other high-risk patients without the need for addi-
tional resources. 
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