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ABSTRACT

BACKGROUND: It has been demonstrated in previous studies that pharma-
cist management of patients with type 2 diabetes mellitus (T2DM) in the 
outpatient setting not only improves diabetes-related clinical outcomes 
such as hemoglobin A1c but also blood pressure (BP), total cholesterol 
(TC), and quality of life. Improved control of BP and TC has been shown 
to reduce the risks of cardiovascular disease (CVD), which has placed a 
heavy economic burden on the health care system. However, no study has 
evaluated the cost-effectiveness of pharmacist intervention programs with 
respect to the long-term preventive effects on CVD outcomes among T2DM 
patients.

OBJECTIVES: To (a) quantify the long-term preventive effects of pharma-
cist intervention on CVD outcomes among T2DM patients using evidence 
from a matched cohort study in the outpatient primary care setting and (b) 
assess the relative cost-effectiveness of adding a clinical pharmacist to the 
primary care team for the management of patients with T2DM based on 
improvement in CVD risks with the aid of an economic model.

METHODS: Clinical data between the periods of June 2007 to February 
2010 were collected from electronic medical records at 2 separate clinics 
at Kaiser Permanente (KP) Northern California, 1 with primary care physi-
cians only (control group) and the other with the addition of a pharmacist 
(enhanced care group). Patients in the enhanced care group were matched 
1:1 with patients in the control group according to baseline characteris-
tics that included age, gender, A1c, and Charlson comorbidity score. The 
estimated 10-year CVD risk for both groups was calculated by the United 
Kingdom Prospective Diabetes Study (UKPDS) Risk Engine (version 2) 
based on age, sex, race, smoking status, atrial fibrillation, duration of dia-
betes, levels of A1c, systolic BP (SBP) and TC, and high-density lipoprotein 
cholesterol (HDL-C)observed at 12 months. There was no statistical differ-
ence in the baseline clinical inputs to the Risk Engine (A1c [P = 0.115], SBP 
[P = 0.184], TC [P = 0.055], and HDL-C [P = 0.475]) between the 2 groups. A 
Markov model was developed to simulate the estimated CVD outcomes over 
10 years and to estimate cost-effectiveness. The final outcomes examined 
included incremental cost and effectiveness measured by life years and 
per quality-adjusted life year gained. Both deterministic sensitivity analysis 
(SA) and probabilistic SA were conducted to examine the robustness of the 
results.

RESULTS: The estimated risks for coronary heart disease (CHD) and stroke 
(both nonfatal and fatal) at the end of the follow-up were consistently lower 
in the enhanced care group compared with the control group, even though 
baseline risks in both groups were similar. The absolute risk reduction 
(ARR) between the enhanced care and control groups increased over time. 
For example, the ARR for nonfatal CHD risk in year 1 was 0.5% (1.2% vs. 
0.7%), whereas the ARR increased to 5.5% in year 10 (14.8% vs. 9.3%). 
Similarly, the ARR between the enhanced care and the control groups was 
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calculated as 0.3% for fatal CHD in year 1 and increased to 4.6% in year 10.  
Results from the Markov model suggest that the enhanced care group 
was shown to be a dominant strategy (less expensive and more effective) 
compared with the control group in the 10-year evaluation period in the 
base-case (average or mean results) scenario. Sensitivity analysis that 
took into account the uncertainty in all important variables, such as wage 
of pharmacists, utility weight (the degree of preference individuals have 
for a particular health state or condition), response rate to pharmacists’ 
care, and uncertainty associated with the estimated 10 years of CVD risk, 
revealed that the relative value of enhanced care was robust to most of 
the variations in these parameters. Notably, the level of cost-effectiveness 
measured by net monetary value depends on the time horizon adopted by 
the payers and the magnitude of CVD risk reduction. The enhanced care 
group has a higher chance of being considered as a cost-effective strategy 
when a longer time horizon such as a minimum of 4 to 5 years is adopted.

CONCLUSIONS: Adding pharmacists to the health care management team 
for diabetic patients improves the long-term CVD risks. The longer-term 
CVD risk reductions were shown to be more dramatic than the short-term 
reduction. A longer time horizon adopted by health plans in managing T2DM 
patients has a higher probability of making the intervention cost-effective.
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•	The economic burden associated with cardiovascular disease 
(CVD) complications among type 2 diabetes mellitus (T2DM) 
patients is substantial. Adults with diabetes are 2-4 times more 
likely to have heart disease or stroke, and the total direct medical 
care costs for treating 1 typical established CVD patient can be 
$18,953 per year.

•	Pharmacist management of patients with T2DM in the outpatient 
setting not only improves diabetes-related clinical outcomes 
such as hemoglobin A1c but also the secondary outcomes such 
as blood pressure (BP) and cholesterol levels, which are highly 
predictive of CVD risks. 

•	Pharmacist disease management programs have been shown 
to be cost-effective when considering labor and program costs. 
However, no studies have evaluated the cost-effectiveness of 
pharmacist intervention programs with respect to the long-term 
CVD outcomes among T2DM patients using a rigorous modeling 
approach. 

What is already known about this subject
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was conducted in Kaiser Permanente (KP) Northern California. 
A team of 16 primary care physicians (PCPs) in the Internal 
Medicine Department referred their diabetic patients with poor 
glycemic control (i.e., A1c > 7%) to the clinical pharmacist for 
more stringent control and medical follow-up. The pharmacist 
managing patients in this study was clinically trained, hav-
ing completed a Doctor of Pharmacy (PharmD) degree and a 
1-year post-doctoral pharmacy residency and having earned 
a Certified Diabetes Educator credential. The pharmacist pre-
scribed and adjusted medications, ordered laboratory work, 
ordered and administered immunizations, provided diabetes 
self-management education, and worked to optimize overall 
glycemic and cardiovascular care of patients. The study found 
that in the enhanced care group the mean A1c decreased from 
9.5% to 6.9% compared with 9.3% to 8.4% in the control group 
(P < 0.001) after 12 months.8 Compared with the control group, 
the enhanced care group increased the probability of achiev-
ing an A1c < 7% (odds ratio (OR) 3.9, P < 0.001), low-density 
lipoprotein cholesterol (LDL-C) < 100 milligrams per deciliter 
(mg/dL; OR 2.0, P = 0.0152), BP < 130/80 millimeter of mercury 
(mmHg; OR 2.0, P = 0.0016), and all 3 goals simultaneously 
(OR 3.2, P = 0.0004). The 10-year coronary heart disease (CHD) 
risk decreased from 16.4% to 9.3% in the enhanced care group 
compared with 17.4% to 14.8% in the control group (P < 0.001).8 

Given the clinical benefits of pharmacist intervention pro-
grams for diabetic patients, it is important to quantify their 
economic value in controlling long-term CVD risk factors from 
the payer perspective. Two studies have explored the economic 
impact of pharmacist interventions in managing diabetic 
patients. However, further data are needed to expand the lit-
erature to document the preventive outcomes of CVD risks and 
address methodological issues posed by the existing literature. 

The Asheville Project was 1 of the first large-scale studies 
to document the positive impact of a pharmacist-run diabetes 
management program on clinical and economic outcomes in 
the community pharmacy setting.9 More recently, the Diabetes 
Ten City Challenge reported similar results.10 Although both 
studies attempted to assess the economic outcomes of pharma-
cist intervention, they relied on evidence collected from com-
munity pharmacy settings in geographically distinct locations. 
Furthermore, both studies utilized outcomes measured using a 
pre- /post-comparison study design without using a concurrent 
control group. This study design has 2 main disadvantages: 
inability to control for confounding factors changing over the 
follow-up period and regression to the mean—both of which 
may bias the study outcomes. In addition, of the 2 economic 
studies available (with a control group), only 1 evaluated phar-
macist care in the outpatient setting; however, it was limited by 
documenting only program characteristics and labor costs.11,12 
In summary, previous economic evaluations have the draw-
backs of either relying on evidence lacking generalizability or 

Type 2 diabetes mellitus (T2DM) is an independent risk 
factor for cardiovascular disease (CVD) and is increas-
ingly being recognized as a controllable risk factor. 

Adults with diabetes are 2-4 times more likely to have a heart 
disease or a stroke, which is the cause of death in at least 65% 
of these patients.1 The total direct medical care costs for treat-
ing an established CVD patient can be $18,953 per year.2 In 
particular, the costs for patients who experience a secondary 
CVD hospitalization are 4.5 times higher compared with those 
who avoid subsequent inpatient stays.2 Thus, a large proportion 
of the economic burden of T2DM can be attributed to cardio-
vascular complications, and substantial cost savings can be 
achieved through effective prevention of CVD. 

Pharmacist care for T2DM patients can be instrumental in 
the prevention of CVD. It has been demonstrated in numerous 
studies that pharmacist management of patients with T2DM 
in the outpatient setting can improve glycemic levels such as 
hemoglobin A1c3 along with blood pressure (BP), cholesterol 
levels,4,5 and overall quality of life (QOL).3,4,6 Since BP and 
cholesterol levels are significant predictors of long-term mac-
rovascular disease such as coronary artery disease, stroke, and 
peripheral vascular disease,7 better control of these clinical 
markers would presumably decrease CVD risk among diabetic 
patients. The intervention we attempted to evaluate in this study 

• The estimated long-term risks for coronary heart disease (CHD) 
and stroke (both nonfatal and fatal) at the end of follow-up were 
consistently lower in the enhanced care group compared with 
the control group, even though baseline risks in both groups 
were similar.

• The absolute risk reduction (ARR) between the enhanced care 
and control groups increased over time. For example, the ARR 
in the nonfatal CHD risk in year 1 was 0.5% (1.2% vs. 0.7%), 
whereas the ARR increased to 5.5% in year 10 (14.8% vs. 9.3%). 
Similarly, the ARR between the enhanced care and the control 
groups was calculated as 0.3% for fatal CHD in year 1 and 
increased to 4.6% in year 10.

• The Markov model constructed using data from a matched cohort 
study demonstrated that the enhanced care group dominated the 
control group with lower treatment cost ($35,740 vs. $44,528) 
per patient and more life years (8.9 vs. 8.1 years) and quality-
adjusted life-years (QALY; 5.51 vs. 5.02 years) over the 10-year 
period.

• The results were robust to almost all possible variations of the 
relevant parameters in the model except for the time horizon 
of the health plan. Based on our research, if health plans were 
willing to pay $50,000/QALY, it would take at least 4-5 years for 
the addition of clinical pharmacists to the health care team to be 
cost-effective without any uncertainty.

What this study adds
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omitting economic costs relevant to payers. Most importantly, 
none of these studies evaluated the cost-effectiveness of phar-
macist intervention programs with respect to the long-term 
CVD outcomes among T2DM patients using a rigorous mod-
eling approach. The need for data on long-term effectiveness 
of treatment strategies among diabetic patients has long been 
recognized.13 

Therefore, the overall goals of this study are to (a) quantify 
the long-term preventive effects of pharmacist intervention on 
CVD outcomes among T2DM patients using evidence from a 
matched cohort study in the outpatient primary care setting 
and (b) assess the relative cost-effectiveness of adding a clinical 
pharmacist to the primary care team for the management of 
patients with T2DM based on improvement in estimated CVD 
risks with the aid of an economic model. 

■■  Methods
Model Overview
A Markov model with 1-year cycles was developed to simu-
late CVD events and death risk for 2 hypothetical cohorts 
of patients: (1) the enhanced care group where patients were 
managed by a clinical pharmacist who was integrated as part of 
the primary care team as a provider and (2) the control group 
where patients received only the usual care of primary care 
physicians (PCPs). Figure 1 depicts a simplified presentation of 
the model.14 Patients in both arms entered the model through 
the “well” state. As patients aged during the 10-year simulation, 
they could remain free of events, develop a first CHD or stroke, 
develop recurrent CHD or stroke (either fatal or nonfatal), 
or die from the events or other natural causes in any model 
cycle. We assumed that patients who had experienced a first 
CHD event or stroke would continue to be exposed to the risk 
for subsequent strokes or CHD events, with a maximum of 3 
nonfatal events (1 stroke and 2 CHD, 2 strokes and 1 CHD, 3 

CHD or 3 strokes).14 This model was a Markov model with 11 
mutually exclusive health states to take into account various 
combinations of a maximum total of 3 strokes and CHD events 
(well, free of history of events, survival from primary stroke, 
survival from second stroke, survival from third stroke, sur-
vival from primary CHD, survival from second CHD, survival 
from third CHD, survival from CHD once and stroke once, 
survival from CHD twice [once] and stroke once [twice], event 
death, and other death). Based on the total time spent in the 
different health states, the model estimated the expected sur-
vival for patients in each treatment arm, and it was combined 
with cost and quality of life (QOL) data to estimate the relative 
cost-effectiveness. It is worth noting that stroke and CHD had 
differing impacts on the utility and costs accumulated over the 
time horizon of the model. The utility reduction for stroke was 
different than that for CHD; in addition, the treatment costs 
for CHD and stroke also varied. Therefore, it was important to 
have different health states to identify the exact type of events 
and the number of events from the point of view of calculation. 
For example, once patients entered the health state of survival 
of primary nonfatal CHD, there were 6 possibilities of transi-
tions in the next cycle: (1) transit to the state of survival from 
CHD once and stroke once if a nonfatal stroke happened; (2) 
transit to event death if a fatal stroke happened; (3) transit to 
survival from second CHD if a nonfatal CHD happened; (4) 
transit to survival of event death if a fatal CHD happened; (5) 
remain in the state of survival from primary CHD if no event 
happened; and (6) other nonevent death. CVD risks used in 
the Markov model were estimated using United Kingdom 
Prospective Diabetes Study (UKPDS) Risk Engine (version 2)8,15 
with clinical outcomes measured in the matched-cohort study 
as the inputs.8 Specifically, it was developed based on longitu-
dinal data and took into account factors such as age, sex, race, 
smoking status, atrial fibrillation, duration of diabetes, levels of 
A1c, systolic BP (SBP), total cholesterol (TC) and high-density 
lipoprotein cholesterol (HDL-C) after diagnosis of T2DM.15,16 
The inputs for the Risk Engine are discussed in the following 
sections (Note: the clinical values used as model inputs in the 
UKPDS Risk Engine are part of the findings of another study 
by Ip et al.8). 

Model Inputs
Clinical inputs for CVD risk prediction. Clinical inputs used 
for the estimation of CVD risks were collected from a retrospec-
tive matched-cohort study that took place in 2 clinics based out 
of KP Northern California, a large health maintenance organi-
zation (HMO) with an integrated health care model. KP main-
tains comprehensive medical utilization data that includes an 
electronic medical record for all patient encounters, laboratory 
results, and prescriptions using standardized methods. 

The sample selection methods for this study are described 
elsewhere.8 Briefly, data for individual patients were collected 
concurrently from 2 medical facilities for the purpose of  

No 
history of CVD

History 
of CHD

History 
of both

History 
of stroke

Death 
due to CHD

Death 
due to other causes

Death 
due to stroke

FIGURE 1 Markov Model for CVD Events for 
Patients with Type 2 Diabetes

CHD = coronary heart disease; CVD = cardiovascular disease.
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comparison: the enhanced care group (204 patients) and the 
control group (407 patients). The 2-site design was utilized 
to address concerns that chronic disease state management 
studies may be susceptible to contamination, since pharma-
cists could have been involved in caring for the control group 
patients.3 Also, the 2-site design eliminated the potential 
for a “learning effect” at the same site where physicians may 
“learn” from the recommendations made by the pharmacist 
and to pass these recommendations on to patients not being 
seen by the pharmacist.8 To further minimize selection bias 
and ensure patients between the 2 groups were comparable in 
baseline CVD risks, patients from the 2 groups were matched 
based on the following characteristics at baseline: age (within 
2 years difference), gender, A1c (within 0.8 difference), and 
Charlson Comorbidity Index (CCI; within 4-point difference). 
We calculated CCI based on the following baseline character-
istics in both groups: CVD with mild or no residual or mini 
stroke, CVD/stroke/myocardial infarction, dementia, chronic 
pulmonary disease, ulcer, mild liver disease, hemiplegia, 
tumor, metastatic solid tumor, leukemia, lymphoma, human 
immunodeficiency virus but no acquired immunodeficiency 
syndrome (AIDS), and AIDS. This resulted in 147 matched 
patients in each group, respectively, in the final analysis.8 The 
primary clinical inputs in the Risk Engine, including A1c, SBP, 
TC, and HDL-C obtained at the end of the 12-month follow-up 
for both groups, were used to estimate the 10-year CVD risk. 
As shown in Part A of Table 1, there were no significant differ-
ences in the baseline values of the following variables, which 
were the primary clinical inputs for the UKPDS Risk Engine: 
A1c (P = 0.115), SBP (P = 0.184), TC (P = 0.055), and HDL-C 
(P = 0.475).8 However, patients in the enhanced care group had 
significant improvements relative to patients in the control 
group on A1c (P < 0.001), SBP (P < 0.001), and TC (P < 0.001) at 
the end of the 12-month follow-up. No differences were seen 
for HDL-C (P = 0.2835).8

Transition probabilities. Each arrow in Figure 1 indicates a 
transition from one health state to another, which occured at 
yearly intervals. We used the UKPDS Risk Engine to estimate 
the transition probabilities of various CVD events: absolute 
risk of fatal and nonfatal CHD and stroke. With the predic-
tion algorithm in this Risk Engine, the observed effects of A1c, 
SBP, TC, and HDL-C, along with other characteristics at the 
individual patient level (Part A in Table 1), were translated to 
the expected 10-year risks for CHD events and stroke (Part B 
in Table 1). Part B in Table 1 reports the mean risks for the 147 
patients in both groups. As shown in Part A Table 1, there was 
no significant difference between the 2 groups in the 4 major 
clinical inputs at baseline. Therefore, it is not surprising that 
there were no significant differences between the 2 groups 
in the predicted 10-year CVD risk at baseline as a result of 
matching (P = 0.18 for CHD and fatal stroke; P = 0.176 for CHD; 

P = 0.243 for stroke).8 Other transition probabilities include 
age-dependent noncardiovascular mortality rates, which were 
derived from the U.S. Vital Statistics.17 It is also assumed that 
a nonfatal stroke or CHD event would increase mortality, with 
the increased risk measured by the relative risk (RR) of death 
after the event. According to the literature, the RR for death 
after stroke and CHD is estimated to be 2.318 and 3.719 (Table 
2), respectively. 

Part B in Table 1 displays the CVD risk estimated by 
the UKPDS Risk Engine based on the data collected at the 
12-month follow-up. These estimates were used as transition 
probabilities for the 2 hypothetical cohorts of 55-year-old dia-
betic patients in the Markov model. After 12 months of follow-
up, the estimated risks for CHD and stroke (both nonfatal 
and fatal) were consistently lower in the enhanced care group 
compared with the control group. The yearly risk increased 
as the patients aged over the 10-year period in each group. 
However, it is worth noting that absolute risk reduction (ARR) 
between the enhanced care group and control group increased 
over time. For example, the ARR in the nonfatal CHD risk in 
year 1 was 0.5% (1.2% vs. 0.7%), whereas the ARR increased to 
5.5% in year 10 (14.8% vs. 9.3%) in favor of the enhanced care 
group. Similarly, the ARR between the enhanced control group 
and care group was calculated as 0.3% for fatal CHD in year 1 
and increased to 4.6% in year 10.

Cost inputs and utilization of medical resources. We con-
ducted the analysis from the perspective of a third-party payer. 
Assumptions about the cost of CHD and stroke were derived 
from the literature as shown in Table 3. We used the Medical 
Consumer Price Index to generate an inflation factor, which 
was applied to the past cost figures to convert it to 2011 U.S. 
dollars. A 3% discount rate was applied to all costs in both 
branches at base-case analysis. 

The total monthly average diabetes-related drug cost per 
patient was calculated taking into account that patients used 
different types of medications. Information used in this cal-
culation included the percentage of patients taking 1, 2, or 
3 types of medications in each group, the average wholesale 
price, and the medication adherence rate. For example, the 
average monthly cost of oral diabetic agents = % of patients on 
1 agent × price of 30-day supply of metformin + % of patients 
on 2 agents of metformin and glipizide × price of 30-day supply 
of the 2 agents + % of patients on the 3 agents of metformin, 
glipizide, and pioglitazone × price of 30-day supply of the 3 
agents. For other medications, including insulin, antihyper-
tensive medications, and antihyperlipidemic medications, the 
monthly cost per patient was approximated by the percentage 
of patients on a type of medication multiplied by the corre-
sponding drug costs (Table 3). 

Total wage paid to the pharmacist per patient per year was 
calculated based on the hourly wage rate and the total number 
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of hours spent on initial consultation and follow-up phone calls 
per month. The average length of consultation was estimated 
to be 45 minutes for the initial consultation (face to face) and 
15 minutes for each follow-up visit (typically via telephone) 
as recorded from the clinical study. The average number of 
initial consultation and follow-up visits were identified in the 
enhanced care group as shown in Table 3. The total physician 
visit fee per year was calculated by the fee per visit multiplied 
by the average number of visits per year in each group. 

Utility Measures 
The utility measures for each of the health states in the Markov 
model were obtained either from the literature or were based 

on assumptions due to lack of evidence. Utility weight is the 
degree of preference individuals have for a particular health 
state or condition. This weight can vary between 0 and 1. By 
definition, a value of 1 represents perfect health and a value of 
0 represents death. A discount rate of 5% was applied to both 
branches.

All assumptions were subjected to sensitivity analysis (SA). 
The model assumed that patients have lower utility after the 
first event of CHD or stroke than patients who remain free of 
CVD events. In addition, patients will experience a disutility 
for each additional CHD or stroke after the first event. The util-
ity values used in the study are shown in Table 2.

A. Major Clinical Inputs to UKPDS Risk Engine Version 2

Major Clinical Inputs
SBP  

(mmHg)

Baseline 12-Month Follow-Up

HbA1c  
(%)

TC  
(mg/dL)

HDL-C  
(mg/dL)

SBP  
(mmHg)

HbA1c  
(%)

TC  
(mg/dL)

HDL-C  
(mg/dL)

CG (n = 147) Mean 131 9.3 189.6 43.4 131 8.4 179.2 44.4
 95% CI (128.6, 133.4) (9.0, 9.5) (182.2, 196.9) (41.9, 45.0) (128.9, 133.1) (8.1, 8.7) (172.0, 186.4) (42.6, 46.1)

ECG (n = 147) Mean 128.9 9.5 179.4 44.6 126.2 6.9 154.4 44.9
 95% CI (126.3, 131.6) (9.2, 9.7) (172.6, 186.2) (42.9, 46.2) (123.5, 128.9) (6.8, 7.1) (149.1, 159.7) (43.3, 46.6)

P Valuea 0.184 0.115 0.055 0.475 0.001 < 0.001 < 0.001 0.2835

B. CVD Risk Estimation Based on the 12-Month Clinical Inputs by UKPDS Risk Engine Version 2 

Type of CVD Risk

Coronary Heart Disease Stroke

Nonfatal Fatal Nonfatal Fatal

Forecast Year Group Mean (%) 95% CIb (%) Mean (%) 95% CIb (%) Mean (%) 95% CIb (%) Mean (%) 95% CIb (%)

1 CG 1.20 (0.8, 1.8) 0.70 (0.5, 1.1) 0.50 (0.3, 0.8) 0.10 (0, 0.1)
 ECG 0.70 (0.5, 1.0) 0.40 (0.3, 0.5) 0.40 (0.2, 0.6) 0.00 (0, 0.1)
2 CG 2.50 (1.7, 3.6) 1.50 (1.0, 2.3) 1.10 (0.7, 1.7) 0.10 (0.1, 0.3)
 ECG 1.50 (1.1, 2.0) 0.80 (0.6, 1.1) 0.80 (0.5, 1.3) 0.10 (0.1, 0.2)
3 CG 3.80 (2.7, 5.4) 2.40 (1.6, 3.6) 1.70 (1.1, 2.6) 0.20 (0.1, 0.4)
 ECG 2.30 (1.7, 3.1) 1.20 (0.9, 1.7) 1.30 (0.8, 2.1) 0.20 (0.1, 0.3)
4 CG 5.20 (3.7, 7.4) 3.30 (2.3, 4.9) 2.40 (1.5, 3.6) 0.30 (0.2, 0.6)
 ECG 3.10 (2.3, 4.2) 1.70 (1.2, 2.4) 1.90 (1.2, 3.0) 0.20 (0.1, 0.5)
5 CG 6.70 (4.7, 9.3) 4.30 (2.9, 6.3) 3.10 (2.0, 4.7) 0.40 (0.2, 0.8)
 ECG 4.00 (3.0, 5.4) 2.20 (1.6, 3.1) 2.50 (1.5, 3.9) 0.30 (0.2, 0.6)
6 CG 8.20 (5.8, 11.3) 5.40 (3.7, 7.7) 4.00 (2.5, 5.9) 0.50 (0.3, 0.9)
 ECG 5.00 (3.7, 6.6) 2.80 (2.1, 3.9) 3.20 (2.0, 5.0) 0.40 (0.2, 0.8)
7 CG 9.70 (7.0, 13.4) 6.50 (4.5, 9.3) 4.90 (3.1, 7.2) 0.70 (0.4, 1.2)
 ECG 6.00 (4.5, 8.0) 3.50 (2.5, 4.8) 3.90 (2.4, 6.2) 0.50 (0.3, 0.9)
8 CG 11.40 (8.1, 15.5) 7.70 (5.3, 10.9) 5.90 (3.8, 8.7) 0.80 (0.5, 1.4)
 ECG 7.00 (5.3, 9.4) 4.20 (3.0, 5.8) 4.80 (3.0, 7.5) 0.60 (0.3, 1.1)
9 CG 13.10 (9.4, 17.7) 8.90 (6.2, 12.5) 7.00 (4.5, 10.2) 1.00 (0.5, 1.7)
 ECG 8.10 (6.1, 10.8) 4.90 (3.5, 6.8) 5.80 (3.6, 8.9) 0.70 (0.4, 1.4)
10 CG 14.80 (10.6, 20.0) 10.30 (7.2, 14.3) 8.30 (5.3, 12.0) 1.10 (0.6, 1.9)
 ECG 9.30 (6.9, 12.4) 5.70 (4.1, 7.9) 6.80 (4.2, 10.5) 0.90 (0.5, 1.6)

aP values were obtained from nonparametric Wilcoxon signed-ranks tests.
bUKPDS Risk Engine (version 2) provided the 95% CI for each patient for each type of CVD risk and the means of those risks for the 147 patients in each group were 
reported.
CG = control group; CI = confidence interval; CVD = cardiovascular disease; ECG = enhanced care group; HbA1c = hemoglobin A1c; HDL-C = high-density lipoprotein  
cholesterol; SBP = systolic blood pressure; TC = total cholesterol; UKPDS = United Kingdom Prospective Diabetes Study. 

TABLE 1 Major Clinical Inputs to UKPDS Risk Engine Version 2 and Estimated CVD Risks



www.amcp.org Vol. 19, No. 2 March 2013 JMCP Journal of Managed Care Pharmacy    107

A Markov Model of the Cost-Effectiveness of Pharmacist Care for Diabetes in Prevention  
of Cardiovascular Diseases: Evidence from Kaiser Permanente Northern California

parameter indicating the proportion of patients in the 
enhanced care group who might not respond to the inter-
vention and revert to their baseline A1c, SBP, and lipid 
levels. The mean 1- to 10-year risks were then recalculated 
using the baseline values of those clinical markers instead 
of the 12-month value as the prediction input. Hence, the 
transition probabilities of CVD risks for the enhanced 

Model Outputs
The key outcomes of interest in the model were incremental 
cost per quality-adjusted life-year (QALY) gained and life-years 
gained. The total costs per patient calculated for each arm 
included costs for medications, treatment costs for nonfatal 
CVD events, labor costs for pharmacists, and physicians visit 
fee. Life-years were calculated with different time horizons of 
the model. 

Major model assumptions.
1.	 The base-case scenario of this Markov model assumed that 

the cohort of simulating patients in both groups achieved 
the mean values of clinical outcomes (A1c, SBP, TC, and 
HDL-C) observed at the end of the 12-month follow-up 
period. 

2.	  For each set of clinical inputs, UKPDS generated a 95% 
confidence interval (CI) around the estimated mean risks. 
Mean risks based on clinical inputs at the 12-month follow-
up were used in the base-case analysis, while the upper 
bounds of the 95% CI of risks was evaluated in the worst 
case scenario and the lower bounds of the 95% CI of the 
risks in the best case scenario.

3.	 It was assumed in the base-case analysis that the probabilities 
of the second and third event would be the same as that of 
the first-time event predicted by the UKPDS. In recognition 
of the fact that the UKPDS equation is for a first event only,20 
the assumption in the base-case analysis was relaxed in the 
scenario analysis where the mean odds ratio of the second or 
third event was 2.33 and ranged from 1.67 to 2.79.

4.	 To account for the possibility that not all patients will 
achieve the observed average outcome, we varied the  

Cost
Value for Base-
Case Analysis 

Range for 
Sensitivity 
Analysis Source 

CVD events
CHD $37,462 ± 50% base Straka et al.37

Stroke $32,916 ± 50% base Straka et al.37

Labor cost
Hourly wage of pharmacist $56.20 $40-$80 Bureau of Labor 

Statistics38

Physician visit fee $60 $50-$100 Kaiser 
Permanente39

Utilization of medications
Percentage using insulin 
(ECG/CG)a

0.6/0.1 ± 50% base

Ip et al.8
Percentage using BP drugs 
(ECG/CG)

76.20/75.50 ± 50% base

Percentage using 
antihyperlipidemic 
medications (ECG/CG)

89.80/81.60 ± 50% base

Average cost of medication per montha

Insulinb $80.50 $50-100
Prices were 

obtained from 
www.drugs.com

Lipid and BP medicationsc $36.50 $25-50

Oral diabetic agents  
(ECG/CG)d

$52.30/$44.50 $30-60

Utilization of other medical resources 
Number of pharmacist  
face-to-face visitse

1.2 1.1-1.3

Ip et al.8Number of follow-up  
phone callse

9.5 8.4-10.6

Number of physician visitse 2.3 2.1-2.5

Baseline adherence  
rate of drugs

65% 60%-70% Murray et al.22

Improvement in  
adherence rate

15% 10%-30% Murray et al.22

aThis is the price for a 30-day supply adjusted by the proportion of patients using 
the medications.
bThe average whole sale price of Novolin N/R was used because this is the drug 
typically used according to the pharmacists in charge of this study. 
cThe sum of whole sale price of  most prevalent statin and lisinopril was used in 
the calculation of the average costs adjusted by the percentage of patients on those 
medications.
dThe price was the average price of 3 types of oral agents (metformin, glipizide, and 
Actos) weighted by the percentage of patients using 1, 2, and 3 different types of 
agents in the enhanced care group and control group.
eData were obtained from the study sample as described in the Ip et al. study 
(2012).8

BP = blood pressure; CG = control group; ECG = enhanced care group.

TABLE 3 Parameters of Cost and Utilization of 
Medical Services Used in the Model

Base Case 

Range for 
Sensitivity 
Analysis Sources 

Utilities for each health states in the Markov model
Post-CHD 0.77 ± 30% base Gage et al.40

Post-STKa 0.675 (0.6-0.9) Lampe et al.18

Additional CHD -0.055 ± 30% base Clarke et al.41

Additional STK -0.164 ± 30% base Clarke et al.41

Well   0.782 ± 30% base Clarke et al.41

Death 0
Relative risk of mortality: increase in risk of mortality relative to all 
causes mortality
STK 2.315 (1-4.6) Lampe et al.18

CHD 3.716 (3-4.7) Dennis et al.19

aTo estimate the stroke utility in the main analysis, it was assumed in the study 
that 70% of initial strokes were nondisabling, 15% partially disabling, and 15% dis-
abling, based on data from the literature. 
CHD = coronary heart disease; CVD = cardiovascular disease; STK = stroke.

TABLE 2 Utility Weights for Health 
States and Increased Risk of 
Death Due to CVD Events
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This study was approved by both Touro University-
California Institutional Review Board (IRB Application no. 
P-0909) and KP Northern California Institutional Review 
Board (IRB Application no. CN-09EIp-01-H).

■■  Results 
Base-Case and Scenario Analyses 
Table 4 presents the results of the economic evaluation of the 
enhanced care group relative to the control group. The model 
suggests that the enhanced control group dominated the  
control group with lower treatment cost ($35,740 vs. $44,528) 
per patient and more life years (8.9 vs. 8.1) and QALY (5.51 vs. 
5.02) over the 10-year period. Three types of scenario analysis 
were conducted. The dominant results of the enhanced care 
group remained even after evaluating the worst case scenario, 
when the upper bound of the 95% CI of the risks was used, and 
the best-case scenario, when the lower bounds of the 95% CI 
of the risks were applied. In the third scenario, the transition 
probabilities for the first-time CVD event remained the same 
as the base case, but the risks for the second and third CVD 
events were set to 2.33 times higher than the estimated first-
time probability by UKPDS.20 Again, the dominant results of 
the enhanced care group were repeated. 

Sensitivity Analysis 
Multiple one-way SA. Appendix A shows a selection of the 
one-way SA (tornado diagram) for the net monetary benefit of 
using enhanced care. In this diagram, each bar represents the 
impact of uncertainty in an individual variable on the results. 
The horizontal bar was generated for each selected variable 
when the baseline estimate of the variable was varied over 
plausible ranges (tables 2 and 3), with a wider bar indicating a 
greater potential effect on the monetary benefit. All parameters 
were varied around the base-case value within a certain range 
as specified. The variable identified in the tornado diagram as 
having the largest impact on the net monetary benefit given a 
threshold willingness to pay at $50,000/QALY was the time 
horizon of this analysis, followed by the utility of the health 
status for diabetic patients free of CVD events (Appendix A). 
However, all variations in net monetary benefits due to these 
variables were within the positive range, demonstrating that 
the enhanced care group remained the preferred strategy. All 
the remaining variables had nearly no impact on the net mon-
etary benefits.

One-way SA. One-way SA was conducted to examine the 
individual impact of the adoption of different time horizons on 
the study outcomes. It is worth noting that as the time horizon 
was extended for the analysis, the net monetary benefits of the 
enhanced care group versus the control group increased (see 
Appendix B). It seems that a minimum of 4 years is needed 
for the intervention program to achieve higher net monetary 

care group were then calculated as a weighted average: the 
percentage of patients who will maintain the improved out-
comes × CVD risks estimated using the 12-month clinical 
inputs + (1- the percentage of patients who will maintain 
the improved outcomes) × CVD risk estimated using the 
baseline clinical inputs.

5.	 It was assumed that the control group had continued to 
maintain the base line adherence rate of 65%, whereas the 
enhanced care group had achieved a higher adherence rate 
and, hence, had higher medication costs (based on expert 
opinion and other published evidence).22 

Base-Case Analysis and Scenario Analysis
In the base-case analysis, the Markov model was estimated 
using the mean CVD risks for the 10-year follow-up period. 
The incremental cost-effectiveness ratio (ICER) was calculated, 
and the analysis was then repeated for 2 other scenarios where 
the lower bound and the upper bound of 95% CI were used. 
TreeAge Pro23 was used to perform decision analyses. A third 
scenario analysis was conducted assuming the second or third 
CVD event was 2.33 times more likely to occur than estimated 
by the UKPDS Risk Engine. 

Sensitivity Analysis 
SA was conducted to test the robustness of the baseline results. 
Three types of SA were performed: one-way SA, multiple one-
way SA, and probabilistic SA. All the variables were examined 
using the plausible range specified in tables 1 and 2 for the 
deterministic SA. Finally, Monte Carlo simulation was con-
ducted both for the base-case and third scenario to allow all 
variables to vary simultaneously in a further effort to assess the 
robustness of our findings. For this analysis, variables related 
to costs were assigned log-normal distributions; number of 
visits and follow-up phone calls were assigned Poisson distri-
bution; while all others were given uniform distribution within 
the assumed plausible range. 

Scenario Strategy Cost ($)
Life  

Years QALY

Base case
ECG 35,740 8.90 5.518

DominatedCG 44,528 8.10 5.020

Scenario 1:  
Low risk 

ECG 29,580 9.40 5.783
DominatedCG 36,462 8.80 5.413

Scenario 2:  
High risk

ECG 42,792 8.32 5.166
DominatedCG 51,628 7.28 4.568

Scenario 3: 
2nd and 3rd event 
with higher risk

ECG 30,503 8.87 5.420
Dominated CG 50,679 7.71 4.810

CG = control group; ECG = enhanced care group; QALY = quality-adjusted life-year; 
T2DM = type 2 diabetes melletus.

TABLE 4 Cost-Effectiveness of Pharmacist 
Intervention in T2DM Patients: 
10-Year Horizon
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benefits than the control group while holding all other param-
eters at the base-case scenario. However, this threshold was 
shortened to 3.3 years when the scenario was changed to the 
situation that the second and third event had higher odds 
(OR = 2.33) than the first event. 

Probabilistic sensitivity analysis results. A cost-effectiveness 
acceptability curve (Figure 2) showed the likelihood of the 
intervention being considered cost-effective compared with 
the control care at various levels of willingness to pay by 
the payers. Enhanced care was shown to have a consistently 
higher chance of being the favored strategy regardless of the 
level of willingness to pay (WTP) if a longer time horizon was 
adopted: 10 years for base case scenario (Figure 2) and 7 years 
for the third scenario. In both situations, the shorter the time 
horizon adopted, the lesser the chance for enhanced care to 
be preferred. If a 1- to 3-year time horizon was adopted, add-
ing pharmacists into the health care team became less likely 
to be preferred than using a PCP only in both cases. It seems 
that at the level of WTP equal to $50,000/QALY, a 5-year time 
horizon in the base case is the minimum length of time for the 
program to become the favored strategy given the uncertainty 
of other factors. However, the minimum length was shortened 
to 4 years in the third scenario analysis, when second or third 
events were presumed to occur at a higher rate with OR of 2.33. 

Therefore, probabilistic SA results reinforced the importance of 
correlation between the length of intervention and the magni-
tude of preventive effects in CVD risk reduction in determining 
the likelihood of cost-effectiveness of enhanced care.

■■  Discussion
Our study, a comprehensive cost-effectiveness analysis of a 
pharmacist-led diabetes management intervention in a pri-
mary care setting, shows that pharmacist intervention can 
help reduce the long-term CVD risk among patients with 
T2DM while reducing costs and increasing QALYs. Taking 
into account the long-term cost savings associated with fewer 
CVD events, enhanced care (which involves the pharmacist 
as a member of the primary care team) is a dominant strategy 
(cost and life saving) compared with the control group (PCP 
only). The findings of the study were quite robust. The results 
suggested that it would be cost-effective to incorporate phar-
macists into the health care management team for diabetic 
patients.

It is worth mentioning that previous literature has also 
documented the effectiveness of a variety of interventions 
by other health care professionals as well. Diabetes manage-
ment interventions delivered individually or as a team by 
physicians, nurses, pharmacists, and other diabetes educators 

FIGURE 2 Cost-Effectiveness Acceptability by Time Horizon of the Model
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have been shown to improve patient outcomes in numerous  
studies.24 However, our study differs from previous stud-
ies in the intervention strategy, sample populations, and 
the outcomes and time horizons examined. In order for 
decision makers to gauge the potential of cost-effective-
ness of our pharmacist-led intervention relative to other 
types of intervention, it is necessary to compare the stud-
ies that evaluated other types of intervention with ours. A 
recent cost-effectiveness analysis study found that nurse  
specialists gave diabetes care according to a pre-set protocol 
that was similar to care provided by physicians in terms of 
quality of life and economic value but with potential savings 
due to lower labor costs.25 In a recent meta-analysis of 11 pre-
defined quality improvement (QI) strategies for diabetes, it was 
shown that the most effective QI strategy was team changes 
(i.e., the pharmacist or nurse has an active role in patient moni-
toring and adjusting drug regimens) with further A1c reduction 
of 0.33% (95% CI 0.28-0.45; 120 trials), LDL cholesterol by 
0.10 millimoles per liter (mmol/L; 0.05-0.14; 47 trials), SBP by 
3.13 (2.19-4.06; 65 trials), and diastolic blood pressure (DBP) 
by 1.55 mmHg (0.95-2.15; 61 mmHg trials) versus usual care.26 
Of particular importance, QI strategies that allowed pharma-
cists and specialist nurses to make independent changes to 
drug therapies were found to be most effective. This is exactly 
the major feature of our pharmacist-led intervention program. 
Our intervention program has achieved a mean A1c reduction 
from 9.5% to 6.9% compared with the reduction from 9.3% 
to 8.4% in the control group after 12 months, resulting in a 
1.7% improvement (P < 0.001). The patients under enhanced 
care also experienced a mean reduction of LDL by 10.1 mg/
dL, a reduction of SBP by 2.6 mmHg, and a reduction of DBP 
by 2.3 mmHg. According to the UKPDS, a 1% decrease in A1c 
is associated with a 37% reduction in microvascular complica-
tions and a 21% reduction in the risk of any diabetes-related 
complication or death.19 The degree of A1c reduction due to 
enhanced care would potentially translate into a 96% decrease 
in microvascular complications and a 55% reduction in any 
diabetes-related complication or death.26 Using the UKPDS 
Risk Engine, we found that a 2.6% reduction in A1c among the 
enhanced care group reduced their 10-year nonfatal CHD risk 
from 16.4% to 9.3% (a 43% reduction ) and the fatal CHD risk 
from 11.3% to 5.7% (a 50% reduction).8 

In terms of the findings about costs, available data from 
the Asheville Project, a longitudinal pre/post cohort study, 
showed that diabetes patients receiving care from a community 
pharmacist reduced their mean total direct medical costs by 
$1,200 while maintaining clinically meaningful improvements 
in their A1c over a 5-year follow-up period.9 The Diabetes Ten 
City Challenge, a multisite community pharmacy health man-
agement program for diabetes patients, also showed a $1,079 
in average total health care costs per patient per year.10 In our 

study, we found that the average annual costs over the 10-year 
period was $3,574 in the enhanced care group versus $4,453 
in the care group at base case (Table 4), which translates to 
$879 savings per year. Another economic study evaluating the 
cost-effectiveness of strategies for managing people at high risk 
for diabetes found that the annual diabetes-related cost of an 
average patient with diabetes was $4,121.27 Therefore, the costs 
incurred by our intervention and cost savings due to the inter-
vention are comparable to other interventions as well. In terms 
of QALY, the study focusing on life-style intervention among 
diabetic patients found that the QALY in the 30-year period 
was calculated as 11.47827 with an average of 0.38 QALY per 
year. Another study conducted in Europe28 found that intensive 
treatment among diabetic patients with 18.6 years of survival 
had a QALY of 10.2, with an average of 0.5 QALY per year, and 
it offered a QALY gain of 0.094 per year compared with con-
ventional therapy. In contrast, our study of the 10-year outcome 
found that the QALY per year averages 0.45-0.57 QALY (Table 
4), offering a QALY gain of 0.04-0.07 per year. The higher 
QALY per year compared with the life-style study might be 
due to the difference in the cohorts of patients in the 2 studies 
and the model horizon. The previous study included patients 
with higher risk for diabetes in the model, and they tended to 
be older and thus have lower quality of life. However, the lower 
QALY per year compared with the European study might be 
because the utility weight assigned to diabetic patients is 0.814 
as opposed to 0.782 in our study. 

Notably, the SA suggested that 1 of the driving factors of the 
cost-effectiveness of this program is the time horizon adopted 
by decision makers. This is partly because the longer-term 
CVD risk reduction was more dramatic than the short-term 
reduction as estimated by the UKPDS Risk Engine. Based on 
our research, if health plans were willing to pay $50,000/
QALY, it would take at least 4-5 years for the addition of a clini-
cal pharmacist to the care team to ensure cost-effectiveness to 
cover all uncertainties factored into the model.

One of the strengths of our study is that the model was 
primarily based on real-world data, which included clinical 
effectiveness and health care utilization data collected from 2 
comparable clinics with matching baseline data to reduce bias. 
This is an improvement compared with previous studies that 
lacked comparison groups and had short follow-up periods 
(less than 1 year), smaller sample sizes, unequal baseline char-
acteristics across groups, and lack of cardiovascular markers 
such as BP and lipid levels.3 Also, a Markov model was used to 
simulate 2 matched hypothetical cohorts of patients to estimate 
the long-term CVD risk reduction. 

Another unique contribution of our modeling study was 
the use of the UKPDS Risk Engine in the projection of car-
diovascular outcomes over the long term based on short-term 
clinical surrogates for T2DM patients. The Risk Engine was 
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addition, this study also brings attention to the finding that 
the length of the enrollment period determines the economic 
benefits of the pharmacists’ preventive efforts. It emphasizes 
the notion that payers might not be able to reap the benefits 
of preventive intervention programs targeted at patients with 
chronic diseases unless they can keep the patients in their 
plans for a certain period of time. 

Limitations 
There are limitations to this study worthy of discussion. 
First, this study relies heavily on evidence generated from a 
retrospective cohort analysis and was performed at 2 medical 
facilities using a quasi-experimental study design. A random-
ized controlled study including a greater number of patients, 
involving more pharmacist providers and incorporating mul-
tiple medical facilities would further enhance the quality of the 
clinical and economic evidence.

Second, there were different aspects to the pharmacist 
intervention in this study. However, the quasi-experimental 
study design did not allow us to estimate the individual effects 
of those actions on the costs and benefits. Specifically, the 
improved outcomes in the pharmacist intervention group may 
have been because of changes in drug dosing, changes of drug 
regimen, the face-to-face clinical consultation, frequent follow-
up phone visits, or improved medication adherence. Those 
actions were not compared between groups directly; therefore, 
it is impossible to disentangle the possible multidimensional 
effects of various intervention strategies. Consequently, it may 
be difficult for decision makers to decide on the focus of the 
intervention. Ideally, if it could be established that the frequent 
pharmacist follow-up phone visits helped improve medication 
optimization and adherence rates, then the provider might be 
interested in investing in an intervention program with these 
features.34,35 If it were the face-to-face contact with pharma-
cists that was more effective, then the provider might need to 
make sure adequate physical space (i.e., exam room or private 
office) is available in the clinical setting. However, the study 
was not able to identify which management scheme would help 
contribute most to the improved outcomes. Future studies are 
necessary to examine the direct impact of specific manage-
ment strategies on the cost-effectiveness of various pharmacist 
intervention programs.

A related concern is that the patients in the control group 
in the retrospective study also experienced various degrees of 
improvement in outcomes at the end of 12 months.8 Similarly, 
there is no way to identify the specific causes in the control 
group responsible for the improvement. If actions taken by 
pharmacists in the enhanced care group also occurred in the 
control group, such as monitoring and correction of inappro-
priate medication use, this could lead to biased estimates of 
the impact of the intervention. However, this would bias the 

derived from UKPDS data and was designed to reflect risk 
in the general T2DM population; therefore, it provided more 
relevant predictions than the Framingham score adopted by a 
recent publication.29 The reliability of using the Framingham 
equation to calculate CHD risk in diabetes patients has been 
questioned because of the small proportion of diabetes patients 
in the Framingham study.30 For example, Ladhani et al. (2012) 
utilized the UKPDS Risk Engine, which is considered a more 
reliable method of measuring cardiovascular risk in T2DM 
patients.31 One of the concerns for those adopting the inter-
vention program in the long term might be the difficulty in 
maintaining the improved outcomes observed at the 1-year 
follow-up. This concern was addressed in our study by varying 
the ranges of the key variables—the percentage of patients who 
would be able to maintain the achieved outcomes from 50% to 
100% in the SA. Notably, this variable had minimum impact on 
the net monetary benefit, suggesting that the approach would 
still be cost-effective even if a proportion of patients would not 
be able to maintain the identified improvement as shown in 
this study. 

As the prevalence of diabetes continues to increase and 
changes in the health care system because of the Patient 
Protection Affordable Care Act take effect, millions of new 
patients are expected to need care. The ongoing shortage of 
primary care practitioners, coupled with the increasing num-
bers of patients with T2DM, pose significant challenges to 
the health care system.32 In the face of this shortage, several 
health care professionals have stepped in to fulfill this role. 
A recent meta-analysis showed that team-based interventions 
(i.e., pharmacist or nurse involved in patient monitoring and 
adjusting drug regimens) was the most effective diabetes man-
agement strategy compared with several others.26 In a recent 
report to the U.S. Surgeon General, pharmacists were singled 
out as health care professionals who manage disease through 
medications and other patient care services but are not rec-
ognized as health care providers by national health policy in 
spite of evidence to the contrary.32 Given their expertise and 
experience, coupled with their accessibility, pharmacists are 
uniquely positioned to play a much larger role in the health 
care delivery system. 

Currently, the accountable care organization (ACO) concept 
is being promoted as an integrated approach to managing 
chronic conditions such as diabetes and is partly driven by 
the Affordable Care Act.33 Although the act was not explicit 
about including pharmacists as part of the health care team,33 
the U.S. Surgeon General recently recognized that “pharmacy 
practice models (implemented in collaboration with physicians 
or as part of a health team) improve patient and health system 
outcomes and optimize primary care access and delivery.”32 

This study provides further evidence of the beneficial clinical 
and economic potential of including pharmacists in ACOs. In 
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results of the study against the intervention group. Another 
related concern is that our implication for health plans as to the 
length of intervention required for the same cohort of enrollees 
in their plans is not clear-cut. Although 4-5 years are identi-
fied to be the preferred time horizon, the choice also depends 
on the magnitude of CVD risk reduction. Four years is found 
to be the minimum length when second or third CVD events 
have higher odds to occur, while a longer period of 5 years is 
needed when assuming all CVD events occur at the probability 
of a first-time event. 

Finally, pharmacist salaries have been a source of concern 
for providers when considering the implementation of this sort 
of program.11 This study suggested that the pharmacist costs 
have no significant impact on the cost efficiency of imple-
menting the program in the KP HMO setting. There are a few 
reasons why we should be careful in generalizing the results to 
other clinical settings. For example, other health care delivery 
systems might differ from KP in major areas such as facility 
infrastructure, logistical planning, upfront training costs of 
pharmacists qualified for managing medication therapy, the 
nature of the intervention, and the patient population—all of 
which might influence the cost calculation algorithm. In addi-
tion, the KP diabetes population is drawn from an insured 
population in northern California and may not be representa-
tive of other geographic regions, the United States, or other 
health plans.36 

■■  Conclusions
In this analysis, we estimated that adding pharmacists to 
the health care team for the direct management of diabetic 
patients significantly improved long-term CVD risks. The esti-
mated longer-term CVD risk reduction appears more dramatic 
than the short-term reduction. The results of the economic 
model suggest that whether pharmacist intervention provides 
a cost-effective management tool crucially depends on the 
length of the effective period of intervention, which is largely 
determined by the length of time that the patient is enrolled 
in the health plan. Considering all sources of uncertainty, it 
seems that a minimum of 4-5 years of consistent enrollment is 
required for the intervention to be cost-effective without much 
uncertainty. The study provides insights that will be beneficial 
for payers to determine whether it is feasible to add pharma-
cists to the health care team for the direct management of dia-
betes patients. Future research is needed to improve knowledge 
about the relative cost-effectiveness of the specific interven-
tions performed by pharmacists in different clinical settings.
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Appendix A Tornado Diagram for Multiple One-Way Sensitivity Analysis

Years of time horizon: 1 to 10
Utility of health status free of CVD event: 0.6 to 1
Discount rate of utility: 0.0 to 0.1
Cost of treatment of CHD ($): 18,731 to 56,193
Discount rate of cost: 0.01 to 0.05
Percentage of patients in EG maintaining the improved outcome: 0.5 to 1
Cost of treatment for stroke ($): 16,458 to 49,374
Utility of post 1 CHD: 0.7 to 0.84
Medication compliance rate at baseline: 0.6 to 0.8
Monthly cost of insulin ($): 50 to 100
Monthly cost of lipid and pressure medications ($): 25 to 50
Mean number of types of insulin in pharm’s group: 0.5 to 0.8
Percentage of increase in adherence in EG: 0.1 to 0.3
Average hourly wage for pharmacists ($): 40 to 100
Utility of post-stroke: 0.6 to 0.74
Utility loss for an additional stroke: 0.0117 to 0.213
Relative risk of mortality post 1 CHD: 1 to 4.6
Relative risk of mortality post 1 stroke: 1 to 4.6
Number of follow-up consultations by pharmacist per year: 8.4 to 10.6
Utility loss for an additional CHD: 0.0385 to 0.0715
Relative risk of mortality after more than 2 events: 3 to 7
Number of initial consultations with pharmacist: 1.1 to 1.3
Number of visits to physician per year: 2.1 to 2.5
Physician visit fee: ($) 50 to 200
Mean number of types of insulin in CG: 0.1 to 0.2
Percentage of patients in CG maintaining the improved outcome: 0.5 to 1
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Net Monetary Benefit

CG = control group; CHD = coronary heart disease; CVD = cardiovascular disease; EG = enhanced care group; K = thousands.

Effects on Net Monetary Benefit at Willingness to Pay=$50,000/QALY
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Appendix B One-Way Sensitivity Analysis

WTP = willingness to pay.
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