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Impact of Pharmacist Interventions on the
Long-Term Clinical Outcomes in Patients with
Myocardial Infarction
Chun-Chi Chiou,1 Tzu-Hsien Tsai,2# Chien-Ho Lee,2 Cheng-Jei Lin,2 Wen-Jung Chung,2 Shu-Kai Hsuch,2
Po-Jui Wu2 and Cheng-I Cheng2

Background: Controlling modifiable risk factors (MRFs) in patients with cardiovascular diseases has been shown to
be effective in reducing re-hospitalization rates. The aim of this study was to investigate the rates of controlled
MRFs and clinical outcomes after pharmacist interventions in patients with myocardial infarction (MI) after hospital
discharge.
Methods: This prospective randomized clinical study was conducted at one medical center in Taiwan, and enrolled
patients with MI from January 1, 2012 to December 31, 2014. Patients received medication reconciliation and
education from a pharmacist before hospital discharge. The intervention group (IG) received continuous consultations
from the pharmacist after discharge, whereas the control group (CG) did not. Primary outcomes included achieving
blood pressure < 140/70 mmHg, low-density lipoprotein-cholesterol (LDL-C) < 70 mg/dL, and hemoglobin A1c
(HbA1c) < 7% targets. The secondary outcome was major adverse cardiac events (MACEs), defined as re-hospitalization
due to MI, unstable angina and stroke.
Results: Two hundred and eight patients completed the study protocol (106 in the IG and 102 in the CG). The rate of
achieving blood pressure goal was similar between the two groups. More patients in the IG achieved LDL-C and
HbA1c goals than those in the CG at 1 year and 2 years post discharge. However, there was no significant difference
in the cumulative incidence of MACEs between the two groups (5.7% vs. 9.8%) (p = 0.262). Diabetes was the only
independent predictor of re-hospitalization due to a MACE.
Conclusions: Pharmacist interventions led to a higher rate of optimal controlled MRFs but did not significantly
reduce the MACE rate in the patients with MI.

Key Words:

Clinical outcome · Myocardial infarction · Pharmacist intervention

INTRODUCTION
Cardiovascular disease is the leading cause of death
worldwide, and the prevalence of cardiovascular disease
is still increasing.1,2 Hypertension, dyslipidemia and diabetes mellitus (DM) are modifiable risk factors (MRFs),
and aggressively treating these MRFs has been shown to
reduce rates of morbidity and mortality in patients with
cardiovascular diseases.3-8 To this end, several evidencebased guidelines recommend treatment strategies to
control MRFs to improve long-term outcome in patients
with coronary artery disease and myocardial infarction
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(MI).9-17 Despite major advances in the medications used
to treat cardiovascular diseases such as statins, betablockers, angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs), and antiplatelet agents, the prevalence of poorly controlled MRFs
in patients with MI remains high worldwide,18-20 and a
significant gap exists between evidence-based therapy
and “real-world” clinical practice.21-24
Recently, pharmacist interventions including patient
education, consultation and medication reconciliation
have been shown to improve compliance to medications,
control of MRFs, and rates of achieving blood pressure
(BP), low-density lipoprotein-cholesterol (LDL-C) and hemoglobin A1c (HbA1c) goals, and to reduce overall readmission rates.25-33 Such pharmacist interventions were
applied in patients with acute myocardial infarction (AMI)
in the Taiwan Clinical Performance Indicator (TCPI) core
measures system (as described in the Methods). In addition to the correlation between MRFs and cardiovascular disease-related mortality and morbidity, the effect
of guideline-recommended management strategies to
control MRFs in patients with MI has been shown to reduce cardiovascular events.9-15 However, whether addon pharmacist interventions can lead to better rates of
achieving optimal MRF control and reducing cardiovascular events in patients with MI is still unclear. Therefore, the aim of this study was to investigate the effect
of continuous multifaceted patient-centered pharmacist
interventions after discharge on achieving clinical practice guideline goals and reducing the rate of hospital
readmissions for cardiovascular diseases.

markers for myocardial necrosis and clinical evidence including prolonged signs/symptoms of ischemia (> 30
minutes) or electrocardiographic ST-segment changes
during the initial 24 hours of admission.34,35 The exclusion criteria were patients: (1) admitted for a primary
non-cardiac diagnosis who developed MI as a secondary
condition (such as perioperative MI); (2) discharged to a
nursing home for long-term health care; (3) with irreversible, non-cardiac medical conditions (such as malignancy) which affected the 12-month survival rate or participation in the study; (4) who did not have access to a
telephone for communication purposes.
The study protocol was approved by the Institutional
Review Board of Chang Gung Memorial Hospital (IRB100-3000A3 and 103-7130D). Patients with an estimated
glomerular filtration rate (eGFR) < 60 ml/min/1.73 m2 at
admission day were defined as having chronic kidney
disease.

Study protocol and procedures
All of the enrolled patients had AMI and were referred to the TCPI care management program. The TCPI
is a system used to assess clinical care in Taiwan and to
identify areas where improvements in quality can be
made. This system has been used by pharmacists for patients with AMI. Once a patient had been identified, the
cardiac unit nurse notified the clinical pharmacist, and a
schedule to complete consultations with the pharmacist
was established within 3 days. The pharmacist then met
with the patient for an initial interview consisting of
general counseling with regards to cardiovascular diseases, education (monitoring their disease, reinforcing
compliance to medications, therapeutic lifestyle changes,
and how to take the medications), medication reconciliation and evaluation. Each interview lasted for approximately 1 hour, and the pharmacist recorded the details
of the interview with each patient. The pharmacist was
an experienced clinical pharmacist with over 10 years of
experience in providing consultations at the study hospital.
All patients were given an illustrated booklet before
being discharged containing general information on the
process and risk factors for cardiovascular diseases, and
emphasizing the importance of achieving recommended
targets for BP, LDL-C, and HbA1c. The booklet also contained information about pharmacologic management
as outlined in current practice guidelines.9,11,14

METHODS
Study design and setting
This prospective randomized clinical study was conducted at Chang Gung Memorial Hospital, a medical
center in southern Taiwan, from January 1, 2012 to December 31, 2014. We enrolled all patients admitted to
our hospital with MI as the principle diagnosis from
January 1, 2012 to December 31, 2012. The eligible
patients were stratified by age (³ 65 years and < 65
years) and sex, and were then randomized at a 1:1 ratio
into the intervention group (IG) or the control group
(CG) (Figure 1). MI was defined as having elevated bio291
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Figure 1. Study enrollment flow chart. A total of 231 patients were randomized into the intervention group (n = 116) or control group (n = 115).

Because medications for chronic illnesses are refilled for a maximum of 3 months as per the Taiwan National Health Insurance (NHI) reimbursement policy, the
patients in the IG received detailed follow-up by the
pharmacist every 3 months by telephone or in face-toface visits and comprehensive chart reviews. The follow-up rate was 100% in the IG (106 patients). The regular contact and chart reviews were intended to provide
adequate opportunities for the patients to ask questions, assess the patients’ medication knowledge, discuss laboratory results, reinforce the importance of compliance with the medication regimen and achieving clinical targets, assess accuracy of the medications, appropriately monitor medication therapy and evidence-based
chronic disease state management. Interventional feedback was provided to the patient’s physician and recommendations were made for any identified drug therapy
Acta Cardiol Sin 2019;35:290-300

problems. The patients assigned to the CG received no
further contact with the study pharmacist. All data collection was based on a review of the patients’ medical
records and interviews.
The goals for BP, LDL-C, and HbA1c were: BP < 140/
90 mmHg (for patients with DM or chronic kidney disease < 130/80 mmHg);14 LDL-C < 70 mg/dL;9 and HbA1c
< 7%.11 If any of these risk factors were uncontrolled,
the pharmacist alerted the patient by telephone, and
their physician was notified through the patient’s electronic medical records and by telephone for the patients
in the IG.

Sample size and outcome measures
The study included consecutive patients with MI at
a single facility between January 2012 and December
2012. The estimated sample size of 106 study patients in
292
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each group was based on an effective size with a = 0.05,
a power of 80%, anticipation of a 14.0% major adverse
cardiovascular event (MACE) rate in the CG and 4.0% in
the IG for the primary objective of this study. A 10%
dropout rate was considered in both groups. Therefore,
we screened 117 patients in each group. The primary
end-points were differences in modifiable cardiovascular disease risk factors [systolic and diastolic BP, total
cholesterol (TC), LDL, high density lipoprotein (HDL), triglycerides (TG), and HbA1c in those with DM] before
(initial) and after (final) the study in both groups. The
secondary end-point was MACEs including re-hospitalization for stroke, MI and unstable angina via the emergency department after hospital discharge. Stroke was
defined as sudden onset of the loss of global or focal cerebral function persisting for more than 24 h. Unstable
angina was defined as clinical evidence including prolonged signs/symptoms of ischemia (< 30 minutes) or
without changes in electrocardiographic ST-segment
and elevated biomarkers for myocardial necrosis. MI
was defined as elevated biomarkers for myocardial necrosis and clinical evidence including prolonged signs/
symptoms of ischemia (> 30 minutes) or changes in electrocardiographic ST-segment.
The clinical outcomes were classified and adjudicated by a cardiologist (Dr Tsai) and pharmacist (Pharm
Chiu) based on a review of the electronic medical records
at our center from January 1, 2012 to December 31,
2014.

alyses were conducted using SPSS software, version
16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
Patients
A total of 261 patients were screened, of whom 24
were excluded due to refusing to participate and six
who were lost to follow-up. The remaining 231 patients
were randomized into the IG (n = 116) and CG (n = 115).
Of these patients, 8.6% (10/116) were excluded in the IG
(all of whom were lost to follow-up), and 11.3% (13/115)
were excluded in the CG (all of whom were also lost to
follow-up). These 23 patients were not enrolled in our
study for further analysis. Because medications for chronic illnesses are refilled for a maximum of 3 months as
per the Taiwan NHI reimbursement policy, all patients
received follow-up at least every 3 months. The remaining 208 patients (106 in the IG and 102 in the CG) with a
100% follow-up rate were entered into the analysis (Figure 1). The last patient was enrolled on December 31,
2012, and follow-up was completed on December 31,
2014. All patients were followed for a minimum of 2
years. The pharmacist followed up the medical records
and laboratory results to educate the patients on the
importance of compliance with the medication regimen
and achieving clinical targets. The pharmacist also assessed the accuracy of medications and appropriate
monitoring of medications in the patients in the IG. The
follow-up rate with the pharmacist at each 3-month
period was 100%.

Statistical analysis
We used a per-protocol approach for all analyses.
Data were presented as the mean and standard deviation for normally distributed continuous variables, and
proportions for categorical variables. Baseline characteristics and study results were compared using the chisquare test for categorical data, and the independent
t-test, paired t test and analysis of cluster structure variability (ANOCVA) were used to compare continuous
data between the two groups. The Kaplan-Meier method
was used to determine the cumulative incidence of
MACEs in both groups, and differences between groups
were tested using the log-rank test. Cox regression analysis was used to determine the independent predictors for MACEs. A p value < 0.05 was considered to indicate statistical significance. All data processing and an-

Baseline comparisons
There were no significant differences in sex, age,
education status, smoking history, renal function or
body mass index between the two groups. With regards
to MRFs, there were no significant differences in hypertension, dyslipidemia or DM between the two groups.
More than 30% of the patients had one or two MRFs with
a similar distribution between the two groups. Most of
the patients did not have a coexisting disease, however
in those who did, chronic kidney disease was the most
common (IG 19.8% vs. CG 19.6%). There were no significant differences in the rates of medication use including
antiplatelets (aspirin or clopidogrel), beta-blockers,
293

Acta Cardiol Sin 2019;35:290-300

Chun-Chi Chiou et al.

ACEIs/ARBs and statins between the two groups at discharge (Table 1).

Table 1. Baseline demographic and clinical characteristics

Changes in blood pressure, lipid profile and
hemoglobin A1c
Of the 152 patients with hypertension, there were
no significant differences in systolic BP (SBP) or diastolic
BP (DBP) at baseline, 1 year and 2 years after discharge.
Of the 156 patients with hyperlipidemia, there were no
significant differences in serum LDL-C, TC, HDL and TG
between the two groups. However, the IG had a significantly lower serum LDL-C and higher HDL level than the
CG at 1 year and 2 year after discharge. Among the 71
patients with DM, there were no significant differences
in mean HbA1c between the two groups. However, the
HbA1c level was lower in the IG than in the CG at 1 year
and 2 years post discharge (Table 2). In addition, there
were higher rates of prescriptions for medications for
hypoglycemia and dyslipidemia in the IG (Table 3). Table
3 also lists the different kinds and changes of medication in both groups. There were higher rates of multiple
kinds of hypoglycemic drugs in the IG, however these
changes were reversed in the CG. This finding indicated

Male (%)
Age, years
³ 65 years
BMI (kg/m2)
Literacy rate (%)
Smoking (%)
Creatinine (mg/dL)
eGFR
Hypertension
Hyperlipidemia
Diabetes
CVA
CKD
Drug therapy
Aspirin
Clopidogrel
Dual antiplatelet
b-blockers
ACEIs
ARBs
ACEIs or ARBs
Statins

Intervention
group (n = 106)

Control group
(n = 102)

p value

88 (83%)
60.1 ± 12.4
36 (34%)
21.3 ± 4.30
97 (91.5%)
43 (40.6%)
1.59 ± 2.12
57.75 ± 13.13
78 (73.6%)
81 (76.4%)
35 (33%)0.
6 (5.7%)
21 (19.8%)

87 (85.3%)
61.5 ± 12.2
40 (39.2%)
22.0 ± 6.80
88 (86.3%)
51 (50%)0.
1.47 ± 1.69
66.75 ± 13.21
74 (72.5%)
75 (73.5%)
36 (35.3%)
5 (4.9%)
20 (19.6%)

0.65
0.41
0.43
00.353
0.23
0.22
00.662
00.330
0.87
0.73
00.729
0.81
0.97

96 (90.6%)
103 (97.2%)0
93 (87.7%)
87 (82.1%)
39 (36.8%)
51 (48.1%)
93 (87.7%)
92 (86.8%)

90 (88.2%)
102 (100%)0
91 (89.2%)
84 (82.4%)
39 (38.2%)
47 (46.1%)
89 (87.3%)
84 (82.4%)

0.59
0.26
0.74
0.96
0.83
0.77
0.92
0.38

ACEIs, angiotensin converting enzyme inhibitors; ARBs, angiotensin
receptor blockers; BMI, body mass index; CAD, coronary artery
disease; CKD, chronic kidney disease; CVA, cerebrovascular
accident; eGFR, estimated glomerular filtration rate; MRF,
modifiable risk factor.

Table 2. Changes in blood pressure, lipid profile and hemoglobin A1c levels within both groups before and after study
SBPat baseline (mmHg)
DBP at baseline (mmHg)
SBP at 1 year
DBP at 1 year
SBP at 2 years
DBP at 2 years
Lipid profile
LDL-C at baseline (mg/dL)
LDL-C after 1 year
LDL-C after 2 years
HDL-C at baseline (mg/dL)
HDL-C after 1 year
HDL-C after 2 years
TC at baseline (mg/dL)
TC after 1 year
TC after 2 years
HbA1c at baseline
HbA1c after 1 year
HbA1c after 2 years

Intervention group (n = 106)

Control group (n = 102)

p value*

128.5 ± 17.6
072.8 ± 10.7
131.9 ± 17.6
73.1 ± 11.5
133 ± 18.1
72.3 ± 10.7

128.2 ± 17.1
71.8 ± 9.8
133.0 ± 18.1
73 ± 11.7
133.3 ± 20.9
073.1 ± 11.7

0.856
0.472
0.496
0.783
0.275
0.644

112.2 ± 35.4
77.71 ± 24.3
79.1, 23.5
043.4 ± 11.6
049.4 ± 12.4
50.6, 14.7
176.3 ± 43.3
148.6 ± 31.3
151.4, 30.1
06.58 ± 1.48
06.32 ± 0.91
6.373 ± 0.94

113.3 ± 34.5
088.8 ± 34.5
84.1, 28.3
046.5 ± 21.4
049.3 ± 11.3
49.3, 12.7
178.2 ± 38.6
159.5 ± 43.9
154.5, 34.9
06.66 ± 1.46
06.57 ± 1.23
06.77 ± 1.33

0.507
*0.023*
*0.043*
0.451
*0.005*
*0.001*
0.426
*0.021*
0.420
0.695
*0.028*
*0.003*

* Analysis of cluster structure variability (ANOCVA).
BP, blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein-cholesterol; SBP, systolic blood pressure; TC, total cholesterol.
1 year: measurements at 1 year after discharge; 2 years: measurements at 2 years after discharge.
#
There were 78 patients and 74 patients with hypertension in control group and intervention group respectively. There were 35
patients and 36 patients with diabetes mellitus in control group and intervention group respectively. There were 81 patients and 75
patients with hyperlipidemia in control group and intervention group respectively.
Acta Cardiol Sin 2019;35:290-300
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Table 3. Medication use and changes
Medications
Hypoglycemic medications
0 kind
1 kind
2 kinds
3 kinds
4 kinds
Patients with any changes in medication
Hypertension medications
0 kind
1 kind
2 kinds
3 kinds
4 kinds
5 kinds
Patients with any changes in medication
Lipid medications
0 kind
1 kind
2 kinds
Patients with any changes in medication

Baseline IG

Final IG

Baseline CG

Final CG

68.9% (73)
18.9% (20)
10.4% (11)
1.9% (2)
0.0% (0)

0.67% (71)
0.16% (17)
13.2% (14)
2.8% (3)
0.9% (1)
19.8% (21)

68.6% (70)
14.7% (15)
10.8% (11)
5.9% (6)
0.0% (0)

67.6% (69)
19.6% (20)
7.8% (8)
4.9% (5)
0.0% (0)
19.6% (20)

6.6% (7)
22.6% (24)
50.9% (54)
16.0% (17)
3.8% (4)
0.0% (0)

5.7% (6)
28.3% (30)
43.4% (46)
17.9% (19)
2.8% (3)
1.9% (2)
47.2% (50)

0.1% (1)
13.7% (14)
57.8% (59)
19.6% (20)
6.9% (7)
0.1% (1)

2.9% (3)
15.7% (16)
59.8% (61)
18.6% (19)
6.9% (7)
0.0% (0)
39.2% (40)

12.3% (13)
86.8% (92)
0.9% (1)

10.4% (11)
87.7% (93)
1.9% (2)
10.4% (11)

17.6% (18)
78.4% (80)
3.9% (4)

18.6% (19)
75.5% (77)
5.9% (6)
25.5% (26)

CG, control group; IG, intervention group.

that the pharmacist interventions were effective in
achieving optimal blood sugar control by adjusting the
kinds of drugs. Increases in the kinds of drugs used to
achieve optimal blood pressure and lipid level were
also found. The changes in medications indicated that
the pharmacist interventions were beneficial in increasing the percentage of optimal MRF control rate by notifying the cardiologist to adjust medications.

There were significant differences in the proportions of patients who achieved the HbA1c target (HbA1c
< 7%) between the two groups at 1 year and 2 years
post discharge (all p < 0.05), with an increase of 28.4%
(from 37.1% to 65.5%) in the IG and a decrease of 3.3%
(from 33.3% to 30%) in the CG at 1-year post discharge.
In addition, the rate of achieving the HbA1c goal was
higher in the IG than in the CG at 2 years post discharge
(Figure 2C). Although there were no significant differences in the overall rates of controlled optimal MRFs between the two groups, the rates were higher in the IG
than in the CG at 1 year and 2 years post discharge (Figure 2D).

Rates of modifiable risk factor goals achieved after
discharge
There were no significant differences in the proportion of patients who achieved BP goals at baseline, 1
year and 2 years post discharge between the two groups
(Figure 2A). However, the overall increase in patients
achieving the BP goal was higher in the IG (17.5%; from
48.7% to 66.2%) than in the CG (11.1%; from 58.1% to
69.2%). In addition, the rate of achieving the lipid goal
(LDL-C < 70 mg/dL) increased in both groups from baseline to 1 year and 2 years post discharge. Although the
rate of achieving the lipid goal was lower in the IG at
baseline, the rates at 1 year and 2 years post discharge
were significantly higher in the IG than in the CG (Figure
2B).

Cardiovascular events post discharge
Kaplan-Meier analysis showed no significant difference in the cumulative incidence of MACEs between the
CG and the IG (Figure 3). The rate of re-admission for MI
was slightly higher in the CG than in the IG. However,
there were no significant differences in the rates of readmission for stroke or unstable angina after hospital
discharge between the two groups. There was also no
significant difference in the rate of MACEs between the
CG (9.8%) and IG (5.7%) (Table 4). Multivariate Cox
295
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Figure 2. Modifiable risk factor goals. Patients with myocardial infarction were randomized and analyzed into two groups. the intervention group
(n = 106) and control group (n = 102). The percentage of patients with optimal blood pressure, low-density lipoprotein cholesterol (LDL-C), and
glycosylated hemoglobin (HbA1c) control and all risk factors with optimal control were assessed at baseline, 1 year and 2 years post discharge. (A)
There were no significant differences between the groups in optimal blood pressure (BP) control (< 140/90 mmHg) at any time point. (B) The intervention group had a higher rate of reaching the recommended target for LDL-C (< 70 mg/dL) than the control group at 1 year and 2 years post discharge. (C) The intervention group had a higher rate of reaching the recommended target for glycemic control (HbA1c < 7.0%) than the control group
at 1 year and 2 years post discharge. (D) All risk factors were defined as blood pressure, low-density lipoprotein cholesterol and glycosylated hemoglobin. The rate of all modified risk factors (MRFs) with optimal control (BP control (< 140/90 mmHg), LDL-C (< 70 mg/dL) and HbA1c < 7.0%) were
similar between the intervention and control group at baseline. However, the intervention group had a higher all MRFs with optimal control rate
than the control group at 1 year and 2 years post discharge. * Indicated p < 0.05.

regression analysis for MACEs showed that DM was the
only an independent predictor of MACEs post discharge
in the patients with MI (Table 5).

interventions did not significantly reduce the rate of
long-term MACEs in the patients with MI enrolled in the
TCPI care management program.

Utilization of guideline-recommended medications
The utilization rates of guideline-recommended medications in this single center prospective randomized
control trial were higher than those reported in a previous nationwide survey in Taiwan8 for beta-blockers (82%
vs. 45.7%), renin-angiotensin system inhibitor drugs
(87% vs. 58.93%), statins (84% vs. 49.5%), aspirin (89.5
vs. 91.6%) and clopidogrel (98.6 vs. 94.4%), but similar
to a secondary prevention clinical trial.36 These findings
suggest that prescriptions for guideline-recommended
medications in patients with MI in Taiwan are inconsis-

DISCUSSION
Main findings
In this study, we investigated whether multifaceted
patient-centered pharmacist interventions could improve clinical outcomes in patients with MI by improving
the MRF control rate. There are two main findings in
this study. First, pharmacist interventions effectively improved the rates of achieving MRF goals, especially with
regards to lipid and sugar control. Second, pharmacist
Acta Cardiol Sin 2019;35:290-300
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Table 4. Cumulative incidence of MACEs requiring emergency
department visits
Intervention Control group
p value
group (N = 106) (N = 102)
Myocardial infarction
Stroke
Unstable angina
MACEs

0.0% (0)
0.0% (0)
5.7% (6)
5.7% (6)

4.9% (5)
2.0% (2)
2.9% (3)
09.8% (10)

0.076
0.538
0.591
0.262

MACEs, major adverse cardiac events.

tent, and that there is still scope for improvement in the
management of patients with MI after discharge.8,18,19

Impact of pharmacist interventions on prescription
patterns
There were no significant differences in the rates of
prescriptions for anti-platelet medications including aspirin monotherapy or dual therapy, beta-blockers, reninangiotensin system inhibitors and statins between the
two groups. The rate of change of lipid medications in
the CG was higher than that in the IG, and the greatest
change in lipid medications was to reduce the dose of
lipid medications due to insurance limitations. An increase in the dosage and kinds of lipid medications was
noted in the IG, because the pharmacist would notify
the in-charge cardiologist to maintain and achieve the
optimal lipid level. Although the rate of change of lipid

Figure 3. Kaplan-Meier cumulative major adverse cardiac events
curve. Kaplan-Meier survival analysis showed that the patients in the
control group were associated with a higher rate of major adverse cardiovascular events compared to those in the intervention group (9.8%
versus 5.7%, p = 0.637). Major adverse cardiac events were defined as
re-hospitalization due to myocardial infarction, unstable angina and
stroke.

Table 5. Univariate and multivariate Cox regression analyses for MACEs requiring emergency department visits
Variable
Age
Male gender
BMI
Obesity
Creatinine
Smoking
DM
HTN
CVA history
CKD history
Baseline LDL
Baseline HDL
Baseline TC
Pharmacist interventions

HR

95% CI

p value

1.016
0.440
0.978
1.552
0.867
0.525
2.704
2.203
6.198
2.082
1.003
0.997
1.001
0.996

0.963-1.071
0.187-1.034
0.762-1.225
0.656-3.669
0.487-1.554
0.259-1.065
1.366-5.352
0.848-5.772
01.286-29.864
1.025-4.229
0.985-1.021
0.953-1.043
0.985-1.017
0.499-1.909

0.571
0.060
0.860
0.317
0.628
0.074
0.004
0.105
0.002
0.043
0.778
0.997
0.892
0.991

HR

95% CI

p value

0.515

0.444-3.521

0.673

0.909
4.243

0.404-2.047
1.039-4.591

0.818
0.039

2.690
1.603

0.788-9.175
0.767-3.352

0.114
0.210

BMI, body mass index; BP, blood pressure; CI, confidence interval; CKD, chronic kidney disease; CVA, cerebrovascular accident; DM,
diabetes mellitus; HR, hazard ratio; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; LDL-C, low-density lipoproteincholesterol; MACEs, major adverse cardiac events; TC, total cholesterol.
297
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medication was higher in the CG than in the IG, the
greatest change was a reduction in the lipid dosage. In
addition, the rate of not using lipid medications was
higher in the CG (18%) compared to the IG (10%). These
changes may explain why the IG had a better lipid control rate and lower lipid values. The IG was prescribed
with more hypoglycemic medications than the CG (Table
3). The pharmacist provided data with regards to the
control of MRFs to the patients and their physicians, and
the higher rates of prescriptions in the IG may reflect
the effect of these interventions.

sults showed that the pharmacist interventions improved
the MRF control rate, which is in consistent with a previous study. 37 In addition, our data showed that diabetes was an independent predictor of MACEs, which
is consistent with previous reports.3-6 Our results only
demonstrated a mild non-significant decrease in the readmission rate due to MACEs. There are several possible
reasons to explain why improving the MRF control rate
did not translate to a reduction in MACEs in this study.
First, MACEs were defined as re-admission for stroke, MI
and unstable angina. Only absolute changes in LDL/
HBA1c were comparatively small, and these small changes
may not have been sufficient to result in a significant
reduction in MACEs. The pharmacist interventions in
our study included oral education for drug adherence.
The pharmacist could not ask the cardiologist to change
the dose or type of medication, and the dosage of lipid
lowering drugs is also restricted by the NHI program in
Taiwan. The rate of optimal lipid control can’t persist increase with year reflect this phenomenon. These findings may explain why the pharmacist interventions did
not improve the clinical outcome.
Second, the hospital computer system notified the
in-charge cardiologist to provide optimal treatment for
the patients with MI, including prescribing statins, betablockers, and ACEIs/ARBs. All cardiologists in our hospital agreed to achieve the targets established by the
TCPI, and the lipid profile, blood pressure and HbA1c
were obviously reduced in all patients in this study. The
improvements in MRF optimal control rate in the CG
also obviously improved, and this improvement may explain the low MACE rate in this study. This may be another reason why add-on pharmacist interventions did
not significantly lower the MACE rate in this study.
Third, our pharmacist interventions focused on adherence to medications to control blood pressure, sugar
and lipid levels. Other cardiovascular risk factors such as
smoking, physical activity and BMI are also all important
predictors of MACEs in patients with MI. The pharmacist
interventions may have been too simplistic and did not
provide sufficient motivation to quit smoking, lower the
BMI and enhance physical activity in the IG. This is another important potential explanation of why the pharmacist interventions did not improve the clinical outcomes in this study. A multidisciplinary team with a
comprehensive disease management program (includ-

Effectiveness of the pharmacist interventions on
controlling modifiable risk factors
There was no significant difference in the rate of
optimal BP control between the two groups, and about
67% of the patients achieved the target BP recommended
according to the JNC 7 guidelines, which is consistent
with previous studies.15-17,31,32 However, our results demonstrated that the pharmacist interventions were effective in reducing the serum LDL-C level at 1 year and 2
years post discharge. More importantly, the percentage
of patients achieving the LDL-C goal (< 70 mg/dL) was
significantly higher in the IG than in the CG. This effect
was persistent and remained at 2 years post discharge.
Of note, the HbA1c level and percentage of patients
with an HbA1c < 7% were similar between the two groups
at baseline, however the IG had a higher rate of HbA1c <
7% at 1 year and 2 years post discharge, which is also
consistent with previous studies.26,27 This may have been
due to the pharmacist interventions, in which the pharmacist provided recommendations to the physicians
with regards to controlling lipid levels and hypoglycemia
with changes to the patients’ medications via electronic
medical records for the patients in the IG.
Pharmacist interventions and cardiovascular
outcomes
Our results showed that the pharmacist interventions did not significantly reduce the rates of re-hospitalization due to MACEs in the patients with MI. Most
previous studies on pharmacist interventions have focused on whether they can effectively reduce risk factors and enhance drug compliance, 25-33 however few
studies have explored the benefits of pharmacist interventions in reducing readmissions for MACEs.37 Our reActa Cardiol Sin 2019;35:290-300
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ing pharmacists, nurses, nutritionists and doctors) should
be included in further studies.

Limitations
There are several limitations to this study. First, the
sample size was relatively small. In addition, the study
was conducted at a single center with a single pharmacist. The study was an open-label design, and none of the
participants were blinded to treatment assignment.
These factors may have introduced bias and a double
blind clinical trial with a larger sample size conducted at
multiple centersis warranted to validate our findings. Second, data on blood pressure were recorded from medical
records at wards and outpatient clinics, and the effect of
white coat hypertension cannot be excluded. Third, some
confounders that could have affected BP, lipids and sugar
control were not explored in detail. Fourth, MACEs were
assessed by only two of the investigators in this open-label study. In addition, the use of unstable angina as a
MACE was also prone to bias. However, the patients with
unstable angina in this study all received coronary angiography and received coronary interventions if the incharge cardiologist thought it would be beneficial for the
patients. The diagnosis of unstable angina was not only
made according to symptoms.
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