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ABSTRACT

BACKGROUND: The impact of providing cognitive pharmacy services fol-

lowing hospital discharge has been studied with various results. This study 

is specifically focused on comprehensive medication management ser-

vices delivered postdischarge in an interprofessional team environment to 

patients aged > 65 years.

OBJECTIVE: To determine if delivery of comprehensive medication manage-

ment services postdischarge will prevent hospital readmissions or emer-

gency department visits within 6 months following discharge in patients 

aged > 65 years. Secondary endpoints included 30-day and 60-day post-

discharge events.

METHODS: This was a prospective group matched-controlled study of 

patients aged > 65 years with selected diagnoses identified as high risk for 

readmission. The intervention group received comprehensive medication 

management that was provided face-to-face in the patient’s primary care 

clinic within 2 weeks of discharge. 

RESULTS: No statistically significant difference was found between inter-

vention and control groups in hospital readmissions or emergency depart-

ment visits at 30 days, 60 days, or 6 months after discharge. No statisti-

cally significant difference was seen in mortality between groups. 

CONCLUSIONS: Provision of comprehensive medication management servic-

es did not reduce emergency department visits or readmissions in this study. 

This study was limited by multiple other changes occurring in the health 

system during the time of this study that potentially confounded results. In 

addition, the study may have been too small to detect a difference.
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RESEARCH

There is a large body of literature documenting the sig-
nificance of drug-related adverse events that occur after 
a patient is discharged from the hospital setting. One 

study demonstrated that 19% of hospital discharged patients 
experienced adverse events within 3 weeks following dis-
charge, and 66% of those were drug related.1 Additionally, a 
recent study found that 51% of hospital discharged patients 
had 1 or more clinically important medication errors, and 
30.3% experienced adverse drug events during the first 30 
days following discharge.2 

In 2004, the estimated cost of unplanned rehospitalizations 
for Medicare patients was $17.4 billion. One study found that 
19.6% of all Medicare patients were rehospitalized within 30 
days, and 34% were rehospitalized within 90 days.3

Many studies have documented the positive impact that 
pharmacists can have on patient outcomes by providing com-
prehensive medication management services.4-10 However, 
additional research is needed to determine the impact of these 
services on patient outcomes when they are provided after hos-
pital admissions. Of special interest are specific patient popula-
tions that are at higher risk for clinically significant medication 
errors, including elderly patients who have health conditions 
associated with high rates of hospital readmission.3 

Previous research has yielded conflicting results on the 
impact of pharmacists on hospital readmissions. Several  
studies have found a positive impact of pharmacist interven-
tion on hospital readmissions and emergency department (ED) 
visits. In a British study, elderly patients received discharge 

• Hospital readmissions are an important target to reduce health 

care costs. 

• Studies show that pharmacists can contribute to reducing hospi-

tal readmissions, but not all published studies are positive.  

• The type of pharmacist interventions studied ranges from phone 

calls to home visits from pharmacists postdischarge. 

What is already known about this subject

• This study found no difference in hospital readmissions or emer-
gency department visits between subjects receiving comprehen-
sive medication management services or standard care.

• Concurrent changes in the health care system directed at read-
mission reduction may have confounded findings.

• The design, recognized limitations, and findings may help opti-
mize study design in future research on the impact of pharmacist 
services on hospital readmission.

What this study adds
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■■  Methods
Subjects for this study were patients with selected diagnoses 
discharged from a 380-bed hospital with a Level II trauma 
center. Patients who received the intervention were identified 
prospectively, and group matched controls were identified after 
intervention data were collected.

In order to identify the appropriate target population within 
this health system, a prestudy review of hospital discharges for 
the period from January 1, 2006, to December 31, 2006, for 
patients aged 65 years or older with a primary care provider in 
the local internal medicine or family medicine clinics affiliated 
with the hospital were analyzed to determine conditions with 
the highest rates of 6-month readmissions to a hospital or ED. 
It was decided to focus on patients aged 65 years or older, since 
these patients are more likely to be rehospitalized because of 
comorbidities. Based on this analysis, the following diagnostic 
groups were selected because they had the highest level of 
hospital and ED readmission rates, ranging from 31.4%-53.5%: 
heart failure, dysrhythmias, genitourinary conditions, isch-
emic heart disease, and digestive disorders. 

The study was approved under expedited review by the 
institutional review boards at the University of Minnesota and 
Essentia Health. 

Subjects
Inclusion criteria for participation in the study were the follow-
ing: aged 65 years or older and discharged from the hospital 
after being admitted for heart failure, ischemic heart disease, 
dysrhythmias, genitourinary conditions, or digestive disorders. 
In addition, subjects had to have a primary care provider in 
the local internal medicine or family medicine clinics affili-
ated with the hospital. Patients were excluded from both the 
intervention and control group if they had previously met with 
a clinical pharmacist as part of the health system’s medication 
therapy management program, or if they were enrolled in the 
health system’s heart failure or atrial fibrillation programs, 
where medication management is coordinated by specially 
trained staff, including pharmacists. Although these additional 
services are available within the health system, not all cardiol-
ogy patients took advantage of the heart failure or atrial fibril-
lation programs. Therefore, the diagnosis codes were included 
to reach patients being managed outside of the specialty clinics 
for these conditions. Patients were also excluded if they were 
enrolled in another clinical trial, not legally responsible for 
their own health care decisions, enrolled in hospice, or resided 
in a nursing home.

The review of hospital discharges for the period from 
January 1, 2006, to December 31, 2006, identified 700 patients 
meeting study inclusion criteria and determined that 184 of 
those patients (26.29%) had hospital readmissions within 6 
months of discharge. At the time of the initial study design, 
little data were published in this area, but 1 study showed an 
absolute reduction in readmissions from pharmacist inter-

education and 2 home visits from a pharmacist. Significant 
results included an increase in compliance and decreases in 
general practitioner visits and hospital readmission rates.11 A 
hospital discharge program in Boston, Massachusetts, which 
included a nurse discharge advocate and pharmacist phone call 
2-4 days after discharge, resulted in a significant decrease in 
hospital readmissions and ED visits.12 In Austin, Texas, Bellone 
et al. (2012) conducted a retrospective electronic record review 
of subjects with multiple medications and various chronic dis-
eases and indicated a reduced readmission rate to the hospital 
for patients who received pharmaceutical care interventions 
within 60 days of hospital discharge compared with subjects 
with similar comorbidities who did not receive pharmaceutical 
interventions.13 

However, a British study conducted in London found no 
difference in the utilization of health care services following 
collaboration between the discharging hospital pharmacist and 
the community pharmacist.14 Increased hospital admissions 
and ED visits were found to be associated with pharmacists 
providing home visits following hospital discharge in patients 
greater than aged 80 years in another United Kingdom (UK) 
study.15 A recent study utilized a 4-component intervention, 
which included pharmacist-assisted medication reconciliation, 
inpatient counseling by a pharmacist, provision of adher-
ence aids, and individualized telephone follow-up as needed 
when identified by a research coordinator. The research group 
concluded that pharmacist-delivered intervention did not sig-
nificantly reduce important medication errors.2 The UK studies 
may have minimal generalizability to the U.S. health care sys-
tem, but these studies illustrate that pharmacist interventions 
have had mixed results in the current literature on reduction 
of hospital readmissions. 

The current study differs from most of those previously 
described in the literature because it examines the impact of 
the pharmacist providing comprehensive medication manage-
ment16 in the clinic team environment, where a direct line of 
communication exists between the pharmacist and the physi-
cian or other prescriber. This service is designed to provide for 
direct communication between the pharmacist, the provider, 
and the patient through comprehensive medication manage-
ment visits to the clinic and follow-up phone calls. This study 
was conducted to evaluate the impact of the provision of 
comprehensive medication management on health care service 
utilization, with an overall goal of reducing the costs associ-
ated with hospital readmission and ED visits in elderly patients 
following hospitalization. The study also collected data to 
improve understanding of the types of drug therapy problems 
encountered by elderly patients. 
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vention of 30%.11 Study investigators set a 40% decrease in 
6-month hospital readmission as the primary goal of the study 
and calculated the required sample size to be 141 intervention 
and 282 control subjects to reach 80% power. 

Identification
Potential intervention group subjects were identified by staff 
from the health system’s clinical trials office from among those 
patients meeting study inclusion/exclusion criteria and who 
were scheduled for discharge. When identified patients were 
available, clinical trials staff pre-obtained consent from the 
patients verbally and scheduled an initial medication manage-
ment visit. Contacted patients who refused to participate were 
also excluded from the pool of potential controls. Patients who 
were not contacted for enrollment in the study intervention 
were included in the pool of potential controls. This included 
all patients discharged during all nonstaffed hours.

Intervention Group
Potential intervention group subjects met with the pharmacist 
on the scheduled date, received a full review of the inter-
vention, and signed a consent form. In addition to standard 
medical care, the intervention group received an initial com-
prehensive medication management visit following hospital 
discharge and prior to their hospital follow-up appointments 
with their primary care providers. Clinic standard of care calls 
for the primary care posthospitalization follow-up appointment 
to occur within 2 weeks of hospital discharge, whenever pos-
sible. Comprehensive medication management was delivered 
face-to-face as defined by the Patient Centered Primary Care 
Collaborative, which includes a comprehensive assessment of 
all of the patient’s medication-related needs, development of 
a care plan, and follow-up.16 Follow-up consisted of a phone 
call 4 weeks after the initial visit or a face-to-face follow-up 
visit within 1 month if subjects had 3 or more drug therapy 
problems identified by the pharmacist. The pharmacist worked 
with the primary care team to resolve all identified drug 
therapy problems.

Control Group
Controls were group matched retrospectively to intervention 
patients in a 2:1 ratio. Matching strata included the follow-
ing: sex (M, F); age group (65-75, 76+); Charlson Comorbidity 
Index (CCI; 0, 1, 2, and 3+ comorbidities)17; and number of 
medications at hospital discharge (< 10, 10-13, 14-19, and 20+). 
Intervention patients were identified in 51 of the possible 64 
stratification levels. The identified control group received stan-
dard medical care with no comprehensive medication manage-
ment provided.

Measurement Endpoints
The primary outcomes were rates of nonscheduled all-cause 
hospital readmission and any ED visits for 6 months after the 
hospital discharge, regardless of whether the readmission was 

related to the index admission, as well as time to the first of 
each of these events. Any admissions occurring after an initial 
readmission were not included in the analysis. Secondary 
endpoints were rates of death and any adverse event (hospital 
readmission, ED visit, or death) for 6 months following hospi-
tal discharge, as well as time to these occurrences.

Health care events were identified from the electronic health 
records (EHR) of the health system for the 6 months following 
hospital discharge. Only events from days 15-183 after hos-
pital discharge were included, corresponding with the health 
system goal of having posthospitalization primary care follow-
up appointments occur within 2 weeks of hospital discharge. 
To minimize the number of health care events that would be 
missed because they occurred at outside (nonhealth system) 
facilities, subjects were required to have a primary care pro-
vider in the local internal medicine or family medicine clinics 
affiliated with the hospital. ED visits and hospital readmissions 
were identified using both health system hospital records and 
provider billing recorders for services provided at nonhealth 
system facilities. Any readmission that was scheduled or 
planned to occur (e.g., angioplasty procedure) was excluded. 
Mortality was also identified through a query of the health 
system’s EHR.

Statistical Analysis
All intervention subjects who received a comprehensive medi-
cation management assessment were included in the analysis, 
regardless of whether they were available for follow-up. The 
IBM SPSS Statistics 21 package was used for data analysis 
(SPSS, Inc., Chicago, IL).

Logistic regression was used to compare rates of any hospi-
tal readmission, any ED visits, death, and any adverse events in 
the 6 months following hospital discharge. Analysis of variance 
evaluated the number of hospital readmissions, ED visits, and 
combined medical outcomes (hospital readmission and/or ED 
visit). Cox regression was used to evaluate the time to the first 
of each of the following: hospital readmission, ED visit, death, 
and any adverse event. To control for the effect of systemwide 
program and policy changes, 6-month periods of patient 
hospital discharge, from July 1, 2008-December 31, 2008, to 
January 1, 2011-June 30, 2011 (6 time periods), were included 
as a covariate in all analyses.

■■  Results
Baseline Characteristics
At hospital discharge, intervention and control group sex, age, 
CCI,17 and number of discharge medications were comparable, 
which was in keeping with the stratified group-matching meth-
odology (Table 1). However, the discharge period (6-month 
window) was significantly different for the 2 groups, with 
the smallest number of intervention subjects and the largest  
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number of control subjects discharged from the hospital in the 
first period—from July 1, 2008, to December 31, 2008. This 
finding suggests the need to include discharge periods in sub-
sequent analyses, as appropriate.

Intervention Group
A total of 135 subjects were enrolled in the intervention group. 
The goal of 141 subjects was initially reached, but 6 subjects 
were excluded based on exclusion criteria during data analy-
sis. In the intervention group, 42 subjects met the criteria for 
face-to-face follow-up. Eight subjects declined face-to-face 
follow-up, so a total of 34 subjects were seen for follow-up in 
the clinic. The remaining patients received a phone call follow-
up from the pharmacist. Within the 135 intervention patients, 
a total of 427 drug therapy problems were identified and 
resolved, for an average of 3.16 drug (median and mode = 3.0) 
therapy problems per patient (see Table 2).

Hospital Readmissions
No significant intervention/control difference was found when 
evaluating the simple question of whether patients had any 
hospital readmissions during the 6 months following hospi-
tal discharge, adjusted for the 6-month period in which the 
patient was discharged (Table 3). 

Because the initial intervention occurred at about 2 weeks 
after the index hospitalization discharge, this study was 
designed to assess the occurrence of events 2 weeks or more 
after index hospital discharge, and it was not designed nor 
powered to evaluate 30-day or 60-day readmissions. As can 
be seen in Table 3, although the mean number of hospital 
readmissions in the intervention group was less than that of 
the control group through 60 days, this difference was not 
statistically significant, and the observed power was relatively 

low. The same is true when evaluating the adjusted odds of any 
hospital readmission—although the rates among the interven-
tion group through 60 days are smaller than that of the control 
group, the rates are relatively small among both groups, and 
the differences are not statistically significant.

Alhough the number of hospital readmissions during the 
6 months following hospital discharge decreased significantly 
with discharge period, P < 0.05, there was no significant 
intervention/control difference in the number of readmissions 
(Table 4).

Emergency Department Visits
No significant intervention/control difference was found when 
evaluating the simple question of whether patients had any 
ED visits during the 6 months following hospital discharge, 
adjusted for the 6-month period in which the patient was 
discharged (Table 3). There was also no significant interven-
tion/control difference in the number of ED visits during the 
6-month period following hospital discharge (Table 4).

Combined Medical Encounters,  
Mortality, and Adverse Events
The number of combined medical encounters (hospital read-
mission and/or ED visit) during the 6 months following hos-
pital discharge decreased significantly with time (discharge 
period), P 

  < 0.05, but there was no significant intervention/
control difference in the number of encounters (Table 4).

No significant intervention/control difference was found 
when evaluating the simple question of all-cause mortality 
during the 6 months following hospital discharge, adjusted for 
the 6-month period in which the patient was diagnosed (Table 
3). There was a lower mortality rate in the intervention group 
than the control group (3% vs. 5.6%), but it was not statistically 
significant (odds ratio [OR] = 0.587, 95% confidence interval 
[CI] = 0.188-1.826; Table 3, Figure 1). 

Description
Intervention 

(n = 135)
Control 
(n = 270)

Total 
(n = 405)

Sex–male, n (%)  65 (48.1)  130 (48.1)  195 (48.1)
Age, mean (SD)  75.9 (7.0)  76.2 (7.9)  76.1 (7.6)
CCI score, mean (SD)  1.7 (1.8)  1.9 (2.1)  1.8 (2.0)
Discharge medications, mean (SD)  14.8 (7.6)  14.3 (7.6)  14.4 (7.6)
Discharge period, n (%)a

July 1-December 31, 2008  12 (8.9)  62 (23.0)  74 (18.3)
January 1-June 30, 2009  36 (26.7)  55 (20.4)  91 (22.5)
July 1-December 31, 2009  15 (11.1)  44 (16.3)  59 (14.6)
January 1-June 30, 2010  19 (14.1)  33 (12.2)  52 (12.8)
July 1-December 31, 2010  18 (13.3)  40 (14.8)  58 (14.3)
January 1-June 30, 2011  35 (25.9)  36 (13.3)  71 (17.5)

aChi-square test P < 0.01.
CCI = C harlson Comorbidity Index; SD = standard deviation.

TABLE 1 Population Description: 
Intervention and Control Groups

Drug Therapy Problem Total Number
Average/Patient 

Mean (SD)

Unnecessary drug therapy 70  0.52 (0.82)
Needs additional drug therapy 88  0.65 (0.76)
Ineffective drug 40  0.30 (0.52)
Dose too low 38  0.28 (0.48)
Adverse drug reaction 48  0.36 (0.62)
Dose too high 40  0.30 (0.52)
Nonadherence 69  0.51 (0.79)
Lab monitoring needed 34  0.25 (0.44)
Total 427  3.16 (1.63)

SD = standard deviation.

TABLE 2 Number and Types of Drug 
Therapy Problems Identified 
in the Intervention Group
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While the odds of having any adverse events decreased over 
time (OR = 0.875 [per 6-month period], 95% CI = 0.776-0.986 
[per 6-month period]), no significant intervention/control dif-
ference was found when adjusted for the 6-month period in 
which the patient was diagnosed (Table 4).

■■  Discussion
In recent years, several new models have been tested to reduce 
hospital readmissions. These models are programs highly 
integrated into health systems with multiple health care pro-
viders involved.18 The comprehensive medication management 
services provided in the intervention group of this study were 
done so in collaboration with the interprofessional health care 
team. The recent literature shows that a team-based approach 
is required in order to impact hospital readmissions. In this 
study, the single intervention of comprehensive medication 
management services is analyzed, and there was no statisti-
cally significant difference demonstrated in primary outcomes 
of hospital readmissions or ED visits in 6 months, or death.

Although not statistically significant, the decrease in mortal-
ity of 41% in the intervention group is notable (OR = 0.587, 95% 
CI = 0.188-1.826). This study was not powered to look at mortal-
ity, so it would be difficult to achieve statistical significance with 
this outcome. However, this difference in mortality between the 
control and intervention groups is worthy of further study. 

Due to the extended time of the study, and that both interven-
tion and control groups saw improvement in medical events over 
time, it is challenging to narrow the analysis to the pharmacist 
services intervention. At the time of this study, the participating 
health system was going through ongoing quality improvement 
initiatives, and the impact of the pharmacist may have been 
masked by other changes of greater magnitude. Specifically, 
the overall health system was changing to achieve the goal of 
becoming an accountable care organization. Reducing 30-day 
hospital readmissions became an important goal, and initiatives 
such as the implementation of care coordinators, follow-up hos-
pitalization phone calls, adding pharmacists to the ED, and a 
single electronic medical record across inpatient and outpatient 
settings were completed. The multiple layers of changes occur-
ring during this time frame could not have been predicted at 
the initiation of the study and were unable to be controlled for 
in this trial. Additionally, many patients with heart failure and 
atrial fibrillation were excluded because they were enrolled in 
standardized interprofessional care programs already developed 
to reduce rehospitalizations. It is possible that by excluding this 
group, the number of avoidable hospital readmissions in both 
study groups was further reduced. 

Any Occurrence

Intervention Control

ORa

95% CI

N n (%) N n (%) LL UL

Hospital readmissionsb

15-183 days 134  30 (22.4) 262  64 (24.4) 0.958 0.580 1.582
15-60 days 134  10 (7.5) 265  29 (10.9) 0.678 0.318 1.449
15-45 days 134  7 (5.2) 265  23 (8.7) 0.592 0.245 1.429
15-30 days 134  4 (3.0) 268  15 (5.6) 0.510 0.164 1.584

ED visitsb

15-183 days 133  36 (27.1) 258  62 (24.0) 1.268 0.779 2.062
15-60 days 134  10 (7.5) 262  21 (8.0) 0.949 0.430 2.098
15-45 days 134  4 (3.0) 263  16 (6.1) 0.464 0.150 1.430
15-30 days 134  1 (0.7) 266  9 (3.4) 0.207 0.026 1.671

Death
15-183 days 135  4 (3.0) 270  15 (5.6) 0.587 0.188 1.826
15-60 days 135  1 (0.7) 270  9 (3.3) 0.266 0.028 1.821
15-45 days 134  1 (0.7) 270  8 (3.0) 0.255 0.031 2.088
15-30 days 134  1 (0.07) 270  4 (1.5) 0.524 0.057 4.829

Adverse eventsc

15-183 daysd 135  44 (32.6) 270  97 (35.9) 0.931 0.596 1.453
15-60 days 135  17 (12.6) 270  43 (15.9) 0.779 0.423 1.435
15-45 days 135  10 (7.4) 270  35 (13.0) 0.547 0.260 1.150
15-30 days 135  5 (3.7) 270  20 (7.4) 0.472 0.172 1.299

aAdjusted for discharge period.
bSubjects with no prior events are censored upon death.
cED visits, hospital readmissions, and/or death.
dDischarge period statistically significant at P < 0.05.
CI = confidence interval; ED = emergency department; LL = lower limit; OR = odds ratio; UL = upper limit.

TABLE 3 Logistic Regression: Any Occurrence of Medical 
Outcomes Following Index Hospitalization Discharge
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reductions in hospital readmissions.19 They estimated that 23% 
of all hospital readmissions within 30 days are actually avoid-
able readmissions. According to van Walraven and Forster, in 
order to have a 20% reduction in total hospital readmissions, 
a 91% reduction in potentially avoidable readmissions would 
be needed.19 This statistical analysis illustrates that finding an 
intervention that can decrease hospital readmissions in a sta-
tistically significant manner is a large challenge for clinicians 
and researchers.

In scientific literature, there has been a lot of focus in 
recent years on the potential for publication bias, particularly 
that negative studies may go unpublished, leaving important 
data out of the public eye.20-21 Although criticism is primarily 
focused specific medical interventions, such as drugs or pro-
cedures, the same critique can apply to analysis of care models 
in today’s health care system. Although this study did not see 
a statistically significant reduction in primary outcomes, there 
is much to be learned from this experience in study design, 
recognition of variables, and the impact of a pharmacist on 
patient outcomes.

Limitations
There are several limitations to this study. There may be bias 
in our groups, since the subjects recruited for the control 
group were contacted during normal business hours. Potential 
subjects being discharged on evening and weekends were not 
contacted. It is not known if differences may exist between 
these patient populations that may have biased results and 

Although the comprehensive medication management ser-
vices provided in this study did not reduce hospital readmis-
sions or ED visits over 6 months, it is possible that these 
outcomes were not sensitive enough to measure the impact of 
the benefit of these services in this small study. Other studies 
have consistently seen the benefits of pharmacist interventions 
on markers of chronic disease management,4-10 long-term cost 
of care,5,7,8 and patient satisfaction in the outpatient setting.9,10 
The impact of pharmacist intervention delivered postdischarge 
on health system utilization has not had a consistent response 
in the literature.11-15,18 This may be due to the variability in the 
types of pharmacist intervention provided, the cultural climate 
of the health system being studied, or many other factors. One 
possible reason for this is that the pharmacist plays an impor-
tant role, but other team members, such as care coordinators 
and nurse educators, also need to be added to the patient’s care 
team to have a more significant impact in reducing hospital 
readmissions. Some of the largest decreases in health system 
utilization in the postdischarge period described in the lit-
erature are from interventions involving an interprofessional 
team with care coordination and other health care providers, 
including pharmacists.12,18 In this study, pharmacists providing 
the care were integral members of the primary care team, with 
well-developed collaborative relationships with the providers. 
It is believed that this interprofessional approach likely con-
tributed to the positive impact on improvement in mortality. 

In a recent study, van Walraven and Forster (2013) described 
the statistical complexity of demonstrating statistical significant 

Number of Events

Intervention Control

P Valuea Observed PowerbN Mean (SD) N Mean (SD)

Hospital readmissionsc

15-183 daysd 134  0.34 (0.79) 262  0.34 (0.73) 0.728 0.064
15-60 days 134  0.07 (0.26) 265  0.13 (0.39) 0.199 0.250
15-45 days 134  0.05 (0.22) 265  0.09 (0.32) 0.209 0.241
15-30 days 134  0.03 (0.17) 268  0.06 (0.25) 0.228 0.226

ED visitsc

15-183 days 133  0.44 (1.03) 258  0.41 (0.94) 0.641 0.075
15-60 days 134  0.08 (0.30) 262  0.11 (0.40) 0.521 0.098
15-45 days 134  0.04 (0.23) 263  0.08 (0.33) 0.196 0.252
15-30 days 134  0.01 (0.09) 266  0.04 (0.21) 0.118 0.346

Medical encounterse

15-183 daysd 134  0.57 (1.25) 262  0.56 (1.03) 0.682 0.069
15-60 days 134  0.13 (0.38) 266  0.19 (0.50) 0.317 0.170
15-45 days 134  0.07 (0.29) 266  0.14 (0.40) 0.125 0.335
15-30 days 134  0.03 (0.17) 268  0.07 (0.27) 0.115 0.350

aAdjusted for discharge period.
bComputed at α = 0.05.
cSubjects with no prior events are censored upon death.
dDischarge period statistically significant at P < 0.05.
eCombined hospital readmissions and/or ED visits; hospital admission from the ED = 1 encounter.
ED = emergency department; SD = standard deviation.

TABLE 4 Analysis of Variance: Number of Events Following Index Hospitalization Discharge
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been undetectable in included variables. Since all of the data 
were collected with the regional health system data, any hos-
pital readmissions and ED that occurred outside of the system 
are not included. This limitation is expected to have impacted 
both the intervention and control groups, but the data are not 
available. The precalculated power indicated that 141 subjects 
would be needed to reach statistical significance, and due to 
exclusions identified during data analysis, the final interven-
tion group was below the required number at 135. Therefore, 
the study was underpowered to see a 40% decrease in hospital 
admissions and ED visits, and as already described, the 40% 
decrease in hospital admissions and ED visits is likely more 
than what can be reasonably achieved. 

■■  Conclusions
The provision of comprehensive medication management 
services by pharmacists following hospital discharge did not 
reduce ED visits or hospital readmissions within 6 months 
after discharge. No statistically significant difference was seen 
in mortality between groups. This study was limited by mul-
tiple other changes occurring in the health system during the 
time of this study, potentially confounding results. In addition, 
the study may have been too small to detect a difference. 

FIGURE 1 Survival Days Postdischarge to Death

Survival Functions (Adjusted for Discharge Period)

0.94

0.95

0.96

0.97

0.98

0.99

1.00

0 50 100 150 200

C
um

ul
at

iv
e 

Su
rv

iv
al

Survival Days: Baseline Discharge to Death

Case/Control Status
Control Intervention

SARAH M. WESTBERG, PharmD, BCPS, is Associate Professor, 
Department of Pharmaceutical Care and Health Systems, University 
of Minnesota College of Pharmacy, Minneapolis, Minnesota; 
MICHAEL T. SWANOSKI, PharmD, is Associate Department 
Head and Associate Professor, Department of Pharmacy Practice 
and Pharmaceutical Sciences, University of Minnesota College 
of Pharmacy, and Clinical Specialist, Pharmacy Services, 
Essentia Health, Duluth, Minnesota; COLLEEN M. RENIER, 
BS, is Biostatistician, Essentia Institute of Rural Health, Essentia 
Health, Duluth, Minnesota; and CHARLES E. GESSERT, MD, 
MPH, is Senior Research Scientist Emeritus, Essentia Institute of 
Rural Health, Essentia Health, and Adjunct Assistant Professor, 
Department of Family Medicine and Community Health, University 
of Minnesota Medical School, Duluth, Minnesota.

AUTHOR CORRESPONDENCE: Sarah M. Westberg, PharmD, 
BCPS, Associate Professor, 7-174 Weaver-Densford Hall, 308 
Harvard St. S.E., Minneapolis, MN 55455. Tel.: 612.625.4632;  
Fax: 612.625.9931; E-mail: swestber@umn.edu.

Authors

DISCLOSURES

The authors received funding for this study from Peters Institute for 
Pharmaceutical Care and Essentia Health Research Institute.

Study concept and design were contributed by Westberg, assisted by 
Renier and Gessert. Swanoski and Renier collected the data, which were 
interpreted primarily by Renier with help from the other authors. The manu-
script was written and revised by Westberg and Renier, assisted by Swanoski 
and Gessert. 

ACKNOWLEDGMENTS

For her instrumental work in data collection for this study, the authors would 
like to acknowledge Jeanette Palcher, Informatics Analyst, Essentia Institute 
of Rural Health, Essentia Health, Duluth, Minnesota.

REfERENCES

1. Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence 
and severity of adverse events affecting patients after discharge from the 
hospital. Ann Intern Med. 2003;138(3):161-67.

2. Kripalani S, Roumie C, Dalal A, et al. Effect of a pharmacist intervention 
on clinically important medication errors after hospital discharge: a random-
ized trial. Ann Intern Med. 2012;157(1):1-10. 

3. Jencks SF, Williams MV, Coleman EA. Rehospitalization among patients in 
the Medicare fee-for-service program. N Engl J Med. 2009;360(14):1418-28.

4. Brummel AR, Soliman AM, Carlson AM, de Oliveira DR. Optimal diabe-
tes care outcomes following face-to-face medication therapy management 
services. Popul Health Manag. 2013;16(1):28-34.

5. Cranor CW, Bunting BA, Christensen, DB. The Asheville Project: long-
term clinical and economic outcomes of a community pharmacy diabetes 
care program. J Am Pharm Assoc (Wash). 2003;43(2):173-84.

6. Isetts BJ, Brown LM, Schondelmeyer SW, Lenarz LA. Quality assess-
ment of a collaborative approach for decreasing drug-related morbidity and 
achieving therapeutic goals. Arch Intern Med. 2003;163(15):1813-20.

7. Isetts BJ, Brummel AR, de Oliveira DR Moen DW. Managing drug-related 
morbidity and mortality in the patient-centered medical home. Med Care. 
2012;50(11):997-1001. 



www.amcp.org Vol. 20, No. 9 September 2014 JMCP Journal of Managed Care & Specialty Pharmacy 893

Evaluation of the Impact of Comprehensive Medication Management Services  
Delivered Posthospitalization on Readmissions and Emergency Department Visits

15. Holland R, Leneghan E, Harvey I, et al. Does home based medication 
review keep older people out of hospital? The HOMER randomised con-
trolled trial. BMJ. 2005;330(7486):293. 

16. McInnis T, Strand LM, Webb CE, et al. The patient-centered medi-
cal home: integrating comprehensive medication management to optimize 
patient outcomes. Patient-Centered Primary Care Collaborative. Second ed. 
June 2012. Available at: http://www.accp.com/docs/positions/misc/cmm%20
resource%20guide.pdf. Accessed July 15, 2014.

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chron Dis. 1987;40(5):373-83. 

18. Hume AL, Kirwin J, Bieber HL, et al. Improving care transitions: cur-
rent practice and future opportunities for pharmacists. Pharmacotherapy. 
2012;32(11):e326-e337.

19. van Walraven C, Forster AJ. When projecting required effectiveness of 
interventions for hospital readmission reduction, the percentage that is poten-
tially avoidable must be considered. J Clin Epidemiol. 2013;66(6):688-90.

20. Califf RM, McCall J, Harrington RA. Assessing research results in the 
medical literature: trust but verify. JAMA Intern Med. 2013;173(12):1053-54.

21. Krumholz HM. Open science and data sharing in clinical research: bas-
ing informed decisions on the totality of the evidence. Circ Cardiovasc Qual 
Outcomes. 2012;5(2):141-42.

8. Isetts BJ, Schondelmeyer SW, Artz MB, et al. Clinical and economic out-
comes of medication therapy management services: the Minnesota experi-
ence. J Am Pharm Assoc (2003). 2008;48(2):203-11. 

9. Margolis KL, Asche SE, Bergdall AR, et al. Effect of home blood pressure 
telemonitoring and pharmacist management on blood pressure control: a 
cluster randomized clinical trial. JAMA. 2013;310(1):46-56. 

10. Ramalho de Oliveira D, Brummel AR, Miller DB. Medication therapy 
management: 10 years of experience in a large integrated health care system. 
J Managed Care Pharm. 2010;16(3):185-95. Avalable at: http://www.amcp.org/
WorkArea/DownloadAsset.aspx?id=8313.

11. Al-Rashed SA, Wright DJ, Roebuck N, Sunter W, Chrystyn H. The value 
of inpatient pharmaceutical counseling to elder patients prior to discharge. 
Br J Clin Pharmacol. 2002;54(6):657-64.

12. Jack BW, Chetty VK, Anthony D, et al. A reengineered hospital discharge 
program to to decrease rehospitalization: a randomized trial. Ann Intern Med. 
2009;150(3):178-87. 

13. Bellone, JM, Barner JC, Lopez DA. Postdischarge interventions by phar-
macist and impact on hospital readmission rates. J Am Pharm Assoc (2003). 
2012;52(3):358-62.

14. Nazereth I, Burton A, Shulman S, Smith B, Haines A, Timberall H. A 
pharmacy discharge plan for hospitalized elderly patients—a randomized 
controlled trial. Age Ageing. 2001;30(1):33-40.

http://www.accp.com/docs/positions/misc/cmm%20resource%20guide.pdf
http://www.accp.com/docs/positions/misc/cmm%20resource%20guide.pdf
http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=8313
http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=8313

	Research
	Evaluation of the Impact of Comprehensive Medication Management Services Delivered Posthospitalization on Readmissions and Emergency Department Visits




