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Abstract
Background We previously reported reduction in the
rate of hospitalisations with medication harm among
older adults with our ’Pharm2Pharm’ intervention, a
pharmacist-led care transition and care coordination
model focused on best practices in medication
management. The objectives of the current study are
to determine the extent to which medication harm
among older inpatients is ’community acquired’ versus
’hospital acquired’ and to assess the effectiveness of
the Pharm2Pharm model with each type.
Methods After a 3-year baseline, six non-federal
general acute care hospitals with 50 or more beds in
Hawaii implemented Pharm2Pharm sequentially. The
other five such hospitals served as the comparison
group. We measured frequencies and quarterly rates
of admissions among those aged 65 and older with
’community-acquired’ (International Classification of
Diseases-coded as present on admission) and ’hospitalacquired’ (coded as not present on admission)
medication harm per 1000 admissions from 2010 to
2014.
Results There were 189 078 total admissions from
2010 through 2014, 7% of which had one or more
medication harm codes. There were 16 225 medication
harm codes, 70% of which were community-acquired,
among these 13 795 admissions. The varied times when
the intervention was implemented across hospitals
were associated with a significant reduction in the rate
of admissions with community-acquired medication
harm compared with non-intervention hospitals
(p=0.001), and specifically harm by anticoagulants
(p<0.0001) and by medications in therapeutic use
(p<0.001). The hospital-acquired medication harm
rate did not change. The rate of admissions with
community-acquired medication harm was reduced by
4.28 admissions per 1000 admissions per quarter in
the Pharm2Pharm hospitals relative to the comparison
hospitals.
Conclusion The Pharm2Pharm model is an effective
way to address the growing problem of communityacquired medication harm among high-risk, chronically
ill patients. This model demonstrates the importance of

deploying specially trained pharmacists in the hospital
and in the community to systematically identify and
resolve drug therapy problems.

Introduction
Preventable medication harm persists
across healthcare settings, diminishing
the net health benefits of drug therapy
and adding unnecessary costs to the
healthcare system.1 Hospital-acquired
adverse drug events associated with
specific medications have decreased
substantially from 2010 to 2015.2
However, medication harm occurring outside of hospital settings (ie,
‘community-acquired’ medication harm)
is growing. The National Electronic
Injury Surveillance System-Cooperative
Adverse Drug Event Surveillance Project
estimated the 2013–2014 prevalence of
emergency department visits for adverse
drug events to be 4 per 1000 individuals
in the USA.3 This is an increase from
their 2004–2005 estimate of 2.4 per
1000 individuals.4 In an editorial about
this research, Kessler et al5 argued that
the ‘insidious and pervasive diffusion of
responsibility’ is a key factor contributing to preventable medication harm,
and that
‘Changes are needed across the US
health care system to assign the role
of primary responsibility to a single
clinician or a core group for each patient
and ensure the means for easily and
effectively communicating what should
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Box 1

Pharm2Pharm roles

The hospital consulting pharmacist:
evidence-based risk criteria to identify patients
most likely to benefit from medication management
services.
►► Helps them understand the importance of minimising
the risk of medication problems.
►► Recommends that they work with a community
consulting pharmacist postdischarge (and schedules
the first appointment if they agree).
►► Reconciles medications.
►► Identifies current drug therapy problems, focusing
on problems related to the admitting condition
and those medications commonly implicated in
hospitalisations—warfarin, oral antiplatelet agents,
insulins, oral hypoglycaemic agents, digoxin and
opioid analgesics.14
►► Transmits care transition information to the
community consulting pharmacist and relevant
community-based care providers to facilitate smooth
hand-off at discharge.
The community consulting pharmacist:
►► Works with each patient across prescribers and
pharmacies for up to a year postdischarge, using
standardised medication management processes
adapted from best practices20 to optimise the
complete drug therapy regimen.
►► Continues to focus on medication issues to prevent
subsequent hospital use, particularly immediately after
discharge.
►► Works to understand and prioritise according to the
patient’s personal health goals and concerns.
►► Uses

be a deliberate process of starting, monitoring, and
discontinuing prescribed medications across multiple
clinicians, caregivers, and health care settings’.

Our state-wide medication management intervention called ‘Pharm2Pharm’ did just that—we assigned
specially trained pharmacists the role of managing
medications across prescribers and settings for highrisk patients. As previously described,6 7 this model
assigns hospital consulting pharmacists the responsibility of identifying newly admitted inpatients at risk
of medication problems, engaging them, beginning
the medication management process and formally
handing them off to a community consulting pharmacist at discharge (box 1). Our Pharm2Pharm standard
operating procedures are available on request, and
our training programme is available as an online
6-hour continuing education activity (http://pharmacy.
uhh.  h awaii.  e du/ a cademics/ c ontinuing- e ducation/
identifying-resolving-drug-therapy-problems).
As previously reported, the Pharm2Pharm model
was associated with a significant reduction in the medication-related hospitalisation rate among older adults
104

across six hospitals evaluating against a 3-year baseline
period and comparing with the other five hospitals that
did not implement the model.6 This previous report
also calculated a robust return on investment in the
pharmacist services based on avoided medication-related hospitalisations attributable to the Pharm2Pharm
model.6 The population rate we used as our key outcome
measure was based on a previous work by the Agency
for Healthcare Research and Quality (AHRQ) using
the International Classification of Diseases (ICD-9)
codes to quantify the extent to which medication-related adverse outcomes are seen in acute care settings,
regardless of where the drug event originated.8 The
Center for Medicare and Medicaid Innovation recommended the use of these medication harm codes identified by the AHRQ as a way to measure adverse drug
event rates for those Health Care Innovation Awardfunded models focused on medication management. In
a more recent brief, the AHRQ reported that 75% of
ICD-coded adverse drug events among inpatients in
a 2011 sample were coded as present on admission
(POA)—that is, community-acquired.9
Although this aggregate population rate—the
number of older adult hospitalisations with one
or more AHRQ-defined medication harm codes,
including hospital-acquired and community-acquired
harm, per 1000 older adult admissions—was a useful
outcome measure for our state-wide medication
management intervention, it does not tell us about the
frequency of the different types of medication harm
(eg, where the harm originated) or the impact of our
intervention by type. This is particularly important
among older adults, since the per cent of hospitalisations with medication harm among those aged 65
and older has been found to be twice that of non-elderly adults.10 Therefore, the purpose of this study is
twofold: first, to determine the per cent of medication-related adverse outcomes among older adults that
are coded as ‘Present on Admission’, which means they
originated prior to rather than during the hospitalisation; second, to disaggregate our previously reported
results6 to determine if there were significant improvements associated with our ‘Pharm2Pharm’ medication
management intervention within subgroups of these
medication codes, specifically POA (ie, ‘community
acquired’) harm versus ‘hospital acquired’ harm, as
well as by drug category and by harm type category.
Methods
Hospital admissions

All 13 795 hospital admissions for patients aged 65 or
older with one or more medication harm codes among
the 11 non-federal, general hospitals with 50 or more
acute care beds in Hawaii from 2010 through 2014
were included. Among these 11 hospitals, six implemented our medication management intervention
between 2013 and 2014, and five were comparison
hospitals, as previously described.6 Admission data
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were provided by Hawaii Health Information Corporation, the non-profit organisation that maintains the
only all-payer, all-visit, longitudinal hospital admission
data set in the state.
Measures

Using routine inpatient coding procedures for billing
and administrative purposes independent of our study,
hospital admissions with medication harm were those
having one or more of the following ICD-9 codes8 as
indicating medication harm:
►► 357.6 (neuropathy due to drugs).
►► 692.3 (contact dermatitis due to drugs and medicines in

contact with skin).
►► 693.0 (dermatitis due to drugs or medicines taken

internally).
►► 960.0–964.9, 965.02–969.5, 969.8–979.9 (poisoning

by drugs, medicinal and biological substances, including
overdose of these substances and wrong substances given
or taken in error).
►► E850.1–E858.9 (accidental poisoning by drugs, medicinal substances and biologicals, including accidental
overdose, wrong dose given or taken in error, and drug
taken inadvertently).
►► E930.0–E934.9, E935.1–E949.9 (drugs, medicinal
substances and biologicals causing adverse effects in
therapeutic use, including correct drug properly administered in therapeutic or prophylactic dosage as the cause
of any adverse reaction including allergic or hypersensitivity reactions).

Each medication harm code was further coded with
regard to the origin of the condition: present (POA) or
not present (not-POA) at the time of inpatient admission, insufficient documentation to determine POA or
not-POA, clinically undetermined, or unreported. For
the community-acquired medication-related hospitalisation rate, the numerator was the total number of
admissions with one or more medication harm codes
that was POA. For the hospital-acquired medication-related hospitalisation rate, the numerator was
the number of admissions with one or more medication harm codes that was not-POA. For both rates, the
denominator was the total number of admissions of
those aged 65 or older. These ratios were then multiplied by 1000 to produce rates per 1000 admissions of
those aged 65 or older and calculated for each hospital
for each calendar quarter. Because an admission can
have more than one medication harm code, each with
its own POA indicator, one admission can be counted
in both the community-acquired rate and in the hospital-acquired rate.

An interrupted time series design with a quasi-experimental comparison group was used to evaluate the
effect of the medication management intervention as
previously described.6 Our design approach maximises internal and external validity in effectiveness and
implementation research.11 Using the quarterly rates
in separate analyses—one for the community-acquired
rate and one for the hospital-acquired rate—changes
over time for the intervention and control hospitals
were compared using the linear mixed-effects model
previously described to analyse the overall rate.6 In
these analyses, the parameter of interest in terms of
statistical inference was the interaction between study
group and time, testing for a difference in the slope of
hospital admission rate trajectories over time by study
group. The intervention was modelled as a time-dependent variable to account for the sequential implementation dates at each intervention hospital. In addition, the model adjusted for case mix index at each
hospital. We recognise that the outcome of interest in
each analysis is a rate, which is generally not normally
distributed. To validate our findings using the linear
mixed-effects modelling approach proposed, sensitivity analyses were conducted using generalised estimating equations modelling with various outcome
distributions (Poisson, zero-inflated Poisson, negative binomial). Since the findings between modelling
approaches were very similar, linear mixed-effects
modelling was reported for ease of interpretation. All
analyses were performed using SAS V.9.4, and statistical significance was taken at the 0.05 level.

Frequencies of medication harm codes by POA/community-acquired, not-POA/hospital-acquired and other
(ie, insufficient documentation, clinically undetermined and unreported) were obtained across the time
period for POA and not-POA medication harm codes.

Results
The 11 hospitals had 189 078 total admissions among
those aged 65 or older from 2010 through 2014.
Among the 13 795 admissions with one or more
medication harm codes, there were 16 225 of these
codes, with 85% (11 748) of these admissions having
only one code, 13% (1775) having two codes, and the
remaining 2% (272) having three to eight medication
harm codes. Seventy per cent (11 340) of the medication adverse outcomes were POA/community-acquired
and 30% (4,884) were not-POA/hospital-acquired.
Only one medication harm code was ‘other’ and was
eliminated from all other analyses.
Mixed-effects model results (see online supplementary table 1 for detailed statistics) indicate that the
community-acquired medication-related admission
rate over time in this age group, adjusted for case
mix, differed significantly between the study groups
(p=0.001). The decrease in community-acquired
medication-related hospitalisation rate per 1000
admissions of participants aged 65 and older over time
in intervention hospitals was 4.28 per quarter greater
than in non-intervention hospitals. This significantly
more rapid admission rate decrease in the intervention hospitals after Pharm2Pharm implementation
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Figure 1 Case mix-adjusted predicted community-acquired medication-related hospitalisation rates per 1000 admissions of individuals aged 65 and
older at baseline through postimplementation intervention hospitals versus comparison hospitals. ‘N’ refers to the number of hospitals included in each
quarterly measure; all 11 hospitals are included in the baseline quarterly measures from 2010 to 2012 (N=11); the intervention began in Q1 of 2013 with
the implementation of Pharm2Pharm in one hospital (N=1), followed by implementation at the second hospital in Q2 of 2013 (N=2), at the third and
fourth hospitals in Q3 of 2013 (N=4), at the fifth hospital in Q2 of 2014, and at the sixth hospital in Q3 of 2014. The bars represent ±1SD.

compared with the non-intervention hospitals is
shown in figure 1.
The hospital-acquired medication-related admission rate over time did not differ between the study
groups (p=0.88). Among hospital-acquired medication adverse outcomes, the most frequent medication
categories and subcategories were antibiotics (n=843;
subcategory: other specified antibiotic excluding
penicillins and cephalosporin antibiotics, n=465);
analgesics, antipyretics and antirheumatics (n=780;
subcategory: opiates, n=591); and hormones and
synthetic substitutes (n=561; subcategory: corticosteroids, n=530). For both the hospital-acquired and
the community-acquired rates, additional analyses via
non-parametric Wilcoxon tests using only the baseline
data (ie, first 3 years prior to intervention implementation) indicated no statistically significant differences
between the groups during the baseline period.
Given the significant decrease in the community-acquired medication-related hospitalisation rate,
additional analyses were conducted, using the same
mixed-effects model, to explore this rate by medication category and by harm type as defined by the
AHRQ.8 Those admissions with more than one
community-acquired medication harm code were
accordingly counted in more than one of the disaggregated rates. Analyses were conducted for each category

and subcategory with a frequency of at least 400 codes
over the 5-year period. The drugs most frequently
the cause of harm originating in the community were
anticoagulants (n=1869), antineoplastic and immunosuppressive drugs (n=1233) and corticosteroids
(n=804). The rate of community-acquired anticoagulant-related hospitalisations decreased significantly
with our medication management intervention relative to the comparison group (p<0.0001; see online
supplementary table 2 for frequencies and p values for
each medication category). The decrease in community-acquired anticoagulant-related hospitalisation rate
per 1000 admissions of participants aged 65 and older
over time in intervention hospitals was 2.2 per quarter
greater than in non-intervention hospitals. The other
medication categories were not significantly reduced.
Descriptive data from the community consulting
pharmacists, who were asked to record the number
of recommendations they made to resolve drug
therapy problems for the following types of medications—anticoagulants, diabetes medications and Beers
criteria12 medications—are shown in table 1, and indicate that 9% of recommendations made during the
2013–2014 intervention period pertained to anticoagulant medications. Hospital consulting pharmacists
were not asked to record this information throughout
the intervention period. However, this documentation
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Discussion
We found that the majority (70%) of medication-related harm seen among older inpatients during a
5-year period was community-acquired, suggesting
the importance of targeting ambulatory and other
community settings for improvement. This represents
an important shift as previous national efforts have
focused on reducing hospital-acquired harm.13 We also
found that our medication management intervention,
previously found to be associated in time with reduction in the overall rate of medication-related hospitalisation among older adults,6 was specifically effective
in reducing the community-acquired harm rate, the
community-acquired anticoagulant harm rate and the

community-acquired harm rate from medications in
therapeutic use among this population.
Based on the parameter estimates, the reduction in
community-acquired medication-related admission
rate associated with our medication management
intervention compared with non-intervention hospitals (decrease of 4.28 per 1000 admissions per quarter)
is nearly as large as (only 3% less than) the effect we
previously reported—an aggregate rate decrease of
4.43 per 1000 admissions per quarter—based on
admissions with any medication harm whether it was
POA (ie, community-acquired) or hospital-acquired.6
The reduction in the community-acquired anticoagulant-related admission rate is approximately half as
large as (48% less than) the reduction in the overall
community-acquired rate, suggesting that there were
beneficial effects with other medications where
smaller numbers precluded demonstrating statistical
significance. The reduction in the rate of admissions
with community-acquired harm due to medications in
therapeutic use included all medication categories and
is slightly (4%) larger than the reduction in the overall
rate of admissions with community-acquired harm.
This demonstrates a robust effect of Pharm2Pharm in
reducing community-acquired harm from medications
that were properly prescribed and used rather than
from medication errors.
The ICD codes we used do not disaggregate by
specific drug, but our findings of the frequency of
harm from anticoagulants are consistent with the
previous finding by Budnitz et al.14 They found that
warfarin is the most commonly implicated medication in hospitalisations for adverse drug events among
older adults, accounting for one-third of all such
admissions. In our study, anticoagulants were the most
frequent medication category causing harm in community settings among older inpatients (ie, 16.5% of all
community-acquired medication adverse outcomes
seen among hospitalised patients). Our findings indicate that this per cent would have been higher without
Pharm2Pharm. In the Budnitz et al14 study, the adverse
drug event was the cause of admission. In our study,
the medication harm may or may not have been the
reason for admission. However, the significant reduction in admission rates associated with our medication
management intervention suggests that these medication adverse outcomes often are the reason for admission. Our results also support the evidence-based,
patient-centred approach to choosing oral anticoagulation therapy as recommended by Shields and Lip15 to
optimise the risk:benefit ratio.
For decades, ‘anticoagulant clinics’ have provided
services designed to improve safety in the use of these
medications. A systematic review of the research indicates that outpatient pharmacist-managed anticoagulant services result in improved clinical outcomes and
lower healthcare utilisation relative to usual care,16
although a recent survey indicates about one-third
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Table 1 Frequencies (%) of recommendations made by
consulting pharmacists to resolve drug therapy problems by
medication type

Medication type

Recommendations
by community
consulting
pharmacists,
2013–2014

Beers criteria
168 (3.9)
medications
Diabetes medications
569 (13.1)
Anticoagulant
395 (9.1)
medications
Other medications
3204 (73.9)
Total recommendations 4336 (100)

Recommendations by
hospital consulting
pharmacists,
documentation
phased in from July
to December 2014
14 (5.6)
38 (15.1)
22 (8.8)
177 (70.5)
251 (100)

was phased in across hospital consulting pharmacists
from July through December 2014 and, as shown in
table 1, indicates a similar distribution of recommendations across these medication categories.
To further explore the significant decrease in the
community-acquired medication-related hospitalisation rate, we conducted additional analyses across
medication categories by harm type—adverse effects
from medications in therapeutic use, poisoning due to
inadvertent medication error and other—as defined by
the AHRQ.8 The most frequent harm originating in
the community was from medications in therapeutic
use, and the rate of admissions with community-acquired harm from medications in therapeutic use
decreased significantly with our medication management intervention relative to the comparison group
(p<0.001). The decrease in this rate per 1000 admissions of participants aged 65 and older over time in
intervention hospitals was 4.4 per quarter greater than
in non-intervention hospitals. The rate of admissions
with community-acquired poisoning due to inadvertent medication error was not significantly reduced
(see online supplementary table 3 for frequencies and
p values by harm type).
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of anticoagulant clinics do not use pharmacists.17 In
our model, community consulting pharmacists made
nearly 400 recommendations to resolve drug therapy
problems pertaining to anticoagulant medications
across the intervention period from 2013 to 2014.
Thus, the associated decrease in the rate of admissions
with community-acquired anticoagulant harm is not a
surprise. However, this decrease is only half as large
as the decrease in the overall community-acquired
medication-related hospitalisation rate, and anticoagulant-related recommendations represented only
9% of the community consulting pharmacists’ recommendations. This suggests that there was substantial
benefit from the pharmacists identifying and resolving
drug therapy problems across the medication regimen
among the high-risk, complex patients enrolled in
Pharm2Pharm.
Although the percentages of recommendations by
medication type were similar for hospital and community consulting pharmacists, the Pharm2Pharm model
was not associated with changes in the rate of admissions with hospital-acquired medication harm. This
should not be interpreted as an indication that the
hospital consulting pharmacists were not important.
While additional research is needed, we believe these
hospital-based pharmacists played a critical role both
in identifying appropriate patients and in ‘teeing-up’
the work of the community consulting pharmacists.
Previous research indicates that adult inpatients with
lower levels of activation were more likely to be readmitted within 30 days of discharge.18 The hospital
consulting pharmacists may have facilitated an increase
in patient and caregiver activation around medication
issues. In addition, the formal communications that
supported the hand-off from hospital to community
consulting pharmacist during care transitions likely
made it easier for the community pharmacists to focus
quickly on the priority medication issues and other
patient needs. The hospital consulting pharmacists also
provided valuable information that led to improvements in the model by assessing the readmissions of
previously enrolled Pharm2Pharm patients to identify
those admissions that were potentially preventable and
medication-related.19
To further explore the admissions with community-acquired harm, we examined rates disaggregated by
type of medication harm. The Pharm2Pharm model
was not associated with a reduction in the rate of
admissions with community-acquired harm due to
poisoning from inadvertent medication errors (eg,
accidental overdose, wrong medication). In contrast,
the decrease in the rate of admissions with community-acquired harm from medications in therapeutic use
(ie, correct medications, properly administered) was
actually a bit larger than the decrease in the overall
rate of admissions with community-acquired harm.
This finding underscores the value of deploying pharmacists as medication experts focused on optimising

the complete medication regimen using best practices
in medication management,20 which goes beyond just
ensuring proper use of each medication. This includes
careful monitoring, especially of high-risk medications,
preventing interactions with over-the-counter medications and supplements, and facilitating the switch
to safer, better tolerated medications. These results
demonstrate that at least some of the adverse effects
from medications in therapeutic use are preventable
by pharmacists who are specially trained in optimising
medications through a systematic, patient-centred
process of identifying and resolving drug therapy
problems.
A limitation of our study design is lack of randomisation; thus, we cannot conclude that our intervention caused the reduction in medication harm.
However, we used a very robust quasi-experimental
design that included 12 quarters of baseline data,
varied time of implementation to minimise likelihood
of a confounding cause and comparison hospitals. This
type of interrupted time series design is considered the
‘next best’ approach after randomised controlled trials
and has the advantage of better ‘real world’ generalisability.11 21
Another limitation is that our measure relies on the
ICD coding system and the documentation on which
it is based, which may result in underestimation of
medication harm. For example, there are no ICD-9
codes for untreated indications or dosing too low to
be effective.10 While the ICD-10 has a code for underdosing harm, research indicates that this newer version
of ICD also underestimates the number of admissions
with medication harm.22 With regard to the use of
the POA indicator, only one out of more than 16
000 medication harm codes was undetermined as to
whether it was POA or not. This suggests that documentation is sufficient to make this determination,
although research on the reliability of these codes
would provide clarification. To our knowledge, no
studies have tested the validity of the POA indicator as
a measure of community-acquired versus hospital-acquired medication harm.
An additional result we find interesting and worthy
of further research is the relationship between hospital
case mix and medication harm. Hospital case mix was
a significant predictor of hospital-acquired medication-related admission rates, but not community-acquired rates. To the extent that case mix is an indicator
of disease severity,23 24 a possible explanation for this
finding could be that medication harm that occurs in
the community is different from that originating in
the hospital. Anticoagulants were the most frequent
cause of community-acquired medication harm, while
antibiotics were the most frequent hospital-acquired.
In addition, factors such as health literacy, language
barriers and lack of adequate monitoring may be
more important factors than disease severity in the
cause of medication harm originating in community
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settings.25–27 In the hospital setting, clinical staff
administer and closely monitor medications and have
translators to address language barriers. Thus, disease
severity, which can correlate with the number of medications and complexity of the medication regimen,28
might be the primary factor contributing to the risk of
hospital-acquired medication harm.
Finally, additional research is needed to determine
the frequencies of medication harm categories among
non-elderly and in hospitals outside of Hawaii. While
there may be variation in coding practices across
regions and settings, these medication harm codes
appear to be a useful way to monitor population
rates of medication problems and should be further
explored within the current ICD-10 codes.
Conclusion
Community-acquired medication harm is more
frequent than hospital-acquired among older inpatients. These community-acquired adverse outcomes
generally, and particularly harm from anticoagulants
and from medications in therapeutic use, can be
significantly reduced by improvements in medication
management as we demonstrated with our Pharm2Pharm model. The integration of specially trained
pharmacists into care teams, specifically assigning
them responsibility for systematically identifying and
resolving drug therapy problems across prescribers,
is an effective way to address the growing problem
of medication harm among high-risk, chronically ill
patients in community settings.
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