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Abstract

Objective: To evaluate the hypothesis that nonadherence to medication changes
made at hospital discharge is associated with an increased risk of adverse events in
the 30 days postdischarge.

Study Setting: Patients admitted to hospitals in Montreal, Quebec, between 2014
and 2016.

Study Design: Prospective cohort study.

Data Collection: Nonadherence to medication changes was measured by comparing
medications dispensed in the community with those prescribed at hospital discharge.
Patient, health system, and drug regimen-level covariates were measured using medi-
cal services and pharmacy claims data as well as data abstracted from the patient's
hospital chart. Multivariable Cox models were used to determine the association be-
tween nonadherence to medication changes and the risk of adverse events.
Principal Findings: Among 2655 patients who met our inclusion criteria, mean age was
69.5 years (SD 14.7) and 1581 (60%) were males. Almost half of patients (n = 1161,
44%) were nonadherent to at least one medication change, and 860 (32%) were
readmitted to hospital, visited the emergency department, or died in the 30 days
postdischarge. Patients who were not adherent to any of their medication changes
had a 35% higher risk of adverse events compared to those who were adherent to
all medication changes (1.41 vs 1.27 events/100 person-days, adjusted hazard ratio:
1.35, 95% Cl: 1.06-1.71).

Conclusions: Almost half of all patients were not adherent to some or all changes
made to their medications at hospital discharge. Nonadherence to all changes was
associated with an increased risk of adverse events. Interventions addressing barriers
to adherence should be considered moving forward.
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1 | INTRODUCTION

Historically, hospitals have been organized to respond rapidly and
efficiently to acute illness or injury. However, institutions are now in-
creasingly managing high-risk, older patients who frequently require
repeated admissions to hospital for exacerbations of their chronic
conditions.> Approximately one third of multimorbid patients dis-
charged from an acute care hospital are readmitted within 90 days,
and each additional chronic condition independently increases the
risk of such short-term readmissions.?

Identifying strategies to prevent readmissions in complex pa-
tients is challenging because the reasons for returning to hospital
can include many interlinked patient, health provider, and system
level factors.® The impact of patient medications is of significant
interest in this area since a large proportion of readmissions are
related to adverse drug events (ADEs).” Severe ADEs contribute to
20% of all hospitalizations in the elderly with an associated cost of
over 900 million dollars in the United States® and 36 million dollars
per year in Canada.’ One study of hospitalized patients found that
11% of elderly patients experienced an ADE postdischarge, of which
27% were considered preventable and 33% ameliorable.®

A number of studies have demonstrated that when older adults
are hospitalized, they are often discharged on substantially different
medication regimens than those at admission.**™*® One might expect
that discontinuations, additions, or modifications to patient drug
regimens during hospitalization will reduce the likelihood of read-
mission in so far as patients actually follow these changes. However,
a few studies have found that a substantial proportion of patients
do not adhere to the intended medication regimen prescribed at dis-
charge.**'” What is not known is whether nonadherence to these
medication changes will increase the risk of adverse events postdis-
charge, and the extent to which any change in risk may be modified
by the type of medication change.

We had a unique opportunity to evaluate the impact of nonad-
herence to medication changes made at hospital discharge on the
occurrence of adverse events by linking comprehensive information
on medications dispensed in the community and those prescribed at
hospital discharge with adverse events in a universal health system.

2 | METHODS
2.1 | Study design & setting

This prospective cohort study was a secondary analysis of a clus-
ter randomized trial of medication reconciliation (The RightRx Trial)
conducted in the province of Quebec, where comprehensive data
are available on all medical visits, emergency department (ED) visits,
hospitalizations, long-term care admissions, deaths, and medications
dispensed in the community. We linked individual data from the
randomized trial with comprehensive provincial data for consent-
ing patients.’®'? The RightRx study was conducted at the McGill
University Health Centre (MUHC)—a consortium of five tertiary
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What This Study Adds

e A number of medication changes occur during
hospitalization.

e What is not known is whether non-adherence to these
medication changes will increase the risk of adverse
events post-discharge.

¢ We found that almost half of patients were nonadherent
to at least one medication change made at discharge in
the 30 days posthospitalization.

e We also found that patients who were not adherent
to any of their medication changes had a significantly
higher risk of adverse events compared to those who
were adherent to all changes.

hospitals for adults and children in Montreal, Quebec, with over
1000 beds and 36 730 admissions per year. The MUHC has a clinical
information system which provides an integrated display of patient-
specific hospital information including drugs, lab results, imaging,
and prior admissions. The cluster randomized trial was conducted
between October 2014 and November 2016 to evaluate the effec-
tiveness of electronic medication reconciliation in reducing medica-
tion discrepancies at discharge and adverse drug events, emergency
department visits, and readmissions in the first 30 days postdis-
charge. All patients who were covered by provincial drug insurance
and were discharged to the community or a long-term care facility
from the two internal medicine units, or the cardiac or thoracic sur-
gery units, were eligible for inclusion in the study. The eligible study
population represents 56% of all hospitalized adult patients. Patients
who died during their hospital stay were not included in the analysis
of study outcomes. The four units were stratified by type (medicine,
surgery) and hospital location (Montreal General, Royal Victoria).
The study was approved by the MUHC ethics committee (IRB #10-
180 GEN) as well as the Quebec Privacy Commissioner, and the trial
was registered on clinical trials.gov (Registration # NCT01179867).%

2.2 | Participants

Patients admitted from the community to medical or surgical units
at the study hospitals who were older than 18 and covered under
the provincial public drug plan for the year prior to admission and
after discharge were eligible to be included in the current study.
The province of Quebec provides health insurance (including cov-
erage for all hospital and physician services) for all provincial resi-
dents and drug insurance to approximately 50% of all residents,
including those 65 years of age and over, social assistance recipi-
ents, and those without private drug insurance (which is required
by provincial regulation if an individual is not eligible for private
drug insurance through their employer). If an individual has public

provincial drug coverage, they are assigned to one of three drug
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plans based on their income. In Quebec, those with public drug
coverage pay a monthly deductible of $20, as well as 35% of the
costs of each medication once the deductible has been paid. The
maximum amount that you can pay per month for covered medi-
cations is $91(full copay) or $54 for persons age 65 or over who
receive 1% to 93% of the Guaranteed Income Supplement (par-
tial copay). Persons who receive 94% to 100% of the Guaranteed
Income Supplement do not pay any deductibles or copays (free
medications). At discharge, patients who consented to be part of
the trial also had to have at least one change made to their com-
munity medications at hospital discharge (excluding the prescrip-
tion of new PRN medications which may not need to be filled) and
be discharged home to the community or a long-term care facility
from one of the study units to be included in the current study.
Patients were then followed until death or the end of the study

period.

2.3 | Datasources

For each patient, we obtained demographic, health care service
use, and prescription claims data from the Quebec provincial health
care administrative database (acquired for the year before hospital
admission and the 1 year postdischarge). Beneficiary medical bill-
ing and pharmacy claims data have been widely validated and are
frequently used for health services and epidemiologic research.?%?%
Community medications at admission were measured using the
pharmacy claims database based on dispensations 3 months prior
to admission. Medications which were likely not active at admission
(ie, short courses of antibiotics) were excluded from the community
medication list.

Information pertaining to the patient's hospital stay (including
the discharge prescription) was abstracted from the medical chart
by a trained research assistant with a clinical background. Health
problems were coded using the International Classification of dis-
ease 10th revision (ICD-10 codes), and medications were classified
according to drug molecule and Anatomic Therapeutic Classification
system (ATC codes).

2.4 | Study measures
2.4.1 | Included medications

Medications covered through the public drug plan were included
in the overall analysis, which represent most of the drugs approved
for market in Canada. Medications that do not act systemically (eg,
topical ointments) were excluded since they have limited capacity to
affect underlying health conditions or symptoms. We also excluded
over the counter (OTC) medications and those not listed on the pro-
vincial formulary since they are generally not captured in the pre-
scription claims data. These exclusions represented 12% of all drugs

prescribed at discharge (69% of all exclusions were nonsystemic

medications, 29% did not have provincial drug coverage, and the re-
maining 2% were OTC medications) (Appendix S1: Table S1).

2.4.2 | Medication changes made at
hospital discharge

Typically, the preadmission drug list is documented at the time of ad-
mission by the pharmacist, where they will call the community-based
pharmacy and have them fax a list of medications for a patient. This
list is then validated with the patient, where changes are made as
required. However, a recent study by our research team found that
pharmacy claims data in the three months prior to hospital admission
identified 42% more medications than were identified in the pread-
mission drug list found in the patients hospital chart.?® Therefore,
for this study, community medications from prior to admission were
determined using the pharmacy claims database based on dispensa-
tions 3 months prior to admission. Medications which were likely
not active at admission (ie, antibiotics) were excluded from the com-
munity medication list.

At discharge, the attending physician or resident uses the current
list of hospital medications as well as the community medication list
(if available) to prescribe discharge medications. The patient is pro-
vided with a written discharge prescription to fill at a community
pharmacy and may or may not receive verbal or written instructions
about new medications or community medications that are being
stopped or changed by a physician or nurse. If the community phar-
macist has questions about whether they should continue pre-exist-
ing medications that are not included in the discharge prescription,
they ask the patient and may call the physician or discharging unit
of the hospital. For our analysis, discontinued medications were de-
fined as community medications indicated as stopped at discharge
(ie, explicitly indicated as stopped in the discharge prescription).
New medications were drugs that were not in the community medi-
cation list but were prescribed at discharge. Dose modifications were
identified if a drug was present both in the community medication
list and at discharge, but the corresponding prescribed daily dose
differed by at least 25%. The daily dose of preadmission community
medications was calculated using standard methods?%?4%” based on
the strength, quantity, and duration fields from the pharmacy claims
data. The daily dose of medications prescribed at discharge was cal-
culated using dose per administration and frequency information
abstracted from the patient chart (See Appendix S1 for additional
details on dose calculations).

2.4.3 | Nonadherence to medication changes made
at discharge from hospital

Nonadherence was assessed by comparing changes made to com-
munity medications at discharge with medications filled in the com-
munity 30 days postdischarge. Nonadherence was defined as: (a)

community medications that were stopped at discharge and filled
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postdischarge, (b) community medications whose dose was modified
at discharge but were not filled according to the modified daily dose,
and (c) new medications prescribed at discharge that were not filled.
For each medication, we used the drug molecule, date of hospital
discharge, and beneficiary health insurance number to inspect all
prescription claims records of dispensed medications in the 30 days
after hospital discharge. For dose modifications, nonadherence was
only considered for prescriptions that were actually dispensed. We
measured nonadherence as a time-varying variable on each day of
follow-up after discharge. The proportion of medication changes
that were not adhered to (total number of medication changes not
adhered to/total number of changes) was calculated for each patient
on each day. Based on the value of the resulting proportion, patients
were classified using a daily time-varying indicator as: (a) adherent to
all medication changes, (b) adherent to some, or (c) adherent to none

of the medication changes made at discharge.

2.4.4 | Covariates

To control for other potential risk factors for adverse events post-
discharge which may also be associated with nonadherence, we
measured a number of patients, health system, and drug treatment
regimen characteristics.

Patient variables measured from the Quebec health insurance
demographic file included age, sex, and drug insurance type. The
level of copayment required in the public drug insurance plan was
included because it is associated with nonadherence and is also an
indicator of socioeconomic status.?%2?

Health care utilization one year prior to the index hospitalization
is associated with the risk of adverse events, including the number of
preadmission hospitalizations, ED visits, ambulatory care visits, and
distinct prescribers.3%32 Utilization characteristics were measured
using preadmission medical services and prescription claims data for
each patient.

Characteristics of the hospitalization that may increase the risk
of adverse events include the reason for hospitalization, the unit the
patient was discharged from (cardiac surgery, thoracic surgery or
internal medicine), and the discharge destination (home to the com-
munity or to a long-term care facility).'*3® Reason for hospitaliza-
tion was defined based on whether the patient was admitted for an
ambulatory care-sensitive condition (admission diagnosis of grand
mal status/ epileptic convulsions, chronic obstructive pulmonary
disease, asthma, diabetes, heart failure and pulmonary edema, hy-
pertension, and angina) because admissions for these conditions are
a marker of poor access to appropriate primary care.®* For descrip-
tive purposes, the reason for admission based on the recorded ICD-
10 code was also abstracted. Additionally, an indicator of whether
patients received a discharge prescription using an electronically
enabled medication reconciliation process (intervention in original
trial) or usual care (control) was included.

Medication regimen characteristics that may be associated

with both nonadherence and adverse events include the number of
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admission and discharge medications as well as the total number of

medication changes made at discharge.123%31:3% Admission medica-
tions were measured based on the number of different medications
dispensed in the three months prior to hospitalization while num-
ber of discharge medications was measured based on the number of
different medications in the patient's discharge prescription (from
the hospital chart). Combination medications (ie, two distinct drug
molecules in a single formulation) were counted as two separate in-
gredients. The total number of changes to community medication
overall and by type (news, dose changes, stops) was also calculated.

The number and types of chronic conditions a patient had at the
time of discharge were measured using the chronic conditions found
in the Charlson and Elixhauser comorbidity indices®¢ using diagnos-
tic codes in the hospital chart and medical services claims.

To understand the impact of nonadherence independent of
differences in level of risk associated with patient medications, we
determined the number of medications filled in the postdischarge
period with a high risk of adverse effects. Drug classes with the high-
est risk of adverse outcomes included opiates, antibiotics, benzo-
diazepines, diuretics, antiepileptics, corticosteroids, anticoagulants,
antidepressants, and antihypertensives.®” The number of high-risk
medications was measured daily as a continuous time-varying vari-
able based on records of dispensed prescriptions using pharmacy

claims.

2.4.5 | Adverse health outcomes in 30 days
postdischarge

The primary outcome was defined as the time to the first emer-
gency department visit, re-hospitalization, or death in the 30 days
after discharge. Emergency department visits and hospital readmis-
sions were determined using medical service claims that require
physicians to record the date and location where the service was
delivered to receive payment. Date of death was measured using
the health insurance beneficiary demographic file. Reason for read-
mission or ED visit was based on ICD-10 code recorded in medical
services for that episode.

2.5 | Statistical analysis

Patient characteristics were described overall and stratified by ad-
herence. The crude incidence rate and 95% confidence intervals for
the combined outcome of ED visit, readmission, or death were calcu-
lated using person-days of follow-up prior to the event or to the end
of the 30-day follow-up period as the denominator. The numerator
was the number of patients with at least one of these adverse out-
comes in the follow-up period. Incidence rates were calculated over-
all and stratified by levels of adherence.

Multivariable time-varying Cox proportional hazards models
were used to assess the potential association between levels of

nonadherence to medication changes and adverse health outcomes
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postdischarge, while adjusting for confounders. Two separate mod-

els were fit in the primary analysis; in the first, nonadherence was
modeled as a time-varying continuous percentage, and in the sec-
ond, it was categorized and represented by two time-varying binary
indicator variables: (a) adherent to none of the changes and (b) ad-
herent to some changes, with adherent to all changes as the refer-
ence category. Model goodness-of-fit statistics (AIC)%® and change
in the hazard ratio for nonadherence®” were used to determine
which confounders to adjust for in our models.*® To test both the
proportional hazards assumption and linearity of effects for contin-
uous variables, we used flexible spline-based extensions of the Cox

model.**

Clinically relevant first-order interaction terms with nonad-
herence, selected a-priori, were formally tested.

In secondary analyses, we used similar methods to estimate
three separate multivariable time-varying Cox models, each assess-
ing the impact of different types of nonadherence: (a) not filling new
medications, (b) filling dose changes at the incorrect dose, and (c)

filling discontinued medications.

2.6 | Sensitivity analyses

A number of sensitivity analyses were conducted to assess the ro-
bustness of our analytic approach. First, we increased the follow-
up time to 90 days postdischarge to account for adverse events
which may take longer to occur. We also excluded early events and
started follow-up on day 3 after discharge in order to account for
potential confounding by severity of the patient's condition follow-
ing discharge. Indeed, it is possible that some patients (a) may be
too ill to fill their medications immediately after discharge and (b)
are readmitted or visit the ED within the next 2-3 days because of
the severity of their condition, which could create a spurious “as-
sociation” between nonadherence and very early adverse outcomes.
In other words, for such patients, nonadherence is a marker of high
risk of an adverse event, rather than its cause. Next, in order to con-
firm that the impact of nonadherence on health outcomes was the
same between both arms of the original trial, we re-conducted the
primary analysis within intervention and control patients separately.
Given that the total out-of-pocket costs patients are required to pay
for their medications (rather than drug plan alone) are likely associ-
ated with both adherence and adverse health outcomes following
discharge, we included total out-of-pocket medication costs as a
confounder in our model to determine whether this impacted the
association between adherence and 30-day outcomes.

After discharge from hospital, many patients will visit their com-
munity-based health care provider, where additional medication
changes can occur. These changes could occur either as the result
of adverse drug events or because the community-based physician
believes changes made to patient medications at discharge from
hospital were not appropriate. In both cases, the patient will be iden-
tified as nonadherent and, at the same time, may be at increased
risk of an adverse event which will not necessarily be caused by the

nonadherence. Therefore, in an additional sensitivity analysis, the

model adjusted for a time-varying binary variable indicating that the
patient had a physician visit in the community after discharge. We
also adjusted for the time-varying cumulative number of visits in a
separate model. Last, we analyzed differences in the proportion of
medication changes not adhered to in the time prior to and following
a physician visit (among those who ultimately had a physician visit
post discharge) separately to evaluate potential differences.

3 | RESULTS

Overall, 8378 patients were admitted to study units during the en-
rollment period; 1468 (14%) were not discharged from a study unit,
324 (4%) were transferred to another hospital, and 1930 (23%) did
not have public provincial drug insurance; thus, 4,656 patients were
eligible to be included in the original cluster randomized controlled
trial. Of eligible patients, 1089 (23%) did not consent to be part of
the study. An additional 81 (2%) patients died in hospital, 164 (5%)
did not have a discharge prescription, 26 (1%) were discharged to a
private long-term facility, 324 (9%) were discharged to a rehabilita-
tion or convalescence facility, and 317 (9%) did not have a change
made to their medications at discharge. Thus, 2655 (74%) of con-
senting study patients were included in our analyses (Figure 1).

Mean age of study patients was 69.5, and 1581 (60%) were
males. On average, patients had 4.6 chronic conditions, 2.8 ED visits
in the 12 months prior to admission and 49% had at least one hos-
pitalization (Table 1). The most common reasons for admission were
pneumonia, heart failure, and urinary tract infections for patients
from internal medicine; aortic valve stenosis, valve insufficiency,
and atherosclerotic heart disease for cardiac surgery patients; and
malignant neoplasms, abnormal findings on lung imaging, and other
lung disorders among thoracic surgery patients. Patients were using
an average of 5.8 medications at admission and were prescribed 7.9
medications at discharge, with a mean of 4.4 changes (new prescrip-
tions, discontinuations and dose modifications) made to community
medications at hospital discharge.

The average proportion of medication changes that were not
adhered to per patient over the entire follow-up period was 20%,;
164 (6.2%) patients were not adherent to any medication changes,
997 (37.6%) were adherent to some of the changes, and 1,494
(56.3%) were adherent to all changes during the entire follow-up
period. Patients who were not adherent to any of their medication
changes were younger, had fewer chronic conditions, and were dis-
pensed fewer medications in the 3 months prior to admission, and
a larger proportion were discharged from internal medicine units
compared to those who were adherent to some or all of their med-
ication changes (Table 2). When we evaluated number of medica-
tion changes according to adherence, we found on average, those
who were fully nonadherent had 3 changes (SD 2), those who were
partially adherent had five changes (SD3), and those who were fully
adherent had four changes (SD 2).

Overall, 860 (32.4%) patients were readmitted to hospital, visited

the emergency department, or died in the 30 days postdischarge;
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8,378 patients admitted to cardiac or thoracic surgery & internal medicine
units at the study hospitals between October 2014 and November 2016

4,656 eligible patients

Exclude
1,468 (18%) discharged from or transferred to non-study unit
324 (4%) transferred to another hospital
1,930 (23%) without provincial public health and drug insurance

Exclude
1,089 (23%) declined study or were not approached

3,567 eligible consenting patients

Exclude
81 (2%) died in hospital
164 (5%) did not have discharge prescription
26 (1%) discharged to private long term care facility

324 (9%) discharged to rehabilitation center or convalescence facility

317 (9%) did not have any in-hospital medication changes or were
only prescribed new PRN medications

2,655 eligible consenting study patients

FIGURE 1 Flowchart of patient exclusions

696 events (80% of all events) were ED visits, 153 (18%) were
re-hospitalizations, and 14 (1.6%) were deaths. The incidence rate
for the composite outcome, over a total of 65 560 days of follow-up,
was 1.31 events/100 person-days. Some of the most common rea-
sons for readmission or ED visit included abdominal pain, dyspnea
and respiratory abnormalities, cellulitis, and heart failure.

Kaplan-Meier survival curves indicated that the probability of
remaining event free 30 days postdischarge was lowest for those
who were not adherent to any changes and highest among patients
who were adherent to all medication changes across the follow-up
period (Figure 2). This finding was confirmed by the results of the
multivariable time-varying Cox models. After adjustment for con-
founders, patients who were not adherent to any of their medica-
tion changes had a 35% higher risk of adverse events compared to
those adherent to all medication changes (1.41 vs 1.27 events/100
person-days, adjusted hazard ratio [aHR]: 1.35, 95% CI: 1.06-1.71).
Additionally, those who were adherent to some of their medication
changes at discharge had a 10% elevated risk of adverse events in
30 days postdischarge compared to those who were adherent to all
medication changes (1.31 vs 1.27 events/100 person-days); how-
ever, the confidence interval did include the null ([aHR]: 1.10, 95%
Cl: 0.94-1.30) (Table 3). There was also a trend towards an increased
risk of adverse events with each 10% increase in the percent of non-
adherence, modeled as a continuous time-dependent variable (aHR:
1.02, 95% CI: 0.99-1.04).

Secondary analyses suggested that the impact of nonadherence
on adverse events was mainly driven by new medications which
were not filled. Whereas not filling any new medications was as-
sociated with an increased risk of adverse events (aHR:1.34, 95%

Cl: 1.08-1.66), no increased risk was observed for nonadherence

to discontinuations (aHR: 0.86, 95% Cl: 0.54-1.35) or dose changes
(aHR: 0.89, 95% Cl: 0.64-1.21). The magnitude and direction of the
association between nonadherence and adverse events did not
change substantially in different sensitivity analyses (a) after the
follow-up period was extended to 90 days, (b) when early events
were excluded, (c) when intervention and control patients were
analyzed separately, (d) when total out-of-pocket medication costs
were included as a confounder in the model, (€) when we adjusted
for a time-varying indicator of postdischarge visits with a commu-
nity-based physician, or (f) when we adjusted for the time-varying
cumulative number of visits (Appendix S1: Table S2). Additionally,
the proportion of medication changes which were not adhered to
per patient per day among those who ultimately had a visit with a
community physician was very similar in the time period prior to and

following the visit (Appendix S1: Figures S1 and S2).

4 | DISCUSSION

In our prospective cohort study of hospitalized medical and surgical
patients, we found that almost half of patients were nonadherent
to at least one medication change made at discharge in the 30 days
posthospitalization and that patients who were not adherent to any
of their medication changes had a significantly higher risk of ad-
verse events compared to those who were adherent to all changes.
Although the crude incidence of adverse events in 30 days for those
who were nonadherent to some medication changes was higher than
for those adherent to all changes, and the hazard ratio suggested
an increased in risk for adjusted models, the confidence interval for

the estimate included the null. Moreover, we found that the adverse
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TABLE 1 The characteristics of 2655 eligible patients in the
study population

Characteristic

Patient demographics N (%)
Age, mean (SD) 69.5(14.7)
Sex

Female 1074 (40.5)
Male 1581 (59.6)
Copay status
Full 1562 (58.8)
Partial 594 (22.4)
Free 499 (19.8)
Health care utilization one year prior to index Mean (SD)
admission
Hospitalizations 0.9 (1.6)
Emergency department visits 2.8 (4.0)
Ambulatory care visits 12.2(18.5)
Distinct prescribers 4.7 (3.8)

Characteristics measured during hospitalization N (%)
Admitted for ambulatory care-sensitive condition 247 (9.3)
Number of chronic conditions, mean (SD) 4.6 (2.4)
Unit discharged from

Internal medicine 1493 (56.2)

Cardiac surgery 687 (25.9)

Thoracic surgery 475 (17.9)
Discharge destination

Home to community 2557 (96.3)

Long-term care 90 (3.7)

Medication regimen characteristics Mean (SD)
Medications at admission 5.8(4.2)
Medications prescribed at discharge 7.9 (4.0)
Total number of medication changes 4.4 (2.6)
New medications 3.0(2.1)
Discontinued medications 0.9 (1.3)
Dose modifications 0.6 (0.9)
Continued medications 4.3 (3.6)

effects of nonadherence were mainly driven by not filling newly pre-
scribed medications.

To our knowledge, only two other studies have evaluated the
impact of nonadherence to medications prescribed at hospital dis-
charge. A study by Coleman et al found that 14% of older adults
discharged from hospital who were nonadherent to prescribed
medications were re-hospitalized in 30 days compared to 6% who
were adherent;*? however, only unadjusted risks were reported.
Moreover, a study analyzing patients with acute myocardial infarc-
tion discharged from hospital found that only 25% of patients filled
all new medications prescribed at hospital discharge and that the
adjusted 1-year mortality rate was higher in patients who did not

fill any of their discharge medications compared to those who filled

all. This study was similar to our own in that it compared hospital
discharge prescriptions to medication dispensing data; however, it
was restricted to patients with AMI.*?

Importantly, we found that patients who did not fill any of their
newly prescribed medications were at the highest risk of adverse
events after hospitalization. It is possible that nonadherence may
be a marker for worse outcomes as a result of specific health be-
haviors.*® Indeed, starting a new medication involves a patient's
personal values and expectations around the perceived safety and
effectiveness of medication treatment overall as well as their own
confidence and self-efficacy.** Combined, the consistency of find-
ings with our current study supports the development of policy and
health systeminterventions to reduce nonadherence among patients
who are discharged from hospital. Indeed, a recent randomized con-
trolled trial of a health system intervention that involved medication
review, motivational interviews with patients, and follow-up with
the primary care physician, pharmacy, and nursing home found that
in medical patients using 5+ medications, the risk of readmission was
reduced by 38% compared to those receiving usual care.*® This in-
tervention, however, was very resource intensive and required a sig-
nificant amount of clinician oversight. Most organizations thinking
of implementing a similar type of intervention would have difficulty
offering it to all hospitalized patients on a larger scale.

In an effort to address the challenge of medication nonadherence
following discharge through a pragmatic, scalable intervention, our
team developed and is in the process of piloting a mobile application
to enhance medication management following hospital discharge
called Smart About Meds (SAM). The application retrieves medica-
tions prescribed to a patient from the discharge prescription as well
as dispensed medications via real-time linkage with the provincial
pharmacy claims database. The app creates a patient-friendly list of
prescribed/dispensed medications, grouped by therapeutic class,
and offers tools targeting barriers to adherence. These tools include
but are not limited to: (a) integrated adherence monitoring and feed-
back (alerts patients, caregivers, and hospital pharmacists to adher-
ence problems), (b) pharmacy connect (allows patients to connect
with hospital pharmacist through secure messaging service), and (c)
symptom checker (allows patients to determine which of their medi-
cations has side effects similar to experienced symptoms).

Although SAM is less resource intensive than the multifaceted
intervention developed by Ravn-Nielsen et al, most organizations
would likely still have difficulty offering it to all patients being dis-
charged from hospital. Therefore, the ability to identify those at
highest risk of nonadherence who may benefit the most from re-
ceiving such an intervention is essential. The results of a previous
study by our research team on the patient- and medication-level
factors associated with nonadherence in the postdischarge period
provide important insights into the characteristics of these high-
risk patients. Our study suggested that failure to follow medication
changes was highest for dose increases, symptom relief medica-
tions, those that require prior authorization, and medications that
had not been administered during the hospital stay. At the patient

level, those with at least one preadmission hospitalization, who
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TABLE 2 Characteristics of 2655 patients according to nonadherence to medication changes made at hospital discharge

Proportion of medication Not adherent to any Adherent to some Adherent to all
Patient characteristics changes not adhered to changes (n = 164) changes (n = 997) changes (n = 1497)
Patient demographics Mean (SD) N (%)
Age
18-35 0.27 (0.37) 14 (8.5) 30(3.0) 59 (4.0)
35-64 0.22(0.32) 50 (30.5) 230(23.1) 377 (25.2)
65-79 0.19 (0.28) 54 (32.9) 476 (47.7) 721 (48.3)
80+ 0.21 (0.30) 46 (28.1) 261 (26.2) 337 (22.6)
Sex
Female 0.22(0.31) 73 (44.5) 429 (43.0) 572(38.3)
Male 0.19 (0.30) 91 (55.5) 568 (57.0) 922 (61.7)
Copay status
Full 0.20(0.30) 92 (56.1) 588 (59.0) 882 (59.0)
Partial 0.19 (0.30) 29 (17.7) 232(23.3) 333(22.3)
Free 0.23(0.33) 43 (26.2) 177 (17.8) 279 (18.7)

Health care utilization one year prior to index admission

Hospitalizations

0 0.20(0.30) 84 (51.2) 497 (49.9) 773 (51.7)

1+ 0.21(0.30) 80 (48.8) 500 (50.2) 721 (48.3)
Emergency department visits

0 0.19 (0.30) 45 (27.4) 247 (24.8) 459 (30.7)

1+ 0.21(0.30) 119 (72.6) 750 (75.2) 1035 (69.3)
Ambulatory care visits

0-3 0.18 (0.30) 45 (27.4) 191 (19.2) 409 (27.4)

4-7 0.21(0.30) 36(22.0) 242 (24.3) 336(22.5)

8-14 0.20(0.30) 32(19.5) 271(27.4) 391(26.2)

15+ 0.23(0.31) 51(31.1) 291(29.2) 358(23.1)
Distinct prescribers

0 0.48 (0.41) 52(31.7) 151 (15.2) 241 (16.1)

1-2 0.15(0.27) 31(18.9) 253(23.4) 451 (30.2)

3-4 0.16 (0.25) 31(18.9) 223 (22.4) 354 (23.7)

5+ 0.21(0.28) 50 (30.5) 370(37.1) 448 (30.0)

Characteristics measured during hospitalization

Reason for admission

Non-ambulatory care- 0.20(0.30) 149 (90.9) 886 (88.9) 1373 (91.9)
sensitive condition
Ambulatory care- 0.22(0.29) 15(9.2) 111 (11.1) 121 (8.1)

sensitive condition

Number of chronic conditions

0 0.26 (0.39) 11 (6.7) 14 (1.4) 45(3.0)

1-3 0.20(0.32) 63(38.4) 255 (25.6) 535(35.8)

4-6 0.19 (0.30) 66 (40.2) 438 (43.9) 682 (45.7)

7+ 0.23(0.28) 24 (14.6) 290 (29.1) 232 (15.5)

Types of chronic conditions

Arrhythmia 0.19 (0.28) 33(20.1) 321(32.2) 420 (28.1)

Heart failure 0.23(0.29) 33(20.1) 299 (30.0) 287 (19.2)
Type 2 diabetes 0.23 (0.30) 57 (34.8) 431 (43.2) 460 (30.8)

(Continues)
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TABLE 2 (Continued)
Proportion of medication Not adherent to any Adherent to some Adherent to all
Patient characteristics changes not adhered to changes (n = 164) changes (n = 997) changes (n = 1497)
Cancer, metastatic 0.19 (0.29) 21(12.8) 120 (12.0) 211 (14.1)
Cancer, nonmetastatic 0.24(0.32) 5(3.1) 28(2.8) 37 (2.5)
Chronic kidney disease 0.25(0.31) 53(32.3) 352 (35.3) 339 (22.7)
Liver disease 0.24 (0.34) 16 (9.8) 67 (6.7) 96 (6.4)
Lymphoma 0.21(0.29) 4(2.4) 51(5.1) 58(3.9)
COPD 0.23(0.30) 38(23.2) 315 (31.6) 356(23.8)
Unit discharged from
Internal medicine 0.26 (0.33) 135 (82.3) 629 (63.1) 729 (48.8)
Cardiac surgery 0.10(0.20) 5(3.1) 210 (21.1) 472 (32.6)
Thoracic surgery 0.19 (0.30) 25 (14.6) 158 (15.9) 293 (19.6)
Discharge destination
Home community 0.20(0.30) 159 (97.0) 931 (93.5) 1.466(98.1)
Long-term care 0.32(0.30) 5(3.1) 65 (6.5) 28(1.9)

Drug regimen-level characteristics

Medications at admission

0-1 0.32(0.39) 58 (35.4) 157 (15.8) 241 (16.1)
2-4 0.15(0.28) 36(22.0) 174 (17.5) 448 (30.0)
5-7 0.16 (0.26) 28(17.1) 239 (24.0) 398 (26.6)
8+ 0.21(0.27) 42(25.6) 427 (42.8) 407 (27.2)
Medications prescribed at discharge
0-4 0.22(0.34) 56(34.2) 120 (12.0) 337 (22.6)
5-6 0.18 (0.30) 38(23.2) 170 (17.1) 360 (24.1)
7-9 0.18 (0.29) 40 (24.4) 274 (27.5) 461 (30.7)
10+ 0.24(0.28) 30(18.3) 433 (43.4) 336(22.5)
Total number of changes
1 0.27 (0.44) 63(38.4) 0() 172 (11.5)
2-3 0.21(0.31) 70 (42.7) 266 (26.7) 565 (37.8)
4-5 0.18 (0.25) 16 (9.8) 323(32.4) 414 (27.7)
6+ 0.21(0.28) 15(9.2) 408 (40.9) 343 (23.0)
New medications
0 0.24(0.38) 32(19.5) 33(3.3) 119 (7.8)
1 0.23(0.34) 53(32.3) 131(13.1) 290 (19.4)
2-3 0.18 (0.27) 52(71.7) 443 (44.3) 669 (44.8)
4+ 0.21(0.27) 27 (16.5) 390 (39.1) 416 (27.8)
Discontinued medications
0 0.25(0.34) 141 (86.0) 477 (47.8) 828 (55.4)
1+ 0.15(0.23) 23 (14.0) 520 (52.2) 666 (44.6)
Modified medications
0 0.21(0.33) 129 (78.7) 507(50.9) 1012 (67.7)
1+ 0.20(0.25) 35(21.3) 490 (49.2) 482(32.3)

Continued medications
0 0.26 (0.37) 64 (39.0) 216 (21.7) 381 (25.5)
1-3 0.16 (0.26) 27 (16.5) 205 (20.6) 379 (25.4)
4-6 0.17 (0.26) 30(18.3) 261 (26.2) 420 (28.1)
7+ 0.23(0.29) 43(26.2) 315 (31.6) 214 (21.0)
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FIGURE 2 Kaplan-Meier curves
for probability of not experiencing the
primary composite endpoint 30 days
postdischarge according to level of
adherence

0.80 0.90 1.00

Percent of patients who have not
experienced primary composite endpoint

0.70

TABLE 3 Association between
nonadherence to medication changes and

Exposure
adverse events in 30-days post discharge >

Adherent to all changes

Adherent to some of
the changes

Not adherent to any of

the changes

?Events/100 person-days.
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Not adherent to any changes

bl Adherent to all changes
- — — — Adherent to some changes
T T T T
0 0 20 30
Person Days of Follow-up
Incidence rate® Adjusted®
Events Person-days (95% Cl) HR (95% Cl)
226 17 802 1.27 (1.11-1.44) Reference
520 39 702 1.31(1.20-1.43) 1.10
(0.94-1.30)
114 8086 1.41(1.12-1.69) 1.35
(1.06-1.71)

bAdjusted for number of preadmission prescribers, whether the patient had at least one ED visit
prior to admission, the unit the patient was discharged from, presence of cardiac arrhythmia, or
metastatic cancer and the time-varying number of new medications filled with high risk of harm.

did not have any medications dispensed prior to admission, and
were discharged from thoracic surgery or to a long-term care fa-
cility, also had a higher risk of failure to follow changes.“’ Overall,
we hypothesize that a pragmatic medication-related intervention
(such as SAM) targeted to high-risk patients has the potential to
improve health outcomes for these patients in the postdischarge
period and is feasible for health care organizations with limited

resources to implement.

4.1 | Limitations

There are limitations to keep in mind when interpreting the results
of this study. First, we used dispensing data to measure adherence
in the postdischarge period and could not actually observe the
medications patients were taking. This could mean that although
patients are filling their medications, they may not be taking them,
or taking them at the wrong dose. Moreover, even if a patient does
not fill discontinued medications, they may still be taking a supply
that was left over prior to admission.?2%748 Therefore, this could
be a source of potential unmeasured confounding. Additionally, as
is the case in any study which evaluates the association between
medication adherence and health outcomes, diet, lifestyle, and so-
cial determinants of health are important factors we did not have
access to information on which could also be a source of unmeas-

ured confounding.

For some medications, accurately calculating daily dose from
dispensing data can be challenging, potentially overestimating non-
adherence to dose changes. Last, we did not measure the appropri-
ateness of the changes made to medications in-hospital. It is quite
possible that changes were not entirely appropriate for that patient
at that time and may have been reversed by the patient's communi-
ty-based physician after discharge from hospital. However, we did
adjust for the risk of harm associated with medications that were
filled in an attempt to address this issue and also found that the inci-
dence of nonadherence did not differ between the time period prior
to a visit with the community physician or after.

5 | CONCLUSIONS

In summary, we found that almost half of patients were not adherent
to some or all changes made to their medications at hospital discharge
and that nonadherence to all changes was associated with an increased
risk of adverse events. Health policy and patient interventions aimed
at barriers to adherence have the potential to reduce adverse health
outcome for patients as well as the burden on the health care system

in terms of both cost and utilization.
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