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IMPORTANCE Adherence to medications prescribed after acute myocardial infarction (AMI)
is low. Wireless technology and behavioral economic approaches have shown promise in
improving health behaviors.

Supplemental content

OBJECTIVE To determine whether a system of medication reminders using financial
incentives and social support delays subsequent vascular events in patients following AMI
compared with usual care.

DESIGN, SETTING, AND PARTICIPANTS Two-arm, randomized clinical trial with a 12-month
intervention conducted from 2013 through 2016. Investigators were blinded to study group,
but participants were not. Design was a health plan-intermediated intervention for members
of several health plans. We recruited 1509 participants from 7179 contacted AMI survivors
(insured with 5 large US insurers nationally or with Medicare fee-for-service at the University
of Pennsylvania Health System). Patients aged 18 to 80 years were eligible if currently
prescribed at least 2 of 4 study medications (statin, aspirin, 3-blocker, antiplatelet agent), and
were hospital inpatients for 1to 180 days and discharged home with a principal diagnosis

of AMI.

INTERVENTIONS Patients were randomized 2:1to an intervention using electronic pill bottles
combined with lottery incentives and social support for medication adherence (1003
patients), or to usual care (506 patients).

MAIN OUTCOMES AND MEASURES Primary outcome was time to first vascular
rehospitalization or death. Secondary outcomes were time to first all-cause rehospitalization,
total number of repeated hospitalizations, medication adherence, and total medical costs.

RESULTS A total of 35.5% of participants were female (n = 536); mean (SD) age was 61.0
(10.3) years. There were no statistically significant differences between study arms in time to
first rehospitalization for a vascular event or death (hazard ratio, 1.04; 95% Cl, 0.71t0 1.52;

P = .84), time to first all-cause rehospitalization (hazard ratio, 0.89; 95% Cl, 0.73 to 1.09;

P = .27), or total number of repeated hospitalizations (hazard ratio, 0.94; 95% Cl, 0.60 to
1.48; P = .79). Mean (SD) medication adherence did not differ between control (0.42 [0.39])
and intervention (0.46 [0.39]) (difference, 0.04; 95% Cl, -0.01to 0.09; P = .10). Mean (SD)
medical costs in 12 months following enroliment did not differ between control ($29 811

[$74 8501]) and intervention ($24 038 [$66 915]) (difference, -$5773; 95% Cl, -$13 682 to
$2137; P = 15).

CONCLUSIONS AND RELEVANCE A compound intervention integrating wireless pill bottles,
lottery-based incentives, and social support did not significantly improve medication Author Affiliations: Author

adherence or vascular readmission outcomes for AMI survivors. 2':2';?:0”5 are listed at the end of this
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oronary artery disease is the leading cause of death in

the United States. Medications including -blockers,

statins, and aspirin and other antiplatelet drugs signifi-
cantly reduce the rate of cardiovascular events and repeated
treatment procedures among patients surviving acute myo-
cardial infarction (AMI). Despite these clinical benefits, the gen-
erally low cost, once-a-day schedule, and benign adverse event
profile, adherence is low. A large national study of adherence
to use of B-blockers, statins, and angiotensin-converting en-
zyme inhibitors or angiotensin receptor blockers among in-
sured patients in the year following AMI revealed adherence
of only 39%, increasing to only 44% when co-payments were
waived.! Given that atherosclerotic cardiovascular disease kills
approximately 400 000 Americans per year and that we have
safe and efficacious medications to reduce coronary artery dis-
ease sequelae, improved population health depends on their
uptake and patient adherence.

Targeted education about the value of medications might
be effective if patients do not understand their benefit. Me-
chanical reminder systems might be effective if patients are
forgetful. Social support might be effective if patients need ex-
ternal encouragement. But each of these approaches is al-
ready available, suggesting that the underlying explanations
for low adherence are different or that these approaches alone
do not effectively address them.

Behavioral economics offers promise in improving moti-
vation for desirable but difficult activities, such as weight
loss, exercise, or smoking cessation,?> by harnessing perva-
sive patterns of irrational behavior, rather than patterns of
rational behavior typically addressed by traditional econom-
ics. New technology, such as wireless pill bottles to measure
adherence and platforms to automate communication, al-
lows remote monitoring for large populations at reasonable cost
while providing encouragement.* In this study, we combined
several promising approaches into an automated interven-
tion aiming to reduce repeated cardiovascular events among
AMI survivors through improved medication adherence.

Methods

Study Design

The HeartStrong study was a 2-arm randomized clinical trial;
details of its design have been described elsewhere.® The study
protocolis available in Supplement 1. All participants random-
ized to the intervention arm received (1) up to 4 electronic pill
bottles (Vitality GlowCaps) used in place of regular pill bottles
for cardiovascular medications (3-blockers, statins, aspirin,
anti-platelet agents); (2) daily lottery incentives with an ap-
proximately 1in 5 chance of a $5 payout and a 1in 100 chance
of'a $50 payout based on medication adherence the previous
day; (3) the option of enlisting a friend or family member to
support medication adherence who would be automatically
notified if participants failed to use the electronic pill bottles
2 out of the 3 previous days, including the previous day;
(4) access to social work resources; and (5) a staff engage-
ment advisor to provide close monitoring, feedback, and
reinforcement of adherence. The wireless pill bottles elec-
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Key Points

Question What is the effect of wireless technology and behavioral
economic approaches on vascular rehospitalization and
medication adherence in a health plan-based intervention for
acute myocardial infarction survivors?

Findings In this randomized clinical trial of 1509 patients
following acute myocardial infarction, there were no statistically
significant differences between study arms in time to first
rehospitalization for a vascular event or death, medication
adherence, or cost.

Meaning A compound intervention did not significantly improve
medication adherence or clinical outcomes.

tronically monitored openings and transmitted them to Way
to Health, a National Institutes of Health-funded software plat-
form that facilitates patient engagement. Patients random-
ized to the control arm received usual care and had no further
contact with study staff following enrollment.

Study Population
Eligible participants were identified via 5 insurance partners
(Aetna, Horizon Healthcare of New Jersey, HealthFirst,
Humana, and Independence Blue Cross) and through Medi-
care fee-for-service (for patients in the University of Pennsyl-
vania Health System). Continuous enrollment with health
insurers after enrollment was not required. Participants were
recruited by University of Pennsylvania research staff from
March 2013 through January 2015 and observed for 1 year.
Eligible participants were 18 to 80 years old, were cur-
rently prescribed at least 2 of the 4 study medications (statin,
aspirin, B-blocker, antiplatelet agent) based on patient self-
report at time of enrollment, were hospital inpatients for 1 to
180 days, and were discharged to home with a principal Inter-
national Classification of Diseases, Ninth Revision, diagnosis
code of AMI (410.xx excluding 410.x2). Patients could enroll
up to 60 days after discharge. Key exclusion criteria included
diagnosis of metastatic cancer, end-stage renal disease with
requirement of dialysis, dementia, or enrollment in other
research studies incorporating electronic pill bottles.

Recruitment and Randomization

All eligible participants received recruitment letters, fol-
lowed by up to 5 telephone calls from study staff. If eligible,
participants were invited to participate and asked to com-
plete the Patient Health Questionnaire-2 (PHQ-2).%7 After orally
consenting, participants were randomized to intervention or
control at a 2:1ratio using variably sized permuted blocks strati-
fied by insurance provider; the unbalanced randomization en-
abled the evidence-based evolutionary testing design, in which
adjustments to the intervention could be implemented at the
study midpoint.® Randomization was implemented via the Way
to Health platform. All enrolled participants received $25 for
participation. Participants in the intervention received an ad-
ditional $25 for activating the pill bottles. Investigators and data
analysts were blinded to arm assignment; patients were not

jamainternalmedicine.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.2449&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449

Medication Reminders to Improve Outcomes After Myocardial Infarction

blinded. The study was approved by the Institutional Review
Board of the University of Pennsylvania.

Study Outcomes

The primary outcome was time until first vascular readmis-
sion, defined as an inpatient hospitalization with a diagnosis of
AMI, unstable angina, stroke, congestive heart failure, or death.
Secondary outcomes were time until first all-cause readmis-
sion, total number of repeated hospitalizations, medication ad-
herence, and total cost. Each of these measures was collected
using claims data from our insurer partners. The study period
coincided with a shift from inpatient hospitalizations to shorter
“observation” stays; observation stays for myocardial infarc-
tion, heart failure, or pneumonia among fee-for-service Medi-
care beneficiaries nearly doubled from 2007 to 2015.° Obser-
vation stays are not clearly distinguishable from emergency
department visits in claims data, nor are their diagnosis codes
as clearly defined. For this reason, in post hoc analyses we also
compared time to first readmission or observation stay for any
cause and time to first readmission, observation stay, or emer-
gency department visit for any cause.

Statistical Analysis

We measured study outcomes using medical insurance claims.
We assessed hospitalization outcomes using place of service,
discharge, diagnosis, revenue, and procedure'® codes.>! For
patients on Medicare-type plans from any insurance pro-
vider, the Centers for Medicare & Medicaid Services provided
a death file'? to supplement deaths identified from insurance
claim discharge codes. To determine lapses in insurance cov-
erage, we used a membership file indicating whether pa-
tients had coverage in a given month; participants whose cov-
erage ended were censored. Three insurers also provided
deidentified claims data for potential participants who were
sent arecruitment letter but did not enroll in our study. We used
this reference group to evaluate the potential for selection bias
during recruitment.

Medication adherence for medications other than aspirin
(which is typically purchased over the counter) was esti-
mated using proportion of days covered (PDC)."*!* The PDC
was calculated for the 12-month study period, including any
prescriptions filled after index discharge with a supply ex-
tending into the study period. Because we did not know tim-
ing of prescription writing by clinicians, we used 3 methods
to measure adherence. The strict definition assumed that pa-
tients were prescribed all 3 drugs for the entire study period.
The relaxed definition assumed that patients were pre-
scribed a medication from time of first fill until the end of the
study period. Our intermediate definition assumed that pa-
tients had been prescribed a medication for the entire study
period if they ever filled that medication after discharge. In ad-
dition to PDC for individual drug classes, we calculated a mul-
tiple-medication version in which adherence was achieved if
aparticipant was covered by all 3 medication classes on a given
day. Annual PDC was compared between arms using 2-sided
t tests.

Time until first hospitalization or death was estimated
using the Kaplan-Meier method'; arms were compared using
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log-rank tests!® and unadjusted Cox proportional hazards
models.'” Adjusted hazard models included covariates for
demographic characteristics, PHQ-2 score, insurer, and base-
line Elixhauser scores!'® calculated using the 12 months of
claims data prior to index discharge; adjustment was used to
control for any small differences in these factors by treat-
ment arm. Analyses incorporating repeated hospitalizations
used the Andersen-Gill method.'® The study was designed to
have 80% power to detect a hazard ratio (HR) of 0.70, corre-
sponding to a 6% decrease in the event rate.>!° P< .05 was
considered statistically significant. Primary analyses used an
intention-to-treat approach. Secondary analyses assessed per-
protocol results to investigate the potential impact of nonad-
herence to intervention activities.

Subgroup analyses were performed assessing inter-
vention impact among those readmitted between index
discharge and study enrollment, and with specific demo-
graphic characteristics. Given the lack of standardized classi-
fication and to allow graphical exploration of effects, a me-
dian split was used to determine PHQ-2 and Elixhauser score
categories. Annual total medical cost was the summation of
allowed costs for the 12 months. Partitioned inversed prob-
ability weighting was used in cost analyses to account for data
censoring.2%:21

Analyses were conducted in SAS 9.4 (SAS Institute) and
Stata 14.0 (StataCorp).

.|
Results

Patient Characteristics

0f 19 678 potentially eligible patients, 12589 (64.0%) were
unreachable, 820 (4.1%) were ineligible, and 4850 (24.5%)
declined, leaving an enrolled sample of 1509: 1003 and 506
were randomized to the intervention and control groups,
respectively (Figure 1). Within the intervention group, 878
(87.5%) set up electronic pill bottles and 701 (69.9%)
enlisted a feedback partner. Twelve-month all-cause read-
mission was similar between the enrolled control popula-
tion and the eligible but nonenrolled population, suggesting
recruitment of a clinically representative population (HR,
0.93; 95% CI, 0.80-1.10; P = .42).

The mean (SD) time from index hospital discharge to
enrollment was 40.8 (12.3) days. Participants came from 45
states and the District of Columbia; 533 (35.5%) were
female; mean (SD) age was 61.0 (10.3) years; 624 (41.5%)
were part of a Medicare insurance plan. Participant charac-
teristics were similar across arms (Table 1). Six patients
withdrew from the study.

Because some participants changed insurance coverage
between index discharge and enrollment (making claims
data inaccessible), we analyzed postenrollment medical
claims for 1454 patients (96.7%); of these, 1045 (71.9%) had
continuous insurance coverage for the year. We analyzed
adherence among participants receiving prescription drug
coverage from the same insurance company as their medi-
cal insurance (1019). Of these, 671 (65.8%) had continuous
prescription coverage for 12 months after enrollment; 924
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Figure 1. Consolidated Standards of Reporting Trials Diagram

Table 1. Patient Demographic Characteristics

‘ 19768 Letters mailed ‘

‘

12589 Unreachable

‘ 7179 Telephone contacts ‘

820 Ineligible
247 Unable to give informed
consent
169 Death
148 Not prescribed at least
2 study medications
66 Wrong insurance
56 Readmitted to hospital
54 Not discharged to home
39 Other
38 Study staff determined
not a good fit
3 Not 18-80 years old
4850 Declined
3315 Not interested
606 Does not want to change
current system
466 Spouse/other declined
for patient
225 Privacy concerns
161 Other
77 Distrusting of research

(1509 Randomized )

1003 Randomized to 506 Randomized to
intervention control

! !

3 Withdrew? ‘ ‘ 3 Withdrew?
Analyzed Analyzed

1000 Total intervention 503 Total control
975 Medical claims 479 Medical claims

682 Prescription claims 337 Prescription claims

v !

Participants with 12 months Participants with 12 months
of data of data
714 Medical claims 331 Medical claims
456 Prescription claims 215 Prescription claims

@ Reasons for withdrawal: 2 participants withdrew because they were unhappy
that they were placed in the control group; 1did not want to use the GlowCap
device; 2 enrolled but later were concerned about confidentiality and
withdrew; 1was withdrawn by the study investigators due to concern about
competency to consent.

(90.7%) filled a study drug between index discharge and
enrollment; 762 (74.8%) filled all 3 drug classes (statins,
B-blockers, antiplatelet agents) during the study. Data cen-
soring due to insurance changes did not differ significantly
by arm (HR, 0.86; 95% CI, 0.70-1.05; P = .15). Patients with
data censoring were on average younger than patients with
full coverage (mean [SD] age, 59.7 [10.2] vs 61.6 [10.4];
P =.001) and were less likely to be enrolled in Medicare (122
[29.8%] vs 495 [47.4%]; P < .001). They were similar with
respect to sex (136 [33.3%] vs 377 [36.1%] female; P = .31),
mean (SD) PHQ-2 score (1.30 [1.61] vs 1.27 [1.65]; P = .73),
and mean baseline Elixhauser score (6.94 vs 6.11; P = .15).
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Control Intervention®
Characteristic (n=503) (n =1000)
Female sex, No. (%) 190 (37.8) 343 (34.3)
Age, mean (SD), y 60.6 (10.2) 61.2 (10.4)
Age group, No. (%), y
18-34 4(0.8) 7 (0.7)
35-49 74 (14.7) 147 (14.7)
50-64 254 (50.5) 447 (44.7)
265 171 (34.0) 399 (39.9)
Medicare, No. (%) 195 (38.8) 429 (42.9)
PHQ-2 score,® mean (SD) 1.3 (1.6) 1.3 (1.6)
Baseline Elixhauser score, 6.1(9.3) 6.5 (10.0)
mean (SD)
Time from index discharge to 41.3 (12.1) 40.6 (12.4)
enrollment, mean (SD), d
Region, No. (%)
Northeast 182 (36.2) 380 (38.0)
Midwest 71 (14.1) 153 (15.3)
South 208 (41.4) 391 (39.1)
West 42 (8.4) 76 (7.6)
With postenrollment claims, No.
Medical claims 479 975
Prescription claims 337 682
With any study drug claim,
No. (%)
Before index discharge 194 (57.6) 408 (59.8)
Between index discharge 309 (91.7) 615 (90.2)

and enrollment

Abbreviation: PHQ-2, Patient Health Questionnaire-2.
2 There are no statistically significant differences between arms.

bScore ranges from O to 6. Due to protocol deviation, PHQ-2 scores were
collected for only 500 control patients and 995 intervention patients.

Hospitalizations
There was no statistically significant difference between arms
in the prespecified primary outcome of time to first readmis-
sion for a vascular event or death (HR, 1.04; 95% CI, 0.71-1.52;
P = .84) or the prespecified secondary outcome of time to first
all-cause readmission (HR, 0.89; 95% CI, 0.73-1.09; P = .27)
(Figure 2A and B and Table 2). There were also no statistically
significant differences in time to first event when including ob-
servation stays (HR, 0.91; 95% CI, 0.75-1.09; P = .30) and emer-
gency department visits (HR, 0.89; 95% CI, 0.76-1.03; P = .12)
(Figure 2C and D and Table 2). Analyses including repeated
primary outcome events showed no difference (HR, 0.94; 95%
CI, 0.60-1.48; P = .79) (eTable 1 in Supplement 2).
Differences in effect were statistically insignificant for most
subgroups, except among patients with low baseline Elix-
hauser scores. For the more inclusive event definitions, the in-
tervention seemed more effective among patients with low
PHQ-2 score, among men, and among those who experienced
areadmission between discharge from index hospitalization
and study enrollment (Table 2).

Medication Adherence
There were no significant differences in mean multiple-

medication PDC between the control and intervention groups
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Figure 2. Kaplan-Meier Curves for Hospitalization
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using the strict (control = 0.42, intervention = 0.46; differ-
ence = 0.04; 95% CI, -0.01 to 0.09; P = .10) or relaxed (con-
trol = 0.63, intervention = 0.66; difference = 0.03; 95%
CI, -0.02 to 0.08; P = .19) definition. There were no statisti-
cally significant differences between the 2 groups for
adherence to individual drug classes, nor were there differ-
ences by demographic subgroups (Table 3 and eTable 2
in Supplement 2).

Medical Spending

Mean (SD) annual medical spending in the 12 months follow-
ing enrollment did not differ significantly between control
($29 811 [$74 850]) and intervention ($24 038 [$66 915]) (dif-
ference = -$5773; 95% CI, -$13 682 to $2137; P = .15). There
were generally no significant differences by subgroup except
among patients with low baseline mean Elixhauser score (dif-
ference = -9226; 95% CI, -17 653 to 798; P = .03) (eTable 3 in
Supplement 2).

Per Protocol Analysis

Atotal of 701 intervention participants fully completed the pro-
tocol by both setting up electronic pill bottles and enrolling a
partner. Per-protocol participants had lower mean (SD) PHQ-2

jamainternalmedicine.com

scores than intervention participants who did not follow pro-
tocol (1.19[1.60] vs 1.44 [1.73]; P = .03) but were similar in terms
of sex (228 [32.5%] vs 115 [38.5%] female; P = .07), mean (SD)
age (61.5[10.2] vs 60.7 [10.9] years; P = .30), Medicare enroll-
ment (287[40.9%] vs 142 [47.5%]; P = .06), and mean (SD) base-
line Elixhauser score (6.30 [9.89] vs 6.82 [10.22]; P = .45). As
given in eTable 4 in Supplement 2, these participants had su-
perior outcomes to control with respect to both readmissions
(all-cause inpatient hospitalization HR, 0.79; 95% CI, 0.63-
0.99; P = .03) and mean (SD) adherence (0.48 [0.40] vs 0.42
[0.39]; P = .06). Mean (SD) annual medical spending was also
lower compared with control ($21239 [$57 611] vs $29 810
[$74 842], difference = -$8571; 95% CI, -$16 542 to -$601;
P =.04).

|
Discussion

This study examined the effect of state-of-the-art behavioral
economic approaches used in combination on medication ad-
herence and readmissions following AMI.?2+22 We observed no
statistically significant effect on medication adherence, hos-
pitalization events of interest, or medical costs.
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Table 2. Overall and Subgroup Hazard Ratios (HRs)

Vascular Inpatient
Readmission

All-Cause Inpatient
Readmission

All-Cause Inpatient

Readmission + Observation Stays

All-Cause Inpatient

Readmission + Observation

Stays + Emergency Department

Category HR (95% CI) P Value HR (95% CI) PValue HR (95% Cl) P Value HR (95% CI) P Value
Overall
Unadjusted 1.04 (0.71-1.52) .84 0.89 (0.73-1.09) .27 0.91 (0.75-1.09) .30 0.89 (0.76-1.03) 12
Adjusted® 0.93 (0.63-1.36) .70 0.85 (0.70-1.04) 12 0.88 (0.73-1.06) .18 0.88 (0.75-1.03) 11
Sex
Male 1.23 (0.74-2.06) 43 0.81 (0.63-1.05) 12 0.82 (0.64-1.05) 12 0.80 (0.66-0.98) .03
Female 0.84 (0.48-1.50) .56 1.06 (0.78-1.43) 72 1.08 (0.81-1.43) .61 1.07 (0.84-1.36) .60
Age,y
18-49 1.09 (0.33-3.52) .89 0.81 (0.46-1.42) .46 0.82 (0.49-1.39) .46 0.82 (0.55-1.21) .32
50-64 1.28 (0.69-2.41) 43 0.96 (0.72-1.30) .81 0.95 (0.72-1.25) .70 0.90 (0.71-1.13) .36
265 0.83 (0.49-1.41) .49 0.84 (0.62-1.13) .24 0.87 (0.66-1.16) .36 0.89 (0.69-1.13) .33
Medicare
No 1.28 (0.61-2.68) .51 0.92 (0.69-1.24) .60 0.91 (0.69-1.19) 49 0.90 (0.72-1.12) .35
Yes 0.88 (0.57-1.38) .58 0.83 (0.63-1.08) 17 0.86 (0.67-1.11) .25 0.84 (0.67-1.04) 11
PHQ-2 score
<2 1.06 (0.61-1.86) .83 0.80 (0.62-1.04) .10 0.84 (0.66-1.07) .16 0.80 (0.65-0.98) .03
>2 0.99 (0.59-1.66) .96 1.00 (0.74-1.36) .98 0.99 (0.74-1.32) .95 1.01 (0.79-1.29) 93
Elixhauser score
Less than median  0.65 (0.30-1.38) .26 0.64 (0.46-0.90) .01 0.71 (0.52-0.97) .03 0.73 (0.57-0.94) .01
Greater than 1.17 (0.75-1.83) .49 1.05 (0.82-1.35) .69 1.02 (0.81-1.29) .87 1.00 (0.81-1.22) .97
median
Time from
discharge to
enrollment, d
<40 1.07 (0.62-1.85) .80 0.83 (0.63-1.10) .19 0.83 (0.64-1.07) .15 0.86 (0.69-1.07) 17
240 1.01 (0.59-1.72) .98 0.96 (0.73-1.28) .81 1.00 (0.76-1.31) .99 0.91 (0.73-1.14) 42
Readmission prior
to enrollment
No 1.24 (0.77-1.99) .38 0.94 (0.75-1.18) .58 0.95 (0.77-1.17) .64 0.88 (0.75-1.07) .22
Yes 0.66 (0.34-1.25) .20 0.68 (0.45-1.01) .05 0.67 (0.46-0.99) .04 0.77 (0.54-1.09) .14

Abbreviation: PHQ-2, Patient Health Questionnaire-2.

@ The adjusted model includes covariates for sex, age, Medicare enrollment, baseline PHQ-2 score, baseline Elixhauser score, and insurer.

Limitations

At the time of study design, there were many reasons to be-
lieve that the intervention might succeed. Aspirin, statins,
B-blockers, and platelet blockers are known to reduce re-
peated vascular events in patients surviving AMI,%*42° yet
adherence to these medications is less than 50%.'%-3-3! En-
gagement strategies developed from principles of behavioral
economics and new technologies have increased medication
adherence in other settings,>2332-3° and this study used a com-
bination of the best approaches developed to date. Yet, we
found no significant improvement in medication adherence
among those assigned to the intervention and no improve-
ment in clinical outcomes. Why not?

One possibility is that these strategies simply do not work
in this setting. One lesson emerging from behavioral econom-
icsis the importance of subtle differences in framing and con-
text; seemingly small factors, such as whether rewards are
framed as gains or losses, often have outsized effects. Per-
haps the multiple medications required or use of electronic pill

JAMA Internal Medicine August 2017 Volume 177, Number 8

bottles makes adherence daunting. Perhaps the goal of avoid-
ing a subsequent AMI is maximally motivating, so that fur-
ther efforts toward motivation are ineffective. Perhaps other
patient concerns about potential adverse effects of these medi-
cations, such as impotence or fatigue, were not targeted by this
engagement strategy.*®*! This intervention was designed to
mimic what health plans could do following an AMI hospital-
ization without any direct involvement of clinicians; perhaps
that involvement is needed to better engage the difficult-to-
engage patients. The context of post-AMI care may be differ-
ent in as yet unperceived ways that make medication adher-
ence different in this setting from others.

A second possibility is that the intervention might have
worked if implemented earlier. We enrolled patients a mean of
40.8 days following index discharge—a delay necessitated by re-
lying on insurance claims to identify eligible patients. Post hoc
analyses suggest that patients who were already readmitted be-
fore joining our intervention did achieve lower subsequent re-
admission rates as a result of this intervention; these high-risk
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Table 3. Annual Medication Adherence, Proportion of Days Covered (PDC)

Control Intervention
Medication No. PDC, Mean (SD) No. PDC, Mean (SD) Difference (95% Cl) P Value
Strict definition
Statin 337 0.69 (0.36) 682 0.72 (0.35) 0.03 (-0.02 to 0.07) 23
B-Blocker 337 0.67 (0.37) 682 0.69 (0.36) 0.02 (-0.03 to 0.07) .38
Antiplatelet agent 337 0.61 (0.41) 682 0.64 (0.40) 0.03 (-0.20 to 0.08) .25
All 3 medications® 337 0.42 (0.39) 682 0.46 (0.39) 0.04 (-0.01 to 0.09) .10
Intermediate definition
Statin 298 0.78 (0.27) 611 0.80 (0.26) 0.02 (-0.02 to 0.06) .26
B-Blocker 297 0.76 (0.30) 606 0.77 (0.29) 0.02 (-0.02 to 0.06) .38
Antiplatelet agent 267 0.77 (0.30) 558 0.79 (0.29) 0.01 (-0.03 to 0.06) .54
All 3 medications® 246 0.58 (0.35) 516 0.61 (0.33) 0.04 (-0.01 to 0.09) .16
Relaxed definition
Statin 298 0.81 (0.26) 611 0.83 (0.25) 0.02 (-0.02 to 0.06) .27
B-Blocker 297 0.80 (0.28) 606 0.81 (0.27) 0.02 (-0.02 to 0.05) 43
Antiplatelet agent 267 0.80 (0.29) 558 0.81 (0.28) 0.01 (-0.03 to 0.05) .50
All 3 medications® 246 0.63 (0.34) 516 0.66 (0.33) 0.03 (-0.02 to 0.08) .19

@ Calculated by the proportion of days in which a patient has an active medication for all 3 medications. It is not the weighted average of individual medication

adherence.

patients might have been helped more had we reached them ear-
lier (Table 2). Recruitment delay could be important if a par-
ticularly important time for interventions and follow-up after
AMI*2 is in the first 4 to 6 weeks. In the 6 weeks after dis-
charge, 15.9% were already readmitted, a substantial propor-
tion of the 37.6% readmitted by 12 months after discharge.

A third possibility is that we might have seen significant clini-
cal differences with different outcomes. Recent replacements of
hospitalizations with shorter observation stays not included in
the primary outcome could hide the benefits of the intervention.
Indeed, we found that 49% of those patients in the intervention
group avoided an inpatient, observation, or emergency depart-
ment stay within 12 months compared with 45% of patients in
the control group, a larger difference than when comparing just
inpatient admissions, but one that remained statistically insig-
nificant (P = .12). Readmission rates have been declining over time
dueto a variety of health system efforts nationwide, suggesting
that those who are still readmitted may be the toughest cases in
which to further lower readmission risk.

A fourth possibility is that current-generation electronic
pill bottles need more design evolution to become easier to use
to facilitate high rates of ongoing patient engagement.

A fifth possibility is that if everyone had followed our in-
tervention as designed, we would have observed significant ef-
fects, as the per-protocol analysis found significant differences
in outcomes between the intervention and control arms; an im-
portant limitation, however, is that there are likely selection ef-
fects in terms of who followed the intervention fully.

A sixth possibility is that the extensive clinical trial enroll-
ment processes would naturally leave behind all but the most
motivated AMI survivors—possibly those for whom the added
engagement support provided by the intervention would be
unnecessary. Nevertheless, clinical event rates among those
eligible for the trial but unenrolled did not differ from en-

jamainternalmedicine.com

rolled patients assigned to the control arm, suggesting no such
selection effects.

A final limitation is that we could not design the trial with
sufficient power to detect small differences in adherence or
costs because of the impracticably large sample size that would
have been required.

Each of these considerations represents a possible study
or intervention limitation. However, this study also has
strengths. It was a large nationwide study with multiple in-
surance populations and participants from 45 states. It was also
highly naturalized. With the exception of the consent proce-
dures required for a research study that would not be re-
quired in clinical deployment, it represents a pragmatic trial
with a largely untouched control group and clinically mean-
ingful outcomes measured through existing data sources.

. |
Conclusions

This study was undertaken with the promise that new ap-
proaches to patient motivation and new wireless technologies
could together—in a scalable intervention that a health plan
could run—produce improved medication adherence and
thereby improve clinical outcomes among survivors of AMI. De-
spite this promise, the intervention neither significantly in-
creased medication adherence nor significantly reduced the rate
of vascular readmission. The fact that this intervention had nega-
tive results is important in highlighting that some of the ap-
proaches we might expect to significantly improve adherence
donotin the context of a health plan-based intervention for pa-
tients after AMI. Despite this intervention’s lack of success, fur-
ther investigation in this area remains critical because the popu-
lation value of therapeutic advances depends fundamentally on
identifying ways to improve adherence to them.

JAMA Internal Medicine August 2017 Volume 177, Number 8

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022

1099


http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449

1100

Research Original Investigation

ARTICLE INFORMATION
Accepted for Publication: April 23, 2017.

Published Online: June 26, 2017.
doi:10.1001/jamainternmed.2017.2449

Author Affiliations: Medical Ethics and Health
Policy, University of Pennsylvania Perelman School
of Medicine, Philadelphia (Volpp, Norton, Zhu, Lim,
Marcus, Caldarella, Asch); Penn Medicine Center for
Health Care Innovation, University of Pennsylvania
Health System, Philadelphia (Volpp, Mehta, Lim,
Asch); Corporal Michael J Crescenz VA Medical
Center, Philadelphia, Pennsylvania (Volpp, Mehta,
Asch); Health Care Management, Wharton School
of the University of Pennsylvania, Philadelphia
(Volpp. Asch); Department of Medicine, University
of Pennsylvania Perelman School of Medicine,
Philadelphia (Volpp, Mehta, Drachman, Kolansky,
Asch); LDI Center for Health Incentives and
Behavioral Economics, University of Pennsylvania,
Philadelphia (Volpp, Troxel, Mehta, Norton, Zhu,
Lim, Marcus, Caldarella, Asch); Division of
Biostatistics, New York University, New York
(Troxel); University of Pennsylvania Health System,
Philadelphia (Wang); Operations and Information
Management, Wharton School of the University of
Pennsylvania, Philadelphia (Terwiesch); Humana,
Louisville, Kentucky (Levin, Relish); Horizon Blue
Cross Blue Shield, Newark, New Jersey (Negin);
Independence Blue Shield, Philadelphia,
Pennsylvania (Smith-McLallen, Snyder); Aetna,
Hartford, Connecticut (Spettell).

Author Contributions: Drs Volpp and Asch had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Troxel, Mehta,
Terwiesch, Spettell, Drachman, Kolansky, Asch.
Acquisition, analysis, or interpretation of data:
Volpp, Troxel, Mehta, Norton, Zhu, Lim, Wang,
Marcus, Caldarella, Levin, Relish, Negin,
Smith-McLallen, Snyder, Spettell, Drachman,
Kolansky, Asch.

Drafting of the manuscript: Volpp, Troxel, Mehta,
Norton, Lim, Marcus, Caldarella, Asch.

Critical revision of the manuscript for important
intellectual content: Volpp, Troxel, Mehta, Norton,
Zhu, Lim, Wang, Terwiesch, Levin, Relish, Negin,
Smith-McLallen, Snyder, Spettell, Drachman,
Kolansky, Asch.

Statistical analysis: Troxel, Zhu, Lim, Wang.
Obtained funding: Mehta, Asch.

Administrative, technical, or material support:
Volpp, Mehta, Norton, Marcus, Caldarella, Levin,
Relish, Negin, Smith-McLallen, Snyder, Spettell,
Kolansky.

Supervision: Norton, Smith-McLallen, Kolansky.

Conflict of Interest Disclosures: Drs Volpp and
Asch are principals and owners of VAL Health. Dr
Volpp has served as a consultant for CVS Caremark
and received grants from CVS Caremark, Hawaii
Medical Services Association, Humana, Merck,
Weight Watchers, and Discovery (South Africa). Dr
Troxel serves on the Scientific Advisory Board of
VAL Health. The authors who are employed by
commercial insurance companies are salaried
employees of these companies. Ms Levin and Mr
Relish are salaried employees of Humana Inc. Dr
Negin is a salaried employee of Horizon Blue Cross
Blue Shield of New Jersey. Drs Smith-McLallen and
Snyder are salaried employees of Independence

Medication Reminders to Improve Outcomes After Myocardial Infarction

Blue Cross. Dr Spettell is a salaried employee of
Aetna. No other disclosures are reported.

Funding/Support: This trial was funded with a
grant from Center for Medicare & Medicaid
Innovation (CMS), Health Care Innovation Award
1C1CMS331009.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: Special thanks are due
to the HeartStrong staff: Tirza Calderon, MPH,
Center for Clinical Epidemiology and Biostatistics,
University of Pennsylvania School of Medicine;
Victoria Hilbert, MPH, Division of General Internal
Medicine, University of Pennsylvania School of
Medicine; Amanda Hodlofski, MPH, Medical Ethics
and Health Policy, University of Pennsylvania
School of Medicine; Christina Jameson, BA, Penn
Medicine Center for HealthCare Innovation,
University of Pennsylvania Health System; Devon
Taylor, MPH, Medical Ethics and Health Policy,
University of Pennsylvania School of Medicine. All
contributors were research study staff and were
compensated from the CMS funding source.

REFERENCES

1. Choudhry NK, Avorn J, GlynnRJ, et al;
Post-Myocardial Infarction Free Rx Event and
Economic Evaluation (MI FREEE) Trial. Full coverage
for preventive medications after myocardial
infarction. N Engl J Med. 2011;365(22):2088-2097.

2. Loewenstein G, Asch DA, Volpp KG. Behavioral
economics holds potential to deliver better results
for patients, insurers, and employers. Health Aff
(Millwood). 2013;32(7):1244-1250.

3. Halpern SD, French B, Small DS, et al.
Randomized trial of four financial-incentive
programs for smoking cessation. N Engl J Med.
2015;372(22):2108-2117.

4. Asch DA, Muller RW, Volpp KG. Automated
hovering in health care—watching over the 5000
hours. N Engl J Med. 2012;367(1):1-3.

5. Troxel AB, Asch DA, Mehta SJ, et al. Rationale
and design of a randomized trial of automated
hovering for post-myocardial infarction patients:
the HeartStrong program. Am Heart J. 2016;179:
166-174.

6. McManus D, Pipkin SS, Whooley MA. Screening
for depression in patients with coronary heart
disease (data from the Heart and Soul study). Am J
Cardiol. 2005;96(8):1076-1081.

7. Kroenke K, Spitzer RL, Williams JB. The Patient
Health Questionnaire-2: validity of a two-item
depression screener. Med Care. 2003;41(11):1284-
1292.

8. Volpp KG, Terwiesch C, Troxel AB, Mehta S, Asch
DA. Making the RCT more useful for innovation with
evidence-based evolutionary testing. Healthc (Amst).
2013;1(1-2):4-7.

9. Zuckerman RB, Sheingold SH, Orav EJ, Ruhter J,
Epstein AM. Readmissions, observation, and the

Hospital Readmissions Reduction Program. N Engl J
Med. 2016;374(16):1543-1551.

JAMA Internal Medicine August 2017 Volume 177, Number 8

10. Choudhry NK, Brennan T, Toscano M, et al.
Rationale and design of the Post-MI FREEE trial:
arandomized evaluation of first-dollar drug
coverage for post-myocardial infarction secondary
preventive therapies. Am Heart J. 2008;156(1):31-36.

11. Overman RA, Freburger JK, Assimon MM, Li X,

Brookhart MA. Observation stays in administrative
claims databases: underestimation of hospitalized

cases. Pharmacoepidemiol Drug Saf. 2014;23(9):

902-910.

12. Research Data Assistance Center. Death
information in the research identifiable Medicare
data. 2015. https://www.resdac.org/resconnect
/articles/117. Accessed August 18, 2016.

13. Choudhry NK, Shrank WH, Levin RL, et al.
Measuring concurrent adherence to multiple
related medications. Am J Manag Care. 2009;15(7):
457-464.

14. Nau DP. Proportion of days covered (PDC) as a
preferred method of measuring medication
adherence. Pharmacy Quality Alliance; 2012.
http://pgaalliance.org/resources/adherence.asp.
Accessed September 6, 2016.

15. Kaplan EL, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat Assoc.
1958;53:457-481.

16. Mantel N. Evaluation of survival data and two
new rank order statistics arising in its consideration.
Cancer Chemother Rep.1966;50(3):163-170.

17. Cox DR. Regression models and life-tables. JR
Stat Soc Series B Stat Methodol. 1972;34(2):187-220.

18. van Walraven C, Austin PC, Jennings A, Quan H,
Forster AJ. A modification of the Elixhauser
comorbidity measures into a point system for
hospital death using administrative data. Med Care.
2009;47(6):626-633.

19. Andersen PK, Gill RD. Cox's regression model
for counting processes: a large sample study. Ann
Stat.1982;10:1100-1120.

20. Zhao H, Tian L. On estimating medical cost and
incremental cost-effectiveness ratios with censored
data. Biometrics. 2001;57(4):1002-1008.

21. BangH, Tsiatis A. Estimating medical costs with
censored data. Biometrika. 2000;87:329-343.

22. Reese PP, Bloom RD, Trofe-Clark J, et al.
Automated reminders and physician notification to
promote immunosuppression adherence among
kidney transplant recipients: a randomized trial. Am
J Kidney Dis. 2017;69(3):400-4009.

23. Asch DA, Troxel AB, Stewart WF, et al. Effect of
financial incentives to physicians, patients, or both
on lipid levels: a randomized clinical trial. JAMA.
2015;314(18):1926-1935.

24. Choudhry NK, Glynn RJ, Avorn J, et al.
Untangling the relationship between medication
adherence and post-myocardial infarction
outcomes: medication adherence and clinical
outcomes. Am Heart J. 2014;167(1):51-58.€5.

25. Antithrombotic Trialists' Collaboration.
Collaborative meta-analysis of randomised trials of
antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk
patients. BMJ. 2002;324(7329):71-86.

26. Kostis WJ, Cheng JQ, Dobrzynski JM, Cabrera J,
Kostis JB. Meta-analysis of statin effects in women
versus men. J Am Coll Cardiol. 2012;59(6):572-582.

jamainternalmedicine.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.2449&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449
https://www.ncbi.nlm.nih.gov/pubmed/22080794
https://www.ncbi.nlm.nih.gov/pubmed/23836740
https://www.ncbi.nlm.nih.gov/pubmed/23836740
https://www.ncbi.nlm.nih.gov/pubmed/25970009
https://www.ncbi.nlm.nih.gov/pubmed/25970009
https://www.ncbi.nlm.nih.gov/pubmed/22716935
https://www.ncbi.nlm.nih.gov/pubmed/27595692
https://www.ncbi.nlm.nih.gov/pubmed/27595692
https://www.ncbi.nlm.nih.gov/pubmed/16214441
https://www.ncbi.nlm.nih.gov/pubmed/16214441
https://www.ncbi.nlm.nih.gov/pubmed/14583691
https://www.ncbi.nlm.nih.gov/pubmed/14583691
https://www.ncbi.nlm.nih.gov/pubmed/26249633
https://www.ncbi.nlm.nih.gov/pubmed/26249633
https://www.ncbi.nlm.nih.gov/pubmed/26910198
https://www.ncbi.nlm.nih.gov/pubmed/26910198
https://www.ncbi.nlm.nih.gov/pubmed/18585494
https://www.ncbi.nlm.nih.gov/pubmed/24866538
https://www.ncbi.nlm.nih.gov/pubmed/24866538
https://www.resdac.org/resconnect/articles/117
https://www.resdac.org/resconnect/articles/117
https://www.ncbi.nlm.nih.gov/pubmed/19589013
https://www.ncbi.nlm.nih.gov/pubmed/19589013
http://pqaalliance.org/resources/adherence.asp
https://www.ncbi.nlm.nih.gov/pubmed/5910392
https://www.ncbi.nlm.nih.gov/pubmed/19433995
https://www.ncbi.nlm.nih.gov/pubmed/19433995
https://www.ncbi.nlm.nih.gov/pubmed/11764238
https://www.ncbi.nlm.nih.gov/pubmed/27940063
https://www.ncbi.nlm.nih.gov/pubmed/27940063
https://www.ncbi.nlm.nih.gov/pubmed/26547464
https://www.ncbi.nlm.nih.gov/pubmed/26547464
https://www.ncbi.nlm.nih.gov/pubmed/24332142
https://www.ncbi.nlm.nih.gov/pubmed/11786451
https://www.ncbi.nlm.nih.gov/pubmed/22300691
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449

Medication Reminders to Improve Outcomes After Myocardial Infarction

27. Freemantle N, Cleland J, Young P, Mason J,
Harrison J. B Blockade after myocardial infarction:

systematic review and meta regression analysis. BM.J.

1999;318(7200):1730-1737.

28. Gottlieb SS, McCarter RJ, Vogel RA. Effect of
beta-blockade on mortality among high-risk and
low-risk patients after myocardial infarction. N Engl
J Med. 1998;339(8):489-497.

29. Chen ZM, Jiang LX, Chen YP, et al; COMMIT
(Clopidogrel and Metoprolol in Myocardial
Infarction Trial) collaborative group. Addition of
clopidogrel to aspirin in 45,852 patients with acute
myocardial infarction: randomised
placebo-controlled trial. Lancet. 2005;366(9497):
1607-1621.

30. Ho PM, Magid DJ, Shetterly SM, et al.
Medication nonadherence is associated with a
broad range of adverse outcomes in patients with
coronary artery disease. Am Heart J. 2008;155(4):
772-779.

31. Bosworth HB, Granger BB, Mendys P, et al.
Medication adherence: a call for action. Am Heart J.
2011;162(3):412-424.

jamainternalmedicine.com

32. Volpp KG, Loewenstein G, Troxel AB, et al. A
test of financial incentives to improve warfarin
adherence. BMC Health Serv Res. 2008;8:272.

33. Kimmel SE, Troxel AB, Loewenstein G, et al.
Randomized trial of lottery-based incentives to
improve warfarin adherence. Am Heart J. 2012;164
(2):268-274.

34. Kullgren JT, Troxel AB, Loewenstein G, et al.
Individual- versus group-based financial incentives
for weight loss: a randomized, controlled trial. Ann
Intern Med. 2013;158(7):505-514.

35. Volpp KG, John LK, Troxel AB, Norton L,
Fassbender J, Loewenstein G. Financial
incentive-based approaches for weight loss:
arandomized trial. JAMA. 2008;300(22):2631-2637.

36. John LK, Loewenstein G, Troxel AB, Norton L,
Fassbender JE, Volpp KG. Financial incentives for
extended weight loss: a randomized, controlled
trial. J Gen Intern Med. 2011;26(6):621-626.

37. Volpp KG, Troxel AB, Pauly MV, et al.
Arandomized, controlled trial of financial
incentives for smoking cessation. N Engl J Med.
2009;360(7):699-709.

Original Investigation Research

38. Sen AP, Sewell TB, Riley EB, et al. Financial
incentives for home-based health monitoring:
arandomized controlled trial. J Gen Intern Med.
2014;29(5):770-777.

39. Patel MS, Asch DA, Rosin R, et al. Framing
financial incentives to increase physical activity
among overweight and obese adults: a randomized,
controlled trial. Ann Intern Med. 2016;164(6):385-
394.

40. Rosenson RS. Statin non-adherence: clinical
consequences and proposed solutions. FIOOORes.
2016;5(F1000 Faculty Rev):714.

41. Banach M, Stulc T, Dent R, Toth PP. Statin
non-adherence and residual cardiovascular risk:
there is need for substantial improvement. Int J
Cardiol. 2016;225:184-196.

42. Doll JA, Hellkamp AS, Goyal A, Sutton NR,
Peterson ED, Wang TY. Treatment, outcomes, and
adherence to medication regimens among dual
Medicare-Medicaid-eligible adults with myocardial
infarction. JAMA Cardiol. 2016;1(7):787-794.

JAMA Internal Medicine August 2017 Volume 177, Number 8

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022

101


https://www.ncbi.nlm.nih.gov/pubmed/10381708
https://www.ncbi.nlm.nih.gov/pubmed/10381708
https://www.ncbi.nlm.nih.gov/pubmed/9709041
https://www.ncbi.nlm.nih.gov/pubmed/9709041
https://www.ncbi.nlm.nih.gov/pubmed/16271642
https://www.ncbi.nlm.nih.gov/pubmed/16271642
https://www.ncbi.nlm.nih.gov/pubmed/18371492
https://www.ncbi.nlm.nih.gov/pubmed/18371492
https://www.ncbi.nlm.nih.gov/pubmed/21884856
https://www.ncbi.nlm.nih.gov/pubmed/21884856
https://www.ncbi.nlm.nih.gov/pubmed/19102784
https://www.ncbi.nlm.nih.gov/pubmed/22877814
https://www.ncbi.nlm.nih.gov/pubmed/22877814
https://www.ncbi.nlm.nih.gov/pubmed/23546562
https://www.ncbi.nlm.nih.gov/pubmed/23546562
https://www.ncbi.nlm.nih.gov/pubmed/19066383
https://www.ncbi.nlm.nih.gov/pubmed/21249462
https://www.ncbi.nlm.nih.gov/pubmed/19213683
https://www.ncbi.nlm.nih.gov/pubmed/19213683
https://www.ncbi.nlm.nih.gov/pubmed/24522623
https://www.ncbi.nlm.nih.gov/pubmed/24522623
https://www.ncbi.nlm.nih.gov/pubmed/26881417
https://www.ncbi.nlm.nih.gov/pubmed/26881417
https://www.ncbi.nlm.nih.gov/pubmed/27134737
https://www.ncbi.nlm.nih.gov/pubmed/27134737
https://www.ncbi.nlm.nih.gov/pubmed/27728862
https://www.ncbi.nlm.nih.gov/pubmed/27728862
https://www.ncbi.nlm.nih.gov/pubmed/27541822
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.2449

