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IMPORTANCE Poor medication adherence is common. Text messaging is increasingly used to
change patient behavior but often not rigorously tested.

OBJECTIVE To compare different types of text messaging strategies with usual care to
improve medication refill adherence among patients nonadherent to cardiovascular
medications.

DESIGN, SETTING, AND PARTICIPANTS Patient-level randomized pragmatic trial between
October 2019 to April 2022 at 3 US health care systems, with last follow-up date of April 11,
2023. Adult (18 to <90 years) patients were eligible based on diagnosis of 1 or more
cardiovascular condition(s) and prescribed medication to treat the condition. Patients who
did not opt out and had a 7-day refill gap were randomized to 1 of 4 study groups.

INTERVENTION(S) Generic text message refill reminders (generic reminder); behavioral
nudge text refill reminders (behavioral nudge); behavioral nudge text refill reminders
plus a fixed-message chatbot (behavioral nudge + chatbot); usual care.

MAIN OUTCOMES AND MEASURES Primary outcome was refill adherence based on pharmacy
data using proportion of days covered at 12 months. Secondary outcomes were clinical events
of emergency department visits, hospitalizations, and mortality.

RESULTS Among 9501 enrolled patients, baseline characteristics across the 4 groups were
comparable (mean age, 60 years; 47% female [n = 4351]; 16% Black [n = 1517]; 49% Hispanic
[n = 4564]). At 12 months, the mean proportion of days covered was 62.0% for generic
reminder, 62.3% for behavioral nudge, 63.0% for behavioral nudge + chatbot, and 60.6% for
usual care (P = .06). In adjusted analysis, when compared with usual care, mean proportion
of days covered was 2.2 percentage points (95% CI, 0.3-4.2; P = .02) higher for generic
reminder, 2.0 percentage points (95% CI, 0.1-3.9; P = .04) higher for behavioral nudge, and
2.3 percentage points (95%, 0.4-4.2; P = .02) higher for behavioral nudge + chatbot, none of
which were statistically significant after multiple comparisons correction. There were no
differences in clinical events between study groups.

CONCLUSIONS AND RELEVANCE Text message reminders targeting patients who delay refilling
their cardiovascular medications did not improve medication adherence based on pharmacy
refill data or reduce clinical events at 12 months. Poor medication adherence may be due to
multiple factors. Future interventions may need to be designed to address the multiple
factors influencing adherence.
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M obile health technologies are increasingly used in
health care but often not rigorously tested to assess
effectiveness. Text messaging is a form of mobile

health communication technology shown to improve health
care behaviors such as diabetes self-management.1-4 Text mes-
sages can be augmented with chatbots that can facilitate
interactive conversations with patients and/or brief behav-
ioral interventions that nudge patients to improve health
behaviors.5-7 However, it is unclear if adding behavioral nudges
or chatbots to generic text messages can further enhance
the impact.

Poor medication adherence is common among pa-
tients with chronic diseases requiring daily medications.
Nonadherence to chronic cardiovascular medications has
been associated with increased adverse outcomes, including
hospitalization and mortality.8,9 Text messaging adherence
interventions have generally used generic messages and
reminded patients prior to the medication refill due date.
This may lead to message overload, given the ubiquity of tex-
ting within and outside of health care settings. It is unknown
if reminders targeting patients identified as nonadherent can
be more effective.

This was a pragmatic patient-level randomized trial
across 3 diverse health care systems to improve refill adher-
ence among patients nonadherent to their chronic cardiovas-
cular medications. The study hypothesis was that generic
text message reminders would improve refill adherence com-
pared with usual care and that incorporating behavioral
nudges and a chatbot to address common medication adher-
ence barriers would further improve refill adherence. The
study assessed the effectiveness of these interventions on
refill adherence using pharmacy refill data as well as clinical
outcomes of emergency department visits, hospitalizations,
and mortality.

Methods
Trial Design
This was a patient-level randomized pragmatic trial testing dif-
ferent text messaging strategies to improve refill adherence
among patients with poor adherence to prescribed cardiovas-
cular medicines. We conducted the study at 3 health care sys-
tems: Denver Health and Hospital Authority, a safety net hos-
pital system in Denver County; Veterans Administration (VA)
Eastern Colorado Health Care System, serving veterans in the
Rocky Mountain region; and UCHealth’s University of Colorado
Hospital, an academic medical center. The study protocol is
available in Supplement 1 and the statistical analysis plan in
Supplement 2.

Participants
Inclusion and Exclusion Criteria
Potential eligible patients aged 18 years to less than 90 years
were identified based on the presence of 1 or more cardio-
vascular condition (hypertension, hyperlipidemia, diabetes,
coronary artery disease [CAD], or atrial fibrillation) as
defined by diagnosis and procedural codes; they were pre-

scribed 1 or more classes of medications to treat the condi-
tion within the prior 100 days.10 Patients were excluded
based on the following using electronic health record (EHR)
data: (1) no landline or cell phone listed; (2) enrolled in hos-
pice or palliative care; (3) non–English-speaking or non–
Spanish-speaking; (4) home address outside of Colorado or
homeless as defined in the EHR; or (5) current pregnancy.
Race and ethnicity data were obtained from the EHR as
recorded by each health system.

Potential eligible patients were mailed a study introduc-
tion letter and an opt-out form if the patient decided not to
participate. Patients who did not return the opt-out form
were monitored daily for a medication refill gap using phar-
macy dispensing data. We determined if medications were
available to a patient on a given day for each medication
class based on prior fill days, number of days supplied, can-
cellation dates, and inpatient days in which medication
would be supplied. Patients with a refill gap of at least 7
days for any of the cardiovascular medication classes of
interest were randomized.

Interventions
Randomization was stratified by health care system and
number of baseline medications and occurred in blocks of 4
patients within strata to ensure balance using an automated
process. Once randomized, patients remained in the same
study group for the entire study whether they had subse-
quent refill gaps. Patients were not blinded to their study
group. The 4 study groups were (1) generic reminder text
message (generic reminder; a text message reminder to
refill medication with a refill gap); (2) behavioral nudge
text (behavioral nudge; a text message reminder incorpo-
rating behavioral nudges to refill medication); (3) behav-
ioral nudge text plus a fixed-message chatbot (behavioral
nudge + chatbot; text message incorporating behav-
ioral nudges plus a chatbot that engaged patients to assess
common barriers to medication adherence using prepro-
grammed algorithms); and (4) usual care (patients did not
receive text messages).10

Messages were delivered in either English or Spanish
based on patients’ language preference in the EHR and only
delivered when patients have a refill gap of 7 days or longer, in

Key Points
Question Can test message reminders improve medication
adherence and clinical outcomes among patients nonadherent to
cardiovascular medications?

Finding In a pragmatic randomized trial of 9501 patients at 3
US health care systems, the 3 text messaging medication refill
reminder strategies tested (generic reminders, behavioral nudge
reminders, and behavioral nudge reminders plus a fixed-message
chatbot) did not increase refill adherence at 12 months or reduce
clinical events.

Meaning Additional interventions need to be rigorously tested to
try to improve adherence to chronic cardiovascular medications
given the growing incidence of cardiovascular conditions.
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contrast to other medication refill reminders that are deliv-
ered prior to the refill due date. Patients were provided a sec-
ondary opportunity to change their default language via text
messaging. Examples of English or Spanish messages are
presented in eTable 1 in Supplement 3. Patients could opt out
of the study by replying “STOP” to any text message. Refill re-
minder messages stopped once there was a pharmacy record
denoting that the medication was refilled or the patient had
replied “DONE.” Patients could return the text message re-
minders with questions. Clinical pharmacists at each health
system responded to clinical questions when appropriate.11 For
patients without cell phones (≈9% of patients), interactive voice
response automated telephone calls delivered the same mes-
sages as texts.

Mobile Messenger (Upland Communications) was used to
deliver the text messages. The study was deemed minimal risk,
and a waiver of consent was obtained from the Colorado
Multiple Institutional Review Board.

Outcomes
The primary outcome was refill adherence defined by pro-
portion of days covered (PDC) in the 365 days following ran-
domization for all medication classes identified with a refill
gap at baseline. In secondary analysis, we assessed median
gap lengths among enrolled patients for the medications in
which the patient had a refill gap by evaluating the time
from enrollment (start of initial gap[s]) to the first fill, right-
censoring at death or end of follow-up. In a further analysis,
all subsequent gaps after enrollment were also considered,
treating each individual medication class gap as a unique
time-to-event record. PDC describes overall medication
availability, while gap length describes more direct effects

of the intervention in terms of patients’ responses to refill
reminders. Secondary outcomes include time to clinical
events defined by emergency department visits, hospital-
izations, and mortality, measured as time from enrollment
to the first event.

Sample Size
We estimated that a total sample size of 476 patients was
needed to detect a 10–percentage point difference in PDC,
accounting for multiple comparisons across the 4 study
groups with 80% power. We enrolled 9501 patients across the
3 health care systems, which was a significantly greater num-
ber for several reasons: (1) to have sufficient sample size to
detect a smaller difference in overall PDC and within specific
subgroups; (2) to test the impact of an opt-out approach on
patient enrollment, particularly among patients traditionally
underrepresented in clinical trials given the minimal-risk
study; (3) the study was funded as part of the National Insti-
tutes of Health Pragmatic Trials Collaboratory, where there is
interest in implementing cost-effective, large-scale research
studies that engage health care systems; and (4) sample size
considerations were discussed and approved by our data and
safety monitoring board and funder (National Heart, Lung,
and Blood Institute).

Statistical Methods
PDC was calculated for each month in the 12 months follow-
ing enrollment among all medication classes identified as gap-
ping at baseline. Patients active on multiple study medica-
tion classes had all combinations of follow-up days for all
baseline medications counted in the denominator, and days
adherent were counted in the numerator. We analyzed this

Figure 1. Patient Flow in a Study of Message Reminders to Improve Adherence to Chronic Cardiovascular Medications

13 444 Adults aged ≥18 y and <90 y with ≥1 chronic cardiovascular
condition and ≥1 prescribed medication for that condition were
sent study introductory letter with opt-out forma

3943 Excluded
2132 Had no gaps in medication refills ≥7 d
1396 Opted out via mailed form

415 Mailed forms returned as undeliverable

9501 Randomizedb

2324 Included in primary analysis 2305 Included in primary analysis 2319 Included in primary analysis

2377 Randomized to receive generic
reminder texts
2377 Received generic reminder

texts as randomized

2373 Randomized to receive
behavioral texts
2373 Received behavioral

texts  as randomized

2375 Randomized to receive
behavioral texts + chatbot
2375 Received behavioral

texts + chatbot as
randomized

2376 Randomized to receive
usual care
2376 Received usual care

as randomized

2321 Included in primary analysis

47 No follow-up data
6 Opted out of intervention

63 No follow-up data
5 Opted out of intervention

51 No follow-up data
5 Opted out of intervention

54 No follow-up data
1 Opted out of intervention

aStudy introductory letters were mailed to potentially eligible patients to
provide information about the study as well as an opportunity to opt out if they
chose not to participate.

bRandomization was stratified by health care system and number of baseline
medications and occurred in blocks of 4 patients within strata to ensure balance
across study groups using an automated process.
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Table 1. Baseline Characteristics of Study Population

Characteristic

No. (%)

Generic reminder texts
(n = 2324)

Behavioral nudge texts
(n = 2305)

Behavioral nudge
+ chatbot texts
(n = 2319)

Usual care texts
(n = 2321)

Health care system

Denver Health 1786 (77) 1781 (77) 1775 (77) 1785 (77)

UCHealth 239 (10) 225 (10) 240 (10) 235 (10)

VA 299 (13) 299 (13) 304 (13) 301 (13)

Demographics

Age, mean (SD), y 59.9 (12.5) 60 (12.9) 60.1 (12.7) 60.1 (12.6)

Sex

Female 1087 (47) 1075 (47) 1101 (47) 1088 (47)

Male 1237 (53) 1230 (53) 1218 (53) 1233 (53)

Racea 2056 (88) 2067 (89) 2070 (89) 2066 (89)

American Indian or Alaska Native 22 (1) 27 (1) 23 (1) 35 (2)

Asian 29 (1) 31 (1) 21 (1) 29 (1)

Black or African American 391 (17) 378 (16) 356 (15) 392 (17)

Native Hawaiian/Pacific Islander 3 (<1) 2 (<1) 6 (<1) 3 (<1)

White 1601 (69) 1615 (70) 1646 (71) 1598 (69)

Multiple 10 (<1) 14 (1) 16 (1) 9 (<1)

Ethnicitya 2304 (99) 2288 (99) 2302 (99) 2299 (99)

Hispanic 1100 (47) 1147 (50) 1168 (50) 1149 (50)

Non-Hispanic 1204 (52) 1141 (50) 1134 (49) 1150 (50)

Preferred Spanish-language
communication

619 (27) 650 (28) 682 (29) 654 (28)

Marital status 2311 (99) 2287 (99) 2302 (99) 2307 (99)

Married 994 (43) 940 (41) 980 (42) 950 (41)

Single 883 (38) 883 (38) 870 (38) 874 (38)

Divorced/widowed 434 (19) 464 (20) 452 (19) 483 (21)

Insurance 2201 (94) 2209 (95) 2189 (94) 2209 (95)

Medicare 853 (37) 878 (38) 860 (37) 889 (38)

Medicaid 659 (28) 632 (27) 629 (27) 665 (29)

Commercial 463 (20) 471 (20) 500 (22) 441 (19)

VA 8 (<1) 7 (<1) 8 (<1) 12 (1)

None 218 (9) 221 (10) 192 (8) 202 (9)

Medical historyb

Depression 421 (18) 463 (20) 442 (19) 416 (18)

Chronic kidney disease 191 (8) 202 (9) 203 (9) 189 (8)

Heart failure 160 (7) 199 (9) 163 (7) 171 (7)

Cerebrovascular disease 142 (6) 145 (6) 125 (5) 134 (6)

Posttraumatic stress disorder 118 (5) 114 (5) 102 (4) 108 (5)

Prior myocardial infarction 95 (4) 109 (5) 121 (5) 98 (4)

Substance abuse 89 (4) 101 (4) 116 (5) 88 (4)

Prior coronary revascularization 63 (3) 56 (2) 70 (3) 58 (2)

Qualifying condition(s)c

Hypertension 1837 (79) 1829 (79) 1821 (79) 1864 (80)

Diabetes 1148 (49) 1164 (50) 1162 (50) 1149 (50)

Hyperlipidemia 1072 (46) 1052 (46) 1089 (47) 1054 (45)

Coronary artery disease 305 (13) 325 (14) 352 (15) 328 (14)

Atrial fibrillation 132 (6) 152 (7) 130 (6) 134 (6)

>1 Qualifying condition 1406 (60) 1390 (60) 1410 (61) 1438 (62)

(continued)
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longitudinal data (up to 12 observations per patient) and
estimated absolute differences in PDC between treatment
groups and usual care using a generalized estimating equa-
tion (GEE) model with an identity link and independence
with unequal variances for the covariance structure of the
12 observations, using the geepack package in R,12-14 adjust-
ing for the following variables: health care system; number
of medications gapping at baseline; treatment group;
follow-up month; patient demographics, including age, gen-
der, race, ethnicity, insurance status, and marital status; and
comorbidity variables including hypertension, hyperlipid-
emia, coronary artery disease, diabetes, atrial fibrillation,
chronic heart failure, chronic kidney disease, cerebrovascu-
lar disease, prior myocardial infarction, prior revasculariza-
tion, depression, posttraumatic stress disorder, and sub-
stance abuse. To account for potential data missing at
random, observation-specific weights specific to each
person-period were calculated using logistic regression to
estimate the inverse probability that a longitudinal value
was observed.15 Logistic models included the same vari-
ables as the GEE models. Weights greater than the 95th per-
centile were truncated. A multistage gatekeeper approach
was used to account for multiple treatment comparisons by
comparing each of the 3 treatment groups with the usual
care group in stage 1, using corrected thresholds for statisti-
cal significance of .05/3; if any test was significant, a signifi-
cance level of (R/3) × (.05/3) using the Holm method was

used for the 3 pairwise comparisons, where R is the number
of significant stage 1 tests.16

Gap lengths (time to refill) and secondary outcome
events were measured as time-to-event outcomes censored
at 1 year, time of death, or early termination of follow-up due
to opting out or site stoppages. For gap lengths, we first
assessed each patient’s time from the start of the initial
enrollment gap(s) to the first of any medication fill across
these classes. If no medication classes were filled, we used
the maximum follow-up time across classes. As a secondary
analysis, we looked at each gap after the initial enrollment
gap(s) individually and assessed time from the start of the
gap to a fill, treating each medication class/gap combination
as a separate record. We plotted group differences with 1-year
Kaplan-Meier curves and from these results summarized per-
centiles of gap lengths with medians and IQRs. Using 1000
bootstrapped estimates, we also presented the mean differ-
ence in median gap lengths between treatment groups and
usual care, with 95% confidence intervals.

Last, subgroup analyses were performed using the
weighted GEE for PDC and gap length approaches described
earlier. Subgroups included health care system, qualifying con-
ditions, gender, race, ethnicity, and Spanish as the primary lan-
guage. For the qualifying condition subgroup analyses, we as-
sessed only study medication classes related to the qualifying
condition (eTable 6 in Supplement 3). When assessing pa-
tients with Spanish as the primary language, results were

Table 1. Baseline Characteristics of Study Population (continued)

Characteristic

No. (%)

Generic reminder texts
(n = 2324)

Behavioral nudge texts
(n = 2305)

Behavioral nudge
+ chatbot texts
(n = 2319)

Usual care texts
(n = 2321)

Baseline medication classesd

Active class(es)

1 597 (26) 564 (24) 567 (24) 557 (24)

2 551 (24) 572 (25) 584 (25) 591 (25)

≥3 1176 (51) 1169 (51) 1168 (50) 1173 (51)

Medication class(es) with refill gape

1 1626 (70) 1604 (70) 1603 (69) 1635 (70)

2 449 (19) 464 (20) 455 (20) 437 (19)

≥3 249 (11) 237 (10) 261 (11) 249 (11)

Intervention delivery

Text messages 2126 (91) 2089 (91) 2117 (91) 0

Interactive voice response telephone
messages

198 (9) 216 (9) 202 (9) 0

Abbreviation: VA, Veterans Administration.
a Race and ethnicity categories were obtained from the electronic health

record.
b Medical history was based on diagnosis and procedural codes.
c Qualifying conditions for patients were defined by specific cardiovascular

diagnosis and procedural codes and prescription of 1 or more classes of
medications to treat the cardiovascular condition of interest within the
prior 100 days.

d Patients with eligible cardiovascular conditions were also required to be

prescribed at least 1 class of medications to treat the cardiovascular condition
(see eTable 5 in Supplement 3 for cardiovascular condition and classes of
medications).

e Patients may have more than 1 medication class (eg, anticoagulant, statin, or oral
hypoglycemic medications) in which they have a refill gap of 7 days or longer at
baseline, which would make them eligible for the study. Patients with refill gaps in
more than 1 medication class at baseline were only delivered 1 set of reminder
messages to reduce the total number of messages received by the patient.
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limited to patients at Denver Health and UCHealth since all VA
patients were considered English-speaking (a condition re-
quired for military service). In subgroup analyses, maximum
follow-up at UCHealth was 7 months, due to problems with the
pharmacy refill data at that site.

We carried out several sensitivity analyses for PDC based
on different assumptions about medications that were never
refilled, patient inclusion criteria, and which medication classes
to include; sensitivity analyses for gap length were based on
different assumptions about censored observations, as de-
scribed in the eMethods in Supplement 3. These sensitivity
analysis findings were consistent with the primary analysis
results. Results are reported according to the CONSORT
(Consolidated Standards of Reporting Trials) guideline.

All analyses were performed using R version 4.2.1
(R Foundation).

Results

A total of 9501 patients were enrolled between October 2019
to April 2022, with the last date of follow-up on April 11,
2023. After removing 232 patients without any follow-up
data, 9269 patients comprised the analytic cohort and were
evenly distributed across the 4 groups (Figure 1). Baseline
characteristics across the 4 groups were comparable
(Table 1). In general, the mean age was 60 years, with 47%
female, 16% Black, 49% Hispanic, and 28% Spanish-
speaking. In terms of the qualifying cardiovascular condi-
tion for the study, 79% of patients had hypertension, 46%
had hyperlipidemia, 50% had diabetes, 14% had CAD, and
6% had atrial fibrillation. The majority of patients (51%)
were prescribed at least 3 cardiovascular medication

Figure 2. Proportion of Days Covered
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A, Proportion of days covered was
calculated using all medication
classes identified as gapping at
baseline. Patients actively receiving
multiple study medications had all
combinations of follow-up days for all
baseline medications counted in the
denominator; days that medications
were filled were counted in the
numerator. Results were then
presented, aggregated by month
following enrollment for the initial
enrollment gaps and any subsequent
gaps. B, Adjusted difference from
usual care in proportion of days
covered, stratified by follow-up
month.
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classes, and 70% of patients had a refill gap for only 1 class.
Almost all (93.96%) study text messages were delivered suc-
cessfully. If a message was returned as “undelivered,” the
text messaging system would send up to 3 more messages.
Among enrolled patients, 38% responded in some way to
the messages, with the 2 most common questions related to
asking more information about the study and/or asking for
the pharmacy refill line.

At 1 year, mean PDC was 62.0% for generic reminder, 62.3%
for behavioral nudge, 63.0% for behavioral nudge + chatbot,
and 60.6% for usual care (P = .06) (Figure 2). In adjusted analy-
sis, mean PDC relative to usual care was 2.2 percentage points
higher in the generic reminder group (95% CI, 0.3-4.2 [P = .02]),
2.0 percentage points higher in the behavioral nudge group
(95% CI, 0.1-3.9 [P = .04]), and 2. 3 percentage points higher
in the behavioral nudge + chatbot group (95% CI, 0.4-4.2;
[P =.02]) (Table 2). Because comparisons were not signifi-
cant using the adjusted level of significance of .05/3, no pair-
wise comparisons among intervention groups were per-
formed. There were no differences in time to emergency
department visits (log-rank P = .70), hospitalizations (log-
rank P = .56), or death (log-rank P = .55) across study groups
(Figure 3).

Consistent with the primary results, similar trends in
treatment effect between the intervention groups relative to
usual care were seen in key subgroups, including health sys-
tems (Denver Health and VA), qualifying cardiovascular
conditions (diabetes, hyperlipidemia, and hypertension),
and demographic characteristics (female sex, Hispanic
ethnicity, and Spanish-speaking) (eFigure 3 in Supple-
ment 3). In addition, these trends were consistent for car-
diovascular conditions and medications generally for pri-
mary prevention (eg, hypertension) vs secondary preven-
tion (eg, CAD).

Post Hoc Analysis
Given that most medication refills were 30 or 90 days fol-
lowing the initial delay, we conducted a post hoc analysis of
the intervention effect on shorter-term adherence. At 3
months, mean PDC relative to usual care was 5.6 percentage
points higher in the generic reminder group (95% CI, 3.4-
7.8; P < .001), 4.8 percentage points higher in the behavioral
nudge group (95% CI, 2.5-7.0; P < .001), and 5.2 percentage
points higher in the behavioral nudge + chatbot group
(95% CI, 3.0-7.4; P < .001) (Figure 2B and Table 2). Next,
since the intervention targeted refill adherence delays, we
also evaluated median gap lengths to assess whether the
intervention reduced the number of days patients were
without medications. The initial enrollment gaps were 9
days for the generic reminder group, 9 days for the behav-
ioral nudge group, 10 days for the behavioral nudge + chat-
bot group, and 15 days for the usual care group (Table 3).
The mean reduction in median initial refill gap length rela-
tive to usual care was 5 days for all 3 intervention groups
(95% CI, 3-7 [P < .001] for generic reminder; 95% CI,
3-7 [P < .001] for behavioral nudge; 95% CI, 3-7 [P < .001]
for behavioral nudge + chatbot). For all subsequent gaps,
the median length for individual medication gaps was 20Ta
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Figure 3. Kaplan-Meier Rates for Secondary Clinical Outcomes Stratified by Treatment Group
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days for the usual care group, 16 days for the generic
reminder group, 17 days for the behavioral nudge group, and
15 days for the behavioral nudge + chatbot group (Table 3).
Additional details regarding the intervention and sensitivity
analyses are reported in eFigures 1-4 and eTables 1-7 in
Supplement 3.

Discussion
The objective of this study was to assess the effectiveness of
different text message reminders to improve medication
refill adherence. In a pragmatic trial with high patient enroll-
ment including patients traditionally underrepresented in
clinical trials (eg, ≈49% Hispanic) and few patients opting
out, overall rates of medication adherence were low (≈60%).
Text message reminders were not effective in improving
refill adherence at 12 months, regardless of the type of mes-
sage, generic reminders, behavioral nudges, or behavioral
nudges + chatbot. There were no differences in clinical
events across the study groups.

In post hoc exploratory analysis focused on the first 3
months, we found refill adherence was 5 percentage points
higher and median length of initial gaps was reduced by
approximately 5 days for all 3 intervention groups com-
pared with usual care. Although this study did not improve
adherence at 12 months, other similar research offers con-
trasting evidence that text messaging may be an effective
approach.17-19 Differences in message design, frequency,
and intensity may explain the differential outcomes. In this
trial, up to 5 messages over a 10-day period were sent to
remind patients to refill and only when they delayed refill-
ing their cardiovascular medications. In the study by Horne
et al,17 messages were generally sent weekly for a longer
duration than in the current study, suggesting that periodic
brief reminders over time can be effective. Additionally, the
messages in the current study were unidirectional, limiting
patient opportunities to engage with messages. Newer tech-
nologies, including artificial intelligence–enabled chatbots,
may facilitate tailored conversations that meet specific
patient needs.20,21

In this study, there was no difference between generic
reminders and behavioral nudge text messages with or
without a chatbot. Prior text messaging studies have typi-
cally assessed tailoring or personalization of messages over
a short period (eg, 30-90 days) and have not evaluated
intervention decay effects over time.22-25 This study fol-
lowed up patients for up to 365 days and found that most
patients refilled their medications within 30 days of the
reminder message (eFigure 2 in Supplement 3). The lack of
benefit beyond 30 days may be related to the typical inter-
vention decay observed for other interventions. Further-
more, the intervention was delivered only when patients
delayed filling their prescriptions and did not address other
aspects of medication-taking behaviors, such as daily
reminders. Last, the outcome measure of 12-month refill
adherence may not have been a sensitive enough measure
to assess the impact of the intervention.Ta
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Limitations
This study has some limitations. First, the study was con-
ducted in 2 health systems (Denver Health and VA) where
a majority of patients filled their prescriptions using health
system pharmacies. In 2 of the health systems (Denver Health
and UCHealth), patients filling prescriptions outside of
health system pharmacies were included; however, not all pre-
scriptions filled at outside pharmacies may have been cap-
tured (eg, due to use of prescription discount cards), despite
use of national pharmacy claims data (eg, SureScripts). Sec-
ond, the study demonstrated a modest improvement in refill
adherence in post hoc analysis at 3 months. The intervention
was not integrated within the health system pharmacy, and
co-interventions such as retail pharmacy text message
reminders may have limited its effectiveness. However, the
use of text messaging may still be a cost-effective strategy for
health systems relative to other technologies such as stand-
alone apps or more time-intensive interventions such as
motivational interviewing to deploy as a first-line strategy

among a series of strategies to improve medication adher-
ence. Future studies could use an adaptive design whereby
patients are randomized to more intensive adherence inter-
ventions if the initial ones are not effective. Third, text mes-
saging may not have been available to all patients. However,
the majority of patients (≈91%) in the intervention groups
selected text messages rather than telephone. Text message
interventions may be more generalizable than app-based
interventions.

Conclusions
Text message reminders did not improve medication refill ad-
herence at 12 months. Given overall low rates of adherence at
12-month follow-up, additional interventions need to be rig-
orously tested to try to improve adherence to chronic cardio-
vascular medications, given the growing incidence of chronic
cardiovascular conditions.
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