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ORIGINAL RESEARCH

Feasibility and Short- Term Effects of a   
Multi- Component Emergency Department 
Blood Pressure Intervention: A Pilot 
Randomized Trial
Andrew J. Spieker , PhD; Lyndsay A. Nelson , PhD; Russell L. Rothman , MD, MPP;    
Christianne L. Roumie , MD, MPH; Sunil Kripalani, MD, MSc; Joseph Coco , MS; Daniel Fabbri, PhD;    
Phillip Levy , MD, MPH; Sean P. Collins, MD, MSc; Tommy Wang , MD; Dandan Liu , PhD;   
Candace D. McNaughton , MPH, MD, PhD

BACKGROUND: Emergency department (ED) visits can be opportunities to address uncontrolled hypertension. We sought to 
compare short- term blood pressure measures between the Vanderbilt Emergency Room Bundle (VERB) intervention and 
usual care plus education.

METHODS AND RESULTS: We conducted a randomized trial of 206 adult patients with hypertension and elevated systolic blood 
pressure (SBP) presenting to 2 urban emergency departments in Tennessee, USA. The VERB intervention included educa-
tional materials, a brief motivational interview, pillbox, primary care engagement letter, pharmacy resources, and 45 days of 
informational and reminder text messages. The education arm received a hypertension pamphlet. After 78 participants were 
enrolled, text messages requested confirmation of receipt. The primary clinical outcome was 30- day SBP. The median 30- 
day SBP was 122 and 126 mm Hg in the VERB and education arms, respectively. We estimated the mean 30- day SBP to be 
3.98 mm Hg lower in the VERB arm (95% CI, −2.44 to 10.4; P=0.22). Among participants enrolled after text messages were 
adapted, the respective median SBPs were 121 and 130 mm Hg, and we estimated the mean 30- day SBP to be 8.57 mm Hg 
lower in the VERB arm (95% CI, 0.98‒­16.2; P=0.027). In this subgroup, the median response rate to VERB text messages was 
56% (interquartile range, [26%‒­80%]).

CONCLUSIONS: This pilot study demonstrated feasibility and found an improvement in SBP for the subgroup for whom interac-
tive messages were featured. Future studies should evaluate the role of interactive text messaging as part of a comprehensive 
emergency department intervention to improve blood pressure control.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02672787.
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Over 45% of American adults have hypertension, 
and prevalence continues to rise.1,2 Treatment of 
hypertension reduces risk of subsequent car-

diovascular, kidney, and cerebrovascular disease.3 
Elevated blood pressure (BP) is common among 

patients seeking care in the emergency department 
(ED), and ED visits related to hypertension increased 
by 25% between 2006 and 2012.4 Current guide-
lines recommend clinicians inform patients with ele-
vated ED BP about related risks and discuss lifestyle 
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changes as well as follow- up,5– 7 though implementa-
tion varies.8

ED visits can be viewed as opportunities to iden-
tify patients at risk for poor control of chronic con-
ditions such as hypertension and related adverse 
health outcomes such as stroke or heart failure.9– 12 
In primary care settings, successful chronic disease 
management interventions often address multiple de-
terminants of health behavior simultaneously.13,14 While 
several ED- based intervention bundles have been de-
veloped for other conditions such as substance use 
disorders, few have specifically targeted hyperten-
sion self- management.15– 17 In one recent pilot trial, a 
multicomponent intervention that provided education 

and support as part of an ED visit led to improved BP 
among racial and ethnic minorities.18 However, more 
work is needed to identify which and how interventions 
are effective in improving hypertension control during 
the transition from ED care to primary care.

The Vanderbilt Emergency Room Bundle (VERB) 
intervention was developed based on successful 
medication adherence and hypertension clinic- based 
interventions and included motivational interviewing, 
an educational toolkit, a pill box, and other activities 
during the ED encounter.19– 22 VERB also included tai-
lored text messages for 45 days after ED discharge. 
We conducted a pilot randomized trial to evaluate the 
feasibility of the VERB intervention and evaluate its 
short- term effects on BP control and medication ad-
herence relative to a control arm that included basic 
education materials on hypertension.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Setting and Population
Participants were enrolled in the Adult EDs at Vanderbilt 
University Medical Center and the Veterans Health 
Administration Tennessee Valley Healthcare System 
in Nashville, TN, USA between February 25, 2016 
and January 15, 2018. Inclusion criteria were: (1) age 
21 to 84 years (at the time of the study, the National 
Institutes of Health defined adult as ≥21 years of age, 
and patients of age ≥85 years were excluded because 
of concerns of safety in a more frail population), (2) an 
established primary care provider with a clinic visit 
within the previous 365 days, (3) at least 1 antihyper-
tensive medication prescription, (4) first systolic blood 
pressure (SBP) measured upon ED arrival of at least 
140 mm Hg measured during routine care, (5) antici-
pated discharge from the ED, (6) willingness and ability 
to receive text messages and return for follow- up visits, 
(7) enrollment within 6  hours of initial ED evaluation, 
and (8) able to read and understand English. Patients 
were ineligible if they were receiving hemodialysis, had 
symptoms preventing oral intake or affecting BP (eg, 
vomiting, acute alcohol withdrawal, known pregnancy), 
or had received vasoactive or anti- hypertensive medi-
cation in between ED presentation and enrollment.

Study Procedures
The institutional review boards at both sites approved 
all study procedures. Study participants provided writ-
ten informed consent and could earn up to $50 for 
completing the study (but were not compensated for 
receiving or responding to text messages). Research 

CLINICAL PERSPECTIVE

What Is New?
• This study assesses feasibility and short- term 

efficacy of a multi- component intervention 
(Vanderbilt Emergency Room Bundle) for man-
agement of hypertension in the emergency de-
partment setting.

• The intervention included educational materi-
als, a motivational interview, pillbox, primary 
care engagement letter, pharmacy resources, 
and 45 days of informational and reminder text 
messages.

• Implementation of Vanderbilt Emergency 
Room Bundle took only 12 minutes longer than 
usual care, on average; a subset of Vanderbilt 
Emergency Room Bundle participants were 
eligible to receive requests for confirmation of 
text message receipt, among whom there is evi-
dence of efficacy.

What Are the Clinical Implications?
• Our study suggests that a multi- component 

intervention to support hypertension manage-
ment is feasible for implementation in the emer-
gency department setting and may provide at 
least short- term benefit.

• Allowing patients to engage with text message 
delivered interventions may be essential for 
them to derive benefit from them.

• Further work should be done to assess the 
scalability of this intervention in a wider array of 
settings.

Non- Standard Abbreviations and Acronyms

RA research assistant
VERB Vanderbilt Emergency Room Bundle
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assistants (RAs) conducted initial screening via elec-
tronic whiteboards, and additional screening in person, 
immediately before approach for potential enrollment. 
Baseline data were recorded on paper and entered 
in Research Electronic Data Capture23 and included 
demographics (sex, race, education, income, and in-
surance) and validated measures of health literacy, nu-
meracy, and perceived health competence.24– 26

Participants were randomized in a 1:1 fashion to 
VERB or an education control. Randomization was 
conducted using the ‘blockrand’ package in R with 
variable block sizes, and was stratified by sex (men, 
women), race (White or non- White), number of pre-
scribed BP medications (1 or >1), and study site. Further 
details about the selection of variable/permuted block 
sizes are presented in Data S1.

Study Arms: Education and VERB 
Intervention Bundle
Immediately following randomization, participants as-
signed to the comparison arm were provided educa-
tional materials about hypertension published by the 
National Institutes of Health.27 No specific effort was 
made to review these materials unless participants 
had specific questions. For participants randomized to 
VERB, a trained RA administered the following inter-
vention components immediately after randomization 
and before ED discharge in the following approximate 
order: (1) an educational toolkit developed from ma-
terials designed for racially and socioeconomically di-
verse populations and adapted to hypertension and 
the ED setting through an iterative process of patient 
interviews and feedback from experts in health com-
munication and health literacy (see Data S2 for further 
details)28– 33; (2) a brief motivational interview, which 
was recorded and scored by a motivational interview 
trainer; feedback was provided to individual RAs to 
ensure fidelity;34– 36 (3) a pill box; and (4) pharmacy re-
sources for those participants who noted barriers to 
medication adherence. A tailored engagement letter 
was sent to the participant’s primary care provider 
after the ED visit; a health goal was included in the let-
ter if identified during the motivational interview. The 
final VERB intervention component was text messages 
for 45 days following discharge. Each participant could 
choose to receive medication reminders (“Hello from 
your VERB Team: Have you taken your medicine 
today?”) and/or information about hypertension and 
medication adherence (Data S3), along with the time 
of day and frequency of text messages (once or twice 
daily for reminders, and every 3 days or once weekly 
for informational messages). Participants were given a 
relatively wide range of text message options to assess 
the frequency and range of preferences to guide future 
patient engagement interventions. Information about 

patient preferences for text messages are reported 
by Nelson et al.37 A welcome text was sent before ED 
discharge to ensure successful receipt, and a conclud-
ing message was sent at 45 days, after which the text 
message component of the intervention ceased.

After January 4, 2017, the text message platform 
was adapted such that all messages were followed 
by a request for confirmation (“Reply with ‘Y’ to let us 
know you got this message. Thank you!”). Responses 
including “yes,” “yeah,” “yep,” “1,” and “si” were regis-
tered by the text messaging platform as acceptable 
responses; non- acceptable responses received a fol-
low- up text message reading “Sorry, we didn’t under-
stand that…could you respond with ‘Y’ or ‘1’ to let us 
know you received the message?” Participants could 
opt out of text messages by texting “STOP.”

Feasibility Assessment
Because the ED has been perceived as a potentially 
suboptimal environment in which to conduct behavio-
ral interventions, combined with resistance to manage-
ment of chronic conditions in the ED setting, we also 
assessed the feasibility of the intervention bundle in 
various ways.5,6,38 We evaluated time spent by RAs on 
study procedures with the patient in the ED (consent, 
data collection, and delivery of intervention). In addi-
tion, we examined text message engagement among 
participants randomized to the VERB intervention after 
text messages were adapted to include requests for 
confirmation. Specifically, we define engagement as 
the participant- specific response rate (the proportion 
of messages sent receiving a confirmation). Response 
rates were aggregated over days 6 through 45, allow-
ing a brief run- in/acclimation period. When participants 
opted out of text messages, we marked them as being 
non- responsive for the remainder of the 45- day period. 
We further asked participants in the VERB arm to in-
dicate whether they would recommend text messages 
to family or friends.

Clinical Outcomes
In- person follow- up visits were targeted for 30 and 
90  days after discharge. RAs conducting assess-
ments were masked to study arm allocation. Efforts 
were made to meet participants at clinic visits to im-
prove study retention. Participants who declined in- 
person follow- up were given the option to complete 
the self- reported assessments by phone. The pri-
mary clinical outcome was 30- day SBP, a timeframe 
chosen to allow possible intervention effects to be 
reflected in SBP. Enrollment and follow- up BP was 
measured using BpTRU, which uses the oscillatory 
method based on the mean of 6 BP measurements at 
1- minute intervals and has been shown to reflect am-
bulatory BP.39 The patient was seated with 5 minutes 
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of rest before obtaining the BP measure. Secondary 
outcomes included 90- day SBP, 30-  and 90- day di-
astolic BP (DBP), and 30-  and 90- day patient- reported 
medication adherence, as assessed by the validated 
7- item Adherence to Refills and Medications Scale.40

Statistical Analysis
In the interest of full transparency, we report the a 
priori sample size target and its component assump-
tions, although 220 of the originally planned 350 par-
ticipants were enrolled within the funded timeframe. 
Sample size calculations were designed based on dif-
ference in mean 30- day SBP as the outcome; 350 
participants would provide 80% power to detect an 
effect size of 0.32 SDs based on a level of ⍺=0.05 and 
10% attrition.

Analyses were conducted in R, version 4.0.3.41 
We report descriptive statistics as medians and inter-
quartiles for continuous variables and as absolute and 
relative frequencies for discrete variables. Statistical 
significance was considered achieved at a threshold of 
P<0.05. To address missing data, we used multiple im-
putation via chained equations with 500 iterations.42,43

In our feasibility assessment, we used linear regres-
sion to compare mean time spent with participants 
between treatment arms. We computed descriptive 
statistics for text message response rates among par-
ticipants assigned to the VERB intervention following 
inclusion of interactive text messages.

To accommodate repeated outcome measures on 
patients over time, we used generalized estimating 
equations with an identity link and a working indepen-
dence correlation structure44 to compare mean SBP 
between study arms. To increase precision of estima-
tion, we adjusted for study site, number of prescribed 
BP medications, and enrollment SBP (as a restricted 
cubic spline with knots at the interior quartiles of 124, 
134, and 152 mm Hg). To reflect variability in follow- up 
times, we modeled the effect of VERB over time con-
tinuously using a restricted cubic spline on time with an 
intervention- time interaction (knots were placed at the 
first through fourth quintiles: 29, 38, 82, and 92 days); 
95% CIs were obtained for the pre- specified times of 
30 (primary) and 90 days (secondary). Analogous gen-
eralized estimating equations were used for the sec-
ondary outcomes of DBP (with knots at 78, 85, and 
96 mm Hg for baseline DBP) and medication adher-
ence (with knots at 8, 11, and 14 for baseline 7- item 
Adherence to Refills and Medications Scale). For our 
primary analyses, we further conducted subgroup 
analyses by sex and race.

To better understand the role of text message en-
gagement on outcomes, we conducted a subgroup 
analysis restricted to participants enrolled after inter-
active text messages became available.

RESULTS
Between February 2016 and January 2018, 16 143 pa-
tients in ED were screened and 12 833 were excluded 
through electronic chart review. An additional 3090 
were excluded after additional discussion with the pa-
tient or their clinician, of which 510 (15.4%) declined 
after they were approached in person. Enrollment was 
halted after 220 patients were randomized because of 
resource constraints, 14 of whom were later identified 
as not having met inclusion criteria and thus not in-
cluded in our analyses (Figure 1).

Participant Characteristics
The median age was 51  years, 57.3% were women, 
and 46.1% were Black. Self- reported education level 
was high, with a median of 14 years of schooling. The 
majority (56.8%) were prescribed >1 antihypertensive 
medication, and 58.3% of participants reported having 
a BP monitor at home (Table 1).

Analysis of Feasibility
RAs recorded time spent on research procedures for 
98 of 105 (93%) of control participants and 96 of 101 
(95%) of VERB participants. The distribution of time 
spent was highly variable (Figure S1). The median time 
(in minutes) spent with participants was 45 for the con-
trol arm (interquartile range [IQR], [40‒ 50]) and 60 for the 
VERB arm (IQR, 4565). The estimated mean time spent 
was 11.7 minutes longer for participants assigned to the 
VERB intervention (95% CI, 5.73‒ 17.6; P<0.001).

Four VERB participants, 3.9% requested termination of 
text messages before the pre- specified time of 45 days. 
After the 90- day follow- up, 54 of101 (53.4%) indicated that 
they would recommend text messages to family or friends.

Among the 63 VERB participants enrolled after inter-
active text messages were available, the response rate 
was heterogeneous (Figure S2). The mean message re-
sponse rate was 53% (SD, 32%); the median response 
rate was 56% (IQR, 26%‒ 80%). A total of 7 of 63 (11%) 
responded to at least 90% of the text messages, while 11 
of 63 (18%) confirmed receipt of <10% of text messages.

Analysis of Clinical Outcomes
Overall, 150 (72.8%) completed at least 1 follow- up visit, 
(131 [63.6%] completing a 30- day visit, 126 [61.2%] 
completing a 90- day visit, and 107 [51.9%] completing 
both). Two patients completed 30- day follow- up and 
3 patients completed 90- day follow- up by phone; BP 
measurements were missing for these 5 individuals as 
they did not have BP monitors at home. The distribu-
tion of follow- up times is shown in Figure S3.

Follow- up BP was largely well- controlled in both 
arms (Table 2), with a median 30- day SBP of 122 mm Hg 
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(IQR, 113‒ 135) for the VERB arm and 126 mm Hg (IQR, 
117‒ 140) for the control arm, reflecting reductions of 14 
and 5 mm Hg from baseline, respectively. There were 
no statistically significant differences in mean follow- up 
SBP, DBP, or adherence between arms in the full co-
hort (Table 3). We estimated an adjusted mean differ-
ence in 30- day SBP of −3.98 mm Hg (95% CI, −10.4 
to 2.44; P=0.22). Figure 2A and 2B depicts point esti-
mates and 95% confidence bands on adjusted mean 
differences for BP over time. No sex- specific or race- 
specific differences were noted.

Subgroup Analysis
A total of 128 participants were enrolled after text mes-
sages requested confirmation of receipt (63 randomized 
to VERB, and 65 to education; descriptive statistics 
shown in Table S1). In this subgroup, the median 30- day 
SBP was 121 mm Hg in the VERB arm (IQR, 110‒ 128) 

and 130 mm Hg in the education control arm (IQR, 122‒ 
145). The adjusted mean difference was estimated as 
−8.57 mm Hg (95% CI, −16.2 to −0.98; P=0.027). The 
median DBP was 77 mm Hg in the VERB arm (IQR, 71‒ 
86) and 83 mm Hg in the education control arm (IQR, 
76‒ 91). The adjusted mean difference was estimated 
as −4.69  mm  Hg (95% CI, 0.21‒ 9.17; P=0.040]). We 
did not identify statistically significant differences in 90- 
day BP (45 days following the conclusion of text mes-
sages; Table  4), or in medication adherence at either 
pre- specified follow- up time. Figure 2C and 2D depicts 
point estimates and 95% confidence bands on adjusted 
mean differences in BP over time for this subgroup.

DISCUSSION
Between 10% and 30% of patients in the United 
States seek ED care each year,45 making the ED a 
common access point into the healthcare system. 

Figure 1. Flow diagram of subject disposition and enrollment.
ED indicates emergency department; ER, emergency room; and VERB, Vanderbilt Emergency Room Bundle.
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Consistently elevated ED BP is a strong predictor of 
subsequent uncontrolled hypertension.46,47 Despite 
great strides, hypertension remains one of the most 
potent, common, and modifiable underlying causes of 

stroke, cardiovascular disease, and renal failure.3 ED 
visits for patients with elevated BP or hypertension- 
related complaints may serve as healthcare touch 
points to impact chronic disease management by 
complementing chronic care.48– 51 We conducted a 
pilot- randomized trial to determine the feasibility of an 
ED- based BP intervention bundle and evaluate its ef-
fects on short- term BP and patient- reported medica-
tion adherence.

The VERB intervention demonstrated feasibility in 
a number of ways. The key components of the VERB 
intervention can be delivered to participants by indi-
viduals without extensive medical training. On aver-
age, the time spent with VERB participants by RAs 
was only 11.7 minutes longer as compared with the 
education arm. Further, response to confirmation 
requests serves as a proxy for engagement with 
messages and demonstrated fidelity to the VERB in-
tervention; over half of VERB participants indicated 
that they would recommend text messages to a friend 
or family member.

Table 1. Participant Demographics

Total  
(n=206)

Education  
(n=105)

VERB  
(n=101)

Age, y 51 (42, 60) 49 (41, 58) 53 (43, 62)

Women, n (%) 118/206 (57.3) 60/105 (57.1) 58/101 (57.4)

Race, n (%)

White 101/206 (49.0) 48/105 (45.7) 53/101 (52.5)

Black 95/206 (46.1) 52/105 (49.5) 43/101 (42.6)

Other* 10/206 (4.9) 5/105 (4.8) 5/101 (5.0)

Prescribed BP medications

1, n (%) 89 (43.2) 45 (42.9) 44 (43.6)

>1, n (%) 117 (56.8) 60 (57.1) 57 (56.4)

Health insurance, n (%)

Private 104/203 (51.2) 54/103 (52.4) 50/100 (50.0)

Government 
Insurance

77/203 (37.9) 33/103 (32.0) 44/100 (44.0)

Uninsured/
Self/Unknown

17/203 (8.4) 12/103 (11.7) 5/100 (5.0)

Work- related 
injury

5/203 (2.5) 4/103 (3.9) 1/100 (1.0)

Total education, y 14 (12, 16) 14 (12, 16) 14 (12, 16)

Household 
income ($ × 
1000)

36.6 (19.6, 
750)

36.1 (18.0, 
70.0)

39.6 (20.0, 
75.0)

Diabetes, n (%) 56/205 (27.3) 26/104 (25.0) 30/101 (29.7)

BP monitor at 
home, n (%)

120/206 (58.3) 64/105 (61.0) 56/101 (55.4)

Enrollment SBP, 
mm Hg

134 (124, 152) 131 (123, 145.5) 136 (127, 155)

Enrollment DBP, 
mm Hg

85 (78, 96) 84.5 (77, 95.5) 86 (78, 96)

Enrollment 
ARMS- 7

9 (8, 12) 9 (8, 12) 9 (8, 12)

BHLS 14 (12, 15) 14 (12, 15) 15 (12, 15)

SNS 14 (10, 16) 14 (10, 17) 14 (10, 16)

PHQ- 2 1 (0, 3) 1 (0, 3) 1 (0, 3)

PHCS- 2 8 (6, 10) 8 (7, 10) 8 (6, 9)

GTH 33 (27, 37) 32 (26.5, 37.5) 33 (27, 36.5)

Enrollment site, n (%)

VUMC 189/206 (91.8) 96/105 (91.4) 93/101 (92.1)

VHA 17/206 (8.3) 9/105 (8.6) 8/101 (7.9)

Continuous values are reported as medians, with first and third quartiles; 
discrete variables are reported as absolute and relative frequencies.

ARMS- 7 indicates 7- item Adherence to Refills and Medications Scale; 
BHLS, brief health literacy survey; BP, blood pressure; DBP, diastolic 
blood pressure; GTH, global total health; PHCS- 2, 2- item Perceived Health 
Competence Scale; PHQ- 2, 2- item Personal Health Questionnaire; SBP, 
systolic blood pressure; SNS, subjective numeracy scale; VERB, Vanderbilt 
Emergency Room Bundle; VHA, Veterans Health Administration; and VUMC, 
Vanderbilt University Medical Center.

*Other: Asian, American Indian/Alaska Native, Native Hawaiian, Other 
Pacific Islander, more than one race, or unknown.

Table 2. Distribution of Clinical Outcomes in Each Arm

Education  
(n=105)

VERB  
(n=101)

SBP, mm Hg

30- d SBP, mm Hg; n=127 126 (117, 140) 122 (113, 135)

90- d SBP, mm Hg; n=113 122 (117, 138) 121 (115, 132)

DBP, mm Hg

30- d; n=127 83 (74, 91) 80 (72, 87)

90- d; n=113 81 (74, 90) 80 (73, 85)

ARMS- 7

30- d; n=127 9 (7, 11) 9 (7, 11)

90- d; n=113 9 (7, 11) 9 (7, 11)

Reported as median (first and third quartiles).
ARMS- 7 indicates 7- item Adherence to Refills and Medications Scale; 

DBP, diastolic blood pressure; SBP, systolic blood pressure; and VERB, 
Vanderbilt Emergency Room Bundle.

Table 3. Point Estimates and 95% CIs for Mean 
Differences in Blood Pressure and Patient- Reported 
Adherence, Comparing the VERB Intervention to an 
Education Intervention at 30 and 90 Days

Outcome 30 d 90 d

Estimate [95% 
CI]

P 
value

Estimate 
[95% CI]

P 
value

SBP, mm Hg −3.98 [−10.4 to 
2.44]

0.22 −1.37 [−8.17 
to 5.54]

0.69

DBP, mm Hg −3.00 [−6.73 to 
0.72]

0.11 −2.28 [−5.95 
to 1.38]

0.22

ARMS- 7 −0.30 [−0.92 to 
0.33]

0.35 −0.34 [−1.19 
to 0.51]

0.43

ARMS- 7 indicates 7- item Adherence to Refills and Medications Scale; 
DBP, diastolic blood pressure; SBP, systolic blood pressure; and VERB, 
Vanderbilt Emergency Room Bundle.
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Apart from random variation, several mechanisms 
could plausibly explain why the VERB intervention 
would benefit from the inclusion of interactive text 
messaging. All VERB participants were able to choose 
the type, frequency, and timing of their text messages 
with the goal of empowering patients to match the 
appropriate “dose” of text messages to their specific 
needs. Interactive text messages requesting confir-
mation of receipt (but, in particular, not a response 
on medication adherence itself) may have provided a 
sufficient engagement opportunity and motivate be-
havioral change without causing “alarm fatigue.”52,53 
Of note, the estimated magnitude of benefit from the 
VERB intervention in the subgroup receiving confirma-
tion requests closely mirrors that which would be ex-
pected from adherence to 1 additional antihypertensive 

medication.54 Text messages may have increased pa-
tient engagement in hypertension control or improved 
medication adherence, perhaps to a degree and over 
a timeframe not detected by the 7- item Adherence to 
Refills and Medications Scale.

While ED- based multi- component interventions 
have been successful with other chronic diseases,55– 57 
they are often resource- intensive and can be difficult 
to implement, scale, and sustain. On the other hand, 
education alone is rarely sufficient to generate lasting 
behavioral change,58– 60 hence motivating our choice 
to allow a component of VERB to continue beyond the 
ED visit. Of note, this trial is not adequately powered to 
isolate the effect of interactive text messages absent 
the other components of the VERB intervention; how-
ever, our results warrant further examination of text 

Figure 2. Adjusted treatment effect estimates over time.
A and B, The estimated adjusted mean difference in follow- up systolic and diastolic blood pressure (mm Hg) comparing the Vanderbilt 
Emergency Room Bundle intervention against the education intervention, over time post- enrollment; included are corresponding 
pointwise 95% confidence bands. C and D, The analogous results, restricted to participants enrolled after interactive text messaging 
was available. Text messages continued for 45 days post- enrollment, as indicated by the vertical dashed line and darker shading in 
all panels. DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.
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messages to improve BP control. If text messages 
alone are sufficient, this allows for a more scalable 
and cost- effective approach to intervene relative to a 
bundled, multi- component intervention. Other studies 
have demonstrated the feasibility of using text mes-
sages to improve blood pressure by recruiting patients 
from the ED setting,61,62 but more long- term, rigorous 
trials are needed to determine the impact on patient 
outcomes. In particular, it will be important for future 
trials to measure sustainability of effects; in our study 
the estimated treatment effect attenuated quickly fol-
lowing completion of the text- message component of 
VERB. This finding is consistent with prior studies of 
text message interventions in other disease contexts, 
which were unable to show durability of effects follow-
ing completion of the text messages.63

Limitations
Despite requiring elevated SBP for inclusion at time 
of presentation, SBP measured by research staff at 
study enrollment was well- controlled for many partici-
pants. This may be explained in part by regression to 
the mean and may have attenuated the relative effect 
of VERB toward the null. An observed decrease in 30- 
day BP in both arms may further reflect a combination 
of the intervention’s effect and additional regression 
to the mean. This ED- based intervention focused 
on patients with hypertension who were prescribed 
at least 1 antihypertensive medication at the time of 
their ED visit. Future studies may seek to determine 
whether these findings generalize to similar patients 
after a brief hospitalization or who are on >1 antihy-
pertensive medication. In addition, we had to stop en-
rollment after randomizing 220 participants because 
of resource constraints, which prevented us from 
meeting our recruitment goal; although this may have 
restricted power, we were still able to detect effects 

in our subgroup analysis. Similarly, variation in follow-
 up time reduced our power to detect effects at pre- 
specified time points but allowed us to estimate the 
effects continuously over time and leverage the fact 
that many patients had follow- up within 2  weeks of 
the text message cessation time of 45 days. Overall, 
72.8% of participants completed at least 1 in- person 
follow- up. Use of multiple imputation allowed us to lev-
erage all evaluable participants, including data from 
participants with incomplete follow- up data.

CONCLUSIONS
As the prevalence of uncontrolled hypertension con-
tinues to rise, opportunities to address elevated BP 
should be leveraged. The VERB intervention warrants 
further evaluation as a scalable means of engaging pa-
tients in ED on hypertension control while they safely 
make the transition back to primary care for long- term 
management. Although effects were small, individual 
incremental improvements in adherence, self- care, or 
blood pressure have important implications on a popu-
lation level.64,65 An interactive text messaging interven-
tion in the ED is a promising approach for identifying 
and engaging with otherwise difficult- to- reach or high- 
risk patients.
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Table 4. Point Estimates and 95% CIs for Mean 
Differences in Blood Pressure and Patient- Reported 
Adherence, Comparing the Verb Intervention to an 
Education Intervention at 30 and 90 Days Among 
Participants Enrolled After Interactive Text Messages Were 
Available

Outcome 30 d 90 d

Estimate 
[95% CI] P value

Estimate 
[95% CI] P value

SBP, mm Hg −8.57 [−16.2 
to −0.98]

0.027 0.72 [−7.72 
to 8.16]

0.96

DBP, mm Hg −4.69 [−9.17 
to −0.21]

0.040 −1.32 [−5.64 
to 3.01]

0.55

ARMS- 7 −0.02 [−0.75 
to 0.72]

0.97 −0.14 [−1.13 
to 0.85]

0.78

ARMS- 7 indicates 7- item Adherence to Refills and Medications Scale; 
DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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SUPPLEMENTAL MATERIAL



Data S1: Randomization Scheme 

The randomization scheme was devised using the blockrand R package, and securely 
uploaded to the REDCap randomization module. Randomization was stratified by: 

• Study site (VUMC and VHA).
• Number of prescribed BP medications (1 or >1).
• Race (white or non-white).
• Gender (male or female).

By default, variable block sizes were used (with sizes 2, 4, 6, and 8). 

Within the VHA strata, certain restrictions were placed on the randomized block size due to 
anticipated small strata-specific sample sizes: 

• For strata with an anticipated size of n ≤ 20, the maximum block size was 4.
• For strata with an anticipated size 20 < n ≤ 60, the maximum block size was 6.
• For strata with an anticipated size n > 60, the maximum block size was 8.



Data S2: Educational Toolkit 









Data S3: Text Message Content 

1. Welcome Message

Hello from your VERB Research Team: We are excited to get started – your help with this 
study is very important! 

2. Reminder Message

Hello from your VERB Team: Have you taken your medicine today? 

3. Request for confirmation of message receipt, added January 4, 2017

Reply with ‘Y’ to let us know you got this message. Thank you! 

4. Informational Messages

1. Hello from your VERB Team: Did you know that more than 1 in 3 adults in the US
have high blood pressure? Visit http://goo.gl/RZjllz to learn more.

2. Hello from your VERB Team: Did you know that 3 out of 4 Americans say they do
not always take their medicines correctly? Usually they say it’s because of more than
one reason. Visit http://www.scriptyourfuture.org/faqs-2/ to learn more.

3. Hello from your VERB Team: Did you know that blood pressure is the force of blood
pushing up against your blood vessel walls? Just like too much water pressure can
damage a garden hose, high blood pressure can damage your arteries. Visit
http://goo.gl/RZjllz to learn more.

4. Hello from your VERB Team with tips for taking medicine: Motivation is what gets
you started. Habit is what keeps you going. Taking medicines every day can be
hard. Creating a routine that fits your life can be key. Visit
http://www.scriptyourfuture.org/tools/ to learn more.

5. Hello from your VERB Team: Did you know you can’t tell how high blood pressure is
by how you feel? That’s why it is important to use a blood pressure machine to tell if
your blood pressure is high. Visit http://goo.gl/lQgcxo to learn more.

6. Hello from your VERB Team with tips for taking medicine: Pill boxes are a handy
way to keep your medications sorted – plus they show whether you’ve already taken
pills.



7. Hello from your VERB Team with tips for taking medicine: A routine, like taking
medicine after brushing your teeth, may help you remember to take and refill blood
pressure medicine. Visit http://www.scriptyourfuture.org to learn more.

8. Hello from your VERB Team with tips for measuring blood pressure: rest 5 minutes,
uncross legs, sit with your back supported by a chair; avoid a big meal, caffeine, and
tobacco 30 minutes before.

9. Hello from your VERB Team with tips for taking medicine: Sometimes it is helpful to
have a ‘Plan B Routine’ for taking your medicines. Family and friends can also help
with reminders to take medicine.

10. Hello from your VERB Team: Did you know your risk of heart attack or stroke drops
50% when blood pressure is lowered by 20 points for the top number (systolic) or 10
points for the bottom number (diastolic)? Visit http://goo.gl/RZjllz to learn more.

11. Hello from your VERB Team: Doing chores at home can be a great way to get
activity into your day, raise heart rate, and get things done! Every bit of exercise
makes a difference in your health. Visit http://goo.gl/QXp1n2 to learn more.

12. Hello from your VERB Team with tips for taking medicine: Some pharmacies can do
automatic refills or refill reminders – ask your pharmacist for programs that may work
for you.

13. Hello from your VERB Team with tips for taking medicine: Medicine can be
expensive! If your blood pressure medicine costs too much, let your doctor know so
together you can work on a solution. Visit https://www.benefitscheckup.org to learn
more.

14. Hello from your VERB Team with tips about medicine: If you think you may have side
effects from medicine, let your doctor know so together you can work on a solution.

15. Hello from your VERB Team: Did you know that sitting all day and being in a hot tub
can raise your blood pressure? Visit http://goo.gl/l1TZH9 to learn about what else
raises blood pressure.

5. End Message

Hello from your VERB Research Team: This is the last message – thank you for your 
important help with this study! We look forward to seeing you at the next study visit. 



Table S1. Participant demographics among participants enrolled after text messages requested confirmation 
of receipt. Continuous values are reported as medians, with first and third quartiles; discrete variables are 
reported as absolute and relative frequencies. 

Total 
(n=128) 

Education 
(n=65) 

VERB 
(n=63) 

Age, years 51.5 (42, 62) 51 (42, 60) 53 (41.5, 65) 
Female, no. (%) 69/128 (53.8) 34/65 (52.3) 35/63 (55.6) 
Race, no. (%) 
  White 
  Black 
  Other 

66/128 (51.6) 
55/128 (42.9) 
7/128 (5.5) 

31/65 (47.7) 
29/65 (44.6) 
5/65 (7.7) 

35/63 (55.6) 
26/63 (41.3) 
2/63 (3.2) 

Prescribed BP medications: 
  1, no. (%) 
>1, no. (%)

58/128 (45.3) 
70/128 (54.7) 

29/65 (44.6) 
36/65 (55.4) 

29/63 (46.0) 
34/63 (54.0) 

Health insurance, no. (%) 
  Private 
  Government Insurance 
  Uninsured/Self/Unknown 
  Work-related injury 

64/125 (51.2) 
50/125 (40.0) 
10/125 (8.0) 
1/125 (0.8) 

34/63 (54.0) 
20/63 (31.7) 
8/63 (12.7) 
1/63 (1.6) 

30/62 (48.4) 
30/62 (48.4) 
2/62 (3.2) 
0/62 (0.0) 

Total education, years 14 (12, 16) 14 (12, 16) 14 (12, 16) 
Household income (x$1,000’s), 36 (20, 75) 40 (21, 75) 35 (20, 73.8) 
Diabetes, no. (%) 34/127 (26.8) 15/64 (23.4) 19/63 (30.2) 
BP monitor at home, no. (%) 77/128 (60.2) 42/65 (64.6) 35/63 (55.6) 
Enrollment SBP (mm Hg) 135 (126, 153) 133 (124, 145) 136 (128, 154) 
Enrollment DBP (mm Hg) 85 (78, 96) 82 (76, 95) 86 (79, 96) 
Enrollment ARMS-71 9 (8, 11) 9 (7, 11) 9 (8, 12) 
BHLS2 14 (11.5, 15) 14 (12, 15) 15 (11, 15) 
SNS3 14 (10, 17) 14 (11, 17) 14 (10, 16) 
PHQ-24 1 (0, 3) 1 (0, 3) 1 (0, 2) 
PHCS-25 8 (7, 10) 8 (7, 10) 8 (7, 9) 
GTH6 33 (27, 37.5) 31 (26, 39) 33 (28.25, 36) 
Enrollment site, no. (%) 
  VUMC7

  VHA8 
111/128 (86.7) 
17/128 (13.3) 

56/65 (86.2) 
9/65 (13.8) 

55/63 (87.3) 
8/63 (12.7) 

1 ARMS-7, adherence to refills and medications scale (higher = less adherent) 
2 BHLS, brief health literacy survey (higher = greater health literacy) 
3 SNS, subjective numeracy scale (higher = greater numeracy)
4 PHQ-2, patient health questionnaire-2 (higher = worse) 
5 PHCS-2, perceived health confidence scale (higher = greater) 
6 GTH, Global Total Health (higher = healthier) 
7 VUMC, Vanderbilt University Medical Center 
8 VHA, Veterans Health Administration 



Figure S1. Distribution of text-message response rates (proportion of text messages 
receiving a response) among participants assigned to the VERB arm after the interactive 
text message feature became available. 

Subject−specific response rate

Fr
eq

ue
nc

y

0.0 0.2 0.4 0.6 0.8 1.0

0
3

6
9

12



Figure S2. Distribution of follow-up times for all study participants. 
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Figure S3. Distribution of time spent on research procedures by study arm. 
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