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Abstract
Background: Completion rates among adolescents who initiate the human papillomavirus (HPV) vaccine 3-dose series are
low. SMS text message vaccine reminders are effective, but less is known about the best types for HPV series completion or the
ability to assess and target vaccine decision-making stage.
Objective: The aim of this study is to compare the effectiveness of HPV vaccine series completion in minority adolescents who
received precision and educational versus conventional SMS text message reminders.
Methods: Enrolled parents of adolescents aged 9-17 years who received the first HPV vaccine dose at 1 of the 4 academic-affiliated
community health clinics in New York City were randomized 1:1 to 1 of the 2 parallel, unblinded arms: precision SMS text
messages (which included stage-targeted educational information, next dose due date, and site-specific walk-in hours) or
conventional SMS text messages without educational information. Randomization was stratified according to gender, age, and
language. The primary outcome was series completion within 12 months. In post hoc analysis, enrollees were compared with
concurrent nonenrollees and historical controls.
Results: Overall, 956 parents were enrolled in the study. The precision (475 families) and conventional (481 families) SMS
text message arms had similarly high series completion rates (344/475, 72.4% vs 364/481, 75.7%). A total of 42 days after the
first dose, two-thirds of families, not initially in the preparation stage, moved to preparation or vaccinated stage. Those in either
SMS text message arm had significantly higher completion rates than nonenrollees (708/1503, 47.1% vs 679/1503, 45.17%;
P<.001). Even after removing those needing only 2 HPV doses, adolescents receiving any SMS text messages had higher
completion rates than historical controls (337/2823, 11.93% vs 981/2823, 34.75%; P<.001). A population-wide effect was seen
from 2014 to 2016, above historical trends.
Conclusions: SMS text message reminders led to timely HPV vaccine series completion in a low-income, urban, minority study
population and also led to population-wide effects. Educational information did not provide an added benefit to this population.
Trial Registration: ClinicalTrials.gov NCT02236273; https://clinicaltrials.gov/ct2/show/NCT02236273
(JMIR Mhealth Uhealth 2021;9(12):e26356) doi: 10.2196/26356
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Introduction

Methods

Background

Overview

Adolescents, particularly minority adolescents, are not
adequately protected against human papillomavirus (HPV) and
its potential sequelae, including cancer and genital warts.
Despite the highly efficacious vaccine being recommended for
all adolescents, completion rates among those who initiate the
series are low [1]. Nationwide, only 71.5% of adolescents aged
13-17 years initiate the HPV vaccine series, and half (54.2%)
have received all needed doses [1]. Adherence to the
recommended HPV vaccine dosing schedule is also exceedingly
low; one study found that of 9- to-16-year-olds who had initiated
HPV vaccination, only 28% completed the then-recommended
3-dose series within 1 year [2]. Caregiver-decided vaccination
delays can significantly contribute to the spread of infectious
diseases in adolescents [3]. This is a particularly salient factor
to counter for HPV vaccination, as HPV infection not only
carries short-term infection risk but also long-term chronic
disease risk.

This trial was conducted in 4 community health clinics affiliated
with the New York-Presbyterian Hospital Ambulatory Care
Network and Columbia University between December 2014
and December 2017. These practices provide care for primarily
publicly insured Latino patients. The Vaccines for Children
program provides free vaccines for nearly all the patients at the
study sites, and all the study sites allow walk-ins for second and
third HPV vaccine doses without an appointment. All
vaccinations given at the study sites are documented in the New
York-Presbyterian Hospital immunization registry, which
extracts information about vaccinations directly from the
provider order entry module of the electronic health record,
making data accurate for HPV vaccines administered at clinical
sites. The registry also synchronizes data with the New York
Citywide Immunization Registry (CIR), which is a
population-based registry. The New York City Public Health
Law requires documentation for all vaccinations administered
to those aged ≤18 years old be submitted to CIR [22], which
captures >85% of vaccines administered in New York City and
93% of vaccines from the Vaccines for Children program.

Health information technology interventions that link
communication technologies, such as SMS text messaging, with
electronic health record data offer low-cost, scalable
opportunities to foster vaccination and other preventive care
behaviors [4]. Currently, there is a growing body of work
supporting the feasibility, acceptability, and efficacy of eHealth
and mobile health (mHealth) technologies [5,6], particularly
within the realm of adolescent and child health promotion [7,8].
Studies have demonstrated the effectiveness of mHealth SMS
text message interventions on vaccination coverage and
timeliness at levels in line with other forms of reminder or recall,
particularly in low-income populations for whom other forms
of reminder recall have been less successful [9-13]. SMS text
message reminders have been found to increase HPV vaccine
uptake in various populations, particularly in the adolescent
cohort [11,14-21]. However, their effect has not been as robust
as needed. One potential advantage of SMS text message
interventions, which has not been well investigated, is the ability
to provide precision messages. Such tailored messages may
promote increased engagement with SMS text message
reminders and, in turn, positively impact HPV vaccination
completion rates.

Objectives
In this study, we compare the impact of precision SMS text
message on HPV vaccine series completion (tailored vaccine
health literacy–promoting information targeted to the family’s
stage of vaccine decision-making) with conventional SMS text
message reminders in a pragmatic randomized trial. The
transtheoretical model of behavior change guided the tailoring
of SMS text messages.
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Recruitment followed a 2-pronged enrollment process. First,
nurses at the study sites provided families with a recruitment
card and information sheet. Families interested in being
contacted could put a cell phone number on the card, which was
then left for the research assistants. Those who did not want to
be contacted could also indicate this as such. Of the 547 families
from whom a recruitment card was collected, only 9 (1.6%)
indicated that they wished not to be contacted. Permission was
received to contact the families of all adolescents who received
their first HPV vaccine dose at one of the study sites during the
enrollment period for whom a card was not left or for whom
the nurse did not have time to give a card to assess eligibility
and interest.
Parents or legal guardians involved in the study had to meet the
following eligibility criteria: (1) have a child aged between 9
and 17 years who received their first HPV vaccine at study
clinics, (2) own a cell phone with SMS text message capabilities,
(3) have English or Spanish literacy, (4) plan to remain in New
York City for the next 12 months, and (5) have not been
previously contacted to enroll with a different child. Children
down to 9 years were included as the vaccine was licensed down
to those aged 9 years. There was no compensation for enrollment
in the study.
After each enrollment, the project coordinator used an adaptive
electronic randomization algorithm to parallel randomize all
participants with a 1:1 allocation ratio stratified by (1) clinic
site, (2) adolescent’s gender, (3) adolescent age group (9-14
years vs 15-17 years), and (4) parental language. The scheme
was adaptive in that the assignment of each family was to the
arm that would keep the allocation ratios in the 4 strata the
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family belonged to (site, sex, age, and language) closer to 1:1.
The statistician and analyst were blinded to the arm assignments.

participating in this pretest received a round trip New York City
Metrocard.

We designed the messages (precision and conventional) using
information gathered during our previous studies, the relevant
literature, and expertise in SMS text messaging, HPV
vaccination, adolescent medicine, health literacy, and the
community. Messages were then pretested with 20 parents
iteratively until no new message changes were made. Parents

For families receiving precision SMS text message reminders,
an automated, in-house SMS text messaging software program
first used a short cascade of questions based on the
transtheoretical model to assess the family’s stage of
decision-making regarding vaccination (Figure 1).

Figure 1. Transtheoretical model stage allocation in the day 21 message. HPV: human papillomavirus.

This was sent on day 21 after administration of the first HPV
vaccine dose. On the basis of the person’s response, the platform
automatically placed them into the correct stage and proceeded
to send educational information targeted at that stage of
decision-making. Parents who were in the precontemplation
stage were unaware that their adolescents needed a second
vaccination or when it was due. Those in contemplation knew
their child or adolescent needed a dose but might still have had
questions such as vaccine efficacy, side effects, and safety.
Finally, those in preparation were planning to have their
adolescents continue the vaccination series but might not have
known where or when to access care. The program was
monitored by the project coordinator.
Parents in each stage received different messages (Figure 2).
For example, messages for parents in precontemplation first
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notified them that their adolescents were in need of subsequent
doses and why those doses were needed, whereas messages for
parents in the contemplation stage provided information needed
to answer any remaining questions they might have had
regarding vaccination. For some messages were responsive to
user input, such that parents were able to self-tailor the content
by texting back indicators for which items they wanted more
information about. For those in the preparation stage, the
messages provided information regarding where and when to
walk-in for vaccination. Parents in the other 2 stages also
received information regarding where and when to walk-in for
vaccination. Families also had 2 additional instances, on days
33 and 40, where their current stage was assessed, if they were
not already in the preparation stage. On the basis of responses
to these messages, families could switch into a different stage
track of messages.
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Figure 2. Precision and conventional arm SMS text message examples. HPV: human papillomavirus.

Conventional SMS Text Message Reminders
Parents not randomized to the precision text message arm
received conventional text reminders notifying them when the
next dose was due. These messages did not include vaccine
health literacy–promoting information and were similar to those
used in our previous adolescent studies (Figure 2).

Message Frequency
Informational messages for both arms began on day 28. This
was designed so that, if a family reacted to the message and
came in to be vaccinated, it would not be before the 28-day
minimal required interval between the first and second dose;
the intervention began before the HPV recommendation changed
from 3 to 2 doses for younger populations [23]. Subsequent
messages were sent on days 35, 42, 49, and 56 post vaccination
for both study arms. These dates were chosen because of their
proximity to the initial vaccination date; the second dose was
due on day 56 (counting from the day the first dose was
administered). We selected reminder message send dates at the
time they were due and included an additional 1 week (63 days),
2 weeks (70 days), 4 weeks (84 days), and 6 weeks (98 days)
overdue reminders. This series of 5 messages (days 28, 35, 42,
49, and 56) was selected based on the protocol from our previous
trial in which a median of 5 messages was needed for a family
to bring a child in for vaccination and was well tolerated by
parents with very few stop requests [10]. Booster messages were
also sent on days 63, 70, 84, and 98 post vaccination. Once or
if an adolescent received the second dose, parents began
receiving their next set of messages 28 days before the due date
of the next dose, and then followed the same timing as with the
second dose messages (days 28, 21, 14, 7, and 0 before the third
dose).
Messages were sent in English or Spanish, based on parent
preference. On the basis of our previous study [24], which
https://mhealth.jmir.org/2021/12/e26356
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identified parental preferences, messages were designed to
include the child’s name and stating that it was being sent on
behalf of the clinic. The recipient of the messages was the
parent, rather than the child, based on previous preferences
elicited in this population. Families stopped receiving messages
on their original schedule when the required dose was abstracted
from the hospital’s immunization registry, which included
synchronized data from the CIR, as described earlier.
In October 2016, the Centers for Disease Control and Prevention
(CDC) Advisory Committee on Immunization Practices
recommended a change to 2 doses of the HPV vaccine series
(0 and 6 months) for those children or adolescents who start the
series under the age of 15 years. There was no change in those
who started the series when they were aged ≥15 years. In
response, the following alterations were made: parents of
adolescents <15 years when first vaccinated, who were already
enrolled, and had not yet received their second dose, received
an SMS text message update informing them that their child
now only needed 2 doses 6 months apart and that we would text
them when the second dose was due. These parents then received
an updated series of messages consistent with the new 2-dose
recommendation in terms of both phrasing and timing. Parents
of adolescents who either initiated the series (1) at the age of
≥15 years or (2) at <than 15 years but had already received their
second dose less than 6 months after the first, stayed on the
original protocol because the adolescent was still in need of 3
doses. Any parents of already-enrolled adolescents who were
aged <15 years when first vaccinated and received their second
dose at least 5 months after their first were considered to have
completed the series under the new recommendations. These
parents received an SMS text message letting them know that,
because their child’s second shot was at least 5 months after
the first, they had now completed the series.
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Measures and Analysis
On the basis of previous baseline data, 50.9% (245/481) of
patients in the conventional group were expected to receive 3
doses in 12 months. With a sample size of 956, we were
powered at 80% to detect a 9% difference in completion rate
(the primary outcome) between arms to be statistically
significant at P=.05. The primary outcome measure was timely
HPV vaccine series completion within 12 months
(operationalized as the receipt of 2 or 3 doses, based on age and
enrollment date, and accounting for the 2016 CDC guideline
change). Vaccine completion was extracted from local vaccine
sources.
HPV vaccine completion rates were compared for all adolescents
of participant parents at the end of a 12-month observation
period starting at the receipt of their first HPV vaccine dose.
All primary analyses were conducted on an intention-to-treat
basis. Completion rates in the 2 randomized groups were
compared using 2-tailed chi-squared tests at a significance level
of P<.05. Multiple logistic regressions were performed to assess
any potential differences in receipt among demographic groups.
Chi-square tests were conducted as a post hoc analysis to
compare both intervention arms with concurrent nonenrollees
(n=1503) who received their first vaccine dose during the study
period, as well as with historical controls (n=2823; first dose
administered 2011-2013). Intervention-arm adolescents who
received 2 doses per the new guideline were removed to achieve
comparability for the historical analysis. This study was
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approved by the Columbia University Irving Medical Center
Institutional Review Board. Personalized Reminders for
Immunization Using Short Messaging is registered with
ClinicalTrials.gov with identifier NCT02236273.

Role of the Funding Source
The Agency for Healthcare Research and Quality funder of the
study had no role in the study design, data collection, data
analysis, data interpretation, or writing of the report.

Results
Overview
In total, we screened 1593 adolescents who received their first
HPV vaccine dose at the study sites. The majority (1454/1593,
91.3%) were able to be contacted. Of the contacted patients,
only 2% (29/1454) of families did not have a cell phone with
SMS text messaging, and 11.1% (161/1454) of were excluded
based on other exclusion criteria. Of the eligible families, most
(956/1264, 75.63%) were enrolled (Figure 3).
The arms were well-balanced; 481 families were randomized
to the usual care arm and 475 to the intervention arm. Most of
the adolescents in the enrolled families were aged ≤14 years
(880/956, 92.1%). Half of them (478/956, 50%) were female,
and most of them (903/956, 94.5%) were publicly insured.
Two-thirds (614/956, 64.2%) of parents/caregivers were
primarily Spanish speaking, and 59.9% (573/956) had a high
school education or less (Table 1).

Figure 3. Study enrollment.
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Table 1. Characteristics of the study participants.
Characteristics

Total (n=956), n (%)

Precision message arm
(n=475), n (%)

Conventional message arm
(n=481), n (%)

Age (years)

.95

<14

880 (92)

437 (92)

443 (92.1)

15-17

76 (8)

38 (8)

38 (7.9)

Sex

.56
Female

478 (50)

242 (51)

236 (49.1)

Language
Spanish

.88
614 (64.2)

304 (64)

310 (64.5)

Site

.90
Clinic 1

238 (24.9)

121 (25.5)

117 (24.3)

Clinic 2

239 (25)

114 (24)

125 (26)

Clinic 3

296 (31)

147 (30.9)

149 (31)

Clinic 4

183 (19.1)

93 (19.6)

90 (18.7)

Insurance
Public

.30
903 (94.5)

445 (93.7)

458 (95.2)

Parental education

.64

<High school

219 (22.9)

114 (24)

105 (21.9)

Finished high school

354 (37.1)

170 (35.8)

184 (38.3)

>High school

382 (40)

191 (40.2)

191 (39.8)

Movement Through Stages
Overall, 12,000 messages were sent. Of those randomized to
the intervention arm, 1 family received their second dose early,
and therefore, did not receive second dose messages; a second
family requested to stop the program before the messages
started. This left 473 of the 475 families randomized to the
intervention arm eligible to receive messages. Most families
(428/473, 90.5%) in the precision reminder arm received the
day 21 message. There were technical issues for 45 families
(45/473, 9.5%), as some messages were undelivered because
of user service disruption. Of those who received the messages,
two-thirds (288/428, 67.3%) of families responded to
stage-assessment messages: 52.6% (225/428) were in
preparation, 10.3% (44/428) contemplation, and 4.4% (19/428)
precontemplation. The remaining families including the 32.7%
(140/428) who did not respond and 10.5% (45/428) for whom
there were technical difficulties remained in precontemplation.
On day 33, there were 215 families randomized to the precision
arm that was either not in preparation or had not yet been
vaccinated. Of those, 60% (129/215) responded to either day
33 or 40 messages, 54.4% (117/215) were automatically
switched to preparation, 3.7% (8/215) remained in
precontemplation, and 1.4% (3/215) moved into contemplation.
The remaining stayed in the stage they had been in previously.
By day 42, 72.7% (344/473) of the intervention families were
in preparation, with 47.6% (225/473) being there at day 21, and
an additional 25.2% (119/473) who moved there through
prompts. An additional 34 who had not been in preparation at
the beginning of the study had already been vaccinated by day
https://mhealth.jmir.org/2021/12/e26356
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P value

42, resulting in 79.7% (377/473) either being in preparation or
already vaccinated by day 42. Overall, 13.5% (64/473) of
families did not respond to the stage questions.
The movement was similar for the third dose. Overall, 336
families randomized to the precision message arm needed a
third dose of the vaccine, including those for whom a third dose
was needed based on the year and age at first dose. We received
replies from half (181/336, 53.9%) of the participants. Of those
who were not in the preparation stage at the beginning of the
third dose cycle, half were able to be moved into preparation
within 2 weeks before the next dose was due.

Receipt of HPV Vaccination
Of those receiving SMS text messages, Spanish-speaking parents
(adjusted rate ratio 1.17, 95% CI 1.08-1.27) had an increased
rate of timely completion; ≥15 years old had a decreased
completion rate (adjusted rate ratio 0.95, 95% CI 0.93-0.98).
No differences existed in terms of sex, education, or insurance.
Overall, both the precision SMS text message (344/473, 72.7%)
and conventional (364/481, 75.7%) arms had very high timely
series completion rates within 12 months, which did not
significantly differ (P=.25). We found a significant difference
in completion rate for those who responded to the first day 21
intervention messages (n=291) versus those who did not respond
(n=153; 219/291, 75.3% vs 100/153, 65.4%; P=.04).
In a post hoc analysis, those in either SMS text message arm
had a significantly higher completion rate than the nonenrollees.
In addition, even after removing those who only needed 2 doses
to complete the series, those in the SMS text messaging arms
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e26356 | p. 6
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had higher rates than the historical controls (n=2823). Enrollees
were more likely to speak Spanish (614/917, 66.9% vs 830/1444,
57.5%; P<.001) and were more likely to have a child aged <15
years (880/956, 92.1% vs 1300/1503, 86.49%; P<.001) than
nonenrollees, but there were no differences in the percentage
of children enrolled who were male (479/956, 50.1% vs
795/1503, 52.9%; P=.19). In the enrollee comparison to
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historical controls, those enrolled versus historical controls were
less likely to be male (479/956, 50.1% vs 1749/2823, 62%;
P<.001). There was no difference in the percentage of
participants who spoke Spanish (614/917, 66.9% vs 1788/2754,
64.9%; P=.35). Ultimately, a population-wide effect on HPV
vaccination series completion was seen during the years of the
study 2014-2016, above historical trends (Figure 4).

Figure 4. Human papillomavirus vaccine series completion within 12 months of initiation by year of initiation.

Discussion
Principal Findings
In this study, the addition of educational information in SMS
text messages targeted to the stage of caregiver vaccine
decision-making did not provide additional benefits in this
low-income, urban, minority population. However, those
receiving SMS text message reminders had more timely series
completion than historical controls and nonenrollees. SMS text
messaging also led to population-level effects that far exceeded
historical trends, illustrating the potential impact of such
reminders if implemented. Although ad hoc analyses, the very
large differences in completion between enrollees and
nonenrollees as well as historical controls adds further support.
Together, our findings suggest that SMS text message reminders
could be used to increase the likelihood that caregivers will
follow through with HPV vaccination series completion and
could also be used to combat vaccination delay.
Of those in the intervention group, more individuals who
responded to any message on day 21 received the required doses
than those who did not. However, in this study population,
education information in the SMS text messages did not provide
additional benefits over conventional SMS text messages
without educational information. Studies have shown that
prolonged exposure to similarly themed messages may lead to
reactance or active resistance against the health behavior the
health message advocates [25,26]. In addition, for parents with
an unfavorable attitude toward vaccines, educational
https://mhealth.jmir.org/2021/12/e26356

XSL• FO
RenderX

interventions have been found to reduce the intention to
vaccinate [27]. For the subset of our patient population who
failed to interact with the SMS text messages, additional
educational messages may have acted as a mental deterrent to
bringing in their children for subsequent doses. It is possible
that for certain populations, changing to a different modality is
needed. These messages were based on formative work and
pretesting with patients and their families, which is critical in
the development of mHealth interventions [28-31]; however,
future work should also potentially include an intentional
exploration with the target populations of unintended impacts
of messages.
Despite this finding, our study demonstrates how SMS text
message reminders could interrupt a common pathway to
vaccination delay and vaccine series incompletion. Vaccination
delay, particularly for HPV vaccination, is often studied as an
active decision by caregivers [32]; however, given the increase
in timeliness and the lack of impact of targeted vaccine-readiness
information shows that delay is often not an active decision but
rather a circumstantial effect based on other factors (eg,
forgetfulness) that can be mitigated with timely reminders. SMS
text message reminders work as a call to action and help prompt
caregivers that would otherwise vaccinate their children but
may fail to bring their child back for vaccination because of
other factors. Further research could be conducted to explore
the benefit of this technology for direct youth use, as an
increasing number of health interventions are targeted at
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adolescent self-use to encourage increases in their health
autonomy [33].
In this study, we also demonstrated the ability to use SMS text
messages to assess a family’s stage of vaccine decision-making
and move them along the stages of the transtheoretical model.
Most families (409/473, 86.5%) responded to at least 1 message
prompt, and two-thirds of families who were not in preparation
at the first assessment were either in preparation or vaccinated
by 42 days after the first dose. Similarly, half of the families of
adolescents who needed 3 doses who were not in preparation
at the first assessment for that dose were either in preparation
or vaccinated by the time the third dose was due. Although
ultimately such an in-depth, precision intervention may not have
been needed for this population, it does lay the foundation for
using SMS text messaging both to assess a person’s stage of
decision-making and to intervene to move them through to a
possible behavior change. Several SMS text messaging
interventions that have targeted stages of change have been
tested and found to be effective in encouraging health behavior
change, namely with physical activity [34-36], smoking
cessation [37,38], and diabetes care management [39]. However,
many of these studies were conducted internationally, and none
have addressed HPV vaccine uptake. Our study contributes to
the growing body of knowledge on SMS text messages targeted
to the stage of change and presents a novel understanding of
SMS text message efficacy in increasing HPV vaccination
completion in adolescents. These findings may be particularly
applicable given the increased levels of vaccine hesitancy in
caregivers in the wake of acute COVID-19 activity. Although
app-based interventions offer a number of benefits, they require
users to have higher levels of technological literacy than SMS
text message–based interventions. SMS text messages are preset
on mobile phones and require virtually no instruction for use
when receiving messages outside general literacy. The results
of this study, along with prior vaccine SMS text message
reminder research, underscore the sustained role SMS text
messaging can still play in providing a digital precision SMS
text message health approach to behavioral interventions, even
in the modern mobile use landscape.
During this study, the CDC changed their recommendations for
the number of doses of HPV vaccine needed by adolescents
who initiated the series before the age of 15 years. An
unintended benefit of this study was the demonstration of the
ability of SMS text messages to facilitate rapid communication
with families to inform them of the CDC schedule changes.
Such ability extends the possibilities for health care providers
to notify families when they need them to either take or not take
a certain action. If sites had to call families to tell them not to
come in, it would have required extensive personnel time.
Conversely, it would have been frustrating to families if they
had not been notified and had showed up too early. This
real-time notification can be beneficial for both health care
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providers and public health practitioners. Investigating
modalities and best practices of remote pediatric clinic
communication with caregivers is particularly needed as we
rethink health care communication and adolescent care in the
wake of the height of the COVID-19 pandemic [40,41].

Limitations
Our study has several limitations. This study took place in a
single medical system that serves a primarily low-income,
Latino, urban community, who may be particularly sensitive to
SMS text message interventions. These findings may not be
generalizable to other settings. Recommendations also changed
during the intervention period. Most of the study population
received the first dose before the new CDC guidelines were
implemented, when 3 doses were needed. However, these were
accounted for in the analyses. In addition, vaccine administration
has been underreported. However, all administered vaccines
are documented in the electronic health record, including
synchronization with the New York CIR, which has an excellent
capture rate. Therefore, underreporting of vaccinations is likely
low; underreporting would also have affected the intervention
and usual care groups similarly.

Conclusions
Despite these aspects of the study, our findings lend strength
to the growing body of evidence showing that mHealth or
eHealth interventions such as SMS text message reminders can
be used to tangibly promote child and adolescent health [40],
particularly in the realm of HPV vaccination, in which outcomes
are consistently substandard to national goals. We also
demonstrate the efficacy of SMS text message reminders in a
low-income, tight knit, and connected minority community,
which helps answer the call to improve upon digital approaches
that “address disparities in access to care related to race and
ethnicity, socioeconomic status” [40]. SMS text message
reminders function as an accessible, easy-to-use, low-cost
remote intervention that can be rapidly deployed, although
information detailing the economic impact and
cost-effectiveness of these interventions should be evaluated in
future studies.
SMS text message reminders led to timely HPV vaccine series
completion in our study population, which led to
population-wide effects. Although education information did
not provide added benefit in this very responsive population,
we also demonstrated the feasibility of using SMS text messages
to both identify a family’s stage of vaccine decision-making,
move them further down the pathway to behavior change, and
possibly decrease HPV vaccine delay. In the face of health
information changes, SMS text messages also helped facilitate
real-time and remote communication of these changes to
caregivers, which is needed in our post pandemic clinical
pediatric landscape.

Acknowledgments
The authors wish to thank the EzVac team, NewYork-Presbyterian Hospital for its support of the EzVac Immunization Information
System, NewYork-Presbyterian Hospital Ambulatory Care Network, and Nadira Fernandez, Stewin Camargo, Angela Barrett,
and Luis Alba.
https://mhealth.jmir.org/2021/12/e26356

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e26356 | p. 8
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Wynn et al

Conflicts of Interest
All authors declare no competing financial interests. MSS was a coinvestigator on a grant from the Pfizer Medical Education
Group for a different investigator-initiated study but received no financial support.

References
1.

2.

3.
4.

5.

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Elam-Evans LD, Yankey D, Singleton JA, Sterrett N, Markowitz LE, Williams CL, et al. National, regional, state, and
selected local area vaccination coverage among adolescents aged 13-17 years - United States, 2019. MMWR Morb Mortal
Wkly Rep 2020 Aug 21;69(33):1109-1116 [FREE Full text] [doi: 10.15585/mmwr.mm6933a1] [Medline: 32817598]
Widdice LE, Bernstein DI, Leonard AC, Marsolo KA, Kahn JA. Adherence to the HPV vaccine dosing intervals and factors
associated with completion of 3 doses. Pediatrics 2011 Jan;127(1):77-84 [FREE Full text] [doi: 10.1542/peds.2010-0812]
[Medline: 21149425]
Damnjanović K, Graeber J, Ilić S, Lam WY, Lep Z, Morales S, et al. Parental decision-making on childhood vaccination.
Front Psychol 2018 Jun 13;9:735 [FREE Full text] [doi: 10.3389/fpsyg.2018.00735] [Medline: 29951010]
Iribarren SJ, Brown W, Giguere R, Stone P, Schnall R, Staggers N, et al. Scoping review and evaluation of SMS/text
messaging platforms for mHealth projects or clinical interventions. Int J Med Inform 2017 Dec;101:28-40. [doi:
10.1016/j.ijmedinf.2017.01.017] [Medline: 28347445]
Payne HE, Lister C, West JH, Bernhardt JM. Behavioral functionality of mobile apps in health interventions: a systematic
review of the literature. JMIR Mhealth Uhealth 2015 Feb 26;3(1):e20 [FREE Full text] [doi: 10.2196/mhealth.3335]
[Medline: 25803705]
Zhao J, Freeman B, Li M. Can mobile phone apps influence people's health behavior change? An evidence review. J Med
Internet Res 2016 Oct 31;18(11):e287 [FREE Full text] [doi: 10.2196/jmir.5692] [Medline: 27806926]
Badawy SM, Cronin RM, Hankins J, Crosby L, DeBaun M, Thompson AA, et al. Patient-centered ehealth interventions
for children, adolescents, and adults with sickle cell disease: systematic review. J Med Internet Res 2018 Jul 19;20(7):e10940.
[doi: 10.2196/10940] [Medline: 30026178]
Ramsey WA, Heidelberg RE, Gilbert AM, Heneghan MB, Badawy SM, Alberts NM. eHealth and mHealth interventions
in pediatric cancer: a systematic review of interventions across the cancer continuum. Psychooncology 2020 Jan;29(1):17-37.
[doi: 10.1002/pon.5280] [Medline: 31692183]
Ahlers-Schmidt CR, Chesser A, Hart T, Paschal A, Nguyen T, Wittler RR. Text messaging immunization reminders:
feasibility of implementation with low-income parents. Prev Med 2010;50(5-6):306-307 [FREE Full text] [doi:
10.1016/j.ypmed.2010.02.008] [Medline: 20178813]
Stockwell MS, Kharbanda EO, Martinez RA, Vargas CY, Vawdrey DK, Camargo S. Effect of a text messaging intervention
on influenza vaccination in an urban, low-income pediatric and adolescent population: a randomized controlled trial. JAMA
2012 Apr 25;307(16):1702-1708. [doi: 10.1001/jama.2012.502] [Medline: 22535855]
O'Leary ST, Lee M, Lockhart S, Eisert S, Furniss A, Barnard J, et al. Effectiveness and cost of bidirectional text messaging
for adolescent vaccines and well care. Pediatrics 2015 Dec;136(5):e1220-e1227. [doi: 10.1542/peds.2015-1089] [Medline:
26438703]
Jacobson VJ, Jacobson RM, Coyne-Beasley T, Asafu-Adjei JK, Szilagyi PG. Patient reminder and recall interventions to
improve immunization rates. Cochrane Database Syst Rev 2018 Dec 18;1:CD003941. [doi:
10.1002/14651858.CD003941.pub3] [Medline: 29342498]
Kharbanda EO, Stockwell MS, Fox HW, Andres R, Lara M, Rickert VI. Text message reminders to promote human
papillomavirus vaccination. Vaccine 2011 Mar 21;29(14):2537-2541. [doi: 10.1016/j.vaccine.2011.01.065] [Medline:
21300094]
Stephens AB, Wynn CS, Stockwell MS. Understanding the use of digital technology to promote human papillomavirus
vaccination - A RE-AIM framework approach. Hum Vaccin Immunother 2019;15(7-8):1549-1561 [FREE Full text] [doi:
10.1080/21645515.2019.1611158] [Medline: 31158064]
Rand CM, Brill H, Albertin C, Humiston SG, Schaffer S, Shone LP, et al. Effectiveness of centralized text message reminders
on human papillomavirus immunization coverage for publicly insured adolescents. J Adolesc Health 2015 May;56(5
Suppl):S17-S20. [doi: 10.1016/j.jadohealth.2014.10.273] [Medline: 25863549]
Kempe A, O'Leary S, Shoup J, Stokley S, Lockhart S, Furniss A, et al. Parental choice of recall method for HPV vaccination:
a pragmatic trial. Pediatrics 2016 Mar;137(3):e20152857 [FREE Full text] [doi: 10.1542/peds.2015-2857] [Medline:
26921286]
Aragones A, Bruno D, Ehrenberg M, Tonda-Salcedo J, Gany F. Parental education and text messaging reminders as effective
community based tools to increase HPV vaccination rates among Mexican American children. Preventive Medicine Reports
2015 Aug;2(2):554-558. [doi: 10.1016/j.pmedr.2015.06.015] [Medline: 26844117]
Morris J, Wang W, Wang L, Peddecord KM, Sawyer MH. Comparison of reminder methods in selected adolescents with
records in an immunization registry. J Adolesc Health 2015 May;56(5 Suppl):S27-S32. [doi:
10.1016/j.jadohealth.2015.01.010] [Medline: 25863551]

https://mhealth.jmir.org/2021/12/e26356

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e26356 | p. 9
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
19.

20.

21.

22.
23.
24.

25.

26.
27.
28.

29.

30.

31.

32.
33.
34.

35.

36.

37.

38.

39.

Rand CM, Vincelli P, Goldstein NP, Blumkin A, Szilagyi PG. Effects of phone and text message reminders on completion
of the human papillomavirus vaccine series. J Adolesc Health 2017 Jan;60(1):113-119. [doi: 10.1016/j.jadohealth.2016.09.011]
[Medline: 27836533]
Bar-Shain DS, Stager MM, Runkle AP, Leon JB, Kaelber DC. Direct messaging to parents/guardians to improve adolescent
immunizations. J Adolesc Health 2015 May;56(5 Suppl):S21-S26. [doi: 10.1016/j.jadohealth.2014.11.023] [Medline:
25863550]
Tull F, Borg K, Knott C, Beasley M, Halliday J, Faulkner N, et al. Short message service reminders to parents for increasing
adolescent human papillomavirus vaccination rates in a secondary school vaccine program: a randomized control trial. J
Adolesc Health 2019 Jul;65(1):116-123 [FREE Full text] [doi: 10.1016/j.jadohealth.2018.12.026] [Medline: 30879881]
Immunization Laws and Regulations. New York State Department of Health. URL: https://www.health.ny.gov/prevention/
immunization/laws_regs.htm [accessed 2021-11-18]
CDC recommends only two HPV shots for younger adolescents: CDC Newsroom Releases. Centers For Disease Control
and Prevention. URL: https://www.cdc.gov/media/releases/2016/p1020-HPV-shots.html [accessed 2020-08-10]
Hofstetter AM, Vargas CY, Kennedy A, Kitayama K, Stockwell MS. Parental and provider preferences and concerns
regarding text message reminder/recall for early childhood vaccinations. Prev Med 2013 Aug;57(2):75-80. [doi:
10.1016/j.ypmed.2013.04.007] [Medline: 23624252]
Kim S, So J. How message fatigue toward health messages leads to ineffective persuasive outcomes: examining the mediating
roles of reactance and inattention. J Health Commun 2018;23(1):109-116. [doi: 10.1080/10810730.2017.1414900] [Medline:
29272208]
So J, Kim S, Cohen H. Message fatigue: conceptual definition, operationalization, and correlates. Commun Monographs
2016 Nov 02;84(1):5-29. [doi: 10.1080/03637751.2016.1250429]
Nyhan B, Reifler J, Richey S, Freed GL. Effective messages in vaccine promotion: a randomized trial. Pediatrics 2014
Apr;133(4):e835-e842. [doi: 10.1542/peds.2013-2365] [Medline: 24590751]
Badawy SM, Thompson AA, Kuhns LM. Medication adherence and technology-based interventions for adolescents with
chronic health conditions: a few key considerations. JMIR Mhealth Uhealth 2017 Dec 22;5(12):e202 [FREE Full text] [doi:
10.2196/mhealth.8310] [Medline: 29273573]
Badawy SM, Thompson AA, Liem RI. Technology access and smartphone app preferences for medication adherence in
adolescents and young adults with sickle cell disease. Pediatr Blood Cancer 2016 May;63(5):848-852. [doi:
10.1002/pbc.25905] [Medline: 26844685]
Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017 Jun;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]
Perski O, Blandford A, Ubhi HK, West R, Michie S. Smokers' and drinkers' choice of smartphone applications and
expectations of engagement: a think aloud and interview study. BMC Med Inform Decis Mak 2017 Dec 28;17(1):25 [FREE
Full text] [doi: 10.1186/s12911-017-0422-8] [Medline: 28241759]
Bianco A, Mascaro V, Zucco R, Pavia M. Parent perspectives on childhood vaccination: how to deal with vaccine hesitancy
and refusal? Vaccine 2019 Feb 08;37(7):984-990. [doi: 10.1016/j.vaccine.2018.12.062] [Medline: 30655175]
Radovic A, Badawy SM. Technology use for adolescent health and wellness. Pediatrics 2020 May;145(Suppl 2):S186-S194.
[doi: 10.1542/peds.2019-2056G] [Medline: 32358210]
Lau P, Pitkethly A, Leung B, Lau E, Wang J. The intervention effect of SMS delivery on Chinese adolescent's physical
activity. Int J Environ Res Public Health 2019 Mar 04;16(5):787 [FREE Full text] [doi: 10.3390/ijerph16050787] [Medline:
30836685]
Horner GN, Agboola S, Jethwani K, Tan-McGrory A, Lopez L. Designing patient-centered text messaging interventions
for increasing physical activity among participants with type 2 diabetes: qualitative results from the text to move intervention.
JMIR Mhealth Uhealth 2017 Apr 24;5(4):e54 [FREE Full text] [doi: 10.2196/mhealth.6666] [Medline: 28438728]
Agboola S, Jethwani K, Lopez L, Searl M, O'Keefe S, Kvedar J. Text to move: a randomized controlled trial of a
text-messaging program to improve physical activity behaviors in patients with type 2 diabetes mellitus. J Med Internet
Res 2016 Nov 18;18(11):e307 [FREE Full text] [doi: 10.2196/jmir.6439] [Medline: 27864165]
Chahar P, Mohanty VR, Aswini YB. Designing and validation of text messages for m-Health intervention for tobacco
cessation and management. Indian J Cancer 2018;55(4):390-393 [FREE Full text] [doi: 10.4103/ijc.IJC_569_17] [Medline:
30829276]
Kong J, Ha Y. Effects of a smoking cessation program including telephone counseling and text messaging using stages of
change for outpatients after a myocardial infarction. J Korean Acad Nurs 2013 Aug;43(4):557-567. [doi:
10.4040/jkan.2013.43.4.557] [Medline: 24071760]
A text messaging approach to behavioural change, tailored using the transtheoretical model, in the primary prevention of
type 2 diabetes mellitus in Asian Indians. Imperial College London, United Kingdom,. URL: https://spiral.imperial.ac.uk/
handle/10044/1/32146 [accessed 2021-11-14]

https://mhealth.jmir.org/2021/12/e26356

XSL• FO
RenderX

Wynn et al

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e26356 | p. 10
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
40.

41.

Wynn et al

Badawy SM, Radovic A. Digital approaches to remote pediatric health care delivery during the covid-19 pandemic: existing
evidence and a call for further research. JMIR Pediatr Parent 2020 Jun 25;3(1):e20049 [FREE Full text] [doi: 10.2196/20049]
[Medline: 32540841]
Serlachius A, Badawy SM, Thabrew H. Psychosocial challenges and opportunities for youth with chronic health conditions
during the covid-19 pandemic. JMIR Pediatr Parent 2020 Oct 12;3(2):e23057 [FREE Full text] [doi: 10.2196/23057]
[Medline: 33001834]

Abbreviations
CDC: Centers for Disease Control and Prevention
CIR: Citywide Immunization Registry
HPV: human papillomavirus
mHealth: mobile health

Edited by L Buis; submitted 15.02.21; peer-reviewed by S Badawy, J Cornelius, C Rios-Bedoya; comments to author 07.04.21; revised
version received 09.07.21; accepted 13.10.21; published 27.12.21
Please cite as:
Wynn CS, Catallozzi M, Kolff CA, Holleran S, Meyer D, Ramakrishnan R, Stockwell MS
Personalized Reminders for Immunization Using Short Messaging Systems to Improve Human Papillomavirus Vaccination Series
Completion: Parallel-Group Randomized Trial
JMIR Mhealth Uhealth 2021;9(12):e26356
URL: https://mhealth.jmir.org/2021/12/e26356
doi: 10.2196/26356
PMID:

©Chelsea S Wynn, Marina Catallozzi, Chelsea A Kolff, Stephen Holleran, Dodi Meyer, Rajasekhar Ramakrishnan, Melissa S
Stockwell. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 27.12.2021. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
mHealth and uHealth, is properly cited. The complete bibliographic information, a link to the original publication on
https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2021/12/e26356

XSL• FO
RenderX

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e26356 | p. 11
(page number not for citation purposes)

