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ABSTRACT

Introduction: It is important to achieve good
persistence and adherence to disease-modifying
therapies (DMTs) to achieve the best outcomes
in chronic diseases such as multiple sclerosis
(MS). The BETACONNECT device is an elec-
tronic auto-injector for the DMT interferon
beta-1b (Betaseron), designed to improve
patients’ injection experience and to monitor
adherence. This observational study aimed to
assess patient adherence to and persistence with
interferon beta-1b therapy as well as patient-
reported satisfaction in a US population.
Methods: A prospective, observational, multi-
center study was conducted in 146 adult
patients with relapsing–remitting MS or

clinically isolated syndrome, newly prescribed
or currently established on interferon beta-1b
therapy and naı̈ve to the BETACONNECT
device, and followed up during a 6-month
observation period.
Results: Among the 91 patients who completed
the study, the overall mean adherence rate was
82.5%, with 65.9% of patients adherent for at
least 80% for the duration of the 6-month per-
iod. At 6 months, 98.9% of patients had less
than a 60-day gap in therapy. Of the 115
patients who provided satisfaction data, 90.5%
of patients were either very satisfied or satisfied
with the BETACONNECT device.
Conclusion: This study shows that the BETA-
CONNECT device was associated with high
adherence to interferon beta-1b therapy in
patients with MS. Patients also reported high
degrees of satisfaction with the device. There-
fore, this may be a viable delivery option to help
with adherence and persistence, potentially
leading to improved clinical outcomes.
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Key Summary Points

Why carry out this study?

Lack of adherence to disease-modifying
therapy (DMT) regimens can lead to poorer
outcomes for patients with multiple sclerosis
(MS).

This study assessed the effect of an electronic
auto-injector for interferon beta-1b
(BETACONNECT) on patient adherence,
persistence, and satisfaction.

What was learned from the study?

Results showed that the device may help to
improve adherence to interferon beta-1b
therapy in patients with MS, as
demonstrated by the high adherence,
persistence, and satisfaction rates in this
study.

This research provides real-world evidence
for the use of BETACONNECT for the
delivery of interferon beta-1b therapy for
patients with MS in a US setting, and the
potential to result in improved clinical
outcomes.

INTRODUCTION

Multiple sclerosis (MS) is a chronic, debilitating
autoimmune disease. The prevalence of MS in
the United States (USA) is estimated at 338–363
per 100,000 population, resulting in nearly 1
million people living with MS [1]. Patients
experience ongoing central nervous system
(CNS) damage, including lesion formation,
demyelination, and neuro-axonal damage [2].

Initially, patients may present with clinically
isolated syndrome (CIS), which may progress to
relapsing–remitting multiple sclerosis (RRMS)
involving an increased frequency of CNS exac-
erbations (i.e. relapses), and up to 15% may
develop progressive MS [3, 4]. Disease-modify-
ing therapies (DMTs) are a key therapeutic

option in MS, and may help to prevent long-
term disability [2, 3]. Interferon beta-1b (Beta-
seron, Bayer US LLC, Whippany, NJ, USA) is a
type of DMT for patients with CIS or RRMS.

Adherence to medical regimens is particu-
larly important for the management of chronic
diseases such as MS. Generally, adherence is
defined as the percentage of doses taken as
prescribed over a set time period for analysis,
either from the first to last medication dis-
pensing date or for a fixed follow-up duration
[5]. Medication adherence measurements can
be subjective or objective: objective measures
include pill counts, electronic monitoring, sec-
ondary database analyses, and biochemical
measures, while subjective measurements
require a provider or patient’s evaluation of
their medication-taking behavior [6]. Self-report
and healthcare professional assessments are the
most common tools used to measure the fre-
quency at which patients take their medica-
tions, but patients tend to underreport this rate
in order to avoid disapproval from healthcare
providers [6]. Poor adherence to medication
regimens can have substantial, direct effects,
resulting in worse health outcomes, increased
costs, increased morbidity, and lower quality of
life [5, 7–9].

DMT adherence for patients with MS can be
particularly poor. In a US retrospective cohort
study involving 5735 patients over 2 years,
55.3% of MS patients on interferon beta or
glatiramer acetate had a treatment gap of at
least 60 days [10]. MS patients with low adher-
ence may suffer from more frequent exacerba-
tions [11], and those who did not take their
study medication properly or regularly were
found to have 4.6 times higher odds of a relapse
than those with very good or good adherence
[12]. Poor adherence leads to an increased like-
lihood of DMT discontinuation [13], likely dri-
ven by progression of disease activity as well as
adverse events such as injection-site reactions.
In addition, studies have demonstrated overre-
porting of adherence when comparing subjec-
tive and objective reporting measures. In a
study evaluating adherence among MS patients,
6.98% of days were recorded as not covered on
medication by an electronic medication event
monitoring system (MEMS) compared with
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5.85% of days recorded in medication diaries
[14].

Adherence to DMTs is associated with better
clinical and economic outcomes: fewer relapses,
decreased use of healthcare resources (e.g.
emergency room visits and hospitalizations),
and lower medical costs [15, 16]. MS patients
adherent to first-line DMT regimens had sig-
nificantly lower disability scores and greater
satisfaction with treatment and its effectiveness
than patients who were not adherent [17]. Fur-
thermore, compared with non-adherent
patients, MS patients who are adherent to their
DMT regimen reported better emotional health,
energy, and social function, and less pain
[18, 19].

The introduction of electronic auto-injectors
is one way to improve adherence to
injectable DMTs. Compared with mechanical
auto-injectors, electronic auto-injectors are
often safer and more reliable, and have addi-
tional features to allow patients more control,
resulting in less injection discomfort and
greater patient satisfaction [20, 21]. The BETA-
CONNECT device is an electronic auto-injector
designed to improve the injection experience
and monitor adherence to the interferon beta-
1b regimen. Its reporting mechanism is built
directly into the device and does not require
patient input, which may help to ensure accu-
racy. The objective of this study was to evaluate
the use of the BETACONNECT device on inter-
feron beta-1b therapy adherence, persistence,
and satisfaction in MS patients, and to provide
real-world evidence on use of the device in a US
population.

METHODS

This was a prospective, multicenter, observa-
tional study that took place in 19 US-based MS
centers. Before being enrolled in the study,
patients provided written consent to participate
by signing an informed consent form. Ethics
approval was obtained from multiple ethics
committees (see Table S1 in the electronic sup-
plementary material), and the study was con-
ducted in accordance with ethical standards as
laid down in the 1964 Declaration of Helsinki

and its later amendments. Inclusion and
exclusion criteria for the study are outlined in
Table 1.

The primary endpoints were as follows:
adherence to interferon beta-1b therapy, mea-
sured as the proportion of actual-to-expected
number of injections completed during 6
months of treatment (or up to the point of early
termination for the patients who did not com-
plete the study) as captured by the BETA-
CONNECT device; percentage of patients
adherent to interferon beta-1b (i.e. received
80% or more of their expected injections) from
data obtained via the BETACONNECT device;
and persistence, measured as the number of
days between the initial interferon beta-1b
administration with the BETACONNECT device
and the earlier of either the last interferon beta
1-b administration with the BETACONNECT
device or before a minimum 60-day gap in
therapy. The secondary endpoint was patient-
reported satisfaction, measured by a satisfaction
survey administered via email through a web-
based electronic data capture tool.

All analyses were performed for the US study
population receiving at least one dose of inter-
feron beta-1b. The primary endpoint analysis
looked at absolute adherence, the proportion of
patients adherent to the therapy regimen, and
the proportion of patients who were persistent
with the therapy regimen at both 6 weeks and 6
months. Patients were excluded from the pri-
mary endpoint analysis if there was device error,
insufficient device data (including patients with
\4 viable injections using the BETACONNECT
device), withdrawal of consent, or loss to fol-
low-up. The secondary endpoint analysis
looked at overall patient satisfaction at 6 weeks,
and patients were excluded if they withdrew
consent or did not provide complete responses
for the patient satisfaction survey.

Descriptive statistics were provided for all
measures, including categorical measures by
absolute and relative frequencies, and continu-
ous measures by mean, standard deviation,
median, interquartile range, minimum, and
maximum. All analyses were performed using
SAS version 9.4 software (SAS Institute Inc.,
Cary, NC, USA). Covariates were included to
indicate whether the patient was naı̈ve to
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interferon beta-1b and whether the patient
completed the study.

RESULTS

Study Population

Of the 146 patients enrolled in the study, 102
patients were eligible for the primary endpoint
analysis and 115 patients for the secondary
endpoint analysis. A total of 44 patients were
excluded from the primary endpoint analysis
(36 patients were excluded owing to insufficient
device data, nine withdrew consent, and four
were excluded because of device error, non-ad-
herence to medication titration, being non-
English speaking, or not using the BETA-
CONNECT device). Of the 31 patients excluded

from the secondary analysis, 28 were because of
insufficient survey data, and three were because
of consent withdrawal. Some patients were
excluded for multiple reasons, and thus counts
for specific exclusion criteria are not mutually
exclusive.

Among the 102 patients eligible for the pri-
mary endpoint analysis, the mean age was 52.2
years, 74.5% were female, patients were mostly
classed as non-Hispanic (92.2%) or white
(86.3%), and the majority were married (71.6%)
(Table 2). For patients with a non-missing MS
diagnosis date, the mean time since MS diag-
nosis was 10.3 years. For patients with CIS, the
mean time since the first CIS event was 12.6
years. Of the 102 patients eligible for the pri-
mary endpoint analysis, 91 (89.2%) completed
the study (i.e. did not leave the study before the
expected 6 months of study participation) and

Table 1 Study inclusion and exclusion criteria

Inclusion Exclusion

• Adults (C18 years)

• Diagnosis of RRMS according to revised McDonald

criteria (2010) or CIS

• Prescribed interferon beta-1ba

• Confirmed insurance coverage for interferon beta-1b

treatment

• Access to a personal computer to complete online patient

satisfaction survey

• Willing and able to provide voluntary consent to:

o participate in the study

o use the BETACONNECT device for interferon beta-1b

injections

o share all data collected from the device

o allow the BETA Nurse to train them on the use of

interferon beta-1b with the BETACONNECT auto-

injector device

o allow contact via email to complete the patient satisfaction

questionnaire

• Currently enrolled in a clinical trial or other observational

study for MS treatment

• Documented substance abuse in the 6 months before study

enrollment

• Abnormal lab values

• Any medical disorder, condition, or history that, in the

opinion of the investigator, would impair the patient’s

ability to participate in or complete the study

• Pregnant or breastfeeding

CIS clinically isolated syndrome, MS multiple sclerosis, RRMS relapsing–remitting multiple sclerosis
aThe decision to treat with interferon beta-1b was made independently of study participation.
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Table 2 Patient demographics

Overall (n = 102) Interferon beta-1b status

Naı̈ve (n = 17) Established (n = 85)

Age, years

Mean (SD) 52.2 (9.7) 49.4 (9.5) 52.8 (9.7)

Median (range) 52.0 (34.0–78.0) 47.0 (34.0–68.0) 53.0 (34.0–78.0)

Female, n (%) 76 (74.5) 12 (70.6) 64 (75.3)

Race, n (%)

White 88 (86.3) 15 (88.2) 73 (85.9)

Black 13 (12.7) 2 (11.8) 11 (12.9)

Prefer not to answer 1 (1.0) 0 (0.0) 1 (1.2)

Marital status, n (%)

Married 73 (71.6) 12 (70.6) 61 (71.8)

Divorced 10 (9.8) 1 (5.9) 9 (10.6)

Single 17 (16.7) 2 (11.8) 15 (17.6)

Widow/widower 2 (2.0) 2 (11.8) 0 (0.0)

Highest education level, n (%):

High school diploma or GED equivalent 15 (14.7) 3 (17.6) 12 (14.1)

Some college or certificate program 15 (14.7) 1 (5.9) 14 (16.5)

College or university degree (2 or 4 years) 28 (27.5) 5 (29.4) 23 (27.1)

Graduate degree 9 (8.8) 0 (0.0) 9 (10.6)

Prefer not to answer 35 (34.3) 8 (47.1) 27 (31.8)

Health insurance coverage, n (%)

None 2 (2.0) 0 (0.0) 2 (2.4)

Insurance through employer 35 (34.3) 4 (23.5) 31 (36.5)

Private insurance 33 (32.4) 9 (52.9) 24 (28.2)

Medicaid 7 (6.9) 1 (5.9) 6 (7.1)

Medicare/Medicare supplemental 19 (18.6) 2 (11.8) 17 (20.0)

Other 6 (5.9) 1 (5.9) 5 (5.9)

Employment status, n (%)

Employed (full-time or part-time) 51 (50.0) 10 (58.8) 41 (48.2)

Unemployed 11 (10.8) 1 (5.9) 10 (11.8)

Retired 14 (13.7) 2 (11.8) 12 (14.1)

Homemaker 10 (9.8) 2 (11.8) 8 (9.4)
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were eligible for the final analysis. Those not
included in the primary endpoint analysis (n =
11; 10.8%) were because of insufficient data (n =
7), device error (n = 1), incomplete BETA-
CONNECT training (n = 1), non-adherence to
the titration schedule (n = 1), and non-English
speaking (n = 1). Of the 91 patients who were
eligible for the final analysis, 80 patients
(87.9%) were established on interferon beta-1b
therapy while 11 patients (12.1%) were naı̈ve to
interferon beta-1b.

Adherence

Of the 91 patients who completed the study,
the overall mean adherence rate was 82.5%

(naı̈ve patients, 96.9%; established patients,
80.6%; Table 3). A total of 65.9% (n = 60) (95%
confidence interval [CI]: 56.2%, 75.7%) of
patients were adherent to at least 80% of their
expected injections at 6 months. Eleven (100%)
of the patients naı̈ve to interferon beta-1b
therapy and 49 (61.3%) patients already estab-
lished on interferon beta-1b therapy were con-
sidered adherent to their regimen at 6 months.

Persistence

Among patients who completed the study,
98.9% (95% CI 96.8%, 100%) were classed as
persistent at 6 months; all of the naı̈ve patients
and 98.8% (95% CI 96.3%, 100%) of the

Table 2 continued

Overall (n = 102) Interferon beta-1b status

Naı̈ve (n = 17) Established (n = 85)

Disabled 16 (15.7) 2 (11.8) 14 (16.5)

GED general educational development, SD standard deviation

Table 3 Adherence rates among patients

Patients completing the study

Overall (n = 91) Interferon beta-1b status

Naı̈ve (n = 11) Established (n = 80)

Adherence during 6-month study

Mean (SD) 82.5% (20.4) 96.9% (4.0) 80.6% (21.0)

Median (range) 89.1% (14–100) 99.5% (90.6–100) 86.9% (14–100)

Adherent status by adherence thresholds, n (%)

Adherent (100%) 20 (22.0) 5 (45.5) 15 (18.8)

Adherent (90–99%) 25 (27.5) 6 (54.5) 19 (23.8)

Adherent (80–89%) 15 (16.5) 0 (0.0) 15 (18.8)

Non-adherent (70–79%) 11 (12.1) 0 (0.0) 11 (13.8)

Non-adherent (60–69%) 9 (9.9) 0 (0.0) 9 (11.3)

Non-adherent (\ 60%) 11 (12.1) 0 (0.0) 11 (13.8)

SD standard deviation
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established patients demonstrated persistence
with their interferon beta-1b therapy using the
BETACONNECT device. The mean overall time
to non-persistence among completers was 169
days.

Satisfaction

Of the 115 patients who were eligible for the
secondary endpoint analysis (17 naı̈ve, 98
established) and provided satisfaction data, 73
(63.5%) reported being very satisfied with their
BETACONNECT device, 31 (27.0%) being satis-
fied, nine (7.8%) being neither satisfied nor
dissatisfied, and two (1.7%) being very dissatis-
fied (Fig. 1).

DISCUSSION

This study aimed to assess interferon beta-1b
therapy adherence and persistence in patients,
and patient-reported satisfaction, using the
BETACONNECT electronic auto-injector. The
results indicate that this device demonstrated
high adherence and persistence rates over 6
months among adult patients with MS, whether
naı̈ve or established on interferon beta-1b
therapy. Most patients reported being either
very satisfied or satisfied with the BETA-
CONNECT device.

The findings from the current study are
similar to existing literature on other electronic
auto-injector devices, although a formal head-

to-head analysis has yet to be conducted. Simi-
lar studies were performed using RebiSmart
(Merck KGaA, Darmstadt, Germany), an inter-
feron beta-1a injection device; BRIDGE and
RIVER were such studies in Italian RRMS
patients receiving subcutaneous self-injections
of interferon beta-1a with RebiSmart. BRIDGE
showed high ([ 85%) short-term adherence
rates [22]. RIVER was a long-term adherence and
safety assessment of BRIDGE (19–26 months)
and showed that the overall adherence to the
use of RebiSmart in the entire study cohort was
79.8% (median: 85.2%, range 16–100%) [23].
Additionally, the ScanSmart study was a
prospective, single-arm, open-label, non-inter-
ventional, multicenter phase 4 study in Scan-
dinavian patients to evaluate the rate that
patients received treatment with subcutaneous
interferon beta-1a; it showed that over 12
weeks, 89% (n = 48) of patients had C90%
adherence to treatment [24]. (Note: the RebiS-
mart device is not available currently in the
USA.)

Higher persistence rates were observed in the
current publication than in other cohort stud-
ies, although a head-to-head analysis was not
done. In a Canadian cohort study that followed
721 patients over 7.8 years, 451 patients (62.6%)
discontinued their DMT during the study per-
iod, although 259 (57.4%) did resume/restart
therapy [25]. The observed higher rate could be
a potential benefit of the BETACONNECT
device.

Fig. 1 Patient satisfaction with the BETACONNECT device
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As was seen in our study, many patients also
report being satisfied with the BETACONNECT
device. High patient satisfaction rates with this
electronic auto-injector have been reported in
previous patient surveys, and patients have a
positive impression of this device
[20, 21, 26–28]. In addition, previous market
surveys conducted to investigate patients’ rat-
ings of subcutaneous interferon beta formula-
tions with various devices (e.g. BETACONNECT,
RebiSmart, ExtaviPro) showed that the BETA-
CONNECT device was preferred [29]. Recently, a
retrospective cohort study conducted in the
USA found that after the introduction of
BETACONNECT, adherence to interferon b-1b
was higher than for patients taking interferon b-
1a without an electronic auto-injector, and that
more than 90% of patients using BETA-
CONNECT had C 90% medication possession
ratio, a threshold commonly used to define
good adherence [30]. In a further recent study,
patient satisfaction with the BETACONNECT
device was maintained over 2 years, with med-
ian scores of 9 out of 10 both at baseline and at
the end of the study period [31].

It is also interesting to note that injection
data collected by the BETACONNECT device
can be paired with an app (myBETAapp), as
observed in the ongoing PROmyBETAapp digi-
tal study (see below). Previous studies have
shown that 92% of patients using the myBE-
TAapp were very satisfied or satisfied with it
[32]. Moreover, a digital observational study
found that over a 6-month period, persistence
with myBETAapp usage was 96%, mean com-
pliance was 94% of injections completed, and
adherence (persistence and C 80% compliance)
was 89% [33]. Among other functions to help
patients manage their injections, myBETAapp
allows patients to share their injection history
with healthcare professionals and has a ‘‘well-
ness tracker’’ feature so they can record their
well-being (for their own personal information).
A prospective, observational, cohort study is
currently underway to investigate medication
use and patient-reported outcomes via myBE-
TAapp in patients using the BETACONNECT
auto-injector (ClinicalTrials.gov Identifier:
NCT04356339). It is anticipated that the results
of this study will provide a further perspective

on issues covered in the current trial, such as
adherence, persistence, and patient satisfaction.

The BETACONNECT device may be a
promising and novel method to objectively
measure rates at which patients take their MS
treatment. Although subjective methodologies
have their place, and demonstrate benefits such
as ease of implementation and lower costs,
objective measures have been shown to better
reflect actual adherence and are thought to
represent an improvement over subjective
measures [6]. In addition, electronic measure-
ments offer several advantages over more tra-
ditional adherence measures in MS, in part
owing to their lack of dependence on human
recall [6].

Some strengths of the current study include
the incorporation of real-world evidence and
patient perspective by taking patient satisfac-
tion into consideration to assess patient adher-
ence and persistence. Furthermore, this is the
first study to look at these outcomes in a US
population, and the 6-month time period adds
to the robustness of results. However, this study
has several limitations. First, the study design
was non-randomized and uncontrolled, and
since patients were self-selected to be included
in this observational study, they may have been
more likely to adhere to their medication.
Patients were older in this population for both
established RRMS and CIS, which may have
influenced study results. It is possible that older
patients could be more likely to adhere to their
therapy, as a retrospective cohort study in
patients with MS taking DMTs found that,
compared with younger patients, those C 45
years of age were between 13.7 and 18.6% more
likely to be adherent to their regimen [34].
There could also be missing data from those
patients who relapsed during the study period
and were subsequently excluded, and the actual
adherence rate could have been higher. Addi-
tionally, the definitions for the endpoints used
in our study may have affected our findings. In
our study, adherence was defined as the pro-
portion of expected number of injections com-
pleted during 6 months of treatment or up to
the point of early termination as captured by
the BETACONNECT device and the percentage
of patients who received C 80% of their
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expected injections with the device. Persistence
was defined as the number of days until the
earlier of the last interferon beta-1b adminis-
tration with the BETACONNECT device or
before a minimum 60-day gap in therapy,
reported as a percentage. However, adherence
rates could differ, depending on whether the
rate was defined as an average among a patient
population or patients receiving a specific per-
centage of injections (e.g. [ 80%). Lastly, only
patients who had continuous access to inter-
feron beta-1b treatment for the duration of the
study and access to a personal computer were
enrolled, possibly leading to selection bias.
However, given that the results observed in this
study were similar to those of other studies, we
do not anticipate that these factors would sig-
nificantly affect the results of this study.

It is also worth mentioning that the current
investigation does not address any potential
differences between oral and injectables DMTs,
as this was beyond the scope of this observa-
tional study. However, it may also be important
to note that published evidence in this respect is
somewhat contradictory, and the way patients
receive care may be as important as the route of
DMT administration. Thus, although higher
persistence and adherence rates were found
with oral fingolimod than with injectable DMTs
[35], comparable persistence rates have been
found across oral and injectable DMTs [36], and
another study found fewer missed doses with
injectable than oral DMTs [37]. As most—per-
haps as much as two-thirds—of non-adherence
to MS therapies is caused by issues other than
the route of drug administration, avoiding
injectables, such as by the use of oral DMTs, will
not completely solve the problem of non-ad-
herence [38].

CONCLUSIONS

This study found that patients using the BETA-
CONNECT device had high adherence to and
persistence with interferon beta-1b therapy, and
that adherence to and persistence with the
BETACONNECT device were high in both naı̈ve
and established adult patients with MS receiv-
ing interferon beta-1b therapy. High

satisfaction rates were also reported with this
electronic auto-injector. Thus, the BETA-
CONNECT device may be a viable delivery
option for interferon beta-1b therapy that also
tracks and reports adherence data. Further
studies are underway to evaluate the use of the
complete BETACONNECT system, including
the use of an app (myBETAapp) to help ascer-
tain adherence and persistence in conjunction
with patient-reported outcomes
(NCT04356339).
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