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Abstract

Background: The effects of transition by individuals with type | diabetes (TID) to more recently available continuous
glucose monitoring (CGM)-enabled insulin pumps from either multiple daily insulin injections (MDI) or older insulin pumps
on treatment satisfaction have not been well studied. We conducted a survey to assess treatment satisfaction among users of
the Animas® Vibe™ insulin pump, a latest generation insulin pump (LGIP) system (CGM-enabled), after switching from MDI
or earlier generation insulin pumps.

Methods: Individuals with T1D from 141 centers in 5 countries and 4 language areas participated in the survey. Treatment
satisfaction was assessed by the Insulin Treatment Satisfaction Questionnaire (ITSQ), which was included in a 50-item online
questionnaire that also assessed preference for using the LGIP compared with previous treatment and satisfaction with key
LGIP features.

Results: A total of 356 individuals, ages 12-79 years, responded to the survey: mean (SD) age 38.4 (16.1) years; diabetes
duration 19.1 (13.3) years; female 59%; previously treated with MDI 58%. Overall mean (SD) ITSQ scores were high among
all respondents regardless of prior treatment: 95.1 (23.2) (scale: 0-132). No differences between previous-treatment groups
were seen. Most (83%) of respondents rated the LGIP to be better than their previous insulin delivery system: “much better”
(65%), “a bit better” (18%) regardless of age, and 95% would recommend using the LGIP to others.

Conclusions: Use of the Animas Vibe was associated with high treatment satisfaction and perceived as a better method of
insulin delivery regardless of previous insulin therapy or age.
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transition to insulin pump therapy.® These included the poten-
tial impact on diabetes self-care, emotional reactions to the
insulin pump, body image, and social acceptance. Perceived
complexity of insulin pumps, particularly among older
patients, has also been suggested as a possible deterrent.’

The effect of transition from MDI to an insulin pump on
perception and treatment satisfaction has not been well stud-
ied. Nor is it known whether and/or to what degree treatment
satisfaction among experienced insulin pump users is
impacted by transition to more recent insulin pump systems,
which offer advanced features such as smaller incremental
basal and bolus administration, programmable basal rates
and CGM capability. However, an early study by Hanestad
and colleagues showed a strong association between satis-
faction with diabetes care and glycemic control."

To address this knowledge deficit, we conducted the
Comparing Perception of Insulin Therapies for T1D Patients
with the Aim to Improve Quality of Care (CHOICE) study, a
survey of individuals with T1D who recently transitioned to
a latest generation (CGM-enabled) insulin pump (LGIP)
from MDI or previous insulin pump use.

Methods
Design

The CHOICE study was a multicenter, noninterventional,
cross-sectional survey to assess treatment satisfaction with
insulin pump therapy among individuals with T1D who had
recently transitioned to use of the Animas® Vibe™ (LifeScan,
Wayne, USA), an LGIP system (CGM-enabled), from either
MDI therapy or an earlier generation insulin pump. Thus, we
established 2 study arms: insulin pump experienced and pump
naive T1D patients, including previous treatment with insulin
injection pens, vial, and syringe or no prior insulin treatment.

Data were collected by online survey which included indi-
viduals with T1D who were recruited from 141 centers in 4
language areas and 5 countries (France [n = 42], Germany [n =
47], Netherlands [n = 16], and UK/Ireland [n = 36]). The study
was conducted in strict compliance with EU-regulations, which
are delineated in the Directives of the European Parliament No.
93/42/EWG (last modified: 2007/47/EG) and ICH-GCP
(CPMP/ICH/135/95). Written, informed consent was obtained
from all respondents prior to completing the survey.

Respondents

Sites that were known to use the LGIP were recruited ran-
domly from a list of clinics provided by the study sponsor.
Clinicians (physicians and diabetes nurses) were asked to
randomly collect email addresses from up to 30 patients who
met eligibility criteria, which included T1D, age > 12 years,
and use of the LGIP for at least 3 months. Clinicians identi-
fied a total of 368 potential respondents.

Study Device

The study LGIP is the Animas Vibe, CGM-enabled system. The
insulin pump functions as a receiver for the Dexcom G4
PLATINUM CGM sensor (CGM system, Dexcom, La Jolla,
CA, USA). The LGIP system presents real-time glucose infor-
mation, alerts for high and low readings and glucose trend infor-
mation on a high-contrast color screen. In addition, the system
offers incremental basal dosages (0.025 U/hr to 25.0 U/hr), pro-
grammable basal rates, and automatic calculation of correction
bolus dosages based on the latest blood glucose reading.

Measurements

The primary endpoint for the survey was overall treatment sat-
isfaction with the LGIP, as assessed by the Insulin Treatment
Satisfaction Questionnaire (ITSQ) (scale: 0-132, in the higher
the better format), a validated measure of treatment satisfaction
that is applicable to a wide range of insulin therapies.'" The
22-item ITSQ instrument provides an overall score and scores
for 5 subscales: (1) insulin delivery device satisfaction, (2) gly-
cemic control, (3) hypoglycemic control, (4) inconvenience of
regimen, and (5) lifestyle flexibility. The ITSQ was included in
a 50-item questionnaire, which also included questions to assess
respondents’ perceptions regarding stable and safe glucose con-
trol, satisfaction with key LGIP features and preference for
using the LGIP compared with their previous treatment.

Procedures

Clinicians at the selected study sites were provided with pre-
formatted email invitations and patient-specific passwords.
The emails were sent to 368 prospective respondents, who
were redirected to the study server to complete the online
questionnaire after providing written, informed consent.

Statistical Methods

Pearson chi-square tests were applied to tests for indepen-
dency between 2 categorical variables: pump naive versus
pump experienced. 7 tests for independent samples were
used to test for mean differences between 2 distinct groups.
The analysis of variance (ANOVA) procedure tested for
overall mean differences between multiple categories under
the assumption of approximately normal distributed data.
Given a significant overall test, several post hoc tests between
distinct categories were conducted: least significant differ-
ence (LSD) in case of homogenous variances; Tamhane’s T2
if heterogeneous variances were assumed. Multivariate
regression analysis (general linear model, GLM) modeled
the association between an approximately normal distributed
dependent variable and several independent factors and
covariates. All statistical calculations had been performed
with the software package SPSS version 22.
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Table I. Demographic Characteristics.

Respondents by country, n (%) n =354
France 156 (44)
UK/Ireland 105 (30)
Germany 42 (12)
Netherlands 51 (14)
Gender, n (%)
Male 146 (41)
Female 209 (59)
Mean age, years (SD) 384 (l6.1)
Age by category, n (%)
12-17 years 61 (17)
18-29 years 45 (13)
30-49 years 157 (44)
50-64 years 74 (21)
65+ years 17 (5)
Mean diabetes duration, years (SD) 19.1 (13.3)
Previous insulin delivery system, n (%)
Insulin pump 135 (38)
Insulin pen (premixed) 14 (4)
Insulin pen (long-/fast-acting) 190 (54)
Syringel/vial 11 (3)
None 4(1)
Frequency of mild/moderate hypoglycemia, n (%)
More than once per week 164 (46.1)
Once per week 11 (31.2)
Once per month 33 (9.3)
Less than once per month 17 (4.8)
Never 5(1.4)

Fasting glucose value (day of survey completion), n (%)

Do not know 12 (3.4)
<7.0 mmol/L (126 mg/dL) 168 (47.2)
7.0-9.0 mmol/L (126-162 mg/dL) 107 (30.1)
>9.0 mmol/L (162 mg/dL) 62 (17.4)
Mean glucose measurements/day, n n = 348

(SD) 6.6 (6.8)
Mean correction boluses/week, n (SD) n =336
10.3 (9.1)

Results

Demographic Characteristics

A total of 356 individuals responded to the survey; 12 of the
368 individuals initially identified reported having type 2
diabetes and 2 respondents of the 356 T1D respondents
failed to complete the questionnaire. Demographic charac-
teristics of respondents are presented in Table 1. Glycemia
in respondents was well controlled using the LGIP as
assessed by self-reported fasting glucose data: 47% of
respondents reported fasting glucose <7.0 mmol/L (126 mg/
dL) and 30% reported fasting glucose of 7.0-9.0 mmol/L
(126-162 mg/dL).

Respondents in France were slightly younger (34 [17.4]
years) compared to the other countries in the study; how-
ever, the between-country difference in overall mean age

was statistically significant only for the comparison between
France and the UK/Ireland (42.7 [14.4] years, P <.001). By
age category, there was a statistically significant overall
country difference with a higher percentage of French
respondents in the 12-17-year (29%) category, compared
with the Netherlands (12%), UK/Ireland (8%), and Germany
(5%) cohorts (P <.001). The gender distribution was slightly
skewed toward more females (59%) but with no between-
country difference or gender differences by age category.

As shown in Table 1, 61% of respondents were using
MDI prior to transitioning to the LGIP. Remarkable within-
country differences were seen in the distribution of prior
insulin treatment with higher percentages of prior insulin
pump users in Germany (62%) and the Netherlands (59%)
compared with UK/Ireland (28%) and France (32%) (P =
.001). No significant differences in prior insulin delivery
methods were seen by age category or between countries.

Respondents from all countries reported similar behaviors
in the number of glucose measurements per day. However,
the number of correction boluses per week reported by
French respondents was slightly lower than UK/Ireland and
Netherlands respondents and significantly lower than
reported by German respondents: 8.8 versus 16.0 (P =.006).

Current use of the CGM feature was reported by 28% of
respondents; however, frequency (eg, days per week) of use
was not queried. Note that only respondents > 18 years
received this question in the survey due to regulatory restric-
tions regarding CGM use in younger patients. Significant
between-country differences were seen in reported CGM use
(P =.033), with Germany (45%) and the Netherlands (38%)
showing the highest percentages of CGM use, and France
(27%) and UK/Ireland (19%) showing the lowest percent-
ages. CGM use varied with age: 18-29 years, 13%; 30 to 49
years, 68%; 50-64 years, 18%; and 65+ years, 1%.

Treatment Satisfaction: Total and Subscale ITSQ
Score and Multivariate Regression Analysis

Overall ITSQ scores (range: 0-132) in a higher-the-better
format showed that treatment satisfaction with the LGIP was
high (95.1 [23.2]) among all respondents regardless of prior
insulin delivery system use. No significant mean differences
between previous pump users and MDI patients could be
detected (Figure 1). Treatment satisfaction scores were also
high in the 5 subscales: (1) insulin delivery device satisfac-
tion, 29.5 (6.3) (scale 0-36); (2) glycemic control, 12.0 (4.4)
(scale 0-18); (3) hypoglycemic control, 21.1 (6.5) (scale
0-30); (4) inconvenience of regimen, 20.4 (7.4) (scale 0-30);
and (5) lifestyle flexibility, 12.3 (4.6) (scale 0-18).
Multivariate regression analysis showed that self-reported
fasting blood glucose was the most significant contributing
factor to treatment satisfaction; values < 7.0 mmol/L (126
mg/dL) were associated with a 21-unit increase in the overall
diabetes treatment satisfaction. Fasting blood glucose was
also strongly correlated with respondents’ satisfaction
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Figure 1. Total ITSQ scores showed no between-group
difference in treatment satisfaction related to prior insulin
delivery system use. Thirty-two respondents did not complete
the ITSQ questions; data from the 4 respondents who indicated
“no previous treatment” were excluded from this analysis.

regarding glucose control as assessed by the ITSQ glycemic
control subscale (P < .001); lower fasting glucose correlated
with greater satisfaction with glucose control. High satisfac-
tion with glucose control was strongly correlated with high
overall treatment satisfaction (P < .001). No correlation
between fasting blood glucose and CGM use was seen.
Reduced insulin delivery device satisfaction was overall
associated with lower educational status (lower secondary)
(P =.046).

ITSQ hypoglycemic control subscale scores showed that
patients experiencing no or infrequent hypoglycemic events
reported higher satisfaction with the hypoglycemic control of
the LGIP than patients with frequent hypoglycemic events (eg,
at least once a month) (21.5 vs 18.7, P = .008). However, both
of these groups of patients scored high on this subscale.

Comparison to Previous Treatment

Most respondents (83%) rated the LGIP to be better than
their previous insulin delivery system: 65% as “much bet-
ter,” 18% “a bit better.” A significantly greater percentage
of respondents who previously used MDI rated the LGIP
“much better” or “a bit better” compared with prior insulin
pump users (93% vs 60%, P < .001) regardless of age
(Figure 2).

Satisfaction With LGIP Features

The majority (95%) of respondents reported they would
“definitely” (66%) or “probably” (28%) recommend the
LGIP to others. Device ease of use, giving a bolus at meal or
snack time, device warnings and alarm safety system and
device size were identified as “important” features by greater
than 90% of respondents, and most respondents were

Figure 2. Respondent ratings of LGIP use (much better/a bit
better) by prior treatment group. Nineteen respondents did
not complete this portion of the questionnaire; data from the
4 respondents who indicated “no previous treatment” were
excluded from this analysis.

Table 2. Respondent Satisfaction With Features Considered to
Be Important.

Respondents who Respondents who
rated the feature were satisfied with

Feature “important” (%) the feature (%)

Ease of use (eg, menu, 96.6 83.8
navigation)

Giving a bolus at meal or 95.3 94.2
snack time

Warnings and alarm 93.5 72.0
safety system

Size 90.6 60.1

satisfied with these features (Table 2). Of all respondents,
81% rated the CGM feature as “important.” Among these
respondents, 68% reported satisfaction with this feature.

Discussion

In this multicenter, noninterventional, online survey, treat-
ment satisfaction scores were high in all respondents using
the LGIP regardless of previous insulin therapy or age. This
is important because treatment satisfaction is associated with
better glycemic control."

It is noteworthy that the cohort that was previously treated
with MDI therapy had the highest percentage of respondents
who rated the LGIP as “much better” than their previous
therapy, regardless of patient age. Perception of complexity
of insulin pump therapy, especially among older patients, has
been cited as a common obstacle to transitioning from MDI
to insulin pump therapy.’

This survey also noted that less than one-third of respon-
dents used the integrated CGM function within the LGIP.
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Although the survey questionnaire was not designed to iden-
tify the reason(s) for low CGM use, it is possible that this
was due to limited reimbursement for CGM in the countries
surveyed. Across Europe, remuneration models are variable
with some countries providing no CGM reimbursement and
others limiting its use to narrow populations such as chil-
dren, pregnant women and those unable to achieve target
glycemic control.

One limitation of the survey was the use of self-reported
data, which may not accurately reflect respondents’ current
level of glucose control (eg, reported fasting blood glucose
values), which could not be verified. Another potential limi-
tation is that the survey findings were limited to only 1 LGIP;
it was felt necessary to do this to avoid confounding results
due to differences in indication and features among CGM-
enabled insulin pump systems. In addition, because the sur-
vey did not obtain information about frequency of CGM use,
we were unable to determine how frequently respondents
were actually using CGM. Although numerous studies have
shown that use of CGM improves glycemic control,”'**
clinical benefits were seen mainly in those individuals who
regularly wore their CGM devices at least 6 days per
week. 13142426 Another limitation was that our study design
did not allow us to assess changes in treatment satisfaction.
Use of a pre-post study design would have allowed us to
determine the impact of transition to the LGIP system.
Nevertheless, given the high treatment satisfaction scores
seen in respondents, combined with the large percentage of
respondents who rated the LGIP better than their previous
therapy, we are confident that treatment satisfaction was pre-
served and may have improved.

Conclusion

In conclusion, our findings show that use of the Animas Vibe
was associated with high treatment satisfaction and was per-
ceived as a better method of insulin delivery regardless of
previous insulin therapy or age. Our findings may provide
guidance to clinicians when discussing transition to insulin
pumps with their MDI-treated patients who express concerns
about insulin pump complexity.
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