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Aims: To compare insulin pump therapy and multiple daily injections (MDI) in patients with type 2 diabetes receiving basal and prandial insulin analogues.
Methods: After a 2-month dose-optimization period, 331 patients with glycated haemoglobin (HbA1c) levels ≥8.0% and ≤12% were randomized to
pump therapy or continued MDI for 6 months [randomization phase (RP)]. The MDI group was subsequently switched to pump therapy during a 6-month
continuation phase (CP). The primary endpoint was the between-group difference in change in mean HbA1c from baseline to the end of the RP.
Results: The mean HbA1c at baseline was 9% in both groups. At the end of the RP, the reduction in HbA1c was significantly greater with pump therapy
than with MDI (−1.1± 1.2% vs −0.4± 1.1%; p< 0.001). The pump therapy group maintained this improvement to 12 months while the MDI group,
which was switched to pump therapy, showed a 0.8% reduction: the final HbA1c level was identical in both arms. In the RP, total daily insulin dose (TDD)
was 20.4% lower with pump therapy than with MDI and remained stable in the CP. The MDI–pump group showed a 19% decline in TDD, such that by
12 months TDD was equivalent in both groups. There were no differences in weight gain or ketoacidosis between groups. In the CP, one patient in each
group experienced severe hypoglycaemia.
Conclusions: Pump therapy has a sustained durable effect on glycaemic control in uncontrolled type 2 diabetes.
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Introduction
Early initiation of basal insulin, with or without oral antidia-
betic therapies, is becoming increasingly common in patients
with type 2 diabetes. Approximately 40% of patients require
further intensification [1], but even a basal-bolus regimen pro-
viding rapid-acting insulin at meals, responsibly titrated, will
only achieve glycated haemoglobin (HbA1c) targets in approx-
imately half of these patients, and incurs associated risks of
hypoglycaemia and weight gain [2].

The option of insulin pump therapy in type 2 diabetes has
been previously explored in case series [3,4], which suggested
possible stable long-term improvements in glycaemia and lower
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insulin dose requirements, and an acceptable safety profile.
Randomized controlled trials have followed, with inconclusive
findings. While two small but well-designed crossover studies
[5,6] resulted in gains in glycaemic control with pump therapy
versus multiple daily injections (MDI) with basal and prandial
insulin, three parallel-group studies found equal improvements
in HbA1c both in subjects assigned to pump therapy and those
continuing MDI [7–9].

The OpT2mise trial (ClinicalTrials.gov number:
NCT01182493) was designed to evaluate the efficacy and
safety of pump therapy in type 2 diabetes by comparing pump
therapy and MDI therapy in patients with diabetes who were
already receiving basal and prandial therapy with insulin
analogues, and who remained uncontrolled despite a period of
insulin dose optimization [10]. Results of the initial 6-month
randomization phase (RP) showed significant improvement in
HbA1c with pump therapy compared with MDI, and a 20%
reduction in total daily insulin dose (TDD) in the pump ther-
apy group [11,12]. In the present paper, we report the results
of the full 12-month study period, including the continuation
phase (CP), during which pump therapy was provided to all
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enrolled patients, which show the sustained and durable nature
of these improvements in glycaemic control.

Materials and Methods
Study Design

The OpT2mise study was an international, multicentre, ran-
domized, parallel-group study consisting of a run-in period, a
6-month RP and a 6-month CP.

Initially, patients (aged 30–75 years) were enrolled if they had
type 2 diabetes, used at least three daily injections of long-acting
and rapid-acting insulin analogues (0.5–1.8 U/kg, maximum
daily dose 220 U) for ≥3 months, and had HbA1c levels ≥8.0%
and ≤12.0%. After an 8-week optimization phase using a stan-
dardized titration protocol, patients with persistently uncon-
trolled diabetes (HbA1c ≥8.0%), using at least 0.7 U/kg of
insulin, and who had performed at least 2.5 blood glucose
self-assessments per day, were randomized to continue injec-
tion therapy or to receive pump therapy (Medtronic MiniMed
Paradigm Veo system; Medtronic, Inc).

At pump initiation, the TDD was kept constant and split
evenly between basal and prandial dosing. The approach
to bolus dosing included set meal doses, dosing based on
insulin:carbohydrate ratios, or variable scales, at the discretion
of the investigators. Thereafter, pump therapy management,
including basal and bolus dose changes, was largely at inves-
tigators’ discretion. Patients initiating pump therapy typically
received pump training over two visits, within the first 2 weeks
of pump initiation. Both groups otherwise had similar contact
with their healthcare providers, and maintained efforts at
lifestyle and dietary management, but carbohydrate counting
was not required. After the RP, patients receiving injection
therapy were switched to pump therapy and both groups were
followed up during the 6-month CP, making a total study
period of 12 months.

Data from the pump and blood glucose meter were uploaded
using Medtronic CareLink Therapy Management Software,
which was used for treatment optimization. Patient assess-
ments, including the Diabetes Treatment Satisfaction Ques-
tionnaire [13] and blinded continuous glucose monitoring data
(obtained using the Medtronic iPro2), were performed at base-
line, 6 and 12 months.

Endpoints

The primary endpoint (previously reported) was the
between-group difference in change in mean HbA1c from
baseline to 6 months (end of the RP) [11]. Secondary end-
points included between-group difference in mean HbA1c
only at 12 months (end of the CP), as well as in lipids, blood
pressure and continuous glucose monitoring variables, includ-
ing mean 24-h glucose levels, area under the curve (AUC) for
hypoglycaemia (defined as sensor glucose values ≤3.9 mmol/l)
and hyperglycaemia (sensor glucose values ≥10 mmol/l) and
time spent with hypoglycaemia and hyperglycaemia. Sec-
ondary endpoints also included within-group changes in
HbA1c and continuous glucose monitoring variables from
baseline to 12 months in the pump–pump arm, and from 6 to

12 months in the MDI–pump arm. Safety endpoints included
the numbers of hospitalizations, ketoacidosis episodes and
severe hypoglycaemic events (defined as events requiring
third party assistance). HbA1c was analysed using a Diabetes
Control and Complications Trial-standard assay at Covance
Central Laboratory.

Study Oversight

The study was sponsored by Medtronic International Trading
Sàrl, Tolochenaz, Switzerland. The protocol was approved by
institutional ethics committees at each centre, and the study
was performed in accordance with ISO 14155 guidelines and
applicable country regulations. Medtronic representatives, with
study investigators, performed the data collection and analysis.
An independent Data Safety Monitoring Board monitored the
study and guaranteed its safety and validity. A steering commit-
tee supervised the overall conduct of the study.

Statistical Methods

The statistical analyses have been described in detail else-
where [11]. Efficacy analyses of the primary endpoint were per-
formed on an intention-to-treat basis, including all randomized
patients. Missing data were imputed using the multiple imputa-
tion method [14]. Given the descriptive nature of the CP of the
protocol, available data from this period were analysed without
imputation of missing values.

Analyses of secondary endpoints accounted for the fact that
at the month 12 study visit, the duration of pump therapy
differed between the two groups. In order to assess the effects of
long-term (12 months) pump therapy in the pump–pump arm,
the mean change from baseline (at the beginning of the RP) to
12 months was tested using a t-test. A t-test was also used to
assess the short-term pump therapy effect in the MDI–pump
arm (6 months from end of RP to the end of CP). Median,
interquartile range and the Wilcoxon signed-rank test were
used in cases of skewed data.

Secondary endpoints comparing the 12-month outcomes in
both arms were assessed with t-tests for two independent sam-
ples. All reported p values are two-sided, and p values< 0.05
were taken to indicate statistical significance. Analyses were
conducted using sas software, version 9.3 (SAS Institute,
Cary, NC, USA). The final adjusted p value for the primary
endpoint was calculated using East software, version 5.4 (Cytel,
Cambridge, MA, USA).

Results
Study Recruitment and Baseline Characteristics

As previously reported [10–12], between December 2010 and
May 2013, 590 patients were assessed for eligibility, of whom
495 entered the 8-week run-in phase. At randomization, 331
were assigned to either pump therapy (n= 168) or the con-
trol group which continued using MDI (n= 163). In all, 308
patients completed the RP. Of the 152 patients in the pump
therapy group who completed the RP (pump–pump arm), 146
completed the CP. Of the 156 patients initially assigned to MDI
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Figure 1. Enrolment, randomization and inclusion in the randomization phase and the continuation phase. MDI, multiple daily injections.

therapy who completed the RP, 145 were switched to pump
therapy and completed the CP (MDI–pump arm; Figure 1).
Table 1 shows the baseline characteristics of the randomized
patients.

The mean baseline HbA1c level was 9.0% in both groups,
and at 6 months (end of the RP), this had improved to 8.6%
in the MDI group (−0.4± 1.1% reduction) and 7.9% in the
pump group (−1.1± 1.2% reduction); the between-group dif-
ference in favour of pump therapy was −0.7% [95% confidence
interval (CI) −0.9 to −0.4, adjusted (16) p< 0.001). At the
12-month visit occurring at the end of the CP, the pump–pump
group had a HbA1c level of 7.8%, maintaining the improve-
ment achieved at the end of the RP (change from baseline
to 12 months=−1.2± 1.14%; p< 0.0001). After the switch to
pump therapy in the CP, the MDI–pump group showed a signif-
icant reduction in HbA1c of −0.8± 1.2% (p< 0.0001), to reach
an identical final HbA1c level of 7.8% (Figure 2A).

At 6 months, as previously reported [11], the proportion
of responders (defined as patients reaching HbA1c ≤8%) was
55% in the pump therapy group and 28% in the injection

group (odds ratio 1.9; 95% CI 1.5–2.5). At 12 months, the
response rate was similar in both groups, at 57.2% in the
pump–pump group and 56.9% in the MDI–pump group. Both
groups achieved similar success at each target HbA1c level
defined (Figure 2B).

Secondary Endpoints

As a result of additional measures undertaken to preserve con-
tinuous glucose monitoring data blinding, the completion rates
were consistently low (41.7% overall) across both arms, indi-
vidual sites and geographic regions. At 12 months, the 24-h
mean glucose level decreased by 12.5% (p= 0.0009) in the
pump–pump group [baseline= 10.4 (2.04) mmol/l, median
(25th quartile, 75th quartile) 10.3 (9.2, 11.5) mmol/l and
12-month change=−1.3 (2.96), median (25th quartile, 75th
quartile) −1.1 (−2.6, 0.7) mmol/l)] and by 8.9% (p= 0.0021)
in the MDI–pump group [baseline= 10.1 (1.97), median (25th
quartile, 75th quartile) 9.9 (8.7, 11.2) mmol/l and 12-month
change=−0.9 (2.28), median (25th quartile, 75th quartile) 1.0
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Table 1. Baseline demographic characteristics of randomized patients.

Pump therapy MDI therapy
N= 168 N= 163

Age, years 55.5 (9.70) 56.4 (9.50)
Gender: Men/Women, n (%) 94 (56.0)/74 (44.0) 86 (52.8)/77 (47.2)
Ethnic origin, n (%)

White 162 (96.4) 156 (95.7)
Black 6 (3.6) 7 (4.3)

Duration of diabetes, years 14.9 (7.99) 15.3 (7.96)
HbA1c, % 9.0 (0.75) 9.0 (0.76)
Weight, kg 97.3 (22.60) 94.9 (22.04)
Body mass index, kg/m2 33.5 (7.50) 33.2 (6.99)
Systolic blood pressure, mm Hg 132.3 (15.17) 131.9 (14.82)
Diastolic blood pressure, mm Hg 75.6 (9.38) 76.0 (10.55)
Total cholesterol, mmol/l 4.5 (1.40) 4.4 (1.03)
HDL cholesterol, mmol/l 1.2 (0.35) 1.4 (0.44)*
LDL cholesterol, mmol/l 2.2 (0.81) 2.2 (0.76)
Triglycerides, mmol/l 2.3 (2.41) 1.9 (1.60)
Smokers, n (%) 24 (14.3) 25 (15.3)
Metformin use, n (%) 120 (71.4) 112 (68.7)

Metformin dose, mg 1810 (679.8) 1788 (636.1)
Total daily insulin dose, U/kg/day 1.1 (0.4) 1.1 (0.4)
Total daily insulin dose, U/day 112.3 (53.9) 106.2 (49.2)

Total long-acting insulin dose, U/day 57.4 (30.3) 52.4 (27.7)
Total rapid-acting insulin dose, U/day 55.6 (31.7) 53.8 (30.8)

History of diabetic complications and comorbidities, n (%)
Dyslipidaemia 26 (15.5) 16 (9.8)
Cardiac-related diseases 142 (84.5) 137 (84.0)
Peripheral vascular disease 12 (7.1) 7 (4.3)
Retinopathy 6 (3.6) 3 (1.8)
Diabetic nephropathy 22 (13.1) 12 (7.4)
Peripheral neuropathy 0 (0.0) 0 (0.0)

Results are presented as mean (standard deviation), unless otherwise indicated. HbA1c, glycated haemoglobin; MDI, multiple daily injection.
*p< 0.01.

(−2.0, 0.7) mmol/l]; this difference was not statistically sig-
nificant (P= 0.34). Similarly, the AUCs for hyperglycaemia
(>10 mmol/l) were significantly decreased [pump–pump group
39.1% (p= 0.0078); MDI–pump group 36.2% (p= 0.002)] and
similar in both groups (p= 0.86). The AUC for hypoglycaemia
(<3.9 mmol/l) was very low and did not differ between the
two treatment groups (p= 0.054) and there was no significant
change in either arm (pump–pump arm, p= 0.06; MDI–pump
arm, p= 0.19).

At 12 months, the pump–pump group TDD was
98.3± 57.9 U (0.95± 0.44 U/kg), maintaining the reduc-
tion observed during the RP (Figure 3). The MDI–pump group
showed a 19% decline in TDD after initiation of pump therapy
(total decline from baseline: 0.11± 0.33 U/kg; P < 0.0001).
Both groups showed similar TDD; a similar number of bolus
injections (pump–pump 3.5± 1.5 and MDI–pump 3.4± 1.1
injections/day); and a similar frequency of self-monitoring of
blood glucose at 12 months (3.6± 1.3 vs 3.4± 1.3; p= 0.34).

The ratio of basal and bolus daily dose was similar in both
groups at baseline, and increased significantly in each group
after pump therapy. The basal:bolus ratio in the pump–pump
therapy group was 51 : 49% at baseline and 56 : 44% at 6 months;
by 12 months, it had increased to 58 : 42%. Similarly, the
MDI–pump group showed a basal:bolus ratio of 50 : 50% at

baseline and 51 : 49% at 6 months, but the 12-month ratio, after
pump use, was higher at 57 : 43%. The change in ratio in both
cases was related to a reduction in the daily bolus dose, with no
significant change in the daily basal dose requirement. Bolus
dose declined by 10.8± 26.7 U in the pump–pump group after
12 months of pump therapy, and by 14.5± 22.7 U from month
6 to month 12 in the MDI–pump group. Patients in the pump
therapy group had access to the pump bolus wizard, but used
it inconsistently, with 58% of patients using it <25% of the
time. Use of the bolus calculator was not itself associated with
reductions in mean HbA1c level.

Blood pressure and lipid variables did not change signifi-
cantly during the study. At 12 months, no significant differences
were seen in any of the lipid variables.

No episodes of ketoacidosis occurred in either group during
the study. During the RP, one episode of severe hypoglycaemia
occurred in the MDI group. In the CP, one episode of severe
hypoglycaemia occurred in the pump–pump group, and two
occurred in the same patient in the MDI–pump group after
transition to pump therapy.

Tolerability

Diabetes-, device- or study-related adverse events are listed
in Tables S1 and S2, Supporting Information. Weight gain
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A

B

Figure 2. (A) Mean glycated haemoglobin (HbA1c) levels and 95% confidence intervals at baseline, randomization and 1, 3, 6, 9 and 12 months in both
treatment groups. (B) Responder analysis: proportion reaching HbA1c targets at 6 and 12 months (numbers in brackets are n for pump–pump group and
n for multiple daily injection (MDI)–pump group, respectively). CI, confidence interval.

was observed at the end of the CP but did not differ
significantly between the two groups (2.1± 5.2 and 2.3± 4.9 kg,
pump–pump and MDI–pump groups, respectively).

Discussion
The results of the full treatment period of OpT2mise show
that pump therapy provides sustained glycaemic control, as
manifested by decreases in HbA1c and insulin dosage, in
patients with type 2 diabetes. In the patients who had ini-
tially been assigned to pump therapy, the attained benefit in
HbA1c was stable and persistent over a further 6 months.
Moreover, patients initially assigned to continue MDI ther-
apy were subsequently able to achieve similar improvements in
HbA1c after crossover to pump therapy, confirming the original

finding of improved HbA1c with pump therapy. Furthermore,
the magnitude of the HbA1c improvement observed in the
group who switched from MDI to pump therapy (0.8%) was
very similar to the 0.7% benefit observed during the RP in
the group initially assigned to pump therapy. This observed
benefit of glucose control in the group who switched from
MDI to pump therapy occurred, despite the fact that patients
received intensive support, counselling and dose adjustment
guidance for 6 months beyond the initial 2-month optimiza-
tion run-in period. Potential explanations of the improvements
in glycaemic control achieved with pump therapy include a
more physiological method of delivery, improved absorption of
smaller subcutaneous insulin depots with continuous insulin
infusion, prevention of the hyperglycaemia of the dawn phe-
nomenon, and improved adherence to insulin dosing. The
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Figure 3. Daily insulin doses at baseline, randomization and 1, 3, 6, 9 and 12 months in both treatment groups. CI, confidence interval; MDI, multiple
daily injections.

finding that gains of similar magnitude were seen even after
an extended 8-month period of well-supported MDI therapy
intensification, however, suggests that the improved glycaemic
control is not solely attributable to better adherence.

The demonstration in a randomized controlled trial of
the durability of the glycaemic control obtained with pump
therapy should be emphasized. Earlier randomized controlled
trials were too brief to offer insights into durability of response,
although observational studies have consistently shown a
durable response lasting up to 1 year and more. Three large
French observational surveys of patients with poorly con-
trolled type 2 diabetes each showed a significant improvement
in HbA1c (1.2–1.7%), which was subsequently maintained
during long-term follow-up [3,15,16]. The OpT2mise study
complements and extends these findings by showing the sus-
tained superiority of pump therapy over MDI treatment in a
similar patient population.

Previous randomized controlled studies of pump therapy,
with similar parallel-group designs, performed in small sam-
ples of patients with type 2 diabetes, found significant benefits
in terms of reduction in HbA1c levels, but both pump ther-
apy and intensification of MDI therapy produced similar effects
over 6 or 12 months [7–9]. These studies included patients at
different stages of diabetes, who were using a range of dia-
betes therapies, including basal insulin therapy alone or with
oral antidiabetic agents. Moreover, these studies did not require
the use of analogue insulins, nor did they include a run-in
period dedicated to the active titration of MDI dosing. In con-
trast, the OpT2mise trial has shown that the most appropri-
ate potential candidates for pump therapy were patients who
had already been using established MDI therapy and remained
far from achieving target glycaemic control, despite intensive
dose titration of both long-acting and rapid-acting insulin ana-
logues. The study has therefore provided useful information to
inform treatment decisions when considering pump therapy for
patients with type 2 diabetes.

Pump therapy is generally perceived as requiring a high
level of technical skill and learning aptitude on the part of the
patient; however, the present trial shows that pump therapy in
type 2 diabetes can be successful without requiring use of a
bolus calculator and without the need for carbohydrate ratio
determination at each meal. Reduction of SMBG frequency was
observed in both treatment arms but did not limit the efficacy
of pump therapy.

Hypoglycaemia and anticipated weight gain are also gener-
ally perceived as barriers to pump therapy in type 2 diabetes.
In the present study, the AUC for hypoglycaemia was low and
severe hypoglycaemia was very infrequent, a reassuring finding
that is consistent with previous reports [17,18]. Similar findings
have been reported in previous studies that included contin-
uous glucose monitoring with pump therapy [5,6]. In pump
therapy studies, weight gain has been repeatedly shown to be
neutral [8,11,19] or minimal (1–2 kg) [5,6,20].

Improvements in HbA1c were achieved in both groups,
with significant declines in daily insulin requirements and
constant or modestly declining frequency of self-monitoring.
Reduced insulin dose requirements after pump initiation have
been seen in a previous controlled trial [6] and in observa-
tional studies investigating the impact of pump therapy in very
insulin-resistant patients [21–23]. The OpT2mise protocol also
required the cessation of oral antidiabetic therapies (except
metformin) that patients may have been using up to the time
of screening: this requirement did not preclude improvements
in glycaemic control. Each of these factors – better glycaemic
control, reduced insulin dosing, and possibly reduced glucose
testing strip costs – may potentially contribute to a favourable
cost-effectiveness ratio, and this should be investigated further.
Two retrospective studies of patients with type 2 diabetes mov-
ing to pump therapy within US managed-care organizations
have identified cost savings through a 46% decrease in use of
oral antidiabetic therapies and reduced emergency department
visits and hospitalizations [24,25].
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The present study has several limitations. Investigator blind-
ing was not possible because of the nature of the interventions.
Furthermore, although we intentionally targeted a group of
insulin-resistant patients, the TDD ceiling of 220 U limited our
ability to generalize the applicability of pump therapy to users
of higher doses. Continuous glucose monitoring data were only
available for a smaller portion of the total cohort; although the
continuous glucose monitoring cohort did not differ from the
total cohort in key baseline and key outcome criteria, the lim-
ited completion rate may have introduced selection or other
biases which preclude extrapolation of the present data to the
entire cohort. Finally, insulin dose was more readily assessed via
pump downloads in the pump therapy group, whereas it may
have been overestimated in the MDI group because of omitted
injections.

In conclusion, the full 12-month findings of the OpT2mise
study indicate that the improvement in glycaemic control
observed after 6 months of pump therapy is maintained over
1 year, emphasizing the sustained and durable nature of the
improvement in glycaemic control afforded by pump therapy
[3,15,16]. Patients with refractory hyperglycaemia on a current
basal-prandial injection regimen should be considered appro-
priate candidates for pump therapy, and may obtain sustained
glycaemic control with a favourable safety profile and reduction
of insulin dose.
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