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Abstract

Background:
We assessed the efficacy, safety, and patient-reported outcomes (PROs) of insulin pump therapy in patients with  
type 2 diabetes mellitus (T2DM) who were suboptimally controlled with a multiple daily injection (MDI) regimen.

Methods:
In this subanalysis of a 16-week multicenter study, 21 insulin-pump-naïve patients [age 57 ± 13 years, 
hemoglobin A1c (A1C) 8.4 ± 1.0%, body weight 98 ± 20 kg, total daily insulin dose 99 ± 65 U, mean ± standard 
deviation] treated at baseline with MDI therapy with or without oral antidiabetic agents discontinued all 
diabetes medications except metformin and initiated insulin pump therapy. Insulin was titrated to achieve the 
best possible glycemic control with the simplest possible dosing regimen. Outcome measures included A1C, 
fasting and postprandial glucose, body weight, incidence of hypoglycemia, and PROs.

Results:
Glycemic control improved significantly after 16 weeks: A1C 7.3 ± 1.0% (-1.1 ± 1.2%, p < .001), fasting glucose 
133 ± 33mg/dl (-32 ± 74 mg/dl, p < .005), and postprandial glucose 153 ± 35 mg/dl (-38 ± 46 mg/dl, p < .001). 
At week 16, the mean daily basal, bolus, and total insulin doses were 66 ± 36, 56 ± 40, and 122 ± 72 U (1.2 U/kg), 
respectively, and 90% of patients were treated with two or fewer daily basal rates. Body weight increased by  
2.8 ± 2.6 kg (p < .001). Mild hypoglycemia was experienced by 81% of patients at least once during the course 
of the study with no episodes of severe hypoglycemia. There were significant improvements in PRO measures.

Conclusions:
Insulin pump therapy using a relatively simple dosing regimen safely improved glucose control and PROs 
in patients with T2DM who were unable to achieve glycemic targets with MDI therapy. Controlled trials are 
needed to further assess the clinical benefits and cost-effectiveness of insulin pumps in this patient population.
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Introduction

The pathophysiology of T2DM is characterized by 
a variety of defects, including insulin resistance and 
progressive beta-cell dysfunction.1 Because of this, most 
patients require insulin therapy at some point during the 
natural history of their disease in order to achieve and 
maintain adequate glycemic control. Insulin is generally 
initiated as a single daily dose of basal insulin targeting 
fasting and preprandial glucose. Fast-acting mealtime 
insulin is then added, if required, to address postprandial 
hyperglycemia.2,3 In T2DM, this “basal–bolus” therapy is 
almost always administered by multiple daily injections 
(MDIs) of insulin using a vial and syringe or insulin pen.

Unfortunately, for a variety of reasons, many patients who 
are treated with MDI therapy are not able to achieve or 
maintain adequate glycemic control.4 For these patients, 
an insulin pump may be an important therapeutic option. 
Few randomized controlled trials have assessed insulin 
pump therapy in patients with T2DM, and these studies 
have generally shown similar glycemic control with 
pumps versus MDIs.5 None of them have specifically 
assessed insulin pump therapy in patients “failing” 
treatment with MDIs.

In the present analysis of a published study,6 we 
assess  efficacy, safety, and patient-reported outcomes 
(PROs) of insulin pump therapy in 21 patients who were 
suboptimally controlled at baseline with MDIs. This 
information may help to advance future insulin pump 
development and inform the design of controlled trials 
assessing pump therapy in patients with T2DM who are 
unable to achieve therapeutic targets with MDIs.

Research Design and Methods
This is a subanalysis of a 16-week open-label study 
conducted at six U.S. study sites between March and 
December 2008. The study was performed in accordance 
with the Declaration of Helsinki and was approved by 
local ethics committees. All patients provided informed 
consent.

Study Protocol and Treatments
Details of the study design and procedures have been 
previously reported.6,7 Briefly, the present analysis assessed 
21 adults with T2DM who were suboptimally controlled 
at baseline with MDI therapy [hemoglobin A1c (A1C) 7.0–
10.5%]. All patients were insulin pump naïve. Baseline 

assessments included anti-glutamic-acid decarboxylase 
(GAD) antibody, A1C, fasting plasma glucose, body weight, 
and measures of PROs.

Within 5–7 days after the baseline visit, patients 
discontinued all antidiabetic medications except metformin 
and began insulin pump therapy (Animas® 2020 insulin 
pump, Animas Corporation, West Chester, PA) with insulin 
glulisine (sanofi-aventis, Bridgewater, NJ). Pump therapy 
was initiated with one daily basal rate and insulin boluses 
at each major meal. Investigators were instructed to make 
every effort to safely achieve fasting and preprandial 
plasma glucose values between 70 and 130 mg/dl and 
1.5–2 h postprandial values below 180 mg/dl.

Patients returned to the study site 1, 2, 3, 4, 8, 12, and  
16 weeks after pump initiation. During these visits, 
insulin dose adjustments were made by the investigators 
based on retrospective glucose readings from both 
continuous glucose monitoring performed during the first 
4 weeks of pump therapy (DexCom™ SEVEN®, DexCom, 
San Diego, CA) and self-monitored blood glucose 
readings obtained throughout the 16-week study 
(OneTouch® Ultra®, LifeScan, Inc., Milpitas, CA) to safely 
achieve the best possible glycemic control with the 
simplest possible insulin dosing regimen.

Insulin dose and the number of daily basal rates were 
assessed at each visit. Two self-monitored seven-point 
glucose profiles (preprandial, 1.5–2 h postprandial, and 
bedtime) were performed within 3 days preceding 
each visit. Hemoglobin A1c was assessed at baseline 
and at 4, 8, 12, and 16 weeks (Diabetes Control and 
Complications Trial referenced, normal range 4.0–6.0%, 
Covance Laboratory, Indianapolis, IN). Fasting plasma 
glucose was assessed at baseline and week 16 (Covance 
Laboratory, Indianapolis, IN).

Patient reported outcomes were assessed at baseline and 
week 16 using two measures of health-related quality of 
life [HR-QoL; the Diabetes Symptom Checklist-Revised 
(DSC-R)8 and the EuroQoL-5 Dimensions (EQ-5D)9] and 
a measure of treatment satisfaction, the Insulin Delivery 
System Rating Questionnaire (IDSRQ).10

Minor hypoglycemia was defined as symptoms consistent 
with hypoglycemia that either resolved spontaneously 
or upon self-treatment with oral carbohydrate. Severe 
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hypoglycemia referred to symptoms consistent with 
hypoglycemia during which the patient required the 
assistance of another individual and was associated with 
a documented glucose concentration less than 56 mg/dl  
or prompt recovery after oral carbohydrate, intravenous 
glucose, or glucagon.

Outcome Measures
Outcome measures included change from baseline in A1C, 
fasting and postprandial glucose, insulin dose, body weight, 
PROs, and incidence and event rate of hypoglycemia. 
Insulin dosing patterns, including the number of daily 
basal rates and the percentage of the total daily insulin 
dose delivered in a basal and in a bolus fashion, were 
also assessed at week 16.

Statistical Analysis
In this exploratory study, it was determined that approxi-
mately 20 patients would provide sufficient information 
to assess the insulin doses and dosing patterns. For A1C,  
a sample size of 20 patients was estimated to produce a 
90% confidence interval equal to the sample mean with a 
precision of 0.44%, with an estimated standard deviation 
of 1.2%. 

The data were analyzed using SAS version 8.2 or higher 
(SAS Institute, Inc., Cary, NC). All statistical tests were 
two-sided using an alpha of 0.05. The intent-to-treat (ITT) 
population consisted of all patients who initiated  
insulin pump therapy. Missing postbaseline values were 
imputed using the last observation carried forward 
(LOCF) method. 

A comparison to baseline for the change from baseline 
LOCF at week 16 measurements was performed using a 
one-sample t-test. Correlations were performed using the 
Pearson correlation coefficient.

Results

Patient Disposition and Baseline Characteristics
Twenty-two patients receiving MDI therapy at baseline 
were enrolled, and one withdrew prior to insulin pump 
initiation, resulting in an ITT population of 21. One patient 
withdrew from the study due to personal reasons after  
4 weeks of pump therapy. One patient who completed 
the study had a screening A1C of 6.8%, slightly below 
the lower limit of the A1C inclusion criteria (≥7.0%).

Baseline characteristics are shown in Table 1. All patients 
were anti-GAD antibody negative. Eight patients were 

over 65 years old [68 ± 3 years, baseline A1C 8.5 ± 0.9%, 
mean ± standard deviation (SD), n = 8]. At baseline, 
20 patients (95%) were treated with insulin analogs and 
1 (5%) with recombinant human insulin. Sixteen patients 
(76%) were receiving concomitant metformin.

Glycemic Control
Hemoglobin A1c declined significantly after 4 weeks of 
pump therapy and continued to decline through week 
16. Mean (± SD) A1C reduction at week 16 was 1.1 ± 1.2% 
(p < .001; Figure 1) and ranged from +0.7 to -4.7%, with 
a median change of -1.1%. Patients with a baseline A1C  
greater than 8.5% (n = 11, mean baseline A1C = 9.2 ± 0.5%) 
experienced a 1.8 ± 1.2% reduction in A1C (p < .001). 
At week 16, 38% of patients achieved a A1C level of 
less than 7.0%, and 90% of patients achieved an A1C 
of less than 7.0% and/or an absolute A1C reduction of 
greater than 0.5%. A significant correlation was observed 
between the baseline A1C and the change in A1C from 
baseline at week 16 (r = 0.62, p < .005; Figure 1).

Self-monitored seven-point glucose profiles were compared 
at baseline and week 16. Mean (± SD) fasting (165 ± 43 
versus 133 ± 33 mg/dl, p < .005), preprandial (163 ± 43 
versus 141 ± 30 mg/dl, p < .05), and postprandial (191 ± 47 
versus 153 ± 36 mg/dl, p < .001) glucose values were 
reduced significantly from baseline at week 16. Pre- to post-
meal glucose excursions tended to decline after 16 weeks 
of pump therapy (28 ± 39 versus 9 ± 50 mg/dl, p = .072). 
At week 16, fasting glucose levels of less than 130 mg/dl  
and postprandial levels of less than 180 mg/dl were 
achieved by 52% and 81% of patients, respectively.

Table 1.
Baseline Demographics and Characteristics of the 
Intent-To-Treat Populationa

ITT population (n) 21

Age (years) 57 ± 13

Sex (male/female) 9 (43)/12 (57)

Weight (kg) 98 ± 20

Body mass index (kg/m2) 34 ± 5

Diabetes duration (years) 15 ± 6

A1C (%) 8.4 ± 1.4

Fasting plasma glucose (mg/dl) 165 ± 58

Fasting C-peptide (ng/dl) 1.7 ± 1.4

Total daily insulin dose (U) 99 ± 65

a Data are means ± SD or n (%).
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Insulin Dose and Dosing Patterns
At week 16, the mean daily basal, bolus, and total daily 
insulin doses were 66 ± 36, 56 ± 40, and 122 ± 72 U  
(1.2 U/kg), respectively (Figure 2). Approximately 57% 
of the total daily insulin dose was delivered in a basal 
fashion and 43% as insulin boluses. At study end,  
17 patients (80%) were treated with one daily basal rate, 
2 patients (10%) were treated with two daily basal rates, 
and 2 patients (10%) were treated with greater than two 
daily basal rates. Individual patient’s basal rates at week 16 
ranged from 0.9 to 5.5 U/h, with a mean and median  
of 2.8 ± 1.5 and 2.2 U/h, respectively.

Eight patients had a reduction in total daily insulin dose 
during the 16 weeks of pump therapy (mean total daily  
insulin dose: baseline, 127 ± 84 U; week 16, 102 ± 90 U). 
Despite the reduction in insulin dose, each of these 
patients experienced improvement in A1C (mean A1C 
change = -1.5 ± 1.2%, p = .02).

Hypoglycemia
The incidence (percentage of patients with at least one 
episode of hypoglycemia) and event rate of minor 
hypoglycemia was 81% and 21 ± 23 episodes per year, 
respectively. There was no severe hypoglycemia reported 
throughout the 16-week study.

Body Weight
Mean (± SD) change in body weight at week 16 was 
+2.8 ± 2.6 kg (p < .001). On average, patients gained the 

majority of weight (2.5 kg) during the initial 8 weeks 
of pump therapy, remaining relatively weight neutral 
(+0.3 kg) during the remaining 8 weeks of the study.

Patient-Reported Outcomes
Detailed PRO data from this study were recently published 
by Rubin and colleagues.7 Improvements from baseline 
in measures of HR-QoL (DSC-R and EQ-5D) and in 
perception of treatment (IDSRQ) were observed at week 16. 
The total DSC-R symptom score improved significantly, 
as did symptom scores for the psychology/cognitive, 
hyperglycemia, and hypoglycemia domains. The EQ-5D 
weighted index improved significantly, and there was no 
deterioration in the EQ-5D visual analog scale. At week 16,  
IDSRQ measures of treatment satisfaction, treatment 

Figure 1. (A) Mean (± standard error) change in A1C from baseline to week 16 (*p < .05, **p < .001). (B) Correlation between baseline A1C 
(on MDI therapy) and change in A1C after 16 weeks of insulin pump therapy (r = 0.62, p < .005) for the ITT population.

Figure 2. Mean (± standard error) basal, bolus, and total daily insulin 
dose from baseline to week 16 for the ITT population.
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preference, clinical efficacy, diabetes social burden, and 
psychological wellbeing all demonstrated significant 
improvement, and there were no significant changes in 
treatment interference and diabetes worry scores (Figure 3).

Adverse Events
Five “skin reactions” at insulin infusion sites were reported 
by five separate patients during the course of the study. 
Two were classified as “mild” and three as “moderate” in 
intensity. They all resolved without sequela. There were 
no serious adverse events.

Discussion
In the present subanalysis of a larger study,6,7 we assessed 
insulin pump therapy in patients who were unable to 
achieve adequate glycemic control despite basal–bolus 
therapy with MDIs. Although MDI therapy is widely 
regarded as the “last step” in insulin intensification for 
patients with T2DM,2,3 many patients on this regimen 
are unable to achieve or maintain adequate glycemic 
control.4 This highlights the importance of assessing 
alternative therapeutic modalities—including insulin 
pump therapy—for this patient population.

Although the clinical value of insulin pumps in patients 
with type 1 diabetes mellitus (T1DM) is well established,11,12 
relatively few studies have examined pump therapy in 
patients with T2DM. Randomized controlled trials of 
6–12 months duration comparing pump to MDI therapy 
have demonstrated similar improvements in A1C from 
baseline.13,14 In smaller controlled trials of shorter duration, 
greater improvement in A1C has been shown with 
insulin pump therapy versus MDI.15,16 Importantly, none 
of these studies have exclusively assessed patients who  
at baseline are “failing” intensive insulin therapy with 
a MDI regimen. Subject inclusion criteria related to 
baseline insulin regimens have been broad. Raskin et al.13 
and Herman et al.14 included patients taking at least 
one insulin injection per day, and Berthe et al.15 and 
Wainstein et al.16 studied patients “receiving insulin for 
more than 6 months” and taking greater than 1 U/kg/day 
of insulin in two or three divided doses, respectively.  
To our knowledge, a randomized controlled trial assessing 
insulin pump therapy in patients suboptimally controlled 
with MDIs has not been conducted. The results of the 
present study suggest that use of an insulin pump in this 
patient population may be an effective therapeutic option. 

Patients experienced significant improvements from 
baseline in various measures of glycemic control. The A1C 
was reduced by 1.2% and continued to decline at week 16, 

suggesting that longer treatment may have resulted in 
a greater clinical benefit. A clinically relevant composite 
A1C outcome—defined as a reduction of at least 0.5% 
and/or reaching a A1C less than 7.0%—was achieved by 
the vast majority of patients (90%). As demonstrated by 
Pickup and coworkers17 in pump-treated patients with 
T1DM, our analysis of the correlation between baseline 
A1C and change in A1C with pump therapy showed that 
A1C reduction was greatest in patients with the highest 
baseline A1C levels (Figure 1). 

Approximately 40% of the patients (n = 8) were over the 
age of 65. These patients tolerated pump therapy well and 
experienced a mean A1C reduction of 0.8% (baseline A1C  
= 8.5 ± 0.9%, mean ± SD), suggesting that, in otherwise 
appropriate insulin pump candidates, advancing age 
should not deter from considering this form of therapy.

The improvement in glycemic control (mean A1C reduction 
of 1.1%) was achieved with a relatively modest increase 
from baseline in the average total daily insulin dose 
(approximately 20%). The finding that, during the course 
of the study, 40% of patients reduced their total daily 
insulin dose yet had a concomitant improvement in 
glycemic control (mean A1C reduction of 1.5%) may 
indicate improved bioavailability of insulin when admin-
istered via continuous subcutaneous infusion. It may  
also indicate improved dosing compliance when insulin  
is conveniently available (“attached”) with a pump 
versus MDIs. 

Although we did not formally assess adherence with 
the prescribed insulin regimen, poor adherence with 
insulin dosing has been reported to occur in up to 40% 
of insulin-using patients,18 and skipped insulin injections 
due to forgotten insulin supplies has been reported to 
occur frequently.19 Missed injections can have important 
clinical consequences, as demonstrated by Randlov and 
Poulsen who estimated that as few as two missed insulin 

Figure 3. Mean (± standard error) IDSRQ scores at baseline and week 
16 (*p < .05, **p < .001) for the ITT population.
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boluses per week can result in an increase in A1C of 
approximately 0.3–0.4%.20

Past studies have suggested that device convenience may 
improve adherence with insulin therapy.21 The favorable 
clinical impact of device ease-of-use and convenience may 
be especially true for patients with T2DM who often 
initiate insulin therapy in late adulthood and who may 
have limited experience with devices and technology. In 
the present study, the majority of patients were able to 
be treated with a dosing regimen consisting of one daily 
basal rate and mealtime insulin boluses. Eleven of the 
21 patients were using over 100 U of insulin per day at 
week 16 (median total daily insulin dose = 112 U/day). 
In a pump with a 200 or 300 U insulin capacity, this 
would require replacing the cartridge every 1–2 days—a 
potentially significant treatment burden. These findings 
can serve to inform the development of “simple” insulin 
pumps tailored specifically to patients with T2DM.  
An effective pump for most patients would likely require 
the ability to deliver only one to two daily basal rates.  
Such a pump would ideally have an insulin capacity of at 
least 300 U and/or the ability to deliver concentrated 
insulin. Although not currently approved for use in pumps, 
several retrospective and uncontrolled prospective studies 
have shown U-500 insulin to be effective in some patients 
with T2DM.22,23

In the present study, patients did not experience severe 
hypoglycemia, and the incidence and event rate of 
nonsevere hypoglycemia was consistent with previous 
reports.13–16 Despite being significantly less common in 
T2DM, hypoglycemia can lead to significant morbidity and 
is an important deterrent to intensification of therapy in 
this patient population.24,25 This highlights the importance 
of patient education, including instruction on recognition 
and treatment of hypoglycemia, especially when there is  
a change in or intensification of a treatment regimen.

Patients experienced moderate weight gain, which occurred 
almost exclusively during the initial 8 weeks of pump 
therapy. Weight gain may have been attenuated by continu-
ation of metformin therapy (used by approximately 75% 
of patients) and was not associated with any untoward 
effects on blood pressure or plasma lipids (data not shown). 
Patients did not receive dietary instruction intended 
specifically for weight control, although providing this 
form of education may have helped mitigate weight gain 
and should be a standard part of clinical practice. 

Pump therapy was associated with significant improve-
ments in measures of HR-QoL and treatment preference. 

This has been a consistent finding in studies comparing 
pump to MDI therapy in T1DM.26 In patients with T2DM, 
Raskin and associates13 demonstrated in a randomized 
controlled trial that use of a pump resulted in significantly 
greater overall treatment satisfaction and preference 
compared with MDIs. From a clinical perspective, enhanced 
patient medication experience may improve outcomes by 
facilitating improved compliance and persistence.27

The present analysis has limitations that must be taken 
into consideration. It is a post hoc analysis of a larger pilot 
study, has no control group, and was of relatively short 
duration. Given their relatively small sample size and  
post hoc nature, subset analyses conducted in this study 
must be interpreted with caution. Even so, the study 
provides information that may help inform future research 
and development efforts related to pump therapy in T2DM.

Conclusion
In conclusion, insulin pump therapy using a relatively 
simple dosing regimen safely improved glucose control 
and PROs in patients with T2DM unable to achieve 
glycemic targets with MDI therapy. The development of 
insulin pumps designed specifically to meet the needs 
of patients with T2DM is important, and randomized 
controlled trials will be needed to assess their clinical 
efficacy and cost-effectiveness in patients who cannot 
achieve adequate control with MDI therapy.
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