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A major challenge of managing type 2 diabetes mellitus (T2D) 
is the escalation of therapies in the response to treatment 
regimen failure. Indeed, this treatment escalation is now the 

standard of care for this disease. Antidiabetic drugs are added to ther-
apy regimens if hyperglycemia and elevated glycosylated hemoglobin 
(A1C) values persist after the first stage of lifestyle and pharmacologic 
interventions.1 Intensive insulin therapy is often not added until mul-
tiple antidiabetic drugs fail to maintain euglycemia. However, even 
with the addition of insulin, many patients continue using multiple 
antidiabetic drugs. moreover, as the disease progresses, patients with 
T2D have increased healthcare resource utilization, including emer-
gency department (ED) visits and inpatient admissions for diabetes-
related complications and comorbidities.2-4 Insulin pump therapy, also 
called continuous subcutaneous insulin infusion (CSII), is not usually 
initiated in most T2D treatment regimens until multiple daily injec-
tion (mDI) therapy has failed. A few studies5-9 have examined whether 
switching from antidiabetic drugs or conventional insulin therapy to 
CSII offers a clinical benefit over switching to mDI. Such studies have 
focused on change in A1C level and have had mixed results. These 
studies did not examine whether CSII reduces utilization of antidia-
betic drugs or other healthcare resources.

A plausible area for investigation drawn from the sparse literature 
about CSII in T2D is whether switching to this therapy after mDI has 
failed can reduce the number of antidiabetic drugs used and the amount 
of healthcare resource utilization needed to manage the disease. The 
present study investigates antidiabetic drug and healthcare resource uti-
lization among a large real-world population of patients with T2D who 
switched from mDI to CSII.

METHODS
This study was a claims analysis using medical, pharmacy, enrollment, 

and laboratory data to assess the effects of switching from mDI to CSII. 
Subjects were enrollees in a large geographically diverse US managed 
care health plan with documentation of T2D. No identifiable protected 
health information was extracted or 
accessed during the course of the 
study. Pursuant to the Health Insur-
ance Portability and Accountability 
Act of 1996,10 the use of deidenti-
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Objectives: To evaluate the effects of switching 
from multiple daily injection (MDI) therapy to 
insulin pump therapy, also called continuous sub-
cutaneous insulin infusion (CSII), on antidiabetic 
drug and healthcare resource utilization.

Study Design: This study was a retrospective 
analysis of administrative claims data from a 
large geographically diverse health plan in the 
United States from January 1, 2005, through April 
30, 2008. 

Methods: Changes in antidiabetic drug use,  
antidiabetic drug switching and augmentation, 
and healthcare utilization during the baseline 
period and after CSII initiation were assessed  
using paired t test.

Results: There were 3649 possible subjects, of 
whom 943 met the criteria for analysis. The mean 
number of antidiabetic drugs used decreased by 
46% after CSII initiation, and the mean reduction 
in antidiabetic drug utilization was 0.67; both 
were statistically significant. More than one-third 
of subjects who were taking antidiabetic drugs 
before CSII initiation discontinued oral therapy 
after CSII initiation. The number of subjects using 
multiple antidiabetic drugs significantly de-
creased after CSII initiation by 58%, and rates of 
switching or augmenting significantly decreased 
from 42% at baseline to 25% after CSII initiation. 
The rates of emergency department visits and 
inpatient admissions significantly decreased, 
and the rate of ambulatory visits significantly 
increased.

Conclusions: CSII was associated with significant 
decreases in antidiabetic drug and healthcare re-
source utilization, contributing to stability of care. 
The evidence from this study indicates that CSII 
should be considered as an option for patients 
with type 2 diabetes mellitus who are using MDI 
and are experiencing a high degree of antidiabet-
ic drug and healthcare resource utilization.

(Am J Manag Care. 2010;16(12):892-896)
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fied data does not require institutional 
review board approval or waiver of au-
thorization. Clinical outcomes (change 
in A1C levels and A1C targets) of this 
population are published separately.11

medical claims or encounter data 
were collected from all available 
points of service such as inpatient 
and outpatient hospital records, ED 
visits, physician’s office encounters, 
and surgery center data, including 
specialty, preventive, and office-based 
treatments. medical claims and cod-
ing conformed to insurance industry 
standards. Included in the database 
were pharmacy claims representing all 
prescriptions filled at outpatient phar-
macies and submitted to the insurance 
plan for reimbursement. A 12-month 
period before CSII initiation was used 
to examine baseline demographic and 
clinical characteristics. The follow-up 
period was a minimum of 6 months 
and a maximum of 40 months. base-
line and follow-up periods were mea-
sured from the date of CSII initiation. 
Data from January 1, 1998, through 
April 30, 2008, were included in the 
study.

Patients were included if they initi-
ated CSII during the subject identifica-
tion period (January 1, 2005, through 
October 31, 2007) and had evidence 
of T2D. Evidence of T2D was deter-
mined by the presence of International 
Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) 
codes for T2D (a fifth digit of 0 or 2) in 
the medical record or by the use of any oral antidiabetic drug 
or exenatide in the claims history. Exclusion criteria included 
age younger than 18 years, missing information on sex, evi-
dence of CSII use during the baseline period, lack of continu-
ous enrollment in the health plan for a 12-month baseline 
period or less than a 6-month follow-up period, and type 1 
diabetes mellitus–related ICD-9-CM codes without evidence 
of oral antidiabetic drug or exenatide use.

Claims were analyzed at the baseline period and after CSII 
initiation for changes in antidiabetic drug (defined as any oral 
antidiabetic drug or exenatide) and healthcare resource utili-
zation. Change in antidiabetic drug utilization was calculated 

as the number of antidiabetic drugs used after CSII initiation 
minus the number of antidiabetic drugs used during the base-
line period. Healthcare resource utilization was calculated as 
the rate of ED visits, inpatient admissions, and ambulatory 
visits per subject per month (PSPm) during the baseline pe-
riod and after CSII initiation. The number of ambulatory vis-
its represented all visits for outpatient services that generated 
costs for care and not just physician office visits for the care 
and management of diabetes.

All study variables were analyzed descriptively. Numbers 
and percentages were provided for dichotomous and poly-
chotomous variables. means, medians, standard deviations, 

n Figure 1. Flowchart of the Study Sample Selection

Take-Away Points
A retrospective analysis of a large sample of managed care enrollees with type 2 diabetes mel-
litus was performed to examine the effect on antidiabetic drug and healthcare resource utiliza-
tion of switching from multiple daily injections to insulin pump therapy, also called continuous 
subcutaneous insulin infusion.

n After initiation of continuous subcutaneous insulin infusion, antidiabetic drug utilization 
was reduced by 0.67 drug (a change of 46%), and more than one-third of subjects discontinued 
antidiabetic drugs altogether.

n Inpatient admissions and emergency department visits decreased significantly. Ambula-
tory visits increased significantly.

n Continuous subcutaneous insulin infusion should be considered an alternative to continued 
use of multiple daily injections after the latter therapy has failed.

3649
Total subjects with type 2 diabetes mellitus switching to 

continuous subcutaneous insulin infusion

3647
Total subjects after excluding 2 subjects with missing sex

3545
Total subjects after excluding 102 subjects <18 y

1600
Total subjects with continuous enrollment for 12 mo before 

and >6 mo after the index date (1945 subjects excluded)

1118
Total subjects with no insulin pump therapy during 

the baseline period (482 subjects excluded)

943
Total subjects with no evidence of type 1 diabetes mellitus 

(175 subjects excluded)
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The mean (SD) number of antidiabetic drugs used 
per subject decreased from 1.45 (1.16) during the 
baseline period to 0.78 (1.01) after CSII initiation (a 
change of 46%, P<.001), which represented a mean 
(SD) reduction in antidiabetic drug utilization of 0.67 
(1.26) (P < .001). Among 4 commonly used antidia-
betic drugs (exenatide, metformin, sulfonylurea, and 
thiazolidine-dione), the reductions in utilization after 
CSII initiation ranged from 27% to 59% (Table 2).

There was a statistically significant increase in the 
number of subjects taking zero antidiabetic drugs and a 
statistically significant decrease in the number of sub-
jects taking 2 or 3 or more antidiabetic drugs (Figure 
2). The number of subjects using multiple antidiabetic 
drugs decreased from 380 (40%) during the baseline 
period to 161 (17%) after CSII initiation, a statistically 
significant reduction of 58% (P <.001). more than one-
third of subjects (270 of 755 [36%]) taking antidiabetic 
drugs during the baseline period discontinued antidia-
betic drugs after CSII initiation.

Significantly fewer subjects added antidiabetic drugs 
to their therapy regimen after CSII initiation (236 sub-
jects [25%]) than during the baseline period (396 sub-
jects [42%]) (P <.001). more subjects discontinued and 
switched antidiabetic drugs after CSII initiation than 
during the baseline period, but the difference was not 
statistically significant (62 [7%] to 82 [9%] for discon-
tinuation [P = .09]; 21 [2%] to 12 [1%] for switching 
[P = .12]).

Healthcare Resource Utilization
From the baseline period to after CSII initiation, 

there was a statistically significant decrease in ED vis-
its and inpatient admissions (0.03 PSPm [P = .001] 
and 0.02 PSPm [P <.001], respectively) and a statisti-

cally significant increase in ambulatory visits (0.21 PSPm [P 
<.001]). When the change in PSPm rate was projected over 
4 years, the resultant healthcare resource utilization was 1.4 
fewer ED visits and 1 fewer inpatient admission by using CSII 
rather than mDI. When the change in PSPm rate was pro-
jected over 1 year, the result was 0.4 less ED visit and 0.2 less 
inpatient admission (Table 3).

DISCUSSION
This large real-world population experienced significant 

and meaningful benefits by switching from mDI to CSII. We 
found statistically significant reductions in antidiabetic drug 
utilization, ED visits, and inpatient admissions. The results 
from our study suggest that CSII may allow patients with T2D 

and percentiles were calculated for continuous variables. 
Univariate analysis using paired t test was performed on the 
changes in antidiabetic drug and healthcare resource utiliza-
tion. P <.05 was considered statistically significant.

RESULTS
Antidiabetic Drug Utilization

Of 3649 enrollees identified as having T2D and using 
CSII, 943 met criteria for inclusion in the study (Figure 
1). Their mean age was 48 years, and they were followed up 
for a mean of 17 months (range, 6-39 months) (Table 1). 
Commonly reported comorbid conditions included lipid me-
tabolism disorders, hypertension, and diseases of the heart, 
thyroid, and eye.

n Table 1. Baseline Characteristics of the Study Sample

Characteristic Value (n = 943)

Follow-up period, mo

  Mean (SD) 17.10 (8.39)

  Range 6-39

Age, mean (SD), y 47.99 (11.39)

Baseline Charlson-Deyo Comorbidity  
Index, mean (SD)

2.03 (1.52)

Age group, y, No. (%)

  18-24 34 (3.6)

  25-44 293 (31.1)

  45-65 578 (61.3)

  >65 38 (4.0)

Sex, No. (%)

  Male 444 (47.1)

  Female 499 (52.9)

US region, No. (%)

  Northeasta 68 (7.2)

  Midwestb 269 (28.5)

  Southc 506 (53.7)

  Westd 100 (10.6)

Year of CSII initiation, No. (%)

  2005 242 (25.7)

  2006 374 (39.7)

  2007 327 (34.7)

CSII indicates continuous subcutaneous insulin infusion. 
aConnecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, and Vermont. 
bIllinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, 
North Dakota, Ohio, South Dakota, and Wisconsin. 
cAlabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, 
Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South 
Carolina, Tennessee, Texas, Virginia, and West Virginia. 
dAlaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New 
Mexico, Oregon, Utah, Washington, and Wyoming.
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to reduce their antidiabetic drug use. The number of subjects 
using multiple antidiabetic drugs decreased after CSII initia-
tion, while the number of subjects taking zero antidiabetic 
drugs increased; these differences were statistically significant. 
When projected over 4 years of CSII use, the statistically sig-
nificant reductions in healthcare resource utilization resulted 
in approximately 1 fewer inpatient admission and 1.4 fewer 
ED visits. reduced ED visits and inpatient admissions may 
result from better glycemic control, although the study design 
restricted our making firm conclusions. Over time, we would 
expect that reductions in the rates of inpatient admissions and 
ED visits could decrease even more. As expected, there was a 
statistically significant increase in ambulatory visits from the 
baseline period to after CSII initiation. This increase likely 
resulted from additional training and therapy customization 
required to use an insulin pump. Indeed, the decreased anti-
diabetic drug utilization, ED visits, and inpatient admissions 
support the conclusion that the increase in ambula-
tory visits did not result from disease progression. 
Positive results in other areas of the subjects’ claims 
histories indicate that expertise reduced the need 
for concomitant medication and the incidence of 
conditions requiring urgent care.

We note several limitations to our study. We 
could not capture all aspects of each subject’s medi-
cal history because the data were collected for pay-
ment and not for research. Such data help us to 
understand healthcare resource utilization but may 
be biased by coding errors, undercoding, and cod-
ing for the purpose of ruling out something other 
than the actual disease. Also, the design of our 
analysis did not allow us to control for treatment 
decisions. Inclusion in the study was determined by 
CSII initiation, thus negating the possibility of a 
control group. The 1-year and 4-year projections of 
healthcare resource utilization did not take disease 
progression into account, and ambulatory visits 

could not be projected owing to the many training visits im-
mediately after CSII initiation. Finally, the high PSPm rate 
of ambulatory visits was influenced by the method of data 
extraction, which included all visits for outpatient services 
that generate costs for care. For example, the rate includes 
laboratory services at a freestanding laboratory and visits for 
diabetes education.

We did not include a control group but chose instead to 
analyze utilization before and after initiation of CSII. both 
pre–post and treatment–control group designs are used in 
the assessment of observational data. The treatment–control 
group design, while perhaps controlling for temporal changes 
in diabetes management, suffers from inherent selection bias 
issues. That is, subjects who receive an insulin pump for man-
agement of their diabetes are likely in a different stage of dis-
ease compared with those who do not. We determined that 
the disadvantages of this type of selection effect outweighed 

n Figure 2. Antidiabetic Drugs Used During Baseline Period and 
After Continuous Subcutaneous Insulin Infusion (CSII)  
Initiation Among 943 Subjects

n Table 2. Oral Antidiabetic Drug Use During the Baseline Period and After Continuous Subcutaneous Insulin 
Infusion (CSII) Initiation Among 943 Subjects
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Oral Antidiabetic Drug

 
During Baseline Period

 
After CSII Initiation

Change From  
Baseline, %

Exenatide 104 76 −26.9

Metformin 549 397 −27.7

Sulfonylurea 284 116 −59.2

Thiazolidinedione 371 194 −47.7
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the benefits of this design. The pre–post design (similar to a 
repeated-measures design in its handling of the data) offers the 
advantage of each subject serving as his or her own control, 
although it is not without limitations. moreover, the limita-
tion of not having a control group is somewhat mitigated by 
the use of real-world data, thus showing a possible treatment 
effect without a clinical study effect.

In conclusion, continuous subcutaneous insulin infusion 
was associated with significant decreases in antidiabetic drug 
and healthcare resource utilization, contributing to stabil-
ity of care. The evidence from this study indicates that CSII 
should be considered as an option for patients with T2D who 
are using mDI and are experiencing a high degree of antidia-
betic drug utilization and healthcare resource utilization.
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n Table 3. Healthcare Resource Utilization  

Rate per Subject per 
Month, Mean (SD)

 
 
Variable

During 
Baseline 
Period

After  
CSII  

Initiation

 
 

1-mo Change

 
 

1-y Change

 
 

4-y Change

Emergency department 
visits

0.11 (0.33) 0.08 (0.37) -0.03a -0.36 -1.44

Inpatient admissions 0.03 (0.09) 0.01 (0.09) -0.02b -0.24 -0.96

Ambulatory visits 1.80 (1.65) 2.01 (1.77) 0.21b NA NA

CSII indicates continuous subcutaneous insulin infusion; NA, not available because initiation of CSII requires 
intensive training that is not always necessary once the user has experience using an insulin pump (therefore, 
projection to 1 year or 4 years may lead to an artificial inflation of the change). 
aP = .001. 
bP <.001.


