
© 2013 Grabner et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

ClinicoEconomics and Outcomes Research 2013:5 471–479

ClinicoEconomics and Outcomes Research

Using observational data to inform the design  
of a prospective effectiveness study for a novel  
insulin delivery device

Michael Grabner1

Yong Chen2

Matthew Nguyen3

Scott D Abbott3

Ralph Quimbo1

1HealthCore, Inc., Wilmington, 
DE, USA; 2Merck and Co., Inc., 
Whitehouse Station, NJ, USA; 
3Valeritas, Inc., Bridgewater, NJ, USA

Correspondence: Michael Grabner 
HealthCore, Inc., 800 Delaware Avenue,  
Fifth Floor, Wilmington, DE 19801, USA 
Email mgrabner@healthcore.com

Objective: To inform the design and assess the feasibility of a prospective effectiveness study 

evaluating an insulin delivery device for patients with diabetes mellitus to be conducted within 

the membership of a large US commercial insurer.

Methods: Providers who issued ≥1 insulin prescription between January 1, 2011 and 

September 30, 2011 were selected from administrative claims contained in the HealthCore 

Integrated Research DatabaseSM. Adult diabetes patients with visits to these providers were 

identified. Providers were dichotomized into high- (HVPs) and low-volume providers (LVPs) 

based on median number of diabetes patients per provider.

Results: We identified 15,349 HVPs and 15,313 LVPs (median number of patients = 14). Most 

HVPs were located in the Midwest (6,291 [41.0%]) and South (5,092 [33.2%]), while LVPs 

were evenly distributed across regions. Over 80% (12,769) of HVPs practiced family or internal 

medicine; 6.4% (989) were endocrinologists. HVPs prescribed insulin to an average of 25% of 

patients. Patients of HVPs (522,527) had similar characteristics as patients of LVPs (80,669), 

except for geographical dispersion, which followed that of providers. Approximately 65% of 

patients were aged 21-64 years and 97% had type 2 diabetes. Among patients with ≥1 available 

HbA
1C

 result during 2011 (103,992), 48.3% (50,193) had an average HbA
1C

 ≥7.0%. Among 

patients initiating insulin, 79.6% (22,205) had an average HbA
1C

 ≥7.0%.

Conclusion: The observed provider and patient populations support the feasibility of the pro-

spective study. Sampling of patients from HVPs is efficient while minimizing bias as patient 

characteristics are similar to those from LVPs. The study also highlights unmet needs for improved 

glycemic control since approximately half of patients with diabetes are not on goal.

Keywords: diabetes mellitus, claims analysis, prospective study design, insulin delivery

Background
The American Diabetes Association (ADA) recommends a hemoglobin A

1c 

(HbA
1c 

) level below 7.0% as a goal for most patients diagnosed with diabetes mellitus.1 

Achieving and maintaining glycemic goals leads to reduced morbidity and mortality 

over the long term, as well as reduced health care costs and resource utilization.2–7 Yet, 

the proportion of patients who maintain recommended glycemic levels is low and has 

consistently remained low.4,8–10 Data from the National Health and Nutrition Examina-

tion Survey showed that among people with diabetes, the mean HbA
1c

 level was 7.18% 

in 2003–2004.11 Although an improvement from the mean level of 7.82% in 1999–2000, 

only 56.8% of the patients had HbA
1c

 levels below 7.0% in 2003–2004.11

Complex diabetic treatment regimens, the need for multiple medications, and patient 

resistance to insulin therapy are known to affect goal attainment.12–17 Reasons for resisting 
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insulin therapy include fears of weight gain, hypoglycemia, and 

pain related to injections and testing, as well as embarrassment 

of having to inject insulin in public places.15–17 A survey of 

patients using insulin delivered either by syringe or pen revealed 

23% of patients thought the insulin injections interfered with 

their daily activities more than a little, and 25% believed 

injections negatively affected at least one of their normal daily 

activities. A full third of patients surveyed said they dreaded 

their injections. These perceptions lead to 57% of patients 

admitting they skipped necessary insulin doses, 20% of whom 

skipped needed doses sometimes or often.18 A 2011 survey of 

2,104 patients (692 on insulin) found that 72% of patients who 

were on three or more injections per day did not take insulin 

away from home, while 96% of patients on 1–2 injections per 

day did not take injections away from home.19 In short, adher-

ence to insulin therapy is directly influenced by the complexity 

of the regimen and the burden of treatment.

Therefore, there is a clear need for simplified insulin regi-

mens that minimize patient concerns to help patients increase 

treatment adherence and reach treatment goals. Improved insulin 

delivery devices help address patient concerns about injections 

while simplifying insulin administration. The V-Go® Dispos-

able Insulin Delivery Device (Valeritas, Inc., Bridgewater, 

NJ, USA) allows for continuous subcutaneous delivery of a 

basal rate of insulin over a 24-hour period with on-demand 

bolus dosing at mealtimes, eliminating the need for multiple 

injections throughout the day. The device is mechanical, not 

electronic, providing convenient and simple physiologic basal 

bolus delivery of insulin. The efficacy of the device has been 

previously demonstrated in small-scale settings;15,20 however, 

prospective real-world effectiveness data are limited.

To inform the design of such a prospective real-world study, 

a retrospective administrative claims analysis was conducted. 

While study design is often informed by a systematic literature 

review, the statistics from such a review may not be directly 

applicable to a prospective study. A retrospective analysis 

of the target population was thought to be more informative. 

The objectives of the retrospective claims analysis were two-

fold: (1) to describe the characteristics of the providers who 

prescribe insulin for patients with diabetes mellitus within the 

population of a large commercial health insurer; and (2) to 

provide a foundation for the methods of a prospective study 

of the V-Go Disposable Insulin Delivery Device, including a 

feasibility assessment and strategies to identify suitable pro-

vider sites and patient populations. This study may also serve 

as a model to shape the design of prospective studies in other 

areas, whenever information on the patient and/or provider 

population of interest is available at the outset.

Research design and methods
This retrospective cross-sectional analysis used data compiled 

from the HealthCore Integrated Research Database (HIRDSM). 

The HIRDSM is an integrated medical and pharmacy claims 

dataset of commercially insured patients. The database 

includes claims data for 14 major commercial health plans 

across the US representing 44 million lives. The database 

captures patients’ medical claims, pharmacy claims, and labo-

ratory tests, as well as provider characteristics. All data were 

handled in compliance with the Health Insurance Portability 

and Accountability Act of 1996. Institutional review board 

approval was not required since researchers only had access 

to a limited study database with masked patient identifiers.

Provider identification
Providers who prescribed insulin (generic product identi-

fier [GPI] 2710x) at least once during the study period 

(January 1, 2011 through September 30, 2011) were identified 

from pharmacy claims and stratified according to patient 

volume. Patient volume per provider was determined by 

the annual number of patients with diabetes (International 

Classification of Diseases–ninth revision, Clinical Modifi-

cation [ICD-9-CM]: 250.xx) seen by each provider. Using 

the number of patients per provider, providers were divided 

into two groups: high-volume providers (HVPs), which were 

those who had a patient volume equal to or higher than the 

median; and low-volume providers (LVPs), or those with a 

patient volume below the median.

Patient identification
All patients in the study had a diagnosis of type 1 or type 2 

diabetes, were 21 years of age or older, and had seen a pro-

vider previously identified by pharmacy claims. Patients were 

required to have available medical and pharmacy administra-

tive claims as well as continuous and currently active health 

plan eligibility during the 2011 calendar year. Laboratory 

results were available for part of the population. Patients were 

stratified by the patient volume of their prescribing physician 

(high or low) during 2011. Note that a single patient may 

have seen multiple providers.

Outcome measures
Provider characteristics included geographic region of pro-

vider practice, specialty, the average number of patients per 

provider with type 1 or type 2 diabetes, frequency of insulin 

prescriptions, and number of currently active patients per pro-

vider. Among patients with available electronic laboratory 

results for HbA
1c

, the average prevalence per provider of 
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patients with HbA
1c 

levels $7.0% during the study period was 

also evaluated. Provider prescribing patterns were measured 

by the average prevalence of patients without any antidiabetic 

prescription fills, oral antidiabetic agents (including sulfo-

nylureas [GPI: 2720x], antidiabetic amino-acid derivatives 

[GPI: 2723x], metformin [GPI: 2725x], meglitinides [GPI: 

2728x], alpha-glucosidase inhibitors [GPI: 2750x], dipeptidyl 

peptidase-4 inhibitor [GPI: 2744x], insulin sensitizing agents 

[GPI: 2780x] [ie, thiazolidinediones], or any combination 

thereof [GPI: 2799x]), or insulin (either basal, premix, 

regular, fast-acting, or any combination). Glycemic control 

was measured as the proportion of patients with average 

HbA
1c

 levels above the ADA recommended goal of 7.0%, 

as determined by laboratory results.

For patients, outcome measures included demographic 

characteristics, geographic region, and comorbid condi-

tions, which were identified using ICD-9-CM diagnosis and 

procedure codes.

Statistical analysis
Descriptive statistics including means and standard deviations 

were used for continuous data; relative frequencies and pro-

portions were used for categorical data. Due to the exploratory 

nature of this study, no hypothesis testing was performed.

Results
Provider and patient characteristics
A total of 30,662 providers were identified from claims 

as having at least one insulin prescription during 2011 

(Table 1). The median number of patients per provider was 14. 

Among all providers, 15,349 had 14 or more patients and 

were classified as HVPs in 2011; 15,313 providers were 

classified as LVPs.

On average, each HVP saw 34 patients with diabetes as 

compared to five patients with diabetes for an LVP in 2011. 

HVPs were located mostly in the Midwest (6,291 provid-

ers, 41.0%) and South (5,092 providers, 33.2%) versus the 

Northeast (1,859 providers, 12.1%) and West (2,107 provid-

ers, 13.7%). LVPs were more evenly dispersed geographically 

(Table  2). A total of 489 providers were identified in the 

database who had at least 25 patients who met the minimum 

criteria for the prospective study (type 2 diabetes, $1 insulin 

Table 1 Provider and patient identification

Provider identification Number  
of providers (%)

Providers with $1 insulin prescription  
between January 1, 2011 and September 30, 2011, 
with patients =21 years of age 

30,662 (100%)

HVPs 15,349 (50.1%)
LVPs 15,313 (49.9%)

Patient identification Number 
of patients (%)a

Patients = 21 years of age with a diagnosis of  
diabetes seen by the selected providers, with  
continuous health plan eligibility between  
January 1, 2011 and September 30, 2011

603,196 (100%)

  Patients seen by an HVP 
  Patients seen by an LVP

522,527 (86.6%) 
80,669 (13.4%)

Note: aThese are nonunique patient counts, since a given patient could have visits 
to multiple providers.
Abbreviations: HVP, high-volume provider; LVP, low-volume provider.

Table 2 Provider characteristics stratified by provider volume 
in 2011

Provider characteristics High volumea Low volume

n = 15,349 n = 15,313

Demographics
Region, n (%)
  Northeast 1,859 (12.1) 3,493 (22.8)
  Midwest 6,291 (41.0) 4,123 (26.9)
  South 5,092 (33.2) 3,923 (25.6)
  West 2,107 (13.7) 3,774 (24.7)
Specialty, n (%)
  Primary-care physician 6,939 (45.2) 4,871 (31.8)
  Endocrinologist 989 (6.4) 648 (4.2)
  Internal medicine 5,830 (38.0) 4,965 (32.4)
  Other 1,591 (10.4) 4,829 (31.5)
Patient density, mean n (mean %)
Volume of patients (per provider)
 � Number of patients per provider 34.04 5.27
  Type 1 diabetes 1.01 (2.6) 0.2 (4.9)
  Type 2 diabetes 33.03 (97.4) 5.07 (95.1)
Prescribing patterns, mean n (mean %)
Antidiabetic treatments (per provider)
  No prescription fills 9.28 (27.9) 1.27 (19.0)
  Oral antidiabetics 20.25 (60.0) 3.09 (57.1)
    Sulfonylureas 7.72 (22.7) 1.17 (21.4)
    Metformin 13.38 (39.9) 2.1 (38.8)
    Meglitinides 0.43 (1.3) 0.08 (1.6)
  �  Alpha-glucosidase  

inhibitors
0.1 (0.3) 0.02 (0.4)

  �  Dipeptidyl peptidase-4  
inhibitors

3.17 (9.3) 0.48 (8.7)

  �  Insulin sensitizing agents 3.22 (9.5) 0.49 (9.3)
  �  Antidiabetic combinations 3.12 (9.0) 0.43 (8.1)
  Insulin 8.95 (24.9) 1.84 (48.3)
    Basal only 2.81 (8.3) 0.59 (15.6)
    Premix only 0.8 (2.3) 0.15 (3.8)
    Regular only 0.12 (0.3) 0.02 (0.5)
    Fast-acting only 1.27 (3.1) 0.21 (5.1)
  �  Any insulin combination 3.95 (11.0) 0.87 (23.3)
    Pen 5 (13.9) 1.01 (26.8)

Note: a“High-volume providers” are those with $14 diabetic patients in 2011.
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prescription, aged 21 or older). Most providers were primary 

care or internal medicine physicians with only a minority 

specializing in endocrinology. HVPs had a higher propor-

tion of primary care and internal medicine physicians and 

endocrinologists compared with LVPs (Table 2).

Treatment patterns
A greater proportion of patients seen by HVPs received no 

antidiabetic prescription fills compared with patients see-

ing LVPs (27.9% versus 19.0%, respectively). On average, 

approximately 58.5% of patients seen by HVPs and LVPs 

were prescribed oral antidiabetic agents in 2011. The most 

commonly prescribed oral agent was metformin, prescribed 

to approximately 39.4% of patients of both HVPs and LVPs 

(Table 2).

The average proportion of patients who received insulin 

was higher among LVPs than HVPs (48.3% versus 24.9%, 

respectively; Table  2). By specialty, endocrinologists pre-

scribed more insulin (52.5%) and fewer oral agents (54.5%) 

compared with primary care (insulin, 22.0%; oral agents, 

62.0%) and internal medicine physicians (insulin, 24.9%; 

oral agents, 58.3%; data not shown).

Patient characteristics
In 2011, 30,662 providers identified from the pharmacy 

claims as having $1 insulin prescription during the study 

period saw a total of 603,196 patients with diabetes aged 21 

years or older. One patient could see multiple providers in 

a year (the unique patient count was 325,311). Nearly half 

of the patients were women, 96.9% had type 2 diabetes, and 

two-thirds were aged 21–64 years. Most patient character-

istics were similar regardless of whether patients saw an 

HVP or LVP (Table 3). Geographical distribution was the 

only patient characteristic that varied between patients of 

HVPs versus LVPs. The majority of HVP patients resided 

in the Midwest (215,647 patients, 41.3%) or South (169,002 

patients, 32.3%), while LVP patients were more evenly dis-

tributed across regions, similar to the provider distribution 

(Table 3).

Glycemic control
Electronic HbA

1c
 laboratory results were available for 17.1% 

and 13.0% of patients visiting HVPs and LVPs, respectively, 

for a total of 103,992 patients (the unique patient count with 

electronic HbA
1c

 laboratory results was 55,389, equivalent to 

17.0% of the total number of unique patients in the study). Of 

the 103,992 patients who had a laboratory test for HbA
1c

, 48.3% 

(50,193 patients) had an average HbA
1c

 level above the ADA-

recommended goal of ,7% during 2011. Among patients with 

an average HbA
1c

 ,7.0%, 10.6% received insulin, compared 

with 44.2% who had HbA
1c

 levels $7.0%. Additionally, 59.6% 

of those with average HbA
1c 

levels ,7.0% received oral antidi-

abetic medications, compared with 71.6% of those who had 

HbA
1c

 levels $7.0%. Approximately a third of patients (35.1%) 

with HbA
1c

 levels ,7.0% received no antidiabetic prescription 

fills compared with 8.8% of patients who had HbA
1c

 levels 

$7.0% (Table S1).

Table 3 Patient characteristics stratified by provider volume 
in 2011

Patient characteristics High-volume  
providersa

Low-volume  
providers

Number of patients 522,527 80,669
Demographics, n (%)
  Age (years), mean (± SD) 60.4 (13.6) 59.11 (14.2)
    21–64 339,447 (65.0) 54,490 (67.6)
    $65 183,080 (35.0) 26,179 (32.5)
  Female 263,485 (50.4) 39,505 (49.0)
  Health plan type
    HMO 134,444 (25.7) 10,751 (13.3)

    POS 8,359 (1.6) 2,210 (2.7)

    PPO 310,960 (59.5) 53,170 (65.9)

    Other 64,472 (12.3) 13,210 (16.4)
  Region
    Northeast 52,552 (10.1) 15,710 (19.5)

    Midwest 215,647 (41.3) 23,297 (28.9)

    South 169,002 (32.3) 14,751 (18.3)

    West 57,606 (11.0) 22,766 (28.2)

    Unknown 27,720 (5.3) 4,145 (5.1)
  Medicare prescription drug plan
    Any Medicare 146,205 (28.0) 19,876 (24.6)

      Advantage 107,277 (20.5) 12,140 (15.1)

      Supplemental 32,930 (6.3) 6,209 (7.7)

      Part D 24,225 (4.6) 6,073 (7.5)
Medical history
  Disease of interest
    Type 1 diabetes 15,578 (3.0) 2,999 (3.7)

    Type 2 diabetes 506,949 (97.0) 77,670 (96.3)
  Comorbidities
    Hypertension 381,037 (72.9) 53,931 (66.9)

    Hyperlipidemia 352,307 (67.4) 47,404 (58.8)

    Neuropathy 62,857 (12.0) 10,319 (12.8)

    Retinopathy 56,083 (10.7) 9,042 (11.2)

    Obesity 56,335 (10.8) 9,195 (11.4)

    Mental illness 112,286 (21.5) 17,167 (21.3)

    Severe mental illness 35,207 (6.7) 5,900 (7.3)

   � Other ischemic heart disease 
and angina

103,461 (19.8) 15,377 (19.1)

    Amputation and ulceration 20,695 (4.0) 3,759 (4.7)
 � Quan-Charlson21 comorbidity 

index (mean ± SD)
1.41 (2.0) 1.52 (2.1)

Note: a“High-volume providers” are those with $14 diabetic patients in 2011.
Abbreviations: HMO, health maintenance organization; POS, point of service; 
PPO, preferred provider organization; SD, standard deviation.
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The mean HbA
1c

 level among all patients with at least one 

HbA
1c

 laboratory result was 7.4% (±1.7%), with 51.7% of 

patients at the ADA-recommended level. Mean HbA
1c

 levels 

were similar between patients of HVPs and LVPs (7.4% and 

7.5%, respectively), with similar percentages of patients at 

recommended levels (51.8% for HVPs and 50.8% for LVPs; 

Table  4). Among patients receiving insulin, however, the 

mean HbA
1c

 level was 8.5% (±1.9%), and only 20.4% of 

these patients were at the recommended level. Results were 

very similar across primary care, internal medicine, and other 

medical provider groups; these providers were, therefore, 

grouped together as “Other” for the purposes of evaluation 

(Table 4). Endocrinologists as a subspecialty had a higher 

percentage of patients above the recommended HbA
1c

 level 

of ,7.0%, likely reflecting the increased complexity and 

severity of diabetes in this patient population.

Discussion
The diabetes treatment patterns observed among insulin 

prescribing providers identified in the HIRDSM were close 

to national averages; for example, the low use of thiazoli-

dinediones follows national trends (data not shown).12 On 

the other hand, the use of metformin in our provider sample 

is lower than the 2007 national average of 54%.12 This may 

be due to a variety of reasons: introduction of newer antidi-

abetic treatments since 2007; patterns of current diabetes 

management within the confines of our study population; and 

maybe also an implication of our study design, which selected 

providers who prescribed insulin, such that overall metformin 

use within this provider population is underrepresented. Our 

analysis also showed that providers who treat a high volume 

of patients with diabetes had a greater prevalence of patients 

receiving no antidiabetic prescription medications compared 

with LVPs. One possible explanation may be that HVPs 

are more likely to have the resources to recommend and 

supervise changes to health behaviors to their patients, such 

as diet modification and exercise, which are not captured in 

the claims. It is also possible that HVPs may have a higher 

proportion of patients who cannot afford medications and 

try alternative measures.

The findings regarding glycemic control also reflect 

national trends that have been described in previous stud-

ies.4,8–11 A longitudinal, national health survey of people with 

diabetes found mean HbA
1c

 levels of 7.18% in 2003-2004, 

and only 56.8% of patients had HbA
1c

 levels below 7.0%.11 

In the current analysis of patients with diabetes enrolled in 

large commercial health plans, half of those with electronic 

laboratory results had an average HbA
1c

 level $7.0% in 2011, 

which exceeds the level recommended by the ADA for most 

patients with diabetes. Among patients taking insulin, the 

mean HbA
1c

 level was 8.5%, with 79.6% of patients having 

levels $7.0%. This finding is also consistent with previously 

published studies, which demonstrated that among patients 

taking insulin, approximately 60% have levels exceeding 

the recommended 7.0%.22–24 Furthermore, despite a provider 

analysis population selected based on the presence of insulin 

prescriptions, 55.8% of patients who had an average HbA
1c

 

level $7.0% were not receiving insulin.

Despite these trends for glycemic control, insulin remains 

a readily available and effective treatment for uncontrolled 

diabetes. Adherence to insulin, however, is low.17 Patients 

resist insulin therapy because of inconvenience, embarrass-

ment related to injections, and pain.15–17 Injections are hard 

to keep private with traditional insulin delivery devices; 

the “fear of embarrassment in public” is the second most 

important reason why patients did not take insulin therapy.15 

Alternative delivery options are becoming available that may 

increase adherence. Delivering insulin to mimic normal phys-

iology through a more convenient device may help reduce 

HbA
1c

 levels to within recommended ranges.1,15,20 The results 

of this retrospective analysis showed that among patients 

with at least one laboratory test for HbA
1c

, half had glycemic 

levels above the recommended goal. Moreover, nearly 80% 

of patients who received insulin therapy in 2011 had an HbA
1c

 

Table 4 HbA1c distribution among patients with diabetes

All patients Patients with 
insulina

Provider specialty High-volume  
providersb

Low-volume  
ProvidersEndo Other

Total patients, n 103,992 27,897 11,349 92,643 92,164 11,828
  Mean HbA1c% (SD) 7.41 (1.7) 8.49 (1.9) 7.73 (1.8) 7.37 (1.7) 7.40 (1.7) 7.45 (1.7)
  Median HbA1c% 6.9 8.1 7.3 6.9 6.9 6.9
  ,7% 53,799 (51.7) 5,692 (20.4) 4,579 (40.4) 49,220 (53.1) 47,786 (51.9) 6,013 (50.8)

  $7% and ,8% 22,572 (21.7) 7,379 (26.5) 2,817 (24.8) 19,756 (21.3) 20,054 (21.8) 2,519 (21.3)

  $8% and ,9% 11,704 (11.3) 5,700 (20.4) 1,699 (15.0) 10,005 (10.8) 10,331 (11.2) 1,373 (11.6)

  $9% 15,916 (15.3) 9,126 (32.7) 2,254 (19.9) 13,662 (14.8) 13,993 (15.2) 1,923 (16.3)

Note: aPatients with at least one fill for any insulin in 2011. b“High-volume providers” are those with = 14 diabetic patients in 2011.
Abbreviations: Endo, endocrinologist; HbA1c, hemoglobin A1c ;  SD, standard deviation.
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level above 7.0%. This suggests a sizable population with 

unmet therapeutic needs who may be candidates for simpler 

and physiologic insulin therapy.

Strategies that delay or prevent HbA
1c

 levels from exceed-

ing the recommended ranges, such as lifestyle management 

and metformin, are preferable to initiating insulin therapy 

after the fact. Diabetes-related costs begin accruing as early 

as 8 years before diabetes is diagnosed.25 Lifestyle modifi-

cation, including weight loss and exercise, and the use of 

metformin are not only cost-effective preventive strategies but 

they are also cost-saving over the long term.26–28 Additionally, 

initiating oral antidiabetics or indeed insulin therapy early, 

perhaps even before diabetes is diagnosed, may reduce the 

incidence of diabetes and was cost effective for patients with 

cardiovascular risk factors and dysglycemia.29 Nevertheless, 

the progressive nature of diabetes typically requires inten-

sification of therapy to achieve glycemic control, often 

involving insulin.1

The V-GoAL prospective study is currently underway to 

examine the effectiveness of the V-Go Disposable Insulin 

Delivery Device in improving insulin adherence and gly-

cemic control compared with usual care. Results from this 

prospective study may then be linked with claims data to 

generate cost-effectiveness or cost-benefit analyses of using 

an insulin delivery device to improve glycemic control. The 

results of the retrospective claims analysis study reported here 

can be used to inform the prospective study and improve its 

design. The feasibility of using the HIRDSM to obtain study 

participants has been confirmed, as a sufficient number of 

providers were identified in the database who had at least 

25 patients with diabetes who met the inclusion criteria for 

the prospective study. The retrospective claims results also 

indicated that providers who treated more than the median 

number of patients with diabetes were representative of all 

providers, with characteristics similar to those who treated 

fewer patients with diabetes. Thus, selecting providers who 

treat a high number of patients with diabetes to participate in 

the prospective study can be regarded as an efficient recruit-

ment strategy to facilitate enrollment. The knowledge gained 

regarding the characteristics of the provider and patient 

populations contained in the HIRDSM may help avert bias in 

provider and patient selection. The approach outlined in this 

article may also serve as a model for future studies that seek 

to inform prospective research.

The results of the retrospective analysis have been used 

to inform the design of the prospective study, particularly 

in regard to selection of providers stratified by geographic 

region. The analysis showed a higher proportion of HVPs 

located in the Midwest and South, whereas LVPs were more 

evenly distributed geographically (Figure 1). The geographic 

distribution of providers, particularly HVPs, and patients 

reflects the national distribution of patients in this large 

commercial health plan and hence in the HIRDSM. While it 

is reasonable that HVPs would more likely be concentrated 

in regions with higher densities of patients, LVPs would not 

necessarily need to be based in areas with greater numbers 

of patients with diabetes. Nevertheless, the geographic 

distribution of HVPs in the Midwest and South may lead 
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Figure 1 Distribution of providers with $25 currently active diabetes patients across the US in 2011.
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to oversampling of these two regions. Therefore, to have a 

nationally representative sample of providers, the prospec-

tive study will include randomly selected providers stratified 

by region.

Limitations
This analysis had some limitations. First, mean HbA

1c
 levels 

in 2011 were used to assess goal attainment; it is possible 

that patients had additional laboratory results not captured in 

the dataset and therefore may have been misclassified. Sec-

ond, electronic HbA
1c

 laboratory results were available for a 

subset of approximately 15% of the total patient population; 

still, this represented more than 100,000 patients who were 

included in the evaluation of glycemic control. The percent-

ages were representative of the overall study population and 

agreed with those reported in previous research.30

Third, the analysis assessed goal attainment at the popula-

tion level, not taking account of individual patient circum-

stances, and did not examine patient adherence to therapy. 

To suit the design requirement for the prospective study, 

the providers selected for inclusion in this analysis were 

those with $1 insulin prescription, thus the results may not 

generalize to providers who prescribe only oral antidiabetic 

agents. The claims data offered limited ability to examine 

provider characteristics (eg, age and years of practice) that 

may also affect treatment decisions. Lastly, claims-based 

research depends on the diagnostic and procedural codes 

entered onto forms, and coding errors may have occurred. 

Although the patient population was large, it was limited to 

those who are members of a large US commercial health plan, 

and the results may not be generalizable to those with differ-

ent types of health insurance coverage or those in countries 

other than the US.

Conclusion
Using data from a large commercially insured population, 

this retrospective observational study investigated the char-

acteristics of diabetic patients and their providers to help 

inform the design and feasibility of a prospective study 

of a new insulin delivery device. Patient characteristics 

were similar regardless of whether patients were treated by 

providers who had a high or low volume of patients with 

diabetes in their practices. Therefore, recruiting patients 

from practices of HVPs is an efficient strategy to facilitate 

enrollment into the prospective real-world study, without 

introducing bias. Selecting providers stratified by region may 

increase the national representativeness of the prospective 

study. Lastly, with as many as half of patients with diabetes, 

and nearly 80% of patients receiving insulin, having HbA
1c

 

levels $7.0%, there is clearly an unmet need for simplified 

insulin therapy.
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Table S1 Characteristics of patients with an average HbA1c level 
,7.0 and $7.0 in 2011

Average HbA1c level in % ,7.0 
n = 53,799

$7.0 
n = 50,193

Regiona, n (%)
  Northeast 5,429 (10.1) 4,948 (9.9)
  Midwest 13,231 (24.6) 11,879 (23.7)
  South 23,541 (43.8) 23,278 (46.4)
  West 6,054 (11.3) 4,338 (8.6)
  Unknown 5,544 (10.3) 5,750 (11.5)
Antidiabetic Treatment, n (%)b

  No prescription fills 18,882 (35.1) 4,410 (8.8)
  Oral antidiabetics 32,035 (59.6) 35,920 (71.6)
    Sulfonylureas 7,789 (14.5) 16,246 (32.4)
    Metformin 22,285 (41.4) 23,504 (46.8)
    Meglitinides 532 (1.0) 838 (1.7)
    Alpha-glucosidase inhibitors 133 (0.3) 173 (0.3)
    Dipeptidyl peptidase-4 inhibitors 4,096 (7.6) 7,240 (14.4)
    Insulin sensitizing agents 4,831 (9.0) 6,464 (12.9)
  �  Antidiabetic combinations 4,859 (9.0) 7,683 (15.3)
  Insulin 5,692 (10.6) 22,205 (44.2)
    Basal 4,153 (7.7) 16,934 (33.7)
    Pre-mix 609 (1.1) 3,199 (6.4)
    Regular 278 (0.5) 1,035 (2.1)
    Fast-acting 3,020 (5.6) 11,833 (23.6)

Notes: aRegion is based on the residency of patients; bIndividual patients may 
receive multiple treatment types.
Abbreviation: HbA1c, hemoglobin A1c.

Supplementary table
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