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Objective: To examine costs, resource utilization, adherence, and hypoglycemic events among 

various doses of U-100 insulin regimens among elderly patients (age 65 years) diagnosed 

with diabetes.

Methods: Truven Health Analytics Medicare databases from January 1, 2008 through December 

31, 2011 were utilized. General linear models with a gamma distribution and log link were 

used to examine costs, while logistic and negative binomial regressions were used to examine 

resource utilization and hypoglycemic events. Analyses controlled for patient characteristics, 

pre-period comorbidities, general health, and use of antidiabetic medications as well as index 

dose of insulin.

Results: All-cause inpatient, emergency room, and outpatients costs, as well as diabetes-

related inpatient costs, were highest among individuals who were treated with an index dose 

of 10–100 units/day followed by 300 units/day, while drug costs and total costs generally 

increased as index dosage increased. Resource utilization generally followed the same pattern 

as costs, with number of office visits increasing as the dose increased and the highest hospital 

length of stay, number of hospitalizations, number of emergency room visits, and number of 

diabetes-related hospitalizations were generally highest among those in the lowest and highest 

index dose cohorts. Compared to patients who initiated with an index dose of 10–100 units/

day, all other patients were significantly less likely to achieve an adherence threshold of 80% 

based upon index dose range, and while those with an index dose of 100–150 units/day were 

significantly more likely to experience a hypoglycemic event.

Conclusion: These results suggest that, for elderly individuals with diabetes, there is a higher 

patient burden among those who receive the lowest and highest insulin doses.

Keywords: insulin, diabetes, costs, resource utilization, adherence, hypoglycemia

Introduction
The US population is aging at a faster rate than at any other time in the history of the 

United States,1 with one projection estimating that the number of Americans aged 

65 years and older will be more than double – from 47.7 to 97.1 million persons – 

between the years 2015 and 2060.2 Increasing age is a non-modifiable risk factor for 

type 2 diabetes mellitus (T2DM),3 which accounts for 90%–95% of all diabetes cases,4 

and the aging of the population is a major driver of the Nation’s growing diabetes 

epidemic.5 As of 2012, one in four Americans 65 years of age or older has diabetes, 

compared to approximately one in eight among US adults overall (25.9% vs 12.3%),4 

and the prevalence of the disease among elderly individuals is increasing.6 Elderly 

persons with diabetes have greater disability, a higher burden of illness, and a greater 

risk of institutionalization relative to their counterparts without the disease,5,7 and among 
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Americans with diabetes, elderly patients have significantly 

higher rates of diabetes-related resource use, costs, and death.8 

The average, annual, excess expenditures related to diabetes 

are approximately three times as high for an elderly patient 

relative to a patient under 45 years of age (US$11,825 vs 

$4,394), and approximately twice as high relative to an indi-

vidual 45–64 years of age ($11,825 vs $5,611).9

The American Diabetes Association has stated that a 

fasting plasma glucose 126 mg/dL or an HbA
1c

 6.5% 

indicates a diagnosis of diabetes,10 and suggests that many 

non-pregnant adults should target HbA
1c

 7% to reduce 

microvascular complications associated with diabetes.10 

However, they also state that a less stringent target, such 

as 8%, may be more appropriate for elderly individuals.10 

Individuals diagnosed with type 1 diabetes mellitus (T1DM) 

require treatment with insulin to lower their blood glucose 

to target, because they are unable to produce insulin on their 

own.11 Elderly patients with T2DM also often require insulin, 

due either to the progressive nature of T2DM12,13 or to age-

related renal impairment that precludes the use of some oral 

antidiabetic (OAD) drugs.12

However, treatment of elderly individuals with insulin 

is complicated by age-related factors which affect glucose 

metabolism. Elderly patients often have increased insulin 

resistance and poor β-cell function. In addition, elderly 

individuals have changes in body composition such as a 

larger proportion of adipose tissue and reduced muscle 

mass.14 Elderly patients often have changes in meal times, 

meal composition, and amount of food consumed.14 This 

population is also more likely to have comorbid conditions 

or use medications that impair insulin sensitivity, release, or 

action.14 Furthermore, impaired cognitive function among 

elderly individuals may result in poor adherence to treat-

ment, resulting in worse glycemic control and an increased 

risk of hypoglycemia.15

Given the many complexities surrounding insulin treat-

ment among elderly patients with diabetes, as well as the high 

costs associated with treatment for this subgroup, the present 

study sought to explore associations between insulin dose 

and outcomes among a population of Americans 65 years of 

age and older. This retrospective investigation used records 

from a US-wide commercial insurance database to examine 

the dosing of insulin among patients with T1DM or T2DM 

with coverage by Medicare, the agency that provides most of 

the diabetes care for elderly US adults.8 Total and component 

medical costs, medical resource use, patient adherence, and 

the likelihood of a hypoglycemic event were examined for 

associations with insulin dose.

Methods
The Truven Health Analytics Marketscan® Medicare Supple-

mental and Coordination of Benefits database provided the 

data used in this retrospective analysis. Encompassing a 

geographically diverse population of Americans 65 years of 

age and older, the Medicare Supple mental and Coordination 

of Benefits database contains patients’ demographics and 

enrollment as well as inpatient, outpatient, and prescription 

drug claims. The study data spanned the time period from 

January 1, 2008 through December 31, 2011. All data were 

fully compliant with the Health Insurance Portability and 

Accountability Act (HIPAA).

This study examined the associations between a patient’s 

highest daily mean dose of insulin over 90 days and direct 

medical costs, resource utilization, adherence, and probability 

of a hypoglycemic event. The highest mean daily dose over 

a 90-day period was defined as the “index dose range” and 

was calculated based upon the quantity of insulin received 

over a 90-day period and the number of days of insulin cov-

ered under prescription. The insulin was from pens or vials 

that contained 100 units of insulin/mL (U-100), which is the 

standard strength of non-concentrated insulin distributed in 

the United States,16–18 and the total daily dose encompassed 

basal, bolus, or premixed formulations. The date of the first 

prescription for insulin within the index dose range was iden-

tified as the “index date”. Patients with a highest mean daily 

dose of 10 units/day or 2,500 units/day were excluded 

from the analysis.

Patients were required to have received at least two 

diagnoses of type 1 or type 2 diabetes (ICD-9-CM code of  

250.xx) over the time period from 6 months prior to the index 

date (eg, the pre-period) through 12 months post-index date  

(eg, the post-period), to be at least 65 years as of the index 

date, and to have had continuous insurance coverage from 

the start of the pre-period through the end of the post-period. 

Finally, given the requirement of a 1-year pre-period and 

1-year post-period and a database that spanned the years 

2008–2011, the index date was required to be between 

January 1, 2009 and January 1, 2011. These inclusion/exclu-

sion criteria yielded a sample of 48,173 individuals.

Medical costs for these analyses were proxied by total 

gross payments to providers who submitted claims for 

covered services rendered and were inflated to 2011 dollars 

using the medical component of the consumer price index.19 

Costs were also categorized as all-cause or diabetes-related 

if they had an accompanying diagnosis of 250.xx or were for 

the receipt of antidiabetic medication or diabetic supplies. 

Within these two groupings, costs were subdivided into 
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inpatient, emergency room (ER), outpatient, and drug costs. 

Resource utilization included hospital length of stay, number 

of hospitalizations, ER visits, and office visits. Hospitaliza-

tions were categorized as either all-cause or diabetes-related  

(ie, having an accompanying diagnosis of diabetes). Adher-

ence was proxied by the proportion of days covered (PDC), 

defined as the percentage of unique days in the post-period 

where the individual received insulin at their index dose 

range or higher. Finally, hypoglycemia was captured by 

receipt of a diagnosis for the condition (ICD-9-CM codes of 

251.0x–251.2x; 270.3x, 775.0x, 775.6x, or 962.3x).

Multivariable analyses were used to examine the rela-

tionship between the outcomes of interest and index insulin 

dosage. All analyses controlled for the individual patient’s 

characteristics (age, sex, region of residence, insurance 

coverage, and type of diabetes), pre-period general health 

status, comorbidities, antidiabetic medication use, and 

resource use. General health was proxied by the Charlson 

Comorbidity Index (CCI).20,21 Pre-period comorbid diagnoses 

of interest included retinopathy, nephropathy, neuropathy, 

coronary artery disease, peripheral vascular disease, coro-

nary heart disease, hypertension, depression, obesity, and 

malignancy. Medication use during the pre-period encom-

passed any prescription that was filled for an OAD agent,  

a non-insulin injectable, or an insulin pen, pump, or vial. 

An indicator variable for visits to an endocrinologist in the 

pre-period was also included.

Means and standard deviations for continuous variables 

and frequencies and percentages for categorical variables  

(ie, descriptive statistics) were used to characterize the 

sample. T-statistics and chi-square statistics were used to test 

for statistically significant differences between the cohorts. 

General linear models with a gamma distribution and log 

link were used to examine the costs. Two-part models were 

used to examine inpatient and ER costs, where the first 

part captured the probability of using the service and the 

second part estimated the costs among users of the service. 

Resource utilization was examined by estimating negative 

binomial regression, while logistic regressions analyzed 

the likelihood of achieving a PDC threshold of 80% or 

a hypoglycemic event. All analyses were conducted using 

SAS, version 9.3. A P-value of 0.05 was considered to be 

statistically significant. 

Results
Table 1 presents patient characteristics based upon index 

dose. Results revealed that as the dose increased, the mean 

age of the patient decreased and the percentage of males 

increased. In addition, as the index dose increased, patients’ 

overall health generally worsened, as evidenced by the higher 

mean Charlson score and the greater percentage of individu-

als diagnosed with neuropathy, coronary artery disease, or 

obesity. Patients with a higher index dose were also gener-

ally more likely to have visited an endocrinologist in the 

pre-period and to have point-of-service insurance. Patients 

with the lowest index dose were found to have the highest 

rates of depression and malignancy in the pre-period. Finally, 

patients treated with the highest or lowest dosage of insulin 

were least likely to be identified as having T1DM.

Table 2 reveals antidiabetic medication use, based upon 

index dose, both at the index date and during the pre-period. As 

index dosage increased, patients during the post-period were 

more likely to be prescribed a basal and bolus insulin, a basal 

and premix insulin, a bolus and premix, or a basal and bolus 

and premix concurrently, but were less likely to be prescribed 

only basal or only bolus insulin. Similarly, in the pre-period, 

increases in index dosage were associated with greater use of 

insulin in general, more use of basal, bolus, or analog insulin 

in particular, higher likelihood of using insulin delivered via 

pen or vial, greater likelihood of using an injectable other than 

insulin (ie, a glucagon-like peptide-1 or an amylin agonist), 

and an increased likelihood of using any type of antidiabetic 

medication. However, as the index dose increased, individu-

als became less likely to have been prescribed an OAD or a 

non-insulin injectable (glucagon-like peptide-1 analogues and 

amylin analogues) during the pre-period.

Table 3 focuses on the association between the index 

dose and total direct medical costs. Results revealed 

that as the index dosage increased, both all-cause and 

diabetes-related drug costs and diabetes-related total costs 

increased. All-cause and diabetes-related ER costs were 

highest among the lowest dose patients. All-cause and 

diabetes-related inpatient and all-cause outpatient costs 

were highest among the lowest and highest dose cohorts. 

Overall, non-drug costs constituted a larger share of total 

medical costs in the lower dose cohorts. For example, 

among individuals with an index dose of 10–100 units 

of insulin/day, non-drug costs accounted for 79.54% of 

direct medical costs and 73.99% of direct diabetes-related 

medical costs. In contrast, among individuals with an index 

dose 300 units of insulin/day, non-drug costs accounted 

for 61.76% of direct medical costs and 39.91% of direct 

diabetes-related medical costs.

Table 4 examines the differences in resource utilization 

associated with index insulin use. In general, these results 

are consistent with the cost results presented in Table 3.  
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For example, the lowest dose cohort had the highest number 

of ER visits. The lowest and highest dose cohorts had the 

longest mean hospital length of stay for any cause or for a 

diabetes-related cause, as well as the largest mean number 

of any-cause hospitalizations.

Finally, Figures 1 and 2 examine the probability of achiev-

ing a PDC threshold of at least 80% or having a hypoglycemic 

event in the post-period. Results revealed that compared to 

patients with an index dose of 10–100 units/day, patients 

who received a higher index dose were significantly less 

likely to achieve a PDC threshold of at least 80%. However, 

among patients prescribed 100 units of insulin/day, there 

was little difference in the likelihood of achieving the PDC 

threshold. For example, patients with an index dose 150–200 

units/day had a 95% reduction in the likelihood of achiev-

ing a threshold of 80% (odds ratio =0.047; 95% confidence 

Table 3 estimated direct medical costs by dose 

Dose  
10–100

Dose  
100–150

Dose  
150–200

Dose  
200–300

Dose  
300–2,500

P-value

Mean SD Mean SD Mean SD Mean SD Mean SD

Direct medical costs
Inpatient 8,917 6,336 7,273 4,569 6,993 4,386 7,420 4,756 8,324 4,946 0.0001
emergency room 812 498 741 433 781 461 712 419 696 397 0.0001
Outpatient 13,133 9,094 11,535 7,018 11,862 7,181 12,877 7,826 13,691 7,624 0.0001
Drug 5,845 1,328 7,536 1,632 8,980 1,927 10,622 2,224 14,645 3,072 0.0001
Total 28,571 15,102 27,133 12,348 28,794 13,175 31,977 14,580 38,301 16,169 0.0001
Direct diabetes-related medical costs
Inpatient 2,251 2,085 1,904 1,814 1,936 1,890 1,930 1,911 2,053 2,058 0.0001
emergency room 271 175 265 168 267 176 245 158 266 168 0.0001
Outpatient 2,357 1,301 2,380 1,239 2,657 1,450 2,505 1,362 2,957 1,471 0.0001
Drug 1,707 628 2,963 940 4,015 1,298 5,390 1,676 8,389 2,708 0.0001
Total 6,562 2,682 7,473 2,990 8,910 3,604 10,065 4,086 13,961 5,551 0.0001

Notes: Differences in outpatient drug and total costs (both total and diabetes-related) were examined using a generalized linear model with gamma distribution and log link. 
Differences in inpatient and emergency room costs (both total and diabetes-related) were examined using a two-part model where the first part estimated the probability of 
utilizing the resource of interest and the second part examined costs among those who utilized the resource of interest. All regressions controlled for patient characteristics 
(age, sex, region, insurance status), general health (as proxied by the Charlson Comorbidity Index), pre-period comorbidities (retinopathy, neuropathy, nephropathy, coronary 
artery disease, peripheral vascular disease, congestive heart failure, hypertension, depression, obesity, and malignancies), pre-period antidiabetic medication use (oral, insulin, 
or non-insulin injectable) and method of insulin delivery (pump or vial), type of diabetes, and whether the individual visited an endocrinologist in the pre-period.
Abbreviation: sD, standard deviation.

Table 4 resource utilization and index dose

Resource utilization Dose  
10–100 

Dose 
100–150 

Dose 
150–200 

Dose 
200–300 

Dose 
300–2,500

P-value

Mean SD Mean SD Mean SD Mean SD Mean SD

All patients
hospital length of stay (lOs) 3.87 3.14 3.04 1.89 3.09 1.90 3.30 1.99 3.62 2.03 0.0001
number of hospitalizations 0.56 0.32 0.48 0.22 0.49 0.23 0.50 0.23 0.56 0.25 0.0001
number of er visits 1.21 0.73 1.08 0.56 1.13 0.57 1.08 0.54 1.14 0.55 0.0001
Number of office visits 15.76 4.96 16.86 5.25 18.06 5.73 19.05 5.82 19.93 5.67 0.0001
Diabetes-related hospital lOs 1.80 1.43 1.47 0.88 1.55 0.95 1.68 0.97 1.77 0.96 0.0001
number of diabetes-related hosp 0.28 0.18 0.25 0.13 0.26 0.13 0.26 0.13 0.28 0.13 0.0001
Users of resource only
hospital lOs 9.91 2.80 9.03 2.24 8.73 2.15 9.15 2.23 9.66 2.24 0.0001
number of hospitalizations 1.46 0.26 1.42 0.23 1.41 0.22 1.42 0.20 1.47 0.21 0.0001
number of er visits 2.48 0.56 2.39 0.50 2.47 0.51 2.35 0.49 2.41 0.48 0.0001
Diabetes-related hospital lOs 8.17 2.01 7.75 1.69 7.59 160 7.95 1.60 8.92 1.92 0.0001
number of diabetes-related hosp 1.28 0.20 1.30 0.19 1.26 0.17 1.27 0.16 1.31 0.17 0.0001

Notes: Differences in all resource utilization models were examined using generalized linear model with a negative binomial distribution. All regressions controlled for 
patient characteristics (age, sex, region, insurance status), general health (as proxied by the Charlson Comorbidity Index), pre-period comorbidities (retinopathy, neuropathy, 
nephropathy, coronary artery disease, peripheral vascular disease, congestive heart failure, hypertension, depression, obesity, and malignancies), pre-period antidiabetic 
medication use (oral, insulin, or non-insulin injectables) and method of insulin delivery (pump or vial), type of diabetes, and whether the individual visited an endocrinologist 
in the pre-period.
Abbreviations: sD, standard deviation; er, emergency room; lOs, length of stay; hosp, hospitalizations.
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interval [CI] 0.037–0.057), while those with an index 

dose 200–300 units/day were 94% less likely to achieve this 

threshold (odds ratio =0.056; 95% CI 0.044–0.071). Figure 2  

illustrates that there was little association between index 

insulin dose and probability of a hypoglycemic event in 

the post-period, with one exception: patients with an index 

dose 100–150 units/day were significantly more likely to 

have had a hypoglycemic event (odds ratio =1.171; 95% 

CI 1.050–1.307) compared to patients with an index dose 

of 100 units/day.

Discussion
In 2012, persons 65 years of age or older were responsible for 

59% of all diabetes-related expenditures in the United States, 

as well as the majority of diabetes-related resource use, includ-

ing hospital inpatient days (63%), nursing/residential facility 

days (80%), hospice days (91%), outpatient physician visits 

(57%), and drug prescriptions (60%).9 To add to the current 

knowledge about this costly subgroup of patients, the present 

study examined the associations between insulin dosing and 

descriptive statistics, including age, sex, and general health, 

among a sample of patients 65 years of age or older with either 

T1DM or T2DM. In addition, this investigation looked at the 

connections between dosing and outcomes, including costs, 

resource use, hypoglycemic events, and adherence. The main 

results of this study revealed significant links between insulin 

dosing and specific patient characteristics as well as between 

dosing and costs and resource use.

Sex, age, and insulin dosing
In this study, men tended to have higher index insulin doses 

than women, consistent with the fact that men are, on average, 

larger than women in any population,22 and that insulin dosing 

has been found to be positively correlated with body weight 

as well as significantly higher in males compared to females.23 

Among this sample of elderly patients, increasing age was 

linked to lower insulin dose, a finding which reflects American 

Diabetes Association (ADA) and European Association for 

the Study of Diabetes (EASD) treatment guidelines, which 

state: “If lower targets cannot be achieved with simple inter-

ventions (among patients 65 years of age and older), an HbA
1c

 

of 7.5%–8.0% may be acceptable, transitioning upward as 

age increases and capacity for self-care, cognitive, psycho-

logical and economic status, and support systems decline”.24,25 

Likewise, previous research has also found that insulin dose 

is negatively related to age.23 This finding is consistent with 

evidence that women live longer than men26 as well as with 

research that found that hypoglycemia rates have been increas-

ing for the elderly,27 suggesting a potential benefit associated 

with lower dosing of insulin among the elderly.

Other medication use, insulin type, 
and insulin dosing
The descriptive statistics revealed that patients with T2DM 

were more likely to receive both the highest and lowest 

insulin dose ranges. The receipt of relatively low dosages 

of insulin is consistent with research that found that insulin 

used adjunctively with oral medications may require a lower 

dose relative to insulin monotherapy.28 Furthermore, this 

hypothesis is consistent with the finding that those in the 

lowest dose range were most likely to receive an OAD and 

received the highest mean number of OAD medications. 

The receipt of the highest doses of insulin among those with 

T2DM is consistent with previous research that has found 

patients with T2DM were 3.13 times more likely to be clas-

sified as obese compared to those with T1DM.29

General health and insulin dosing
As the index dose increased, the patients in this study tended 

to have more comorbid diagnoses and a higher likelihood of a 

diagnosis of neuropathy, coronary artery disease, or obesity. 
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Figure 1 Probability of PDC 80% (odds ratios and 95% CIs).
Abbreviations: PDC, proportion of days covered; CIs, confidence intervals.
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Figure 2 Probability of hypoglycemic event (odds ratios and 95% CIs).
Abbreviation: CIs, confidence intervals.
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A seemingly contradictory finding was that a pre-period 

diagnosis of hypertension, depression, or malignancy was 

associated with the “lowest” index insulin dose. Although 

apparently at odds, these observations may be explained by 

earlier research which has characterized comorbidities among 

patients with diabetes as concordant, discordant, or dominant. 

Specifically, concordant comorbidities, such as cardiovas-

cular disease, are illnesses which overlap with diabetes in 

their pathogenesis and management plans, while discordant 

comorbidities, such as mental illnesses, have unrelated 

pathogenesis and management plans.30 Dominant illnesses, 

such as cancer, are those illnesses whose severity eclipse all 

other illness management plans.30 Given that research has 

shown that concordant comorbidities are associated with 

better diabetes care, while discordant or dominant illnesses 

are associated with diminished diabetes care,31 the findings 

that depression and malignancy are associated with lower 

doses of insulin suggest that patients with these conditions 

may be undertreated with insulin.

Associations between dosages, 
costs, and resource use
The patients receiving the lowest dosages in this study had 

the greatest acute care (inpatient and ER) costs and acute care 

usage, including the highest number of ER visits, the largest 

all-cause ER costs, and the highest diabetes-related ER costs. 

In addition, the lowest dose cohort had the greatest all-cause 

and diabetes-related inpatient costs, the longest mean hospital 

length of stay for any cause or for a diabetes-related cause, 

and the largest mean number of any-cause hospitalizations. 

These outcomes indicate that the lowest dose cohort had 

poorly controlled diabetes, likely due to what has been 

defined as “clinical inertia”,32 meaning their treatment dos-

ages were lower than needed for adequate control. Previous 

research has suggested that the knowledge and attitude of 

health care providers, as well as fear of hypoglycemia, may 

be reasons for such undertreatment.32 While there are poten-

tial benefits of lowering insulin doses, especially among the 

elderly, this research suggests that there are also potential 

costs in terms of increased hospitalization and ER visits.

Despite having the highest acute care use and costs, the 

lowest dose cohort had the lowest all-cause and diabetes-

related drug and total costs. However, as it has been argued, 

it is important to distinguish between “expectable” and 

“unexpectable” medical costs in the treatment of any chronic 

disease.33 “Expectable” costs are those incurred to support 

comprehensive and continuous care and tend to reflect 

patients’ engagement in their treatment. Such costs often 

include routine outpatient care, various medical tests and 

supplies, and medications.33 In contrast, “unexpectable” costs 

are those incurred for acute or intensive care, such as ER 

services and hospitalization. Acute care use is often linked 

to poorer long-term treatment outcomes,34,35 and acute care 

has been shown to be avoidable through the use of appropri-

ate expectable outpatient care.33,36 As the lowest dose cohort 

comprised a large majority of patients in the overall sample 

(32,325 out of 43,547), our findings indicate that the costs 

of the undertreatment of diabetes are experienced not only 

by the individual patient but also by the overall health care 

system, which must struggle to keep up with the unpredict-

able and intensive needs of these patients.

Finally, the highest dose patients had the largest total 

health care costs, due mostly to their very high drug costs. 

In addition, the highest dose cohort was second only to the 

lowest dose cohort in having the highest acute care use and 

costs. Since the highest dose patients had the greatest burden 

of comorbid diagnoses, as well as a higher likelihood of 

having neuropathy, coronary artery disease, or obesity, it is 

possible that these individuals had advanced cases of diabe-

tes, which tends to worsen over time due to the progressive 

decline of pancreatic β-cell function.37 It has been noted in 

the literature that “failure of β-cell function in the late stages 

of the disease is further compounded by the complications 

of diabetes and by the likelihood of significant comorbidities 

in elderly patients”.37 The highest dose cohort also may have 

had insulin resistance, given that the use of 200 units of 

insulin/day is a marker of insulin resistance,38 and this group 

used 300 units/day. Previous literature has noted a reluc-

tance to prescribe and use very high doses of U-100 insulin 

as well as a reduced physiological response among patients 

on such regimens;38 this evidence may help to explain the 

poor outcomes among the highest dose patients in our study. 

In any case, the findings indicate that patients with U-100 

insulin doses 300 units/day constitute a unique treatment 

subgroup whose diabetes may not be adequately controlled. 

It has been suggested that the use of U-500 may improve 

the likelihood of achieving optimal glycemic control among 

extremely insulin-resistant patients such as the highest dose 

patients in the present population.38

Dosing, adherence, and 
hypoglycemia
Medication adherence has been shown to be the single factor 

with the greatest impact on treatment costs, in studies where 

adherence was proxied by the medication possession ratio.39,40 

In the present study, the lowest index dose (100 units/day) 
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the analyses focused on statistical significance and were 

unable to determine whether differences in outcomes repre-

sented minimal clinically important changes.

Conclusion
In this study, elderly adult patients with diabetes who were 

using the highest doses observed (300 units/day) consti-

tuted the smallest, but on average, most costly cohort of 

patients had the lowest adherence to index insulin dose. For 

example, this cohort had the highest average drug and total 

direct medical costs as well as the second highest average 

acute care costs. Another key finding of this study indicates 

that a large majority of US elderly patients with diabetes 

may be undertreated. For instance, all-cause inpatient and 

ER costs, as well as diabetes-related inpatient and ER costs, 

were highest among the largest cohort of individuals, who 

were treated with the lowest dose observed (ie, an index dose 

of 10–100 units/day), an observation which may indicate a 

humanistic and acute care burden associated with clinical 

inertia in the treatment of elderly persons with diabetes.

Furthermore, a U-shaped pattern for average, all-cause 

costs (except drug costs), diabetes-related inpatient costs, and 

resource use were also generally observed, with costs highest 

among those who received the lowest and highest index dose 

ranges. These results suggest higher patient burden among 

those with the lowest and highest insulin doses and suggests 

that physicians may wish to pay particular attention to these 

two groups of elderly individuals.

Acknowledgments
The authors thank Patricia Platt for her assistance in 

manuscript preparation, which was financially supported by 

HealthMetrics Outcomes Research.

Disclosure
Kate Van Brunt, Cynthia Brusko, Bradley Curtis, and 

Elizabeth L Eby completed this project while employed by 

Eli Lilly and Company. Maureen J Lage was compensated 

by Eli Lilly and Company for her work on this project. The 

authors report no other conflicts of interest in this work.

References
1. Centers for Disease Control and Prevention. CDC – State of Aging and 

Health in America (SAHA) – Aging – Healthy Aging for Older Adults; 
2013. Available from: http://www.cdc.gov/aging/help/dph-aging/state-
aging-health.html. Accessed April 3, 2014.

2. U. S. Census Bureau DIS. 2012 National Population Projections: Sum-
mary Tables; 2013. Available from: http://www.census.gov/population/
projections/data/national/2012/summarytables.html. Accessed April 3, 
2014.

was associated with improved adherence (ie, a PDC threshold 

of at least 80%). This finding supports earlier evidence that 

adherence to antidiabetic therapies tends to decrease as treat-

ment complexity increases.40–42 Furthermore, the relatively 

poor adherence among high-dose cohorts is consistent with 

research suggesting that adherence among this group may 

be improved by utilizing strategies to lower the daily injec-

tion burden, such as using an insulin pump43 or using U-500 

insulin.43,44

Hypoglycemic events are a serious potential consequence 

of insulin therapy, and such events have been linked to sig-

nificant humanistic and economic costs.32 This study found 

no association between index insulin dose and the likelihood 

of experiencing a hypoglycemic event, with the exception 

that those with an index dose of 100–150 units/day were 

more likely to experience a hypoglycemic event compared 

to those with an index dose of 10–100 units/day. While this 

finding is inconsistent with the literature which has reported 

higher rates of hypoglycemia with intensive insulin therapy,45 

it may reflect the limitation of relying upon diagnostic codes 

to identify hypoglycemia. Given the research that has found 

that fear of hypoglycemia is a common cause for not adjust-

ing insulin dose upward among individuals with T1DM and 

HbA
1c

 higher than 8.5%,46 the finding in this study that there 

is not an increased risk of hypoglycemia as dose increases 

suggests that patients and/or physicians may wish to consider 

increasing insulin doses when appropriate.

Limitations
The analyses were based on observational insurance claims 

data, which may affect the generalizability of the results. First, 

for instance, the claims database included only individuals 

with continuous medical and prescription benefit coverage, 

and insulin dosing categories resulted in unbalanced sample 

sizes. Second, the use of diagnostic codes is not as rigor-

ous as formal assessments and may underrepresent certain 

conditions or events (eg, obesity, hypoglycemia). Third, the 

use of claims data precluded an examination of associations 

between outcomes and non-documented factors such as race, 

body mass index, insulin sensitivity, or duration of diabetes. 

Fourth, the dataset did not allow for an investigation of 

causes (eg, of differences in dosing). Fifth, the methodology 

precluded observation of the manner in which the insulin was 

self-administered (eg, whether/how the individual patient may 

have self-adjusted the dosing) and any related effects. Fur-

thermore, while the analyses were not conducted separately 

for patients with type 1 or type 2 diabetes, all multivariable 

analyses controlled for differences in diabetes type. Finally, 
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