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Abstract

OBJECTIVES—To compare clinical and economic outcomes of early insulin initiation with 

those of delayed initiation in older adults with type 2 diabetes mellitus (T2DM).

DESIGN—Retrospective cohort study.

SETTING—Humana Medicare Advantage health insurance plan.

PARTICIPANTS—Older (≥65) Medicare beneficiaries with T2DM.

MEASUREMENTS—Subjects were grouped according to number of classes of oral antidiabetes 

drugs (OADs) they had taken before initiation of insulin: one (early insulin initiators), two, or 

three or more (delayed insulin initiators). One-year follow-up outcomes included change in 

glycosylated hemoglobin (HbA1c), percentage of older adults with HbA1c less than 8.0%, 

hypoglycemic events, and total healthcare costs.

RESULTS—Overall, 14,669 individuals were included in the analysis. Baseline and 1-year 

follow-up HbA1c levels were available for 4,028 (27.5%) individuals. Insulin was initiated early in 

32% and delayed in 20%. At follow-up, unadjusted reduction in HbA1c was 0.9 ± 3.7% for the 
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group with one OAD, 0.7 ± 2.4% for those with two, and 0.5 ± 3.6% for those with three or more. 

Early insulin initiation was associated with significantly greater reduction in HbA1c (0.4%; 

adjusted P <.001), 30% greater likelihood of achieving HbA1c less than 8.0% (adjusted odds ratio 

= 1.30, 95% confidence interval = 1.18–1.43), and no significant differences in total costs or 

hypoglycemia events (11.5% of early initiators vs 10.2% of delayed initiators; P = .32).

CONCLUSION—This study suggests beneficial effects of early insulin initiation in older adults 

with T2DM who do not have adequate glycemic control, without increasing the risk of 

hypoglycemia or greater total direct healthcare costs.
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Glycemic control measured according to glycosylated hemoglobin (HbA1c) levels is the 

hallmark of management in all individuals with type 2 diabetes mellitus (T2DM), including 

those aged 65 and older.
1
 Despite the proven clinical benefits of early insulin initiation, oral 

antidiabetes drugs (OADs) remain the main treatment regimen, 
2
 even when HbA1c goals 

are not reached.
3
 Early insulin initiation in individuals with newly diagnosed T2DM has 

been found to result in long-term maintenance of glycemic control.
4
 A randomized trial 

comparing first-line insulin therapy with metformin found significant improvements in 

HbA1c control in individuals taking insulin, without greater risk of asymptomatic 

hypoglycemia.
5
 Other benefits of early insulin initiation include protection of pancreatic 

beta-cell function, better acute insulin response, alteration of disease progression,
6
 and 

prevention of damage to organs over the long term.
7

Nevertheless, insulin use remains suboptimal in real-world clinical practice settings and is 

often considered a last resort for the management of T2DM.
8
 A study from the United 

Kingdom of insulin-naive individuals aged 40 and older who were unable to achieve 

glycemic control with OADs reported a delay in insulin initiation of longer than 5 years, 

even in those with severe diabetes mellitus.
9
 According to a 2007 to 2009 U.S. National 

Health Interview Survey of individuals diagnosed with diabetes mellitus, 12% received 

insulin only and 14% received insulin and OADs,
10

 suggesting the underuse of insulin.

Insulin initiation in older (≥65) adults can be challenging because clinical practitioners need 

to balance HbA1c goals with the physical, emotional, and cognitive functioning of the 

individual.
11,12

 In a Consensus Development Conference on Diabetes and Older Adults, the 

American Diabetes Association outlined six specific geriatric syndromes for consideration 

when setting targets for HbA1c control.
13

 Although there have been some studies on factors 

associated with delayed insulin initiation in individuals with T2DM,
14,15

 they have focused 

on the attitudes and preferences of healthcare providers and participants. None have 

examined individual-level complexities that may influence the relationship between insulin 

initiation and outcomes in a real-world setting. To the best of the knowledge of the authors 

of the current study, the association between early insulin initiation and treatment outcomes 

after controlling for complexities specific to older adults has not been previously evaluated.
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The primary objective of this study was to investigate real-world clinical and economic 

outcomes resulting from early versus delayed insulin initiation in older adults with T2DM 

using a multivariate framework that adjusted for clinical, demographic, and insurance 

characteristics; healthcare use; and individual-level complexities specific to the older adults.

METHODS

Study Design and Data Source

This was a retrospective cohort study of older adults with T2DM using data derived from 

claims by Medicare beneficiaries enrolled in Humana Medicare Advantage Prescription 

Drug (MAPD) plans between January 1, 2007, and March 31, 2012. The database includes 

participant enrollment information and medical and pharmacy claims for more than 12 

million current and previous Humana members (Medicare, commercial, and Medicaid 

insurance types). Laboratory results were available for approximately 30% of the members. 

The index date was defined as the insulin initiation date, and the baseline period was defined 

as the period 6 months before the index date. The follow-up period was defined as 1 year 

after the index date.

Study Population

The study population comprised older adults with T2DM initiated on basal insulin between 

July 2007 and December 2010. Participants had one or more inpatient visits or two or more 

physician visits that were 30 days or more apart and a primary or secondary diagnosis of 

T2DM (International Classification of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes 250.x0 or 250.x2). Additional inclusion criteria were 18 months of 

continuous eligibility for medical and pharmacy benefits (6 months before (baseline period) 

and 1 year after (follow-up period) the index date); one or more OAD prescriptions; and no 

prescription for pramlintide, a glucagon-like peptide-1 agonist, or any insulin during the 

baseline period. For the HbA1c analysis, an additional inclusion criterion was the 

availability of HbA1c data during the baseline and follow-up periods.

Independent Variable: Insulin Initiation Categories

Because of lack of information regarding diabetes mellitus duration in the claim data, 

number of OADs before insulin initiation was used as a proxy for disease progression. This 

was based on the previous
16

 and current ADA guideline on pharmacological therapy for 

hyperglycemia in T2DM,
17

 in that participants were given a recommendation to start 

monotherapy with OAD (metformin or sulfonylureas) first and that insulin may be initiated 

by adding to an OAD or subsequently combinations of OADs. Older adults were grouped 

into three categories based on number of OADs used during the baseline period (before 

insulin initiation). OAD classes such as metformin, sulfonylureas, thiazolidinediones, 

dipeptidyl peptidase-4 inhibitors, alpha glucosidase, and meglitinides were identified based 

on filled pharmacy prescription claims. Participants were grouped based on their OAD use 

before insulin initiation (1 (early insulin initiators), 2, ≥3 (delayed insulin initiators)).
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Other Independent Variables

Clinical Characteristics—Using the consensus statement for diabetes care in older adults 

that the ADA published in 2012,
13

 complexities specific to older adults were defined as the 

presence or absence of five geriatric syndromes: cognitive impairment, depression screening, 

falls risk, polypharmacy, and urinary incontinence. These syndromes were identified using 

clinical diagnosis data available in the medical claims during the baseline period. Cognitive 

impairment was identified based on the presence of Alzheimer’s disease, dementia, 

Huntington’s disease, Parkinson’s disease, schizophrenia, bipolar disorder, and psychosis. 

Presence of major depressive disorder was used as a proxy for depression screening. Falls 

history, identified using ICD-9-CM E-codes
18

 and V-codes,
19

 was a proxy for falls and falls 

risk. Polypharmacy was based on concomitant use of multiple drugs in a 90-day period and 

defined as the number of drugs more than 1 standard deviation (SD) above the mean.
20

 The 

mean number of drugs prescribed ± SD was 9 ± 4 in the study population, so participants 

taking 13 or more drugs during a 90-day period during the baseline period were defined as 

having polypharmacy. Urinary incontinence was identified using ICD-9-CM diagnosis 

codes.
21

 The adapted Diabetes Complications Severity Index (aDCSI) 
22

 was used to 

measure severity of diabetes mellitus. Co-occurring conditions were defined according to the 

following hierarchy: dominant, concordant, and discordant conditions, using the framework 

specifically developed for “diabetes care within the context of comorbid chronic 

conditions,”
23

 but because of considerable overlap between the concordant and discordant 

conditions with the aDCSI and measures of complexities specific to older adults, only the 

presence of dominant conditions (cancer) was used to define co-occurring conditions. 

Baseline hypoglycemia was defined as any type of hypoglycemia event (inpatient, 

outpatient, emergency department (ED)) during the baseline period.

Demographic and Insurance Characteristics and Healthcare Use—Information 

was collected on baseline clinical, demographic (age, sex, race, region), and insurance (type 

of insurance plan, Medicare prescription drug coverage gap (doughnut hole) status) 

characteristics; healthcare use; and year of observation. The doughnut hole refers to the 

temporary limit to what amount Medicare Part D drug plans cover. Enrollees enter the 

coverage gap when they or their drug plan has spent more than a prespecified amount on 

drug reimbursements, but if the prescription drug expenses of an individual go beyond a 

predefined catastrophic amount in a given calendar year, that individual again qualifies for 

drug reimbursement through their drug plans. This Medicare prescription drug coverage or 

doughnut hole status was measured using three categories: index date in the doughnut hole, 

index date before doughnut hole in calendar year of index date, and index date after 

doughnut hole but before the end of calendar year of index date. Healthcare use was 

measured as any inpatient and ED visits and number of diabetes mellitus–related office 

visits.

Dependent Variables: Clinical and Economic Outcomes

Changes in HbA1c from baseline to 1-year follow-up (measured as the difference between 

the last observed HbA1c value at 1-year follow-up and the last observed baseline HbA1c 

value) and achievement of HbA1c less than 8.0% during the 1-year follow-up period were 

considered clinical outcomes. This HbA1c threshold was chosen because it has been 
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suggested that an HbA1c of 8.0% or greater can trigger clinical action such as active 

surveillance, intensification of OADs, and insulin initiation.
13,24

 Because the treatment goal 

for T2DM is achievement of glycemic control while minimizing the risk of hypoglycemia, 

the likelihood of hypoglycemic events was included as an additional clinical outcome. 

Hypoglycemic events were identified according to ICD-9-CM codes 250.8, 251.0, 251.1, 

and 251.2 in inpatient, ED, and outpatient settings, based on a previously published 

algorithm.
25

 Economic outcomes comprised total direct medical care costs that the plan 

measured and allowable costs for adjudicated claims and included inpatient, outpatient, ED, 

and prescription drug services. Costs were converted to constant dollars (2011) using the 

consumer price index for medical care services available from the Bureau of Labor 

Statistics. 
26

Statistical Analysis

In retrospective observational studies, there are often systematic differences in the observed 

characteristics between individuals being treated with different treatments. It is common to 

account for this kind of selection bias with techniques such as inverse probability treatment 

weights (IPTWs),
27

 which calculate the probability of individuals receiving the treatment 

based on their observed characteristics, and assign individual weights based on the inverse of 

these probabilities. These weights balance the distribution of potential confounders across 

treatment categories and minimize selection bias when assessing the effect of treatment on 

outcomes. All independent variables measured at baseline were used in a multinomial 

logistic regression model to predict the probabilities of insulin initiation after one, two, and 

three or more OADs, and the inverse of these probabilities were used as weights in all the 

analyses.

Bivariate and multivariate analyses using IPTWs were used to examine the relationship 

between insulin initiation and outcomes. Continuous outcomes (change in HbA1c from 

baseline to 1-year follow-up, log-transformed total costs) were assessed using Student t-
tests. Chi-square tests were used for categorical outcomes such as achievement of HbA1c 

less than 8.0% and likelihood of hypoglycemic events at 1-year follow-up to assess 

unadjusted differences according to insulin initiation. Multivariable analyses were conducted 

using ordinary least squares (OLS) regressions for continuous outcomes and logistic 

regressions for categorical outcomes. Standard econometric model fitting tests were used to 

select the appropriate distribution family and link for cost-modeling. These tests indicated 

that OLS with log transformation was the best fit for the data. Plots of residuals from OLS 

regression with log-transformed dollars indicated normality. For changes in HbA1c levels, 

stratified analyses were conducted using four baseline HbA1c categories (<7.0%, 7.0–7.9%, 

8.0–8.9%, ≥9.0%). All of the regressions models controlled for insulin initiation (reference 

delayed insulin initiation); clinical, demographic, and insurance characteristics; healthcare 

use variables; and year of observation. All analyses were conducted using SAS version 9.3 

(SAS Institute, Inc., Cary, NC).
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RESULTS

Baseline Characteristics

A total of 14,669 eligible individuals were included in the study. Mean age was 74, 78% 

were white, 49% were female, 63% were from the southern United States, and 42% were 

enrolled in health maintenance organization insurance plans. Baseline and 1-year follow-up 

HbA1c levels were available for 4,028 (27.5%) participants; mean last observed baseline 

HbA1c ± SD was 8.6 ± 1.7%.

Of participants with T2DM, 32% were early insulin initiators, 48% initiated insulin after two 

OADs, and 20% were delayed insulin initiators (≥3 OADs). Significant differences in 

baseline characteristics were seen between the three groups. Older adults in the early insulin 

initiation (1 OAD) group were sicker than those in the delayed insulin initiation group, as 

shown by a higher mean aDCS I (2.79 ± 2.23 vs 2.13 ± 2.02) and higher rates of 

hospitalization (40.6% vs 14.8%) and ED visits (37.4% vs 16.8%). Mean baseline HbA1c 

values of participants with baseline and 1-year follow-up HbA1c values were 8.7 ± 2.0% for 

the early insulin initiator group, 8.6 ± 1.7% for the two OAD group, and 8.6 ± 1.5% for the 

delayed insulin initiator group (Table 1).

Clinical Outcomes

Changes in HbA1c from Baseline to 1-Year Follow-Up—For all participants with 

HbA1c values available for baseline and 1-year follow-up, the mean HbA1c reduction was 

0.7 ± 1.8%. In this group, 26.7% of participants were early insulin initiators, and 23.2% 

were delayed insulin initiators. Mean HbA1c reductions were 0.9 ± 3.7% for the early 

insulin initiation group, 0.7 ± 2.4% for the two OAD group, and 0.5 ± 3.6% for the delayed 

insulin initiation group. Similar results were obtained from the OLS regressions with IPTW 

(Table 2). Early insulin initiation was associated with a significantly greater reduction in 

HbA1c at 1-year follow-up than delayed insulin initiation (−0.40%; adjusted P ≤ .001); the 

reduction in HbA1c for the group with two OADs was 0.18% (adjusted P = .008).

HbA1c reduction also differed between treatment categories and baseline HbA1c categories 

(Figure 1). When stratified according to baseline HbA1c values, the greatest reduction in 

HbA1c was observed in participants with early insulin initiation and baseline HbA1c of 

9.0% or greater (reduction in HbA1c was 2.3% for those with early insulin initiation and 

1.6% for those with delayed insulin initiation). OLS regression with IPTWs confirmed this 

result; a greater reduction (0.70%; adjusted P < .001) was observed in older adults with early 

insulin initiation and baseline HbA1c of 9.0% or greater.

Achieving HbA1c Less Than 8.0% During the 1-Year Follow-Up Period—Early 

insulin initiation was associated with greater likelihood than delayed insulin initiation of 

achieving HbA1c less than 8.0% at 1-year follow-up (64.2% of early initiators, 62.2% of 

participants initiating after 2 OADs, 59.4% of delayed initiators). Results from the 

multivariable logistic regression with IPTW were consistent in showing a 30% higher 

likelihood of achieving HbA1c less than 8.0% for early insulin initiators than for delayed 

insulin initiators (adjusted odds ratio (aOR) = 1.30, 95% confidence interval (CI) = 1.18–
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1.43, P ≤ .001) (Table 3). Similarly, participants initiating insulin after two OADs were 20% 

more likely to achieve HbA1c less than 8.0% at 1-year follow-up (aOR = 1.20, 95% CI = 

1.09–1.32, P ≤ .001) than delayed insulin initiators.

Hypoglycemia Events During 1-Year Follow-Up—Overall, 10.7% of total 

participants experienced hypoglycemic events during the 1-year follow-up, which did not 

differ significantly according to insulin initiation category (11.5% of participants with early 

insulin initiation vs 10.2% of participants with delayed insulin initiation; P = .32). 

Multivariable logistic regression with IPTW did not show statistically significant differences 

in the likelihood of hypoglycemia events between the three insulin initiation categories.

Economic Outcomes at 1-Year Follow-Up—Early insulin initiators had significantly 

greater unadjusted average total costs ($17,511) than delayed insulin initiators ($15,427) (P 
< .001), although when adjusting for confounding factors, OLS regression with IPTWs 

showed no statistically significant differences in average total costs between the three insulin 

initiation groups (Table 4).

DISCUSSION

This study examined the relationship between early insulin initiation and clinical (changes in 

HbA1c from baseline to 1-year follow-up, achieving HbA1c < 8.0%, risk of hypoglycemia 

events at 1-year follow-up) and economic (total healthcare costs) outcomes, in older 

Medicare beneficiaries with T2DM seeking care in real-world practice settings. After 

accounting for complexities specific to older adults and clinical and baseline characteristics, 

older Medicare beneficiaries with early insulin initiation had significantly greater reduction 

(0.40%) in HbA1c after 1-year follow-up than those who had delayed insulin initiation. A 

systematic review concluded that insulin initiation alone or insulin initiation when added to 

an OAD was associated with a greater than 1% reduction in HbA1c values in seven of the 14 

included studies.
8
 However, the results of the present study may not be directly comparable 

with those of the studies included in the systematic review because of differences in study 

design, population, and length of follow-up; a majority of studies included in the systematic 

review were randomized clinical trials with a short follow-up period (only one study 

followed participants for a year).

A noteworthy finding from the current study is the relationship between baseline HbA1c 

categories and changes in HbA1c during 1 year of follow-up after insulin initiation. Early 

insulin initiation did not result in greater HbA1c reduction than delayed insulin initiation for 

those with baseline HbA1c less than 8.0%, although early insulin initiation resulted in 

significant reductions in HbA1c values for participants with HbA1c of 8.0% or greater; the 

greatest HbA1c reductions were observed among those with HbA1c of 9.0% or greater. 

These findings suggest that early initiation of insulin may be beneficial to older adults with 

HbA1c of 8.0% or greater, and this threshold can be used as a trigger for clinical action to 

initiate insulin treatment, although future research is needed to confirm this finding with 

additional covariates not included in the present study, for example, obesity, smoking, and 

health literacy.

Bhattacharya et al. Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2016 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Overall, 10.7% of the study population experienced a hypoglycemic event. Some existing 

studies have suggested that initiation of insulin might be associated with lower rates of 

hypoglycemia or fewer events than in older adults taking OADs alone.
28–30

 Nevertheless, 

insulin therapy has also been known to cause hypoglycemic events, leading to 

hospitalization, higher healthcare expenditures, and cardiovascular mortality.
31

 No 

statistically significant differences were found in rates of hypoglycemic events between the 

insulin initiation groups, although the nearly 11% rate of hypoglycemic events in the study 

population, as recorded in medical claims, may be a concern for providers and older adults 

with T2DM. Therefore, caution must be used when initiating insulin therapy in older adults 

with T2DM.

In physicians and patients, the fear of adverse effects such as hypoglycemia is one of the 

reasons for not initiating insulin therapy,
32–34

 but results from this study suggest that risk of 

hypoglycemia is not statistically different in early and delayed insulin initiators. In addition, 

the average total costs after 1 year of follow-up did not differ between insulin initiation 

categories. Taken together, the absence of significant differences in hypoglycemia events and 

costs and the clinically significant reduction in HbA1c highlight the beneficial effects of 

early insulin initiation.

The 48% of older adults who initiated insulin after use of two OADs at baseline also 

experienced beneficial clinical outcomes and had no statistically significant differences in 

risk of hypoglycemia or total cost. These results suggest that it is better to initiate insulin 

earlier than later.

Findings from the present study need to be interpreted in the context of its strengths and 

limitations. Strengths of this study include the longitudinal study design, the focus on older 

adults seeking care in real-world settings, and adjustments for complexities specific to older 

adults. Another strength of the study was the availability of HbA1c outcomes, typically 

unavailable in fee-for-service Medicare databases. The IPTW technique enabled the 

selection bias that may influence the relationship between insulin initiation and outcomes to 

be reduced. Nevertheless, the study had several limitations. Because it relied on 

observational data, causal inferences cannot be made. Only filled prescriptions and not 

actual use of medications could be assessed. Because HbA1c values were available for only 

one-third of the study population, findings regarding HbA1c reductions are only applicable 

to this subgroup. Furthermore, diabetes mellitus, co-occurring conditions, and hypoglycemia 

were identified using ICD-9-CM diagnosis codes in medical claims, which may have 

contained coding errors, such as under- or overcoding. The definition of insulin and OAD 

use had certain limitations. Types of basal insulin were not differentiated; existing literature 

suggests that adding insulin glargine may have modestly better glycemic benefits than 

adding neutral protamine Hagedorn insulin, with a low risk of hypoglycemia.
35,36 

Additionally, no differentiation was made between continued and one-time use of insulin. 

Time from T2DM diagnosis to insulin initiation could not be controlled for because T2DM 

diagnosis dates were unavailable. For OAD use, because of the nature of claims data and the 

study design, only the prescription filling records for participants within 6 months before 

their insulin initiation were examined, and thus it was not possible to estimate the treatment 

duration of each OAD class and differentiate between prevalent and incident users. This 
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could result in a heterogeneous classification of individuals and bias the results. The study 

included older Medicare beneficiaries enrolled in Humana MAPD plans, so results may not 

be generalizable to all older Medicare beneficiaries with T2DM.

Although a “one-size fits all” HbA1c target of less than 8% was used in this manuscript, 

many guidelines suggest considering the age of the individual, frailty and functional status, 

duration of T2DM, and comorbidities in setting HbA1c targets.
37–40

 Nevertheless, 

operationalization of such personalized HbA1c targets, although ideal, has not been 

validated using administrative claims databases. Future studies should examine such 

approaches. The clinical reasons for early insulin initiation were not examined in this study. 

Results from this study indicated that early insulin initiators and those who initiated insulin 

after two OADs had higher rates of hospitalizations and ED visits than delayed insulin 

initiators. It is possible that those with one OAD were initiated on insulin because of high 

blood glucose during their encounters in acute care settings.

Using population-based retrospective data and adjusting for observed selection bias with 

insulin initiation, the present study evaluated the relationship between early insulin initiation 

and clinical and economic outcomes. Findings from the present study suggest that, in a 

population of older Medicare beneficiaries with T2DM in a real-world setting, early 

initiation of insulin is associated with clinically significantly lower HbA1c than delayed 

initiation of insulin. The lower HbA1c was achieved without greater risk of hypoglycemia 

events or higher total healthcare costs. Additionally, the present study suggests that early 

insulin initiation may be more effective in individuals with inadequate glycemic control. In 

the absence of clinical trials that include older adults with complex chronic conditions, such 

as those measured in the current study, these findings fill a crucial knowledge gap regarding 

the association between early insulin initiation and clinical and economic outcomes in older 

adults with T2DM.
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Figure 1. 
Mean (standard error) reduction in glycosylated hemoglobin (HbA1c) at 1-year follow-up 

compared with baseline, after use of 1, 2, and ≥3 oral antidiabetes drugs (OADs) according 

to baseline HbA1c categories. Asterisks represent significant group differences from delayed 

insulin initiation (≥3 OADs) in mean HbA1c reduction according to insulin initiation 

category (1 OAD and 2 OADs) based on unadjusted ordinary least squares regression with 

inverse probability treatment weights: ***P ≤ .001; **P < .01; *P < .05.
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Table 1

Description of Study Population According to Insulin Initiation Category in Older Medicare Beneficiaries with 

Type 2 Diabetes Mellitus (T2DM): Humana Medicare Advantage Prescription Drug Database (N = 14,669)

Characteristic

Insulin Initiation Category

P-Value
1 OAD, n = 4,702 

(32.1%)
2 OADs, n = 6,980 

(47.6%)
≥3 OADs, n = 2,987 

(20.4%)

Sex, n (%)

 Female 2,326 (32.1) 3,505 (48.4) 1,417 (19.6) .04

 Male 2,376 (32.0) 3,475 (46.8) 1,570 (21.2)

Race, n (%)

 White 3,626 (31.9) 5,381 (47.4) 2,357 (20.7) .02

 African American 800 (34.1) 1,125 (47.9) 423 (18.0)

 Latino 113 (29.5) 189 (49.3) 81 (21.1)

 Other 163 (28.4) 285 (49.7) 126 (22.0)

Age, n (%)

 65–74 2,735 (29.7) 4,463 (48.5) 1,997 (21.7) ≤.001

 ≥75 1,967 (35.9) 2,517 (46.0) 990 (18.1)

U.S. region, n (%)

 Midwest 1,219 (33.5) 1,730 (47.6) 689 (18.9) .02

 South 2,881 (31.3) 4,420 (48.0) 1,911 (20.7)

 Northeast, west, other 602 (33.1) 830 (45.6) 387 (21.3)

Insurance type, n (%)

 Health maintenance organization 1,880 (30.4) 3,084 (49.8) 1,228 (19.8) ≤.001

 Preferred provider organization 887 (33.4) 1,221 (46.0) 546 (20.6)

 Fee for service 1,917 (33.4) 2,634 (45.9) 1,192 (20.8)

 Other 18 (22.5) 41 (51.3) 21 (26.3)

Doughnut hole, n (%)

 In doughnut hole 622 (25.2) 1,024 (41.5) 823 (33.3) ≤.001

 Before or after doughnut hole 4,080 (33.4) 5,956 (48.8) 2,164 (17.7)

Any inpatient visit, n (%)

 Yes 1,272 (40.6) 1,398 (44.6) 462 (14.8) ≤.001

 No 3,430 (29.7) 5,582 (48.4) 2,525 (21.9)

Any emergency department visit, n (%)

 Yes 1,178 (37.4) 1,440 (45.8) 529 (16.8) ≤.001

 No 3,524 (30.6) 5,540 (48.1) 2,458 (21.3)

Hypoglycemia, n (%)

 Yes 314 (38.8) 354 (43.7) 142 (17.5) ≤.001

 No 4,388 (31.7) 6,626 (47.8) 2,845 (20.5)

Polypharmacy, n (%)

 >13 drugs 804 (32.6) 1,197 (48.5) 469 (19.0) .18

J Am Geriatr Soc. Author manuscript; available in PMC 2016 June 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhattacharya et al. Page 14

Characteristic

Insulin Initiation Category

P-Value
1 OAD, n = 4,702 

(32.1%)
2 OADs, n = 6,980 

(47.6%)
≥3 OADs, n = 2,987 

(20.4%)

 ≤13 drugs 3,898 (32.0) 5,783 (47.4) 2,518 (20.6)

Urinary incontinence, n (%)

 Yes 193 (39.7) 206 (42.4) 87 (17.9) .001

 No 4,509 (31.8) 6,774 (47.8) 2,900 (20.4)

Major depressive disorder, n (%)

 Yes 503 (38.0) 587 (44.3) 235 (17.7) ≤.001

 No 4,199 (31.5) 6,393 (47.9) 2,752 (20.6)

Falls risk, n (%)

 Yes 164 (41.0) 177 (44.3) 59 (14.8) ≤.001

 No 4,538 (31.8) 6,803 (47.7) 2,928 (20.5)

Cognitive impairment, n (%)

 Yes 895 (39.1) 1,014 (44.3) 381 (16.6) ≤.001

 No 3,807 (30.8) 5,966 (48.2) 2,606 (21.1)

Dominant condition (cancer), n (%)

 Yes 491 (32.4) 740 (48.9) 283 (18.7) .23

 No 4,211 (32.0) 6,240 (47.4) 2,704 (20.6)

HbA1c, mean ± SDa

 <7.0% 188 ± 17.5 256 ± 12.7 99 ± 10.6 ≤.001

 7.0–7.9% 294 ± 27.3 574 ± 28.4 304 ± 32.6

 8.0–8.9% 208 ± 19.3 457 ± 22.6 223 ± 23.9

 ≥9.0% 385 ± 35.8 733 ± 36.3 307 ± 32.9

Adapted Diabetes Complications Severity 
Index, n, mean ± SD

4,702, 2.8 ± 2.2 6,980, 2.4 ± 2.1 2,987, 2.1 ± 2.0

HbA1c, n, mean ± SDa 1,075, 8.7 ± 2.0 2,020, 8.6 ± 1.7 933, 8.6 ± 1.5

SD = standard deviation.

Based on older Medicare beneficiaries with T2DM continuously enrolled in Humana Medicare Advantage Prescription Drug plans for 18 months 
and ≥1 oral antidiabetes drugs (OADs) during the baseline period.

Significant category differences according to insulin initiation status based on chi-square tests.

a
Based on older adults with baseline and follow-up glycosylated hemoglobin (HbA1c) data (N = 4,028).
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Table 3

Inverse Probability Treatment Weight (IPTW)-Adjusted Percentages and Adjusted Odds Ratios for Insulin 

Initiation Categories from Logistic Regression on Achieving Glycosylated Hemoglobin (HbA1c) <8.0% at 1-

Year Follow-Up (N = 4,028) and Hypoglycemia Events (N = 14,669) in Older Medicare Beneficiaries with 

Type 2 Diabetes Mellitus: Humana Medicare Advantage Prescription Drug Database

Insulin Initiation Category %

Multivariable Logistic Regression

Adjusted Odds Ratio (95% Confidence Interval) P-Value

Participants achieving HbA1c <8.0%

 1 OAD 64.2 1.30 (1.18–1.43) <.001

 2 OADs 62.2 1.20 (1.09–1.32) <.001

Participants with hypoglycemia event

 1 OAD 11.5 0.95 (0.88–1.02) .17

 2 OADs 10.4 0.98 (0.91–1.06) .61

OAD = oral antidiabetes drug.

Reference ≥3 OADs.

Based on Medicare beneficiaries who had HbA1c values recorded at baseline and 1-year follow-up. Percentages and multivariate logistic regression 
estimates are adjusted for IPTWs. Multivariate logistic regression controlled for clinical (complexities specific to the older adults, adapted Diabetes 
Complications Severity Index, co-occurring conditions, baseline hypoglycemia events), demographic (sex, race, region), and insurance (Medicare 
prescription drug, coverage gap status, type of insurance plan) characteristics; healthcare use in baseline period (any inpatient visit, any emergency 
department visit, number of diabetes-related office visits); and year of observation.
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