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Abstract

Objective—Diabetes mellitus is common in the nursing home (NH) population, yet little is
known is known about prescribing of glucose-lowering medications in the NH setting. We
describe trends in initiation of glucose-lowering medications in a national cohort of NH residents.

Design and Setting—Retrospective cohort study using Part A and D claims for a random
20% of Medicare enrollees linked to NH Minimum Data Set (MDS) and Online Survey,
Certification, And Reporting (OSCAR) databases in 7,158 U.S. NHs.
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Participants—11,531 long-stay (continuous residence of =90 days) NH residents =65 years
old with diabetes who received a glucose-lowering medication between 2008 and 2010 after four
months of non-use.

Measurements—Medicare Part D drug dispensings of glucose-lowering treatments; resident
and facility characteristics preceding medication initiation.

Results—We observed decreasing sulfonylurea initiation from 25.4% of initiations in 2008 to
11.7% in 2010, an average decrease of 1% per quarter (95% CLs: —1.5, —0.5). Thiazolidinedione
initiation decreased from 4.7% to 1.9%, an average decrease of 0.3% per quarter (95% CLs: -0.4,
-0.2), and meglitinide initiation from 1.5% to 0.3%. No appreciable linear trends were observed
for metformin (range 12-18.8%) and dipeptidyl peptidase-4 (DPP-4) inhibitors (range 0.9-2.7%).
In contrast, insulin use increased from 51.7% to 68.3% during the same time period, driven by a
marked increase in initiation of rapid-acting insulin (11% to 29.4%; average increase of 1.4% per
quarter, 95% CLs: 0.9, 1.9) and a modest increase in short-acting insulin (22.6% to 30.3%; an
average increase of 0.6% per quarter, 95% CLs: -0.1, 1.3).

Conclusions—Between 2008 and 2010 there were substantial decreases in the use of oral
glucose-lowering agents and corresponding increases in the use of insulin among long-term
residents of U.S. nursing homes.

Keywords

Nursing home; diabetes; long-term care; pharmacotherapy; treatment choice variation; glucose-
lowering; quality of care

Introduction

One and one-half million older United States (U.S) adults live in a nursing home (NH) and
25% of all adults spend the final stages of their lives in these settings.? Available estimates
suggest that 25 to 35% of elderly NH residents have diabetes mellitus.2 3 Information on
how these NH residents are treated pharmacologically is limited despite the necessity for
monitoring the quality of prescribing in all health care settings.*-” Quantifying patterns of
treatment initiation is an essential part of assessing quality of pharmaceutical care and
informs future efforts to provide guidance for selecting treatments for diabetes.8-10 The
objective of this study was to describe national trends in the use of different glucose-
lowering medications in the management of diabetes in NH residents from 2008 to 2010.

Methods

Data and Study Population

The Institutional Review Board of Brown University reviewed and approved this study. The
study cohort consisted of a random 20% national sample of Medicare Fee-For-Service
beneficiaries. We linked data for this sample from Parts A and D claims with the Minimum
Data Set (MDS) for the years 2007 to 2010 and obtained information about beneficiaries’
NHs from the Online Survey, Certification, And Reporting (OSCAR) data. The Medicare
claims data provided information on patient demographics, Medicare eligibility,
hospitalizations, and dispensings of prescription drugs for each patient. Medicare Part D
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provided information on drug name, dosage, route of administration, quantity dispensed, and
days supplied. Part D is ubiquitous in NHs with approximately 81% of residents enrolled in
2006.11 The MDS is a federally-mandated health assessment tool that captures information
on cognitive, physical, and psychosocial functioning; active clinical diagnoses and health
conditions; and treatments and services. NH staff assess each resident at least annually for
all MDS measures, at three-month intervals for many measures, and at any time that a
significant change in resident status occurs.12 We used the MDS 2.0, which has been found
generally reliable and valid for measuring domains when used by trained staff.13 The
OSCAR database consists of facility-level data elements collected at NHs for the purpose of
certification for Medicare and Medicaid programs.14 The OSCAR database includes NH
facility characteristics, staffing level information, survey deficiencies, and aggregate resident
characteristics.

Our study cohort comprised all long-stay NH residents 65 years or older with diabetes who
initiated a glucose-lowering treatment between January 1, 2008 and December 31, 2010
(Appendix Figure Al). We defined long-stay residents as those with 90 or more consecutive
days in a NH. We defined the date of each resident’s first eligible prescription as the index
date. We excluded residents who were prescribed any glucose-lowering medication in the
four months preceding the index date (prevalent users of any glucose-lowering medication)
and those who were prescribed a combination product (consisting of two or more glucose-
lowering agents) on their index date. All patients were required to have maintained
continuous Medicare Part D insurance eligibility for the six months preceding the index
date. Residents were not required to be in the NH throughout the entirety of the four months
preceding the index date, but were required to be in the NH at the time the glucose-lowering
medication was initiated. Residents were identified as having diabetes if a diagnosis was
present on any MDS assessment, which has good validity for identifying diabetes diagnoses
in NHs.15

Glucose-lowering Medications

We began assessing medication initiation in 2008 and used 2007 data to identify previous
dispensings of glucose-lowering medication. We considered a medication as newly initiated
in a quarter if it was newly dispensed on one of the days included in that quarter. We
categorized patients based on the class of medications on which they were initiated in the
NH. Drug classes were mutually exclusive and based on mechanism of action. We only
considered drugs if they were U.S. Food and Drug Administration (FDA) approved and on
the U.S. market during the study period. The classes of non-insulin glucose-lowering
medications considered were biguanides (i.e., metformin, the only available biguanide),
sulfonylureas, thiazolidinediones, dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors; i.e.,
sitagliptin, the only one available in this cohort), meglitinides, alpha-glucosidase inhibitors,
glucagon-like peptide-1 receptor agonists (GLP-1 agonists), and amylin mimetics. The types
of insulin considered included rapid-acting (i.e., aspart, glulisine, lispro), short-acting
(regular human recombinant), intermediate-acting (neutral protamine Hagedorn human
recombinant, lente), and long-acting (i.e., glargine, detemir, ultralente). The insulins were
then subcategorized by onset of effect as either bolus (rapid- and short-acting) or basal
(intermediate- and long-acting). In a secondary analysis, we also assessed initiations of
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animal insulins, including isophane beef-pork, isophane pork pure, regular beef-pork, zinc
beef-pork, and zinc pork purified. We also performed a secondary analysis where we
included the previously excluded cohort of combination product initiators and examined
them. A full list of the individual noninsulin glucose-lowering medications and combination
products can be found in Appendix Table A2.

Resident and Facility Characteristics

To ascertain the presence of clinically-active conditions, comorbidities, and geriatric
conditions, we used the MDS 2.0 data up to one year prior to the initiation of a glucose-
lowering medication. We calculated the MDS Activities of Daily Living (MDS-ADL) score
using seven ADLs (bed mobility, transfer, locomotion, dressing, eating, toilet use, and
personal hygiene), each ranging from 0 (total independence) to 4 (total dependence).16 The
sum of the seven individual items forms a 28-point scale, where higher scores indicate
greater physical impairment.

We examined the following NH characteristics in the OSCAR data that was closest and up to
fifteen months prior to each resident’s index date: structure and size (membership in a multi-
facility corporation, for-profit status, inclusion in a hospital system, and number of beds),
staffing (direct care hours/resident/day provided by nursing staff), quality indicators
(percentage of residents physically restrained, percentage of residents on psychoactive
medications, number of quality-of-life survey deficiencies), and proportion of residents paid
for by Medicaid.

Statistical Analysis

Results

Means with standard deviations, medians with interquartile range, and proportions were
used to describe the characteristics of patients and NHs preceding initiation. We plotted the
initiation of glucose-lowering medications in each of the 12 quarters of our three-year study
period. We assessed linear trends in the use of each class of medications over time using
simple linear regression models fit with ordinary least squares. These models provided an
estimate (with 95% confidence limits [CLs]) of the difference in the proportion of each class
of glucose-lowering medications by quarter during the study period. We checked model
assumptions (linearity, normality, homoscedasticity, high-leverage observations) by plotting
observed versus predicted values, residuals versus predicted values, and normal quantile
plots.1” We completed all analyses using SAS version 9.4 (SAS Institute, Cary, NC).

Characteristics of Study Cohort

There were 11,531 long-term care NH residents who initiated a glucose-lowering
medication. The mean age of the cohort was 81.0 years and more than 38% were 85 years of
age or older (Table 1). Approximately 40% of the cohort was male. Nearly one-third
(30.1%) had a hospitalization in the year prior to initiating a glucose-lowering medication
and most residents had multiple comorbidities, including hypertension (77.8%), congestive
heart failure (29.0%), and ischemic heart disease (26.1%). More than three-fourths (76.6%)
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of the cohort required at least extensive assistance with activities of daily living prior to
initiating a glucose-lowering medication.

The individuals in our study cohort resided in 7,158 NHs during the study period. The
majority of these facilities were part of a multi-facility corporation (55.3%), for profit
(72.7%), or had at least 100 beds (67.2%). On average, the facilities provided 3.5 hours of
direct nursing care daily to each resident. Facilities had a median of 1.8% of residents
physically restrained, an average of 65.8% of residents on psychoactive medications, and
42.7% had at least one quality-of-life survey deficiency. A majority of the NH facilities
(82.8%) had more than 50% of their residents on Medicaid. We document the number (i.e.,
count) of individuals initiated on a glucose-lowering medication in each quarter in Appendix
Table A3.

Noninsulin Glucose-lowering Medication Use

Figure 1 depicts the use of noninsulin glucose-lowering medications by class over the study
period in all U.S. NH residents. In the first quarter of 2008, 25.4% of residents with diabetes
initiated sulfonylureas, 15.2% metformin, 4.7% thiazolidinediones, 1.5% DPP-4 inhibitors,
and 1.5% meglitinides. Less than 0.1% of residents initiated an alpha-glucosidase inhibitor
or GLP-1 agonist and no residents initiated an amylin mimetic. Between the first quarter of
2008 and the last quarter of 2010, the percentage of patients initiating sulfonylureas
decreased from 25.4% to 11.7%, an average decrease of 1.0% per quarter (-1.0%, 95% CLs:
-1.5, -0.5). Over the same period, the percentages of initiations of metformin and DPP-4
inhibitors did not show linear trends (0.0%, 95% CLs: —0.0, 0.0 for both), but the percentage
of initiations of thiazolidinediones decreased from 4.7% to 1.9%, an average decrease of
0.3% per quarter (—0.3%, 95% CLs: —0.4, —0.2). The percentage of initiations of
meglitinides declined from 1.5% to 0.3%, an average decrease of 0.1% in new use per
quarter (-0.1%, 95% CLs: -0.1, -0.1).

Sulfonylureas

Insulin

Second-generation sulfonylureas (glimepiride, glipizide, and glyburide) were all frequently-
dispensed through the study period (Figure 2), though their use declined over the study
period. Between the first quarter of 2008 and the last quarter of 2010, the percentage of
patients initiating glyburide decreased from 6.3% to 3.3%, an average decrease in use of
0.3% per quarter (—0.3%, 95% CLs: —-0.4, —0.1). The percentage of initiations of glipizide
declined from 13.6% to 5.0%, an average decrease of 0.6% per quarter (-0.6%, 95% CLs:
-0.9, -0.3), and initiations of glimepiride declined from 5.3% to 3.3%, an average decrease
of 0.2% per quarter (-0.2%, 95% CLs: 0.3, —0.0). Glyburide accounted for 54% of all
sulfonylurea initiations in the first quarter of 2008, in contrast to 43% in the last quarter of
2010.

Overall, percentage use of any type of insulin in the NH increased from 51.7% in the first
quarter of 2008 to 68.3% in the last quarter of 2010, an average increase of 1.4% per quarter
(1.4%, 95% CLs: 0.5, 2.3). Between the first quarter of 2008 and the last quarter of 2010, the
percentage of patients initiating bolus insulin increased from 33.5% to 59.7% (Figure 3), an
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average increase of 2.0% per quarter (2.0%, 95% CLs: 0.9, 3.2). Regular insulin remained
the most commonly initiated bolus insulin throughout the study period, though insulin aspart
was dispensed more frequently over time (Figure 4). During the same period, rapid-acting
insulin use increased from 11% to 29.4%, an average increase of 1.4% per quarter (1.4%,
95% CLs: 0.9, 1.9), and short-acting insulin use increased from 22.6% to 30.3%, an average
increase of 0.6% per quarter (0.6%, 95% CLs: —0.1, 1.3). In contrast, use of basal insulin
decreased over the study period from 18.1% in 2008 to 8.6% in 2010, an average decrease of
0.6% per quarter (—-0.6%, 95% CLs: —1.0, —0.2). Intermediate-acting insulin use accounted
for 3.1% of new glucose-lowering medication initiations in the first quarter of 2008, but had
declined to a nadir of 0.8% by the last quarter of 2010. Over the same time period, long-
acting insulin use declined from 15% to a low of 7.8%, an average decrease of 0.6% per
quarter (—0.6%, 95% CLs: —0.9, -0.2). As shown in Figure 5, insulin glargine was the basal
insulin most commonly prescribed throughout the study period. No residents initiated lente
or ultralente human insulins or animal insulins during the study period.

Combination Products

Of all glucose-lowering medications initiated in the NH throughout the study period, 4.3%
were for combination (premixed) insulin products. Use of combination insulins decreased an
average of 0.3% per quarter (—0.3%, 95% CLs: —0.4, —0.2) from 6.4% at the beginning of
2008 to 2.5% at the end of 2010. The most commonly prescribed insulin combination
product was insulin regular-insulin neutral protamine Hagedorn, which accounted for 73.5%
of all combination insulin use in the NH. Combination oral glucose-lowering products
accounted for 0.8% of all glucose-lowering medications initiated. On average, percentage
use of these oral combination products decreased 0.1% per quarter (=0.1%, 95% CLs: —0.1,
-0.0) from 1.4% in 2008 to 0.6% in 2010. The most commonly prescribed oral combination
products were glyburide-metformin (52.8%; introduced to U.S. market in 2000), metformin-
sitagliptin (16.5%; introduced in 2007), and metformin-pioglitazone (15.4%; introduced in
2005).

Discussion

Our study, which employed a nationally-representative sample of all U.S. NHs, indicates the
changing landscape of diabetes drug therapy in the NH setting. Dramatic changes in the
prescribing of insulin were observed, with rapid-acting insulin driving much of that new
uptake. Although second-generation sulfonylureas were once the mainstay of pharmacologic
diabetes therapy, the market share of all sulfonylureas declined over time. A similar pattern
was observed for thiazolidinediones. This trend followed the widely-publicized 2007 U.S.
Food and Drug Administration Boxed Warning that cautioned against cardiovascular adverse
events including myocardial infarction with the thiazolidinedione rosiglitazone, plus
concerns about increased heart failure risk with both rosiglitazone and pioglitazone.18-22
Similar shifts in prescribing for other classes of medications have been observed when the
FDA issued boxed warnings that were widely disseminated among physicians.23-2% We
found little use or increase in the market share of newer glucose-lowering medications
DPP-4 inhibitors (introduced in 2006), GLP-1 agonists (exenatide, introduced in 2005, was
the only one used despite availability of liraglutide starting in January 2010), and amylin
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mimetics (introduced in 2005). This low uptake is perhaps due to limited prescriber
experience with the drugs, cost, route of administration, Medicare Part D plan formulary
inclusion and status, lack of studies in older patients, and concern about undesirable side
effects in a frail population.® 7

Previously published literature on trends in glucose lowering medications only focused on
young, ambulatory patients or among NH residents, those residing in the Veterans Affairs
(VA) NHs.® Our study adds to the literature by focusing on a nationally representative
sample of nursing home residents, on the new initiation of prescribing of glucose-lowering
medications, and on trends in individual and combination medication products. In addition,
we examine the use of insulins by type and individual product.

Lee and colleagues focused on 123 VA NHs using administrative data linked to laboratory,
pharmacy, and MDS data.6 As in our study, they found stable use of metformin, which is
often considered first-line therapy for diabetes in older adults due to its low risk for
hypoglycemia and low cost, as well as decreasing use of the sulfonylurea glyburide and
thiazolidinedione medications from 2005 to 2011.%: 7 In contrast, we found that decreases in
sulfonylurea initiations were driven by all medications in the class, not only glyburide. At
the end of our study period, the decrease in glyburide use as a proportion of all sulfonylurea
initiations suggested a shift in practice toward use of sulfonylureas with a more favorable
adverse effect profile. Evidence of hypoglycemia risk associated with glyburide began
mounting in 1996 and the class-wide decrease in use of sulfonylureas likely is due to an
increasing general concern about the risk of hypoglycemia in geriatric individuals with all
members of this drug class. 26-31 Given the high prevalence of diabetes in the NH (25 to
35% of all residents), using the percentage of NH residents with diabetes receiving glyburide
or sulfonylureas in general is of interest as a potential process quality measure to assess both
prescriber and facility quality of care.19 A medication-related measure would complement
process measures from other domains of care, such as appropriate diagnosis of diabetes, diet
orders, and monitoring via hemoglobin Alc (HbA1c).32 Future studies should aim to
document the use of glyburide in the wake of the 2012 and 2015 Beers List
recommendations to avoid use of glyburide and its absence from the American Medical
Directors Association guidelines.2 28 29,32

We found a large increase in the new use of insulin therapy among NH residents. Viewed in
aggregate, it appears that prescribers progressively favored bolus insulin therapy and ceased
initiating patients on sulfonylureas, thiazolidinediones, and basal insulin therapy during the
study period. In particular, prescribers started more patients on rapid-acting insulins. The use
of rapid-acting insulin over regular insulin may have been due in part to the dissemination of
evidence that suggested rapid-acting insulins were associated with a modest decrease in
hypoglycemia compared to regular insulin.33: 3 Guidelines recommend mealtime bolus
insulin to control post-prandial hyperglycemia, especially as an addition when basal insulin
with or without oral agents is no longer adequate to achieve glycemic targets, but basal
insulin is preferred to maintain constant insulin levels and suppress hepatic glucose
production between meals. 4 3235 Increased use of insulin may therefore partially reflect
efforts to achieve stricter blood glucose control in NH residents during the study period. It
will be of interest in future studies to determine whether this pattern changes with the
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adoption of current clinical guidelines recommending less stringent glycemic targets in NH
residents, especially for those who are frail or with limited life expectancy.”- 9 36 Use of
combination products containing two glucose-lowering medications in our NH sample was
similar to that documented in studies of younger individuals in the community.37

Our study has several limitations. First, we lacked laboratory data such as HbAlc levels,
which would have allowed us to confirm the presence of diabetes in our study population.
However, prior studies confirm the validity of Medicare claims and the MDS for identifying
diabetes.15 Second, our study covers only a three-year period. While a longer duration may
have been preferable, three years of calendar time is nonetheless sufficient for describing
trends. Third, we were unable to differentiate those with type 1 from those with type 2
diabetes to determine whether trends differed by diabetes type. Approximately 4% of all
diabetes in the U.S. is type 1, and the relative prevalence of type 2 diabetes increases with
advancing age. 38 39 Thus, the vast majority of individuals in our study undoubtedly have
type 2 diabetes.38 39 Our study also has several strengths. First, our dataset is a large,
nationally-representative sample that allows us to describe trends for, essentially, the entire
long-term care U.S. NH population across thousands of NH facilities. In particular, we
included female NH residents, who comprise 70% of the national long-term care NH
population and are virtually excluded from the VA studies. Second, we studied incident
rather than prevalent use of glucose-lowering medications, allowing us to isolate the
prescribing decision in the NH population and to capture trends in initiation rather than just
continuation of treatment. Third, we had patient-specific (rather than unit- or ward-stock)
basal and bolus insulin use measured in our data, allowing us to forgo the imputation
procedures required in other data. Fourth, we describe trends in individual glucose-lowering
medications, including those that are not included on the VA formulary (e.g., glimepiride).
Lastly, we assessed use of combination glucose-lowering medication products, which have
not been previously described for the NH population.

In summary, we documented the incident use of glucose-lowering medications in all U.S.
NHs between 2008 and 2010. There were shifts in glucose-lowering treatment use for
diabetes in the NH over this relatively short time period. This work will be useful for
informing future cost-effectiveness analyses and identifying prescribing-related quality of
care measures, such as the proportion of residents with diabetes prescribed glyburide. Our
study may also inform the prioritization of new comparative pharmaceutical effectiveness
research questions to identify the role of newer glucose-lowering therapies in the treatment
of diabetes in NH residents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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National trends in the use of non-insulin glucose-lowering medication classes in the nursing

home, 2008-2010.
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Choice of sulfonylurea prescribed among sulfonylurea initiators over time in the nursing

home, 2008-2010.
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National trends in the use of different types of insulin in the nursing home, 2008-2010.
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Choice of bolus insulin prescribed among bolus insulin initiators over time in the nursing

home, 2008-2010.
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Choice of basal insulin prescribed among basal insulin initiators over time in the nursing

home, 2008-2010.
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Baseline * Characteristics of Study Long-term Care Residents (N=11,531) and Nursing Homes (N=7,158)

Resident Characteristics

Male sex—n (%)
Age at time of medication initiation—mean (SD) years
265 to <75
=75 to <85
=85 to <95
295
Race/ethnicity—n (%)
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other
Body mass index, last MDS assessment in prior year—mean (SD)
Inpatient hospitalization, past year—n (%)
Comorbidities, last MDS assessment in prior year— n (%)
Hypertension
Congestive heart failure
Ischemic heart disease
Stroke
Peripheral vascular disease
Dysrhythmia
Coronary atherosclerosis
End-stage renal disease
Deep vein thrombosis
Transient ischemic attack
Diabetic retinopathy

Geriatric Conditions, last MDS assessment in past year —n (%)

MDS-ADL Score Categories—n (%) t
Independent
Supervision required to limited impairment
Extensive assistance required
Dependent to totally dependent

Bladder incontinence

Dementia

Fell, past 180 days

Weight loss, 5% in prior 30 days or 210% in
prior 180 days—n (%)

Antipsychotic medication use, last MDS assessment

4,598 (39.9)
81.0 (8.5)
2,837 (24.6)
4,279 (37.1)
3,939 (34.2)
476 (4.1)

8,905 (77.2)
1,816 (15.8)
522 (4.5)
288 (2.5)
27.9 (7.3)
3,487 (30.1)

8,967 (77.8)
3,338 (29.0)
3,007 (26.1)
2,995 (26)
2,073 (18)
2,149 (18.6)
1,912 (16.6)
1,440 (12.5)
336 (2.9)
319 (2.8)
236 (2.1)

969 (8.4)
1,730 (15.0)
4,429 (38.5)
4,403 (38.1)
8,544 (74.1)
4,844 (42)
3,646 (31.6)
1,009 (8.8)

2,575 (22.3)

Nursing Home Characteristics?
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Resident Characteristics

Multi-facility corporation member—n (%)
For profit—n (%)
Hospital-based—n (%)
Number of beds—n (%)
<100
100-200
>200

Direct care hours/day/resident, mean (SD) s
Quality measures

Percent residents physically restrained, median (IQR)
Percent residents on psychoactive medications, mean (SD) A
21 quality-of-life survey deficiency

More than 50% of residents on Medicaid—n (%)

3,935 (55.3)
5,201 (72.7)
234 (3.3)

2,349 (32.8)
4,058 (56.7)
751 (10.5)
35(0.9)

1.8 (0-4.7)
65.8 (13.5)
3,057 (42.7)
5,928 (82.8)

Abbreviations: SD, standard deviation; MDS, Minimum Data Set; IQR, interquartile range.

*
Prior to initiation of a diabetes medication

fMinimum Data Set Activities of Daily Living Self-Performance Hierarchy Scale

iMeasured at last Online Survey Certification and Reporting assessment in prior 15 months

Includes registered nurse, licensed practical nurse, and certified nursing assistant hours

h
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ncludes antipsychotic, antidepressant, antianxiety, and hypnotic medications
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