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Abstract: Background: About 29.2% of American adults = 65 years of age have diabetes mellitus, but details
regarding diabetes management especially among nursing home residents are dated. Objectives: Evaluate the
prevalence of antihyperglycemic agents in residents with diabetes mellitus and describe resident characteristics
using major drug classes. Design: Cross-sectional study. Setting: Virtually all United States nursing homes.
Participants: 141,636 residents with diabetes mellitus. Measurements: Minimum Data Set (2016) and Medicare
Part D claims determined use of metformin, sulfonylureas, meglitinide analogs, alpha-glucosidase inhibitors,
TZDs, DPP4 inhibitors, SGLT?2 inhibitors, GLP1 agonists, as monotherapy and with basal insulin. Results:
Seventy-two percent received antihyperglycemic drugs [most common: basal insulins (53.9% total; 46.9%
with other non-insulin agents), metformin (35.5% total; 14.2% monotherapy), sulfonylureas (19.6% total;
6.3% monotherapy), and DPP4 inhibitors (12.2% total; 2.2% monotherapy)]. Sixty-three percent of meglitinide
monotherapy versus 34.1% of metformin monotherapy users; and 38.3% meglitinide—basal insulin versus
22.2% metformin—basal insulin users were =85 years. Obesity was greater among users of GLP1 agonists
compared to those receiving other agents (monotherapy: 60.5% versus 33-42%; with basal insulin: 76.2%
versus 50-58%). End-stage renal disease was least prevalent among metformin users (monotherapy: 6.6%;
with basal insulin: 8.8%) and most common among meglitinide monotherapy (19.6%) and GLP1 agonists with
basal insulin (22%) users. Conclusions: There is heterogeneity of diabetes treatment in nursing homes. Use of
antihyperglycemic drugs with a higher risk of hypoglycemia, such as insulin with sulfonylureas or meglitinides,

continue in nursing home residents.
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Introduction

An estimated 537 million adults are living with diabetes
globally (1). In 2019, over 37 million American adults have
diabetes with 29.2% of individuals = 65 years of age having
the disease, either diagnosed or undiagnosed (2). National data
on the prevalence of diabetes among residents of American
nursing homes are limited and dated. A sample of almost
12,000 individuals from the 2004 U.S. National Nursing Home
Survey indicated an overall prevalence of 24.5%, which was
markedly higher among nonwhites (3).

The optimal management of diabetes differs in older adults
versus younger individuals, especially in the nursing home
setting (4-6). The presence of multimorbidity and cognitive
impairment, dependence in instrumental activities of daily
living, overall frailty, and risk of hypoglycemia influence
the treatment goals (4, 5). The American Geriatric Society
(AGS) Choosing Wisely guide recommends a hemoglobin
(Hb)Alc goal between 8 and 9 for older adults with multiple
comorbidities and a limited life expectancy (7). The American
Diabetes Association (ADA) standards emphasize that for
patients with poor health, including those in nursing homes,
treatment decisions should be based on avoiding hypoglycemia
as well as symptomatic hyperglycemia (5, 6).
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A greater focus on the general levels of frailty among
older individuals with diabetes have emerged recently (8-10).
Healthy, prefrail, or mildly frail older diabetics with a life
expectancy over 10 years may have an HbAlc target less
than 7.5% with re-evaluation of long-acting sulfonylureas and
insulin, as well as changes in renal function (8-10). Individuals
with moderate to severe frailty and a reduced life expectancy
have an HbAlc target less than 8% with the emphasis on
preventing functional and cognitive decline. General avoidance
of sulfonylureas, as well as renally dosing antihyperglycemic
drugs, are among the key treatment strategies. For older adults
with severe frailty and a marked reduction in life expectancy,
an HbAlc target of less than 8.5% may be more appropriate,
while balancing the risk of hypoglycemia and resulting falls
and hospitalizations, with the risk of infections and urinary
incontinence from hyperglycemia (9, 10).

The clinical trial evidence base for treating diabetes in
frail older adults remains limited. A 2016 review of four
major randomized controlled trials identified that intensive
glycemic management did not improve microvascular or
macrovascular outcomes in older adults for at least the first 8
to 10 years, respectively, and individuals over 80 years of age
were excluded (11). The risk of hypoglycemia was estimated
to be increased between 1.5- and 3-fold which would likely be
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Figure 1
Sample construction flow chart

Non-SNF nursing home residents on November 30, 2016 (n=790,508)
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]
Continuous Medicare Fee-For-Service Parts A, B, and D

coverage in September, October, and November 2016
n=477,481)

Hospice (n=23, 843)

Eligible Residents

n=453,314 ’

|

Diagnosis of diabetes in the latest MDS assessments
(admission, quarterly, or annual) (n= 149,,486)

Missing data on key MDS
items (n=8,852)

Residents:n=140,534

Final Sample

increased in a frail older population (11).

Treatment of older adults with diabetes is focused on
using drugs with a low risk of hypoglycemia, avoidance of
other adverse effects, and general overtreatment (5, 6, 10).
Metformin has traditionally been the first-line therapy for type
2 diabetes because of its low risk of hypoglycemia when used
as monotherapy as well as its cardiovascular benefits (5, 10).
However, adverse effects including loss of appetite, diarrhea,
vitamin B12 deficiency, and potential lactic acidosis may limit
its use among frail older adults (5, 10).

Newer drugs including dipeptidyl peptidase-4 (DPP4)
inhibitors, glucagon-like peptide-1 (GLP1) agonists, and
sodium glucose co-transporter 2 (SGLT?2) inhibitors might offer
advantages in older adults with diabetes due to their low risk
of hypoglycemia. Overall, the evidence base on the safety and
efficacy of these drugs in frail older diabetics is limited. For the
SGLT?2 inhibitors, adverse effects such as volume depletion,
urinary tract infections, candidiasis, and euglycemic diabetic
ketoacidosis limit their use in frail older adults (5, 10).

Although the challenges in managing diabetes in
frail older adults are widely acknowledged, data on the
use of newer antihyperglycemic agents in this population
remains limited. Using national data from 2016, this study
identified the prevalence and characteristics of use of major
antihyperglycemic drug classes, either as monotherapy or in
combination with basal insulin, in nursing home residents.

Methods

The Institutional Review Board of the University of
Massachusetts Medical School approved this study.

Sample

This study linked the Minimum Data Set Version 3.0 (MDS
3.0, 2016), Medicare Master Beneficiary Summary File, and
Medicare claims (Part A and D). MDS 3.0 is a standardized
tool of over 400 items to assess residents’ health including
medical conditions, cognitive and physical functioning, pain,
and mood, among other measures (12). The MDS 3.0 measures
have demonstrated validity and reliability (13). Medicare is a
United States federal health insurance program for individuals
aged = 65 years and is comprised Part A (hospitalizations,
skilled nursing care and hospice care), Part B (office visits,
selected outpatient services), and Part D (prescription drugs).
Medicare recipients choose either Medicare Fee-for-Service or
Medicare Advantage plans. Medicare beneficiaries selecting
Medicare Advantage must use health care providers who
participate in the plan’s network, whereas those who elect
Medicare Fee-for-Service do not have those restrictions. The
MDS is federally mandated for the clinical assessment of all
residents in all Medicare/Medicaid certified nursing homes.
MDS assessments are conducted by trained nursing home
staff on all residents at admission, quarterly, annually, when
significant changes in status occur, and at discharge (14).
Figure 1 shows the sample construction. The final sample
included 141,636 residents.

Medications

We used Medicare Part D claims to identify
antihyperglycemic use. Medicare Part D is the prescription
drug program available to older adults eligible for Medicare.
For all drugs except insulin, coverage was present if the
prescription refill date and number of days’ supply included
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the date of the MDS assessment. The oral antihyperglycemic
drugs included metformin, sulfonylureas, meglitinide analogs,
alpha-glucosidase inhibitors, thiazolidinediones (TZDs), DPP
4inhibitors, and SGLT?2 inhibitors. Injectable drugs included
the GLP1 agonists and insulins. Because the days’ supply
variable for insulin may not be useful to determine whether
or not insulin was used on a particular day, we considered the
resident an insulin user based on the Part D claims in the 90
days preceding the MDS annual assessment. The insulins were
classified as basal (degludec, detemir, or glargine), regular/
rapid (aspart, glulisine, lispro, regular), or miscellaneous
(aspart protamine/aspart, lispro protamine/ lispro, neutral
protamine hagedorn (NPH). We considered drugs to be
monotherapy if only one agent covered the index date. We also
identified residents who were prescribed combinations of basal
insulin and metformin, sulfonylureas, meglitinide analogs,
DPP4 inhibitors, TZDs, or GLP1 agonists. In this study, we
chose to focus on residents who were receiving treatment
either with monotherapy or one drug in combination with an
insulin. Although combination oral antihyperglycemic therapy
is common in independently living older adults, few nursing
home residents were taking multiple oral drugs. We also
identified residents receiving angiotensin converting enzyme
inhibitors (ACElIs), angiotensin receptor blockers (ARBs), or
statins.

Measures

We categorized the level of frailty as non-frail (0 - 5),
pre-frail (6 — 7), and frail (=8) (12, 15). The MDS Activities
of Daily Living (ADL) Hierarchy Scale ranges from 0 — 2
(no/mild limitations), 3 — 4 (ADL limitations), and 5 — 6
(dependence) (16). The Brief Interview for Mental Status (17)
and the Cognitive Performance Scale (18) were combined to
form the Cognitive Function Scale (19) ( no/mild, moderate,
and severe impairment).

We used the MDS Agitated and Reactive Behavior Scale
to characterize behavioral issues (20). We used the validated
MDS Confusion Assessment Method (CAM) scale to define
delirium and combined those with probable and possible
delirium (21, 22).

Comorbid Conditions

Most diabetic complications and comorbid conditions were
identified using a look-back period of 7 days from the date of
the assessment. Licensed clinicians, including physicians, nurse
practitioners, physician assistants, clinical nurse specialists
or other authorized staff as permitted by state law, provided
documentation in support of comorbid conditions and diabetic
complications in the medical records. With the absence of
an active diagnosis in the progress notes, a recent onset or
exacerbation of the condition, confirmed by a positive study,
test or procedure, or recent hospitalization of the resident with
acute symptoms or change in ongoing medication/therapy
were also indications of an active disease (14). Conditions of

interest included diagnoses of depression, Alzheimer’s disease/
dementia, hypertension, heart failure, coronary artery disease,
stroke, and renal insufficiency/end-stage renal disease (ESRD).

Foot ulcers were determined by a 7-day look-back period of
documentation in the medical record confirming that a resident
with diabetes mellitus has an ulcer on the plantar surface of the
foot closer to the metatarsal (23). Amputation was determined
using MDS items identifying residents currently receiving
amputation/prosthesis care for 15 or more minutes for at least
a day in the past 7 days (14). Urinary tract infections had a
look-back period of 30 days showing specific documentation
in the medical records of an active diagnosis (12). Urinary
incontinence was categorized by severity level ranging from
always continent, occasionally incontinent (1-6 episodes of
urinary incontinence), frequently or always incontinent (=7
episodes of urinary incontinence), or use of catheter based on
a 7-day look-back period in the progress notes (12). Residents’
body mass index (BMI) was categorized as <18.5, 18.5 to <25,
25 to <30, 30 to < 40, =40 kg/m2 (11). Falls were identified if
the resident fell anytime in the past 6 months prior to admission
or if the resident sustained a fall at least once since admission
or the prior assessment. Pain was evaluated using a look-back
period of 5 days. Residents self-reported pain and if self-report
was not possible, staff documented presence of pain.

Analyses

We described the sample by estimating the prevalence
of sociodemographic, clinical characteristics, and comorbid
conditions. We described the patterns of antihyperglycemic
prescriptions by reporting the nine major classes of drugs,
as monotherapy and in combinations with basal insulin. We
examined the prevalence of various resident sociodemographic
characteristics, functional impairment, cognitive impairment,
and clinical comorbidities by selected drugs. Because the
sample size is large and trivial differences were statistically
significant, we have not used p-values in the text. We
considered a 5% or greater absolute difference in prevalence
between subgroups to be noteworthy.

Results

Overall, 33.3% of the 214,000 had diabetes, of whom 68.5%
were women, 18.1% were Black, and 6.9% Hispanic. Thirty-
five percent were aged 75-84 years and 38% were aged =85
years. Twenty-four percent were pre-frail and 58.6% were frail.
Twenty-four percent were dependent in ADLs and 42.4% had
moderate to severe cognitive impairment. Comorbid conditions
included hypertension (87.8%), hyperlipidemia (58.9%),
depression (56.3%), dementia (57.9%), heart failure (26.9%),
and chronic kidney disease/ESRD (17.5%). Forty-one percent
had BMI = 30kg/m?.

Table 1 shows that 39% of pre-frail and 39.7% of frail
residents were =85 years. While 37.9% of frail residents
were dependent in ADLs, 1.3% of non-frail residents were
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Table 1
Characteristics of Long-stay Residents: with Diabetes Mellitus living in US nursing homes in 2016, stratified by level of frailty
(N=141,636)

Characteristics Frail (n=82,931) Pre-frail (n =33,970) Non-Frail (n =24,735)
Age (years) Percentage
65-74 255 248 34.6
75-84 357 355 35.0
85+ 389 39.7 304
‘Women 70.3 69.1 61.7
Hispanic? 73 6.1 6.7
Non-Hispanicb White 68.8 77.0 75.7
Black 20.7 14.1 14.8
Other race/ethnicity 33 29 29
Activities of daily living:
Limitations 594 709 20.5
Dependent 379 5.7 14
Cognitive Impairment
Intact/Mild 46.7 68.4 79.5
Moderate 37.7 28.6 19.6
Severe 155 3.0 09
Any agitated behaviors 174 133 124
Probably/possible delirium 10.0 6.0 4.6
Body mass index (kg/m2) **
30 to <40 294 355 36.1
=40 8.7 11.2 9.3
Pain** 389 33.1 315
Urinary incontinence
Occasionally 8.2 30.5 19.8
Frequent/always 85.0 48.5 9.2
Catheter 6.0 30 1.0
Comorbid Conditions
Alzheimer’s Disease/Dementia 62.5 539 479
Depression 57.7 56.5 51.1
Coronary artery disease 240 26.2 24.5
Heart failure 26.6 29.0 252
Stroke 174 11.5 7.7
End state renal disease¢ 173 18.6 16.5
Hypertension 87.5 88.7 87.7
Hyperlipidemia 572 61.0 619
Diabetic Neuropathy 2.1 23 22
Amputation 0.1 0.2 0.1
Hypoglycemic hospitalization 0.7 0.7 0.8
Fall in nursing home 16.0 230 174
Infections
Pneumoniab 14 1.0 0.7
Urinary Tract Infections 40 33 1.8
Wound Infections 0.2 0.2 02
Foot Problemsd 1.8 1.6 1.3
Select cardiovascular medications:
Angiotensin-converting enzyme inhibitors 26.1 29.7 34.0
Angiotensin II receptor blockers 10.8 139 139
Statins 44.1 50.2 534

a. Long-stay defined as residents with an annual assessment in 2016; b .Missing data for race/ethnicity (n=2,200), pneumonia (n=20), pain (n=3,165), and body mass index (n=2,090); c.
End stage renal disease includes renal insufficiency or renal failure; d. Foot problems include infection, diabetic foot ulcers, and other open lesion(s) of the foot.
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dependent in ADLs. With respect to cognitive function, 15.5%
of frail residents and 0.9% of non-frail residents had severe
impairment. Obesity was common, regardless of frailty status.
Comorbid conditions were similar across frailty status with few
exceptions, including dementia (62.5% among frail residents,
47.9% among non-frail residents) and stroke (17.4% of frail
residents and 7.7% of non-frail residents). Fall histories were
more common among pre-frail residents (23.0%) than among
frail (16.0%) and non-frail residents (17.4%). Statin use was
common, with 44.1% of frail residents and 53.4% of non-frail
residents using statins. Use of an ACEI or ARB was present in
over a third of frail diabetic residents.

Seventy-two percent received antihyperglycemics (Table
1). The most commonly used agents were basal insulins
(53.9% of the 102,451 total treated, 46.9% with other non-
insulin agents), metformin (35.5% of total treated; 14.2%
monotherapy), sulfonylureas (19.6% of total treated; 6.3% as
monotherapy), and DPP4 inhibitors (12.2% of total treated;
2.2% monotherapy). Few residents were taking one of the
three newer antihyperglycemic classes as monotherapy.
The sulfonylureas included glipizide (63.6%, n=12,757),
glimepiride (33.6%, n=6,745), and glyburide (2.2%, n=436).
We are unable to report the exact number of chlorpropamide
users per our data use agreement because the number is less
than 11. Thirty-six residents took multiple sulfonylureas
including 24 receiving glipizide and glimepiride. Sulfonylurea
combinations were used by 154 residents; 48 received
glyburide/metformin and 106 received glipizide/ metformin.
Meglitinide analogs were used by 1.1% of treated residents
(0.3% as monotherapy, 43.4% (494/1,138) with basal insulin);
42.0% on nateglinide and 57.0% on repaglinide. Of the 1,018
residents taking a GLP1 agonist, liraglutide was prescribed
to 67.3%, followed by 25.3% for exenatide, and 7.8% for
dulaglutide. The primary DPP4 inhibitors were sitagliptin
(68.3%) and linagliptin (30.1%). Of the 569 residents taking an
SGLT?2 inhibitor, canagliflozin comprised 81%. Pioglitazone
was the only TZD used.

Claims for insulin within the 90 days of the MDS assessment
date were available for 69.3% of treated residents. Among
those on insulin, claims for basal insulin were present for
77.7% (glargine: 64.3% of basal insulin use; detemir: 36.9%;
degludec: 0.5%). These percentages exceed 100 due to
residents having multiple claims for different basal insulins.
NPH insulin alone or in combination with other insulin
products was used in 5,148 residents. Rapid/short-acting insulin
usage was present in 73.1% of treated residents, of which
53.9% were insulin aspart users, 29.3% were on insulin lispro,
22.7% were on regular insulin, and 0.2% were on glulisine.
Among residents receiving a basal insulin, 70.3% also received
a rapid/short acting insulin.

Tables 3 and 4 show that among those receiving
monotherapy or basal insulin with selected antihyperglycemics,
the age distribution varied. For example, 63.1% of meglitinide
monotherapy users were =85 years versus 34.1% of metformin
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monotherapy users; when combined with basal insulin, 38.3%
meglitinide versus 22.2% metformin users were =85 years.
Frailty was similar across the antihyperglycemic groups. Most
residents were frequently or always incontinent, regardless
of antihyperglycemic regimen. At least a third had pain
documented on their annual assessment. A history of falls
was present in almost 20% of residents across all treatment
categories as shown in Tables 3 and 4. The proportion of obese
residents was greater among GLP1 agonist users compared
to those receiving other agents (monotherapy: 60.5% versus
33-42%; with basal insulin: 76.2% versus 50-58%). Comorbid
conditions including dementia, depression, and cardiovascular
diseases were highly prevalent. The presence of ESRD was the
least common among metformin users (monotherapy: 6.6%,
with basal insulin: 8.8%) and most common among meglitinide
monotherapy users (19.6%) and GLP1 agonists with basal
insulin: 22%).

Discussion

In our study of nursing home residents with diabetes,
over 82% of residents were frail or prefrail and 38% were
85 years of age or older. Twenty-eight percent were not
receiving drug therapy, although they may have been managed
by nonpharmacologic approaches. In a 2001 study, we
identified that 47% of residents with diabetes did not receive
antihyperglycemic therapy (23).

This study identified multiple potentially inappropriate
prescribing patterns, primarily related to sulfonylureas. Most
problematically, the use of sulfonylureas has continued both as
monotherapy and in combination with basal insulin regimens.
Sulfonylureas are well recognized to increase the risk of
severe and prolonged hypoglycemia in frail older diabetics
(24, 25). In 2020 cohort study involving over 200,000 adults
with diabetes, age of 75 years, multimorbidity, and use of
sulfonylureas and/or insulin significantly increased the risk
of hypoglycemia-related emergency department (ED) visits
and hospitalizations (26). The specific risk of these events
was 6.7-fold higher with sulfonylureas, 12.5-fold higher with
basal insulins, 13.8-fold higher with basal insulin combined
with sulfonylurea use, 23.2-fold higher with bolus insulins,
and 27.7-fold higher with basal-bolus regimens (26).
Importantly, this large study was of independently living adults
with diabetes, where frail nursing home residents may be
at even greater risk of hypoglycemia-related ED visits and
hospitalizations.

In addition, significant usage of sulfonylureas was identified
in the present study among frail and cognitively impaired older
diabetics including those with moderate cognitive impairment.
Neurologic manifestations of hypoglycemia such as dizziness
may be more common in older diabetics instead of the
traditional signs such as tachycardia [25]. Among cognitively
impaired nursing home residents, symptoms may present
as agitation and thus be easily overlooked as a coexisting
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Table 2

Antihyperglycemic use (any use, monotherapy, with basal insulin) among nursing home residents with diabetes treated

with antidiabetic medications (n=102,451)

Any Use (n=102,451) Monotherapy (n=102,451)

With basal insulin (n=55,197)

Antidiabetic medications N % N % N %
Any metformin 36,383 355 14,526 142 11,527 209
Metformin combinations 707 0.7 n/a n/a 269 0.5
Sulfonylureas 20,054 19.6 6,407 6.3 5,741 104
Sulfonylureas combinations 154 0.2 n/a n/a 57 0.1
DPP4 inhibitors 12,531 122 2272 22 5,797 10.5
Thiazolidinediones (TZDs) 2,404 24 508 0.5 787 14
Meglitinide analogs 1,138 1.1 260 0.3 494 0.9
GLP1 Agonists 1,018 1.0 72 0.1 709 1.3
SGLT? inhibitors 569 0.6 27 0.03 343 0.6
Alpha-Glucosidase Inhibitors 291 0.3 31 0.03 153 0.3
Insulin 71016 69.3 43,672 42.6
Basal insulin2 55,197 77.7
Degludec 275 0.5
Detemir 20,362 36.9
Glargine 35,469 643
Rapid-Acting /
Regular Insulins? 51,878 73.1
Aspart 27,958 539
Glulisine 100 0.2
Lispro 15,221 293
Regular 11,772 227
Miscellaneous Insulins? 7,376 104
Aspart protam/aspart(NovologMix) 1,740 23.6
Lispro protam/Lispro(HumalogMix) 719 9.8
NPH w/ or without another insulin 5,148 69.8

a. May not total to 100% as multiple agents may have been used in the 90 days preceding the MDS annual assessment

condition (25). Fortunately, usage of sulfonylureas was low
among those with severe cognitive impairment. In contrast to a
Canadian study of 15,034 nursing home residents with diabetes,
only 6.6% of residents with severe cognitive impairment in
our study were taking sulfonylureas compared with 18.1%
in the Canadian study (27). Overall, sulfonylureas may have
been continued largely on the basis of their long-term use in
residents. Efforts to de-intensify (deprescribe) the treatment of
diabetes among frail older adults should focus on the continued
use of sulfonylureas.

In our study, metformin alone or in combination with basal
insulin, was the most commonly used antihyperglycemic
agent, potentially as a result of residents having taken the
drug before admission to the nursing home. While the exact
dosages of metformin could not be assessed in this study,
metformin users had the lowest prevalence of chronic kidney

disease/ESRD, consistent with treatment guidelines (5, 6, 10).
Although its potential adverse effects on appetite and weight
are important in frail residents, concern about the risk for
lactic acidosis in the presence of chronic kidney disease and
other comorbid conditions has continued among clinicians. A
systematic review identified limited evidence of this link when
the glomerular filtration rate (GFR) is >30ml/min (28).

Usage of DPP4 inhibitors, SGLT2 inhibitors, and GLP1
agonists was identified in our study, with DPP4 inhibitors,
either as monotherapy or combined with a basal insulin,
most commonly used of these newer classes. A significant
percentage of DPP4 inhibitor users were = 85 years. This
finding is consistent with treatment guidelines for managing
HbAlc above 8.5% in severely frail older diabetics and
among those who need to discontinue other oral agents due
to worsening comorbid conditions (8, 10). A retrospective
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Resident Characteristics by Selected Antihyperglycemic Monotherapy

Table 3

Characteristics? Metformin SU MA DPP4 Inhibitors TZDs GLP1 Agonists
(n=14,526) (n=6,407) (n=260) (n=2,272) (n=508) (n=72)
Age (years)
65-74 28.8 15.6 92 16.3 199 347
75-84 37.1 319 27.7 340 37.0 36.1
85+ 34.1 52.6 63.1 49.7 43.1 292
‘Women 68.3 712 719 735 71.5 75.0
Hispanic 6.1 43 35 6.1 6.0 d
Non-Hispanic
White 749 80.4 79.8 735 729 88.9
Black 158 12.8 124 155 15.7 d
Others 32 25 43 5.0 54 d
ADLs
Limitations 55.6 583 60.4 56.7 535 55.6
Dependent 194 184 204 19.7 240 d
Pre-frail 25.6 27.1 28.1 27.0 23.0 23.6
Frail 53.0 53.0 56.2 538 589 514
Cognitive Impairment
Moderate 337 350 350 35.0 31.7 18.1
Severe 8.6 9.0 7.7 85 13.6
Any agitated behaviors 16.0 15.7 16.2 14.8 154
Probably/possible delirium 83 8.7 6.2 72 8.1 d
BMI (kg/m?)
30 to <40 28.5 323 27.0 27.8 30.0 38.0
=40 6.3 73 6.3 6.6 11.9 225
Pain 332 34.0 304 343 39.0 479
Urinary incontinence
Occasionally 17.1 174 15.0 172 15.0 26.4
Frequent/always 60.4 61.3 58.5 61.6 62.4 50.0
Catheter 3.1 3.0 39 2.6 34 d
Comorbid Conditions
AD/Dementia 59.6 60.0 61.9 624 59.5 444
Depression 56.0 539 592 56.3 534 66.7
CAD 20.6 243 315 24.1 18.5 16.7
Heart failure 18.7 27.1 273 27.7 17.3 333
Stroke 134 11.5 104 122 124 d
ESRD b 6.6 16.6 19.6 18.8 154 194
Hypertension 85.7 88.9 86.2 89.1 87.0 90.3
Hyperlipidemia 593 56.6 585 59.1 589 653
Diabetic Neuropathy 1.7 14 d 1.8 d d
Hypoglycemic hospitalization 0.3 04 d d d d
Fall in NH 19.1 19.8 16.9 19.2 17.3 18.1
Infections
Pneumonia 0.7 1.0 d 1.1 d d
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Table 3 (continued)
Resident Characteristics by Selected Antihyperglycemic Monotherapy

Characteristics? Metformin SU MA DPP4 Inhibitors TZDs GLP1 Agonists
(n=14,526) (n=6,407) (n=260) (n=2,272) (n=508) (n=72)

UTIs 29 33 d 27 2.6 d

Foot Problem¢ 0.9 1.1 d 1.1 d d

Select CV drugs

ACEI 334 30.9 26.5 26.2 25.6 25.0

ARBs 129 124 12.7 15.5 15.2 20.8

Statins 50.2 45.1 477 48.0 504 472

a. Missing data-- for metformin group: Body mass index (n=190), pain (n=301), race/ethnicity (n=234) and pneumonia (n=1); for the sulfonylurea group: Body
mass index (n=81), pain (n=137), and race/ethnicity (n=90); for the meglitinide group: Body mass index (n=4), pain (n=7), and race/ethnicity (n=2); for the DPP4
Inhibitors group: Body mass index (n=23), pain (n=49), and race/ethnicity (n=33); for the thiazolidinedione group: Body mass index (n=4), pain (n=13), and race/
ethnicity (n=10); for the GLP1 Agonist group: Body mass index (n=1) and pain (n=1); SU = Sulfonylureas, MA = Meglitinide analogs, TZD = Thiazolidinediones,
ADLs= Activities of daily living, BMI = Body mass index, AD = Alzheimer’s disease, CAD = Coronary artery disease, ESRD = End stage renal disease, UTI =
Urinary tract infections, ACEI = Angiotensin converting enzyme inhibitors, ARBs = Angiotensin II receptor blockers; b. ESRD includes renal insufficiency or
renal failure; c. Foot Problem include infection, diabetic foot ulcers, and other open lesion(s) of the foot; d. Per Data Use Agreement, cell sizes less than 11 cannot

be shown.

cohort study of long-stay nursing residents demonstrated a 43%
reduction in the 1-year risk of severe hypoglycemia among
new users of DPP4 inhibitors versus new users of sulfonylureas
(29). Rates of severe hyperglycemic events, heart failure, and
death were similar between the two groups (29). Although
DPP4 inhibitors possess a low risk of severe hypoglycemia,
they have been associated with severe, disabling arthralgias
which may be overlooked as an adverse drug effect in residents
with multimorbidity (30). In our study, few older adults were
taking an SGLT2 inhibitor and may be due to risks of volume
depletion, urinary tract infections and their cost.

Clinical practice guidelines continue to emphasize reducing
the risk of hypoglycemia and symptomatic hyperglycemia
in frail older diabetics (5, 6, 10) and consideration of
deprescribing. In our study, we could not evaluate the intensity
of HbAlc control among the nursing home residents. A 2015
report using data on noninstitutionalized older adults from
National Health and Nutrition Examination Survey indicated
that the attainment of HbAlc values less than 7% or use of
sulfonylureas and insulin was similar between 2001 and 2010,
regardless of the complexity of older adults’ health status (31).
The Canadian nursing home study reported that residents with
severe cognitive impairment were more likely to be treated
to intensive HbAlc targets than those with mild/moderate
impairment (27). Forty percent of older veterans with diabetes
with life limiting illness were potentially overtreated (32).

This study included virtually every nursing home resident
with diabetes in the United States and was able to provide
detailed information on comorbid conditions and concomitant
drug therapies. As a result, the study was able to evaluate
cognitive impairment, measures of frailty, and limitations
in activities of daily living, which are measures typically
unavailable in claims databases. Most importantly, the primary
study limitation was a lack of access to HbAlc measurements

which would have provided information on the intensity of
diabetic control in this vulnerable population. In addition, we
did not know the type or duration of the residents’ diabetes,
although they likely had longstanding type 2 diabetes.

Conclusion

The management of diabetes in long-stay nursing
home residents is challenging and focused on minimizing
hypoglycemia and symptomatic hyperglycemia. While
metformin either as monotherapy or in combination with basal
insulin remains common, the combined use of basal insulins
with sulfonylureas or meglitinides may potentially increase
the risk of hypoglycemia. DPP4 inhibitors offer a low risk
of hypoglycemia and have been increasingly prescribed in
this vulnerable population. Despite the availability of drugs
that reduce the risk of hypoglycemia, use of higher risk
antihyperglycemics continues in nursing home residents with
diabetes.
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Table 4
Resident Characteristics by Use of Basal Insulin with Selected Antihyperglycemic Medications

Use of basal insulin with selected antihyperglycemic medication

Characteristics? Metformin SU MA DPP4 Inhibitors TZDs  GLP1 Agonists
(n=11,527) (n=5,741) (n=494) (n=5,797) (n=787) (n=709)

Age (years)
65-74 39.8 30.1 26.3 31.6 36.3 50.4
75-84 38.0 37.0 354 36.9 369 35.0
85+ 222 329 383 315 26.8 14.7
Women 64.0 66.4 65.0 68.0 66.1 67.0
Hispanic 9.1 73 8.9 8.8 11.6 6.0
Non-Hispanic
White 714 735 68.7 69.6 67.3 782
Black 16.8 16.5 17.9 18.0 16.1 137
Others 2.8 2.8 45 3.7 5.0 2.1
ADLs

Limitations 55.1 56.2 593 56.7 555 522

Dependent 194 19.1 17.6 18.3 18.8 14.1
Pre-frail 245 252 273 27.0 258 26.0
Frail 53.6 533 53.6 51.7 53.0 45.6
Cognitive Impairment

Mild 254 248 26.7 23.7 21.5 22.7

Moderate 29.8 30.2 312 304 30.6 154

Severe 7.1 6.6 7.7 64 8.4 25
Any agitated behaviors 14.7 14.8 12.6 13.6 16.8 13.7
Probable/possible delirium 70 6.9 45 6.0 74 35
BMI (kg/m?2)

30 to <40 39.0 405 39.8 39.7 40.0 43.6

=40 11.9 14.1 99 12.7 18.2 32.6
Pain 33.6 329 26.1 322 349 425
Urinary incontinence

Occasionally 16.1 16.7 15.8 17.3 189 19.8

Frequent/ always 60.6 60.4 62.6 58.6 60.2 48.2

Catheter 38 33 3.0 3.8 29 5.1
Comorbid Conditions
AD/ Dementia 54.6 548 573 55.1 56.0 413
Depression 58.6 57.8 51.0 579 57.8 65.4
CAD 22.8 248 28.1 255 20.1 27.6
Heart failure 21.6 26.8 26.3 28.0 17.2 353
Stroke 153 142 12.6 15.0 13.0 10.7
ESRDP 8.8 16.7 219 18.8 17.5 22.0
Hypertension 88.2 89.9 87.7 90.3 88.3 91.5
Hyperlipidemia 653 65.7 69.0 69.3 68.7 71.7
Diabetic Neuropathy 3.1 2.8 24 29 37 4.1
Hypoglycemic hospitalization 0.7 0.6 d 09 d d
Fall in NH 19.1 19.3 19.6 18.8 17.5 16.1
Infections

Pneumonia 0.9 09 d 09 d d

UTIs 3.6 34 3.0 34 1.8 42
Foot Problem¢ 1.9 2.1 d 2.1 1.8 1.7
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Table 4 (continued)
Resident Characteristics by Use of Basal Insulin with Selected Antihyperglycemic Medications

Use of basal insulin with selected antihyperglycemic medication

Characteristics? Metformin SU MA DPP4 Inhibitors TZDs  GLP1 Agonists
(n=11,527) (n=5,741) (n=494) (n=5,797) (n=787) (n=709)

Select CV drugs:

ACEI 393 358 31.8 324 37.0 36.0

ARBs 144 144 15.0 16.2 14.5 18.5

Statins 59.5 58.5 61.3 61.0 62.3 68.6

a. Missing data-- for metformin group: Body mass index (n=133), pain (n=171), race/ethnicity (n=175) and pneumonia (n=2); for the sulfonylurea group: Body mass index (n=62), pain
(n=97), pneumonia (n=1), and race/ethnicity (n=84); for the meglitinide group: Body mass index (n=7), pain (n=7), and race/ethnicity (n=8); for the DPP4 Inhibitors group: Body mass
index (n=64), pain (n=88), pneumonia (n=1), and race/ethnicity (n=82); for the TZD group: Body mass index (n=10), pain (n=14), and race/ethnicity (n=11); for the GLP1 Agonist group:
Body mass index (n=4), pain (n=17), and race/ethnicity (n=7); SU = sulfonylureas, MA = Meglitinide analogs, TZD = thiazolidinediones, ADLs= Activities of daily living, BMI = Body
mass index, AD = Alzheimer’s disease, CAD = Coronary artery disease, ESRD = End stage renal disease, UTI = Urinary tract infections, ACEI = Angiotensin converting enzyme inhibitors,
ARBs = Angiotensin II receptor blockers; b. End stage renal disease includes renal insufficiency or renal failure; c. Foot Problems include infection, diabetic foot ulcers, and other open

lesion(s) of the foot; d. Per Data Use Agreement, cell sizes less than 11 cannot be shown.
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