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OBJECTIVE

Guidelines advocate against tight glycemic control in older nursing home (NH)
residents with advanced dementia (AD) or limited life expectancy (LLE). We eval-
uated the effect of deintensifying diabetes medications with regard to all-cause
emergency department (ED) visits, hospitalizations, and death in NH residents
with LLE/AD and tight glycemic control.

RESEARCH DESIGN AND METHODS

We conducted a national retrospective cohort study of 2,082 newly admitted
nonhospice veteran NH residents with LLE/AD potentially overtreated for diabe-
tes (HbA1c #7.5% and one or more diabetes medications) in fiscal years
2009–2015. Diabetes treatment deintensification (dose decrease or discontinua-
tion of a noninsulin agent or stopping insulin sustained ‡7 days) was identified
within 30 days after HbA1c measurement. To adjust for confounding, we used en-
tropy weights to balance covariates between NH residents who deintensified ver-
sus continued medications. We used the Aalen-Johansen estimator to calculate
the 60-day cumulative incidence and risk ratios (RRs) for ED or hospital visits and
deaths.

RESULTS

Diabetes medications were deintensified for 27% of residents. In the subsequent
60 days, 28.5% of all residents were transferred to the ED or acute hospital set-
ting for any cause and 3.9% died. After entropy weighting, deintensifying was not
associated with 60-day all-cause ED visits or hospitalizations (RR 0.99 [95% CI
0.84, 1.18]) or 60-day mortality (1.52 [0.89, 2.81]).

CONCLUSIONS

Among NH residents with LLE/AD who may be inappropriately overtreated with
tight glycemic control, deintensification of diabetes medications was not associ-
ated with increased risk of 60-day all-cause ED visits, hospitalization, or death.

Potential overuse of medications (1) is well-documented among older nursing
home (NH) residents with limited life expectancy (LLE) and those with dementia,
with as many as 50% being exposed to at least one medication with uncertain ben-
efit near end of life (2). Specifically, investigators of recent observational studies
have identified a high prevalence of possible overuse of aspirin (3), statins (4),
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antihypertensives (5), and diabetes
medications (6) in NH residents with ad-
vanced dementia (AD) or LLE. Efforts are
needed to reduce the risk for adverse ef-
fects through deprescribing and deinten-
sifying medications (i.e., reducing the
dose or number of drugs).
The benefits of aggressive treatment

are less certain in frail, older adults with
medically complex conditions who are
unlikely to live long enough to receive
those benefits (7). Older adults may
also be more susceptible to the adverse
effects associated with diabetes medica-
tion due to changes in appetite and
swallowing difficulty, as well as altered
drug metabolism and distribution that
accompany increasing age. The Ameri-
can Geriatrics Society (8), the U.S. De-
partment of Veterans Affairs (VA) (9),
and the American Diabetes Association
(10) all advocate for less aggressive
treatment targets (e.g., 8.0–9.0%) and
against the use of medications other
than metformin to manage diabetes in
those with reduced life expectancy or
high comorbidity burden.
The use of medications to manage di-

abetes in older adults requires complex
decision-making to appropriately bal-
ance potential benefits and harms (8,9).
In a recent study across the VA national
health system, we identified that >40%
of veteran NH residents with LLE/AD,
who were being actively treated and
monitored for diabetes, were potentially
overtreated to HbA1c values <7.5% (6).
Yet less than one-half of these potential-
ly overtreated NH residents had their di-
abetes regimens deintensified within 90
days after HbA1c measurement.
A recent guideline by Farrell et al.

(11) recommends deintensifying diabe-
tes medications for individuals receiving
medications known to contribute to
hypoglycemia (e.g., insulin, short-acting
sulfonylureas), those at heightened risk
for hypoglycemia, and those for whom
the benefits are uncertain due to frailty,
dementia, or LLE. However, the authors
noted only low-quality evidence from
two before-and-after studies with exam-
ination of outcomes associated with
deintensifying diabetes medications. A
limited number of studies have included
examination of outcomes associated with
deintensifying diabetes medications in
older adults, and only one small prospec-
tive study has included examination of
deintensification of diabetes medications

in the NH setting (12). No studies have
focused on NH residents with the least
potential for benefit, such as those with
LLE/AD.

For NH residents with life-limiting
conditions, the goal of treatment dein-
tensification is to reduce medication
burden without increasing burdensome
transitions (i.e., transfer from the NH
setting to an emergency department
[ED] or acute hospital setting) for dis-
ease-related complications. Thus, the
objective of this study was to evaluate
the impact of deintensifying diabetes
medications with regard to all-cause 60-
day ED visits and hospitalizations in a
population of VA NH residents with LLE/
AD. This study contributes new knowl-
edge regarding the safety of deintensify-
ing diabetes treatment as an approach
to aligning medication use with goals of
care and life expectancy in NH residents
approaching end of life.

RESEARCH DESIGN AND METHODS

This study was approved under expedit-
ed review by the VA Pittsburgh Health-
care System institutional review board.

Study Design
This was a retrospective analysis of ad-
ministrative and clinical data for a na-
tional cohort of VA NH residents from
fiscal years 2009–2015 (Fig. 1). Briefly,
we identified veterans who were poten-
tially overtreated for diabetes at admis-
sion, on the basis of an HbA1c ##7.5%
measured within the first 90 days of the
NH stay with concurrent use of diabetes
medications. We then assessed expo-
sure status (having diabetes medica-
tions deintensified vs. not) in the
subsequent 30 days. Residents were fol-
lowed for outcomes for 60 days beyond
deintensification (or up to a date ran-
domly assigned from the distribution of
deintensification dates, if not deintensi-
fied, i.e., time-distribution matching
[13]).

Data Sources
We merged administrative and clinical
data from several sources including the
VA Residential History File (RHF) (14),
VA Minimum Data Set (MDS) version
2.0 and 3.0 assessments (15), the VA
Corporate Data Warehouse (CDW),
Medicare claims for veterans dually en-
rolled in Medicare (16), VA Vital Status

File (17), and the VA Support Service
Center (16).

The VA RHF (14), which relies on
linked data from VA, Medicare, and
MDS records, was used to identify NH
episodes of care for veterans during fis-
cal years 2009–2015. The MDS is a stan-
dardized set of health care assessments
for NH residents that is required at ad-
mission and quarterly thereafter (15).
The MDS was used to identify veterans
with LLE/AD at admission and to cap-
ture detailed resident characteristics not
available in claims. The CDW provided
VA inpatient and outpatient use data to
identify diabetes patients, develop cova-
riates, and capture transfers to VA EDs
and hospital settings, laboratory records
for HbA1c values and other vital signs,
and medications administered through
the Bar Code Medication Administration
(BCMA) system. BCMA records contain
the name and dose as well as a date
and time stamp for each medication
administered in VA NHs and other
inpatient settings. Fee-basis CDW files
provided data on non-VA health care
encounters billed to VA. Medicare claims
for veterans dually enrolled in Medicare
provided additional information on non-
VA health care use. The VA Vital Status
File provided date of death, the National
Death Index (NDI) provided cause of
death, and the VA Support Service Cen-
ter provided NH facility characteristics.

Sample
The study sample was identified among
all veterans who were newly admitted
to one of the 133 VA NHs (i.e., Commu-
nity Living Centers) across the U.S. In
fiscal years 2009–2015, we identified
200,333 new NH admissions.

Eligible veterans had LLE/AD and
were potentially overtreated for diabe-
tes (6) (Fig. 2). Residents had to meet
at least one of three criteria for LLE/AD:
1) MDS Mortality Risk Index-Revised
(MMRI) based on MDS version 3.0 as-
sessment items (MMRI-v3) (18) score
$36 (>50% likelihood of 6-month mor-
tality), 2) <6 months life expectancy en-
dorsed in the MDS (item J5c in MDS
version 2.0 and J1400 in MDS version
3.0), 3) evidence of AD with a score #7
on the Brief Interview for Mental Status
(BIMS), or $4 on the Cognitive Perfor-
mance Scale (CPS) (19). We excluded
residents <65 years old and those
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staying in the NH <7 days because of
insufficient time to observe deintensifi-
cation of medications. We identified

residents with diabetes using a validat-
ed algorithm for ICD-9, Clinical Modifi-
cation (ICD-9-CM), codes associated

with inpatient and outpatient encoun-
ters in VA and/or Medicare records 2
years prior to admission (20). Residents

Figure 1—Study design. Note: residents were eligible for inclusion if they had an HbA1c measurement with a value#7.5% within the first 90 days
of the NH stay, with concurrent use of diabetes medications on or 1 day after the HbA1c measurement (i.e., medication index date [i]). *Start date
for window of follow-up for outcomes (d) randomly assigned if patient treatment not deintensified.

Figure 2—Sample construction for veteran NH residents potentially overtreated for diabetes. CLC, Community Living Center; FY, fiscal years.
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with diabetes indicated on the MDS
were also included. Residents with-
out HbA1c measurements to evaluate
treatment intensity were excluded.
Potential overtreatment was defined

on the basis of HbA1c #7.5% observed
within the first 90 days of a resident’s
stay and receipt of one or more diabe-
tes medications on the day of or the
day after HbA1c measurement (6), which
constituted the baseline treatment regi-
men (Fig. 1). This threshold was selected
based on modified treatment goals for
NH residents and older adults with medi-
cally complex conditions from consensus
guidelines (7,10).
Diabetes medications were grouped

into the following categories: short-act-
ing insulin, basal insulin, sulfonylureas,
and other diabetes agents (biguanides,
meglitinides, glucagon-like peptide 1 re-
ceptor agonists, a-glucosidase inhibi-
tors, dipeptidyl peptidase 4 inhibitors,
and sodium–glucose cotransporter 2 in-
hibitors). The day after HbA1c measure-
ment was the medication index date.
We required all residents to have at
least 7 days of follow-up after the medi-
cation index date to identify deintensifi-
cation (n = 3,056).
To conduct longitudinal analyses

following deintensification, we required
each resident to have at least one addi-
tional day of follow-up after deintensifi-
cation (n = 39 excluded from the
deintensification group). For residents
with medication treatment that was
deintensified within 30 days of the medi-
cation index date, the beginning of fol-
low-up for outcomes was the day after
deintensification. Residents whose diabe-
tes medication treatment was not dein-
tensified were randomly assigned a
follow-up date based on the distribution
of days among those whose medication
treatment was deintensified (i.e., time
distribution matching) (13). Residents
whose treatment was not deintensified
were excluded if the randomly assigned
follow-up date occurred following death
or NH discharge (n = 321 excluded from
the nondeintensified group). We re-
quired that residents were residing in a
VA NH bed section (rather than tempo-
rarily residing in another VA inpatient
ward) at the date of entry into our analy-
sis (n = 291 excluded). Due to small
numbers, we excluded women (n = 22
excluded). Finally, we excluded residents
who received hospice care at or before

the start of follow-up (n = 301 excluded),
based on the admission treating special-
ty or a treatment indicator from the
MDS (3,4). We excluded hospice resi-
dents due to the high overall mortality
rate, proximal inevitability of death, and
small sample size, which reduced our
ability to conduct stratified analyses. This
resulted in a final analytic sample of
2,082 nonhospice VA NH residents with
LLE/AD who were potentially overtreated
for diabetes.

Treatment Deintensification
The primary independent variable was
whether residents had diabetes treat-
ments deintensified. We looked for
deintensification within the 30 days fol-
lowing the medication index date to al-
low sufficient time for HbA1c results to
be reviewed by the prescriber and sub-
sequently acted on, if needed (Fig. 1).

As described in our prior work (6),
deintensification was defined as de-
creasing the dose of or discontinuing a
noninsulin agent and/or discontinuing a
type of insulin with no addition of new
agents or dose increases. We did not
measure incremental changes in insulin,
as we were not able to distinguish tran-
sient changes in response to dietary
changes or finger-stick blood glucose
measurements from sustained treat-
ment deintensification. Deintensifica-
tion had to begin within the 30 days
following the medication index date
and be sustained for seven consecu-
tive days. The seventh day served as
the date of deintensification. The com-
parison group was NH residents who
did not have diabetes medication treat-
ment deintensified within this 30-day
window.

Outcomes
The primary outcome for our analysis
was occurrence of an ED or hospital vis-
it for any cause, with death as a second-
ary outcome. We used a 60-day window
to evaluate outcomes, given that most
NH stays in the VA setting are for short
stays (21) (i.e., <90 days) and that
many residents in our sample had a life
expectancy of <6 months. We chose to
examine ED visits and hospitalizations
separately from death, given that death
is a proximal inevitability for many indi-
viduals in this population and burden-
some transfers to the acute setting may

be a more clinically relevant outcome.
We included any outcomes occurring on
the last day of the NH stay or the fol-
lowing day.

Transfers to a VA acute hospital set-
ting were captured with the bed section
information from VA MedSAS inpatient
files. We identified transfers to a non-
VA acute hospital setting using CDW
fee-basis files (which capture non-VA
hospitalizations billed to VA) and short-
stay hospitalizations documented in the
CMS Medicare Provider Analysis and Re-
view (MEDPAR) (which captures non-
VA hospitalizations billed to Medicare).
Emergency visits were captured with
VA MedSAS inpatient and outpatient
files, CDW fee-basis files, and Medicare
claims (inpatient, outpatient, and carri-
er) (22,23). Deaths were identified with
the VA Vital Status File, which provides
death dates from multiple sources of
mortality data including VA inpatient
data, the Veterans Benefits Administra-
tion, Medicare, the Social Security Ad-
ministration, and the NDI (17).

Residents were followed until the
earliest of the following events: occur-
rence of a negative outcome, NH dis-
charge, administrative censoring (i.e.,
end of available data) or end of 60-day
follow-up. The earliest observed out-
come was coded as the event date. For
outcomes occurring on the same date,
death took priority. We described the
specific causes of hospitalizations or ED
visits using diagnosis codes linked to the
Agency for Healthcare Research and
Quality Clinical Classifications Software
(CCS) (24) categories. We reported the
three most frequent broad categories of
codes (level 1 codes), overall and strati-
fied by deintensification status, as well
as the corresponding specific diagnoses
(level 2 and level 3 codes). The most
frequent causes of death were reported
in a similar fashion, with cause of death
codes from the NDI linked to the Cen-
ters for Disease Control and Prevention
list of 39 causes of death (25).

Covariates
We included covariates that may serve
as confounders in the association of de-
intensification and outcomes from five
main categories (6): demographics, en-
vironment of care, diabetes-related fac-
tors, cardiovascular risk factors, and
markers of poor prognosis.
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Demographics included age at admis-
sion and race/ethnicity. Sex was not in-
cluded, as all residents in our sample
were male. Diabetes-related factors in-
cluded baseline HbA1c (<6.0%, 6.0 to
<6.5%, 6.5 to <7.0%, 7.0–7.5%), classes
of diabetes medications administered
grouped according to risk for hypoglyce-
mia (short-acting insulin, basal insulin,
sulfonylureas, all other diabetes agents
including metformin), and 1-year history
of peripheral vascular disease, diabetic
eye disease, lower-extremity ulcers, and
serious hypoglycemic events (26,27).
Cardiovascular factors included a count
of the number of conditions that con-
tribute directly to cardiovascular risk
(coronary artery disease, stroke, or dia-
betes, range 1–3) as well as other car-
diovascular risk factors (heart failure,
hypertension, hyperlipidemia, venous
thromboembolism, recent stroke, tobac-
co use, and BMI). Markers of poor prog-
nosis included AD, MMRI score (18),
documentation of <6 months prognosis
in the MDS, Elixhauser Comorbidity In-
dex conditions (28) (0–1, 2–3, 4–5, >5),
and MDS measures capturing cancer,
end-stage renal disease, loss of appe-
tite, swallowing difficulty, mechanically
altered diet, intravenous or parenteral
nutrition, shortness of breath, pain, in-
fection, acute change in mental status,
activities of daily living (independent, re-
quires assistance, dependent, or totally
dependent) (29), and behavioral prob-
lems (none, moderate, severe) (30). We
characterized polypharmacy based on
the total number of nondiabetes drug
classes administered in the 7 days prior
to the beginning of follow-up (0–5, 6–10,
>10 classes). Recent fall or fracture was
identified with the MDS indicator for
falls in the prior 180 days and/or VA or
Medicare claims (31,32). We included
several clinical indicators and vital signs
shown in prior literature to predict short-
er-term mortality (i.e., days to weeks)
(33). These included supplemental oxy-
gen, minimum systolic blood pressure,
maximum heart rate, and maximum re-
spiratory rate in the 2 days leading up to
the 7-day window of deintensification
(34). We also adjusted for whether resi-
dents had a hospitalization in the 30
days prior to follow-up.

Finally, analysis of environment of care
included the admission source (acute/
hospital, home/assisted living, NH, other),
relationship to next of kin listed in

the medical record, U.S. census region
(Northeast, Midwest, South, West), Com-
munity Living Center bed size, and urban
influence code (large metropolitan, small
metropolitan, micropolitan, noncore ru-
ral) (35). We also included an indicator
for the fiscal year of admission
(2009–2012 or 2013–2015), which repre-
sents the periods before and after the
publication of the American Geriatrics
Society Choosing Wisely recommenda-
tions (7) for diabetes management in
older adults and implementation of the
VA Hypoglycemic Safety Initiative (HSI).

Statistical Analysis
Baseline characteristics were summa-
rized overall and by deintensification
status, with standardized differences to
compare across groups. We addressed
missing data (<5% on any given vari-
able) with single imputation using
chained equations (36).

Confounding by indication or severity
is a major concern in this population, as
many of the life-limiting conditions that
lead prescribers to consider deprescrib-
ing also contribute to increased mortali-
ty risk (1). For addressing this concern,
we used an entropy balancing approach
in our sample to balance covariates be-
tween residents who were deintensified
and those who were not. Entropy bal-
ancing (37) is a reweighting scheme
similar to propensity score weighting
but directly incorporates the desired
level of covariate balance into the
weighting scheme. It ensures that covar-
iate distributions match exactly across
treatment and control groups, reducing
model dependence to a greater degree
than with propensity methods in esti-
mating treatment effects. In our analy-
sis, a weight of 1 was assigned to the
deintensified group, while the rest of
the sample was weighted to match the
distribution of covariates in the deinten-
sified group. Entropy weights were ap-
plied to the sample to calculate the
cumulative incidence for ED visits or
hospitalizations, as well as death, and
the corresponding risk differences (RDs)
and risk ratios (RRs) associated with de-
intensification, which provided an esti-
mate of the average treatment effect
on those treated.

We estimated the cumulative inci-
dence of ED visits and hospitalizations
using the Aalen-Johansen estimator,

which treats competing events like death
as secondary outcomes (38). Thus, we
were able to obtain estimates of risk for
our primary outcome (ED visits and hos-
pitalizations) as well as death. We used
these estimates to calculate risk differ-
ences and RRs to evaluate the associa-
tion of treatment deintensification with
outcomes at 15, 30, 45, and 60 days.
Bootstrapping with 2,000 iterations was
used to generate 95% CIs for cumulative
incidence, risk differences, and RRs. We
also conducted sensitivity analyses to de-
termine the impact of our definition for
deintensification, using a longer sus-
tained period of 14 days (6). Analyses
were conducted with SAS, version 9.4,
and Stata, version 15.0.

RESULTS

Sample Characteristics
Select characteristics of our sample (n =
2,082) are presented in Table 1. The full
set of characteristics is presented in
Supplementary Table 1. Most residents
were age >75 years (61.8%) and White
(75.7%), and 28.7% had AD. Approxi-
mately 27% of residents had diabetes
medication treatment deintensified with-
in 30 days of the index date. Prior to
weighting, residents who had medication
treatment deintensified were more likely
to have HbA1c <6.0% (35.7% vs. 23.2%)
and more likely to be receiving short-act-
ing insulin (67.7% vs. 52.4%) or sulfony-
lureas (37.0% vs. 23.4%) at baseline. In
the entropy-weighted sample, all charac-
teristics were sufficiently balanced across
groups with standardized differences
<0.01.

Association of Deintensification With
All-Cause Negative Events
Overall, 32.4% of residents experienced
at least one all-cause negative event.
Among the earliest events observed,
the most common were hospitalizations
(19.3%), followed by ED visits (9.3%)
and death (3.9%). The most frequent
causes of ED visits or hospitalizations are
presented overall and by deintensification
status in Supplementary Table 2. Overall,
ED visits or hospitalizations were most
often due to diseases of the circulatory
system (e.g., congestive heart failure,
dysrhythmias, peripheral atherosclerosis,
acute cerebrovascular disease), diseases
of the respiratory system (e.g., pneumonia,
respiratory failure, aspiration pneumonia),
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and diseases of the genitourinary system
(e.g., urinary tract infections, renal failure).
The top causes of ED visits and hospital-
izations were relatively consistent across
deintensification status. The only excep-
tion was that the category of injury and
poisoning (e.g., complications of surgical
procedures, fractures) was the third most
common among those who had medica-
tion treatment deintensified. The most

frequent causes of death in the sample
were major cardiovascular disease (37.5%
of deaths) and cancers (22.2% of deaths).
We are unable to present frequencies of
causes of death by deintensification be-
cause of small cell sizes.

Entropy-weighted Aalen-Johansen cu-
mulative incidence functions for ED
visits and hospitalizations as well as
death are shown in Fig. 3 by whether

residents had diabetes regimens deinten-
sified. Point estimates for cumulative
incidence of negative events, risk differ-
ences, and RRs are displayed in the bot-
tom half of the figure. After application
of entropy weights to the sample, treat-
ment deintensification was not associat-
ed with increased risk of ED visits or
hospitalizations by 60 days (RD �0.001
[95% CI �0.070, 0.066], RR 0.99 [0.84,

Figure 3—Entropy-weighted association of deintensifying diabetes medications with all-cause events (n = 2,082 residents). In the lower panel, cu-
mulative incidence, RD, and RR data are presented with 95% CIs.
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1.18]) or death (RD 0.026 [�0.007,
0.061], RR 1.52 [0.89, 2.81]). Unweighted
analyses are presented in Supplementary
Fig. 1.

Sensitivity Analyses
Results from sensitivity analyses are
presented in Supplementary Material.
When applying an alternate definition
for sustained deintensification of 14 days
(Supplementary Figs. 2 and 3), we noted
no substantive differences. Treatment de-
intensification was not associated with
60-day ED visits and hospitalizations or
death in the entropy-weighted sample.

CONCLUSIONS

To our knowledge, this is the first nation-
al study examining outcomes of deinten-
sifying diabetes medications in a sample
of NH residents near end of life, address-
ing a major gap in evidence regarding
optimal diabetes treatment for this pop-
ulation with medically complex condi-
tions. We found that deintensifying
medication regimens for NH residents
who were potentially overtreated for di-
abetes and near end of life was not asso-
ciated with increased short-term risk of
ED visits, hospitalizations, or death. Our
findings support recommendations (7,9)
advocating for less aggressive HbA1c
goals in adults with reduced life expec-
tancy and suggest that deintensifying
medications is an appropriate strategy to
achieve these goals in this population.
Potential overtreatment of diabetes in

the NH setting has been reported in sev-
eral prior studies (6,39) and underscores
the need for targeted efforts to reconcile
medication use with goals of care and
life expectancy for the NH population
generally but especially for those near
end of life. However, no large observa-
tional studies have included examination
of the impact of deintensifying diabetes
treatments on outcomes in the NH set-
ting, until now. In a recent systematic
review, investigators identified several in-
vestigations of deintensifying diabetes
medications in older adults with diabetes
(12). However, in few instances were
there reports on clinical outcomes be-
yond glycemic control, such as deaths
and hospitalizations. Only one small pro-
spective study included examination of
deintensification of diabetes medications
in the NH setting specifically, and no in-
crease in mortality was reported among

those who had diabetes medications
withdrawn (40). In another study, investi-
gators examined the impact of discontin-
uing diabetes medications with regard to
hospital admissions and mortality but in
older adults hospitalized for myocardial
infarction (41). They found that discon-
tinuation was not associated with in-
creased readmissions but was associated
with increased mortality. Although these
studies provide insight into the implica-
tions of deintensification, the findings
should be interpreted with caution due
to the respective limitations in design
(40) and generalizability (41). Additional-
ly, neither study specifically addressed
the population of NH residents near end
of life, who are most likely to be tar-
geted for deintensification.

In the current study, approximately
one-third of residents with LLE/AD ex-
perienced a negative event during 60
days of follow-up. For NH residents
near end of life, the goal of treatment
deintensification is to reduce medica-
tion burden without increasing the risk
for disease-related complications. We
observed no significant associations be-
tween treatment deintensification and
ED visits or hospitalizations, suggesting
that deintensification does not increase
the risk for burdensome transitions in
this population. Given the degree of co-
morbidity burden among NH residents
with LLE/AD and the time to benefit for
diabetes medications, it is highly unlikely
that deintensifying diabetes medications
would contribute directly to increased
rates of serious negative outcomes in
the short-term. This is supported by the
findings that the most common causes
of ED visits or hospitalizations were simi-
lar and diabetes-related negative events
such as hyperglycemia, hypoglycemia,
and falls were very infrequently ob-
served, regardless of whether residents
had diabetes medications deintensified.
Additionally, from a clinical perspective,
the specific causes of ED visits, hospital-
izations, and death were just as likely to
be related to LLE/AD status or other
comorbidities.

Our study has several strengths, in-
cluding a large, national sample of vet-
eran NH residents for whom detailed
information on HbA1c and diabetes
medications was available. We focused
on a clinically relevant subgroup that is
most likely to be targeted for deintensi-
fication or deprescribing, NH residents

near end of life. We used detailed data
from VA electronic health records, in-
cluding laboratory values and BCMA
data, to identify potential overtreat-
ment of diabetes and deintensification
of medications. We were also able to
report causes of negative events to de-
termine whether they may have re-
sulted from deintensification. Finally, we
used state-of-the-art methods to bal-
ance potential confounding between
residents who had medications deinten-
sified and those who did not.

There are a few limitations that
should be acknowledged. First, our find-
ings may not be generalizable to all NH
residents. Due to the makeup of the
veteran population and small cell sizes,
we were also unable to include women
in our sample. We acknowledge the
potential for misclassification by virtue
of using an HbA1c measurement from a
single point in time and also using gaps
in medication administration data to
define treatment deintensification with-
out the opportunity for adjudication
through chart review. We did not mea-
sure changes in insulin doses as part of
deintensification. However, we believe
that our definitions for deintensification
were quite conservative, and sensitivity
analyses with a longer definition for de-
intensification resulted in no substantive
changes. It should be noted that pre-
scribing patterns may have changed in
the time since these data were collect-
ed, particularly for newer medications
such as sodium–glucose cotransporter 2
inhibitors and glucagon-like peptide 1
receptor agonists that have lower risk
of hypoglycemia and additional cardio-
vascular benefits. We were also unable
to identify veterans with type 1 versus
type 2 diabetes, as we cannot accu-
rately distinguish between the two us-
ing claims and MDS data. It is possible
that we underestimated the number
of adverse outcomes, as we only mea-
sured events that resulted in a transi-
tion of care or death. We also
observed a relatively small number of
deaths, which may have resulted in
unstable effect estimates and wide
CIs, so our results should be inter-
preted cautiously. Finally, although we
included a very comprehensive list
of potential confounders, we recognize
the potential for unmeasured confound-
ing by factors not measurable in our
data sources.
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The present study sets the stage for
future research. To our knowledge, no
large randomized studies of diabetes de-
intensification are currently underway or
planned. Additional observational or ran-
domized studies could provide insight as
to whether our findings are translatable
to other NH populations who are at risk
for hypoglycemic adverse events due to
potential overtreatment. In future stud-
ies investigators should also evaluate
whether deintensifying diabetes treat-
ment regimens can improve quality of
life or reduce health care costs due
to avoidable treatment-related adverse
events. Finally, studies are needed to de-
termine the most effective strategies to
increase adoption of deintensification
practices in the NH setting.

Conclusion
Deintensification of diabetes treatment
regimens was not associated with in-
creased risk for 60-day ED visits, hospi-
talizations, or death among NH residents
with AD/LLE. Treatment deintensification
may be a reasonable strategy to reduce
medication burden among those who
may be overtreated for diabetes, in con-
sidering prognosis and goals of care. Ad-
ditional observational and randomized
studies are needed to determine wheth-
er these findings are generalizable to
other populations.

Funding. This work was supported by the VA
(IIR 14-306 VA HSR&D, principal investigator
C.T.T.). J.N. is supported by a career develop-
ment award from the National Institute on Ag-
ing (1K08AG071794). J.T.H. is supported by a
VA Health Services Research and Development
grant (IIR 18-228). R.P.H. was supported as a
Postdoctoral Fellow in Advanced Geriatrics with
the Geriatric Research, Education, and Clinical
Center at the VA Pittsburgh Healthcare System.
Support for VA/CMS data is provided by the
VA, Veterans Health Administration, Office of
Research and Development, Health Services Re-
search and Development Service, and VA Infor-
mation Resource Center (project nos. SDR 02-
237 and 98-004).

The views expressed in this article are those
of the authors and do not necessarily represent
the views of the VA or the U.S. Government.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. J.N. and C.T. contrib-
uted to the study concept and design. J.N.,
X.Z., F.S., M.M., and C.T. contributed to data
management and cleaning. J.N., X.Z., F.S.,
M.M., R.H., J.T., and C.T. contributed to statis-
tical analysis and interpretation. J.N., S.A.,
W.G., M.E., R.H., S.S., and J.H. contributed a

clinical perspective. J.N., X.Z., F.S., M.M., S.A.,
W.G., M.E., R.H., S.S., L.S., J.H., J.T., and C.T.
contributed to preparation of the manuscript.
J.N., X.Z., F.S., M.M., S.A., W.G., M.E., R.H.,
S.S., L.S., J.H., J.T., and C.T. contributed to crit-
ical revision and feedback. J.N. is the guaran-
tor of this work and, as such, had full access
to all the data in the study and takes respon-
sibility for the integrity of the data and the
accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the American
Geriatrics Society Annual Scientific Meeting,
13–15 May 2021.

References
1. Holmes HM, Sachs GA, Shega JW, Hougham
GW, Cox Hayley D, Dale W. Integrating palliative
medicine into the care of persons with advanced
dementia: identifying appropriate medication
use. J Am Geratr Soc 2008;56:1306–1311
2. Matlow JN, Bronskill SE, Gruneir A, et al. Use
of medications of questionable benefit at the end
of life in nursing home residents with advanced
dementia. J Am Geriatr Soc 2017;65:1535–1542
3. Springer SP, MorMK, Sileanu F, et al. Incidence
and predictors of aspirin discontinuation in older
adult veteran nursing home residents at end of
life. J AmGeriatr Soc 2020;68:725–735
4. Thorpe CT, Sileanu FE, Mor MK, et al.
Discontinuation of statins in veterans admitted to
nursing homes near the end of life. J Am Geriatr
Soc 2020;68:2609–2619
5. Vu M, Sileanu FE, Aspinall S, et al. Anti-
hypertensive deprescribing in older adult
veterans at end of life admitted to Veteran
Affairs nursing homes. J Am Med Dir Assoc
2021;22:132–140.e5
6. Niznik JD, Hunnicutt JN, Zhao X, et al.
Deintensification of diabetes medications among
veterans at the end of life in VA nursing jomes. J
Am Geriatr Soc 2020;68:736–745
7. AGS Choosing Wisely Workgroup. American
Geriatrics Society identifies five things that
healthcare providers and patients should
question. J Am Geriatr Soc 2013;61:622–631
8. Moreno G., Mangione CM, Kimbro L, et al.;
American Geriatrics Society Expert Panel on Care
of Older Adults with Diabetes Mellitus. Guidelines
abstracted from the American Geriatrics Society
guidelines for improving the care of older adults
with diabetes mellitus: 2013 update. J Am Geriatr
Soc 2013;61:2020–2026
9. Conlin PR, Colburn J, Aron D, et al. Synopsis of
the 2017 U.S. Department of Veterans Affairs/U.S.
Department of Defense Clinical Practice Guideline:
Management of Type 2 Diabetes Mellitus. Ann
InternMed. 2017;167:655–663
10. Draznin B, Aroda VR, Bakris G, et al.;
American Diabetes Association Professional
Practice Committee. 13. Older adults: Standards
of Medical Care in Diabetes—2022. Diabetes Care
2022;45(Suppl. 1):S195–S207
11. Farrell B, Black C, Thompson W, et al.
Deprescribing antihyperglycemic agents in older
persons: evidence-based clinical practice guideline.
Can Fam Physician 2017;63:832–843
12. Seidu S, Kunutsor SK, Topsever P, Hambling
CE, Cos FX, Khunti K. Deintensification in older
patients with type 2 diabetes: a systematic review
of approaches, rates and outcomes. Diabetes
ObesMetab. 2019;21:1668–1679

13. Zhou Z, Rahme E, Abrahamowicz M, Pilote L.
Survival bias associated with time-to-treatment
initiation in drug effectiveness evaluation: a
comparison ofmethods. Am J Epidemiol 2005;162:
1016–1023
14. Intrator O, Hiris J, Berg K, Miller SC, Mor V.
The residential history file: studying nursing
home residents’ long-term care histories(*).
Health Serv Res 2011;46:120–137
15. Saliba D, Buchanan J. Making the investment
count: revision of the Minimum Data Set for
nursing homes, MDS 3.0. J Am Med Dir Assoc
2012;13:602–610
16. Hynes DM, Koelling K, Stroupe K, et al.
Veterans’ access to and use of Medicare and
Veterans Affairs health care. Med Care 2007;45:
214–223
17. Arnold N, Sohn M, Maynard C, et al. VIReC
Technical Report 2: VA-NDI Mortality Data Merge
Project. Hines, IL, VA Information Resource
Center, 2006
18. Niznik JD, Zhang S, Mor MK, et al.
Adaptation and initial validation of Minimum
Data Set (MDS) Mortality Risk Index to MDS
Version 3.0. J Am Geriatr Soc 2018;66:2353–2359
19. Saliba D, Buchanan J, Edelen MO, et al. MDS
3.0: brief interview for mental status. J Am Med
Dir Assoc 2012;13:611–617
20. Buccaneer Computer Systems Inc. Chronic
Condition Data Warehouse Medicare Administrative
Data User Guide. Minneapolis, MN, Buccaneer
Computer Systems& Service Inc., 2018
21. Thomas KS, Cote D, Makineni R, et al.
Change in VA community living centers 2004-
2011: shifting long-term care to the community.
J. Aging Soc. Policy 2018;30:93–108
22. Hastings SN, Smith VA,Weinberger M, et al.
Emergency department visits in Veterans Affairs
medical facilities. Am J Manag Care 2011;17:
e215–e223
23. Barosso, G. How to Identify Hospital Claims
for Emergency Room Visits in the Medicare
Claims Data. Research Data Assistance Center
(ResDAC), 2015. Accessed 2 September 2021.
Available from https://resdac.org/articles/how-
identify-hospital-claims-emergency-room-
visits-medicare-claims-data
24. Agency for Healthcare Research and Quality.
Clinical Classifications Software (CCS) for ICD-
9-CM Fact Sheet, 2012. Accessed 13 November
2020. Available from www.hcup-us.ahrq.gov/tools
software/ccs/ccsfactsheet.jsp
25. National Center for Healthcare Statistics.
Underlying and Multiple Cause of Death Codes,
2018. Accessed 2 September 2021. Available
from https://www.cdc.gov/nchs/data/datalinkage/
underlying_and_multiple_cause_of_death_
codes.pdf
26. Chang HY, Weiner JP, Richards TM, Bleich
SN, Segal JB. Validating the adapted Diabetes
Complications Severity Index in claims data. Am
J Manag Care 2012;18:721–726
27. Ginde AA, Blanc PG, Lieberman RM, Camargo
CA Jr. Validation of ICD-9-CM coding algorithm for
improved identification of hypoglycemia visits.
BMC Endocr Disord 2008;8:4
28. Elixhauser A, Steiner C, Harris DR, Coffey
RM. Comorbidity measures for use with
administrative data. Med Care 1998;36:8–27
29. Morris JN, Fries BE, Morris SA. Scaling ADLs
within the MDS. J Gerontol A Biol Sci Med Sci
1999;54:M546–M553

1566 Outcomes of Deintensifying Diabetes Medications Diabetes Care Volume 45, July 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1558/716011/dc212116.pdf by guest on 10 April 2024

https://resdac.org/articles/how-identify-hospital-claims-emergency-room-visits-medicare-claims-data
https://resdac.org/articles/how-identify-hospital-claims-emergency-room-visits-medicare-claims-data
https://resdac.org/articles/how-identify-hospital-claims-emergency-room-visits-medicare-claims-data
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccsfactsheet.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccsfactsheet.jsp
https://www.cdc.gov/nchs/data/datalinkage/underlying_and_multiple_cause_of_death_codes.pdf
https://www.cdc.gov/nchs/data/datalinkage/underlying_and_multiple_cause_of_death_codes.pdf
https://www.cdc.gov/nchs/data/datalinkage/underlying_and_multiple_cause_of_death_codes.pdf


30. Perlman CM, Hirdes JP. The aggressive
behavior scale: a new scale to measure aggression
based on the minimum data set. J Am Geriatr Soc
2008;56:2298–2303
31. Ray WA, Griffin MR, Fought RL, Adams ML.
Identification of fractures from computerized
Medicare files. J Clin Epidemiol 1992;45:703–714
32. Tamblyn R, Reid T, Mayo N, McLeod P,
Churchill-Smith M. Using medical services claims
to assess injuries in the elderly: sensitivity of
diagnostic and procedure codes for injury
ascertainment. J Clin Epidemiol 2000;53:183–194
33. Mercadante S,Valle A, Porzio G, et al.; Home
Care–Italy Group. Prognostic factors of survival in
patients with advanced cancer admitted to home
care. J Pain SymptomManage 2013;45:56–62
34. Genes N, Chandra D, Ellis S, Baumlin K.
Validating emergency department vital signs

using a data quality engine for data warehouse.
OpenMed Inform J 2013;7:34–39
35. U.S. Department of Agriculture Economic
Research Service. Urban Influence Codes, 2007.
Accessed 12 October 2010. Available from https://
www.ers.usda.gov/data-products/urban-influence-
codes/
36. StataCorp. Multiple-imputation reference
manual. Stata Press, 2017. Accessed 18 April
2017. Available from https://www.stata.com/
bookstore/multiple-imputation-reference-
manual/
37. Hainmueller J. Entropy balancing for causal
effects: a multivariate reweighting method to
produce balanced samples in observational
studies. Polit Anal 2012;20:25–46
38. Edwards JK, Hester LL, Gokhale M, Lesko CR.
Methodologic issues when estimating risks in

pharmacoepidemiology. Curr Epidemiol Rep
2016;3:285–296
39. Lederle L, Jing B, Rodriguez A, Hunt LJ, Lee
SJ. Glycemic over- and undertreatment in VA
nursing home residents with type 2 diabetes: a
retrospective cohort study. J Gen Intern Med
2020;35:1900–1902
40. Sj€oblom P, Tengblad A, L€ofgren UB, et al.
Can diabetes medication be reduced in elderly
patients? An observational study of diabetes
drug withdrawal in nursing home patients with
tight glycaemic control. Diabetes Res Clin Pract
2008;82:197–202
41. Lipska KJ, Wang Y, Kosiborod M, et al.
Discontinuation of antihyperglycemic therapy and
clinical outcomes after acute myocardial infarction
in older patients with diabetes. Circ Cardiovasc
Qual Outcomes 2010;3:236–242

diabetesjournals.org/care Niznik and Associates 1567

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1558/716011/dc212116.pdf by guest on 10 April 2024

https://www.ers.usda.gov/data-products/urban-influence-codes/
https://www.ers.usda.gov/data-products/urban-influence-codes/
https://www.ers.usda.gov/data-products/urban-influence-codes/
https://www.stata.com/bookstore/multiple-imputation-reference-manual/
https://www.stata.com/bookstore/multiple-imputation-reference-manual/
https://www.stata.com/bookstore/multiple-imputation-reference-manual/

