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Abstract

BACKGROUND/OBJECTIVE: Uncertainty regarding benefits and risks associated with 

acetylcholinesterase inhibitors (AChEIs) in severe dementia means providers do not know if and 

when to deprescribe. We sought to identify which patient, provider, and system-level 

characteristics are associated with AChEI discontinuation.

DESIGN: Analysis of 2015–16 data from Medicare claims, Part D prescriptions, Minimum Data 

Set v3.0, Area Health Resource File, and Nursing Home Compare. Cox-proportional hazards 

models with time-varying covariates were used to identify patient, provider, and system-level 

factors associated with AChEI discontinuation (≥30-day gap in supply).

SETTING: U.S. Medicare certified nursing homes (NHs).

PARTICIPANTS: Non-skilled NH residents aged 65+ with severe dementia receiving AChEIs 

within the first 14 days of an MDS assessment in 2016 (n=37,106).
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RESULTS: The sample was primarily white (78.7%), female (75.5%), and ≥80 years old 

(77.4%). The most commonly prescribed AChEIs were donepezil (77.8%), followed by 

transdermal rivastigmine (14.6%). The cumulative incidence of AChEI discontinuation was 29.7% 

at the end of follow-up (330 days), with mean follow-up times of 194 days for continuous users of 

AChEIs and 105 days for those who discontinued. Factors associated with increased likelihood of 

discontinuation were new admission, older age, difficulty being understood, aggressive behavior, 

poor appetite, weight loss, mechanically altered diet, limited prognosis designation, hospitalization 

in 90 days prior, and northeastern region. Factors associated with decreased likelihood of 

discontinuation included memantine use, use of strong anticholinergics, polypharmacy, rurality, 

and primary care prescriber vs. geriatric specialist.

CONCLUSION: Among nursing home residents with severe dementia being treated with 

AChEIs, the cumulative incidence of AChEI discontinuation was just under 30% at 1-year of 

follow-up. Our findings provide insight into potential drivers of deprescribing AChEIs, identify 

system-level barriers to deprescribing, and help to inform covariates that are needed to address 

potential confounding in studies evaluating the potential risks and benefits associated with 

deprescribing.
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INTRODUCTION

The use of acetylcholinesterase inhibitors (AChEIs) in severe dementia is controversial. 

Although there are numerous efficacy studies of these agents, a limited number include 

patients with severe dementia, with variable findings.1–7 Most studies show minor 

improvements in cognition1–5,7, but few have demonstrated benefit for activities of daily 

living (ADLs) or behavioral and psychological symptoms of dementia (BPSD).8,9 There is 

also uncertainty regarding long-term efficacy, as few studies were conducted for longer than 

6 months to one year.10

Deprescribing, the intentional and supervised reduction or discontinuation of medications in 

the setting of limited benefit11,12, may be warranted when reconsidering the appropriateness 

of AChEIs in severe dementia. There are a limited number of studies examining the effect of 

deprescribing AChEIs on functional, behavioral, or cognitive outcomes in severe dementia.
13–15 However, these are limited by small samples, inadequate control groups, and 

questionable generalizability. In the absence of data on risks versus benefits of AChEIs in 

severe dementia, it is not surprising that a recent systematic review of clinical guidelines 

found inconsistency in recommendations for deprescribing AChEIs.16 Only three of 16 

guidelines recommended deprescribing AChEIs (specifically complete discontinuation) in 

patients with severe dementia, with most others deferring to clinical judgement and family 

preferences.16 Qualitative interviews with prescribers echo this uncertainty.17–19

Quantitative studies of patients with varying dementia severity have found that AChEI 

discontinuation is driven by multiple factors, including demographics, health-related 

characteristics, medication use, setting, and provider specialty.20–34 Although several studies 
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have found that patients with greater dementia severity are more likely to discontinue 

AChEIs21,26,31,33, none examined predictors of discontinuation within this subgroup. In 

addition, only three studies were conducted among nursing home (NH) residents.24,26,35 As 

a result, little is known about the frequency of AChEI discontinuation in NH residents with 

severe dementia, or associated factors.

This study sought to identify predictors of AChEIs discontinuation in a national sample of 

older NH residents with severe dementia and will inform covariates for future studies of the 

downstream effects of deprescribing.

METHODS

Design & Data Sources.

This was a retrospective analysis of linked data from Medicare enrollment, Part A and B 

claims, Master Beneficiary Summary File (MBSF), Part D prescriptions, the Minimum Data 

Set (MDS) version 3.0, the Area Health Resource File (AHRF), and Nursing Home 

Compare (NHC) for 2015–2016. The University of Pittsburgh Institutional Review Board 

(IRB) deemed this study exempt.

Data originated from a random sample of 1 million Medicare beneficiaries age 65 and older 

with continuous enrollment in Medicare Parts A, B, and D in 2015 and a dementia diagnosis 

prior to 2016 based on the Chronic Conditions Warehouse algorithm for identifying 

Alzheimer’s Disease or Related Disorders with International Classification of Diseases 

(ICD) codes.36 The MDS, a comprehensive health assessment tool administered to residents 

of CMS-certified NHs at admission and at least every 90 days thereafter, served as the 

primary source of variables. The Medicare MBSF and Part A/B claims were used to identify 

comorbidities, inpatient and outpatient healthcare utilization in the year prior, and death 

date. Medicare Part D data provided information on prescriptions dispensed in outpatient 

and long-term care settings, including drug name, National Drug Code (NDC), date filled, 

dose, strength, quantity, days’ supply, and prescriber characteristics. The NHC and AHRF 

provided facility characteristics.37,38

Sample.

The final cohort consisted of non-skilled nursing stays for patients with severe dementia 

receiving AChEIs at index (Figure 1). Skilled NH stays require more advanced care, 

including intravenous medications and physical therapy, compared to non-skilled stays. 

Skilled stays are also covered by Medicare Part A and thus medication data are not available. 

We used the MDS reason for assessment fields (A0310A, A0310B) to identify all MDS 

assessments for non-skilled NH stays,39,40 beginning in 2016. Nursing home episodes 

(n=335,487) were constructed by matching the first assessment in 2016 to the closest 

discharge form or assigning the end of the study period (12/31/2016) as the end date. We 

required that residents had continuous enrollment in Medicare Parts A, B, and D for the 

duration of all episodes and the year prior (n=14,388, 4.3% excluded). Episodes in which the 

resident had any Medicare skilled nursing facility claims overlapping the index date to 

episode end date were excluded (n=52,390, 16.3% excluded). Episodes in which residents 
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had severe dementia were identified using cognitive assessments in the MDS (n=149,727, 

55.6%). Specifically, the Brief Interview for Mental Status (BIMS)41 was used, or if unable 

to complete the BIMS, the Cognitive Performance Scale (CPS) was used.42 We used a BIMS 

≤7 or CPS ≥4 to identify severe dementia, which have demonstrated acceptable sensitivity 

and specificity for severe cognitive impairment.41 We then limited to residents receiving 

AChEIs at index by searching Part D records for generic drug names (donepezil, 

rivastigmine, galantamine). Residents were considered treated if there was a prescription for 

an AChEI with an estimated days’ supply overlapping one of the initial 14 days of the 

episode (n=43,996, 29.4%). The first day in which AChEI supply was observed was 

assigned as the AChEI index date. We excluded episodes with ≤30 days of follow-up to 

allow time to observe potential discontinuation (n=4,158, 9.5% excluded). Finally, if 

residents had more than one episode meeting criteria, only the first was included (n=2,729, 

6.9% excluded).

A longitudinal dataset was created in which each resident could have multiple MDS 

assessments from episode start until deprescribing or censoring. The final cohort included 

37,106 residents contributing 100,807 MDS assessments.

Dependent Variable.

Discontinuation of AChEIs was defined as a gap in supply ≥30 days based on prescription 

fill dates and days’ supply, with the 1st gap day serving as the discontinuation date. For 

example, if a patient was issued a prescription on 01/01/2015 with a 28-day supply, this had 

an end date of 01/28/2015. If no subsequent fill was observed for any AChEI within the next 

30 days, this was considered deprescribing, with a discontinuation date of 1/29/2015. A 30-

day gap was chosen based on prior research in community-dwelling and NH residents.43,44

Independent Variables.

A conceptual model guided selection of covariates based on prior studies20–34 and 

behavioral theories applied to deprescribing.45–47 We identified four categories of covariates 

hypothesized to influence deprescribing: demographics, clinical assessment, environment of 

care, and provider specialty.

Demographics were captured as time-invariant covariates using the index MDS assessment. 

Clinical assessment factors were included as time-varying covariates measured at each MDS 

assessment. The type of MDS form (admission, quarterly, annual, significant change in 

status) was included as a measure of the trajectory of the resident’s stay. We included a scale 

rating ability to be understood to capture variation in cognitive ability.41 We created 

indicators for specific active conditions noted on the MDS that may impact deprescribing.48 

These included indicators of poor prognosis (poor appetite, swallowing disorder, parenteral 

nutrition or tube feeds, mechanically altered diet, weight loss, shortness of breath, 

dehydration, cancer, end-stage renal disease, heart failure) or conditions that would be 

aggravated by AChEIs (urinary incontinence). Physical function was measured using a scale 

based on MDS items for ADLs.49 Aggression was measured using the Aggressive Behavior 

Scale (ABS)50, ranging from 0–12 and categorized as none (0), moderate (1–2), severe (3–5) 

or very severe (6+). Depression severity was assessed using the Patient Health Questionnaire 
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(PHQ-9).51 Finally, we created an indicator for limited prognosis, based on the MDS item 

(J1400) for <6 months life expectancy, which has good accuracy for 6-month mortality48, 

and/or the MDS item (O0100K) for hospice use in the last 14 days.

Medications used to treat other conditions may influence deprescribing of AChEIs, because 

they may indicate the presence of psychiatric symptoms that could worsen after 

deprescribing. We used Part D records to create time-varying indicators for use of 

antidepressants, antipsychotics, and benzodiazepines on the first day of each assessment. We 

captured use of strongly anticholinergic medications from the Beers Criteria52, which may 

worsen cognition. We also counted the number of non-AChEI medications. Finally, we 

captured memantine use, and the index AChEI (donepezil, rivastigmine, or galantamine).

Healthcare utilization and comorbidities were measured as time-varying, using claims. We 

calculated the Charlson Comorbidity Index (CCI)53 using ICD-9 and ICD-10 codes from the 

prior year. We identified whether residents had experienced cause-specific hospitalizations 

for syncope and falls or fractures as well as other cause hospitalizations in the 90 days prior 

to each MDS assessment. We also identified location prior to NH residence.

Environment of care factors were captured as time-invariant and included geographic region, 

facility size, and rurality. NHC data37 provided facility size and ZIP codes to define rurality 

(urban, rural, highly rural) by linking to rural-urban continuum codes in the AHRF.38 

Finally, we captured the Medicare provider specialty of the prescriber of the index AChEI 

prescription (primary care, geriatrics, or other) using taxonomy codes from the Part D 

Prescriber Characteristics file.54

Statistical Analyses.

We described demographics, environment of care factors and provider specialty at the index 

MDS assessment, and time-varying clinical factors at index and across all assessments. 

Missing observations (<5% total) were addressed with single imputation using chained 

equations.55

Associations of time to AChEI discontinuation with all covariates were evaluated using Cox 

proportional hazards models. Residents were followed from index date to discontinuation or 

censoring (death, NH discharge, end of study period). Bi-variable models were estimated to 

determine unadjusted associations, followed by multivariable models. The proportional 

hazards assumption was evaluated using Schoenfeld residuals. Variance inflation factors 

were used to evaluate potential collinearity. We used robust standard errors to address 

facility-level clustering.

Two sensitivity analyses were conducted: 1) analyses stratified by documentation of limited 

prognosis to determine whether associated factors were robust in residents recognized as 

end-of-life; and 2) using an alternative measure of discontinuation that required a 60-day gap 

in medication supply, to account for potential measurement error. Analyses were performed 

using SAS version 9.4 (SAS Institute Inc, Cary, NC) and STATA 15 (College Station, TX).
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RESULTS

Sample Characteristics.

Table 1 presents time invariant characteristics measured at index (n=37,106) and Table 2 

presents assessment-level clinical characteristics for all MDS assessments (n=100,807). At 

index, over 75% were ≥80 years old, primarily female (75.5%), and white (78.7%). Most 

residents were not married (77.9%), entered the NH following hospitalization (68.1%), and 

were not newly admitted (i.e., prevalent stays; 87.7%).

In total, 20.4% of the sample had their AChEI deprescribed, whereas the remainder were 

censored due to death (8.8%), discharge (23.7%), or end of follow-up (47.2%). The median 

follow-up time for continuous users of AChEIs was 242 days (IQR=83–290) and 82 days 

(IQR=30–165) for those who were deprescribed. Figure 2 shows the cumulative incidence of 

discontinuation, which was 29.7% at day 330 (end of follow-up).

Table 3 presents statistically significant results from Cox models (full results presented in 

Supplementary Table S1). In unadjusted and adjusted analyses, age ≥70 versus 65–69 was 

associated with increased likelihood of discontinuation (70–79yo aHR=1.21, 95% CI [1.02–

1.43]; 80–89yo aHR=1.20, 95% CI [1.02–1.41]; 90+yo aHR=1.26, 95% CI [1.06–1.48]). 

Clinical factors associated with increased likelihood for discontinuation in unadjusted and 

adjusted models were: being understood only sometimes (aHR=1.13, 95% CI [1.05–1.21]) 

or rarely (aHR=1.22, 95% CI [1.11–1.34]); moderate (aHR=1.11, 95% CI [1.04–1.18]) or 

severe (aHR=1.24, 95% CI [1.15–1.37]) aggressive behavior; ADL impairment (ADL scale 

15–21 aHR=1.26, 95% CI [1.10–1.44]; ADL scale 22–28 aHR=1.41, 95% CI [1.22–1.63]); 

poor appetite (aHR=1.20, 95% CI [1.11–1.28]); recent weight loss (aHR=1.31, 95% CI 

[1.21–1.41]); mechanically altered diet (aHR=1.07, 95% CI [1.02–1.13]); limited prognosis 

(aHR=3.92, 95% CI [3.65–4.20]); and cause-specific (aHR=1.28, 95% CI [1.17–1.40]) or 

other cause hospitalization (aHR=1.25, 95% CI [1.16–1.35]) in the prior 90 days. Clinical 

factors associated with decreased likelihood for discontinuation were use of combination 

donepezil/memantine as AChEI therapy versus donepezil alone (aHR=0.65, 95% CI [0.52–

0.82]); memantine use (aHR=0.87, 95% CI [0.82–0.91]); strong anticholinergic use 

(aHR=0.92, 95% CI [0.86–0.99]); use of >5 concurrent medications (6 to 10 medications 

aHR=0.89, 95% CI [0.84–0.93]; >10 medications aHR=0.79, 95% CI [0.71–0.87]). 

Discontinuation was also less likely following quarterly or annual assessments versus 

admission (aHR=0.39, 95% CI [0.36–0.43]; aHR=0.36, 95% CI [0.33–0.40], respectively).

Regional characteristics exhibited significant relationships with discontinuation. Residing in 

a facility in the West versus the Midwest (aHR=0.86, 95% CI [0.76–0.96]) and in a rural 

(aHR=0.82, 95% CI [0.76–0.87]) or highly rural facility (aHR=0.77, 95% CI [0.66–0.89]) 

versus an urban facility, were associated with decreased likelihood of discontinuation. In 

addition, having an AChEI prescriber with a primary care specialty (vs. geriatrics) was 

associated with decreased likelihood of discontinuation (aHR=0.91, 95% CI [0.83–0.99]).

Supplementary Tables S2 and S3 show results of the sensitivity analysis stratifying by 

documentation of limited prognosis. Among patients without documentation of limited 

prognosis, findings were similar to the primary analysis. However, in patients with 
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documented limited prognosis, many factors originally associated with discontinuation of 

AChEIs were no longer significant. The direction of association changed for several 

variables, but none were statistically significant. Supplementary Figure S1 shows the 

cumulative incidence curves for time to discontinuation, stratified by limited prognosis.

In the sensitivity analysis using a 60-day gap in AChEI supply to define discontinuation, 

adjusted associations remained substantively unchanged (Supplementary Table S4). Several 

additional factors became statistically significantly associated with discontinuation, 

including female sex, black race, significant change in status assessment, and facility size 

50–99 beds and 100–199 beds. However, their point estimates changed less than 12%.

DISCUSSION

This is the first national study of deprescribing AChEIs in U.S. Medicare NH residents with 

severe dementia. We found a cumulative incidence of discontinuation of 30% over 

approximately one year of follow-up. In a time-to-event analysis, discontinuation was driven 

by several important clinical characteristics, as well as a few facility- and prescriber-level 

factors.

There are a number of strengths to our analysis that set it apart from existing literature. We 

studied a large, national sample of U.S. NH residents with severe dementia using a data 

source with hundreds of clinical variables. Inclusion of prevalent stays and newly admitted 

NH residents yielded a larger and more generalizable sample, thereby increasing statistical 

power. By limiting to residents with severe dementia, our study is the first to identify 

predictors of discontinuation in patients for whom treatment recommendations are most 

controversial. In addition, utilization of a time-to-event analysis with time-varying covariates 

also strengthened our ability to identify associations between fluctuating clinical factors and 

discontinuation. A recent by Maclagan et al. also examined predictors of AChEI 

discontinuation in NH residents in Canada.34 In addition to country, this study differed from 

ours in their inclusion of all dementia severities, restriction to newly admitted residents, and 

earlier years of data (2011–2015). Overall, however, the magnitude and direction of the 

associations in our study align with the Maclagan study, with a few exceptions. Maclagan et 

al. found that older residents were less likely to be deprescribed, contradicting the findings 

of our analysis and others.20,22,25,29,32 We also identified several factors associated with 

discontinuation that were not associated with discontinuation in the Maclagan study, 

including markers of poor prognosis, polypharmacy, strong anticholinergics, and rurality.

The strongest predictor of AChEI discontinuation in this study was explicit MDS 

documentation of limited prognosis. Residents with severe dementia who had less than 6-

months life expectancy or hospice use had almost 4 times the likelihood of discontinuation 

compared to other residents. This is expected, as de-escalation of care, including 

medications, is an integral part of hospice. Sensitivity analyses demonstrated that although 

the effect of many of the patient-, system-, and provider-level factors on discontinuation was 

eclipsed by limited prognosis status, they remained significantly associated in other 

residents.
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Many clinical factors associated with increased likelihood of discontinuation have 

previously been identified as surrogate markers for decline in clinical status (e.g. poor 

appetite, recent weight loss).48 This aligns with current, albeit limited, recommendations to 

reconsider these agents in this population.16 We also found that discontinuation was more 

likely to occur during observation periods identified by MDS admission assessments, rather 

than routine care (i.e. quarterly or annual assessments). Evaluations at the time of transfer to 

a new care setting are likely more comprehensive, and thus medications may be scrutinized 

more closely for appropriateness. This points out a potential area for intervention, as 

medications should be regularly re-evaluated for appropriateness and not just at the time of 

care transition.

Interestingly, the presence of polypharmacy and use of strongly anticholinergic medications 

were associated with decreased likelihood of discontinuation. Our findings suggest that these 

may act as surrogates of poor prescribing that carry over into reduced deprescribing of 

medications with questionable benefit. It is also possible that medication use may represent 

greater comorbidity burden or more conservative deprescribing driven by family 

preferences.17–19

Important facility- and prescriber-level factors were associated with a decreased likelihood 

of discontinuation; for example, residence in a NH in a rural or highly rural region was 

associated with decreased likelihood for discontinuation as compared to urban regions. This 

may represent proximity to an academic medical center where initiatives that promote 

deprescribing may be more common. Residents prescribed AChEIs by a primary care 

physician versus geriatrician were less likely to be deprescribed. Geriatricians are likely 

more attuned to medication-related issues, especially deprescribing, given the increased risk 

for adverse effects in the setting of advanced age.56 These system-level factors may be seen 

as targets for educational interventions to improve uptake and implementation of 

deprescribing.

Our study has several limitations. One of the main limitations of this analysis is that we were 

unable to identify the intent behind gaps in medication supply. Thus, while a number of 

these gaps may have been the result of intentional deprescribing, it is also possible that 

human error, systems error, or withheld doses contributed to gaps in medication. Most prior 

studies examining patterns of AChEI use refer to gaps in therapy as either discontinuation or 

non-persistence, avoiding the term deprescribing because of the inability to establish intent.
20–23,25–30,32,34 However, in a nursing home setting, it may be more likely that sustained 

therapy gaps greater than 30 or 60 days are intentional. The optimal gap in days’ supply for 

identifying intentional AChEI discontinuation using Part D data is unknown. Although 

sensitivity analyses using a 60-day gap in medication supply revealed no significant 

differences, the incidence of deprescribing dropped considerably (30.0% vs. 18.3%). Given 

the potential for medication withdrawal syndromes and worsening behavioral symptoms, 

prescribers may opt for deprescribing by dosage reduction, which we may not have 

captured. Future studies should examine different definitions for deprescribing using data 

sources that contain greater detail (e.g. medication administration data).
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CONCLUSIONS:

This study found a cumulative incidence of deprescribing of AChEIs just under 30% over a 

one-year period among older NH residents with severe dementia. A number of clinical 

factors corresponding to limited prognosis or deteriorating clinical status were associated 

with increased likelihood for deprescribing. However, several system-level factors that may 

act as barriers to implementation were also associated with deprescribing. Future studies 

examining downstream effects of deprescribing should account for these potential 

confounders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT STATEMENT:

We certify that the research presented in this manuscript is novel and has high potential to 

impact clinical care for older adults from both a clinical perspective and a research 

perspective. We found the incidence of discontinuing acetylcholinesterase inhibitors 

(AChEIs) in a large national sample of nursing home residents with severe dementia was 

approximately 30% over a one-year period. In addition, we identified a number of 

patient-level clinical prognostic factors that were associated with increased likelihood of 

discontinuation, many of which may signify a decline clinical status. We also identified 

that several system-level factors were associated with decreased likelihood of 

discontinuation and thus may serve as barriers to implementation of deprescribing in the 

nursing home setting.

There have been no studies to date that have examined patterns of AChEI discontinuation 

specifically in nursing home residents with severe dementia, a sub-group that may be 

most likely to have these agents deprescribed based on limited clinical benefit. We 

implemented a robust methodological approach using a time-to-event analysis that 

incorporated time-varying covariates to evaluate the dynamic relationship between 

fluctuating clinical prognostic factors and discontinuation of AChEIs over time. Our 

study is also innovative because our sample included both newly admitted nursing home 

residents as well as those who had been residing the nursing home, which allowed us to 

identify that while a significant portion of discontinuation occurs around the time of 

admission, it can also occur later during a resident’s stay.

The findings presented in this manuscript address an important gap in the literature, 

providing insight into what factors clinicians may view as important in decision-making 

regarding deprescribing AChEIs in severe dementia. Our study also provides a 

springboard for future research by identifying potential confounders that should be 

addressed in any studies of the downstream effects of deprescribing AChEIs on 

outcomes.
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Figure 1. 
Cohort Construction
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Figure 2. 
Cumulative Incidence of Deprescribing During Observation Period

Niznik et al. Page 15

J Am Geriatr Soc. Author manuscript; available in PMC 2020 August 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niznik et al. Page 16

Table 1.

Time-invariant Baseline Characteristics of Elderly Nursing Home Residents with Severe Dementia Receiving 

AChEIs

Variable Baseline Characteristics n (%) N=37,106 episodes

DEMOGRAPHICS

Age in years

 65–69 901 (2.4)

 70–79 7,496 (20.2)

 80–89 17,922 (48.3)

 90+ 10,787 (29.1)

Sex

 Male 9,092 (24.5)

 Female 28,014 (75.5)

Race/ethnicity

 White 29,210 (78.7)

 Black 4,405 (11.9)

 Hispanic 2,049 (5.5)

 Other 1,442 (3.9)

Current marital status

 Married 8,176 (22.0)

 Not Married 28,930 (78.0)

Entered from

 Community 7,575 (20.4)

 Hospital 25,275 (68.1)

 NH or other LTC facility 4,256 (11.5)

ENVIRONMENT OF CARE

Geographic region

 Midwest 10,108 (27.2)

 Northeast 6,737 (17.9)

 South 17,286 (46.6)

 West 3,075 (8.3)

Certified beds

 <50 1,899 (5.1)

 50–99 10,617 (28.6)

 100–199 20,339 (54.8)

 200+ 4,252 (11.5)

Rural/urban continuum

 Urban 25,719 (69.3)

 Rural 9,910 (26.7)

 Highly rural 1,477 (4.0)

PROVIDER SPECIALTY

Prescriber specialty
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Variable Baseline Characteristics n (%) N=37,106 episodes

 Geriatrics 3,168 (8.5)

 Primary care 29,972 (80.8)

 Other 3,966 (10.7)

Note: Missing data was imputed using chained equations. All item-level missingness was <5%.
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Table 2.

Time-varying Clinical Characteristics of Elderly Nursing Home Residents with Severe Dementia Receiving 

AChEIs

Variable Baseline Characteristics n (%) N=37,106 
episodes

Time-varying Characteristics n (%) 
N=100,807 assessments

MDS Assessment Type

 Admission 4,576 (12.3) 4,576 (4.5)

 Quarterly 24,434 (65.9) 71,976 (71.4)

 Annual 6,001 (16.2) 18,387 (18.2)

 Significant Change in Status 2,095 (5.7) 5,868 (5.8)

Charlson Comorbidity Index

 0–1 6,001 (16.3) 15,514 (15.4)

 2–3 9,101 (24.7) 25,761 (25.6)

 4–5 8,659 (23.5) 24,614 (24.4)

 ≥6 13,127 (35.6) 34,918 (34.6)

Makes self understood

 Understood 14,719 (39.7) 38,964 (38.7)

 Usually understood 9,961 (26.8) 27,333 (27.1)

 Sometimes understood 8,086 (21.8) 21,830 (21.7)

 Rarely/never understood 4,340 (11.7) 12,680 (12.6)

PHQ-9 score

 Minimal 30,155 (81.3) 82,783 (82.1)

 Mild 4,808 (13.0) 12,364 (12.3)

 Moderate 1,623 (4.4) 4,338 (4.3)

 Moderate-severe or severe 520 (1.4) 1,322 (1.3)

Aggressive behavior scale

 None 28,391 (76.5) 78,048 (77.4)

 Moderate 5,741 (15.5) 15,178 (15.1)

 Severe 2,335 (6.3) 6,024 (6.0)

 Very severe 639 (1.7) 1,557 (1.5)

Activities of Daily Living Score

 1 to 7 2,849 (7.7) 7709 (7.7)

 8 to 14 6,033 (16.3) 15,917 (15.8)

 15 to 21 19,426 (52.4) 52,903 (52.5)

 22 to 28 8,798 (23.7) 24,278 (24.1)

Urinary incontinence

 Continent 3,954 (10.7) 9,893 (9.8)

 Occasionally incontinent 5,439 (14.7) 13,988 (13.9)

 Frequently incontinent 12,281 (33.1) 33,382 (33.1)

 Always incontinent 14,644 (39.5) 41,899 (41.6)

 Indwelling catheter 788 (2.1) 1,645 (1.6)

Cancer 1,557 (4.2) 4,081 (4.1)

Heart failure 5,808 (15.7) 15,490 (15.4)
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Variable Baseline Characteristics n (%) N=37,106 
episodes

Time-varying Characteristics n (%) 
N=100,807 assessments

End Stage Renal Disease 3,433 (9.3) 9,140 (9.1)

Short of breath 2,469 (6.7) 6,412 (6.4)

Poor appetite 4,946 (13.3) 12,811 (12.7)

Weight loss 2,392 (6.5) 5,891 (5.8)

Swallowing difficulty 1,247 (3.4) 3,266 (3.2)

Mechanically altered diet 16,780 (45.2) 47,426 (47.1)

IV/parenteral nutrition or feeding tube 1,262 (3.4) 2,892 (2.9)

Limited Prognosis 1,875 (5.1) 4,623 (4.6)

Hospitalizations/ED Visits (90 days prior)

 None 27,937 (75.3) 86,397 (85.7)

 Cause-specific (fall, fracture, syncope) 3,193 (8.6) 5,560 (5.5)

 Other cause 5,976 (16.1) 8,850 (8.8)

AChEI at index date

 Donepezil 28,877 (77.8) 77,772 (77.2)

 Donepezil/memantine 483 (1.3) 1,926 (1.9)

 Galantamine 832 (2.2) 2,280 (2.3)

 Rivastigmine (oral) 1,511 (4.1) 4,230 (4.2)

 Rivastigmine (transdermal) 5,403 (14.6) 14,599 (14.5)

Memantine use 15,199 (41.0) 42,692 (42.3)

Benzodiazepine and/or Z drug 5,505 (14.8) 14,282 (14.2)

Antipsychotic use 9,128 (24.6) 23,039 (22.9)

Antidepressant use 21,310 (57.4) 57,578 (57.1)

Highly Anticholinergic Drugs 5,519 (14.9) 14,179 (14.1)

Total number of medications

 0 to 5 17,798 (48.0) 49,798 (49.4)

 6 to 10 16,183 (43.6) 43,261 (42.9)

 >10 3,125 (8.4) 7,868 (7.7)
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Table 3.

Unadjusted and Adjusted Hazards Ratios for Significant AssociationsTable 3. Unadjusted and Adjusted 

Hazards Ratios for Significant Associations

Variable Unadjusted Hazard Ratio [CI] Adjusted Hazard Ratio [CI]

Age in years

 65–69 ref ref

 70–79 1.20 (1.01–1.41)* 1.21 (1.02–1.42)*

 80–89 1.19 (1.02–1.41)* 1.20 (1.02–1.41)*

 90+ 1.32 (1.11–1.56)^ 1.25 (1.06–1.48)+

Assessment Form Type

 Admission ref ref

 Quarterly 0.38 (0.35–0.42)^ 0.39 (0.35–0.43)^

 Annual 0.35 (0.31–0.38)^ 0.36 (0.33–0.41)^

 Significant Change in Status 1.77 (1.61–1.95)^ 0.93 (0.84–1.04)

Makes self understood

 Understood ref ref

 Usually understood 1.15 (1.08–1.22)^ 1.06 (0.99–1.13)

 Sometimes understood 1.42 (1.33–1.50)^ 1.14 (1.07–1.22)^

 Rarely/never understood 1.69 (1.58–1.81)^ 1.24 (1.14–1.34)^

PHQ-9 score

 Minimal ref ref

 Mild 1.24 (1.16–1.32)^ 0.98 (0.92–1.05)

 Moderate 1.50 (1.35–1.66)^ 1.11 (0.99–1.23)

 Mod. severe or severe 1.78 (1.50–2.11)^ 1.06 (0.88–1.27)

Aggressive behavior scale

 None ref ref

 Moderate 1.14 (1.07–1.21)^ 1.12 (1.05–1.19)^

 Severe 1.37 (1.23–1.49)^ 1.26 (1.15–1.38)^

 Very severe 1.35 (1.14–1.59)^ 1.15 (0.97–1.36)

Activities of Daily Living Scale

 0 to 7 ref ref

 8 to 14 1.27 (1.13–1.45)^ 1.13 (0.99–1.28)

 15 to 21 1.75 (1.57–1.96)^ 1.26 (1.10–1.44)^

 22 to 28 2.45 (2.19–2.75)^ 1.41 (1.22–1.63)^

Urinary incontinence

 Continent ref ref

 Occasionally incontinent 1.14 (1.02–1.27)+ 0.98 (0.88–1.10)

 Frequently incontinent 1.38 (1.25–1.52)^ 1.03 (0.92–1.15)
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Variable Unadjusted Hazard Ratio [CI] Adjusted Hazard Ratio [CI]

 Always incontinent 1.75 (1.60–1.92)^ 1.09 (0.97–1.22)

 Indwelling catheter 2.09 (1.74–2.51)^ 1.02 (0.84–1.24)

Poor appetite 1.65 (1.56–1.75)^ 1.20 (1.12–1.29)^

Weight loss 2.29 (2.13–2.46)^ 1.31 (1.21–1.42)^

Swallowing difficulty 1.56 (1.39–1.74)^ 1.09 (0.98–1.22)

Mechanically altered diet 1.32 (1.26–1.38)^ 1.08 (1.02–1.13)+

IV/parenteral nutrition or feeding tube 1.29 (1.13–1.45)^ 1.02 (0.89–1.18)

Limited Prognosis 6.88 (6.43–7.36)^ 3.91 (3.64–4.19)^

Hospitalizations/ED Visits (90 days prior)

 Cause-specific (fall, fracture, syncope) 1.61 (1.48–1.75)^ 1.28 (1.17–1.39)^

 Other cause 1.55 (1.45–1.67)^ 1.25 (1.16–1.35)^

AChEI Use at Index

 Donepezil ref ref

 Donepezil/memantine 0.61 (0.49–0.77)^ 0.65 (0.52–0.83)^

 Galantamine 0.90 (0.77–1.06) 0.85 (0.72–1.00)

 Rivastigmine (oral) 1.00 (0.89–1.12) 1.00 (0.89–1.13)

 Rivastigmine (transdermal) 1.05 (0.99–.12) 0.97 (0.90–1.03)

Memantine 0.78 (0.74–0.81)^ 0.87 (0.83–0.91)^

Antidepressant 0.94 (0.90–0.99)* 1.01 (0.97–1.07)

Highly Anticholinergic Drugs 0.88 (0.83–0.95)^ 0.93 (0.87–0.99)*

Total number of medications

 0 to 5 ref ref

 6 to 10 0.83 (0.79–0.87)^ 0.89 (0.85–0.94)^

 >10 0.75 (0.68–0.82)^ 0.79 (0.72–0.88)^

Geographic region

 Midwest ref ref

 Northeast 1.20 (1.11–1.29)^ 1.12 (1.03–1.22)+

 South 1.15 (1.08–1.22)^ 1.07 (0.99–1.14)

 West 0.91 (0.81–1.01) 0.85 (0.76–0.96)+

Rural/urban continuum

 Urban ref ref

 Rural 0.79 (0.74–0.83)^ 0.82 (0.77–0.87)^

 Highly rural 0.69 (0.60–0.80)^ 0.76 (0.65–0.89)^

Prescriber specialty

 Geriatrics ref ref

 Primary care 0.85 (0.78–.92)^ 0.90 (0.83–0.98)*

 Other 0.91 (0.82–1.01) 0.94 (0.84–1.04)

*
p<0.05;
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+
p<0.01;

^
p<0.001
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