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A neurotransmitter that carry signals from 
motor neurons to the body's skeletal 
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Acetylcholinesterase / Cholinesterase 
Inhibitor = 

An enzyme that catalyzes the breakdown of 
acetylcholine and other choline esters that 
function as neurotransmitters. 

Anticholinergic = A substance that blocks the neurotransmitter 
acetylcholine in the central and the 
peripheral nervous system. 

Anti-Muscarinic = A type of anticholinergic agent that blocks 
the activity of the muscarinic acetylcholine 
receptor.  
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The cholinergic theory is based on the 
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Pharmacodynamics = The study of how a drug affects an organism, 
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Pharmacokinetics = The study of how the organism affects the 
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the effector mechanism.  

Polypharmacy= The simultaneous use of multiple drugs  

Protopathic Bias= Occurs when a pharmaceutical agent is 
inadvertently prescribed for an early 
manifestation of a disease that has not yet 
been diagnostically detected. 

Receptor = A region of tissue, or a molecule in a cell 
membrane, that responds specifically to a 
particular neurotransmitter, hormone, 
antigen, or other substance. 

Rostral Forebrain = The rostral forebrain structures are situated 
toward the oral or nasal region, or in the case 
of the brain, toward the tip of the frontal 
lobe. 

Synapse = A junction between two nerve cells, 
consisting of a minute gap across which 
impulses pass by diffusion of a 
neurotransmitter. 
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ABSTRACT OF THE THESIS 
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Melanie Gayle Logan 
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Importance: There are approximately 3.5 million people aged 90+ in the United States; 

they are the fastest growing segment of the aging population. The cognitive health 

complications facing the oldest-old are unique in complexity. Many medications have 

anticholinergic properties; the general view is that anticholinergic-induced cognitive 

impairment is reversible upon drug discontinuation. Studies suggest that anticholinergic 

use is associated with dementia risk in the younger-old (65-75 years). It is not clear if these 

relationships persist in advanced age.  

Objective: To examine weather anticholinergic use is associated with risk of incident 

dementia in people aged 90+. 

Design: Prospective population-based cohort using data from the participants of the 90+ 

Study. 

Participants: We studied 704 participants without dementia. We also examined dementia 

risk between individuals with normal or abnormal cognition. 
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Exposure: Anticholinergic use was assessed at baseline. The Cerner Multum™Lexicon 

database and The American Geriatrics Society (AGS) 2015 Beers Criteria were used to 

classify medications. 

Outcome Measures: Incident dementia using standardized diagnostic criteria. We used 

multivariable Cox-proportional hazards models to estimate hazard ratios (HR) and 95% 

confidence intervals (CI) using age as the time scale.  

Results: There was no significant risk of dementia associated with anticholinergic use after 

adjustment for education, diabetes, stroke and heart disease (HR=0.997, 95% CI:0.737-

1.349) among individuals aged 90+. Similarly, no associations were found when analyses 

were restricted to individuals with abnormal (HR=0.998, 95%CI:0.693-1.437) or normal 

cognition (HR=0.690, 95%CI:0.353-1.346) at baseline. 

Conclusion: Use of anticholinergic medication does not appear to be associated with risk 

of dementia in the oldest-old.
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Chapter 1 

 
INTRODUCTION 

The Oldest-Old:   

People aged 90 and older are the fastest growing segment of the aging population. It 

is projected to more than quadruple by the year 20501 (Figure 1) accounting for 

approximately 10% of the elderly US population2. The oldest-old have the highest dementia 

incidence and prevalence, and incidence doubles approximately every 5 years after the age 

of 90. 2 The growth of a nation’s oldest-old population has a significant impact on societal 

resources, health care costs, and intergenerational relationships, since it consumes 

resources disproportionately to its population size.1 Currently, the costs associated with 

disability in the elderly is high. The added burden of dementia—one of the costliest 

diseases in the US3—in the oldest and most vulnerable segment of the population, will have 

detrimental impact given the rapid rate at which it is expanding.  The cognitive health 

complications facing the oldest-old are unique in severity and complexity. It is only recently 

that these complications are being examined in detail in this age group.  
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Figure 1. Population Aged 90 and Over: 1980 to 2050 

 
 

The aging population is diverse; it is plausible that there are exposures and health-

related factors that differ by age stratum within the elderly population, and it is becoming 

more important to identify “within” group differences. Typically, studies of the elderly 

examine cohorts aged 65 and older. These studies do not account for, and potentially lack 

power to detect, risk differences in the 90+ population. Generally, the oldest-old is defined 

as individuals aged 85 years and older.  This study will define the oldest-old as individuals 

aged 90 and above. Established predictors for dementia in the oldest-old are consistent 

with those observed in the general population including advancing age and low educational 

attainment.4 However, high-risk exposures like Apolipoprotein E e4 (ApoEe4) allele 

predisposition and hypertension are not driving factors in this group.4-7 To illustrate, 



  

3 

 

epidemiologic evidence suggests that hypertension is uniquely protective against dementia 

in the oldest-old. 

Dementia Epidemiology:   

As life-expectancy improves, the proportion of adults living to ages ninety and above is 

growing. The oldest-old are at increased risk for dementia 2. In 2018, there will be 

approximately 66,000 new cases among people age 65 to 74, 173,000 among people age 75 

to 84, and 245,000 among people age 85 and older (traditionally defined as the “oldest-

old”).8 Dementia prevalence increases from about 1% at age 60 to greater than 30% by age 

85.9  In groups aged 90 years and above, the risk continues to increase exponentially.2 

Dementia is the greatest global challenge of the 21st  century 10and it is a significant public 

health problem in the United States. It is a devastating neurodegenerative disorder 

characterized by the loss of cognitive abilities sufficient to interfere with social functioning 

and daily life. Dementia is a group of conditions defined by impairment of at least two 

cognitive domains, including but not limited to memory loss and judgment. In 2015, 

dementia prevalence was approximately 47 million globally, and this estimate is expected 

to triple by the year 2050.10 In the United States, Alzheimer’s Disease is the most common 

type of dementia, and it is the sixth leading cause of death with approximately 3 million 

cases per year.11  

Inappropriate Prescribing in the Elderly:  

Potentially inappropriate prescribing (PIP), defined as the use of medicines whose 

potential harms may outweigh the benefits,12 is a major health concern in the elderly. The 

likelihood of avoidable adverse drug events (ADEs) is two times higher in older adults 

compared to their younger counterparts.13 Prescribing for older patients presents unique 
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challenges. Age-related changes in drug disposition (i.e. absorption, distribution, 

metabolism, and excretion) and pharmacodynamic responses (the physiologic effects of the 

drug) have significant clinical implications including a reduction in hepatic and renal 

clearance and increased sensitivity to drug-induced central nervous system(CNS) effects.14 

Multimorbidity, and the associated use of various drugs simultaneously (polypharmacy), is 

common in the elderly with nearly fifty-percent taking one or more drugs than medically 

necessary.15 Among Medicare beneficiaries, it is estimated that 20 percent have at least five 

chronic conditions and half of them receive five or more medications.16 In one study of 

ambulatory older adults with cancer, 84 percent were receiving five or more and 43 

percent were receiving 10 or more medications.17 Irrespective of age, ADEs have been 

independently associated with a greater number of drug therapies used.18 Certainly, 

situations exist where combination therapy is appropriate and necessary. However, 

inappropriate prescribing is of substantial importance for both direct and indirect costs 

associated with drug-related morbidity. In the United States 19-24 and Canada, 25 expert 

panels have developed criteria to assess the quality of prescribing practices and medication 

use in older adults. The most widely used criteria for inappropriate medications are The 

American Geriatrics Society (AGS) Beers Criteria or “Beers List. The criteria emphasize 

deprescribing unnecessary medications to reduce complications associated with multiple 

drug use. 

Beers criteria highlights that medications with anticholinergic properties are 

potentially inappropriate, since they produce effects to which older individuals are 

particularly susceptible.26 Anticholinergic and antispasmodic drugs include a broad range 

of medications that are used to treat various medical conditions that involve contraction 
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and relaxation of muscles. Example conditions include overactive bladder, diarrhea, nausea 

and/or vomiting and asthma. Example medications include over the counter (OTC) 

medications like Benadryl, Parkinson’s medications, and antipsychotics—all with varying 

degrees of anticholinergic affects. Although drugs with these properties are highly 

associated with various ADEs, an analysis of United States medication expenditures found 

that 23.3 percent of community-dwelling persons with dementia aged >65 years were 

prescribed medications with clinically significant anticholinergic activity. 27 Moreover, 

observational studies that examine drug use in the elderly, across healthcare settings 

(Ambulatory care, hospital, and nursing home settings), further reveal that anticholinergic 

drug use is common.22 For individuals aged 65 and older, results from prospective studies 

consistently demonstrate that anticholinergic use is associated with memory impairment 

and decline (Table1). 
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Table 1. 
Studies Examining the Association between Anticholinergic Medication Use and Dementia 

Study, Site, 
Reference# 

Year Title Study 
Design 

Duration Sample Exposure 
ascertainment 

and 
measurement 

Outcome Key findings Significant 
Finding 

Clinical 
Practice 
Research 
Datalink 
(CPRD) 
Richardson et 
al, #49 

2018 Anticholinergic 
drugs and risk of 
dementia: case-
control study 

Nested case-
control 

N/A n= 40 770 
(65-99 
years) with 
a diagnosis 
of dementia 

Prescribed 
medications 
classified according 
to the 2012 update 
of the 
Anticholinergic 
Cognitive Burden 
(ACB) scale. 

Odds ratios for 
dementia, 
adjusted for a 
range of 
demographic 
and health 
related 
covariates. 

Robust associations 
between levels of 
anticholinergic 
antidepressants, 
antiparkinsons, and 
urologicals and the 
risk of a diagnosis of 
dementia up to 20 
years after 
exposure.  

+ 

Swedish 
National Study 
on Aging 
and Care in 
Kungsholmen 
Goran et al.,  
#70 

2017 Anticholinergic 
drug use is 
associated with 
episodic memory 
decline 
in older adults 
without dementia 

Prospective 
population-
based cohort 

6 years n=1473 
(60-90 
years) 

Prescribed and over-
the-counter drugs 
based on patient 
lists; classified 
according to the 
Anatomical 
Therapeutic 
Chemical 
classification system 

Dementia as 
per Diagnostic 
and Statistical 
Manual of 
Mental 
Disorders, 4th 
edition 
(American 
Psychiatric 
Association, 
1994) 

Anticholinergic 
users (n =29) 
declined more on 
episodic memory 
over 6 years 
compared to 
nonusers (n =1418) 

+ 

Adult Changes 
in Thought 
Study, USA, 
Gray et al., #42 

2015 Cumulative Use of 
Strong 
Anticholinergic 
Medications and 
Incident Dementia 

Prospective 
population-
based cohort 

Average 
of 7.3 

n=3434 
(⩾65 years) 
enrolled 
in 
integrated 
health 
care 
delivery 
system 

Automated 
pharmacy data; 
cumulative strong 
AC medications as 
per 2012 AGS Beers 
criteria over 10-year 
window 

Dementia as 
per 
DSM-IV and 
NINCDS 
criteria and 
clinicalpanel 
consensus 

Higher cumulative 
anticholinergic 
medication use is 
associated with an 
increased risk for 
dementia. 

+ 

US Nursing 
Homes, Bali et 
al., 
#69 

2015 Paroxetine use 
and Cognition in 
elderly nursing 
Home Patients 
with Depression 

Retrospective 
new user 
cohort study 

2 Years n = 19,952 
(⩾65 years) 
nursing 
home 
residents 
with 
depression 

Medicare Part D 
claims; Paroxetine 
versus all other 
SSRIs 

Dementia as 
per ICD-9 codes 
from outpatient 
and inpatient 
claims files 

Paroxetine use and 
dementia HR: 0.99 
(0.79–1.23) 

       - 
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Medical 
Research 
Council 
Cognitive 
Function and 
Ageing Study, 
Richardson et 
al., #71 

2011 Anticholinergic 
medication use 
and cognitive 
impairment in the 
older population: 
the medical 
research council 
cognitive function 
and ageing study 

Prospective 
population-
based cohort 

 2 Years Anticholinergic 
Cognitive Burden 
Scale 

Cognitive 
decline 
measured using 
Mini-Mental 
State 
Examination 
(MMSE) 

The use of 
medications with 
anticholinergic 
activity increases 
the cumulative risk 
of cognitive 
impairment and 
mortality. 

+ 

German Study 
on 
Aging, 
Cognition and 
Dementia in 
Primary 
Care Patients, 
Jessen et al.,  
#43 

2010 Anticholinergic 
drug use and risk 
for dementia: 
target for 
dementia 
prevention 

 
Prospective 
cohort study 

54 
months 

n = 2605 
(>75 years) 
randomly 
selected 
from 
general 
practice 
registries 

Medication 
inventory; 
AC medications as 
per Chew et al. 
[2008] 

Dementia as 
per 
DSM-IV and 
criteria 
and clinical 
panel 
consensus 

Any AC use HR: 
2.08, p < 0.001 
Low-activity use 
1.80, p < 0.001 
Medium-activity use 
1.53, p = 0.105 
High-activity use 
HR: 2.58, p = 0.002 
Highest-activity use 
3.36, p < 0.001 

+ 

3-City Study, 
France,  
Carriére et al. 
#40 

2009 Drugs with 
anticholinergic 
properties, 
cognitive decline, 
and dementia in 
an elderly general 
population 

Prospective 
population-
based cohort 

4 years n = 7123 
(⩾65 years) 

Medication 
inventory; 
three French 
pharmacotherapy 
sources 

Dementia as 
per 
DSM-IV criteria 
and 
adjudication by 
a 
panel of 
neurologists 

A significantly 1.4–2 
fold higher risk of 
cognitive decline 
was observed for 
continuous 
anticholinergic 
users but not for 
those having 
discontinued. 

+ 
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The oldest-old are susceptible to unwanted side effects of pharmacotherapy. 

Generally, aging is characterized by changes in all pharmacokinetic phases including 

absorption, distribution, metabolism, and excretion. This is primarily caused by reduced 

efficacy of homeostatic mechanisms and the loss of functional capacity of multiple organs.  

These changes are particularly noticeable in the oldest-old and they are associated with a 

higher risk of adverse events 28 For example, even in the absence of renal disease, the 

natural decline in renal function with age may result in decreased drug clearance. This 

leads to prolonged drug storage and increased plasma drug concentrations. Moreover, the 

proportional increase or decrease in body fat, relative to skeletal muscle, that accompanies 

aging may result in uneven drug disposition and absorption. Certain central nervous 

system drugs have increased bioavailability, due to increased permeability of the blood-

brain barrier.29 This may explain exaggerated or paradoxical responses observed in the 

elderly. 

Anticholinergic Activity:  

Acetylcholine (ACh)is a neurotransmitter, or chemical messenger, that transmits 

signals between neurons in multiple brain regions including basal ganglia, cortex, and the 

hypothalamus. It is primarily responsible for neuromuscular (nerve-to-skeletal muscle) 

contractions, and it is required for proper memory, cognition, and motor control. 

Anticholinergic medications achieve the primary therapeutic effect by blocking ACh at the 

muscarinic receptor within the specified organ system (cardiovascular system, 

gastrointestinal, respiratory, urinary tract, eyes and exocrine glands). Drugs with different 

therapeutic intent may also have unintended anticholinergic properties (e.g. first-

generation antihistamines, tricyclic antidepressants, and some antipsychotics).   The 
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prevalence of anticholinergic use in older adults ranges between 8 and 37% and they are 

used for a wide range of conditions (gastrointestinal disorders, overactive bladder, 

incontinence, asthma, COPD, depression).30-34 Despite regular use, there is no evidence to 

support that benefits of use outweigh potential risks in the elderly. A well-established risk 

associated with anticholinergic use is impairment in specific cognitive domains (e.g. 

attention, executive function, fluency, psychomotor speed/vigilance and working 

memory).35-38   

Anticholinergic Drugs and Neurodegenerative Disease:  

 ‘Anticholinergic’ drugs block muscarinic receptors and impair cholinergic function.  

This action may cause peripheral disturbance, disorientation, memory impairment, 

confusion, hallucinations and delirium.39 Long-term use of anticholinergic drugs in older 

people is associated with an array of adverse outcomes and pre-mature death.40-43 

Medications with these properties should be administered with caution according to Beers 

List,44 since they have common adverse effects including agitation, confusion and 

depression which are similar to the neuropsychiatric symptoms accompanying 

neurodegeneration. Drugs with anticholinergic effects have been described to make 

humans: ‘mad as a hatter’ (delirium), ‘blind as a bat’ (mydriasis), ‘red as a beet’ (flushed), 

‘dry as a bone’ (xerostomia), and ‘hot as a hare’ (hyperthermia).45Although these symptoms 

are manageable in younger, relatively healthy groups, they can be detrimental to elderly 

patients.46 Consequently, the effects of drug use on cognition is a growing concern, and the 

90+ population is a potentially understudied, high-risk population for drug-induced 

cognitive impairment. Characterizing the effects of drugs and their therapeutic properties 

on cognition is a complex task. Although Beers criteria attempts to identify potentially 
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inappropriate medications in adults aged 65 years and older, it does not explicitly specify 

criteria for determining preferred (rather than potentially inappropriate) medications or 

alternative treatments. Additionally, the existing criteria for prescribing are not necessarily 

applicable to all elderly patients.  

The accepted view is that anticholinergic-related impairment is reversible upon 

drug discontinuation. However, evidence suggests that among heavy users aged ≥65 years, 

the risk associated with cumulative anticholinergic use may not be reversible upon 

stopping drug therapy.42Additionally, some studies suggest sustained cognitive deficit 

including mild cognitive impairment and dementia long after ending therapy.47-49Generally, 

drugs that interfere with neurotransmitter function can affect cognition. 

Over 20 years of research consistently demonstrates correlations between abnormalities in 

the muscarinic cholinergic system and levels of cognitive decline. Basal and rostral 

forebrain cholinergic pathways play important functional roles in working memory and 

conscious awareness.50 One biologically plausible mechanism is that blockade of 

muscarinic receptors increases Alzheimer-type pathology including accelerated brain 

atrophy.50-53 The anticholinergic hypothesis suggests that a loss of cholinergic function in 

these pathways, contributes to the cognitive decline observed in advanced staged 

Alzheimer’s disease.50 This premise has served as the basis for therapeutic approaches and 

development of  “cholinesterase inhibitors” specific to Alzheimer’s disease. Currently, 3 of 4 

approved Alzheimer’s medications (donepezil, galantamine and rivastigmine) are of this 

type.54 

Anticholinergic Use in People with Abnormal Cognition: 
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Cholinesterase inhibitors inhibit acetylcholinesterase (ACHE)—an enzyme that breaks 

down ACh. This results in an increase in the level and duration of action of ACh thereby 

enhancing cognition. While cholinesterase inhibitors work by enhancing ACh function, 

anticholinergics block receptors and keep ACh from binding to them. When used 

appropriately, cholinesterase inhibitors may slow the decline in cognition and functional 

impairment associated with dementia.  However, based on their opposing mechanisms of 

action, concomitant use of cholinesterase inhibitors and anticholinergics may result in 

pharmacological antagonism demonstrated in Figure 2.55 For cognitively abnormal 

individuals, the risk for pharmacological antagonism is increased if he or she is prescribed 

both. For example, an individual might be prescribed a cholinesterase inhibitor like Aricept 

to treat mild memory decline and simultaneously take an anti-muscarinic medication, an 

anticholinergic, for controlling urinary incontinence. For a cognitively impaired individual, 

it is possible that the antagonistic effect may result in faster cognitive decline leading to 

dementia. 
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Figure 2. Pharmacodynamic drug–drug interaction in a cholinergic synapse: 
acetylcholinesterase inhibitor (AChEI) and anti-muscarinic drug 

 

 
 
Note: figure from Pasqualetti et al. Potential drug–drug interactions in Alzheimer patients with behavioral 
symptoms. Clinical Interventions in Aging. 2015. 
 
The concomitant administration of AChEIs (green triangles) and anticholinergic (anti-muscarinic) drugs may 
result in a pharmacodynamic interaction in the synapse where the beneficial increment of acetyl-choline 
(blue circle), related to AChE (blue triangles) inhibition, is at least partially reversed by anti-muscarinic 

drugs (red ellipse) at receptor levels (blue bars).  
 

Comparing risk of dementia in people aged 90 and over will help determine if 

associations observed in the younger-old persist with advancing age given the unique 

characteristics of this group. This research will provide greater insight for disease 

prevention strategies in the impairment-free and help determine if drug related factors are 

associated with the progression to dementia in the cognitively impaired.  
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Specific Aims 

 
The OBJECTIVE is to examine weather anticholinergic medication use is associated with a 

higher risk of incident dementia in the 90+ cohort study.   

 

The CENTRAL HYPOTHESIS is that individuals who take anticholinergic medications will 

have an increased risk of dementia irrespective of competing risks. 

 

Specific Aim 1: To determine if anticholinergic medication use is associated with 

development of dementia in individuals who are aged 90 and above.  

 

Specific Aim 2: To determine whether the association between anticholinergic medication 

use and development of dementia differs between cognitively normal and cognitively 

abnormal individuals aged 90 and above.
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Chapter 2 
 

METHODS 
Study Population:  

The 90+ Study is one of the largest population-based longitudinal cohort examining 

factors associated with longevity, cognitive and functional decline and pathological 

correlations in the oldest-old. The study was initiated in 2003 using a cohort of survivors 

from the Leisure World Cohort Study (LWCS), an epidemiological study examining health 

in a retirement community established in 198156. The original LWCS group included 

13,978 people (8,877 women; 5,101 men) with an average age of 73 years. The cohort was 

primarily female, Caucasian, highly educated, and upper middle class. Over the next 25 

years, these participants completed follow-up mail surveys with questions about their 

diets, vitamins, medications, health, and activities. Survivors from the LWCS who on 

January 1. 2003 were alive and aged 90 and older were invited to join the 90+ Study. Since 

90+ Study initiation, more than 1,600 participants have enrolled.  

Assessments:  

Participants in the 90+ Study were asked to undergo a full in-person evaluation, 

either at the research office or at their home. Assessments took place between 

January/1/2003 and July/17/2013.  They included neurological examination, 

neuropsychological testing, review of medical history and medication use and collection of 

demographic information. Neuropsychological test battery (NTB)57 including the Mini-

Mental State Exam MMSE58 and modified MMSE (3MS)59 were administered by trained 

neuropsychological testers. Neurological examiners were trained physicians and nurse 

practitioners who administered the Clinical Dementia Rating scale 60and the Functional 
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Activities Questionnaire.61 Some participants with poor health, frailty, or disability were 

unable to complete full in-person evaluation. When in-person visit was not possible, follow-

up on cognitive status and functional abilities was performed by telephone or mail with the 

participant or informant. Participants who were evaluated by telephone completed a short 

version of the Cognitive Abilities Screening Instrument (CASI-short).62 Informants 

completed the Dementia Questionnaire (DQ).63 Evaluations were repeated every 6 months 

for in-person participants and annually for participants evaluated by telephone or through 

informants. The DQ was completed for all participants shortly after death. 

Determination of Cognitive Status: 

 The methods for determining cognitive status were described in detail previously2. 

Baseline cognitive status was determined from an in-person evaluation by neurological 

exam or MMSE score. Follow-up cognitive status was also determined primarily from in-

person evaluation. When in-person evaluation at follow-up was not possible, any available 

information was used in the following hierarchical order: (1) neurological exam, (2) MMSE, 

(3) informant questionnaires, and (4) CASI-short. A neurological examiner determined 

cognitive status by applying Diagnostic and Statistical Manual of Mental Disorders, 4th 

edition (DSM-IV) criteria for dementia. 64 In our analysis, cognitively normal was defined as 

“normal” cognition. Cognitively abnormal was defined as cognitive impairment no 

dementia (CIND). For the MMSE, age-and education-specific cutoff scores for dementia 

derived from this cohort were used.65 Computer algorithms66 were used to apply DSM-IV 

criteria for dementia to the questionnaires obtained from informants. For the CASI-short, a 

score ≤25 was used as the cutoff score for dementia.67   

Anticholinergic Drug Classification:  
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Use of anticholinergic medications was assessed during the 90+ Study baseline visit. 

At the baseline, participants brought their medication containers. The Cerner Multum™ 

Lexicon database and the 2015 Beer’s criteria were used to classify medications by drug 

type and to identify people taking any high-risk anticholinergic medications outlined in 

Table 2. Additionally, we used The Cerner Multum™ Lexicon database classifications to 

identify therapeutic agent and class outlined in Table 4 and Table 5. The Multum™ Lexicon 

is a foundational database with comprehensive drug product and disease nomenclature 

information used to improve patient safety when drugs are prescribed.
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Table 2. 

 
Table of Anticholinergics 

 
Cardiovascular Agents Genitourinary Tract Agents Tricyclic Antidepressants 

     Disopyramide ▪ Darifenacin ▪ Amitriptyline 
 ▪ Oxybutynin ▪ Imipramine 

Central Nervous System Agents ▪ Solifenacin ▪ Nortriptyline 
Acetaminophen-diphenhydramine ▪ Tolterodine ▪ Trimipramine 
▪ Carisoprodol   
▪ Chlorpromazine Respiratory Agents Psychotherapeutic Agents 
▪ Cyclobenzaprine Acetaminophen / diphenhydramine / 

pseudoephedrine 
Olanzapine 

▪ Diphenhydramine ▪ Brompheniramine-pseudoephedrine 
 

▪ Doxepin ▪ Chlorpheniramine 
 

▪ Doxylamine ▪ Chlorpheniramine / hydrocodone / 
phenylephrine 

 

▪ Hydroxyzine pamoate ▪ Chlorpheniramine-dextromethorphan 
 

▪ Meclizine ▪ Chlorpheniramine-pseudoephedrine 
 

▪ Metaxalone ▪ Codeine-promethazine 
 

▪ Methocarbamol ▪ Diphenhydramine-pseudoephedrine 
 

▪ Prochlorperazine ▪ Ephedrine / hydroxyzine/theophylline 
 

▪ Promethazine  
 

 Topical Agents 
 

Gastrointestinal Agents Atropine ophthalmic  
Atropine-diphenoxylate Homatropine ophthalmic 

 

▪ Chlordiazepoxide-methscopolamine   
▪ Hyoscyamine ▪ SSRI Antidepressants 

 

▪    Paroxetine 
 



  

18 

  

 
Statistical Methods: 

Based on literature review (Table 1), covariates that may confound the relationship 

between anticholinergic medication use and dementia were selected. Information on these 

variables came from standardized questionnaires that were administered by research staff 

at each study visit. Demographic factors included sex and highest education level obtained. 

All medical history and comorbidities information was self-reported. Medical history 

related covariates included diabetes, heart disease, stroke and transient ischemic attack. 

Heart disease was defined as any of the following diseases or surgeries: coronary artery 

disease, myocardial infarction, atrial fibrillation or other arrhythmias, heart valve disease, 

congestive heart failure, coronary artery bypass, or pacemaker placement. A multivariable 

Cox proportional hazards model was used to estimate hazard ratios (HR) and 95% 

confidence intervals (CI) for the association between anticholinergic medication use and 

incident dementia with age as the time scale for both aims 1 and 2. For aim 2 we calculated 

models examining associations among cognitively normal and cognitively impaired at 

baseline separately. The final models included stroke, heart disease and education. We 

plotted the log(-log(survival)) versus log of survival time. No evidence indicating violation 

of the proportionality assumption was found. All analyses were calculated using SAS 9.4 

(SAS Institute, Cary, NC).
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Chapter 3 
 

RESULTS 
Descriptive Statistics:  

Table 3 provides participant characteristics at study entry. There were 708 participants in 

the study (142 anticholinergic users and 562 non-users); 4 subjects were excluded due to 

missing demographic or health information leaving a total of 704 subjects in our analysis. 

For education, 23% were high school graduates or less, 32% completed some college or 

vocational school, and 44% obtained a college degree or higher. Compared to non-users, a 

higher proportion of anticholinergic users were female, had diagnosed depression, 

transient ischemic attack and overall higher educational attainment. A smaller proportion 

had diagnosed stroke and depression. For neurological examiner’s baseline diagnosis, there 

were a total of 652 participants identified as cognitively normal (56%) or cognitively 

impaired without dementia (44%), after excluding participants with missing information.  

Compared to individuals with cognitive impairment, a higher proportion of participants 

with normal cognition were male, completed college and had transient ischemic attack. A 

smaller proportion experienced stroke, heart disease, diabetes and depression. The most 

common drug agents (targeted organ systems) were central nervous system agents, 

genitourinary tact agents, and selective serotonin reuptake inhibitor (SSRI) 

antidepressants (Table 4). The most common therapeutic classes were 

antivertigo/antiemetics, gastrointestinal antispasmodics, and antihistamines which 

together accounted for 80% of all anticholinergic use (Table 5). 
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Table 3. 
Baseline Demographic Characteristics 

   
All Subjects Anticholinergic 

Users 
Anticholinergic 

Non-Users 
Cognitively 

Normal 
Cognitive 

Impairment No 
Dementia  

  N=704 N=142 N=562 N=367 N=287 
Age in years Median 

(IQR) 
93.22 

(91,94) 
93.15 (91,95) 93.24 (91,94) 92.90 (90,94) 93.6 (91,95) 

Gender   
     Male N (%) 208 (29.55) 39 (27.46) 169 (30.07) 116 (31.61) 73 (25.44) 
     Female N (%) 496 (70.45) 103 (72.54) 393 (69.93) 251 (68.39) 214 (74.56) 

Ethnicity   
White N (%) 689 (98) 138 (97) 648 (98) 356 (97) 269 (97) 

College Education   
High School Diploma or 
Less 

N (%) 162 (23.01) 23 (16.20) 139 (24.73) 77 (20.98) 76 (26.48) 

Some College or 
Vocational School 

N (%) 229 (32.53) 49 (34.51) 180 (32.03) 114 (31.06) 91 (31.71) 

College Degree or 
Higher 

N (%) 313 (44.46) 70 (49.30) 243 (43.24) 176 (47.96) 120 (41.81) 

Medical History   
     Diagnosed stroke N (%) 64 (9.12) 10 (7.04) 54 (9.64) 27 (7.40) 31 (10.8) 

        Diagnosed transient 
ischemic attack 

N (%) 120 (17.49) 16 (11.15) 104 (19.01) 69 (19.22) 42 (15.11) 

     Diagnosed heart disease N (%) 340 (51.70) 67 (47.18) 273 (48.58) 175 (47.68) 139 (48.43) 
     Diagnosed diabetes N (%) 54 (7.70) 10 (7.04) 44 (7.87) 29 (7.92) 23 (8.07) 
     Diagnosed depression N (%) 82 (11.76) 19 (13.67) 63 (11.29) 37 (10.14) 36 (12.72) 
     Total Geriatric Depression 

Scale (GDS) Score a  
Mean 
(SD) 

2.33 (2.34) 2.32 (2.33) 2.39 (2.34) 2.16 (2.31) 2.62 (2.33) 

     Mini Mental State Exam 
(MMSE) Total Score b 

Mean 
(SD) 

26.79 (2.45) 26.63 (2.47) 26.77 (2.61) 27.91 (2.63) 25.2 (2.41) 

a 30-item self-report assessment used to identify depression in the elderly. Questions are answered "yes" or "no” where questions are scored as either 0 or 1 points (normal 0-9, mild 
depressives 10-19, severe depressives 20-30). 

b 30-point questionnaire that is used to measure cognitive impairment. Estimated cutoff scores for the detection of dementia in subjects aged 90 and older were stratified according to 
age and education. (ref. 65).
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Table 4. Exposed (N=142) 
 
Table of Drug Agents 
 

Na (%) 

Cardiovascular Agents 1 0.62 
Central Nervous System 
Agents 

66 40.74 

Gastrointestinal Agents 5 3.09 
Genitourinary Tract Agents 53 32.72 
Respiratory Agents 8 4.94 
Topical Agents 2 1.23 
SSRI Antidepressants 16 9.88 
Tricyclic Antidepressants 10 6.17 
 Psychotherapeutic Agents 1 0.62 
Total 162 100% 

 

 

 

 

 

 

 

a Number of participants who took at least 1 medication in the category at 
baseline. Participants may have fills in multiple drug categories. 
 

 

 

 

 

 

 

 

Table 5. Exposed (N=142) 
 
Table of Therapeutic Classes  
 

Na (%) 

Antihistamines 28 16.87 
Gastrointestinal 
antispasmodics 

50 30.12 

Antivertigo/antiemetics 55 33.13 
Antidepressants 17 10.24 
Antiparkinsonian  16 9.64 
Total 166 100% 
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Aim 1 Results: 

For the first aim (Table 6), after adjustment for covariates there was no evidence 

for an association between anticholinergic use and dementia when comparing users  to 

non-users. (HR=0.99, 95%CI: 0.737–1.349). Stroke, (HR=1.348, 95%CI:0.930-1.956) 

diabetes, (HR=1.038, 95%CI:0.670-1.609), heart disease (HR=1.058, 95%CI:0.834-1.342) 

and education (HR=0.580, 95%CI:0.431-0.780) did not substantially alter the relationship 

between anticholinergic use and dementia. 
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Table 6. 
 

 Association of Incident Dementia and Anticholinergic Medication Use at 
Baseline  

Unadjusted 
Hazard 

Ratio 
 

 
 

95% Hazard Ratio 
Confidence Limits 

 
P-Value 

 

Adjusted 
Hazard 

Ratio 
 

95% Hazard Ratio 
Confidence Limits 

 
P-Value 

 
Non-Exposed 1.00 Reference Reference Reference 1.00 Reference Reference Reference 

Exposed 0.920 0.682 1.241 0.5857 0.997 0.737 1.349 0.9845 

 
Diagnosed 
with Stroke 
(No) 

1.00 Reference Reference Reference 1.00 Reference Reference Reference 

Diagnosed 
with Stroke 
(Yes) 

1.308 0.905 1.890 0.1535 1.348 0.930 1.956 0.1152 

Diagnosed 
with 
Diabetes 
(No) 

1.00 Reference Reference Reference 1.00 Reference Reference Reference 

Diagnosed 
with 
Diabetes 
(Yes) 

1.088 0.861 1.375 0.4803 1.038 0.670 1.609 0.8681 

Diagnosed 
with Heart 
Disease (No) 

1.00 Reference Reference Reference 1.00 Reference Reference Reference 

Diagnosed 
with Heart 
Disease (Yes) 

1.072 0.693 1.657 0.7554 1.058 0.834 1.342 0.6435 

High School 
Diploma or 
Less 

1.00 Reference Reference Reference 1.00 Reference Reference Reference 

Some College 
or Vocational 
School 

0.875 0.652 1.175 0.3742 0.867 0.645 1.166 0.3443 

College 
Degree or 
Higher 

0.588 0.439 0.788 **0.0004 

 

0.580 0.431 0.780 **0.0003 
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Aim 2 Results: 

For the second aim, we fit a model for cognitively normal and cognitively abnormal 

at baseline.  For cognitively normal individuals (Table 7), there was no evidence for an 

association between anticholinergic use and dementia (HR=0.690, 95%CI: 0.353–1.346) 

after adjusting for (HR=1.913, 95%CI:0.974-3.756), diabetes (HR=0.680, 95%CI:0.272-

1.696), heart disease (HR=1.053, 95%CI:0.689-1.610) and education (add HR). For 

cognitively abnormal (Table 8), there was no association between anticholinergic use and 

dementia risk (HR=0.998, 95%CI: 0.693–1.437) after adjusting for stroke (HR=0.958, 

95%CI:0.590-1.556) diabetes (HR= 1.505, 95%CI:0.880-2.572), heart disease (HR=1.085, 

95%CI:0.797-1.477) and education (HR=0.612, 95%CI:0.420-0.890).  
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Table 7. 
 

 Association of Incident Dementia and Anticholinergic Medication Use 
for Cognitively Normal at Baseline  

Unadjusted 
Hazard 

Ratio 
 

 
 

95% Hazard Ratio 
Confidence Limits 

 
P-Value 

 

Adjusted 
Hazard 
Ratio 

 

95% Hazard Ratio 
Confidence Limits 

 

P-
Value 

 
Non-Exposed 1.00 Reference Reference  1.00 Reference Reference 

 

Exposed 0.641 0.332 1.241 0.1873 

 

0.690 0.353 1.346 0.2761 

 
Diagnosed 
with Stroke 
(No) 

1.00 Reference Reference  1.00 Reference Reference 
 

Diagnosed 
with Stroke 
(Yes) 

1.941 1.003 3.753 **0.0488 1.913 0.974 3.756 0.0597 

 
Diagnosed 
with 
Diabetes 
(No) 

1.00 Reference Reference  1.00 Reference Reference  

Diagnosed 
with 
Diabetes 
(Yes) 

0.696 0.282 1.716 0.4310 0.680 0.272 1.696 0.4079 

 

Diagnosed 
with Heart 
Disease (No) 

1.00 Reference Reference  1.00 Reference Reference  

Diagnosed 
with Heart 
Disease (Yes) 

1.148 0.763 1.728 0.5072 1.053 0.689 1.610 0.8105 

 
High School 
Diploma or 
Less 

1.00 Reference Reference  1.00 Reference Reference 
 

Some College 
or Vocational 
School 

1.114 0.653 1.901 0.6917 

 

1.139 0.665 1.9 0.6356 

 
College 
Degree or 
Higher 

0.690 0.405 1.177 0.1736 0.721 0.419 1.239 0.2364 
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Table 8. 
 

 Association of Incident Dementia and Anticholinergic Medication Use 
for Cognitively Abnormal at Baseline  

Unadjusted 
Hazard 

Ratio 
 

 
 

95% Hazard Ratio 
Confidence Limits 

 
P-Value 

 

Adjusted 
Hazard 
Ratio 

 

95% Hazard Ratio 
Confidence Limits 

 
P-Value 

 
Non-
Exposed 

1.00 Reference Reference  1.00 Reference Reference 
 

Exposed 0.962 0.672 1.377 0.8328 

 

0.998 0.693 1.437 0.9917 

Diagnosed 
with Stroke 
(No) 

1.00 Reference Reference  1.00 Reference Reference 
 

Diagnosed 
with Stroke 
(Yes) 

0.950 0.589 1.533 0.8328 0.958 0.590 1.556 0.8636 

Diagnosed 
with 
Diabetes 
(No) 

1.00 Reference Reference  1.00 Reference Reference  

Diagnosed 
with 
Diabetes 
(Yes) 

1.437 0.843 2.450 0.1832 

 

1.505 0.880 2.572 0.1351 

 

Diagnosed 
with Heart 
Disease (No) 

1.00 Reference Reference  1.00 Reference Reference  

Diagnosed 
with Heart 
Disease 
(Yes) 

1.063 0.785 1.440 0.6908 1.085 0.797 1.477 0.6053 

 

High School 
Diploma or 
Less 

1.00 Reference Reference  1.00 Reference Reference 
 

Some 
College or 
Vocational 
School 

0.885 0.608 1.290 0.5265 

 

0.873 0.596 1.280 0.4872 

 

College 
Degree or 
Higher 

0.632 0.436 0.914 **0.0149 

 

0.612 0.420 0.890 **0.0103 

 

 

 

 

 

 

 



  

27 

   

Figure 3. Survival Probabilities Examining Anticholinergic Exposure 
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Figure 4. Survival Probabilities Examining Anticholinergic Exposure by Baseline 
Cognitive Status 
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Chapter 4 
 

DISCUSSION 
 

In this population-based, longitudinal study of persons age 90 years and older, we 

found that use of anticholinergic medications is not associated with an increased risk of all-

cause dementia. We observed a significant risk reduction for individuals who completed 

college or higher. The association was consistent in the adjusted and unadjusted models for 

the primary and secondary analysis; however, education was not associated with dementia 

for in the analysis examining normal cognition at baseline. Additionally, we found that in 

people with normal cognition, they had a significantly higher risk of dementia compared to 

those who did not in the unadjusted model.  

Based on recent research performed between 2009 to 2018 (Table 1), we would 

expect a positive association between anticholinergic drug use and dementia in the oldest-

old.  In previous studies, relationships were examined across various health care settings 

(nursing, outpatient, and hospital settings) and the majority utilized strong longitudinal 

designs. Four studies evaluated anticholinergic use and dementia as the primary 

outcome.40-43, 69 Three studies focused on overall anticholinergic medication use and 

reported a statistically significantly increased risk of Alzheimer’s disease or dementia. 

40,42,43 In one study by Gray et al., dementia risk was primarily observed with higher 

cumulative doses in people using anticholinergic medications at the minimum effective 

dose recommended for older adults. Those taking medications at the recommended levels 

for at least 3 years were at highest risk.42 

In relation to existing research, our results illustrate that cardiometabolic 

conditions, which have typically been shown to be related to dementia risk in the elderly, 
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do not appear to be strong risk factors in this population, since we did not observe 

associations with stroke, diabetes or heart disease. This finding is consistent with a 

previous study by Corrada et al. examining age of onset of hypertension and risk of 

dementia in the oldest-old. Researchers followed 559 dementia free participants over 3 

years. Researchers found that individuals who developed hypertension after age 80 were 

42% less likely to develop dementia in their 90’s compared to individuals with normal 

blood pressure. Those whose hypertension started after age 90 years were 63% less likely 

to develop dementia vs those without hypertension. This relationship persisted among 

individuals taking antihypertensive medications. 72   

Additionally, an inverse relationship with education was observed that is consistent 

with other studies; however, overall associations between education and dementia risk are 

not conclusive. In a meta-analysis including 71 studies, 51 (58%) reported significant 

effects of lower education on risk for dementia whereas 37 (42%) reported no significant 

relationship.73 Previous reviews have suggested that the relationship between education 

and dementia is strongest and most consistent for individuals with no or very low 

education where the lowest education levels are associated with increased risk73. In this 

study we observed an inverse association in the highest education category which is 

consistent with this interpretation, since we would expect higher educational attainment to 

be protective based on this premise. 

Our study has a number of strengths. To our knowledge, it is the first study 

examining anticholinergic use in the oldest-old. Additionally, we utilized a prospective 

longitudinal cohort design, and we focused on high-risk anticholinergics according to 

Beer’s criteria in alignment with what is endorsed by the American Geriatrics Society. 
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There are several limitations should be mentioned that may have significant impact on our 

results.  Methods exist for estimating anticholinergic burden; however, there is no single 

gold standard.74 The study was limited to evaluating anticholinergic exposure at baseline. 

Consequently, we did not account for medication change over time, dose and duration of 

use.  Additionally, non-differential misclassification of the exposure is possible because 

several first-generation antihistamines are available as OTC medications which would bias 

toward the null. Nearly all participants were Caucasian; therefore, the generalizability is 

unknown, and our findings will need replication in other samples with greater numbers of 

minorities.   

Moreover, we did not adjust for medical indications including Parkinson’s disease, 

depression or current use of benzodiazepines in which some have low anticholinergic 

activity. Furthermore, our study did not consider that certain anticholinergics are used to 

treat prodromal conditions including insomnia and depression. These conditions may 

occur in undiagnosed, early dementia, leading to protopathic bias. Protopathic bias occurs 

when a drug therapy is prescribed for an early manifestation of a disease that has not yet 

been diagnosed. For example, an antidepressant may be prescribed for early depressive 

symptoms; however, depression often precedes dementia occurrence. In this example, it is 

possible that significant study findings for anticholinergic use may arise due to 

undiagnosed dementia. Our analysis did not count for death as a competing factor which 

may be important given that the study sample is the oldest-old.  Competing risks arise 

when a failure can result from one of several causes and one cause precludes the others. In 

our analysis death is a competing risk since it precludes dementia occurrence.  
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In conclusion, anticholinergic drug use does not appear to be a driving risk factor for 

dementia in the oldest-old. As demonstrated in previous studies (Table 1) we would expect 

a positive association between anticholinergic drug use and dementia. However, our study 

findings highlight that risk factors in the younger-old may not persist in the oldest-old. 

Similarly, our results illustrate that cardiometabolic conditions that are typically related to 

dementia risk in the elderly are not strong risk factors in this population. Our results 

illustrate that risk factors for dementia in the  oldest-old are unique,  and that it is 

important for future research to consider potential differences between age stratum  

within the elderly population.
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