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Age-dependent decline in learning and memory is associated with atrophic or 

degenerative changes in the brain characterized by cortical cholinergic deficits and 

decreased cholinergic neuronal activity. Alzheimer’s disease (AD) cholinergic 

dysfunction is also associated with cognitive impairment, deposition of neuritic amyloid 

plaques and neurofibrillary tangles in brain. Furthermore, dementia severity is 

associated with decrease in cholinergic neurons, cholinergic signaling, and cholinergic 

receptors.  

Older adults have higher prevalence of chronic disease and polypharmacy. In 

addition, age-associated decline in central cholinergic activity makes older adults 

susceptible to harmful effects of anticholinergic (AC) agents. However, there is an 

inadequate understanding of effects of AC drug use on progression of cognition. 

Recognizing individuals with very subtle clinical, cognitive, and pathological alterations 

years before they develop noticeable clinical signs and symptoms of Preclinical AD 

(PAD) and quantifying their anticholinergic burden might help the understanding of the 

effects of anticholinergics on cognition. It is important to understand clinical and 

epidemiological effects of AC drug use on PAD and progression of cognitive decline. 
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These cognitive impairments are very difficult to decipher clinically, and 

neuropsychological tests are especially helpful to identify individuals with questionable 

cognitive impairment (QCI).  

The central objective of this study was to determine the association between AC 

drug use and global and domain specific cognition among older adults with QCI. We 

hypothesized that older adults with QCI who have high exposure to AC drugs are more 

likely to have lower global and domain specific cognitive scores, have a higher 

incidence rate of mild cognitive impairment (MCI)/AD, and have more rapid declines in 

global and domain specific cognition compared to older adults who have no or low 

exposure to AC drugs. We assessed anticholinergic load through the Anticholinergic 

Drug Scale (ADS) using temporal medication records in the National Alzheimer's 

Coordinating Center (NACC) database.   

The results showed that the older adults with QCI who took medications with AC 

properties had higher global and domain specific cognitive score as compared to those 

who did not take AC medication. However, the differences between the groups were not 

statistically significant. Furthermore, the repeated measure analysis showed that the 

cognitive scores were not only higher at baseline; they remained high over the follow up 

time. In addition, time-to-event analysis illustrates that the exposure to AC medication in 

older adults with QCI was associated with lower risk of progression to MCI/dementia as 

compared to no AC medication exposure, but the association was not statistically 

significant. This study provided greater understanding of the role of AC drug use and its 

temporal associations in cognitive impairment, which might help in reducing the public 

health burden of cognitive impairment and AD. 
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CHAPTER 1 
INTRODUCTION 

History of Alzheimer’s Disease 

Background 

The first case of AD was described in 1907 by Alois Alzheimer in a 51-year-old 

woman with clinical presentation of rapidly deteriorating memory and psychiatric 

disturbances (Alzheimer A, 1907). Since then, AD and AD-associated dementia has 

increased at epidemic proportions, reaching the current U.S. and global burden of AD of 

about 5.2 million (Brookmeyer et al., 2007) and 36 million (Campbell et al., 2009), 

respectively. This count is projected to increase in the U.S. and globally to 15 

(Brookmeyer et al., 2007) and 115 million (Campbell et al., 2009) by 2050, respectively. 

The AD-associated economic burden in 2013 is estimated to be $203 billion (Uusvaara, 

Pitkala, Kautiainen, Tilvis, and Strandberg, 2013). It is expected to increase up to $1.2 

trillion in the U.S. alone by 2050 (Hebert, Weuve, Scherr, & Evans, 2013). Despite the 

best preventive measures and treatment strategies, AD is the sixth leading cause of 

death in the U.S (Murphy, Xu, & Kochanek. 2013). 

Gauss (1906) was the first to notice that anesthetic hyoscine (scopolamine) 

produced amnesia and that patients were unable to recall events after taking the 

medication (Thomson & Cotterill, 1909). Crow and Grove-White (1973) examined 

hyoscine and found that it produced a significant impairment in immediate and delayed 

free recall. Around the same time, Davies and Maloney (1976), Bowen and colleagues 

(1976), and Perry and colleagues (1977) reported decrease in choline acetyltransferase 

(CAT) activity in the cortex, hippocampus, and amygdala of Alzheimer’s disease (AD) 

patients. Previous work on postmortem brain tissue of AD patients showed that there 
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was a decrease in high affinity choline uptake (Rylett et al., 1983), reduced 

acetylcholine (ACh) release (Nilsson et al., 1986), and weak nicotinic and muscarinic 

ACh receptor binding (Araujo et al., 1988; Whitehouse et al., 1988; Aubert et al., 1992; 

Nordberg et al., 1992; Perry et al., 1995) as compared to non-pathological control 

brains. Perry and colleagues (1978) and Wilcock and colleagues (1982) further found a 

correlation between decreases in CAT and the degree of cognitive impairment using 

premortem mental test score. Whitehouse and colleagues (1981, 1982) found selective 

loss in cholinergic cells count (50-75 percent) and density in the Nucleus Basalis of 

Meynert (NBM) within the substantia innominata of cholinergic basal forebrain 

established an anatomical correlate with the biochemical evidence of cholinergic loss in 

AD. Consequently, animal model studies also reported cholinergic cell loss in basal 

forebrain (Haba et al., 1988; Michalek et al., 1989; Rosene, 1993; Thal et al., 1992; 

Luine et al., 1986; Mesulam et al., 1987; Strong et al., 1980; Mundy et al., 1991; Voytko 

et al., 1995; Armstrong et al., 1993; Fischer et al., 1987, 2006; Riekkinen et al., 1992). 

Cholinergic Hypothesis of Geriatric Memory Dysfunction 

Drachman and Leavitt (1974) were the first to demonstrate an association 

between cholinergic dysfunction and age-related memory decline using Scopolamine, 

an anticholinergic drug, among healthy young humans (Drachman and Sahakian, 

1980). This led to the development of “Cholinergic hypothesis of geriatric memory 

dysfunction” (Bartus et al., 1982; Perry, 1988). Cholinergic hypothesis suggests that 

AD-related decrease in cognitive function is associated with a decline in basal forebrain 

cholinergic neurotransmission. This hypothesis is supported by the fact that drugs that 

improve central cholinergic function also improve cognitive functions in patient (Bartus, 

2000). 
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Recent studies have supported disruptive action of scopolamine on age-related 

memory decline and age-relate decrease in cholinergic tone (Flicker et al., 1992; 

Molchan et al., 1992; Ray et al., 1992; Sunderland et al., 1987; Tariot et al., 1996). 

Subsequent work in rodents has shown that scopolamine impairs recent memory 

(Andrews et al., 1994; Dodart et al., 1997; Kirkby et al., 1995; Pilcher et al., 1997; Ravel 

et al., 1992), reference memory (Biggan et al., 1996), conditioned memory (Sessions et 

al., 1998), and conditioned learning (Flood and Cherkin, 1986). Similar work in non-

human primates showed that scopolamine produces impairment in recent memory 

(Bartus and Johnson, 1976; Bartus, 2000), attention shifting (Davidson et al., 1999), and 

visual discrimination learning (Bartus and Johnson, 1976). Major support of the 

cholinergic hypothesis comes from studies demonstrating memory-enhancing effects of 

Acetylcholinesterase inhibitors (AChE-I). Bartus (1979) and Muir and colleagues (1995) 

had shown memory enhancing effects of cholinomimetic drugs in animal models of 

aging and AD. Previous studies also demonstrated that the loss in CAT activity 

correlates with reduction in cholinergic neurons of the NBM (Henke and Lang, 1983; 

Bird et al., 1983; Etienne et al., 1986). Postmortem studies have established a 

significant negative correlation between CAT activity and the density of senile plaques 

in AD brains (Perry et al., 1981; Mountjoy et al., 1984). 

Cholinomimetic replacement strategies have not yet attained significant benefits 

in alleviating cognitive deficits in AD (Gauthier, 1999, 2002; Giacobini, 2000a, b). 

Research by Sarter and Bruno (1998) were inconsistent in demonstrating cholinergic 

cell loss and its association with cognitive decline. A similar inconsistency was also 

found in the second experiment by Drachman and colleagues, in which they 
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administered physostigmine to older adults (Drachman and Sahakian, 1980; Drachman, 

Glosser, Fleming and Longenecker, 1982). Furthermore, selective lesions of the basal 

forebrain cholinergic system caused impairments in nonmnemonic processes such as 

attention (Muir et al., 1995; Baxter et al., 1995; Voytko et al., 1994). Since CAT is not a 

rate-limiting step in ACh synthesis, loss of CAT activity is not believed to be a causal 

factor of AD but only a consequence of the loss of basal forebrain cholinergic neurons 

(Cohen and Wurtman, 1975). These results illustrate that the understanding of changes 

in the central cholinergic systems and associated AD symptoms and disease 

progression remains limited and controversial. 

In the last decade or two, researchers have emphasized understanding the 

changes in various neurotransmitter systems of the AD brain and deterioration in neural 

pathways. Some of the important neurotransmitters of the brain implicated in AD 

neuropathology are acetylcholine, serotonin, noradrenaline, and dopamine. The large 

neurons of the basal forebrain cholinergic system extend from the medial septum (MS) 

through the diagonal band of Broca to the NBM. The hippocampus is predominantly 

innervated by neurons from the rostral part of MS, while the cingulate cortex is 

innervated by neurons in the vertical limb of the diagonal band (VDB). The neocortex 

and the amygdale are predominantly innervated by the neurons of the caudal NBM. 

Various studies have shown that the forebrain cholinergic neurons undergo atrophic or 

degenerative changes with age (Gilad et al., 1987; Fisher et al., 1987). In addition, age-

dependent decline in learning and memory has been associated with atrophic or 

degenerative changes in the AD brain (Barnes, 1990; Gallagher & Nicolle, 1993). AD 

cholinergic dysfunction is associated with deposition of beta-amyloid plaques (Aβ) in the 
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cerebral cortical and the hippocampal area and neurofibrillary tangles (NFT) in 

cytoplasm of cortical pyramidal neurons (Perry et al., 1995; Moore et al., 1995). 

Amyloid Hypothesis of Alzheimer’s Disease 

Several studies have shown that Aβ impairs various steps in the synthesis and 

release of ACh from basal forebrain cholinergic neurons (Kar et al., 1996, 1998; Hoshi 

et al., 1997; Wang et al., 1999; Lee et al., 2001; Krištofiková et al., 2001; Vaucher et al., 

2001; for review, see Auld et al., 1998). It is noteworthy that Aβ is also produced in the 

normal aging brain and therefore is not an explicit indication of neurotoxicity (Haass et 

al., 1992; Seubert et al., 1992). In addition, animal study have shown that higher levels 

of Aβ reduce hippocampal (Vaucher et al., 2001) and cortical synaptosomes Ach 

release (Wang et al., 1999).  In addition, Lee et al. (2001a) also reported Aβ induced 

reduction of ACh release from rat hippocampus. This suggests that endogenous Aβ 

might contribute to cognitive impairment in older population. 

Higher levels of Aβ have been shown to reduce ACh synthesis and release by 

reducing high affinity choline uptake in basal forebrain cholinergic neurons (Galdzicki et 

al., 1994; Allen et al., 1997) and by inhibiting the accumulation of internalized 

hippocampal and cortical choline (Kar et al., 1998). This might limit the neuronal access 

to choline, which might induce autocannabilism of cholinergic neurons to meet the 

demand of Ach (Nitsch et al., 1992). These indications suggest that the reduction in 

high affinity choline uptake is the leading mechanism of Aβ induced inhibition of ACh 

synthesis and release. Chronic Aβ accumulation also is believed to impair the 

hippocampal long-term potentiation and to reduce ACh release (Cullen et al., 1997; 

Chen et al., 2000; Walsh et al., 2002). Aβ also has been found to reduce the ACh 

release from the cholinergic nerve endings (Kar et al., 1996, 1998; Wang et al., 1999; 
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Lee et al., 2001a; Satoh et al., 2001; Vaucher et al., 2001). Aβ deposition impairs 

muscarinic receptor signaling (Kelly et al., 1996; Huang et al., 2000) and reduces 

nicotinic contributing to cognitive impairment (Liu et al., 2001; Pettit et al., 2001). 

Tau and Tangle Hypothesis of Alzheimer’s Disease 

The tau and tangle hypothesis suggest that tangles, microtubule associated 

protein tau, are central to AD pathogenesis. Tangles are located in the axon of a neuron 

but may become highly phosphorylated and aggregate into abnormal filaments in the 

cell body. In AD, tau can no longer stabilize microtubules, and phosporylation of tau 

reduces binding to microtubules (Lovestone & Reynolds, 1997). The tau proteins 

undergo structural modifications and aggregate in microtubules (Mena et al., 1996) and 

finally replace them by tangles (Gray E. G., 1987). Previous studies have shown an 

association between burden of tangles and cognitive impairment (Nagy et al., 1995). In 

addition, some researchers have found association between tau aggregation and 

amyloid deposits (Naslund et al., 2000). Neuropathological evaluations have shown 

increased phosphorylation and aggregation of tangles in the hippocampus and the 

neocortex (Braak & Braak, 1998; Braak et al., 1994). The tau hypothesis was finally 

validated with the discoveries of mutations in tau protein in frontal temporal dementia 

(FTD) (Heutink P., 2000). Subsequently, various missense mutations were found to be 

associated with a reduction in microtubule binding (Arrasate et al., 1999; Nacharaju et 

al., 1999) and tau aggregation (Rizzu et al., 2000; Perez et al., 2000). Animal models 

show that despite tangles and plaques being related pathogenetically, tau has an 

independent pathology (Lewis et al., 2001, Gotz et al., 2001). Furthermore, over-

expression of tau stimulates aggregation of phosphorylated tau and AD-like 

neurofibrillary tangles (Ishihara et al., 1999, 2001) in animal studies. In vitro studies 
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have shown that nicotinic receptor activation increases tau phosphorylation (Wang et 

al., 2003); however, the mechanism remains unclear (Rubio et al., 2006). Interestingly, 

acetylcholine M1 muscarinic receptor activation decreases tau phosphorylation and 

destabilize microtubule (Fisher A, 2000). 

Pre-Clinical Alzheimer’s Disease 

The term Alzheimer’s Disease had primarily been used in reference to the clinical 

syndrome of progressive cognitive impairment, behavioral modifications and 

neuropathological changes in dementia. However, the time lag between underlying 

pathophysiological processes which start years before the clinically evident impairment 

can be conceptualized as a continuum or trajectories of AD. To facilitate possible early 

detection, diagnosis, and management of pathological process, it is important to 

characterize AD based upon the underlying pathophysiological disease process and the 

clinical stages of the illness, which may evolve in parallel or dissimilar trajectories of 

cognitive decline (Dubois et al., 2010). In addition, individuals with biomarker evidence 

of a worsening pathophysiological process are at increased risk for developing cognitive 

impairment and progression to AD dementia. However, the extent to which pathological 

biomarkers can predict the cognitive course of a cognitively normal individual remains 

ambiguous. Therefore, it is critical to determine factors that affect cognition, define PAD, 

detect biomarkers associated with PAD, and predict emergence of mild cognitive 

impairment (MCI) and development of AD dementia. The current National Institute of 

Health (NIH) guidelines have defined PAD as having the three stages as shown in 

Table 1-1.  
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Cholinergic System in Alzheimer’s Disease 

Background 

Cholinergic neurons in the brain under the action of the synthetic enzyme choline 

acetyltransferase (CAT) combine choline and the cofactor acetyl coenzyme A to 

produce ACh. ACh is packed in synaptic vesicles that fuse with the plasma membrane 

and release ACh into the synaptic cleft. ACh interacts with postsynaptic cholinergic 

receptors and transform signals into cellular function, either by modifying ion flux or by 

producing intracellular second messengers. Acetylcholinesterase (AChE) promptly 

hydrolyzes ACh. 

Anticholinergic drugs occupy receptor sites at parasympathetic nerve endings, 

thereby leaving fewer receptor sites free to respond to acetylcholine, leading to 

decreased parasympathetic. The parasympathetic response depends upon the number 

of receptors blocked by anticholinergic drugs and baseline parasympathetic activity. The 

cholinergic inhibition by anticholinergics reduces cortical cholinergic innervations, which 

reduces ACh coupling of muscarinic M1 receptors to the second messenger system. 

Cholinergic inhibition also phosphorylates tau proteins to form neurofibrillary tangles. In 

addition, decreased cholinergic stimulation reduces secretion of soluble amyloid 

precursor protein (APP), increases amyloid production and decreases glutamate 

production. Previous studies have shown that cholinergic blockade produces memory 

impairment, especially that of episodic memory, in recall of verbal and visuospatial 

materials and retrieval deficit (Davis, 1978). Previous studies showed that higher 

Persistency Index (PI), which is years of drug use divided by years of observation 

following AD diagnosis, is associated with a rapid decline in the Clinical Dementia 
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Rating (CDR) scale (Rosenberg et al., 2012) and annual decline of 3.5 points on Mini-

Mental State Exam (MMSE) scores (Burns et al., 1991). 

AChE-I bind to AChE molecules and block ACh degradation, leading to ACh 

accumulation in the synaptic cleft, which leads to persistent stimulation of cholinergic 

receptors, altering the cholinergic receptor-mediated signaling pathway. These cellular 

changes later translate into functional changes in tissues and organs. Many AChE-I, 

including Tacrine, Donepezil, Galant amine, and Rivastigmine, are currently used for 

treatment of AD. The central therapeutic strategy is to block ACh degradation by AChE-I 

and to increase the persistence of synaptic ACh to prolong post-synaptic cholinergic 

receptor activation (Taylor, 2001). This strategy to prolong the ACh post-synaptic action 

can counter the dysfunction of neurotransmitter release or reduction in cholinergic 

receptors or signaling. In addition, AChE-I reduce phosphorylation of tau, improve the 

secretion of sAPP, reduce amyloid production, normalize glutamate neurotransmission, 

and activate cholinergic muscarinic and nicotinic receptors. AChE-I augment cholinergic 

transmission and improve the cognitive functions in mild to moderate AD patients 

(Blount et al., 2002; Ibach and Haen, 2004; DeLaGarza, 2003). 

Differences in patients’ genetic, neuropathological and clinical characteristics 

might not produce expected benefits (Cutler and Sramek, 1997; Eagger and Harvey, 

1995). Older patients poorly tolerate drugs, therefore, the high incidence of adverse 

events might limit the use of AChE-I inhibitors in certain patients with AD (Wagstaff and 

McTavish, 1994). Studies have shown overall AChE activity declines in AD patients 

(Arendt et al., 1992; Fernandez et al., 1996; Ogane et al., 1992a; Schegg et al., 1992; 

Siek et al., 1990; Younkin et al., 1986). In addition, structural changes in AChE may be 
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occurring (Geula and Mesulam, 1995). As AChE-I attach to AChE and inhibit its, 

structural changes in AChE might seriously limit AChE-I utilization in AD because 

AChE-I will no longer be able to join AChE. Moreover, alteration in post-synaptic 

muscarinic receptor response and alteration in signal transduction might nullify the 

AChE-I action in AD. Although useful, AChE-I should be used carefully, research 

indicates. Prolonged and excessive use of AChE-I can lead to cholinergic toxicity, which 

is characterized by stimulation of parasympathetic end organs, leading to excessive 

lacrimation, salivation, sweating (Ecobichon, 2001) and meiosis (Rengstorff, 1994), and 

to enhanced micturition (Taylor, 2001). 

Anticholinergic Exposure Measurement Methods 

It is difficult to quantify the anticholinergic effects of medications. The researchers 

tried to develop simple and uniform methods to quantify drug-related AC activity that 

can be easily used in various clinical and research settings. Furthermore, the utility of 

these methods also depends upon resources, training and the clinical experience of the 

researchers to evaluate the drug-related AC adverse effects. Four general methods 

have been proposed to assess drug-related AC activity that can be used in either 

clinical or research settings. These four methods are as follows: 

The first method is assessing anticholinergic drug lists combined with clinical 

judgment. This is one of the simplest methods to assess the anticholinergic activity. The 

clinician consults a reference list of drugs with known anticholinergic properties and 

applies his experience and clinical judgment to rate the anticholinergic activity of an 

individual. Several lists of drugs with AC properties – measured both objectively and 

subjectively – are available for reference (Mintzer BJ, 2000; Defilippi & Crismon, 2003; 

Fick et al., 2003; Mulsant et al., 2003; Flacker et al., 1998; Beers MH, 1997). In addition 
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to relying upon the clinician’s knowledge of anticholinergic drug effects on physical and 

cognitive functions, this method relies heavily on patient reports of prescribed and over-

the-counter medication and maintaining correct medical records. Addition of physical or 

cognitive rating scales to objectively quantify drug-related anticholinergic effects can 

reduce certain subjectivity associated with clinicians’ expertise and can result in better 

assessment of drug effect (Burnett et al., 1980; Rudd et al., 2005). Therefore, 

integration of subjective and objective measures helps improve decision-making to 

counter the risk of drugs related anticholinergic activity. 

This method of assessing anticholinergic burden through a drug list and clinical 

judgment is generating more interest than other methods for various reasons. The 

reasons include that it is simple to administer, it can be used cost-effectively, it can 

assess both subjective and objective drug burden, the results are readily available, daily 

drug dose both for scheduled and as-needed medications can be determined, and pre- 

and post-change in cognition can be easily evaluated. Based on this methodology, four 

anticholinergic scoring instruments have been developed to assess anticholinergic drug 

burden and to advance the risk stratification methods. The four drug scales are:  

 Anticholinergic Drug Scale (ADS) (Carnahan, Lund, Perry, Pollock, and Culp, 
2006); 
 

 The Drug Burden Index (anticholinergic component) (DBI) (Hilmer et al., 2007);  

 The Anticholinergic Risk Scale (ARS) score (Rudolph et al., 2008); 

 The Anticholinergic Burden (ACB) scale (Fox et al., 2011). 

The second method is the measurement of individual drug-related anticholinergic 

activity. This technique measures in-vitro drug anticholinergic activity using a radio 

receptor assay (Tune et al., 2005) standardized to anticholinergic activity of atropine 
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(highly anticholinergic drug). This method directly measures the anticholinergic activity 

of a drug compared to atropine equivalent (Tune et al., 1993). This is a good method to 

measure drug-related anticholinergic activity, but it does not measure drug metabolite or 

individuals’ intrinsic anticholinergic activity (Rudd et al., 2005). 

The third method is the measurement of total serum anticholinergic activity 

resulting from drugs, metabolites, and patient physiology. A drug with anticholinergic 

activity competes with acetylcholine for muscarinic acetylcholine (mACh) receptors. As 

a consequence, acetylcholine remains free and causes anticholinergic toxicities. Tune 

and Coyle (1980) developed a radioreceptor assay to directly measure the degree of 

drug binding to mACh receptors and to quantify the total serum anticholinergic activity 

(SAA) in humans. In addition to the degree of mACh competitive binding inhibition by an 

anticholinergic drug, the total serum anticholinergic activity also measures drug 

metabolites activity, drug addition or modification effect, and baseline physiology of an 

individual. Using this method, previous studies have shown a negative correlation 

between high levels of serum anticholinergic activity and cognitive functioning (Mulsant 

et al., 2003; Thienhaus et al., 1990). SAA has come to be considered the gold standard 

in quantifying drug anticholinergic activity and burden (Carnahan, Lund, Perry, & 

Pollock, 2001). 

The fourth method measures medication’s individual muscarinic receptor affinity 

in vitro. This method allows researchers to ascertain the direct muscarinic receptor 

affinity of drugs in vitro, as a measure of drug-receptor interaction, to assess the relative 

anticholinergic activity of drugs. In vitro measurement of drug muscarinic receptor 

affinity considered to be the baseline physiologic anticholinergic activity of an individual. 
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Muscarinic receptor affinity of a drug is assessed by comparing the competitive binding 

between a drug with the muscarinic ACh receptor and a radiolabeled muscarinic-

cholinergic agonist (Snyder & Yamamura, 1977; Tune & Coyle, 1980; Richelson E., 

1994). 

No single test comprehensively measures all the characteristics of drug-related 

anticholinergic activity. An ideal study, in addition to gold standard test— serum 

anticholinergic activity (SAA), would use a constellation of evaluation tools to gather 

holistic anticholinergic effects due to drugs. However, after careful examination of 

advantages and disadvantages of each methods and the limitation of the data in the 

NACC database, we, in this study, selected expert-based anticholinergic drug list 

method to score anticholinergic burden of individuals and to differentiate between the 

central (Rudd et al., 2005) and peripheral (Tune & Coyle, 1980) action of drugs with 

anticholinergic activity. Currently, certain researchers (Rudd et al., 2005) believe that 

expert-based drug list method is the only clinically applicable method for assessing 

cognitive effects of drugs with anticholinergic activity.  

Among the list-based anticholinergic drug scales, only ADS has been validated 

against the gold standard, SAA (Carnahan et al., 2006). Other scales are either not 

validated yet (ARS, DBI, and ACB scale) or have been developed with or for specific 

population. For example, ARS focused on only one healthcare system that had a 

primarily male population (Boustani at al., 2008). In addition, ADS includes an extensive 

list of prescription and over-the-counter medication (Carnahan et al., 2006). Therefore, 

ADS serves as an objective quantitative tool to measure central and peripheral drug 

anticholinergic activity. Furthermore, ADS measures potential additive or synergistic 
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effects of combining potentially anticholinergic drugs, which allows clinicians to tailor AC 

assessment to any drug regimen. Subjective rating of anticholinergic activity using ADS 

based on clinicians’ expertise and expression of symptoms results in additional 

variability. Therefore, ADS is an ideal method that can increase both generalizability 

and reliability and can be widely applicable both in the research and healthcare settings 

with geriatric populations. Carnahan et al (2006) demonstrated the validity of ADS 

against the gold standard, SAA. About 95 percent of variance in SAA was explained by 

ADS score (R2 =0.947). In addition, dose weighted ADS was significantly associated 

with SAA and predicted valid measure of anticholinergic burden. Total ADS scores are 

significantly associated with SAA, demonstrating some degree of criteria validity 

(Carnahan et al., 2006). Therefore, the pragmatic method to assess and quantify 

anticholinergic use is to utilize ADS. 

The NACC recorded 100 prescriptions, non-prescription drugs and vitamins 

supplements taken by subjects daily over two weeks. The drugs list included various 

medication groups such as antivirals, antibiotics, antidepressants, antihistaminics, 

antipsychotics, antianxiety, analgesics, cardiovascular drugs, muscle relaxants, H2 

antagonists, corticosteroids, anticonvulsants etc. Many drugs with AC activity are not 

listed in the NACC medication list. If a subject takes medications that were not in the 

list, the ADC staff would record that additional medication. We can presume that if a 

subject took a medicine, it would be recorded in NACC dataset during the visit. Hence, 

the NACC dataset has strengths in collecting medication use. Overall, the NACC data 

provide sufficient information to assess anticholinergic drug use and to quantify drug 
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exposure. In addition, the annual assessment of drug use provides comprehensive 

information to evaluate cognitive impairment due to anticholinergic drug use. 

Epidemiology of Anticholinergic Use and Risk of Dementia 

Current U.S. data suggest that about half of the dementia patients who visit 

primary care providers take at least one medication with AC properties (Schubert et al., 

2006).  Data from a nationally representative sample, the 2006-2007 National 

Ambulatory Medical Care Survey and outpatient department component of the National 

Hospital Ambulatory Medical Care Survey, show that every year about 6.8 million (CI 

5.27–8.44 million) ambulatory care visits are made for dementia (Bhattacharya et al., 

2011). Around 43 percent (42.86%; 95% CI, 35.24–50.48) of these visits are associated 

with at least one AC drug use, and around 10 percent of these visits are associated with 

medications that have high anticholinergic effects (ADS level 2 or 3) (Bhattacharya et 

al., 2011). Another study showed that women reported higher anticholinergic drug use 

than men did (9.6 percent vs. 4.4 percent; P=0.001) (Konishi et al., 2010). Results of the 

previous studies suggest that the chronic use of AC drugs may accelerate the AD 

pathology and may have adverse effects on the clinical course of AD (Konishi et al., 

2010; Lu & Tune, 2003). Carriere et al. demonstrated 3.10 percent and 2.01 percent 

incident rate of cognitive impairment and AD, respectively, among older adults taking 

AC medications as compared to those not taking AC medication (Carriere et al., 2009). 

In addition, Jessen et al. (2008) found a 12.35 percent incidence of dementia among AC 

users compared to those not taking AC medication. Also, a six-year longitudinal study in 

an Africa-American (AA) population showed that the incidence of cognitive impairment 

among those exposed to definite AC drugs was significantly higher by 46 percent as 

compared to those not exposure to AC drugs (Campbell et al., 2010). However, an 



 

30 

eight-year follow-up study by Ancelin et al. (2006) found no difference between the risks 

of dementia among AC users and non-AC users.  

Previous studies have shown that AC drug use is associated with deficits in -

cognitive functions like processing speed, attention, problem=solving, psychomotor 

performance, and language skills (Campbell et al., 2009; Corder et al., 1993; Jessen et 

al., 2010; Shah et al., 2013; Strittmatter et al., 1993). A recent cross-sectional study by 

Uusvaara et al. (2013) showed that AC drug use was significantly associated with low 

verbal fluency (OR=1.84, CI 1.02-3.32) and low naming scores (OR=1.81, CI 1.09-3.00) 

but not for MMSE after controlling for covariates (Uusvaara et al., 2013). Similarly, 

Bottiggi et al. (2006) showed that long-term AC drug use was associated with faster rate 

of decline in Trail Making Test part A and B; however there was no change in global 

cognitive status (Bottiggi, 2006). In contrast, Konishi et al. (2010) showed that 

individuals with AC drug use had significantly lower global cognitive status (MMSE 

score: 8.89 vs. 13.16, P=0.037) and specific cognitive functions like registration (1.62 

vs. 2.30, P=0.032) and recall (0.00 vs. 0.34, P=0.028) as compared to those who did 

not use AC drugs (Konishi et al., 2010). Another recent cross-sectional analysis by 

Lampela at al. (2013) demonstrated that higher AC drug use was associated with 

impaired activities of daily living (ADL) and instrumental activities of daily living (IADL).  

A two-year longitudinal study demonstrated a dose-response relationship 

between anticholinergic drug burden and reduced MMSE scores (Fox et al., 2011). The 

study showed that two years of high AC drug use was associated with a decline of 0.34 

(CI= 0.01-0.67) units of MMSE score as compared to no AC drug use. Shah et al. 

(2013) demonstrated in a longitudinal study that the annual rate of global cognitive 
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function decline was greater in new AC drug users (0.096 (SE=0.007)) and chronic AC 

drug users (0.081 (SE=0.011)) as compared to individuals with no AC drug use (0.062 

(SE=0.005)).  

Based on these studies, it can be concluded that one of the major factors 

contributing to cognitive decline among older adults is AC drug use. However, the 

current understanding of the effects of AC drugs on human cognition is derived largely 

from studies conducted on older adults with normal cognition (Corder et al., 1993; 

Jessen et al, 2010; Shah et al., 2013; Strittmatter et al., 1993). Because of this, little is 

known about the effects of AC drug use on cognition among an at risk population, i.e. 

older adults with pathophysiological characteristics of PAD. The long-term effects of 

chronic AC drug use on global cognition and especially on cognitive domains warrants 

further study. One of the major limitations with the previous research related to the 

standard definition of PAD. In the absence of standardized NIH guidelines, over the 

years, previous studies that focused on AC drug effects on older populations used 

numerous classification systems. Other major gaps in the existing literature are the lack 

of prospective information on both cognitive domains and AC drug use. Furthermore, 

the relationship between the amount and the duration of AC exposure to induce 

clinically significant adverse cognitive outcomes has not been sufficiently examined. Our 

proposed study would use the NACC dataset to identify the associations between risks 

of cognitive impairment and neurodegenerative biomarker change and scientifically 

quantified long-term AC use.  

The National Alzheimer’s Coordinating Center 

In 1984 the (NIH and the National Institute on Aging (NIA) established the 

Alzheimer's Disease Centers (ADCs) program in order to improve the understanding of 
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AD etiology, mechanisms, course, clinical diagnosis, neuropathologic changes, and 

treatment. The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) 

brought the ADCs together to formulate and to apply standardized methods to collect 

consistent clinical, neuropsychological, and pathological data from research participants 

at the ADCs (Morris et al., 1989).  

The NACC is a research establishment founded in 1999 of 29 collaborating 

ADCs that are funded by the NIA (U01 AG016976) started. To encourage and engage 

ADCs, NACC funded collaborative research. NACC provided flexibility to each ADC to 

develop, store, and submit its own project dataset based upon its own data elements 

and research needs. These different datasets were difficult to manage. With this in 

mind, NACC combined ADC datasets and designed a larger database, the Minimum 

Data Set (MDS) that contained individual datasets with their respective data elements. 

The database was made available online at www.alz.washington.edu (Beekly et al., 

2004). To utilize the ADCs’ data for both administrative and research purposes, NACC 

improved the data collection process and maintained databases collected from the 29 

ADCs through a newly designed data management system. The MDS was limited by 

retrospective collection of fewer data elements that provided inadequate information 

about participants’ characteristics, etiology, risk factors, diagnosis, and treatment of AD 

(Cronin-Stubbs et al., 2000). The Clinical Task Force (CTF) formed by the NACC 

expanded the MDS to create a more comprehensive database, the Uniform Data Set 

(UDS), which was implemented in 2005 (Beekly et al., 2007). MDS is a database that 

contains datasets from 1984 to 2005, while the UDS database collects standardized 

information since 2005.  

http://www.alz.washington.edu/
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Minimum Data Set  

The current version of data forms for MDS is Version 8, 2006. There are 74,169 

participants in the MDS database, and they were enrolled from 1984 to 2005. The MDS 

database had 67 variables obtained retrospectively from ADC medical records. The 

MDS forms collected information about participants’ date of birth, sex, race, language, 

education, marital status, residence, medical history, family history, date of initial and 

most recent ADC evaluation, initial and most recent MMSE score and so on. In addition, 

the MDS evaluated participants’ clinical criteria for dementia, diagnosis, age of onset of 

dementia, AD and non-AD type dementia, clinical conditions and their contribution to 

dementia, vital status and autopsy status. It also collected information about primary 

and secondary neuropathological diagnosis. Furthermore, the MDS maintains 

information regarding the availability of banked brain tissues, cerebrospinal fluid (CSF) 

and DNA for future use. The MDS also reviewed whether ApoE genotyping, 

neuropsychological tests, Computed Tomography (CT), Positron Emission Tomography 

(PET), Single Photon Emission Computed Tomography (SPECT), and Magnetic 

Resonance Imaging (MRI) were conducted in research studies. 

Uniform Data Set  

The UDS data components were formulated to help in the diagnosis of dementia 

and its causes in clinical settings and to provide resources to conduct research on AD 

and MCI (Morris et al., 2006). The current version of data forms for UDS initial, follow-

up, and telephone follow-up visits is Version 8, February 2008. The comprehensive 

UDS database was implemented on September 1, 2005. As of September 1, 2012, 

there were 26,452 participants, and the database had around 725 data elements. The 

initial and follow-up visits record information about participants’ demographics, previous 
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NACC MDS enrollment, living situation, level of independence, family history of 

dementia, severity of dementia, medical history, medication use, physical 

measurements, severity of dementia using Clinical Dementia rating (CDR) (Morris, J. 

C., 1993) scale, Neuropsychiatric Inventory Questionnaire (NPI-Q) (Cummings et al., 

1994; Kaufer et al., 2000), Geriatric Depression Scale (GDS) (Yesavage, J. A., 1988), 

functional impairment using the Functional Assessment Questionnaire (FAQ) (Pfeffer et 

al., 1982), and clinician’s diagnosis of cognitive status and dementia. In addition, the 

database has imaging and laboratory records. A telephone follow-up is done if a subject 

is cognitively or physically impaired for an in-person visit, homebound, or 

institutionalized, or when a subject or informant refused to attend an in-person visit. Due 

to non-availability of the subject or informant, in-person assessments are missing from 

telephone follow-ups.  

Neuropsychological Database 

The CTF and a subcommittee designed standardized Neuropsychological Test 

Battery (NTB) of tests, which include 54 data elements across all ADCs. A combination 

of methods was used in selecting cognitive domains and tests to focus on cognitive 

markers of aging and AD, to account for continuity of previous measures, and to 

minimize the burden on ADCs. As the cognitive outcome focused on transformation 

from aging without dementia, to MCI, and to AD, the cognitive domain selection was 

based on sensitivity to age-related change in cognition (Petersen et al., 1992; Ivnik et 

al., 1990; Ivnik et al., 1996; Steinberg et al., 2005) sensitivity to the demonstrated 

primary cognitive impairments in AD (Storandt et al., 1989; Morrison and Hof, 1997; 

Ferris & Kluger,1997) ability to measure change over time and to stage AD (Locascio et 

al., 1995), and ability to predict progression from MCI to AD (Linn et al., 1995; Elias et 
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al., 2000; Albert et al., 2001). The most common test for global severity of dementia was 

MMSE (Galasko et al., 1995). Digit Span Forward and Digit Span Backward were 

selected for attention (Parasuraman & Haxby, 1993) from the Wechsler Memory Scale-

Revised (WMS-R) (Wechsler, 1987) and Digit Symbol was approved for processing 

speed from Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Wechsler, 1986). The 

Part B Trail making test (Reitan and Wolfson, 1986) was used for assessing deficit of 

executive functions to predict progression of MCI to AD. A hallmark of early AD, decline 

in episodic memory (Albert, 1996), was assessed by Logic Memory, Story A immediate 

and delayed recall from WMS-R (Wechsler, 1987). Verbal Fluency and Naming were 

assessed by Animal and Vegetable list generation tests and a short version of the 

Boston Naming Test (Goodglass et al., 1983), respectively. Functional Assessment 

Questionnaire (FAQ) (Pfeffer et al., 1982) and behavioral symptoms short form NPI-Q 

(Kaufer et al., 2000; Cummings et al., 1994) and the 15 item Geriatric Depression Scale 

(Sheikh & Yesavage, 1986) were also added to the Clinical Assessment portion of the 

UDS cognitive battery. Considering the length of each test and burden on subjects and 

their informants and on ADCs, CTF decided to keep the NTB short enough to be 

administered in 30 to 40 minutes by a trained clinical professional and to administer the 

test annually. 

Current Political and Legislative Efforts Regarding Alzheimer’s Research 

The urgency to minimize AD-related health and economic consequences can be 

gauged by the fact that The National Plan to Address Alzheimer’s Disease” and the 

National Alzheimer’s Project Act (NAPA)” were created on a priority basis in January 

2011. In addition, the federal government and the scientific community’s concerns are 

reflected in steps to immediately implement NAPA by allocating $156 million to support 
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and sustain research on AD. The proposed study will specifically address the NAPA 

Goal 1: Prevent and Effectively Treat Alzheimer’s disease by 2025.  Our study focuses 

on older adults who are at higher risk of cognitive decline and we will investigate the 

long term effects of AC medication use on cognition among this high risk population. 

The study results will help clinical researchers to understand the effects of AC 

medication use and to formulate appropriate clinical and public health strategies to 

minimize AC drug use among older adults. In identifying the at-risk group, we fulfill the 

NAPA’s primary precedence Strategy 1.A: Identify Research Priorities and Milestones. 

Under Goal1, the proposed research is highly responsive to the NAPA strategic priority 

Strategy 1.C: Accelerate Efforts to Identify Early and Presymptomatic Stages of 

Alzheimer’s Disease. Over the years, PAD has long been recognized by several 

classification systems. The primary aim of our proposed study is to identify the at-risk 

group at an early stage based on new NIH guidelines. We would also address Strategy 

1.B: Expand Research Aimed at Preventing and Treating Alzheimer’s Disease. Testing 

Aims 1 and 2 would allow us to provide evidence about cognitive outcomes of long-term 

anticholinergic drug use and would provide evidence to whether limiting anticholinergic 

use prevents and delays cognitive decline. The proposed study is also intended to 

address Goal 2: Enhance Care Quality and Efficiency, and Strategy 2.B: Ensure Timely 

and Accurate Diagnosis. It is evident that the NAPA strategic plans very clearly 

emphasize the significance of understanding the PAD group and its timely identification 

for appropriate intervention to minimize the dementia burden on the family, society, the 

health system, and the economy. In addition, the NAPA emphasizes understanding the 

cognitive outcomes of PAD and the long-term effects of interventions in limiting 
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cognitive decline. The current proposed study, using one of the largest samples and 

data elements available, is well-positioned to answer NAPA strategic priorities listed 

above. 

What Is New in This Study? 

New Approach 

Our proposed study applies a new approach to assess cognitive decline due to 

long-term medication use among older adults in the context of the preclinical 

Alzheimer’s Disease population. While previous studies have identified the effects of AC 

medication use on cognition that explain cognitive decline among older adults to some 

extent (Campbell et al., 2009; Mirra, 1991; Uusvaara et al., 2013; Nourhashémi et al., 

2008), they have not assessed the at-risk population in the preclinical stage of AD with 

QCI. This stage predisposes individuals to rapid cognitive decline and the development 

of AD. What is unique in the proposed research is that we would evaluate not only 

baseline measurements but also the long-term effect of AC drug load on cognition in a 

very high-risk population. Our sample at baseline means older adults with age greater 

than or equal to 60 with questionable cognitive impairment based upon Clinical Dementia 

Rating-Sum of Boxes (CDR-SOB) of 0.5-2.5. Such an approach would allow better 

understanding of the mechanism through which AC medications influence cognitive 

functions, the heterogeneity of the effects, and the extent to which controlled use of AC 

medications would contribute in preventing AC drug-associated cognitive decline. To 

the best of our knowledge, the proposed study will be the first study to assess the role 

of anticholinergic medication burden on cognitive decline and development of MCI/AD in 

older adults with QCI. The proposed study might provide groundwork for future 

randomized controlled studies to assess medication effects on wide ranges of cognitive 
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outcomes among older adults. 

Rationale for Anticholinergic Use and Dementia 

Normal cognition requires the coordination of numerous complex processes, 

including sensory information processing, sustained and divided attention, short and 

long-term memory, and executive functions. It is believed that a large portion of 

cognitive decline and poor cognitive performance among older adults is attributed to 

anticholinergic medications use (Kausler, 1994; Sunderland, Tariot, & Newhourse, 

1988). These medications, which primarily act against muscarinic ACh receptors, impair 

various cognitive domains, including episodic and semantic memory, working memory, 

processing speed, language, and praxis (Molchan et al., 1992; Sunderland et al., 1988). 

The muscarinic and nicotinic AChRs are distributed throughout the central nervous 

system (CNS) (Caulfield, 1993; Dani, 2001; Felder et al., 2000; Flynn et al., 1995; 

Lucas-Meunier et al., 2003), and they have distinct, as well as overlapping, functions in 

learning and memory (Edginton & Rusted, 2003; Everitt & Robbins, 1997; Little et al., 

1998; Sahakian et al., 1989; Terry et al., 1993; Wesnes & Warburton, 1984). There are 

five (M1-M5) muscarinic receptor subtypes (Bonner et al., 1987; Eglen, 2005; Dani, 

2001), which are abundant in the cognitive areas (e.g., cortex and hippocampus) of the 

brain. Previous studies have demonstrated in both humans and rodents that all five 

receptors are important in learning and memory processes (Anagnostaras et al., 2002; 

Bodick et al., 1997; Messer et al., 1990; Seeger et al., 2004; Tzavara et alo, 2003), but 

that each muscarinic receptor has its markedly distinct regional expression pattern. M1 

and M5 knockout mice models have shown a severe deficit in working (Anagnostaras et 

al., 2002) and recognition tasks and spatial memory (Aray et al, 2006), respectively. The 

mice models of receptor specific antagonistic administration have shown that M2 
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blockage improves (Lachowicz et al., 2001), whereas M4 blockage deteriorates 

emotional learning (Jerusalinsky et al., 1998). However, M3 knockout mice seem to 

perform normally across various cognitive domains (Yamada et al., 2001); for example, 

long-term administration of the M3 selective incontinence agent, darifenacin, does not 

have an adverse effect on cognition (Kay & Wesnes, 2005). These results suggest that 

the anticholinergic drugs may lead to varying cognitive outcome. Scopolamine, an AC 

prototype, administration in cognitively healthy adults has been shown to reduce 

reaction time, complex attention, motor functions, verbal learning, facial recognition, 

praxis (Dumas et al., 2006; Flicker et al., 1992; Naranjo et al., 2000; Sunderland et al., 

1987; Tariot et al., 1996; Zemishlany et al., 1991), episodic (Molchan et al., 1992), 

semantic and working memory (Sunderland et al., 1987; Tariot et al., 1996). In addition, 

AC medications have been shown to worsen cognitive impairment associated with other 

medical conditions like cerebrovascular disease (Nebes et al., 2005). Acute and chronic 

AC drug use is associated with rapid declines in global cognition (Lu & Tune, 2003), 

working memory, reaction time, attention, psychomotor speed, executive functioning, 

and visual memory (Bottiggi et al., 2006; Glass et al., 2003; Katz et al., 1998). The 

current evidence shows that the modulation of the muscarinic cholinergic system is an 

important part of normal cognitive processes, and any imbalance in the 

neurotransmission of cholinergic system may cause domain-specific cognitive 

impairment. This finding demonstrates the biological plausibility that AC medication use 

might be associated with cognitive impairment. Therefore, it is important to understand 

and to predict the effects of AC drug use on specific cognitive domains.  
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Previous studies have shown that the cholinergic cell loss and cholinergic 

dysfunction in basal forebrain neurotransmission is associated with AD (Bartus, 2000). 

Loss in choline acetyltransferase activity correlates with reduction in cholinergic neurons 

(Henke & Lang, 1983). Furthermore, cholinesterase inhibitors and cholinomimetic drug 

replacement have been shown to have memory-enhancing effects (Muir & Robbins, 

1995). However, there is inconsistency in demonstrating cholinergic cell loss and its 

association with cognitive decline (Sarter & Bruno, 1998). Previous cross-sectional 

studies focusing on older adults have shown a positive association of AC drug use with 

cognitive decline (Cancelli et al., 2008; Cao et al., 2007; Lechevallier-Michel et al., 

2005; Mulsant et al., 2003), visual and declarative memory (Lechevallier-Michel et al., 

2005), implicit learning (Nebes et al., 2005), and psychomotor speed (Nebes et al., 

2005). Additional burden comes from age as older age is associated with numerous 

clinical morbidities and frequent drug use (Ancelin et al., 2006; Hajjar et al., 2007; 

Lechevallier-Michel et al., 2005; Pitkala et al., 2001). Many commonly used medications 

have AC properties (Tune et al., 1992; Uusvaara et al., 2009) and their long term-use is 

associated with cognitive decline (Ancelin et al., 2006; Carriere et al., 2009). Despite 

concerns regarding long-term use of AC drugs, previous studies have focused primarily 

on acute or short-term effects of prescription medication with AC properties in elderly 

populations (Ancelin et al., 2006; Moore & O’Keeffe, 1999). The possibility that over-the 

counter AC medications might induce cognitive impairment has not been addressed 

sufficiently (Hilmer et al., 2007).  

The understanding of the association between long-term use of AC and cognitive 

decline among older adults with QCI remains unclear because of the lack of data with 
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consistent and repeated standard assessments of both medication use and cognition 

overtime. The proposed hypotheses fill the scientific gap by using the NACC dataset to 

assess not only the cross-sectional association between AC medication use and 

cognitive impairment but also to explore the long-term trajectories of global and domain-

specific cognitive decline associated with AC use over time. 
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Figure 1-1.  Conceptual framework of anticholinergic drug effects on aging and cognition. 
Abbreviations: PAD= Preclinical Alzheimer’s disease; PET= Positron Emission Tomography; Aβ = Beta Amyloid; CSF= 
Cerebro spinal fluid. 
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Table 1-1.  Staging categories of preclinical Alzheimer’s disease 

Stages of PAD Description Aβ (PET or 
CSF) 

Marker of 
neuronal injury 

Evidence of subtle 
cognitive change 

Stage 1 Asymptomatic cerebral amyloidosis Positive Negative Negative 

Stage 2 
Asymptomatic amyloidosis + Downstream 
neurodegeneration Positive Positive Negative 

Stage 3 
Asymptomatic + neuronal injury + subtle 
cognitive/behavior decline Positive Positive Positive 

Abbreviations: PAD= Preclinical Alzheimer’s disease; PET= Positron Emission Tomography; Aβ = Beta Amyloid; CSF= 
Cerebro spinal fluid.
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CHAPTER 2 
ANTICHOLINERGIC DRUG USE AND RISK OF COGNITIVE IMPAIRMENT AND 

DEMENTIA IN OLDER ADULTS WITH QUESTIONABLE COGNITIVE IMPAIRMENT: A 
CROSS-SECTIONAL ANALYSIS 

Background  

About 5.3 million people (Brookmeyer et al., 2011) in the U.S. and about 35.6 

million people worldwide suffer from Alzheimer’s disease (AD). The incidence of AD is 

expected to triple over the next 40 years (Alzheimer's disease facts and figures, 2012). 

In addition, the global aging of population is driving the current epidemic of cognitive 

impairment and dementia (Sosa-Ortiz, Acosta-Castillo, & Prince, 2012). Notably, AD-

associated dementia accounts for 60 to 80 percent of total dementia cases (Mayeux  & 

Stern, 2012; Nowrangi., Rao, & Lyketsos, 2011). The biological changes such as 

decrease in cholinergic neurons, signaling and receptor dysfunction are associated with 

a decline in learning and memory among older adults (Bird, Stranahan, Sumi, & 

Raskind, 1983; Etienne et al., 1986; Henke & Lang, 1983). Consequently, AD is 

characterized by cortical cholinergic deficits, cognitive impairment, and dementia 

(Bohnen et al., 2007; Tiraboschi et al., 2000). It has also been shown that AD and 

dementia severity is directly correlated with atrophy and degeneration of the brain 

cholinergic pathways (Barnes, 1990; Gallagher & Nicolle, 1993).  However, less is 

known about whether exogenous use of medications, particularly medications with anti-

cholinergic (AC) properties, is connected to age-related cognitive impairment.   

There is a high rate of AC medication use among older adults. As a result, there 

is an increased risk of adverse drug events (Flaherty, Perry, Lynchard, & Morley, 2000; 

Hanlon et al., 2006; Lyer, Naganathan, McLachlan, & Le Conteur, 2008; Marengoni, 

Rizzuto, Wang, Winblad, & Fratiglioni, 2009; Sergi, De Rui, Sarti, & Manzato, 2011; 
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Onder et al., 2012).  For example, there are known serious side effects of AC 

medications on cognitive (Boustani, Sachs, & Callahan, 2007; Campbell et al., 2009; 

Carriere et al., 2009; Fox et al., 2011) and physical abilities (Han, Agostini, and Allore, 

2008; Hilmer & Gnjidic, 2009; Koyama, Steinman, Ensrud, Hillier, and Yaffe., 2013).  

Although, there has been considerable attention directed at monitoring and minimizing 

AC drug load to avoid cognitive impairment among older adults, these medications are 

frequently prescribed to manage specific comorbidities in older adults (Wawruch et al., 

2012; Peters, 1989). While these medications can be effective for managing specific 

disease conditions, there is a clear biological effect on cognition through (Chew, 

Mulsant, & Pollock, 2005) unselective antagonism of muscarinic receptors in the brain 

(Peters, 1989; Nebes, Pollock, Halligan, Kirshner, and Houck, 2007). Older adults are 

likely to be more susceptible to these biological effects of AC drugs because they have 

lower central cholinergic activity and reduced cholinergic transmission, and because 

they are more susceptible to central anti-muscarinic adverse effects (Feinberg, 1993; 

Hammerlein et al., 1998).  

The pathophysiological process of AD and associated dementia begins years 

before the emergence of clinically detectable signs and symptoms (Price & Morris, 

1999). Therefore, subtle clinical, cognitive, and pathological changes emerge years 

before Mild Cognitive Impairment (MCI) or AD dementia can be diagnosed. The current 

understanding of the effects of AC drugs on human cognition is derived largely from the 

studies that compare the AC medication effects on individuals with dementia to 

individuals with normal cognition (Corder et al., 1993; Jessen et al, 2010; Shah et al., 

2013; Strittmatter et al., 1993). Consequently, there is an inadequate understanding of 
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cognitive effects of AC drugs on individuals who are in the early stage of cognitive 

impairment, i.e., questionable cognitive impairment (QCI). These individuals with QCI 

are at greater risk of developing dementia in the future. Therefore, it is imperative to 

comprehend the clinical and epidemiological effects of AC medication use on cognitive 

functions and the progression to dementia.  

Previous observational studies have reported that high AC burden is associated 

with greater risk of cognitive impairment in normal older adults (Ancelin ML et al., 2006; 

Han et al., 2008; Lechevallier‐Michel et al., 2005; Rudolf, Salow, Angelini, McGlinchey, 

2008). While the previous studies have identified the effects of AC medication use on 

cognition that explain cognitive decline among older adults to some extent (Bottiggi et 

al., 2006; Campbell et al., 2009; Uusvaara et al., 2013), they have not assessed an at-

risk population, i.e., individuals with QCI. What is unique in this study is that we would 

assess the cognitive impact of varying amounts of AC burden on individuals with QCI. 

The objective of the proposed study is to assess the effects of AC medication use on 

cognitive functions among older adults with QCI. We hypothesize that older adults with 

QCI who have exposure to AC drugs are more likely to have poor cognitive scores as 

compared to older adults who have no exposure to AC drugs.  

Methods 

Study Participants 

This study is a part of larger multi-center longitudinal cohort database— National 

Alzheimer’s Coordinating Center (NACC)—that includes community dwelling older 

adults with normal cognition, mild cognitive impairment (MCI), dementia, and AD. The 

NACC is a research establishment of 34 collaborating Alzheimer’s Disease Centers 

(ADCs) that was established in 1999 (Beekly et al., 2007).  The NACC improved the 
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data collection process and created a more comprehensive database, Uniform Data Set 

(UDS) (Morris et al., 2006), to formulate and to apply the standardized research 

methods to understand AD etiology, course, mechanisms, clinical diagnosis, 

neuropathologic changes, and treatment modalities. The NACC UDS data has been 

described elsewhere (Beekly et al., 2004). The sample for this study consists of 

individuals from the NACC UDS data who were in the study from September 2005 until 

March 2014. Individuals aged 60 and above, having medication records, and diagnosed 

with QCI at the start of the enrollment in the study (in 2005) were included in the study. 

QCI was determined by a commonly utilized dementia severity tool, the Washington 

University Clinical Dementia Rating-Sum of Boxes (CDR-SOB) scale (Rosenberg et al., 

2012). The CDR-SOB is a reliable and valid scale, which is regularly used in both 

clinical and research settings to stage dementia severity. The CDR-SOB score is a 

detailed quantitative rating scale, and it provides more comprehensive information than 

the CDR-GS. The CDR-SOB scores have a wider range of measurements (0-18) 

depicting the various stages of cognitive impairment, and they optimally differentiate 

with reasonable accuracy between individuals with QCI and those with mild cognitive 

impairment. For our analysis, QCI was defined as CDR-SOB score between 0.5-2.5 

(O'Bryant et al., 2008).  The CDR-SOB score is a comprehensive quantitative rating 

scale that helps in distinguishing preclinical cognitive impairment from dementia. 

Anticholinergics Exposure 

To assess AC drug exposure, we used the valid and reliable (Tune et al., 1993) 

Anticholinergic Drug Scale (ADS) (Carnahan et al., 2006), an ordinal drug scale that 

rates AC medications according to increasing potency of their anticholinergic activity. 

ADS include 413 medications which cover about 88 percent and 89 percent of regular 
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and as-needed drugs, respectively. ADS scores are divided into four levels according to 

AC drug activity (Table 2-1). We calculated each participant’s AC burden score based 

upon their AC medication use within two weeks prior to their visits. For the purpose of 

our study, we categorized the ADS drugs into three levels (Table 2-1). Level 1 indicates 

drugs with no known AC properties, Level 2 indicates drugs with low potential AC 

activity seen by receptor binding study, and Level 3 was created by combining ADS 

level 2 and 3, which represent medications that have high AC adverse effects. 

The NACC assessed participant’s medication use at baseline and follow up 

visits. The NACC standardized form (Form 4) was used by trained and certified 

researchers who recorded 100 prescription, non-prescription, over-the-counter 

medications and supplements taken by the participants within two weeks prior to their 

visit. The NACC recorded drugs from various medication groups such as antivirals, 

antibiotics, antidepressants, antihistaminic, antipsychotics, antianxiety, analgesics, 

cardiovascular drugs, muscle relaxants, H2 antagonists, corticosteroids, 

anticonvulsants. Drugs that were not listed in the NACC form were recorded using a 

standardized protocol by clinicians or certified ADC researchers that provided a specific 

drugID to the medications. So, we can confidently presume that the NACC dataset 

documented all the medications taken by the participants. Therefore, the NACC dataset 

provided a comprehensive medication history that provides an excellent opportunity to 

examine the AC medication effects on cognition.  

Cognitive Outcomes 

We used standardized NACC Neuropsychological Test Battery (NTB) that uses 

eight common neuropsychological tests (12 measures) to assess cognitive functions in 

the early stage of cognitive impairment. The NTB is sensitive to predicting progression 
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from QCI to dementia and to demonstrate age-related changes in specific cognitive 

domains. Hayden et al. (2011) performed exploratory and confirmatory factor analysis of 

the NACC UDS NTB and grouped 12 NTB measures in four cognitive domains—

Memory, Attention, Executive, and Language. The NACC NTB assessed attention by 

Digit Span Forward and Digit Span Backward from the Wechsler Memory Scale-

Revised (WMS-R). Decline in episodic memory, a hallmark of early AD, was evaluated 

by Logic Memory, IA and delayed recall by Logic Memory, IIA. Executive functions were 

assessed using Trail Making Part A (TM-A) and B (TM-B) tests and digit symbol 

substitution test (DSST). Since the lower TM-A and TM-B scores indicate better 

executive functions, we reversed the sign of z-scores of TM-A and TM-B were and 

added with that of DSST to assess the executive functions in the same direction as 

DSST, i.e., higher scores are better than lower scores. Language (verbal fluency and 

naming) was assessed by Animal and Vegetable list generation test and a short version 

of the Boston Naming Test (BNT), respectively. We used Hayden’s factor structures 

approach and grouped participant’s cognitive measures in the four cognitive domains 

mentioned above, and we included one composite score for global cognition. The 

domain scores were calculated as the mean z-scores of cognitive tests (Shirk et al., 

2011) under that domain. The global cognition was calculated as mean of four domain 

scores as shown in Table 2-2.  

Covariates 

The conceptual framework and the past literature guided the selection of 

independent variables. Previous studies have shown an association between dementia 

and important demographic factors, lifestyle behaviors, clinical conditions, and genetic 

biomarkers (Carriere et al., 2009; Lechevallier-Michel et al., 2005; Uusvaara et al., 
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2013). The demographic characteristics included age, sex, race/ethnicity, education, 

marital status, living situation, and family history. The lifestyle behaviors that affect 

cognition like smoking, alcohol consumption, and body mass index were included as 

predictors. Clinical conditions may contribute to cognitive burden in older adults. 

Therefore, we adjusted models for comorbid conditions such as cardiovascular disease, 

cerebrovascular disease, depression, neurological diseases and diabetes, which are 

associated with cognitive impairment. Gene ApoE with its isoform E4 is the largest 

known genetic risk factor for impaired cognitive functions (Deary et al., 2002; Farlow et 

al., 2004) and late-onset AD (Corder et al., 1993; Strittmatter et al, 1993). APOE4 is 

also associated with increased risk of cognitive impairment in the presence of 

anticholinergic exposure (Uusvaara et al., 2009). Therefore, we included APOE4 in the 

analysis to assess the effects of AC medication use on cognitive functions among older 

adults with QCI.   

Statistical Analysis  

We performed preliminary analysis to evaluate distribution patterns of means and 

proportions of characteristics like demographics, comorbidities and genetic 

predisposition at baseline by ADS levels (No, Low, and High AC use) of anticholinergic 

drug load. We checked the linear model assumptions of independence, normality, and 

equal variance. We checked the independence by plotting each residual against 

neighboring value, i.e., residual lag plot and the assumption of equal variance. We 

illustrated the normal probability plot to observe against normal distribution values. 

Furthermore, we checked for the assumption of equal variance by plotting residuals 

against fitted values (estimated conditional means). We planned to transform a variable 
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or to conduct a non-parametric test if the variables violated the assumption; however, 

we found the variables of interest to follow assumptions of the linear regression.  

We performed the analysis of variance to evaluate differences in the means of 

continuous variables. We performed a chi-squared test to evaluate differences in the 

distribution of categorical variables. Descriptive statistics allowed us to quantify and 

compare the distribution of different cognitive measures among AC drug levels. 

In this cross-sectional analysis, the potential association between lower cognitive 

scores on global cognition and cognitive domains among individuals taking AC drugs 

was examined using general linear model (GLM). GLM was fitted to estimate the effect 

of AC drug exposures on cognitive outcomes at baseline according to ADS levels (No, 

Low, and High AC use). We included demographic factors, lifestyle behaviors, clinical 

conditions, and genetic biomarkers as covariates in the model. Since we performed five 

separate tests, we performed the Bonferroni Correction and adjusted the statistical 

significance at alpha= 0.01. 

Results 

A total of 7,315 participants met the inclusion criteria of age≥60, medication 

records, and CDR-SOB scores. The mean (M) age ± standard deviation (SD) of the 

entire sample was 74.84±7.91 years (range: 60-109 years), 81.58 percent individuals 

were white, and 51.76 percent were females. About 91 percent had high school or 

higher education, 63.53 percent were married, and 76.52 percent were living 

independently. Of the sample, 15.69 percent were taking low levels of AC medication, 

and 4.05 percent were taking high levels. 

There were a few significant differences in population characteristics across no, 

low, and high AC medication groups (Table 2-3). The individuals who took high or low 
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AC medications were slightly older (75.55±7.80 vs. 76.59±8.23 vs. 74.46±7.81; P-

value= < .0001) as compared to those who did not take AC medications. There were 

fewer males that took high or low AC medications (36.49 percent vs. 45.73 percent vs. 

49.33 percent; P-value= < .0001) as compared to those who took no AC medication. 

Older adults with QCI who took high or low AC medications had slightly higher BMI 

(27.43±5.69 vs. 27.50±5.49 vs. 27.08±5.05; P-value= 0.022) as compared to those who 

did not take AC medications. As compared to the older adults with QCI who did not take 

AC medications, the older adults with QCI who took low or high AC medications were 

less likely to be married and more likely to live alone. Furthermore, these older adults 

with QCI who took low or high AC medications were less likely to live independent or in 

a single residence home. These differences between the AC groups were statistically 

significant. 

The prevalence of cardiovascular disease among individuals who took low AC 

medications was about 50 percent as compared to 24 percent among those who took 

high AC medications, as compared to 30 percent (P-value <.0001) among individuals 

who did not take medications with AC properties. Similarly, the prevalence of 

cerebrovascular disease was 16.5 percent and 11.5 percent among individuals who 

took medications with low and high AC properties, respectively. Interestingly, the 

prevalence of cerebrovascular disease among individuals in no AC medication group 

and high medication AC group was similar (11.5 percent; P-value=<.0001). The 

prevalence of metabolic disease in no AC medication group (83.88 percent) and low AC 

medication group (84.49 percent) was similar but greater than in the high AC medication 

group (76.35 percent; P-value=0.002). As expected, there was significantly higher 
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prevalence of incontinence among individuals in low AC group (35.47 percent) and high 

AC group (19.35 percent) as compared to those in no AC group (15.32 percent; P-value 

= <.0001) . This is due to the reason that anti-incontinence medications, such as 

Oxybutynin, are the primary mode of treatment that works by decreasing the muscle 

spasms by reducing the cholinergic drive to urinary bladder or reducing intestinal 

motility. The prevalence of APOE4 genotype was higher in no AC medication group 

(43.24 percent) compared to low or high AC medication groups (Low AC: 41.48 and 

percent High AC: 38.78 percent; P-value=0.355). As expected, we found that the 

prevalence of Parkinson’s disease was greater in high AC medication group (4.75 

percent) than no and low AC groups (No AC: 3.16 percent; High AC: 2.79 percent; P-

value=0.233) but it was not significantly different across the AC groups. 

Anticholinergic medication use and neuropsychological tests at baseline: The 

mean MMSE z-score in high AC medication group was higher (-0.79±1.84) than those 

in no (-1.07±2.14) or low (-1.04±2.05) AC medication group (Table 2-4). Similarly, the 

mean z-scores for immediate recall, delayed recall, digit forward, digit backward, and 

animal and vegetable fluency tests were significantly higher in the high AC medication 

group as compared to the no AC medication group, which suggests that individuals 

taking high medication with AC property had better cognition than those who were not. 

The mean z-score of DSST and BNT were higher among the high AC medications 

group as compared to the no AC medications group, but the difference was not 

statistically significant. The mean z-score differences between high and no AC 

medication groups were statistically significant for TM-A (-0.89±2.01 vs. -0.79±1.72) and 

TM-B (-1.23±1.75 vs -1.13±1.67), indicating better cognition among individuals taking 
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high AC medication as compared to those taking no AC medication. The mean z-scores 

(Table 2-4) were statistically significantly greater in high AC medication group as 

compared to no AC medication group among cognitive domains of memory (-0.63±1.18 

vs -0.80±1.15), attention (-.033±0.89 vs -0.40±0.88), executive function (0.56±0.91 vs 

0.48±0.80), and language (-0.54±0.97 vs -0.58±0.97). Overall, the mean z-scores for 

global cognition was significantly higher in high AC medication group (-0.23±0.53) as 

compared to no AC medication group (-0.32±0.53) demonstrating that the AC 

medication use is associated with better cognition among older adults with QCI. 

In the multivariable model (Table 2-5), after adjusting for baseline demographics, 

lifestyle, comorbidity, and genetic factors, the mean z-scores for the global cognition 

was statistically significantly different for low AC medication group as compared to no 

AC medication group (P = 0.0051). The global cognitive z-score among low and high 

AC medication groups were higher by 0.065 (p=0.0051) and 0.069 (p=0.0903) SD, 

respectively, as compared to no AC medication group (reference group). We did not find 

a linear or quadratic trend between the ADS groups. The fully adjusted model explained 

about 14 percent of the variation in the model. The mean values of standardized z-

scores for memory (Table 2-6) were 0.0838 (p=0.1046) and 0.0315 (p=0.7451) SD 

higher in low and high AC medication groups as compared to no AC medication group, 

but the difference was not statistically significant. The model explained about 14 percent 

of the variability in the model. The standardized mean cognitive z-score of attention 

(Table 2-7) for high AC group (0.2171 SD) was significantly higher than the low (0.0323 

SD) and no AC group (reference group).  In addition, this mean difference had 

statistically significant linear trend (p=0.0038) among the AC medication groups. The 
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analysis showed that the z-score for executive functions domain (Table 2-8) among 

older adults with QCI who consumed medications with low and high AC properties was 

higher by 0.057 SD as compared to individuals who did not take medications with AC 

properties, but this difference was not statistically significant. The model explained 11.5 

percent of variability in the model. The cognitive domain of language (Table 2-9) had 

higher mean z-scores for low (0.0923 SD) and high (0.0101 SD) the AC medication 

groups as compared to no AC medication group, and the association was significant for 

the no AC group. Overall, the models suggest that the cognitive scores among older 

adults with QCI taking AC medications are higher than those who were not taking any 

medication with AC properties. 

Discussion 

To our knowledge, this was the first population-based study to assess the 

association of AC medication use and cognitive functions among older adults with QCI 

based upon their CDR-SOB score. The objective of this study was to assess the effects 

of AC medication use on cognitive functions among older adults with questionable 

cognitive impairment. We hypothesized that older adults with questionable cognitive 

impairment who have exposure to AC drugs are more likely to have poor cognitive 

scores as compared to older adults who have no exposure to AC drugs.  Our study 

results did not show that older adults with QCI who took AC medication had lower global 

cognitive score as compared to those who did not take AC medication; however, the 

association was not statistically significant. Furthermore, older adults with QCI who took 

AC medication had higher score for cognitive domains of memory, attention, executive 

functions, and language than those who did not take AC medication. Moreover, these 
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associations were independent of demographic factors, clinical conditions, and APOE 

biomarker that might influence the cognition among older adults.  

In our study, we found that the cognitive scores were higher among individuals 

using AC medication as compared to those who did not use AC medications.  In 

contrast with others, we found that there was no dose-response relationship between 

AC medication use and cognition in QCI population (Pasina et al., 2013; Uusvaara et 

al., 2009; Chew et al., 2005). These findings differ from the findings of previous 

population-based studies that used the list based method to assess AC medication load 

among cognitively healthy older adults or demented populations (Campbell et al., 2009; 

Fox et al., 2011; Lechevallier-Michel et al., 2013). However, our findings are compatible 

with previous study which used SAA to assess AC medication load that found non-

demented geropsychiatric patients are significantly less susceptible to the adverse 

cognitive effects of AC medication than those with AD (Sunderland et al., 1987). 

Another recent longitudinal study showed that AC medications use did not deteriorate 

cognition over a period of 18 months (Pasina et al., 2013). Therefore, our study results 

highlight a specific population that might benefit from AC medication use; however, 

these claims need to be further investigated. 

A major difference from the previous studies may be associated with the 

differences between the populations under study. Other studies have mostly compared 

the effect of AC medication use on demented individuals to those with normal cognition 

(Fox et al., 2011; Jessen et al., 2010; Konishi et al., 2010; Lechevallier-Michel et al., 

2005; Mulsant et. al., 2003; Uusvaara et al., 2013). In our study, we chose a population 

that has below normal cognitive scores but does not manifest clinically significant 
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cognitive deficiency on neuropsychological assessment i.e., questionable cognitive 

impairment. In the early stage of cognitive impairment, the preservation of cognitive 

functions can be attributed to the compensatory effect of non-cholinergic neurons like 

hyperinnervation and proliferation of forebrain galaninergic fibers and receptors, 

respectively (Counts, He, Che, Ginsberg, & Mufson, 2008b). Furthermore, interaction 

between cholinergic systems and other neuromodulators like norepinephrine, 

dopamine, serotonin, GABA, opiod peptides, galanin, substance P, and angiotensin II 

play a vital role in modulating the improved cognitive response in older adults (Decker, 

& McGaugh, 1991). Furthermore, neuropathological studies also provide evidence that 

the brain structures are preserved in the early stages of the dementia and AD.   

It is also possible that the pharmacodynamics interactions and effects of multiple 

AC medications are not additive in a linear pattern. This can be explained because 

there is a great variability in AC drug sensitivity related to advanced age, multi-

morbidity, stage of cognitive impairment, and co-medications (Rudolph et al., 2008; Han 

et al., 2008). In addition, ACh synthesizing enzyme, choline acetyltransferase, and 

cholinergic neurons increases in early cognitive impairment (Frolich 2002; Ikonomovi et 

al., 2003). These compensatory mechanisms apparently preserve the cholinergic 

enzyme activities and cognitive functions in early stages of cognitive impairment 

(Ikonomovi et al., 2003). Since our study sample was at a very early stage of cognitive 

impairment, the participants might have preserved cognitive functions and have been 

less susceptible to AC medication side effects. Previous studies have shown that during 

the early phase of cognitive impairment, increased activation of the cholinergic system 

compensates for cognitive impairment by increasing the frontal brain mediated 
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knowledge-based detection and filtering mechanisms, i.e., top-down processes (Dumas 

& Newhouse, 2011). Hence, it is important to note that the older adults with intact 

cholinergic functions will have a greater compensation benefit from the activation of 

frontal networks than those with advanced dementia. Dumas and Newhouse (2011) 

found that scopolamine, a mACh receptor antagonists, and mecamylamine, a nACh 

receptor antagonists, improved frontal and hippocampal activations as compared to a 

placebo, providing evidence for compensation by top-down processes during the early 

phase of cognitive impairment. However, Oberauer (2001), Naveh-Benjamin, Bray, and 

Levy (2007) showed that the comorbidity in older adults may alter the cholinergic 

functioning and may decrease the ability of the older adults to use the frontal brain 

mediated compensatory control of cognitive functions that impairs memory (Oberauer, 

2001; Naveh-Benjamin et al., 2007). Our results show that individuals that took AC 

medications had higher global and domains specific cognitive scores as compared to 

those who did not take AC medications. We theorize that our study population of older 

adults with QCI had intact cholinergic functions and benefitted from some level of 

compensatory response. In addition, the AC medications provided additional benefit by 

alleviating the comorbidity burden on cognition. 

Comorbidities like cardiovascular disease, cerebrovascular, and diabetes each 

have independent debilitating effects on cognition. We speculate that the QCI 

population responds to the therapeutic actions of AC medications, and that the 

therapeutic effects of AC medications offset any potential iatrogenic AC overload that 

may manifest cognitive side effects. Supporting our premise, previous studies show that 

clozapine, a highly potent AC drug, improved attention, reaction time, motor processing, 
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executive functions, working memory, verbal fluency, and visual learning and memory 

among schizophrenic individuals (Meltzer & McGurk, 1999). Recent community-based 

cohort studies by Qiu et al. (2006) have shown an overall decrease in incident dementia 

among cognitively normal older adults who were treated with anti-hypertensive drugs. 

Other studies have also provided evidence that anti-hypertensive medication like brain 

penetrating angiotensin-converting enzyme (ACE) inhibitors (Ohrui et al., 2004) and 

calcium channel blockers (CCBs) (Hanon et al., 2006) not only decreases the risk of 

dementia among individuals with hypertension but also slows the progression among 

individuals suffering from dementia (Hajjar et al., 2005; Ohrui et al., 2004). This 

evidence demonstrates that it is likely that better cognitive scores among QCI 

individuals taking AC medications may partly reflect the treatment effect of AC 

medications, consequently reducing the cognitive burden of comorbidities. 

It is important to note that medications such as Captopril, Nifedipine, Diltiazem 

etc. that have been shown to reduce the overall burden of dementia also have low 

anticholinergic properties. This dual action of medications to alleviate the comorbidity 

effects of dementia while contributing to the anticholinergic burden on brain shows that 

it is very difficult to separate out the anticholinergic effects of medications from its 

potential benefits. Hence, the overall impact of AC medications can be measured by 

their cumulative effects on cognition in the presence of other predictors such as 

comorbidity. Controlling for these medications in the model would have reduced the 

power to predict the additive effects of various anticholinergic medications and 

cumulative effects of other cofactors on dementia. Therefore, we did not control for the 

treatment medications.   
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It might be possible that the neuromodulators might interact with cholinergic 

systems and mask AC medication effects especially in the early stages of cognitive 

impairment. Due to complexity of the cognitive processes and their associations 

between pathobiological and clinical manifestations, there is limited understanding the 

mechanism of specific vulnerability to the AC medications (Lopez et al., 2002). 

Therefore, besides considering independent effects of cholinergic system, it is important 

to include the interactions between the neuromodulators and cholinergic system. 

However, the lack of information about neuromodulatory systems in the NACC dataset 

excluded the possibility of assessing the neuromodulators’ effects on cholinergic system 

and the cognitive profile of older adults.  

Our study has several limitations. The participants’ medication use was collected 

based on self-reports. In addition, the medication history in the NACC dataset is limited 

to only two weeks before the visit date.  Another limitation of the NACC medication 

records is the absence of frequency and dosages of medication. Verification of 

medication history using medical record would have provided additional information 

about usage, frequency and doses. Even if this information was available, ADS 

categorization does not incorporate frequency of medication use or the dosages to 

assess AC drug burden.  Additionally, this information was not important, as we only 

examined the association between current AC medication use and cognitive scores,. 

Moreover, AC the drug effect is related to the accumulated effects of varying degree of 

AC medications and not to the dosage of each individual medication.  Despite these 

limitations, the NACC dataset is an appropriate resource to assess AC medication 

burden and cognitive function. We did not adjust for the treatment medications. This 
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may be a limitation as there might be some potential for the medications to differentially 

affect the cognition among the AC groups; however, controlling for the diseases for 

which these medications were taken could offset their differential effects across the 

medication groups. As the enrollments of the participants in the study were limited to 

ADCs, these results may not be generalizable to overall population of older adults. 

The strengths of this study lies in its use of the NACC data from the large 

population-based prospective study of older adults across the nation. The NACC 

includes one of the largest numbers of participants in the standardized longitudinal data, 

which allows us to parcel out a QCI population to study. Additionally, we were able to 

use an accepted scale to assess AC burden. The ADS scale is a reliable and validated 

method to assess AC medication load with prescription and over-the-counter 

medications. Furthermore, the NACC data allowed us to take into account various 

competing causes of cognitive dysfunction in older adults by adjusting for 

socioeconomic, demographic, health, lifestyle, and genetic factors; thus limiting any 

potential confounding.  

These results suggest that older adults with QCI taking medications with AC 

properties had higher cognitive scores than those not taking AC medications. We 

cannot definitely rule out the possibility of cholinergic modulators and other unknown 

factors acting to preserve cognitive reserve in QCI. However, it is probable that the 

therapeutic effects of AC medications are beneficial to cognition among the QCI 

population who took AC medications compared to those who did not. More research is 

needed to understand and assess the impact of AC medications on QCI populations. In 
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addition, the future researches should also consider including cognitive modulators in 

the study to identify clinically meaningful effects of AC exposure groups. 
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Table 2-1.  Anticholinergic Drug Scale and associated anticholinergic activity 

ADS Levels Anticholinergic Drug Activity Study Levels 

Level 0 Drugs with no known anticholinergic properties, e.g. Loperamide No AC Drugs 
Level 1 Drugs with potential anticholinergic activity evidenced by receptor binding studies, 

e.g. Ampicillin 
Low AC Drugs 

Level 2 Drugs with anticholinergic adverse effects, usually at higher doses, e.g. Ranitidine 
High AC Drugs 

Level 3 Drugs with marked anticholinergic activity, e.g. Oxybutynin 

Abbreviations: ADS=Anticholinergic Drug Scale 
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Table 2-2.  Composite cognitive domains Z score 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Cognitive 
Domains 

Cognitive Tests Z score# Domain score Global Cognitive score 

Memory Logic Memory IA Z1 
((Z1+Z2)/2)=C1 

((C1 + C2 + C3 + C4)/4) 

Logic Memory IIA Z2 
Attention Digit Forward Number Z3 

((Z3+Z4+Z5+Z6)/4)=C2 
Digit Forward Length Z4 
Digit Backward Number Z5 
Digit Backward Length Z6 

Executive Trail Making A Z7 
((Z7+Z8+Z9)/3)=C3 Trail Making B Z8 

Digital Symbol Z9 
Language Animal List Z10 

((Z10+Z11+Z12)/3)=C4 Vegetable List Z11 
Boston Naming Z12 

# Z scores are adjusted for age, sex, and education 
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Table 2-3.  Baseline characteristics of the study population as a function of anticholinergic drug use 
 
 
  

  AC Drugs    
Variable No AC Drugs 

(n=5871, 
80.26%) 

Low AC Drugs 
(n=1148, 
15.69%) 

High AC  Drugs 
(n=296, 
4.05%) 

P-
value 

P-value 
for trend 

Age (M±SD) 74.46±7.81 76.59±8.23 75.55±7.80 <.0001  
Gender, Male, N(%) 2896(49.33) 525(45.73) 108(36.49) <.0001 <.0001 
Race, Black, N(%) 776(13.29) 154(13.47) 45(15.25) 0.6233 0.4253 
Hispanic N(%) 495(8.47) 73(6.38) 27(9.12) 0.0503 0.2142 
Education, (M±SD) 14.94±3.60 14.72±3.60 14.64±3.29 0.0270  
Alcohol Abuse, N(%) 339(5.79) 67(5.85) 11(3.74) 0.3292 0.3185 
Smoked> 100 Cigarette, N(%) 2701(46.45) 540(47.58) 136(46.74) 0.7839 0.6045 
Body Mass Index, (M±SD) 27.08±5.05 27.50±5.49 27.43±5.69 0.0218  
Living Alone, N(%) 1579(26.95) 358(31.27) 98(33.11) 0.0014 0.0004 
Live Independently, N(%) 4514(77.22) 841(73.45) 220(74.58) 0.0166 0.0120 
Residence Single, N(%) 5282(90.21) 988(86.44) 253(85.76) <.0001 <.0001 
Married. N(%) 3764(64.62) 684(59.74) 167(56.80) 0.0004 <.0001 
1° Relative Dementia. N(%) 2387(41.46) 407(36.37) 129(44.64) 0.0026 0.2009 
Cardio Vascular Disease, N(%) 1761(30.01) 573(49.91) 71(23.99) <.0001 <.0001 
   Cardiac arrest, N(%) 374(6.76) 104(10.00) 18 (6.41) 0.0009 0.0286 
   Chronic Heart Failure, N(%) 149(2.69) 57(5.47) 4 (1.43) <.0001 0.0289 
   Cardiac Other Diseases, N(%) 379(6.46) 89(7.76) 9(3.04) 0.0123 0.5484 
   Cardiac Fibrillation, N(%) 281(4.82) 316(27.72) 19(6.46) <.0001 <.0001 
   Cardiac Angioplasty, N(%) 495(8.45) 125(10.91) 18(6.08) 0.0067 0.4594 
   Cardiac Implant, N(%) 153(2.61) 104(9.08) 6(2.03) <.0001 <.0001 
   Cardiac Bypass, N(%) 379(6.46) 89(7.76) 9(3.04) 0.0123 0.5484 
   Other Cardiac Disease, N(%) 686(11.80) 173(15.22) 29(9.93) 0.0026 0.1601 
Cerebro Vascular Disease, N(%) 674(11.49) 189(16.49) 34(11.49) <.0001 0.0023 
   Stroke, N(%) 341(5.84) 106(9.28) 17(5.76) <.0001 0.0055 
   Transient Ischemic Attack, N(%) 327(5.63) 98(8.60) 18(6.21) 0.0007 0.0059 
   Other Cerebral Disease, N(%) 82(1.41) 15(1.32) 2(0.68) 0.5691 0.3669 
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Table 2-3.  Continued 

Abbreviations: APOE4, allele producing the ε4 type of apolipoprotein E; AC=Anticholinergics; AC=Anticholinergics; 
MMSE=Mini-mental state exam; M=Mean; SD=Standard deviation; WAISR=Wechsler Adult Intelligence Scale-Revised. 
 
 
 
 
 
 
 
 
 

  AC Drugs    
Variable No AC Drugs 

(n=5871,  
80.26%) 

Low AC Drugs 
(n=1148, 
15.69%) 

High AC  Drugs 
(n=296,  
4.05%) 

P-value P-value 
for trend 

Neurological Disease, N(%) 828(14.11) 169(14.72) 28(9.46) 0.0603 0.2127 
  Seizures, N(%) 139(2.37) 31(2.70) 7(2.36) 0.8015 0.6750 
  Brain Trauma  
     Brief Unconsciousness, N(%) 
     Ext. Unconsciousness, N(%) 
     Chronic Deficit, N(%) 

 
441(7.60) 
246(4.23) 

26(0.45) 

 
86(7.58) 
48(4.21) 
8 (0.70) 

 
11(3.74) 
8(2.72) 

2 (0.68) 

 
0.0478 
0.4494 
0.4807 

 
0.0793 
0.3636 
0.2636 

Parkinson’s Disease, N(%) 185(3.16) 32(2.79) 14(4.75) 0.2329 0.5113 
Depression, N(%) 1900(32.61) 489(44.97) 103(35.03) <.0001 <.0001 
Metabolic Disease, N(%) 4923(83.88) 970(84.49) 226(76.35) 0.0021 0.0362 
   Hypertension, N(%) 3385(57.85) 736(64.28) 153(52.04) <.0001 0.2274 
   Hypercholesterolemia, N(%) 3375(58.12) 623(55.08) 146(50.00) 0.0060 0.0016 
   Diabetes, N(%) 928(15.86) 150(13.11) 47(15.99) 0.0608 0.1401 
   Vitamin B12 Deficiency, N(%) 310(5.40) 84(7.49) 11 (3.77) 0.0078 0.3482 
   Thyroid Disease, N(%) 1083(18.64) 237(20.70) 65(22.11) 0.1096 0.0363 
Incontinence, N(%) 898(15.32) 222(19.35) 105(35.47) <.0001 <.0001 
APOE4 Genotype, N(%) 1481(43.24) 297(41.48) 76(38.78) 0.3546 0.1531 
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Table 2-4.  Baseline cognitive z-score distribution of the study population as a function of anticholinergic drug use 

Abbreviations: APOE4, allele producing the ε4 type of apolipoprotein E; AC=Anticholinergics; MMSE=Mini-mental state 
exam; M=Mean; SD=Standard deviation; WAISR=Wechsler Adult Intelligence Scale-Revised. 
 
 
 
 
 
 
 
 

   AC Drugs   
 Neuropsychological Tests No AC Drugs 

(n=5871, 80.26%) 
Low AC Drugs 

(n=1148, 15.69%) 
High AC  Drugs 
(n=296, 4.05%) 

P-value 

 MMSE (M±SD) -1.07±2.14 -1.04±2.05 -0.79±1.84 0.0619 
 Logic Memory Immediate (M±SD) -0.76±1.19 -0.66±1.23 -0.56±1.23 0.0004 
 Logic Memory Delayed (M±SD) -0.83±1.19 -0.70±1.21 -0.70±1.22 0.0006 
 Digit Forward Total Trial (M±SD) -0.45±1.04 -0.41±1.03 -0.35±1.09 0.0690 
 Digit  Forward Length (M±SD) -0.42±1.07 -0.41±1.07 -0.36±1.13 0.3962 
 Digit Backward Total Trial (M±SD) -0.38±0.99 -0.30±0.97 -0.28±0.97 0.0067 
 Digit Backward Length (M±SD) -0.36±1.01 -0.31±0.99 -0.31±0.95 0.1046 
 Fluency—Animal (M±SD) -0.71±1.01 -0.71±0.96 -0.69±0.96 0.6215 
 Fluency—Vegetable (M±SD) 0.03±1.20 0.12±1.18 0.34±1.21 <.0001 
 Trail Making A (M±SD) -0.79±1.72 -0.98±1.94 -0.89±2.01 0.0054 
 Trail  Making B (M±SD) -1.13±1.67 -1.31±1.72 -1.23±1.75 0.0063 
 WAISR^ Digit Symbol Score (M±SD) -0.43±1.15 -0.51±1.13 -0.40±1.24 0.4013 
 Boston Naming Test (M±SD) -1.09±1.67 -1.01±1.60 -1.27±1.65 0.7051 
 Memory (M±SD) -0.80±1.15 -0.68±1.17 -0.63±1.18 0.0003 
 Attention (M±SD) -0.40±0.88 -0.36±0.85 -0.33±0.89 0.0412 
 Executive (M±SD) 0.48±0.80 0.58±0.91 0.56±0.91 0.0004 
 Language (M±SD) -0.58±0.97 -0.53±0.93 -0.54±0.97 0.0800 
 Composite  (M±SD) -0.32±0.53 -0.24±0.52 -0.23±0.53 <.0001 
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Table 2-5.  Effects of baseline covariates and association with global cognitive scores assessed by linear regression 

 

Variable Model  1 Model 2 Model 3 Model 4 
 Est. P-value Est. P-value Est. P-value Est. P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 0.0796 <.0001 0.0748 <.0001 0.0616 0.0008 0.0636 0.0055 
High AC Drugs 0.0907 0.0053 0.0549 0.0886 0.0281 0.3988 0.0638 0.1146 
Age 0.0006 0.4637 0.0000 0.9545 -0.0006 0.4926 -0.0001 0.9236 
Sex, Male   -0.2531 <.0001 -0.2586 <.0001 -0.2621 <.0001 
Race, Black   -0.1684 <.0001 -0.1504 <.0001 -0.1492 <.0001 
Hispanic   -0.1838 <.0001 -0.1816 <.0001 -0.2274 <.0001 
Education   -0.0264 <.0001 -0.0266 <.0001 -0.0228 0.0001 
Alcohol Abuse   0.0087 0.7588 -0.0100 0.7346 -0.0027 0.9445 
Smoking > 100 Cigarette   0.0453 <.0005 0.0444 0.0008 0.0461 0.0068 
Body Mass Index   0.0042 0.0012 0.0035 0.0118 0.0039 0.0383 
Live Independently   0.2277 <.0001 0.2375 <.0001 0.2248 <.0001 
Married   -0.0388 0.010 -0.0303 0.0506 -0.0282 0.1591 
1° Relative Dementia   0.0247 0.061 0.0245 0.0690 0.0224 0.1990 
Cardio Vascular Disease     0.0545 0.0002 0.0542 0.0043 
Cerebro  Vascular  Disease     0.0278 0.1781 0.0272 0.4019 
Parkinson  Disease     0.1825 <.0001 0.1549 0.5867 
Neurological  Disease     0.0132 0.4226 0.0207 0.6656 
Hypertension     -0.0024 0.8683 -0.0099 0.8000 
Hypercholesterolemia     -0.0227 0.0984 -0.0076 0.7978 
DIABETES     0.0203 0.2900 0.0066 0.1469 
Vitamin B12 Deficiency     -0.0287 0.3092 -0.0097 0.7978 
THYROID Disease     0.0303 0.0737 0.0315 0.1469 
Incontinence     0.0701 0.0001 0.0682 0.0035 
Depression     0.0261 0.0644 0.0264 0.1462 
APOE4 Genotype       -0.0963 <.0001 
P-value: Linear Trend 0.0454 0.0053 0.027 0.0886 0.0140 0.3988 0.0319 0.1146 
P-value: Quadratic Trend -0.0114 0.1339 -0.016 0.0380 -0.0159 0.0445 -0.0106 0.2767 
R-Square 0.0040  0.1369  0.1466  0.1518  
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1. Abbreviations: Est. =Parameter Estimates; APOE4, allele producing the ε4 type of apolipoprotein E; Ref=Referent. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (Hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia. 
Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, , incontinence, depression. 
4. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 2-6.  Effects of baseline covariates and association with memory scores assessed by linear regression 

 

Variable Model  1 Model 2 Model 3 Model 4 
 Est. P-value Est. P-value Est. P-value Est. P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 0.1382 0.0004 0.1124 0.0043 0.0780 0.0563 0.0828 0.1086 
High AC Drugs 0.1786 0.0120 0.1182 0.1263 0.0514 0.5180 0.0267 0.7833 
Age -0.0088 <.0001 -0.0071 0.0003 -0.0092 <.0001 -0.0084 0.0019 
Sex, Male   -0.5188 <.0001 -0.5303 <.0001 -0.5542 <.0001 
Race, Black   -0.2288 <.0001 -0.2041 <.0001 -0.2342 0.0004 
Hispanic   -0.0165 0.7737 -0.0133 0.8213 -0.1271 0.1257 
Education   -0.0277 <.0001 -0.0274 <.0001 -0.0190 0.0019 
Alcohol Abuse   -0.0160 0.8002 -0.0352 0.5903 -0.0608 0.4885 
Smoking>100 Cigarette   0.0991 0.0006 0.0944 0.0014 0.0831 0.0301 
Body Mass Index   0.0222 <.0001 0.0195 <.0001 0.0231 <.0001 
Live Independently   0.4701 <.0001 0.4782 <.0001 0.4315 <.0001 
Married   -0.1357 <.0001 -0.1145 0.0009 -0.0913 0.0424 
1° Relative Dementia   -0.0029 0.9214 -0.0066 0.8264 0.0472 0.2287 
Cardiovascular disease     0.1185 0.0003 0.1531 0.0003 
Cerebrovascular  disease     0.0530 0.2471 0.0351 0.5550 
Parkinson  Disease     0.1921 0.0226 0.0452 0.7091 
Neurological  Disease     0.0775 0.0673 0.1011 0.0678 
Hypertension     -0.0165 0.6002 -0.0346 0.3971 
Hypercholesterolemia     -0.0344 0.2598 0.0222 0.5758 
Diabetes     0.0786 0.0660 0.0182 0.7541 
Vitamin B12 Deficiency     -0.0682 0.2742 -0.0408 0.6309 
Thyroid Disease     0.0181 0.6308 0.0072 0.8821 
Incontinence     0.2156 <.0001 0.1983 0.0002 
Depression     0.0053 0.8661 0.0004 0.9926 
APOE4 Genotype       -0.3770 <.0001 
P-value: Linear Trend 0.0893 0.0120 0.0591 0.1263 0.0257 0.5180 0.0133 0.7833 
P-value: Quadratic Trend -0.0163 0.3294 -0.0178 0.3126 -0.0174 0.3395 -0.0232 0.3043 
R-Square 0.0057  0.1220  0.1289  0.1442  
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1. Abbreviations: Est. =Parameter Estimates; APOE4, allele producing the ε4 type of apolipoprotein E; Ref=Referent. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (Hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia. 
Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, , incontinence, depression. 
4. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 2-7.  Effects of baseline covariates and association with attention scores assessed by linear regression 

 

Variable Model  1 Model 2 Model 3 Model 4 
 Est. P-value Est. P-value Est. P-value Est. P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 0.0306 0.2938 0.0478 0.1167 0.0400 0.2072 0.0312 0.4289 
High AC Drugs 0.0709 0.1884 0.1599 0.0077 0.1325 0.0326 0.2136 0.0042 
Age 0.0065 <.0001 0.0038 0.0105 0.0032 0.0438 0.0032 0.1185 
Sex, Male   -0.0448 0.0657 -0.0433 0.0958 -0.0569 0.0912 
Race, Black   -0.2871 <.0001 -0.2706 <.0001 -0.2362 <.0001 
Hispanic   -0.6060 <.0001 -0.6050 <.0001 -0.6596 <.0001 
Education   -0.0231 <.0001 -0.0252 <.0001 0.0213 <.0001 
Alcohol abuse   -0.0137 0.7791 -0.0204 0.6880 0.0293 0.6625 
Smoking > 100 cigarette   0.0756 0.0007 0.0757 0.0009 0.0876 0.0028 
Body Mass Index   -0.0104 <.0001 -0.0095 <.0001 -0.0117 0.0003 
Live independently   0.2555 <.0001 0.2578 <.0001 0.2455 <.0001 
Married   -0.0026 0.9199 -0.0149 0.5778 -0.0120 0.7264 
1° relative dementia   0.0777 0.0006 0.0706 0.0024 0.0490 0.1026 
Cardio vascular disease     0.0584 0.0218 0.0342 0.2953 
Cerebro vascular  disease     -0.0560 0.1161 -0.0110 0.8096 
Parkinson disease     0.0940 0.1533 0.0989 0.2899 
Neurological disease     -0.0186 0.5724 0.0334 0.4306 
Hypertension     -0.0316 0.1977 -0.0181 0.5626 
Hypercholesterolemia     -0.0159 0.5021 -0.0377 0.2132 
Diabetes     -0.0399 0.2290 0.0068 0.8798 
Vitamin B12 Deficiency     -0.0686 0.1569 -0.0683 0.2927 
Thyroid disease     0.1062 0.0003 0.1315 0.0004 
Incontinence     -0.0131 0.6750 -0.0176 0.6623 
Depression     0.0200 0.4126 0.0279 0.3733 
APOE4 Genotype       -0.0321 0.2873 
P-value: Linear Trend 0.0355 0.1884 0.0800 0.0077 0.0663 0.0326 0.1068 0.0042 
P-value: Quadratic Trend 0.0016 0.8986 0.0107 0.4308 0.0088 0.5372 0.0252 0.1450 
R-Square 0.0040  0.0657  0.0703  0.0693  
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1. Abbreviations: Est. =Parameter Estimates; APOE4, allele producing the ε4 type of apolipoprotein E; Ref=Referent. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (Hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia. 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
6. Statistical significance achieved at p≤.05. 
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Table 2-8.  Effects of baseline covariates and association with executive function scores assessed by linear regression 

 

Variable Model  1 Model 2 Model 3 Model 4 
 Est. P-value Est. P-value Est. P-value Est. P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 0.0909 0.0010 0.0629 0.0217 0.05929 0.0361 0.05715 0.1018 
High AC Drugs 0.0731 0.1501 0.0246 0.6236 0.02473 0.6306 0.05236 0.3964 
Age 0.0067 <.0001 0.0049 0.0003 0.00584 <.0001 0.00648 0.0004 
Sex, Male   -0.1760 <.0001 -0.18428 <.0001 -0.18934 <.0001 
Race, Black   0.4106 <.0001 0.41173 <.0001 0.41651 <.0001 
Hispanic   0.3291 <.0001 0.32048 <.0001 0.35795 <.0001 
Education   0.0117 0.0002 -0.01062 0.0009 -0.01051 0.0111 
Alcohol Abuse   0.0076 0.8629 -0.02192 0.6293 0.00641 0.9140 
Smoking>100 cigarette   -0.0262 0.1928 -0.02595 0.2050 -0.02232 0.3900 
Body Mass Index   -0.0049 0.0142 -0.00676 0.0015 -0.00682 0.0181 
Live independently   -0.2631 <.0001 -0.23387 <.0001 -0.22780 <.0001 
Married   -0.0424 0.0702 -0.02865 0.2306 -0.03141 0.3031 
1° Relative dementia   -0.0925 <.0001 -0.08753 <.0001 -0.08050 0.0025 
Cardiovascular disease     -0.02673 0.2398 -0.01979 0.4944 
Cerebrovascular  disease     0.12497 <.0001 0.12804 0.0016 
Parkinson  disease     0.37515 <.0001 0.36133 <.0001 
Neurological  disease     -0.03876 0.1881 -0.10949 0.0036 
Hypertension     0.03995 0.0682 0.02758 0.3189 
Hypercholesterolemia     -0.00743 0.7255 0.00411 0.8782 
Diabetes     0.03776 0.2029 -0.01646 0.6767 
Vitamin B12 Deficiency     0.10430 0.0168 0.09665 0.0958 
Thyroid disease     -0.03772 0.1501 -0.05304 0.1101 
Incontinence     0.01989 0.4754 0.01208 0.7346 
Depression     0.08404 0.0001 0.08414 0.0024 
APOE4 genotype       0.04786 0.0732 
P-value: Linear Trend 0.0365 0.1501 0.0123 0.4565 0.01237 0.6306 0.02618 0.3964 
P-value: Quadratic Trend -0.0181 0.1285 -0.0169 0.0488 -0.01564 0.1998 -0.01032 0.4857 
R-Square 0.0059  0.0973  0.1119  0.1101  
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1. Abbreviations: Est. =Parameter Estimates; APOE4, allele producing the ε4 type of apolipoprotein E; Ref=Referent. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (Hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia. 
Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease,  incontinence, depression. 
4. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 2-9.  Effects of baseline covariates and association with language scores assessed by linear regression 
 
 
 
 
 
 

   Language     
Variable Model  1 Model 2 Model 3 Model 4 
 Est. P-value Est. P-value Est. P-value Est. P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 0.0617 0.0547 0.07020 0.0326 0.06833 0.0451 0.09027 0.0323 
High AC Drugs 0.0488 0.4103 0.07804 0.2281 0.06240 0.3495 0.09242 0.2460 
Age -0.0014 0.3364 -0.00133 0.4079 -0.00194 0.2580 -0.00116 0.5990 
Sex, Male   -0.27179 <.0001 -0.27564 <.0001 -0.25165 <.0001 
Race, Black   -0.50987 <.0001 -0.48133 <.0001 -0.49969 <.0001 
Hispanic   -0.44588 <.0001 -0.44245 <.0001 -0.53570 <.0001 
Education,<High School   -0.04323 <.0001 -0.04321 <.0001 -0.03926 <.0001 
Alcohol abuse   0.03947 0.4545 0.01708 0.7546 0.00320 0.9644 
Smoking>100 cigarette   0.04161 0.0839 0.04211 0.0873 0.04333 0.1672 
Body Mass Index   0.01029 <.0001 0.01069 <.0001 0.01153 0.0009 
Live independently   0.46741 <.0001 0.46902 <.0001 0.47386 <.0001 
Married   0.01865 0.5061 0.02381 0.4081 0.00701 0.8492 
1° Relative dementia   0.11263 <.0001 0.10539 <.0001 0.06767 0.0353 
Cardiovascular disease     0.06826 0.0126 0.04656 0.1828 
Cerebrovascular  disease     -0.01198 0.7545 -0.03834 0.4321 
Parkinson  disease     0.09672 0.1729 0.12389 0.2147 
Neurological  disease     0.04023 0.2564 0.06546 0.1499 
Hypertension     -0.00929 0.7246 -0.02028 0.5440 
Hypercholesterolemia     -0.02648 0.2989 -0.01168 0.7189 
Diabetes     0.01091 0.7603 0.01848 0.6994 
Vitamin B12 deficiency     -0.07300 0.1628 -0.01115 0.8730 
Thyroid disease     0.04828 0.1253 0.04710 0.2391 
Incontinence     0.04865 0.1464 0.08092 0.0597 
Depression     -0.01117 0.6704 -0.01319 0.6938 
APOE4 genotype       -0.03144 0.3308 
P-value: Linear Trend 0.0244 0.4103 0.03902 0.2281 0.03120 0.3495 0.04621 0.2460 
P-value: Quadratic Trend -0.0124 0.3709 -0.01039 0.4798 -0.01237 0.4175 -0.01469 0.4262 
R-Square 0.0007  0.1057  0.1067  0.1094  
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1. Abbreviations: Est. =Parameter Estimates; APOE4, allele producing the ε4 type of apolipoprotein E; Ref=Referent. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (Hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia. 
Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, , incontinence, depression. 
4. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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CHAPTER 3 
ANTICHOLINERGIC DRUG USE AND RISK OF COGNITIVE IMPAIRMENT AND 

DEMENTIA IN OLDER ADULTS WITH QUESTIONABLE COGNITIVE IMPAIRMENT: A 
LONGITUDINAL STUDY 

Background 

Dementia is a chronic disease that is characterized by progressive decline in 

cognitive and physical functions (American Psychiatric Association, 2000). More than 7 

million older adults suffer from dementia in the U.S., and this number is expected to 

increase many-fold in the coming decades (Hebert, Weuve, Scherr, & Evans, 2013). 

About half of dementia patients suffer from two additional chronic medical illnesses, and 

they take more than five medications (Wolff, Starfield, & Anderson, 2002). With growing 

number of older adults and their medication intake, there is a growing concern about 

medication side effects among older adults (Lyer et al., 2008; Sosa-Ortiz, Acosta-

Castillo, & Prince, 2012). Anticholinergic (AC), a class of medication, use has been 

shown to adversely affect cognitive functions among older adults (Han et al., 2008; 

Tune, 2000). Alzheimer’s Disease (AD) is the most common type of dementia, 

accounting for 60 to 80 percent of total dementia cases (Mayeux & Stern, 2012; 

Nowrangi et al., 2011). AD is characterized by cortical cholinergic deficits, cognitive 

impairment, and dementia (Bohnen et al., 2007; Tiraboschi et al., 2000). The biological 

mechanisms like decrease in cholinergic neurons, reduced cholinergic signaling, and 

cholinergic receptor dysfunction are associated with occurrence of dementia among 

older adults (Bird et al., 1983; Etienne et al., 1986; Henke and Lang, 1983). 

Furthermore, the extent of atrophy and degeneration of the brain cholinergic pathways 

is associated with the dementia severity among older adults (Barnes, 1990; Gallagher 

and Nicolle, 1993). However, there is limited evidence about the effects of exogenous 
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AC drug use on cognitive functions of older adults with questionable cognitive 

impairment (QCI).   

QCI is defined as subclinical cognitive weakness that can be detected using 

neuropsychological tests but that does not manifest any clinical or functional cognitive 

impairment. This suggests that the biological process of dementia begins years before 

the emergence of clinically detectable signs and symptoms (Price & Morris, 1999) and 

creates a lengthy susceptible period during which exposure to risk factors like AC 

medications can induce significant harmful effects on cognition. Individuals with QCI are 

at higher risk of further cognitive damage leading to mild cognitive impairment (MCI) 

and dementia, especially due to AC drug use. Previous studies have shown that  AC 

medication use increases among older adults and as a result there is an increased risk 

of adverse drug events (Flaherty et al., 2000; Hanlon et al., 2006; Lyer et al., 2008; 

Marengoni et al., 2009; Onder et al., 2012; Sergi et al., 2011). Previous studies have 

documented that AC medication use has serious side effects on cognitive (Boustani et 

al., 2007; Campbell et al., 2009; Carriere et al., 2009; Fox et al., 2011) and physical 

functions (Han et al., 2008; Hilmer & Gnjidic, 2009; Koyama et al., 2013).  Even though, 

considerable effort has been directed at monitoring and minimizing AC burden in older 

adults to avoid cognitive impairment (Drachman, 1977), these medications are still 

commonly prescribed to treat medical illnesses in older adults (Peters, 1989; Wawruch 

et al., 2012). Although, AC medications are effective in treating specific clinical 

conditions, their antagonism of muscarinic receptors in the brain leads to a strong 

detrimental biological effect on cognitive functions (Chew et al., 2005; Peters, 1989; 

Nebes et al., 2007). Furthermore, as older adults experience lower central cholinergic 
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activity and reduced cholinergic transmission, they are more susceptible to central anti-

muscarinic adverse effects and to the detrimental biological consequences of AC drug 

overload (Feinberg, 1993; Hammerlein et al., 1998).  

The current understanding of the cholinergic hypothesis of Geriatric Memory 

Dysfunction and the effects of AC medications on human cognition is mainly from the 

comparative studies of AC medication use in individuals with dementia and normal 

cognition (Corder et al., 1993; Jessen et al, 2010; Shah et al., 2013; Strittmatter et al., 

1993). There is no concrete evidence of the effects of AC medication on the cognitive 

outcome in older adults who take AC medications to manage their multi-morbidity. 

Furthermore, there is an insufficient understanding of effects of AC drugs on cognitive 

functions among older adults with QCI. Such research is especially important because 

individuals with QCI are likely at greater risk of developing dementia in future. While 

previous studies have shown that AC drug use is associated with cognitive decline in 

cognitively normal older adults to some extent (Bottiggi et al., 2006; Campbell et al., 

2009; Uusvaara et al., 2013), they have not assessed its effects in older adults with 

QCI. Therefore, it is imperative to understand the outcomes of AC drug use on cognitive 

functions and their progression to dementia in older adults with QCI. The objective of 

this longitudinal analysis was to assess the association between AC medication use and 

incident dementia among older adults with QCI. We hypothesize that older adults with 

QCI who have exposure to AC drugs at baseline have a higher incident rate of 

MCI/Dementia as compared to older adults with QCI who have no exposure to AC 

drugs.   
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Methods 

Study Participants 

The cohort for this study was selected form a multi-center longitudinal database 

of National Alzheimer’s Coordinating Center (NACC), a research institution located at 

the University of Washington that includes community-dwelling older adults with and 

without cognitive impairment (Beekly et al., 2004). Thirty four collaborating Alzheimer 

disease Centers (ADCs) contribute and share data with NACC. A comprehensive NACC 

database, Uniform Data Set (UDS), has participant information, including standardized 

neuropsychological battery, clinical diagnosis, neuropathologic changes, biomarkers, 

and medication use information (Morris et al., 2006). The sample for the current study 

consists of individuals enrolled between September 2005 and March 2014. Inclusion 

criteria are age ≥60, presence of medication records, and QCI based upon a reliable 

and valid dementia severity tool, Clinical Dementia Rating- Sum of Boxes (CDR-SOB) 

scale (Rosenberg et al., 2012). We included only those individuals in the analysis who 

had information from at least two clinical visits. We used Clinical CDR-SOB to identify 

individuals with QCI. The CDR-SOB scores range from 0 to18, where 0 means 

cognitively normal and 18 means having dementia. The CDR-SOB describes the stages 

of cognitive impairment and differentiates with reasonable accuracy between individuals 

with QCI and MCI/Dementia. For this study, older adults with QCI were individuals with 

a CDR-SOB score between 0.5 and 2.5 (O’Bryant et al., 2008).   

Anticholinergic Exposure 

AC drug exposure was assessed using a valid and reliable (Tune et al., 1993) 

ordinal drug scale, Anticholinergic Drug Scale (ADS) (Carnahan et al., 2006), which 

includes about 88 percent prescription and 89 percent over-the-counter medications. 
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ADS scores are categorized into four levels according to increasing potency of 

anticholinergic activities (Table 3-1). We computed each participant’s AC burden score 

based upon their AC medication use within two weeks prior to their visits. For this study, 

we categorized AC drugs into three levels (Table 3-1)—Level 1 includes drugs with no 

known AC properties (No AC Drug), Level 2 indicates drugs with low potential AC 

activity seen by receptor binding study (Low AC Drug), and Level 3 was created by 

combining ADS level 2 and 3, which represents medications that have high AC adverse 

effects (High AC Drug). The No AC Drug group served as reference category. 

Cognitive Outcomes 

The NACC database includes the standardized Neuropsychological Test Battery 

(NTB) with 12 cognitive measures that assess cognitive functions among older adults. 

The NTB is sensitive enough to comprehend the progression from QCI to MCI/dementia 

and to differentiate the cognitive changes in specific domains. The estimated z-scores 

for raw scores were originally calculated adjusting for sex, age, and education based 

upon model created by Shirk et al. (2011). Hayden et al. performed exploratory and 

confirmatory factor analysis on UDS database and grouped 12 neuropsychological 

measures into the cognitive domains of memory, attention, executive, and language 

(Hayden et al., 2011). Lower Trail Making-A (TM-A) and Trail Making-B (TM-B) scores 

demonstrate better executive functions, whereas lower DSST (Digit Symbol Substitution 

Test) scores reveal poorer executive functions. Therefore, we reversed the sign of TM-A 

and TM-B scores and added them with DSST scores to assess executive functions 

such that the higher score suggested better executive functions. We used Hayden’s 

factor structure approach, and we grouped neuropsychological measures in 

aforementioned cognitive domains and a composite score for global cognition as shown 
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in Table 3-2. The cognitive outcome was defines as change in cognitive score from 

questionable cognitive impairment, i.e. CDR-SOB score of 0.5-2.5, to MCI/Dementia 

which was defined as CDR-SOB score ≥ 3 over the follow up time. 

Covariates 

Previous studies have shown that higher age, lower education, females, and 

blacks are associated with higher incidence of dementia. Age, sex, race, and education 

were recorded for each participant, and we included these demographic factors in the 

model. In addition, we included lifestyle behaviors and conditions such as alcohol use, 

smoking, living situation, independence, and marriage status in the model to evaluate 

their effects on developing dementia. The lifestyle behaviors that affect cognition like 

smoking, alcohol consumption, and Body Mass Index were included as predictors 

(Anstey, Von Sanden, Salim, & O’Kearney, 2007). Medical conditions like 

cardiovascular and diabetes are known to contribute to cognitive burden in older adults 

(Biessels, Staekenborg, Brunner, Brayne, & Scheltens, 2006; Newman et al., 2005). 

Therefore, it was necessary to examine the burden of medical conditions on cognitive 

functions. Thus, we adjusted the models for medical conditions that are associated with 

cognitive impairment such as cardiovascular disease, cerebrovascular disease, 

depression, neurological diseases, and diabetes. Genetic biomarker such as ApoE 

gene with its isoform E4 is strongly associated with cognitive impairment and dementia 

(Deary et al., 2002; Farlow et al., 2004) and AD (Corder et al., 1993; Strittmatter et al, 

1993). In addition, the previous studies have shown that the presence of APOE4 further 

increases the risk of dementia due to AC medication exposure (Uusvaara et al., 2009). 

Therefore, we included the APOE4 in the model to assess its effects on cognitive 

functions in the presence of AC drug use in older adults with QCI.   
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Statistical Analyses 

We performed descriptive analysis to assess distribution of means and 

proportions of baseline characteristics such as demographics, lifestyle behaviors, 

comorbidities, genetic factor, and cognitive scores by AC drug load levels, i.e., no, low, 

and high AC medication use, measured using ADS scale. We analyzed variance to 

evaluate the means differences in continuous variables, and we used a chi-squared test 

to assess differences in the distribution of categorical variables. Descriptive statistics 

compare and provide the significance of the distribution of baseline factors and 

cognitive measures among AC drug use levels. 

We performed Time-to-Event Analysis (MCI/dementia) controlling for baseline 

characteristics to determine the temporal trend and hazard of conversion of older adults 

with QCI into MCI/dementia due to AC exposure compared to no AC exposure. We 

eliminated from the study the participant at the time of their last evaluation or last 

recorded information if they died or dropped out of the study without developing 

MCI/dementia. We plotted the survival probability of not having a dementia event using 

Kaplan-Meier curves. Finally, we performed the multivariable Cox proportional hazard 

regression model to investigate the baseline factors and model variations to better 

understand the cognitive change due to AC exposures and the incidence of 

MCI/dementia among older adults with QCI, controlled for baseline global cognitive 

score, demographics, lifestyle behaviors, comorbidities, and APOE4 genetic 

biomarkers. We calculated hazard ratio (HR) and Wald 95 percent confidence interval 

(CI) for each variable included in the regression model. The AC exposures were 

assessed using ADS scale and categorized into no, low, and high AC drug use, as 

explained above in Table 3-1. The Cox regression method is a robust method to 
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investigate time taken to develop MCI/dementia that handles discrete time. We 

performed log-rank test to estimate the statistically significant difference between 

cognitive outcomes due to the AC drug exposures based upon low and high AC drug 

use levels as compared to no AC drug exposure. We believe that there was no non-

informative censoring which means that the censoring of study participant do not 

depend upon development of dementia during the follow up. Age, sex, race, education, 

lifestyle factors, health conditions, and genetic factors were included as covariates in 

the model. The statistical analyses were performed using SAS 9.4, and statistical 

significance was achieved at alpha= 0.05. 

Results 

A total of 5,027 participants met the inclusion criteria and were included in the 

study analysis. Of the total, 80.05 percent took medication without any AC property 

(n=4,024), 15.91 percent (n=800) took low levels and 4.04% (n=203) took medication 

with high AC activity. The mean age ± standard deviation (SD) of the sample was 

74.92±7.80 years (range: 60-109 years), 88.52 percent of the individuals were white, 

92.30 percent were non-hispanic, and 51.708 percent were females. About 91.75 

percent of the individuals had high school or higher education, 65.46 percent were 

married, and 77.00 percent were living independently. About 46.24 percent of the 

population smoked cigarettes, and 5.14 percent consumed alcohol. At baseline, about 

20 percent of the participants took medications with AC activity and (similar to previous 

studies) about 4 percent took medications with high AC activity (Fox et al., 2011).  

Table 3-1 presents the population characteristics across no, low, and high AC 

medication groups. As compared to the no AC drug group, individuals in high (n=800) 

and low (n=203) AC drug groups were significantly older (75.42±7.39 and 76.85±8.14 
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vs. 74.52±7.69; p <.0001) and had slightly higher BMI (27.47±5.50 and 27.22±5.31 vs. 

27.06±4.84; p=0.1982). In comparison to the no AC group, there were significantly 

fewer males (35.96 percent and 46.63 percent vs. 50.02 percent; p <.0001), and fewer 

married individuals (61.19 percent and 62.11 percent vs. 66.35 percent; p=.0108) in 

high and low AC groups, respectively. There were higher proportions of blacks, 

smokers, and individuals with family history of dementia in the high AC group, but these 

proportions were not significantly different from those in no AC group.   

The prevalence of cardiovascular disease among individuals in the low AC 

groups (50 percent) was greater than that in no and high AC groups (No AC: 29.63 

percent; High AC: 22.17 percent, P-value=<.0001). This is due to the reason that 

various medications given for the treatment of cardiovascular disease such as, Atenolol, 

Hydralazine, and Digoxin, have no to low anticholinergic properties. Similarly, newer 

treatment regimens for depression involve use of selective serotonin receptor blockers 

such as Fluoxetine. These medications have low anticholinergic properties and fewer 

side effects. Therefore, we found a significantly higher prevalence of depression among 

individuals who took medications with low AC medications groups (41.87 percent) as 

compared to no and high AC medications groups, respectively (31.49 percent and 33.66 

percent; P-value= <.0001). As anticipated, there was a significantly higher prevalence of 

incontinence among the high AC group  (36.45 percent) and low AC group (17.15 

percent) as compared to no AC group (15.0 percent; P-value= <.0001). On the contrary, 

individuals who took medications with high AC properties had a lower prevalence of 

APOE4 genotype (37.58 percent) as compared to individuals in no or low AC groups 

(No AC: 43.12 percent and Low AC: 41.19 percent; P-value=0.303) and it was not 
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statistically significant. Similarly, individuals who took high AC medications had greater 

prevalence of Parkinson’s disease (4.95 percent) as compared to no and low AC 

medications but it was statistically significant (No AC: 2.85 percent and Low AC: 2.63 

percent; P-value=0.195). 

The global and domain-specific cognitive z-scores were different across the AC 

medication groups. The mean global cognition z-scores among high (-0.17±0.57) and 

low (-0.29±0.59) AC medication group was significantly higher than those in no (-

0.33±0.62; p<.0001). Similarly, the mean z-scores of memory, attention, executive 

function, and language domains were significantly higher in high and low AC medication 

groups as compare to no AC medication group (Table 3-4). These results indicate that 

the older adults with QCI who take medications with AC properties have better cognition 

than those who do not.  

We used the Kaplan-Meier survival method to estimate dementia-free survival 

times of the participants among the AC medication groups. The maximum follow-up 

time was about 8.15 years, and the median follow-up time was 2.09 years. Time-to-

event analysis showed that out of the 5,027 older adults with QCI at baseline, 2003 

(39.84 percent) percent developed MCI/dementia. The rate of cumulative incident 

dementia among high, low and no AC medications groups was about 39.59 percent, 

41.13 percent and 39.90 percent, respectively. The median survival time for no AC, low 

AC and high AC groups were 2.09, 2.08, and 2.45, respectively. The rate of incident 

MCI/Dementia per 1000 person years were 150, 154, and 130 in no, low and high AC 

groups, respectively. The overall median time from enrollment into the study to the 

incidence of dementia was 4.27 years. Figure 3-1 Kaplan-Meier survival curves, 
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adjusting for confounders, compares the incidence of dementia among AC mediation 

groups. The curves were statistically similar (log rank test: P=0.415) among AC groups.  

Tables 3–5 illustrated the age-adjusted hazards of development of MCI/dementia (Table 

3-5) among older adults with QCI. The risk of dementia among individuals who took low 

(HR=1.043 f; p=0.450) or high (HR=0.925; p=0.509) levels of AC medications were 

similar to those who did not take AC medications. The final model adjusted for 

demographic factors, lifestyle behaviors, comorbidities, and APOE profile showed that 

the hazards of incident MCI/dementia for low (HR: 0.897; P=0.177) and high (HR: 

0.806; P=0.130) AC groups were lower as compared to older adults with QCI who did 

not take AC medication. 

Discussion 

To our knowledge, this was the first longitudinal based study to evaluate the 

association of AC medication use and incident dementia among older adults with QCI. 

The aim of this study was to assess the effects and magnitude of AC drug use on the 

development of dementia among older adults with QCI. We hypothesized that older 

adults with QCI who have exposure to AC drugs would have a more rapid decline in 

cognition score as compared to older adults who have no exposure to AC drugs. 

Contrary to our hypothesis, the findings indicated that exposures to AC medication use 

in older adults with QCI were not associated with increased progression to 

MCI/dementia in comparison to no AC medication exposure, but the association was 

not statistically significant. The model was adjusted for demographic factors, lifestyle 

behaviors, clinical conditions, and genetic biomarkers that are known to influence the 

cognitive outcome in older adults.  
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Our results suggest that older adults with QCI had lower cognitive scores over 

the eight years of follow-up time but the rates of cognitive declines were not significantly 

different among AC medication groups. Unlike others, our population did not show a 

dose-response relationship between AC drug use and cognition (Chew et al., 2005; 

Pasina et al., 2013; Uusvaara et al., 2009). The previous studies found that individuals 

who did not have dementia were significantly less susceptible to the adverse cognitive 

effects of AC medications than those who had cognitive impairment, and that AC 

medications use did not deteriorate cognition over 18 months (Pasina et al., 2013; 

Sunderland et al., 1987). In addition, Luukkanen et al. (2011) showed that AC 

medication use was not independently associated with adverse outcomes like delirium 

and mortality. Therefore, it is likely that the other conditions like advance age, lower 

education, comorbidities, or genetic factors might contribute significantly more to the 

cognitive impairment than AC medications. Kersten et al. (2013) demonstrated that 

reduced AC medication burden did not improve cognition among nursing home 

individuals. This study emphasized that many inherent factors such as comorbidities 

play a very significant role in cognitive impairment. Hence, results from our study 

highlight a specific population that theoretically would be susceptible to the harmful 

effects of AC medications, but may benefit from careful monitoring and use of AC 

medications for treatment of comorbidities.  

A major difference between our study and the previous studies is in the selection 

of the populations. We chose older adults who have below normal cognitive scores but 

had no clinical signs or symptoms of cognitive reduction. This might be attributed to the 

compensatory preservation of cognitive functions during the early stage of cognitive 
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decline. Counts, Perez, and Mufson (2008a) showed that hyper-innervation and 

proliferation of forebrain galaninergic fibers and receptors help in preventing cognitive 

functions, especially in the early stage of cognitive impairment. Therefore, it is likely that 

our study population had compensatory responses to preserve cognitive functions that 

would have helped in modulation of cognitive response, even in the presence of AC 

medications. Furthermore, there are many neuromodulators, like norepinephrine, 

dopamine, serotonin, GABA, opioid peptides, galanin, substance P, and angiotensin 

which might preserve cognitive functions and prevent cognitive decline (Decker and 

McGaugh, 1991). Additional compensatory mechanisms like increase in forebrain 

cholinergic neurons, upregulation of choline acetyltransferase activity, and an increase 

in acetylcholine synthesizing enzyme also play a significant role in modulating the 

cognitive response in early stages of cognitive impairment (DeKosky et al., 2002; 

Frölich, 2002; Ikonomovic et al., 2003). These compensatory mechanisms may help 

preserve cognitive functions and delay cognitive impairment in early stages of cognitive 

decline. 

 In our study, the population of older adults with QCI was at the early stage of 

cognitive impairment and therefore, participants might have preserved cognitive 

functions. However, there is a great variability in AC drug sensitivity related to multi-

morbidity which is associated with early stage of cognitive impairment. Therefore, the 

ability of AC medications to reduce disease burden and individual’s susceptibility to 

comorbidity in cognitive impairment plays a vital balancing act in older adults.  Previous 

studies by Oberauer (2001, 2002) and Naveh-Benjamin et al. (2007) have also provided 

evidence that the comorbidities alter the cholinergic functioning and decrease the ability 
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of older adults to use the frontal brain mediated compensatory control of cognitive 

functions. Therefore, we speculate that the cognitive impairment in our population was 

primarily due to comorbidities, and the therapeutic actions of AC medications reduced 

the cognitive burden of comorbidity in the older adults, especially in the early stage of 

cognitive impairment. In keeping with our premise, recent community-based cohort 

studies by Qiu et al. (2006) have shown an overall decrease in incident dementia 

among cognitively normal older adults who were treated with anti-hypertensive drugs. 

Additionally, the previous studies have demonstrated that a highly potent AC drug, 

clozapine, improved attention, reaction time, processing speed, executive functions, 

working memory, verbal fluency, and visual learning and memory in schizophrenics 

(Meltzer and McGurk, 1999). Similarly, other studies have shown that anti-hypertensive 

drugs like angiotensin-converting enzyme (ACE) inhibitors and calcium channel 

blockers (CCBs) slow the progression of dementia (Hajjar et al., 2005; Hanon et al., 

2006; Khachaturian et al., 2006; Ohrui et al., 2004). This evidence demonstrates that 

older adults with QCI taking AC medications may benefit from the therapeutic effects of 

the AC medications by alleviating the cognitive burden due to managing comorbidities. 

Previous studies have shown that the during the early phase of cognitive 

impairment, increased activation of the cholinergic system compensates for cognitive 

impairment by increasing the frontal brain mediated knowledge-based detection and 

filtering mechanisms, i.e., top-down processes (Dumas & Newhouse, 2011). Hence, it is 

important to note that older adults with intact cholinergic functions will have greater 

compensatory benefit from the activation of frontal networks whereas those with 

advanced dementia would have lost the incentive to benefit from the compensatory 
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mechanisms. Dumas and Newhouse (2011) found that scopolamine, a muscarinic 

receptor antagonists, and mecamylamine, a nicotinic receptor antagonists, improved 

frontal and hippocampal activations as compared to a placebo, providing evidence for 

compensation by top-down processes during the early phase of cognitive impairment 

(Dumas et al., 2010). Therefore, older adults within the range of questionable cognitive 

impairment as compared to MCI/dementia gain from compensatory mechanisms that 

support cognitive reserve of an individual; however, additional cognitive insults may 

further impair the cognition. If the cognition levels decreases below questionable 

cognitive impairment threshold, it is very difficult to regain the cognition back in the 

range of questionable cognitive impairment. In fact, at this stage an individual has MCI 

and has greater likelihood of dementia in the future. 

The limitations of our study lie in the participants’ medication data. The AC drug 

use was self-reported drug intake. Furthermore, the information about medication use 

was limited to only two weeks prior to the visit date. In addition, we lacked information 

about drug exposures between the participants’ visits. We also did not have information 

about medication use frequency and dosages. Confirmation of medication use by 

medical record would have further contributed to the knowledge about medication effect 

on cognition. Despite these limitations, the AC drugs used in this analysis are typically 

taken chronically to alleviate common clinical conditions. Therefore, we expect this may 

only be a minor limitation of the study. 

The NACC is a large database repository which collected population-based 

prospective data from older adults across the nation. The neuropsychological tests and 

the cognitive scores in the NACC database were standardized to the national 
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population, which enables us to accurately define the QCI population. Moreover, we 

used reliable and validated method to measure AC drug use and burden that covers 

more than 95 percent of AC prescription and over-the-counter medications. In addition, 

the annual drug records provide complete information to estimate the extent of cognitive 

impairment due to chronic AC use. Overall, the NACC data provide sufficient 

information to address the hypothesis stated for anticholinergic drug use and exposure.  

We conclude in this longitudinal analysis that the rate of incident dementia in 

older adults with QCI who take drugs with AC properties was similar to that of older 

adults who did not take AC medications. In addition, participants who took low or high 

AC medications were slightly less likely to develop dementia over eight years but it was 

not statistically significant. More research needs to be done to identify the most relevant 

cholinergic modulators and mechanisms that modulate the cognitive profile in the older 

adults. In addition, it is important to simulate the results in other populations and to 

identify the factors that preserve cognition. We obviously cannot eliminate the possibility 

that cholinergic modulators that preserve cognition in the early stage of cognitive 

impairment; it is likely that the therapeutic effects of AC drug can explain the lower 

hazard of incident dementia among QCI population which took AC drugs in comparison 

to who took drugs that were not AC medications. The future researcher should focus on 

mediators of cognitive decline and modulators that preserve cognitive functions in order 

to provide an independent future to our elders. 
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Table 3-1.  Anticholinergic Drug Scale and associated anticholinergic activity 

ADS Levels Anticholinergic Drug Activity Study Levels 

Level 0 Drugs with no known anticholinergic properties, e.g. Loperamide No AC Drugs 
Level 1 Drugs with potential anticholinergic activity evidenced by receptor binding studies, 

e.g. Ampicillin 
Low AC Drugs 

Level 2 Drugs with anticholinergic adverse effects, usually at higher doses, e.g. Ranitidine 
High AC Drugs 

Level 3 Drugs with marked anticholinergic activity, e.g. Oxybutynin 

Abbreviations: ADS= Anticholinergic Drug Scale 
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Table 3-2.  Method of creating specific cognitive domains from z-scores of individual neuropsychological tests 

Cognitive Domains Cognitive Tests Z score# Domain score Global Cognitive score 

Memory 
Logic Memory IA Z1 

((Z1+Z2)/2)=C1 

((C1 + C2 + C3 + C4)/4) 

Logic Memory IIA Z2 

Attention 

Digit Forward Number Z3 

((Z3+Z4+Z5+Z6)/4)=C2 
Digit Forward Length Z4 
Digit Backward Number Z5 
Digit Backward Length Z6 

Executive 
Trail Making A Z7 

((Z7+Z8+Z9)/3)=C3 Trail Making B Z8 
Digital Symbol Z9 

Language 

Animal List Z10 

((Z10+Z11+Z12)/3)=C4 Vegetable List Z11 

Boston Naming Z12 

#Z scores are adjusted for age, sex, and education 
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Table 3-3.  Baseline characteristics of the study population as a function of anticholinergic drug use 

1. Abbreviations: APOE4, allele producing the ε4 type of apolipoprotein E; AC=Anticholinergics; SD=Standard deviation; 
M=Mean. 
2. Statistical significance achieved at p≤0.05. 
 
 

 AC Drugs (N=5,027)   
Variable No AC Drugs 

(n=4024, 
80.05%) 

Low AC Drugs 
(n=800, 

15.91%) 

High AC  Drugs 
(n=203, 
4.04%) 

P-value P-value 
for trend 

Age (M±SD) 74.52±7.69 76.85±8.14 75.42±7.39 <.0001  
Gender, Male (N, %) 2013(50.02) 373(46.63) 73(35.96) 0.0002 <.0001 
Race, Black (N, %) 459(11.45) 92(11.54) 24(11.88) 0.9804 0.8537 
Hispanic (N, %): Yes 327(8.13) 41(5.13) 19(9.36) 0.0097 0.1533 
Education (M±SD) 15.08±3.53 14.99±3.39 14.65±3.23 0.1088  
Alcohol Abuse (N, %) 203(5.06) 48(6.01) 7(3.45) 0.2895 0.9980 
Smoked>100 Cigarette (N, %) 1843(46.18) 364(46.18) 96(48.00) 0.8787 0.7329 
Body Mass Index (M±SD) 27.06±4.84 27.22±5.31 27.47±5.50 0.1982  
Live Independently (N, %) 3110(77.65) 587(73.65) 156(77.23) 0.0494 0.0917 
Married (N, %): Yes 2650(66.35) 495(62.11) 123(61.19) 0.0305 0.0108 
1° Relative Dementia (N, %) 1697(42.93) 296(37.85) 96(48.98) 0.0051 0.5974 
Cardiovascular Disease (N, %) 1192(29.63) 400(50.00) 45(22.17) <.0001 <.0001 
Cerebrovascular Disease (N, %) 459(11.41) 129(16.13) 23(11.33) 0.0009 0.0169 
Neurological Disease (N, %) 531(13.21) 118(14.75) 18(8.87) 0.0840 0.6204 
Parkinson’s Disease (N, %) 114(2.85) 21(2.63) 10(4.95) 0.1946 0.3109 
Depression (N, %) 1259(31.49) 332(41.87) 68(33.66) <.0001 <.0001 
Hypertension (N, %) 2263(56.35) 495(61.95) 103(51.24) 0.0033 0.3734 
Hypercholesterolemia (N, %) 2333(58.52) 440(55.77) 103(51.50) 0.0663 0.0209 
Diabetes (N, %) 601(14.97) 100(12.53) 34(16.92) 0.1339 0.5358 
Vitamin B12 Deficiency (N, %) 205(5.21) 49(6.21) 6(2.99) 0.1721 0.8152 
Thyroid Disease (N, %) 764(19.17) 166(20.78) 39(19.40) 0.5768 0.4602 
Incontinence (N, %) 603(15.00) 137(17.15) 74(36.45) <.0001 <.0001 
APOE4 Genotype (N, %) 1203(43.12) 236(41.19) 59(37.58) 0.3026 0.1288 
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Table 3-4.  Baseline cognitive scores of the study population as a function of anticholinergic drug use 

1. Abbreviations: AC=Anticholinergics; SD=Standard deviation; M=Mean. 
2. Statistical significance achieved at p≤0.05. 
  

 AC Drugs (N=5,027)  

Cognition 
No AC Drugs 

(n=4024, 80.05%) 
Low AC Drugs 

(n=800, 15.91%) 
High AC  Drugs 
(n=203, 4.04%) 

P-value 

Global (M±SD) -0.33±0.62 -0.29±0.59 -0.17±0.57 <.0001 

Memory (M±SD) -0.76±1.33 -0.70±1.31 -0.46±1.29 <.0001 

Attention (M±SD) -0.43±0.91 -0.39±0.88 -0.33±0.90 0.0024 

Executive (M±SD) 0.49±0.85 0.55±0.86 0.56±0.93 0.0015 

Language (M±SD) -0.65±1.11 -0.61±1.04 -0.45±1.02 <.0001 
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Figure 3-1.  Kaplan-Meier survival curves of dementia-free survival of individuals with or without incident dementia in older 

adults taking medication with low and high AC properties relative to the older adults taking medications without 
AC properties. 

Statistical significance achieved at Logrank value of p≤0.05. 
 
 



 

99 

Table 3-5.  Multivariable Cox proportional hazard regression models of time to incident dementia for global cognition 

  

Variable Model 1 (n=4796) Model 2 (n= 4286) Model 3 (n= 4123) Model 4 (n= 2918) 
 HR P-value HR P-value HR P-value HR P-value 

No AC Drugs Ref  Ref  Ref  Ref  
Low AC Drugs 1.043 0.4995 0.980 0.7665 0.932 0.3138 0.904 0.2082 
High AC Drugs 0.925 0.5089 0.857 0.2180 0.843 0.1875 0.815 0.1515 
Baseline cognitive score 0.336 <.0001 0.339 <.0001 0.334 <.0001 0.332 <.0001 
Age 1.023 <.0001 1.021 <.0001 1.022 <.0001 1.026 <.0001 
Gender, Male   0.806 <.0001 0.813 0.0004 0.786 0.0004 
Race, Black   0.749 0.0016 0.739 0.0017 0.689 0.0013 
Hispanic   0.481 <.0001 0.460 <.0001 0.472 <.0001 
Education   0.950 0.0001 0.950 <.0001 0.946 <.0001 
Alcohol Abuse   1.191 0.1340 1.208 0.1090 1.263 0.0813 
Smoked>100 Cig   1.046 0.3639 1.045 0.3930 1.000 0.9964 
Body Mass Index   0.971 <.0001 0.969 <.0001 0.970 <.0001 
Live Independently   0.441 <.0001 0.446 <.0001 0.432 <.0001 
Married   1.299 <.0001 1.256 0.0003 1.350 <.0001 
1° Relative Dementia   1.250 <.0001 1.251 <.0001 1.252 0.0002 
Cardiovascular disease     1.013 0.8191 1.052 0.4481 
Cerebrovascular disease     1.162 0.0488 1.159 0.0960 
Parkinson disease     1.276 0.0844 1.213 0.2837 
Neurological disease     0.871 0.0749 0.844 0.0607 
Hypertension     0.962 0.4702 0.996 0.9509 
Hypercholestrolemia     0.991 0.8601 0.939 0.2995 
Diabetes     1.065 0.4304 1.114 0.2477 
Vitamin B12 deficiency     1.131 0.2810 1.118 0.4108 
Thyroid disease     1.009 0.8946 0.949 0.4970 
Incontinence     0.983 0.8107 1.001 0.9950 
Depression     1.234 <.0001 1.271 0.0001 
APOE4       1.427 <.0001 
P-value for Trend  0.9669  0.2807  0.1117  0.0682 
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1. Abbreviations: AC=Anticholinergics; Ref=Referent. HR=Hazard Ratio, APOE4=allele producing the ε4 type of 
apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia . 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, , incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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CHAPTER 4 
LONG-TERM EXPOSURE TO ANTICHOLINERGIC DRUG USE AND RISK OF 

COGNITIVE IMPAIRMENT AND DEMENTIA IN OLDER ADULTS WITH 
QUESTIONABLE COGNITIVE IMPAIRMENT: A MIXED-MODEL APPROACH 

 
Background 

Dementia is characterized by progressive decline in memory and language, 

reduced ability for planning and organizing, failure to recognize or identify objects, and 

impaired ability to carry out motor activities despite intact motor functions (American 

Psychiatric Association, 2000). About 60 to 80 percent of dementia in the older adults is 

caused by Alzheimer’s Disease (AD) (Mayeux & Stern, 2012; Nowrangi et al., 2011). 

Currently in the U.S., about 7 million individuals suffer from dementia; and with an 

increasing population of older adults, this number if going to increase steadily in the 

next several decades (Herbert et al., 2003). Research has shown that around 50 

percent of dementia patients have at least two other chronic illnesses and that these 

patients consume over five medications daily (Wolff et al., 2002). With the growing 

number of elderly population and the trend of increasing medication intake with age, 

adverse drug effects put a great burden on both health professionals and family 

members. As a result, there is growing concern about medication side effects among 

older adults (Iyer et al., 2008; Sosa-Ortiz et al., 2012).  

Although various medications can cause adverse effects, medications with 

anticholinergic (AC) properties are suspected to produce most adverse cognitive 

outcomes among older adults (Han et al., 2008; Tune, 2000). Elderly individuals are 

more vulnerable to anticholinergic side effects due to decrease in number of cholinergic 

neurons, reduced cholinergic signaling, diminished cholinergic receptor functions, and 

greater permeability of the blood-brain barrier (Bird, Stranahan, Sumi, and Raskind, 
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1983; Etienne et al., 1986; Henke and Lang, 1983). In addition, dementia severity 

among older adults is associated with the degree of degeneration of the brain 

cholinergic pathways (Barnes, 1990; Gallagher and Nicolle, 1993). However, there are 

is limited evidence about the effects of long-term use of exogenous AC medications on 

cognitive functions among older adults with questionable cognitive impairment (QCI). 

Older individuals with QCI have very mild subclinical cognitive limitations that can be 

unmasked on neuropsychological tests but do not present with any clinical or functional 

cognitive impairment. This latent period of natural progression of dementia obscures the 

process that begins years before the occurrence of clinically detectable signs and 

symptoms (Price and Morris, 1999). It is important to note that this lengthy period which 

provides the best opportunity to stem the cognitive decline is also the most vulnerable 

time for the adverse cognitive effects of AC medications for the elderly. These 

individuals are at greater risk of added cognitive damage of AC medications leading to 

dementia in the future. Evidence suggests that AC medications are commonly 

prescribed to the older adults (Peters, 1989; Wawruch et al., 2012), which diminishes 

cognition (Boustani et al., 2007; Campbell et al., 2009; Carriere et al., 2009; Fox et al., 

2011) and puts the elderly at a greater risk of development of dementia (Flaherty et al., 

2000; Hanlon et al., 2006; Onder G et al., 2012). Despite constant efforts to monitor and 

minimize AC use, these medications are still regularly prescribed and bought over the 

counter (Wawruch et al., 2012; Peters, 1989).  

Several population-based epidemiological studies have shown that AC drugs are 

associated with poor cognitive functions. Most of these studies have compared AC 

intake of individuals with dementia and normal cognition and demonstrated association 
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between AC medication use and cognitive impairment (Fox et al., 2011; Jessen et al., 

2010; Konishi et al., 2010; Lechevallier-Michel et al., 2005; Mulsant et. al., 2003; Shah 

et al., 2013; Uusvaara et al., 2013). However, there is little literature on the long-term 

effects on cognitive outcome of AC medication in older adults with QCI, although these 

people are at greater risk of developing dementia in future. However, many 

mechanisms like AC-mediated antagonism of muscarinic receptors in the brain, lower 

central cholinergic activity, and reduced cholinergic transmission have been 

proposed11,12(Chew et al., 2005; Feinberg, 1993; Hammerlein et al., 1998; Nebes et 

al., 2007; Peters, 1989). Nevertheless, researchers do not clearly understand the 

detrimental biological mechanisms by which AC drugs mediate their effects on brain 

and cognitive functions in older adults with QCI. Hence, it is important to understand the 

cognitive outcomes of AC medication use in older adults with QCI. The objective of this 

longitudinal analysis was to assess the association between long-term AC medication 

use and the cognitive profile among older adults with QCI. We hypothesized that older 

adults with QCI who have exposure to AC drugs at baseline have a more rapid decline 

in global and domain specific cognition as compared to older adults with QCI who have 

no exposure to AC drugs.   

Methods 

Study Participants  

The study population was selected form the National Alzheimer’s Coordinating 

Center (NACC). NACC is a research institution located at the University of Washington 

that collects and maintains the multi-center longitudinal database of community-dwelling 

older adults enrolled in the study through one of the 34 Alzheimer Disease Centers 

(ADCs) (Beekly et al., 2004, 2007).  NACC includes a comprehensive database, the 



 

104 

Uniform Data Set (UDS), that has participant information including a standardized 

neuropsychological battery, clinical diagnosis, neuropathologic changes, biomarkers, 

and medication use (Morris et al., 2006). This study includes individuals who were 

enrolled between September 2005 and March 2014. The inclusion criteria for this study 

were age 60 years or older, medication records at baseline, and QCI on Clinical 

Dementia Rating-Sum of Boxes (CDR-SOB), i.e., score from 0.5 to 2.5 (O’Bryant et al., 

2008). In addition, the researchers required every participant to have at least two visits 

so as to compare the change in cognitive scores over multiple visits.  

Anticholinergic Exposure 

We used an ordinal drug scale, Anticholinergic Drug Scale (ADS), to assess the 

AC medication exposure in the study population (Carnahan et al., 2006). The ADS is a 

valid and reliable scale that includes about 88 percent of total prescription medications 

and about 89 percent over-the-counter AC medications consumed by the older adults 

(Carnahan, Lund, Perry, & Pollock, 2001). The ADS has been validated against serum 

anticholinergic activity, a gold standard tool to quantify AC burden. ADS total score was 

significantly associated with SAA (F=20.82, P<.0001) and explained 9.5% of variance in 

SAA (R2=.0947); therefore, showed some degree of criteria validity with SAA (Tune et 

al., 1992). Unlike SAA, ADS scoring does not require specialized laboratory and can be 

easily applied to clinical or research setting and help guide clinical interventions to 

reduce AC burden. ADS characterize medications into four levels based upon their 

increasing order of anticholinergic potency (Table 4-1). We calculated participant’s AC 

drug burden based upon the information of their AC medication use within past two 

weeks prior to their annual follow up visits. In this study, we combined the Level 3 and 4 

of the ADS scale and categorized AC drugs into a three-level scoring system (Table 4-
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1). Level 1 indicates medications that do not have known AC properties (No AC drug 

group), the Level 2 includes medications that have low AC activity seen by the receptor 

binding study (Low AC drug group). We created Level 3 by merging ADS Levels 2 and 

3. Level 3 characterizes medications that have high AC potency (High AC drug group). 

The No AC drug group was chosen as the reference category. 

The NACC assesses the participant’s medication use at initial and follow up 

visits. The NACC recorded 100 prescription, non-prescription, over-the-counter and 

supplements taken by the participants within last two weeks of their visit. The 

medication list included various groups of medication like antivirals, antibiotics, 

antidepressants, antihistaminic, antipsychotics, antianxiety, analgesics, cardiovascular 

drugs, muscle relaxants, H2 antagonists, corticosteroids, anticonvulsants etc. Many 

drugs with anticholinergic activity were not listed in the NACC medication list. However, 

if a subject took medications which were not in the NACC list then clinician or certified 

ADC staff recorded those additional medications in standardized form (Form A4). So, 

we can presume that if a subject took a medicine with AC properties, it was documented 

in the NACC dataset. Hence, the NACC dataset provided an excellent opportunity to 

examine medication history.  

Cognitive Outcomes 

The standardized neuropsychological test battery (NTB) in the UDS database 

includes 12 measures of cognition which evaluate the cognitive profile of older adults 

with QCI. The NTB is a sensitive tool that allows us to capture the change in the 

cognitive profile of an individual over the follow-up time. Shirk et al. (2011) provided a 

model to create the standardized z-scores, adjusted for sex, age, and education, for the 

NACC population. We used his model to calculate combined z-score for our study 
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population (Shirk et al., 2011). Hayden et al. used the exploratory and confirmatory 

factor analysis approach on UDS database to assess the clusters of neuropsychological 

measures that identify the specific cognitive domains (Hayden et al., 2011). We grouped 

the 12 NTB measures into four cognitive domains: memory, attention, executive, and 

language as proposed by Hayden et al. (2011) (Table 4-2). A lower score on Trial 

Making-A (TM-A) and Trail Making-B (TM-B) illustrate better executive functions, while 

lower scores on Digit Symbol Substitution Test (DSST) reveal poor executive functions. 

Therefore, we inverted the signs of TM-A and TM-B scores and added them with DSST 

scores to characterize the executive function’s scores in the same direction of 

magnitude, with the greater value of the combined score suggesting better executive 

functioning. The cohort members were followed up annually, and neuropsychological 

assessments were performed at every visit. In addition, other relevant information like 

medical history and medication use were obtained and stored in the NACC database. 

Covariates  

Potentially important confounding and effect-modifying covariates were included 

in the analysis. Our selection of predictors was guided by previous literature and 

evidence of association with the cognitive outcome. Predictors like advance age, lower 

education, female, and black race, family history, and lifestyle factors have been shown 

to be associated with lower cognitive scores and higher incidence of dementia (Anstey 

et al., 2007). Therefore, we included demographic factors like age, sex, race, education, 

and family history in the model. In order to assess the effect of lifestyle behaviors and 

living environments on cognitive profile, we included alcohol use, smoking, living 

situation, independence, and marriage status in the model. Comorbidities like 

cardiovascular disease and diabetes increase cognitive burden and contribute to poor 
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cognitive profiles in older adults (Biessels et al., 2006; Newman et al., 2005). To 

understand the burden of comorbidities on cognitive functions, we adjusted the models 

for comorbidities that are associated with cognitive impairment such as cardiovascular 

disease, cerebrovascular disease, diabetes, neurological diseases, and depression. 

Previous studies have demonstrated that the genetic biomarker ApoE4 is not only 

independently related to cognitive impairment and dementia (Corder et al., 1993; 

Strittmatter et al., 1993) in the older adults but also enhances the risk of dementia due 

to AC drug exposure (Uusvaara et al., 2009). With this in mind, we adjusted the model 

for APOE4 genetic biomarker to evaluate the specific cognitive outcomes of AC 

medication use in older adults with QCI.   

Statistical Analyses 

Preliminary analysis included descriptive statistics of AC medication exposures 

across the baseline characteristics and potential confounders. We performed a chi-

squared test to estimate the difference in the distribution of categorical covariates 

across the AC drug use categories. We also ran analyses of the variance test to assess 

the differences in the means of continuous covariates across AC drug use groups. 

Descriptive statistics illustrates the significance of the distribution of the characteristics 

and cognitive measures across AC medication groups. 

We used a general linear mixed model with random effects and equal variance 

for random effects to evaluate the hypothesized association between baseline AC 

medications burden and changes in global and domain-specific cognitive scores over 

time. To assess the association, we used a model with random intercept for individual 

participants. In addition, we assumed that the covariance structure of errors accounted 

for the dependence of subsequent observations on the same patient. The mixed 
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modeling technique allows for differences in the number of repeat measures across 

participants; therefore, we included individuals with two or more cognitive measures 

over the follow-up duration. The outcome variables, global, and specific cognitive 

domains were assessed on regular annual intervals. We tested the normality using 

graphical method that might distort the usual pattern and checked for the outliers. We 

also tested for AC drug exposure interaction over time. We ran four separate models for 

cognitive domains and one for global cognition. We also included interaction term of AC 

medication use and time to assess the interaction between AC medication use times to 

follow-up. The models were adjusted for predictors of cognitive functions, and the 

potential confounders were identified a priori. The model fit was evaluated based upon 

lowest AIC value. All analyses were be performed using STATA 13 statistical software, 

and statistical significance was achieved at alpha=0.05.   

Results 

Of the 7,325 participants at baseline, 68.63 percent (5,027) participants met the 

inclusion criteria of age≥60, availability of medication record, and at least one follow-up 

visit. Only those who met the criteria were included in the analysis. Of the included 

sample of 5,027, 4,024 (80.05 percent) took medication with no AC activities, 800 

(15.91 percent) took medication with low AC activities and 203 (4.04 percent) took 

medication with high AC activity. The mean age ± standard deviation (SD) of the sample 

was 74.92±7.80 years (range: 60-109 years). Among the included sample population, 

88.52 percent were white, 7.70% were Hispanic, and 48.29 percent were males. Around 

91.75 percent of the sample population had high school or higher education, 46.24 

percent of the population smoked and 5.14 percent consumed alcohol. Seventy seven 

percent of the population lived independently, and 65.46 were married.  
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Table 4-3 describes the baseline characteristics of the population. Individuals in 

the high and low AC drug groups were significantly older than the no AC drug group 

(75.42±7.39 and 76.85±8.14 vs. 74.52±7.69; p <.0001). Body Mass Index was slightly 

higher in high and low AC drug groups (27.47±5.50 and 27.22±5.31 vs 27.06±4.84; 

p=0.198) as compared to no AC group. High and low AC groups had significantly fewer 

males (35.96 percent and 46.63 percent vs. 50.02 percent; p <.0001) and fewer married 

individuals, as compared to no AC groups (61.19 percent and 62.11 percent vs. 

66.35%; p=.011), respectively. There were more blacks, smokers, and individuals with a 

family history of dementia in the high AC group as compared to no AC groups, but these 

differences were not statistically significantly.  

The prevalence of cardiovascular disease among individuals in the low AC 

groups (50 percent) was greater than that in no and high AC groups (No AC: 29.63 

percent; High AC: 22.17 percent, P-value=<.0001). This is due to the reason that 

various medications given for the treatment of cardiovascular disease such as, Atenolol, 

Hydralazine, and Digoxin, have no to low anticholinergic properties. Similarly, newer 

treatment regimens for depression involve use of selective serotonin receptor blockers 

such as Fluoxetine. These medications have low anticholinergic properties and fewer 

side effects. Therefore, we found a significantly higher prevalence of depression among 

individuals who took medications with low AC medications groups (41.87 percent) as 

compared to no and high AC medications groups, respectively (31.49 percent and 33.66 

percent; P-value= <.0001). As anticipated, there was a significantly higher prevalence of 

incontinence among the high AC group  (36.45 percent) and low AC group (17.15 

percent) as compared to no AC group (15.0 percent; P-value= <.0001). On the contrary, 
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individuals who took medications with high AC properties had a lower prevalence of 

APOE4 genotype (37.58 percent) as compared to individuals in no or low AC groups 

(No AC: 43.12 percent and Low AC: 41.19 percent; P-value=0.303) and it was not 

statistically significant. Similarly, individuals who took high AC medications had greater 

prevalence of Parkinson’s disease (4.95 percent) as compared to no and low AC 

medications but it was statistically significant (No AC: 2.85 percent and Low AC: 2.63 

percent; P-value=0.195). 

About 87 percent participants in the high AC medication group stayed in the 

study for the second year as compared to 96 and 95 percent individuals in no and low 

AC medications groups, respectively. As compared to baseline, the retention rate in the 

third year among the high AC medication group was 57 percent as compared to 70 and 

64 percent in no and low AC medications groups, respectively. The retention rate in the  

fifth years among the high AC medication group was 27 percent as compared to 31 and 

28 percent in no and low AC medications groups, respectively. The overall retention 

rate of the individuals taking medication with high AC properties was lower than those 

taking medications with no and low AC properties. Although, there was slightly lower 

retention rate among high AC medication group; however, the rates among AC groups 

were very similar. In addition, the participants remained in the study for long time and 

provided the history of their medication use. Therefore, it is reasonable to assume the 

chronic use of medications in the study population. 

The mean global cognition z-scores among individuals taking medications with 

high and low AC properties were significantly higher than those taking medications with 

no AC properties (-0.17±0.57 and -0.29±0.59 vs. -0.33±0.62; p<.0001). Similarly, the 
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mean z-scores in individual cognitive domains of memory, attention, executive function, 

and language were significantly higher in high and low AC medication groups as 

compare to no AC medication group (Table 4-4). The results suggest that the older 

adults with QCI who took medications with AC properties had better global cognition at 

baseline as compared to those who took medications with no AC properties (Fig. 4-1).  

When considering the association between AC medication use and change in 

global cognitive scores (Table 4-5) over the follow-up time, we found a statistically 

positive association between AC medication use and higher global cognitive scores. 

The interactions between the AC medication use groups and follow-up duration were 

not statistically significant, suggesting that the association between higher global 

cognitive scores and AC medication groups was independent of time. Similarly, there 

was a significantly positive association between AC medication use and higher 

executive function scores (Table 4-8). The results for memory (Table 4-6), attention 

(Table 4-7) and language (Table 4-9) also showed greater cognitive scores in 

individuals who took medications with AC properties as compared to those who took 

medications without AC properties. However, these associations were significant only 

for the low AC medication group and not for high AC medication group. 

Discussion 

In the study cohort of older adults with questionable cognitive impairment, we 

observed that exposure to AC medications, as defined by the ADS scale, was 

independently associated with higher global cognitive scores. This association persists 

after adjusting for covariates including demographic factors, lifestyle behaviors, 

comorbidities, and genetic biomarker, suggesting that the beneficial effect of AC 

medication is independent of covariates. To our knowledge, this was the first 
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population-based epidemiological study to examine the longitudinal relationship 

between AC medication use and cognitive functions among older adults with QCI. The 

objective of this study was to assess the long-term effects of AC medication use on 

global and domain specific cognitive functions among older adults with QCI. Before 

conducting our research, we hypothesized that older adults with QCI who have 

exposure to AC drugs at baseline have a more rapid decline in global and domain 

specific cognition as compared to older adults with QCI who have no exposure to AC 

drugs. However, contrary to our hypothesis, the study indicated that older adults with 

QCI who had exposure to medication with AC properties had significantly better global 

cognitive score as compared to those who had exposure to medication with no AC 

properties. This relationship was also statistically significant for executive function.  

Although previous studies have demonstrated that AC medication use is 

associated with cognitive impairment, we found that cognitive scores at baseline were 

higher among older adults taking AC medications (Campbell et al., 2009; Fox et al., 

2011; Lechevallier-Michel et al., 2013). This suggests that the AC medication use have 

favorable long-term therapeutic effects among elderly population with QCI. A previous 

longitudinal study showed that AC medications use did not worsen cognitive functions 

over 18 months’ follow-up (Pasina et al., 2013). These findings are of particular 

significance, since some studies have opposed the use of AC medications in older 

adults (Uusvaara et al., 2009; Chew et al., 2005). It is notable that this study focuses on 

specific population of older adults who had QCI. The practical application of the study 

results may allow clinicians to assess patients’ cognitive levels and appropriately 

prescribe AC medications to treat and reduce comorbidities for the benefit of older 
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adults without compromising on cognitive functions. However, further research needs to 

be done to substantiate the claims. 

One of the reasons that our results differed from the previous studies might be 

related to the population that we focused on. A study by Nourhashémi et al. (2008) has 

shown that the comparable mean CDR-SOB score for CDR-Global score of 0.5 in the 

elderly population 3.20±.90. A CDR-SOB score of 3.20 lies in the range of very mild 

cognitive impairment, which is outside the CDR-SOB score of questionable cognitive 

impairment (0.5-2.5), which was one of our inclusion criterions for the study. These 

results show that for capturing at risk population early in their life course and 

understanding the long term effects of anticholinergic medications it is pragmatic to 

focus on older adults with CDR-SOB score between 0.5 and 2.5. In addition, composite 

scores created by taking average of the individual test scores provide a better method 

to quantify the effect of AC medications on particular domains. Z-scores are 

approximate unbiased estimate of the standard distribution and reflect reasonable 

estimate of the distribution across change in cognitive domains of population means. 

Bondi et al (2003) showed that 1 SD deviation difference in visuospatial domain was 

statistically significant. Furthermore, McGurk et al (2005) demonstrated that a difference 

of 0.5 SD on neuropsychological tests performance was significantly associated with 

better cognitive and physical functions. Our study measured a decline of about 0.2-0.4 

SD in global cognition between the AC medication groups. Therefore, we assume that 

this difference of 0.2-0.4 SD appears to be clinically meaningful cognitive change over 

the follow up period given the fact that very-old AD patients exhibit a milder degree of 

cognitive deficits (Bondi et al.; 2003)..     
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It is important to note that although older adults in advanced age suffering from 

multi-morbidity are highly susceptible to harmful effects of AC medications, individuals 

with QCI might experience cognitive compensatory responses (Kersten et al., 2013). 

Many compensatory biological mechanisms act to preserve and restore cognitive 

functions. Apparently, there is a great variability in AC drug response related to the 

stage of cognitive impairment and compensation mechanisms (Kersten et al., 2013). In 

the early stage of cognitive impairment, the galaninergic fibers and receptors undergo 

hyperinnervation and proliferation in the forebrain, which helps to maintain cognitive 

reserve (Counts, He, Che, Ginsberg, & Mufson, 2008b). In addition, various 

neuromodulators, like norepinephrine, dopamine, serotonin, GABA, galanin, substance 

P, and angiotensin II, safeguard the cognitive viability in the initial stages of cognitive 

compromise (Decker, & McGaugh, 1991). Furthermore, early cognitive impairment is 

associated with increases in the hippocampal choline acetyltransferase, forebrain 

acetylcholinesterase and cholinergic neurons, which maintains the cognitive balance 

(Frolich 2002; Ikonomovi et al., 2003). These compensatory mechanisms help in 

preserving the cognitive functions in early stages of cognitive impairment (Ikonomovi et 

al., 2003). Oberauer (2001) and Naveh-Benjamin, Bray and Levy (2007) demonstrated 

that the burden of comorbidity in older age may modify the cholinergic functioning and 

reduce the ability to facilitate the frontal brain mediated compensatory response 

(Oberauer, 2001; Naveh-Benjamin et al., 2007). Since our study sample was at the very 

early stage of cognitive impairment, it is possible that compensatory responses might 

have maintained long-term cognitive functions and AC medications might provide 

cognitive vitality by decreasing the cognitive burden associated with comorbidities.  
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In our study, there was an overall increase in the cognitive scores of executive 

functions. This can be explained based upon the “training effect” acquired by performing 

the task repeatedly. The largest cognitive intervention study, ACTIVE, demonstrated 

that cognitive training improved cognitive abilities, especially speed and reasoning 

(Karlene et al., 2002). It is possible that participants in our study became familiarized 

with the tests and acquired the skills to perform tests that constitute executive function, 

i.e., TM-A, TM-B, and DSST. This may explain the increase in scores for the executive 

functions that we saw.  

We hypothesized that individuals that take medications with AC properties are 

more likely to have poor cognition. This was based upon “Cholinergic Hypothesis of 

Memory Loss”, as discussed earlier. However, the results of the study do not support 

the hypothesis of cholinergic loss. The results of our study highlight an important point 

about the cholinergic hypothesis. We also discussed about the roles that compensatory 

mechanisms play in the incidence of cognitive impairment. There seems to be a certain 

level of cognition threshold that needs to be breached for the cholinergic mechanisms to 

play a vital role in cognitive impairment. Until, the cognition or cognitive reserve is above 

the threshold, the compensatory mechanisms uphold the cognitive functions. We 

presume that this level appears when the cognitive functions move from the stage of 

very mild cognitive impairment to mild cognitive impairment. Once individual are at the 

intersection of very mild and mild cognitive impairment, it is very difficult to come back to 

the level of questionable cognitive impairment. Therefore, the medications that help in 

alleviating the comorbidity effects, despite anticholinergic properties, help in retaining 

the cognitive threshold and thus delay the cognitive impairment in older adults.  
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Our study has several limitations. The medications with anticholinergic properties 

were collected as self-reports. Besides, the drug history was limited only two weeks 

prior to each participant’s visit. Furthermore, we do not have information about drug 

frequency and drug doses. The NACC database does not have information about prior 

long-term drug history. The NACC also lacks in assessing the drug exposure in 

between the two patient visits. Therefore, we had limited information about participant’s 

total exposure to AC drugs. A detailed medication history with frequency, doses, and 

long-term duration would have provided useful information to evaluate AC drug 

exposure in more detail. However, the ADS scale uses the name of the medication to 

categorize it and provides a score accordingly. We only examined the effect of baseline 

AC medication use on cognitive scores, and the effect of duration and frequency of AC 

medication use was not used for this cross-sectional analysis. Moreover, AC drug effect 

is related to accumulated effects of varying degree of AC medications and not to the 

dosage of each individual medication; therefore, the NACC dataset is appropriate to 

assess the AC medication burden. Overall, the NACC data provide sufficient information 

to address the hypothesis stated for anticholinergic drug use and exposure.  

It might be possible that the neuromodulators interact with the cholinergic 

systems and mask AC medication effects, especially in the early stages of cognitive 

impairment. Due to the complexity of cognitive processes and their associations 

between pathobiological and clinical manifestations, there is limited understanding the 

mechanism of specific vulnerability to AC medications (Lopez et al., 2002). Therefore, 

besides considering independent effects of the cholinergic system, it is important to 

include the interactions between the neuromodulators and cholinergic system. However, 
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the lack of information about neuromodulatory systems in the NACC dataset, we could 

not assess the neuromodulators’ effects on the cholinergic system and the cognitive 

profile of older adults.  

The strength of this study lies in using the NACC data from the large population-

based prospective study of older adults across the nation. The NACC includes one of 

the largest numbers of participants with standardized longitudinal data, which allows us 

to precisely determine the QCI population. Besides, we used the ADS scale, a reliable 

and validated method to assess AC medication load that covers prescription and over-

the-counter medications. In addition, the annual assessments of AC drugs provide 

comprehensive information to evaluate the magnitude of cognitive impairment related to 

chronic AC medication use. Furthermore, the NACC data allows us to take into account 

various competing causes of cognitive dysfunction in older adults by controlling for 

socioeconomic, demographic, health, lifestyle, and genetic factors--thus limiting any 

potential confounding.  

We conclude in this repeated measure mixed-model analysis that older adults 

with QCI taking medications with AC properties had higher cognitive scores at baseline 

than those not taking AC medications. It is difficult to precisely account for all the factors 

that affect cognition in the older adults with QCI; it is plausible that the therapeutic 

effects of AC medications might alleviate the comorbidity-related cognitive burden on 

older adults. More research is required to comprehend and evaluate the influence of AC 

medications on QCI populations. 
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Table 4-1.  Anticholinergic Drug Scale and associated anticholinergic activity 

ADS Levels Anticholinergic Drug Activity Study Levels 

Level 0 Drugs with no known anticholinergic properties, e.g. Loperamide Level 1 (No) 

Level 1 
Drugs with potential anticholinergic activity evidenced by receptor binding studies, 
e.g. Ampicillin 

Level 2 (Low) 

Level 2 Drugs with anticholinergic adverse effects, usually at higher doses, e.g. Ranitidine 
Level 3 (High) 

Level 3 Drugs with marked anticholinergic activity, e.g. Oxybutynin 

Abbreviations: ADS=Anticholinergic Drug Scale
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Table 4-2.  Composite cognitive domain z-scores 

Cognitive Domains Cognitive Tests Z score# Domain score Global Cognitive score 

Memory 
Logic Memory IA Z1 

((Z1+Z2)/2)=C1 

(C1 + C2 + C3 + C4)/4 

Logic Memory IIA Z2 

Attention 

Digit Forward Number Z3 

(Z3+Z4+Z5+Z6)/4=C2 
Digit Forward Length Z4 
Digit Backward Number Z5 
Digit Backward Length Z6 

Executive 
Trail Making A Z7 

(Z7+Z8+Z9)/3=C3 Trail Making B Z8 
Digital Symbol Z9 

Language 
Animal List Z10 

(Z10+Z11+Z12)/3=C4 Vegetable List Z11 
Boston Naming Z12 

# Z scores are adjusted for age, sex, and education 
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Table 4-3.  Baseline characteristics of the study population as a function of anticholinergic drug use  

  AC Drugs (N=5,027)    
Variable No AC Drugs 

(n=4024, 80.05%) 
Low AC Drugs 

(n=800, 15.91%) 
High AC  Drugs 
(n=203, 4.04%) 

P-value P-value 
for trend 

Age (M±SD) 74.52±7.69 76.85±8.14 75.42±7.39 <.0001  
Gender, Male (N, %) 2013(50.02) 373(46.63) 73(35.96) 0.0002 <.0001 
Race, Black (N, %) 459(11.45) 92(11.54) 24(11.88) 0.9804 0.8537 
Hispanic (N, %): Yes 327(8.13) 41(5.13) 19(9.36) 0.0097 0.1533 
Education (M±SD) 15.08±3.53 14.99±3.39 14.65±3.23 0.1088  
Alcohol Abuse (N, %) 203(5.06) 48(6.01) 7(3.45) 0.2895 0.9980 
Smoked> 100 Cigarette (N, %) 1843(46.18) 364(46.18) 96(48.00) 0.8787 0.7329 
Body Mass Index (M±SD) 27.06±4.84 27.22±5.31 27.47±5.50 0.1982  
Live Independently (N, %) 3110(77.65) 587(73.65) 156(77.23) 0.0494 0.0917 
Married (N, %): Yes 2650(66.35) 495(62.11) 123(61.19) 0.0305 0.0108 
1° Relative Dementia (N, %) 1697(42.93) 296(37.85) 96(48.98) 0.0051 0.5974 
Cardio Vascular Disease (N, %) 1192(29.63) 400(50.00) 45(22.17) <.0001 <.0001 
Cerebro Vascular Disease (N, %) 459(11.41) 129(16.13) 23(11.33) 0.0009 0.0169 
Neurological Disease (N, %) 531(13.21) 118(14.75) 18(8.87) 0.0840 0.6204 
Parkinson’s Disease (N, %) 114(2.85) 21(2.63) 10(4.95) 0.1946 0.3109 
Depression (N, %) 1259(31.49) 332(41.87) 68(33.66) <.0001 <.0001 
Hypertension (N, %) 2263(56.35) 495(61.95) 103(51.24) 0.0033 0.3734 
Hypercholesterolemia (N, %) 2333(58.52) 440(55.77) 103(51.50) 0.0663 0.0209 
Diabetes (N, %) 601(14.97) 100(12.53) 34(16.92) 0.1339 0.5358 
Vitamin B12 Deficiency (N, %) 205(5.21) 49(6.21) 6(2.99) 0.1721 0.8152 
Thyroid Disease (N, %) 764(19.17) 166(20.78) 39(19.40) 0.5768 0.4602 
Incontinence (N, %) 603(15.00) 137(17.15) 74(36.45) <.0001 <.0001 
APOE4 Genotype (N, %) 1203(43.12) 236(41.19) 59(37.58) 0.3026 0.1288 

Abbreviations: AC=Anticholinergics; SD=Standard deviation; M=Mean; APOE4=allele producing the ε4 type of 
apolipoprotein E. 
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Table 4-4.  Baseline cognitive scores of the study population as a function of anticholinergic drug use 

Cognition AC Drugs (N=5,027)  

 

No AC Drugs 
(n=4024, 80.05%) 

Low AC Drugs 
(n=800, 15.91%) 

High AC  Drugs 
         (n=203, 4.04%) 

P-value 

Global (M±SD) -0.33±0.62 -0.29±0.59 -0.17±0.57 <.0001 

Memory (M±SD) -0.76±1.33 -0.70±1.31 -0.46±1.29 <.0001 

Attention (M±SD) -0.43±0.91 -0.39±0.88 -0.33±0.90 0.0024 

Executive (M±SD) 0.49±0.85 0.55±0.86 0.56±0.93 0.0015 

Language (M±SD) -0.65±1.11 -0.61±1.04 -0.45±1.02 <.0001 

Abbreviations: AC=Anticholinergics; M=Mean; SD=Standard deviation; M=Mean. 
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Table 4-5.  Multivariable linear mixed model regression of change in global cognitive scores with time 

Covariates Model 1 Model 2 
 Coeff. CI P-value Coeff. P-value CI 

No AC drug Ref.   Ref.   
Low AC drug .0658 .0417, .0899 0.000 .0618 0.000 .038, 086 
High AC drug .0852 .04123, .1291 0.000 .0553 0.014 .011, .099 
Time (Years) -.0485 -.0587, -.0382 0.000 -.0375 0.000 -.047,-.028 
No AC drug*Time Ref.    Ref.   
Low AC drug*Time -.0079 -.0175, .0017 0.106 -.0081 0.109 -.018, .002 
High AC drug*Time -.0017 -.0193, .0159 0.849 .0077 0.407 -.011, .026 
Age -.0010 -.0003, -.2630 0.139 -.0007 0.286 -.002, -.001 
Sex (male)    -.262 0.000 -.285, -.240 
Race (black)    -.1607 0.000 -.194, -.127 
Hispanic    -.1871 0.000 -.229, -.146 
Education    -.0256 0.000 -.029, -.0224 
Alcohol    .0101 0.634 -.031, .052 
Smoking    .0500 0.000 .030, .070 
Body Mass Index    .0048 0.000 .003 .007 
Living independently    .1310 0.000 .003, .007 
Married    -.0365 0.001 .115, .147 
Family dementia    .0033 0.249 -.011, .017 
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Table 4-5.  Continued 

Covariates Model 3 Model 4 
 Coeff. CI P-value  Coeff. CI P-value  

No AC drug Ref   Ref   
Low AC drug .058 .033, .083 0.000 .064 .035, .092 0.000 
High AC drug .048 .003, .094 0.038 .043 .007, .093 0.096 
Time (Years) -.039 -.050,-.031 0.000 -.044 -.055,-.033 0.000 
No AC drug*Time Ref.   Ref.   
Low AC drug*Time -.007 -.017, .003 0.160 -.009 -.020, .002 0.119 
High AC drug*Time .011 -.008, .029 0.256 .011 -.009, .031 0.276 
Age -.002 -.003,-.000 0.034 -.001 -.003, .000 0.165 
Sex (male) -.270 -.293,-.247 0.000 -.294 -.321,-.267 0.000 
Race (black) -.152 -.187,-.117 0.000 -.139 -.181,-.097 0.000 
Hispanic -.180 -.222,-.137 0.000 -.217 -.270,-.165 0.000 
Education -.026 .029,-.022 0.000 -..023 .027, -.019 0.000 
Alcohol .006 -.037, .048 0.796 .015 .035, .065 0.550 
Smoking .048 .028, .068 0.000 .045 .021, .068 0.000 
Body Mass Index .005 .003, .007 0.000 .005 .003, .008 0.000 
Living independently .134 .118, .150 0.000 .117 .099, .135 0.000 
Married -.034 -.056,-.012 0.002 -.029 -.054,-.004 0.024 
Family dementia -.002 -.012, .016 0.744 .009 -.007, .025 0.283 
Cardiovascular disease .039 .020, .059 0.000 .040 .017, .061 0.001 
Cerebrovascular disease .021 -.006, .047 0.131 .009 -.022, .039 0.573 
Parkinson disease .124 .071, .177 0.000 .089 .026, .152 0.006 
Neurological disease .000 -.024, .025 0.975 -.006 -.034, .023 0.698 
Hypertension .001 -.019, .020 0.945 .001 -.023, .023 0.999 
Hypercholestrolemia .004 -.015, .024 0.684 .008 -.014, .031 0.482 
Diabetes -.012 -.041, .017 0.417 -.014 -.049, .020 0.406 
Vitamin B12 deficiency -.009 -.046, .027 0.608 .021 -.022, .063 0.340 
Thyroid disease .016 -.008,.0364 0.189 .005 -.023, .033 0.724 
Incontinence .034 .011, .056 0.003 .041 .016, .066 0.001 
Depression -.010 -.026, .007 0.250 -.002 -.021, .016 0.792 
APOE4    -.129 -.154, -.104 0.000 
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1. Abbreviations: AC=Anticholinergics; Ref=Referent. Coeff. =Coefficients; CI= 95% Confidence Interval; APOE4=allele 
producing the ε4 type of apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia. 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 4-6.  Multivariable linear mixed model regression of change in memory scores with time 

Covariates Model 1 Model 2 
 Coeff. CI P-value Coeff. CI P-value 

No AC drug Ref   Ref   
Low AC drug .117 .065, .168 0.000 .100 .047, .153 0.000 
High AC drug .149 .046, .233 0.004 .081 .015, .176 0.097 
Time (Years) -.060 -.082,-.037 0.000 -.041 -.063,-.020 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time -.010 -.030, .012 0.326 -.010 -.031, .011 0.436 
High AC drug*Time -.007 -.044, .030 0.725 .006 -.032, .045 0.751 
Age -.006 -.009,-.003 0.000 -.007 -.010,-.004 0.000 
Sex (male)    -.553 -.602,-.504 0.000 
Race (black)    -.261 -.335,-.188 0.000 
Hispanic    .018 -.072, .109 0.691 
Education    .028 .035, .021 0.000 
Alcohol    .031 -.059, .121 0.497 
Smoking    .096 .053, .140 0.000 
Body Mass Index    .022 .018, .026 0.000 
Living independently    .274 .240, .308 0.000 
Married    -.125 -.172,-.078 0.000 
Family dementia    -.020 -.049, .010 0.186 
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Table 4-6.  Continued 

Covariates Model 3 Model 4 
 Coeff. CI P-value Coeff  CI. P-value 

No AC drug Ref    Ref  
Low AC drug .077 .024,.132 0.005 .099 .038,.162 0.002 
High AC drug .067 -.031,.165 0.183 .053 -.055,.162 0.335 
Time (Years) -.049 -.070,-.027 0.000 -.054 -.079,-.031 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time -.003 -.025,.018 0.742 -.013 -.037,.011 0.284 
High AC drug*Time .010 -.029,.049 0.633 .019 -.024,.061 0.392 
Age -.010 -.013,-.006 0.000 -.010 -.014,-.007 0.000 
Sex (male) -.574 -.625,-.523 0.000 -.611 -.670,-.552 0.000 
Race (black) -.260 -.336,-.184 0.000 -.252 -.343,-.161 0.000 
Hispanic .019 -.074,.111 0.690 -.074 -.190,.041 0.207 
Education .027 .034,.020 0.000 .020 -.029,.011 0.000 
Alcohol .013 -.080,.105 0.791 .019 -.090,.127 0.733 
Smoking .092 .048,.137 0.000 .081 .030,.132 0.002 
Body Mass Index .020 .016,.025 0.000 .022 .016,.027 0.000 
Living independently .280 .245,.314 0.000 .252 .213,.292 0.000 
Married -.115 -.162,-.068 0.000 -.092 -.147,-.037 0.001 
Family dementia -.017 -.047,.013 0.274 .006 -.028,.040 0.728 
Cardiovascular disease .088 .046,.129 0.000 .097 .049,.144 0.000 
Cerebrovascular disease .050 -.007,.108 0.087 .028 -.038,.094 0.408 
Parkinson disease .146 .032,.261 0.012 .032 -.105,.169 0.649 
Neurological disease .059 .006,.113 0.030 .063 .002,.123 0.044 
Hypertension .016 -.028,.060 0.476 .013 -.037,.063 0.618 
Hypercholestrolemia -.006 -.049,.036 0.771 .006 -.043,.055 0.814 
Diabetes .031 -.032,.095 0.331 .025 -.050,.099 0.516 
Vitamin B12 deficiency -.007 -.086,.071 0.852 .039 -.076,.105 0.766 
Thyroid disease -.018 -.072,.035 0.500 -.040 -.102,.022 0.205 
Incontinence .138 .091,.185 0.000 .153 .099,.207 0.000 
Depression -.030 -.065,.005 0.092 -.021 -.061,.019 0.310 
APOE4    -.427 -.481,-.372 0.000 
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1. Abbreviations: AC=Anticholinergics; Ref=Referent. Coeff. =Coefficients; CI= 95% Confidence Interval; APOE4=allele 
producing the ε4 type of apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia . 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson’s  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson disease, neurological disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 4-7.  Multivariable linear mixed model regression of change in attention scores with time 

Covariates Model 1 Model 2 
 Coeff. CI P-value  Coeff. CI P-value  

No AC drug Ref   Ref   
Low AC drug .023 -.018,.064 0.264 .020 -.022,.062 0.358 
High AC drug .044 -.032,.119 0.256 .038 -.038,.115 0.326 
Time (Years) -.074 -.089,-.058 0.000 -.058 -.074,-.044 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time .002 -.015,.020 0.777 .006 -.012,.024 0.515 
High AC drug*Time -.011 -.043,.020 0.483 .003 -.030,.037 0.852 
Age .007 .005,.009 0.000 .003 .001,.051 0.012 
Sex (male)    -.076 -.112,-.040 0.000 
Race (black)    -.286 -.341,-.232 0.000 
Hispanic    -.631 -.698,-.564 0.000 
Education    .024 -.029,.018 0.000 
Alcohol    .010 -.059,.078 0.784 
Smoking    .089 .057,.121 0.000 
Body Mass Index    -.008 -.011,-.005 0.000 
Living Independently    .171 .144,.200 0.000 
Married    .011 -.025,.046 0.560 
Family Dementia    .021 -.004,.046 0.097 

 
  



 

129 

Table 4-7.  Continued 

Covariates Model 3 Model 4 
 Coeff. CI P-value Coeff. CI P-value 

No AC Drug Ref   Ref   
Low AC Drug .028 -.015,.071 0.21 .026 -.023,.075 0.300 
High AC Drug .031 -.048,.110 0.440 .050 -.037,.137 0.260 
Time (Years) -.055 -.070,-.040 0.000 -.063 -.079,-.047 0.000 
No AC Drug*Time Ref   Ref   
Low AC Drug*Time .003 -.015,.022 0.724 .007 -.014,.027 0.516 
High AC Drug*Time .007 -.027,.042 0.673 .003 -.038,.040 0.861 
Age .002 .000,.005 0.042 .002 .001,.005 0.129 
Sex (Male) -.072 -.110,-.035 0.000 -.100 -.141,-.055 0.000 
Race (Black) -.263 -.319,-.208 0.000 -.233 -.299,-.167 0.000 
Hispanic -.615 -.683,-.548 0.000 -.662 -.746,-.579 0.000 
Education .026 -.031,.021 0.000 -.022 -.028,.016 0.000 
Alcohol Use .010 -.059,.080 0.770 .018 -.063,.099 0.664 
Smoking .092 .060,.125 0.000 .100 .063,.138 0.000 
Body Mass Index -.006 -.010,-.003 0.000 -.009 -.013,-.005 0.000 
Living Independently .172 .143,.200 0.000 .162 .130,.194 0.000 
Married -.001 -.035,.037 0.940 .007 -.034,.048 0.742 
Family Dementia .022 -.003,.048 0.082 .016 -.012,.045 0.265 
Cardiovascular Disease .049 .017,.082 0.003 .038 .001,.074 0.045 
Cerebrovascular Disease -.069 -.113,-.024 0.002 -.036 -.087,.014 0.156 
Parkinson Disease .030 -.058,.117 0.509 .045 -.061,.150 0.406 
Neurological Disease -.036 -.077,.006 0.094 -.029 -.076,.019 0.233 
Hypertension -.050 -.083,-.016 0.003 -.039 -.076,-.001 0.042 
Hypercholestrolemia .002 -.030,.035 0.884 .002 -.035,.039 0.904 
Diabetes -.064 -.111,-.017 0.008 -.048 -.103,.007 0.088 
Vitamin B12 deficiency -.046 -.106,.014 0.133 .033 -.037,.102 0.355 
Thyroid Disease .090 .050,.130 0.000 .096 .050,.141 0.000 
Incontinence -.018 -.055,.019 0.341 -.019 -.061,.023 0.370 
Depression -.023 -.051,.005 0.109 -.017 -.049,.015 0.296 
APOE4    -.060 -.099,-.020 0.003 



 

130 

1. Abbreviations: AC=Anticholinergics; Ref=Referent. Coeff. =Coefficients; CI= 95% Confidence Interval; APOE4=allele 
producing the ε4 type of apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia . 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, vitamin b12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 4-8.  Multivariable linear mixed model regression of change in executive function scores with time 

Covariates Model 1 Model 2 
 Coeff. Cl P-value Coeff. CI P-value 

No AC drug Ref   Ref   
Low AC drug .073 .033,.113 0.000 .065 .024,.105 0.002 
High AC drug .124 .049,.199 0.001 .102 .026,.177 0.008 
Time (Years) .079 .068,.090 0.000 .055 .045,.066 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time -.007 -.025,.0115 0.467 -.010 -.028,.008 0.284 
High AC drug*Time -.011 -.046,.024 0.551 -.016 -.051,.020 0.380 
Age .006 .004,.008 0.000 .005 .003,.007 0.000 
Sex (male)    -.168 -.199,-.136 0.000 
Race (black)    .426 .378,.474 0.000 
Hispanic    .236 .176,.296 0.000 
Education    .217 .159,.275 0.000 
Alcohol    -.034 -.095,.027 0.278 
Smoking    -.004 -.033,.025 0.781 
Body Mass Index    -.008 -.011,-.005 0.000 
Living independently    -.253 -.280,-.226 0.000 
Married    -.063 -.095,-.030 0.000 
Family dementia    -.017 -.043,.009 0.198 
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Table 4-8.  Continued 

Covariates Model 3 Model 4 
 Coeff. CI P-value Coeff. CI P-value 

No AC drug Ref   Ref   
Low AC drug .054 .012,.097 0.011 .057 .008,.105 0.022 
High AC drug .104 .027,.182 0.009 .101 .014,.187 0.024 
Time (Years) .048 .037,.059 0.000 .050 .038,.620 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time -.008 -.027,.011 0.395 -.010 -.031,.011 0.348 
High AC drug*Time -.012 -.049,.024 0.499 -.002 -.040,.037 0.937 
Age .005 .003,.008 0.000 .006 .004,.009 0.000 
Sex (male) -.174 -.208,-.140 0.000 -.186 -.225,-.147 0.000 
Race (black) .419 .370,.468 0.000 .392 .333,.452 0.000 
Hispanic .225 .163,.286 0.000 .230 .154,.306 0.000 
Education .222 .163,.282 0.000 .270 .199,.340 0.000 
Alcohol -.037 -.099,.025 0.246 -.003 -.077,.071 0.932 
Smoking -.004 -.034,.025 0.782 -.006 -.040,.028 0.723 
Body Mass Index -.009 -.012,-.005 0.000 -.006 -.009,-.003 0.001 
Living independently -.244 -.272,-.217 0.000 -.244 -.276,-.213 0.000 
Married -.055 -.089,-.023 0.001 -.064 -.102,-.025 0.001 
Family dementia -.017 -.043,.009 0.200 -.016 -.046,.014 0.297 
Cardio. disease -.014 -.045,.016 0.348 -.009 -.043,.026 0.624 
Cerebro. disease .124 .083,.164 0.000 .091 .049,.138 0.000 
Parkinson disease .327 .245,.408 0.000 .283 .184,.381 0.000 
Neurological disease -.028 -.068,.011 0.165 -.064 -.109,-.020 0.005 
Hypertension .024 -.006,.055 0.119 .0111 -.024,.046 0.531 
Hypercholestrolemia -.020 -.049,.010 0.186 -.003 -.037,.031 0.857 
Diabetes .052 .009,.095 0.017 .007 -.049,.058 0.771 
Vitamin B12 deficiency .048 -.007,.103 0.089 .044 -.020,.108 0.179 
Thyroid disease -.038 -.074,-.001 0.042 -.060 -.102,-.017 0.006 
Incontinence .003 -.031,.038 0.850 -.006 -.045,.034 0.783 
Depression .058 .031,.086 0.000 .058 .027,.089 0.000 
APOE4    .046 .011,.082 0.018 
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1. Abbreviations: AC=Anticholinergics; Ref=Referent. Coeff. =Coefficients; CI= 95% Confidence Interval; APOE4=allele 
producing the ε4 type of apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia . 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardio vascular disease, cerebro  vascular  disease, 
Parkinson disease, neurological disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Table 4-9.  Multivariable linear mixed model regression of change in language scores with time 

Covariates Model 1 Model 2 
 Coeff. CI P-value Coeff. CI P-value 

No AC drug Ref   Ref   
Low AC drug .045 .005,.086 0.028 0.028 .016,.099 0.006 
High AC drug .029 -.043,.102 0.429 0.429 -.066,.084 0.815 
Time (Years) -.137 .005,.086 0.028 0.028 .016,.099 0.006 
No AC drug*Time Ref.   Ref.   
Low AC drug*Time -.012 -.027,.004 0.141 -.015 -.030,.001 0.074 
High AC drug*Time .010 -.018,.038 0.469 .018 -.011,.048 0.215 
Age .000 -.027,.004 0.141 -.309 -.350-.268 0.000 
Sex (male)    -.474 -.537,-.411 0.000 
Race (black)    -.304 -.383,-.225 0.000 
Hispanic    .119 .043,.195 0.002 
Education    .028 -.047,.103 0.460 
Alcohol    .046 .001,.083 0.013 
Smoking    .012 .009,.016 0.000 
Body Mass Index    .207 .181,.234 0.000 
Living independently    .019 -.019,.058 0.326 
Married    .006 -.016,.028 0.606 
Family dementia    -.015 -.030,.001 0.074 
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Table 4-9.  Continued 

Covariates Model 3 Model 4 
 Coeff. CI P-value Coeff. CI P-value 

No AC drug Ref   Ref   
Low AC drug .067 .024,.110 0.002 .062 .040,.111 0.012 
High AC drug -.004 -.080,.073 0.996 -.012 -.096,.073 0.786 
Time (Years) -.118 -.137,-.099 0.000 -.126 -.147,-.104 0.000 
No AC drug*Time Ref   Ref   
Low AC drug*Time -.017 -.033,.001 0.037 -.015 -.033,.004 0.116 
High AC drug*Time .020 -.010,.049 0.190 .009 -.022,.041 0.567 
Age -.002 -.005,.001 0.166 .000 -.003,.003 1.000 
Sex (male) -.314 -.357,-.271 0.000 -.337 -.387,-.287 0.000 
Race (black) -.465 -.530,-.400 0.000 -.445 -.523,-.367 0.000 
Hispanic -.230 -.379,-.220 0.000 -.341 -.442,-.241 0.000 
Education .113 .035,.189 0.004 .063 -.029,.156 0.177 
Alcohol .017 -.060,.094 0.658 .007 -.084,.098 0.881 
Smoking .042 .005,.079 0.028 .039 -.005,.082 0.080 
Body Mass Index .013 .009,.017 0.000 .013 .009,.017 0.000 
Living independently .210 .183,.236 0.000 .200 .170,.230 0.000 
Married .019 -.020,.058 0.338 .024 -.021,.069 0.300 
Family dementia .001 -.021,.024 0.904 -.003 -.028,.023 0.836 
Cardio. disease .018 -.016,.051 0.305 .014 -.024,.055 0.464 
Cerebro. disease -.014 -.061,.033 0.566 -.031 -.085,.022 0.254 
Parkinson disease .045 -.049,.138 0.346 .058 -.053,.167 0.306 
Neurological disease .021 -.022,.064 0.337 .022 -.027,.071 0.378 
Hypertension .012 -.022,.050 0.438 .010 -.031,.051 0.640 
Hypercholestrolemia .036 .001,.071 0.044 .019 -.021,.059 0.352 
Diabetes -.018 -.071,.035 0.514 .010 -.052,.072 0.748 
Vitamin B12 deficiency .036 -.027,.100 0.263 .052 -.022,.127 0.170 
Thyroid disease .028 -.016,.073 0.215 .026 -.028,.077 0.328 
Incontinence .011 -.028,.049 0.586 .031 -.012,.075 0.157 
Depression -.024 -.052,.003 0.084 -.009 -.040,.022 0.567 
APOE4    -.070 -.116,-.023 0.003 
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1. Abbreviations: AC=Anticholinergics; Ref=Referent. Coeff. =Coefficients; CI= 95% Confidence Interval; APOE4=allele 
producing the ε4 type of apolipoprotein E. 
2. Model 1 is adjusted for age. 
3. Model 2 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index,  
living independence, marriage status, family history of dementia . 
4. Model 3 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, , incontinence, depression. 
5. Model 4 is adjusted for age, sex, race, ethnicity (hispanic), education level, alcohol abuse, smoking, Body Mass Index, 
living independence, marriage status, family history of dementia, cardiovascular disease, cerebrovascular  disease, 
Parkinson  disease, neurological  disease, hypertension, hypercholesterolemia, diabetes, Vitamin B12 deficiency, thyroid 
disease, incontinence, depression, APOE4. 
5. Statistical significance achieved at p≤.05. 
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Figure 4-1.  Plot of adjusted estimated means of global cognitive scores over follow up visits 

  

  No AC           4024                  3872                        2835                        1992                     1262                        843 
  Low AC           777                     738                          499                          330                       220                        136  
  High AC          196                     170                          111                            65                          53                          19  
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Figure 4-2.  Plot of adjusted estimated means of memory scores over follow up visits 
 
  

  No AC           4017                  3784                        2808                        1971                     1247                        832 
  Low AC           759                     729                          491                          326                       219                        135  
  High AC          193                     167                          110                            65                          52                          19  
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Figure 4-3.  Plot of adjusted estimated means of attention scores over follow up visits 
 
  

  No AC           4024                  3822                        2819                        1979                     1254                        828 
  Low AC           765                     734                          495                          328                       220                        136  
  High AC          192                     170                          111                            65                          52                          19  
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Figure 4-4.  Plot of adjusted estimated means of executive function scores over follow up visits 
 
  

  No AC           4016                  3834                        2763                        1945                     1224                        812 
  Low AC           767                     720                          485                          312                       214                        131  
  High AC          195                     166                          105                            65                          51                          19  
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Figure 4-5.  Plot of adjusted estimated means of language scores over follow up visits 
 
  

  No AC           4024                  3862                        2821                        1982                     1259                        839 
  Low AC           775                     737                          497                          329                       220                        136  
  High AC          195                     169                          111                            65                          53                          19  
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CHAPTER 5 
CONCLUSIONS 

 
Background 

Since the first case of AD was described, researchers have tried to understand 

the mechanism of the disease in detail. They know a lot about the pathology and the 

biochemical mechanisms that play a major role in the development and the progression 

of the disease. However, the fundamental question still remains unanswered—what is 

the etiology of the Alzheimer’s disease? In the absence of knowledge of the underlying 

etiology, various theories have been proposed to describe the loss of memory and 

cognition, the hallmark of AD. One of the oldest and the most promising theories that 

attempts to explain the mechanism of memory and cognitive changes in the AD patients 

is “Cholinergic Hypothesis of Geriatric Memory Dysfunction”. This theory suggests that 

AD-related cognitive changes are associated with a decline in basal forebrain 

cholinergic neurotransmission. According to this hypothesis, acetylcholine plays a 

critical role in cerebral cortical development, cognitive performance, learning, and 

memory (Lu & Tune, 2003). What is more interesting is that the drugs which improve 

central cholinergic functions tend to improve cognitive functions in patients suffering 

from AD (Schubert et al., 2006). This evidence supports the view that acetylcholine has 

an important role in the development of cognitive impairment and dementia. AD is the 

most common cause of dementia and the sixth leading cause of death in the U.S.   

As the U.S. population ages, the prevalence of AD and associated comorbidities 

and mortality is bound to continue to increase. Because of the urgency to minimize AD-

related adverse health consequences the National Plan to Address Alzheimer’s Disease 

and the National Alzheimer’s Project Act (NAPA) were created on priority basis in 
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January 2011. One of the overarching goals of the NAPA is to “Prevent and Effectively 

Treat Alzheimer’s disease by 2025” and one of the strategies to accomplish that goal is 

to “Accelerate Efforts to Identify Early and Presymptomatic Stages of Alzheimer’s 

Disease”. It is important to note that the underlying pathology of AD starts years before 

the appearance of the clinical sign and symptoms. While aiming to achieve NAPA goals, 

this study focused on older adults who are at greater risk of cognitive impairment. 

Previous studies have shown that anticholinergics act against the cholinergic system in 

the brain and are related to development of dementia (Bird, Stranahan, Sumi, & 

Raskind, 1983; Etienne et al., 1986; Henke & Lang, 1983). We designed our study to 

see the effects of dementia among a very selective population of older adults with QCI. 

These individuals are at the borderline, and a significant event in life may push these 

individuals toward dementia. Therefore, it is crucial that we understand the effects of AC 

medications in this population.  

Discussion 

We hypothesized that the older adults with QCI who take AC medications will 

have lower cognitive scores on neuropsychological tests as compared to those who do 

not take AC medications. We also hypothesized that individuals who take AC 

medications are more likely to develop dementia in the future and are more likely to 

have reduced cognitive score over time. In Chapter 2, we investigated the relationship 

between AC medication use and cognition using a cross-sectional analysis of baseline 

data. The results highlighted that older adults with QCI who were taking AC 

medications, contrary to our hypothesis, had better cognitive scores at baseline 

compared to those not taking AC medications. These results prompt us to think of the 
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reasons and mechanisms that might be involved in actions of anticholinergic drugs that 

might improve cognition. To further investigate, we performed time-to-event analysis in 

Chapter 3. The results of this analysis showed that there was no significant difference in 

the rate of incident dementia among the individuals who took AC medications as 

compared to those who did not. This clarified that the long-term risk of developing 

dementia was similar among individuals who took AC medication as compared to those 

who did not. This suggests that AC medications do not have differentially harmful long-

term effects on cognition compared to those who do not take the medication. To further 

explore the trajectories of change in cognitive scores, we conducted a more 

sophisticated model using a mixed model repeated measure analysis in Chapter 4. We 

found that over the follow-up duration, the cognitive scores were generally higher 

among AC medication groups compared to the no AC medication group. These results 

suggest that AC medication use in this specific population is associated with an 

attenuated decline in cognition levels as compared to those not taking AC medications. 

In addition, over follow up time the cognitive scores in AC medication group remain 

higher than the no AC medication group. One of the possible explanations is that the 

AC medications are given to treat comorbidities. These medical conditions have their 

own independent deleterious effects on cognition. It is possible that the AC medications 

while decreasing the burden of comorbidity, helps elevate cognition. As older adults 

suffer from chronic diseases and regularly take medications, the beneficial effects of AC 

medications can be seen in our longitudinal analysis. We used standardized z-scores, 

estimated against cognitively normal population in the NACC dataset, to estimate the 

distribution of cognitive scores and assess change in cognitive outcome. Standardized 
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z-score is a better measure to evaluate cognitive outcomes over a large population. A 

standard deviation change in global and domain specific cognitive scores among older 

adults reflects a larger change in cognitive functions as compared to the normal 

population. Therefore, we presume that there was a significant cognitive decline in our 

population of older adults with questionable cognitive impairment over the follow up 

period.     

We hypothesized that older adults with questionable cognitive impairment that 

take medications with anticholinergic properties are more likely to have poor cognitive 

functions. Our hypothesis was based upon the theory—“Cholinergic Hypothesis of 

Memory Loss”— which substantiated that anticholinergic compounds are associated 

with memory loss and might be implicated in Alzheimer’s Disease (Drachman and 

Leavitt, 1974). However, the results of the study do not completely support the 

hypothesis of cholinergic loss. The results of these studies focus on an important issue 

about the theory of cholinergic hypothesis of memory loss that at what level of cognition 

anticholinergic effects start to impede cognitive functions and aid in the process of 

dementia and AD. Keeping in mind the roles that compensatory mechanisms play in the 

preventing cognitive functions, the anticholinergic medications could have a debilitating 

effect on cognitive functions only when a certain level of cognition threshold has been 

attained for the anticholinergic medications to induce cognitive impairment. As long as 

the cognitive functions are above that threshold, the cumulative effect of anticholinergic 

medications might not be potent enough to counter the compensatory mechanisms. 

Therefore, while we did not specifically test this hypothesis, we presume that 

medications helping to alleviatie disease effects might preserve cognitive function, 
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which could delay cognitive decline in older adults with questionable cognitive 

impairment.   

Future Directions 

Many gaps exist in the literature about the development of dementia and the 

mechanism through which AC medications affect the cognitive profiles in older adults. 

Our future research will focus on filling some of those gaps. The NACC population was 

selected from the hospital, patient and physician referrals which might not be the true 

representation of the community dwelling older adults in the United States. We plan to 

replicate our results in other community dwelling populations. In addition, we would like 

to evaluate data in randomized controlled trials so that we can allocate participants to 

AC medications and analyze the cognitive change over time. 

 Another important issue within the domain of cognitive impairment is role of 

neuromodulators and other compensatory mechanisms that modulate the cognitive 

outcomes in older adults. It is important to include these factors in the analysis and 

assess their independent effects on cognition among older adults. It will be 

advantageous to perform moderator analysis to assess the effects of individual 

compensatory mechanisms and their accumulative effects on cognitive functions among 

at risk population. In addition to compensatory mechanisms, comorbidities mediate the 

process and course of dementia. Previous studies have shown that the diseases have 

their independent effects on cognitive impairment and play a vital role in dementia 

outcome. We plan to conduct mediator analysis to separate out the effects on 

comorbidities on dementia in the presence of anticholinergic medications. This will help 
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us to understand whether anticholinergic medications delay the process of dementia by 

alleviating the effect of comorbidity and to quantify that effect, if any. 

Biomarkers are important tool to objectively assess the impact of anticholinergic 

medication use on cognition among older adults. Amyloid plaques and neurofibrillary 

tangles deposits in the human brain are the hallmark of AD. We plan to retrospectively 

explore the association between anticholinergic drug use and neuropathological 

deposits of neurofibrillary plaques and tangles in postmortem brains of older adults. 

Based upon our previous knowledge, we would expect that higher anticholinergic 

exposure is associated with higher deposits of neurofibrillary plaques and tangles in 

postmortem brains. However, considering our results, it will be interesting to learn 

whether AC medication exposure protects against neurofibrillary deposits in the brain. 

This dissertation makes several useful contributions to the field of Alzheimer’s 

Disease, especially in the preclinical phase of AD. Our study results are in line with 

NAPA goals to identify vulnerable populations and to prevent cognitive decline in an at-

risk population. We have provided new epidemiological evidence about AC medication 

use and cognitive impairment. The work also opens up a new debate about the utility of 

AC medications in older adults, especially those with QCI. In the quest for scientific 

evidence, we hope that future work will identify risk factors that contribute to the etiology 

of AD that will aid in development of effective interventions to prevent cognitive 

impairment. 
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APPENDIX A 
ANTICHOLINERGIC DRUG SCALE LEVELS SAS CODE 

data XYZ ;   

SET  ABC ; 

ADS  = . ; 

if  acarbose    =     1  then  ADS  =    0; 

if  acetaminophen   =     1  then  ADS  =    0;  

if  acetazolamide   =     1  then  ADS  =    0; 

if  aceticacidtopical   =     1  then  ADS  =    0; 

if  acyclovir    =     1  then  ADS  =    0; 

if  adenosine    =     1  then  ADS  =    0; 

if  albuterol    =     1  then  ADS  =    0; 

if  alendronate    =     1  then  ADS  =    0; 

if  allopurinol    =     1  then  ADS  =    0; 

if  alprazolam    =     1  then  ADS  =    2; 

if  aluminumcarbonate   =     1  then  ADS  =    0; 

if  aluminumhydroxide   =     1  then  ADS  =    0; 

if  amantadine    =     1  then  ADS  =    2; 

if  amiloride    =     1  then  ADS  =    0; 

if  amiodarone    =     1  then  ADS  =    0; 

if  amitriptyline   =     1  then  ADS  =    3; 

if  amlodipine    =     1  then  ADS  =    0; 

if  ammoniumlactatetopical=        1  then  ADS  =    0; 

if  amoxicillin    =     1  then  ADS  =    0; 

if  amoxicillinclavulanate=    1  then  ADS  =    0; 

if  ampicillin    =     1  then  ADS  =    2; 

if  anagrelide    =     1  then  ADS  =    0; 

if  anastrozole    =     1  then  ADS  =    0; 

if  anileridine    =     1  then  ADS  =    0; 

if  apapdichloralphenazoneisomethep=  1  then  ADS  =    0; 

if  apraclonidineophthalmic=   1  then  ADS  =    0; 

if  ascorbicacid   =     1  then  ADS  =    0; 

if  aspirin    =     1  then  ADS  =    0; 

if  atenolol    =     1  then  ADS  =    0; 

if  atorvastatin   =     1  then  ADS  =    0; 

if  atropine    =     1  then  ADS  =    3; 

if  azathioprine   =     1  then  ADS  =    2; 

if  azithromycin   =     1  then  ADS  =    0; 

if  bacitracinophthalmic=     1  then  ADS  =    0; 
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if  bacitracintopical   =     1  then  ADS  =    0; 

if  baclofen    =     1  then  ADS  =    0; 

if  balsamperutopical   =     1  then  ADS  =    0; 

if  beclomethasone   =     1  then  ADS  =    0; 

if  beclomethasonenasal =     1  then  ADS  =    0; 

if  benazepril    =     1  then  ADS  =    0; 

if  benzocainetopical   =     1  then  ADS  =    0; 

if  benzonatate    =     1  then  ADS  =    0; 

if  benztropine    =     1  then  ADS  =    3; 

if  betacarotene   =     1  then  ADS  =    0; 

if  betamethasoneclotrimazoletopica=  1  then  ADS  =    0; 

if  betamethasonetopical      1  then  ADS  =    0; 

if  betaxololophthalmic =    1  then  ADS  =    0; 

if  bethanechol    =     1  then  ADS  =    0; 

if  bicalutamide   =     1  then  ADS  =    0; 

if  bisacodyl    =     1  then  ADS  =    0; 

if  bismuthsubsalicylate=    1  then  ADS  =    0; 

if  bisoprolol    =     1  then  ADS  =    0; 

if  brimonidineophthalmic=    1  then  ADS  =    0; 

if  brinzolamideophthalmic=   1  then  ADS  =    0; 

if  bromocriptine   =     1  then  ADS  =    2; 

if  brompheniramine   =     1  then  ADS  =    3; 

if  budesonide    =     1  then  ADS  =    0; 

if  budesonidenasal   =     1  then  ADS  =    0; 

if  bumetanide    =     1  then  ADS  =    0; 

if  bupropion    =     1  then  ADS  =    0; 

if  buspirone    =     1  then  ADS  =    0; 

if  butabarbital   =     1  then  ADS  =    0; 

if  butalbital    =     1  then  ADS  =    0; 

if  caffeine    =     1  then  ADS  =    0; 

if  calaminetopical   =     1  then  ADS  =    0; 

if  calcipotrienetopical=   1  then  ADS  =    0; 

if  calcitonin    =     1  then  ADS  =    0; 

if  calcitriol    =     1  then  ADS  =    0; 

if  calciumacetate   =     1  then  ADS  =    0; 

if  calciumandvitamind  =     1  then  ADS  =    0; 

if  calciumcarbonate    =     1  then  ADS  =    0; 

if  camphormentholtopical=    1  then  ADS  =    0; 

if  candesartan    =     1  then  ADS  =    0; 

if  captopril    =     1  then  ADS  =    2; 

if  carbacholophthalmic =     1  then  ADS  =    0; 
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if  carbamazepine   =     1  then  ADS  =    3; 

if  carbamideperoxideotic=    1  then  ADS  =    0; 

if  carbidopa    =     1  then  ADS  =    0; 

if  carbinoxamine   =     1  then  ADS  =    3; 

if  carisoprodol   =     1  then  ADS  =    0; 

if  carvedilol    =     1  then  ADS  =    0; 

if  casanthranol   =     1  then  ADS  =    0; 

if  casanthranoldocusate=      1  then  ADS  =    0; 

if  cascarasagrada   =     1  then  ADS  =    0; 

if  castoroil    =     1  then  ADS  =    0; 

if  cefaclor    =     1  then  ADS  =    0; 

if  cefamandole    =     1  then  ADS  =    2; 

if  cefazolin    =     1  then  ADS  =    0; 

if  cefixime    =     1  then  ADS  =    0; 

if  cefoxitin    =     1  then  ADS  =    2; 

if  ceftibuten    =     1  then  ADS  =    0; 

if  ceftriaxone    =     1  then  ADS  =    0; 

if  cefuroxime    =     1  then  ADS  =    0; 

if  celecoxib    =     1  then  ADS  =    0; 

if  cephalexin    =     1  then  ADS  =    0; 

if  cephalothin    =     1  then  ADS  =    1; 

if  cerivastatin   =     1  then  ADS  =    0; 

if  cetirizine    =     1  then  ADS  =    0; 

if  cetylpyridiniumtopical=    1  then  ADS  =    0; 

if  chloralhydrate   =     1  then  ADS  =    0; 

if  chlorambucil   =     1  then  ADS  =    0; 

if  chlordiazepoxide    =     1  then  ADS  =    1; 

if  chlorhexidinetopical=     1  then  ADS  =    0; 

if  chlorothiazide   =     1  then  ADS  =    0; 

if  chlorpheniramine    =     1  then  ADS  =    3; 

if  chlorpromazine   =     1  then  ADS  =    3; 

if  chlorpropamide   =     1  then  ADS  =    0; 

if  chlorthalidone   =     1  then  ADS  =    1; 

if  chlorzoxazone   =     1  then  ADS  =    0; 

if  cholestyramine   =     1  then  ADS  =    0; 

if  chondroitin    =     1  then  ADS  =    0; 

if  ciclopiroxtopical   =     1  then  ADS  =    0; 

if  cilastatin    =     1  then  ADS  =    0; 

if  cilostazol    =     1  then  ADS  =    0; 

if  cimetidine    =     1  then  ADS  =    3; 

if  ciprofloxacin   =     1  then  ADS  =    0; 
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if  cisapride    =     1  then  ADS  =    0; 

if  citalopram    =     1  then  ADS  =    0; 

if  clarithromycin   =     1  then  ADS  =    0; 

if  clavulanate    =     1  then  ADS  =    0; 

if  clemastine    =     1  then  ADS  =    3; 

if  clindamycin    =     1  then  ADS  =    1; 

if  clindamycintopical  =     1  then  ADS  =    0; 

if  clobazam         =     1  then  ADS  =    0; 

if  clodronate         =     1  then  ADS  =    0; 

if  clomipramine        =     1  then  ADS  =    3; 

if  clonazepam         =     1  then  ADS  =    1; 

if  clonidine         =     1  then  ADS  =    0; 

if  clopidogrel         =     1  then  ADS  =    0; 

if  clorazepate         =     1  then  ADS  =    1; 

if  clotrimazole        =     1  then  ADS  =    0; 

if  cloxacillin         =     1  then  ADS  =    0; 

if  clozapine         =     1  then  ADS  =    3; 

if  codeine    =     1  then  ADS  =    1; 

if  colchicine         =     1  then  ADS  =    0; 

if  colestipol         =     1  then  ADS  =    0; 

if  collagenasetopical  =   1  then  ADS  =    0; 

if  conjugatedestrogens =    1  then  ADS  =    0; 

if  cortisone    =     1  then  ADS  =    1; 

if  cranberry    =     1  then  ADS  =    0; 

if  cromolyn    =     1  then  ADS  =    0; 

if  cyanocobalamin   =     1  then  ADS  =    0; 

if  cyclobenzaprine   =     1  then  ADS  =    3; 

if  cyclophosphamide    =     1  then  ADS  =    0; 

if  cycloserine    =     1  then  ADS  =    1; 

if  cyclosporine   =     1  then  ADS  =    1; 

if  cyproheptadine   =     1  then  ADS  =    3; 

if  danazol    =     1  then  ADS  =    0; 

if  dantrolene    =     1  then  ADS  =    0; 

if  darifenacin    =     1  then  ADS  =    3; 

if  demeclocycline   =     1  then  ADS  =    0; 

if  desipramine    =     1  then  ADS  =    3; 

if  desmopressin   =     1  then  ADS  =    0; 

if  desonidetopical   =     1  then  ADS  =    0; 

if  desoximetasonetopical=     1  then  ADS  =    0; 

if  dexamethasone   =     1  then  ADS  =    1; 

if  dexamethasonenasal  =     1  then  ADS  =    0; 
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if  dexamethasoneophthalmic=    1  then  ADS  =    0; 

if  dexamethasonetopical=     1  then  ADS  =    0; 

if  dextromethorphan    =     1  then  ADS  =    0; 

if  diazepam    =     1  then  ADS  =    1; 

if  diclofenac    =     1  then  ADS  =    0; 

if  dicyclomine    =     1  then  ADS  =    3; 

if  dienestroltopical   =     1  then  ADS  =    0; 

if  diflunisal    =     1  then  ADS  =    0; 

if  digitoxin    =     1  then  ADS  =    1; 

if  digoxin    =     1  then  ADS  =    1; 

if  dihydroxyaluminumsodiumcarbonat=  1  then  ADS  =    0; 

if  diltiazem    =     1  then  ADS  =    1; 

if  dimenhydrinate   =     1  then  ADS  =    3; 

if  diphenhydramine   =     1  then  ADS  =    3; 

if  diphenoxylate   =     1  then  ADS  =    0; 

if  dipivefrinophthalmic=     1  then  ADS  =    0; 

if  dipyridamole   =     1  then  ADS  =    1; 

if  dirithromycin   =     1  then  ADS  =    0; 

if  disopyramide   =     1  then  ADS  =    3; 

if  divalproexsodium    =     1  then  ADS  =    1; 

if  dobutamine    =     1  then  ADS  =    0; 

if  docusate    =     1  then  ADS  =    0; 

if  donepezil    =     1  then  ADS  =    0; 

if  dopamine    =     1  then  ADS  =    0; 

if  dorzolamideophthalmic=    1  then  ADS  =    0; 

if  doxazosin    =     1  then  ADS  =    0; 

if  doxepin     =     1  then  ADS  =    3; 

if  doxycycline    =     1  then  ADS  =    0; 

if  duloxetine    =     1  then  ADS  =    0; 

if  econazoletopical    =     1  then  ADS  =    0; 

if  edrophonium    =     1  then  ADS  =    0; 

if  enalapril    =     1  then  ADS  =    0; 

if  enoxaparin    =     1  then  ADS  =    0; 

if  entacapone    =     1  then  ADS  =    0; 

if  epoetinalfa    =     1  then  ADS  =    0; 

if  ergocalciferol   =     1  then  ADS  =    0; 

if  ergoloidmesylates   =     1  then  ADS  =    0; 

if  erythromycin   =     1  then  ADS  =    0; 

if  escitalopram   =     1  then  ADS  =    0; 

if  esomeprazole   =     1  then  ADS  =    0; 

if  estazolam    =     1  then  ADS  =    1; 
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if  esterifiedestrogens =    1  then  ADS  =    0; 

if  estradiol    =     1  then  ADS  =    0; 

if  estradioltopical    =     1  then  ADS  =    0; 

if  estropipate    =     1  then  ADS  =    0; 

if  ethambutol    =     1  then  ADS  =    0; 

if  ethinylestradiol    =     1  then  ADS  =    0; 

if  etidronate    =     1  then  ADS  =    0; 

if  etodolac    =     1  then  ADS  =    0; 

if  famotidine    =     1  then  ADS  =    1; 

if  felbamate    =     1  then  ADS  =    0; 

if  felodipine    =     1  then  ADS  =    0; 

if  fenofibrate    =     1  then  ADS  =    0; 

if  fentanyl    =     1  then  ADS  =    1; 

if  ferrousgluconate    =     1  then  ADS  =    0; 

if  ferroussulfate   =     1  then  ADS  =    0; 

if  fexofenadine   =     1  then  ADS  =    0; 

if  filgrastim    =     1  then  ADS  =    0; 

if  finasteride    =     1  then  ADS  =    0; 

if  flavoxate    =     1  then  ADS  =    3; 

if  flecainide    =     1  then  ADS  =    0; 

if  fluconazole    =     1  then  ADS  =    0; 

if  fludrocortisone   =     1  then  ADS  =    0; 

if  flumazenil    =     1  then  ADS  =    0; 

if  flunisolide    =     1  then  ADS  =    0; 

if  fluocinonidetopical =      1  then  ADS  =    0; 

if  fluoridetopical   =     1  then  ADS  =    0; 

if  fluorometholoneophthalmic=   1  then  ADS  =    0; 

if  fluoxetine    =     1  then  ADS  =    1; 

if  fluphenazine   =     1  then  ADS  =    1; 

if  flurazepam    =     1  then  ADS  =    1; 

if  flutamide    =     1  then  ADS  =    0; 

if  fluticasone    =     1  then  ADS  =    0; 

if  fluticasonesalmeterol=    1  then  ADS  =    0; 

if  fluvastatin    =     1  then  ADS  =    0; 

if  fluvoxamine    =     1  then  ADS  =    1; 

if  folicacid    =     1  then  ADS  =    0; 

if  fosinopril    =     1  then  ADS  =    0; 

if  furosemide    =     1  then  ADS  =    1; 

if  gabapentin    =     1  then  ADS  =    0; 

if  galantamine    =     1  then  ADS  =    0; 

if  gemfibrozil    =     1  then  ADS  =    0; 
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if  gentamicin    =     1  then  ADS  =    1; 

if  gentamicinophthalmic=     1  then  ADS  =    0; 

if  gentamicintopical   =     1  then  ADS  =    0; 

if  ginkgo    =     1  then  ADS  =    0; 

if  glimepiride    =     1  then  ADS  =    0; 

if  glipizide    =     1  then  ADS  =    0; 

if  glucagon    =     1  then  ADS  =    0; 

if  glucosamine    =     1  then  ADS  =    0; 

if  glyburide    =     1  then  ADS  =    0; 

if  glycerintopical   =     1  then  ADS  =    0; 

if  guaifenesin    =     1  then  ADS  =    0; 

if  guanfacine    =     1  then  ADS  =    0; 

if  halcinonidetopical  =     1  then  ADS  =    0; 

if  haloperidol    =     1  then  ADS  =    0; 

if  heparin    =     1  then  ADS  =    0; 

if  hydralazine    =     1  then  ADS  =    1; 

if  hydrochlorothiazide =     1  then  ADS  =    0; 

if  hydrocodone    =            1  then  ADS  =    0; 

if  hydrocortisone   =     1  then  ADS  =    0; 

if  hydrocortisoneophthalmic=   1  then  ADS  =    0; 

if  hydrocortisoneotic  =     1  then  ADS  =    0; 

if  hydrocortisonetopical=         1  then  ADS  =    0; 

if  hydromorphone   =     1  then  ADS  =    0; 

if  hydroxychloroquine  =          1  then  ADS  =    0; 

if  hydroxypropylmethylcelluloseoph=  1  then  ADS  =    0; 

if  hydroxyurea    =     1  then  ADS  =    0; 

if  hydroxyzine    =     1  then  ADS  =    3; 

if  hyoscyamine    =     1  then  ADS  =    3; 

if  ibuprofen    =     1  then  ADS  =    0; 

if  imipenem    =     1  then  ADS  =    0; 

if  imipramine    =     1  then  ADS  =    3; 

if  indapamide    =     1  then  ADS  =    0; 

if  indomethacin   =     1  then  ADS  =    0; 

if  insulin    =     1  then  ADS  =    0; 

if  ipratropium    =     1  then  ADS  =    0; 

if  irbesartan    =     1  then  ADS  =    0; 

if  ironpolysaccharide  =     1  then  ADS  =    0; 

if  isoniazid    =     1  then  ADS  =    0; 

if  isosorbide    =     1  then  ADS  =    1; 

if  isosorbidedinitrate =     1  then  ADS  =    1; 

if  isosorbidemononitrate=    1  then  ADS  =    1; 
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if  isradipine    =     1  then  ADS  =    0; 

if  ketoconazoletopical =     1  then  ADS  =    0; 

if  ketoprofen    =     1  then  ADS  =    0; 

if  ketotifenophthalmic =     1  then  ADS  =    1; 

if  labetalol    =     1  then  ADS  =    0; 

if  lactase    =     1  then  ADS  =    0; 

if  lactulose    =     1  then  ADS  =    0; 

if  lamotrigine    =     1  then  ADS  =    0; 

if  lanolinmineraloiltopical=    1  then  ADS  =    0; 

if  lansoprazole   =     1  then  ADS  =    0; 

if  latanoprostophthalmic=    1  then  ADS  =    0; 

if  leuprolide    =     1  then  ADS  =    0; 

if  levobunololophthalmic=    1  then  ADS  =    0; 

if  levodopa    =     1  then  ADS  =    0; 

if  levofloxacin   =     1  then  ADS  =    0; 

if  levothyroxine   =     1  then  ADS  =    0; 

if  lidocaine    =     1  then  ADS  =    0; 

if  lindanetopical   =     1  then  ADS  =    0; 

if  liothyronine   =     1  then  ADS  =    0; 

if  lisinopril    =     1  then  ADS  =    0; 

if  lithium    =     1  then  ADS  =    0; 

if  loperamide    =     1  then  ADS  =    1; 

if  loratadine    =     1  then  ADS  =    0; 

if  lorazepam    =     1  then  ADS  =    1; 

if  losartan    =     1  then  ADS  =    0; 

if  loteprednolophthalmic=      1  then  ADS  =    0; 

if  lovastatin    =     1  then  ADS  =    0; 

if  loxapine    =     1  then  ADS  =    3; 

if  lvpsolution    =     1  then  ADS  =    0; 

if  lysine    =     1  then  ADS  =    0; 

if  magnesiumpreparations=    1  then  ADS  =    0; 

if  mannitol    =     1  then  ADS  =    0; 

if  meclizine    =     1  then  ADS  =    3; 

if  medroxyprogesterone =     1  then  ADS  =    0; 

if  megestrol    =     1  then  ADS  =    0; 

if  meperidine    =     1  then  ADS  =    3; 

if  meprobamate    =     1  then  ADS  =    0; 

if  mesalamine    =     1  then  ADS  =    0; 

if  metaxalone    =     1  then  ADS  =    0; 

if  metformin    =     1  then  ADS  =    0; 

if  methazolamide   =     1  then  ADS  =    0; 
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if  methenamine    =     1  then  ADS  =    0; 

if  methotrexate   =     1  then  ADS  =    0; 

if  methotrimeprazine   =     1  then  ADS  =    3; 

if  methyclothiazide    =     1  then  ADS  =    0; 

if  methylcellulose   =     1  then  ADS  =    0; 

if  methyldopa     =     1  then  ADS  =    0; 

if  methyleneblue   =     1  then  ADS  =    0; 

if  methylphenidate   =     1  then  ADS  =    0; 

if  methylprednisolone  =     1  then  ADS  =    1; 

if  methylprednisolonetopical=  1  then  ADS  =    0; 

if  methyltestosterone  =    1  then  ADS  =    0; 

if  metoclopramide   =     1  then  ADS  =    0; 

if  metolazone    =     1  then  ADS  =    0; 

if  metoprolol    =     1  then  ADS  =    0; 

if  metronidazole   =     1  then  ADS  =    0; 

if  mexiletine    =     1  then  ADS  =    0; 

if  miconazoletopical   =     1  then  ADS  =    0; 

if  midazolam    =     1  then  ADS  =    1; 

if  midodrine    =     1  then  ADS  =    0; 

if  mineraloil    =     1  then  ADS  =    0; 

if  minocycline    =     1  then  ADS  =    0; 

if  mirtazapine    =     1  then  ADS  =    0; 

if  misoprostol    =     1  then  ADS  =    0; 

if  moexipril    =     1  then  ADS  =    0; 

if  molindone    =     1  then  ADS  =    2; 

if  mometasonenasal   =     1  then  ADS  =    0; 

if  montelukast    =     1  then  ADS  =    0; 

if  morphine    =     1  then  ADS  =    1; 

if  moxifloxacin   =     1  then  ADS  =    0; 

if  multivitamin   =     1  then  ADS  =    0; 

if  mupirocintopical    =     1  then  ADS  =    0; 

if  nabumetone    =     1  then  ADS  =    0; 

if  nadolol    =     1  then  ADS  =    0; 

if  naloxone    =     1  then  ADS  =    0; 

if  naproxen    =     1  then  ADS  =    0; 

if  nateglinide    =     1  then  ADS  =    0; 

if  nefazodone    =     1  then  ADS  =    0; 

if  neomycinophthalmic  =    1  then  ADS  =    0; 

if  niacin    =     1  then  ADS  =    0; 

if  nifedipine    =     1  then  ADS  =    1; 

if  nisoldipine    =     1  then  ADS  =    0; 
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if  nitrofurantoin   =     1  then  ADS  =    0; 

if  nitroglycerin   =     1  then  ADS  =    0; 

if  nizatidine    =     1  then  ADS  =    1; 

if  norepinephrine   =     1  then  ADS  =    0; 

if  norfloxacin    =     1  then  ADS  =    0; 

if  nortriptyline   =     1  then  ADS  =    3; 

if  nystatin    =     1  then  ADS  =    0; 

if  octreotide    =     1  then  ADS  =    0; 

if  ofloxacin    =     1  then  ADS  =    0; 

if  olanzapine    =     1  then  ADS  =    1; 

if  olopatadineophthalmic=     1  then  ADS  =    0; 

if  omeprazole    =     1  then  ADS  =    0; 

if  orphenadrine   =     1  then  ADS  =    3; 

if  oxazepam    =     1  then  ADS  =    1; 

if  oxcarbazepine   =     1  then  ADS  =    2; 

if  oxybutynin    =     1  then  ADS  =    3; 

if  oxycodone    =     1  then  ADS  =    1; 

if  oxymetazolinenasal  =     1  then  ADS  =    0; 

if  pamidronate    =     1  then  ADS  =    0; 

if  pancrelipase   =     1  then  ADS  =    0; 

if  pancuronium    =     1  then  ADS  =    1; 

if  pantoprazole   =     1  then  ADS  =    0; 

if  papaverine    =     1  then  ADS  =    0; 

if  paroxetine    =     1  then  ADS  =    1; 

if  penicillin    =     1  then  ADS  =    0; 

if  pentoxifylline   =     1  then  ADS  =    0; 

if  pergolide    =     1  then  ADS  =    0; 

if  perindopril    =     1  then  ADS  =    0; 

if  permethrintopical   =     1  then  ADS  =    0; 

if  perphenazine   =     1  then  ADS  =    1; 

if  petrolatumtopical   =     1  then  ADS  =    0; 

if  phenazopyridine   =     1  then  ADS  =    0; 

if  phenelzine    =     1  then  ADS  =    1; 

if  phenobarbital   =     1  then  ADS  =    0; 

if  phenylephrine   =     1  then  ADS  =    0; 

if  phenylpropanolamine =     1  then  ADS  =    0; 

if  phenylsalicylate    =     1  then  ADS  =    0; 

if  phenytoin    =     1  then  ADS  =    0; 

if  phytonadione   =     1  then  ADS  =    0; 

if  pilocarpineophthalmic=    1  then  ADS  =    0; 

if  pimozide    =     1  then  ADS  =    2; 
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if  pindolol    =     1  then  ADS  =    0; 

if  pioglitazone   =     1  then  ADS  =    0; 

if  piperacillin   =     1  then  ADS  =    1; 

if  pirbuterol    =     1  then  ADS  =    0; 

if  piroxicam    =     1  then  ADS  =    0; 

if  pivampicillin   =     1  then  ADS  =    0; 

if  polycarbophil   =     1  then  ADS  =    0; 

if  polyethyleneglycolelectrolyteso=  1  then  ADS  =    0; 

if  polymyxinbophthalmic=     1  then  ADS  =    0; 

if  potassiumbicarbonate=     1  then  ADS  =    0; 

if  potassiumchloride   =     1  then  ADS  =    0; 

if  potassiumcitrate    =     1  then  ADS  =    0; 

if  pramipexole    =     1  then  ADS  =    0; 

if  pramoxinetopical    =     1  then  ADS  =    0; 

if  pravastatin    =     1  then  ADS  =    0; 

if  prazosin    =     1  then  ADS  =    0; 

if  prednisolone   =     1  then  ADS  =    1; 

if  prednisoloneophthalmic=    1  then  ADS  =    0; 

if  prednisone    =     1  then  ADS  =    1; 

if  primidone    =     1  then  ADS  =    0; 

if  probenecid    =     1  then  ADS  =    0; 

if  procainamide   =     1  then  ADS  =    1; 

if  prochlorperazine    =     1  then  ADS  =    1; 

if  procyclidine   =     1  then  ADS  =    3; 

if  progesterone   =     1  then  ADS  =    0; 

if  promethazine   =     1  then  ADS  =    3; 

if  propafenone    =     1  then  ADS  =    0; 

if  propantheline   =     1  then  ADS  =    3; 

if  propoxyphene   =     1  then  ADS  =    0; 

if  propranolol    =     1  then  ADS  =    0; 

if  propylthiouracil    =     1  then  ADS  =    0; 

if  protriptyline   =     1  then  ADS  =    3; 

if  pseudoephedrine   =     1  then  ADS  =    0; 

if  psyllium    =     1  then  ADS  =    0; 

if  pyrazinamide   =     1  then  ADS  =    0; 

if  pyridostigmine   =     1  then  ADS  =    0; 

if  pyrilamine    =     1  then  ADS  =    3; 

if  quetiapine    =     1  then  ADS  =    0; 

if  quinapril    =     1  then  ADS  =    0; 

if  quinidine    =     1  then  ADS  =    0; 

if  quinine    =     1  then  ADS  =    0; 
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if  rabeprazole    =     1  then  ADS  =    0; 

if  raloxifene    =     1  then  ADS  =    0; 

if  ramipril    =     1  then  ADS  =    0; 

if  ranitidine    =     1  then  ADS  =    2; 

if  repaglinide    =     1  then  ADS  =    0; 

if  reserpine    =     1  then  ADS  =    0; 

if  rifampin    =     1  then  ADS  =    0; 

if  rimantadine    =     1  then  ADS  =    0; 

if  rimexoloneophthalmic=     1  then  ADS  =    0; 

if  risedronate    =     1  then  ADS  =    0; 

if  risperidone    =     1  then  ADS  =    0; 

if  rofecoxib    =     1  then  ADS  =    0; 

if  ropinirole    =     1  then  ADS  =    0; 

if  rosiglitazone   =     1  then  ADS  =    0; 

if  salicylicacidtopical=    1  then  ADS  =    0; 

if  salmeterol    =     1  then  ADS  =    0; 

if  salsalate    =     1  then  ADS  =    0; 

if  scopolamine    =     1  then  ADS  =    3; 

if  selegiline    =     1  then  ADS  =    0; 

if  seleniumsulfidetopical=   1  then  ADS  =    0; 

if  senna       =     1  then  ADS  =    0; 

if  sertraline      =     1  then  ADS  =    1; 

if  silversulfadiazinetopical=   1  then  ADS  =    0; 

if  simethicone    =     1  then  ADS  =    0; 

if  simvastatin    =     1  then  ADS  =    0; 

if  sodiumbicarbonate   =     1  then  ADS  =    0; 

if  sodiumchloride   =     1  then  ADS  =    0; 

if  sodiumphosphate   =     1  then  ADS  =    0; 

if  sodiumsulfacetamideophthalmic= 1  then  ADS  =    0; 

if  sotalol    =     1  then  ADS  =    0; 

if  spironolactone   =     1  then  ADS  =    0; 

if  succinylcholine   =     1  then  ADS  =    0; 

if  sucralfate    =     1  then  ADS  =    0; 

if  sulfamethizole   =     1  then  ADS  =    0; 

if  sulfamethoxazole    =     1  then  ADS  =    0; 

if  sulindac    =     1  then  ADS  =    0; 

if  tacrine    =     1  then  ADS  =    0; 

if  tamoxifen    =     1  then  ADS  =    0; 

if  tamsulosin    =     1  then  ADS  =    0; 

if  temazepam    =     1  then  ADS  =    1; 

if  terazosin    =     1  then  ADS  =    0; 
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if  terbinafinetopical  =     1  then  ADS  =    0; 

if  terbutaline    =     1  then  ADS  =    0; 

if  terconazoletopical  =     1  then  ADS  =    0; 

if  tetracycline   =     1  then  ADS  =    0; 

if  theophylline   =     1  then  ADS  =    1; 

if  thiamine    =     1  then  ADS  =    0; 

if  thioridazine   =     1  then  ADS  =    3; 

if  thiothixene    =     1  then  ADS  =    1; 

if  thyroiddesiccated   =     1  then  ADS  =    0; 

if  ticlopidine    =     1  then  ADS  =    0; 

if  timolol    =     1  then  ADS  =    0; 

if  tobramycinophthalmic=     1  then  ADS  =    0; 

if  tolbutamide    =     1  then  ADS  =    0; 

if  tolcapone    =     1  then  ADS  =    0; 

if  tolterodine    =     1  then  ADS  =    3; 

if  topiramate    =     1  then  ADS  =    0; 

if  torsemide    =     1  then  ADS  =    0; 

if  tramadol    =     1  then  ADS  =    1; 

if  trandolapril   =     1  then  ADS  =    0; 

if  trazodone    =     1  then  ADS  =    0; 

if  triamcinolone   =     1  then  ADS  =    1; 

if  triamcinolonenasal  =     1  then  ADS  =    0; 

if  triamcinolonetopical=     1  then  ADS  =    0; 

if  triamterene    =     1  then  ADS  =    1; 

if  triazolam    =      1  then  ADS  =    1; 

if  trichlormethiazide  =      1  then  ADS  =    0; 

if  triethanolaminepolypeptideoleat= 1   then  ADS  =    0; 

if  trifluoperazine   =     1  then  ADS  =    1; 

if  trihexyphenidyl   =     1  then  ADS  =    3; 

if  trimethoprim   =     1  then  ADS  =    0; 

if  trimipramine   =     1  then  ADS  =    3; 

if  troglitazone   =     1  then  ADS  =    0; 

if  trypsin    =     1  then  ADS  =    0; 

if  tuberculinpurifiedproteinderiva=  1   then  ADS  =    0; 

if  ursodiol    =     1  then  ADS  =    0; 

if  valproicacid   =     1  then  ADS  =    1; 

if  valsartan    =     1  then  ADS  =    0; 

if  vancomycin    =     1  then  ADS  =    1; 

if  vecuronium    =     1  then  ADS  =    0; 

if  venlafaxine    =     1  then  ADS  =    0; 

if  verapamil    =     1  then  ADS  =    0; 
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if  vitamine    =     1  then  ADS  =    0; 

if  warfarin    =     1  then  ADS  =    1; 

if  zafirlukast    =     1  then  ADS  =    0; 

if  zaleplon    =     1  then  ADS  =    0; 

if  zincgluconate   =     1  then  ADS  =    0; 

if  zincsulfate    =     1  then  ADS  =    0; 

if  zolpidem    =     1  then  ADS  =    0; 

if  zopiclone    =     1  then  ADS  =    0; 

RUN; QUIT; 
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