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Abstract  

Introduction: Medications with anticholinergic properties, as their main effect or as a 

side effect, are widely prescribed, especially among the elderly to manage different 

health conditions. 

 Recent studies demonstrate that the use of medications with anticholinergic activity 

increase the risk of cognitive function decline, and physical or mental impairment, 

however the intensity of this response vary depending on the individual response. Thus, 

those effects are often missed, especially in the elderly or patients with a pre-existing 

condition such as dementia. These effects can be serious and may lead to an increased 

risk of mortality.  

Aim: The main aim of the study is to explore if the home medication review process 

can contribute to anticholinergic burden reduction caused by medications with 

anticholinergic side effects in elderly patients.   

Design and Methods: Prospective observational case-control studies, where two 

sessions of patient encounters—baseline and six-month follow—up were performed by 

the researcher. The researcher calculated the anticholinergic burden caused by 

medication side effect of each participant patient based on their current medications, 

excluding those medications used specifically as anticholinergics, and recommended 

alternatives that are possible to contribute to reduction in the patient total 

anticholinergic burden. The researcher observed participants in collaboration with their 

treating doctors. The study compared patients’ outcomes of those who have 

investigator’s recommendations implemented (cases) with those who did not have the 

investigator’s recommendations implemented (controls) by their treated doctor.  

The measurable variances were the reduction in the score on the Anticholinergic 

Cognitive Burden scale, improvement in the Kessler psychological distress scale and 
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improvement in worried about your memory results. The investigator delivered both the 

initial and the follow-up medication reviews, which included the administration of the 

two tools and calculation of the anticholinergic cognitive burden scale score and drug 

change recommendations to treating doctors. Pharmacist doctor collaboration was noted 

to understand if doctors are prepared for this level of collaboration.  

Results: Medication reviews conducted by the pharmacist revealed that medications 

changes were possible to reduce the anticholinergic cognitive burden score, but 

occasionally are impractical to implement due to patients’ medical conditions, drug 

interaction with their other medications and patient choice. When it was practical to 

change them the pharmacist’s recommendations were in most cases disregarded by 

doctors for reasons that were not communicated to the pharmacist.  

The study revealed that 60.40% of the participants had high anticholinergic burden 

score that did not correspond to the worried about your memory and Kessler 

psychological distress scale results. However, using statistical models the 

anticholinergic cognitive burden scale score was shown to have a significant impact on 

the Kessler psychological distress scale and an indirect impact on the worried about 

your memory ‘yes’ outcome through the total Kessler psychological distress scale score 

variables. Total Kessler psychological distress scale score can be used to potentially 

predict worried about your memory and vice versa. The type of medical conditions has 

been shown to affect both. 

The study also showed that it was possible to the pharmacists to administer the Kessler 

psychological distress scale and the worried about your memory questionnaires during 

medications reviews and to calculate the anticholinergic cognitive burden scale score 

afterword with marginal 30 minutes increase in time taken to complete the medication 

review; this can be beneficial to patients and to the treating doctor to know.  
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Conclusion: The study does not draw a clear conclusion on pharmacist ability to 

improve older patients’ cognitive functions through recommending alternative 

medications due to unavoidable factors that should be addressed by the appropriate 

professional bodies to improve communication between pharmacists and doctors to 

ensure that pharmacists’ recommendations were seriously reviewed and considered. 

Further research on the topic is required to further validate the study findings. 
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Chapter I – Introduction  

Many medications used for the treatment of chronic diseases exhibit unwanted 

anticholinergic properties. Those medications have the potential to reduce the actions of 

other medications and/or exacerbate some medical conditions. Many studies 

demonstrate that the use of medications with anticholinergic activity increase the risk of 

serious effects, including cognitive function decline. The main aim of the study is to 

explore if the home medication review process can contribute to anticholinergic burden 

reduction caused by medications with anticholinergic side effects in elderly patients.  

The study question was; Can pharmacist-led home medication review recommendations 

to reduce anticholinergic burden, caused by medications side effects, in older patients 

improve their cognitive functions without compromising therapeutic benefits? 

This thesis comprises six chapters. This chapter provides an outline of the study, which 

was commenced in 2012. 

Chapter II presents the literature review, used to identify the gap in knowledge and to 

develop the scope of this study’s concept and methodology. This chapter examined the 

relevant literature on medications with anticholinergic properties and their 

anticholinergic burden amongst the elderly. It identifies a gap in knowledge about the 

effect a reduction in such could have on the health and wellbeing of elderly patients. 

This gap will be used to develop the scope of this study’s concept and methodology for 

a population of elderly patients in suburban Sydney, New South Wales, Australia.  

The chapter also reviewed the literature on the role of pharmacists in reducing their 

anticholinergic burden, identifying that there has been insufficient research to date on 

the effect of reducing the ACB score through medication review recommendations and 

whether this reduction could improve cognitive function and memory in the elderly.    



2 

 

Chapter III addresses the research design and methodology, including the data 

collection and analysis techniques used in this study. It describes the resources used in 

developing pharmacist recommendations to general practitioners and identifies the 

interviews and observation structure used by the researcher to gather data about 

participants’ medications, memory and mood. 

Chapter IV presents the results of the data analysis including literature review search 

and simple medication review analysis where chapter V presents in-depth medication 

review analysis.  

Chapter VI discusses the results and findings. The chapter starts with the journey of 

developing the research project. The chapter then elaborates on the intervention phase; 

location, patients and health professionals as well as demographics, age, gender number 

approached, number enrolled health professionals and patients and location of patients. 

The chapter then talked about communication with doctors and the researcher 

experience in using the K10 and WAYM. Final points are discussed in the final section 

of the chapter, which highlights patient attitude, doctor responsiveness, pharmacist 

workload, and limitations. 

Chapter VII concludes this thesis. It presents the study’s final recommendations based 

on the findings from Chapter IV and chapter V, and identifies possible next steps in 

research in the area of anticholinergic burden caused by medication. 

The study does not draw a clear conclusion on pharmacist ability to improve older 

patients’ cognitive functions through recommending alternative medications due to 

different unavoidable factors which should be addressed by the professional bodies to 

improve the communication between pharmacists and doctors. Anticholinergic burden 

is a potential health problem which has been found to have negative effect on elderly 

cognition and memory. Pharmacists have the potential to play an essential role in 
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medication management through conducting medications reviews. Further research on 

the topic is required to further validate the study findings. 

The following papers have been published based on materials presented in chapter’s II, 

III, IV, V, VI and VII: 

1. Abed, H., Morrissey, H., Ball, P.A.  Pharmacists’ essential knowledge on 

cognitive impairment in the elderly population.  International Journal of Current 

Research 2017;9(12):62842-62848. ISSN: 0975-833X. Impact Factor 7.086 

2. Abed, H., Morrissey, H., Ball, P.A. The Effect of Medication Reviews on 

Reducing Medication Anticholinergic Burden in Elderly Patients.  International 

Journal of Recent Advances in Multidisciplinary Research 2017;4(11):3060-

3065.  ISSN 2350-0743. Impact factor 3.95. 

3. Abed, H., Ball, P.A., Morrissey, H. Barriers to early detection of cognitive 

impairment in the elderly despite the availability of simple cognitive-screening 

tools and the pharmacist’s role in early detection and referral.  Journal of 

Pharmacy Practice and Research 2017;47(4):287-293 DOI: 10.1002/jppr.1252. 

Impact factor 0.58, H index 18 
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Chapter II – Literature Review 

The age demographic of the world’s population is changing, with older individuals now 

making up a proportionally broader share of the entire population, with this trend 

expected to continue (1). People aged 65 years and over represented 13% of Australia’s 

population in 2007, with a projected increase to 25% in 2056 (2). This change will have 

significant implications for Australia in many spheres, including health (2). Ageing is 

associated with changes in pharmacokinetics and pharmacodynamics, and as a result of 

the control of chronic conditions, hence the increase in the number of prescribed 

medications, including those with anticholinergic properties (3).  

This chapter reviews the relevant literature to establish the need for further research. It 

represents the first phase of the research project. 

Acetylcholine Distribution, Receptors and Pharmacological Agents  

Acetylcholine (Ach) is an extremely versatile neurotransmitter utilised by different 

systems of the human body including the peripheral nervous system (PNS), central 

nervous system (CNS), motor division of the somatic nervous system, autonomic 

nervous system (ANS) (which includes all pre-ganglionic sympathetic neurons, all pre- 

and postganglionic parasympathetic neurons and some postganglionic sympathetic 

fibres) and autonomic ganglia (4, 5) Ach actions are mainly mediated by five 

muscarinic and four nicotinic receptor subtypes (4). Muscarinic receptors use G proteins 

for signalling, they are known to be metabotropic receptors. Muscarinic receptors are 

stimulated by Ach and muscarine and found in both CNS and PNS, including sweat 

glands, heart, lungs and the upper gastrointestinal tract (6). Nicotinic receptors are 

ionotropic (permeable to sodium, calcium and potassium ions), stimulated by Ach and 

nicotine, and mainly located in the CNS, sympathetic and parasympathetic autonomic 

ganglia and muscle end plates, so they are divided into neuronal and muscular types (6). 
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The wide spread of Ach in the body reflects its involvement in a variety of different 

peripheral and central bodily functions. Ach plays an important peripheral role in 

coordinating different processes, including inhibition and/or activation of different 

muscle contractions, for example, muscle activation of the gastrointestinal system and 

inhibition of cardiac muscle fibre contraction (4). Ach has a significant central role as a 

neuromodulator upon reward, arousal and plasticity, sustains attention and enhances 

sensory perceptions when awake (4). Moreover, Ach has the potential to promote 

learning and short-term memory as it is produced in several locations of the brain, 

including the basal forebrain (7). This is evident when Ach-producing cells in the basal 

forebrain are damaged, as in the early stages of Alzheimer’s disease (AD), and memory 

impairment may result (7). Thus, due to the ubiquitous role of Ach in the body, many 

medications target it to solve various medical problems. However, many medications 

interact with Ach due to their affinity to its receptors, leading to anticholinergic side 

effects (4). 

Three main groups of medications target Ach, including acetylcholinesterase inhibitors, 

cholinergic agonists and anticholinergic medications (8, 9). Acetylcholinesterase 

inhibitors are used to increase Ach in specific locations, for example, donepezil and 

galantamine for the purpose of therapy (10, 11). These medications decrease the 

breakdown of Ach, consequently reducing the apparent deficiency of cholinergic 

neurotransmitter activity in AD (11). Cholinergic agonists such as bethanechol 

primarily activate muscarinic receptors, which are innervated by postganglionic 

parasympathetic nerves (10) and act on autonomic ganglia and on cells with cholinergic 

(nicotinic) receptors (10, 12). These medications are used in many disorders, including 

bladder function disorder (13). Anticholinergic medications, such as benzhexol, 

benztropine, biperiden, hyoscine hydrobromide and oxybutynin, bind reversibly to 

muscarinic cholinergic receptors and compete against Ach, but neither prevent Ach 
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release nor react with it, and their action can be overcome by increasing Ach 

concentration (8, 14). Anticholinergic medications are used in many disorders, 

including respiratory, CNS, cardiovascular diseases (CVD), gastrointestinal tract and 

genitourinary tract disorders (8, 14). On the other hand, there are large groups of 

medications which are used in practice to treat conditions not related to Ach, but they 

exhibit an affinity for cholinergic receptors which may result in unwanted 

anticholinergic effects (15) . This is due to selectivity rather than specificity of these 

drugs as they affect more than one receptor site once they reach appropriately high 

concentrations within the biological systems (15). 

However, these medications have the potential to reduce the actions of other 

medications and/or exacerbate some medical conditions (16). This can be shown clearly 

in many studies demonstrating that the use of medications with anticholinergic activity 

increases the risk of serious effects, including cognitive decline (16, 17). 

Ageing Population and Medications with Anticholinergic Properties  

Age-Related Physiological Changes  

Ageing is the stage of life described as the progressive accumulation of random changes 

in functional units (3). These changes increase the inter-individual variability in 

physiological responses, including pharmacodynamic and pharmacokinetic 

responses (3).  

The physiological functional integration provided by regulatory processes between cells 

and organs is disrupted with ageing (3). Consequently, the maintenance of homeostasis 

in the elderly fails under different conditions of physiological stress (3). The loss of 

some of the physiological functions reserve is associated with decreased viability 

(capacity and ability to sustain normal body physiological processes)  and increased 

vulnerability (sensitivity to external factors such as medications) (3).  
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Ageing is associated with altered, usually increased, sensitivity to different classes of 

drugs due to reduced hepatic and renal clearance and increased volume of the 

distribution of drugs that are lipid soluble (3). Renal and hepatic systems also change, 

for instance, glomerular filtration rate, renal plasma flow and nephrons are reduced with 

age due to decreased renal mass (3). The reduction in renal function associated with 

ageing has the potential to affect even the drugs that are mainly metabolised in the liver 

(3). This was evident in a study that observed decreased activity of liver cytochrome 

P450 in renal failure (3).  

First-pass metabolism and/or activation are altered with ageing due to blood flow and 

liver mass reduction (3). As a result, the drugs that undergo extensive first-pass 

metabolism, such as propranolol, show a significant increase in bioavailability (3) and 

the activity of other drugs, such as enalapril, might be altered as they should be 

activated in the liver (3).  

Changes in body composition associated with ageing result in a considerable change in 

the drugs’ volume of distribution (Vd) (3). Older people have a small Vd of polar water-

soluble drugs, resulting in higher serum levels (3), and the Vd of non-polar medications 

tends to increase due to their lipid solubility (3). There are also major changes in the 

gastrointestinal system (absorption and metabolism) and cardiac structure and function 

(circulatory and vascular) (3). Examples include a reduction in stomach secreted 

hydrochloric acid and pepsin  and elasticity of the great arteries and the aorta (3).  
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Table 1: Age-related physiological changes (3) 

Change Explanation   

Pharmacodynamic  The functional integration provided by regulatory processes between 

cells and organs is disrupted 

The maintenance of homeostasis fails under different conditions of 

physiological stress  

Decreased viability and increased vulnerability  

Major changes in the gastrointestinal system and cardiac structure and 

function 

Pharmacokinetic: 

Liver 

 

 

 

Renal 

 

 

Body composition 

 

 

Hepatic clearance is reduced. 

First-pass metabolism and/or activation are altered. 

Blood flow and liver mass are reduced. 

  

Renal clearance is reduced. 

Glomerular filtration rate, renal plasma flow and nephrons are 

reduced 

 

Volume of the distribution is increased for drugs that are lipid soluble. 

Polar water-soluble drugs has small volume of the distribution 

resulting in higher serum levels 

 

Clinical Significance of Age-Related Physiological Changes 

Older adults are vulnerable to anticholinergic side effects due to the high probability of 

being exposed to anticholinergic medications because of their high medical co-

morbidity risks and consequent use of multiple prescribed and over-the-counter (OTC) 

medications (18). This vulnerability coincides with the natural occurrence of age-related 

changes in pharmacodynamics and pharmacokinetics, resulting in increased or reduced 

tolerance to medications in general, and to those with anticholinergic properties 

specifically (3). These combined risks lead to older people being more susceptible to 

medication side effects and to anticholinergic-related burden (18).  

Antihistamines are a group of medications that show anticholinergic properties (19). 

Most antihistamines are metabolised and detoxified by the P450 cytochrome system, a 

group of more than 50 enzymes responsible for a large number of toxins and drug 

metabolism (19). Some metabolic medical conditions can alter the production of liver 

enzymes and accordingly the formation of drug-liver enzyme complexes (19). 

Antihistamine medications are good example of that, where the plasma antihistamines 
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level may increase, and consequently the anticholinergic adverse effects (19). This may 

be further influenced by co-administration of other cytochrome P450 substrate 

medications that competitively inhibit its metabolism, such as the macrolides, calcium 

antagonists or antifungals (19). This necessitates dose adjustment, as the plasma 

concentration of antihistamine drugs is unpredictable. The concentration range for 

which the incidence of side effects is minimal should therefore be considered. 

Furthermore, most antihistamines are eliminated by the kidneys, and biliary excretion is 

possible (19). Thus, doses should be adjusted in the case of liver and/or kidney 

impairment, which are common physiological changes among the elderly (19).  

Similarly, antipsychotics, another group of medications that exhibit anticholinergic 

properties, are readily absorbed and metabolised by the hepatic cytochrome P450 

system (20). Thus, they are prone to drug interactions and their dose must be adjusted in 

the elderly as the hepatic system is changed with ageing. Antidepressants show 

anticholinergic properties and are commonly used among older people (21). Patients 

aged over 60 years develop, in some cases, may show twice the plasma concentration 

when compared to younger individuals who take the same dose of tricyclic 

antidepressants (TCA) (21). The levels of paroxetine, fluoxetine and norfluoxetine are 

greatly affected by age (21). Higher plasma levels of paroxetine and fluoxetine can 

develop in physically healthy elderly individuals than in young individuals (21). 

Significant liver impairment doubles and triples the half-life of norfluoxetine and 

fluoxetine respectively (21). Moreover, the clearance of secondary and tertiary amine 

TCA is decreased in liver impairment and the impairment of left ventricular cardiac 

function (21). Furthermore, the clearance of hydroxylated metabolite of TCA is 

decreased during renal impairment (21). Clearance is also likely to decrease with 

impairment in the left ventricular cardiac function as hepatic clearance is dependent on 

hepatic arterial blood flow (21). Thus, caution must be observed when initiating 
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antidepressants in an older patient, as a high dose will result in drug accumulation and 

hence anticholinergic toxicity.  

Anti-Parkinson’s medications are another group of medications with anticholinergic 

properties. Most of these medications, except amantadine, are eliminated unchanged 

from the body by the renal system (22). With the normal decline of renal function in the 

elderly, patients diagnosed with Parkinson’s disease,  dose should be closely monitored 

to prevent  potential drug toxicity (22).  

Other groups of medications that show anticholinergic properties include: CVD 

medications, for example, frusemide, digoxin, nifedipine and disopyramide; 

antidiarrheal medications, for example, atropine; antispasmodic medications, for 

example, hyoscyamine and propantheline; antiulcer medications for example, 

cimetidine and ranitidine; urinary incontinence medications such as, but not limited to, 

oxybutynin, phenothiazine antiemetics, for example, prochlorperazine and promethazine 

(23). The physiological changes in the elderly make them more sensitive to developing 

serious anticholinergic-related adverse effects. 

Therapeutic Use of Anticholinergic Medications  

Anticholinergic medications are commonly prescribed to the elderly to treat different 

disease states. Thirty-six million older Americans take anticholinergic medications for 

different conditions, such as allergies, depression, hypertension, Parkinson’s disease, 

vertigo, chronic obstructive pulmonary disease (COPD), asthma, CVD, incontinence, 

psychotic symptoms and behavioural problems (18, 24). However, no data were found 

for the Australian population as this is a new area of interest for researchers in Australia.  

Chronic Obstructive Pulmonary Disease   

It has been shown that anticholinergic medications play a major role in COPD 

management (25). The global initiative for chronic obstructive lung disease guidelines 
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recommends anticholinergic (β2-agonist) bronchodilators as the first-line treatment for 

COPD (25). Moreover, It has been demonstrated that inhaled anticholinergic agents 

result in dyspnoea improvement and may have effects on exacerbations and health 

status (25). One study used the Transitional Dyspnoea Index and Borg scale to measure 

the effectiveness of ipratropium and tiotropium therapy (26), showing that ipratropium 

and tiotropium reduce dyspnoea over a treatment of a few days to weeks and a few 

months respectively (26). It has also been demonstrated that anticholinergics such as 

ipratropium and tiotropium are effective in improving health status as measured by the 

St. George’s Respiratory Questionnaire (a commonly used measure of health status in 

COPD, which measures three main components of the patient’s overall health: 

symptoms, activity level and impact) with tiotropium showing greater improvement 

than ipratropium (26). Thus, anticholinergic medications have the potential to benefit 

COPD patients, including the elderly (27).  

Urinary Incontinence  

Anticholinergic drugs have the potential to inhibit involuntary detrusor contraction, so 

they are used in the treatment of urge incontinence. A Cochrane Review of the use of 

anticholinergics for urge incontinence showed that anticholinergic therapies were better 

in improvement rates or subjective cures than a placebo (relative risk (RR), 1.41; 95% 

confidence interval (CI), 1.29–1.54) (28). The same study demonstrated that 

anticholinergic drugs were better in improving the leakage episodes over twenty-four 

hours than a placebo (Weighted mean difference [WMD], −0.56; 95% CI, −0.73 to 

−0.39) (28). The study also found that the most common side effect was dry mouth, 

with the risk three times higher with oxybutynin (RR, 3.23; 95% CI, 2.48–4.20) and 

tolterodine (RR, 3.02; 95% CI, 2.45–3.71) compared with a placebo (28). Furthermore, 

the extended-release oxybutynin was associated with a significantly lower mean number 

of weekly incontinent episodes compared with tolterodine with no difference in side 
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effects (29). Additionally, there was no significant difference between oral and 

transdermal oxybutynin in the reduction of average daily incontinent episodes, but dry 

mouth occurred more frequently with oral oxybutynin (Number Needed to Harm 

[NNH], 2; 95% CI, 2–4) (30, 31). Thus, anticholinergic medications are commonly used 

among the elderly to treat urinary incontinence caused by detrusor instability, who 

appear to be at particular risk of toxicity attributed to reduced renal and total clearance 

of the drug leading to drug accumulation (32). 

Parkinson’s Disease  

The first pharmacological agents used to treat Parkinson’s disease were anticholinergic 

therapies (33). Anticholinergic drugs still take a significant part in the treatment of 

Parkinson’s disease, though new medications such as levodopa and other centrally 

acting dopaminergic agonists have replaced their use to a great extent (33).  During the 

early stages of Parkinson’s disease, anticholinergic medications are used as 

monotherapy, and in more advanced stages they work synergistically with levodopa (L-

dopa) (34). Anticholinergic medications have the potential to delay the use of L-dopa 

due to their use during the early stages of disease progression, allowing the patient to 

have optimal use of L-dopa at a later stage of the disease (35). Moreover, 

anticholinergic medications may allow L-dopa dose reduction, thus further extending 

the use of L-dopa in more advanced cases (33).  

Elderly Patients and the Use of Anticholinergic Medications 

A study with a sample size of 4000 older adult patients in primary urban settings in the 

UK showed that nearly 60% of the patients received at least one anticholinergic 

medication (36). Another study conducted in France with 372 randomly selected older 

patients found that 14% received one or more anticholinergic medications (36). More 

than 30% of the elderly who reside in nursing homes take more than two medications 

with anticholinergic properties, and 5% take more than five anticholinergic drugs (36). 
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Therefore, it can be assumed that older persons are at greater risk of developing drug-

induced adverse effects not only due to polypharmacy, but also due to ageing-related 

changes in pharmacokinetics and pharmacodynamics (3). A recent study of 4853 elderly 

participants conducted in Australia by Ball, Morrissey and Pilotto (2013) illustrated that 

about 87% of the participants took at least one medication with anticholinergic 

properties (37). The use of medications with anticholinergic side effects are more 

problematic in practice compared with medications used specifically for their definite 

anticholinergic effects, due to their wide spread use where also some are available as 

over the counter self-selected medications e.g. proton pump inhibitors.  The same study 

showed that the use of medications with definite anticholinergic effects is relatively 

limited (about 4%) compared with the use of medications with anticholinergic 

properties (nearly 90%) (36). Figures 1 and 2 summarise the frequency of prescribing 

different drug with definite and potential anticholinergic effects respectively. 

 

Figure 1- The frequency of prescribing different drug classes with ACB scores of 3 or 2 (permission to use 

warranted by the authors) (37) 
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Figure 2 - The frequency of prescribing different drug classes with ACB scores of 1 (permission to use 

warranted by the authors) (37) 

  

The Toxicity of Anticholinergic Medications 

Medications exhibiting anticholinergic properties can cause some level of physical and 

mental impairment (18). However, as those effects might appear to have minor 

consequences on the patient’s pre-existing condition, they may be ignored and 

disregarded. Those side effects might be uncomfortable for patients in relatively good 

cognitive health, but in susceptible patients, particularly the elderly or patients with a 

pre-existing condition like dementia, these effects can be serious and may lead to an 
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increased risk of mortality (18). Thus, health professionals need to be familiar with 

these effects to prevent or monitor their occurrence, providing patients with the best 

therapeutic outcomes and least possible side effects (18).  

Peripheral Nervous System 

Peripheral side effects may be easier to diagnose because they are presented in a more 

physical way than central side effects (38). Peripheral symptoms include constipation, 

dry mouth, urinary retention, dilated pupils, bowel obstruction, blurred vision, increased 

heart rate and decreased sweating (38). Although such side effects may not seem 

serious, they can be associated with many medical complications (18). For example, dry 

mouth, the most common side effect, may appear insignificant at first sight, but can lead 

to denture or dental problems, decline in communication and impaired nutritional status 

(18).  

Another peripheral side effect is constipation, which can lead to faecal impaction, pain, 

urinary retention (18) and increased need for catheterisation (18). If a patient already 

suffers dementia in which faecal impaction occurs frequently, incontinence may occur, 

and possible agitation might result because of the associated discomfort (18). Treating 

agitation with antipsychotic drugs that exhibit anticholinergic properties will worsen the 

impaction and exacerbate the agitation (18).  

Medications with anticholinergic properties also have the potential to cause mydriasis 

and cycloplegia, which are manifested as paralysis of accommodation and 

photophobia (38).  

In patients with narrow angle glaucoma, medications with anticholinergic properties can 

cause dangerous rises in intraocular pressure. the blurred vision and mydriasis may 

increase the risk injuries (38). Furthermore, one study found a significant association 

between the ACB score and a high rate of falls in elderly patients (39).   
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Central Nervous System   

Due to the role of the cortical cholinergic system in memory function and attention 

processes (40), the central side effects of medications with anticholinergic properties are 

associated with attention deficit, confusion, impaired concentration and memory (18). 

Many studies have shown short-term or cross-sectional links between functional or 

cognitive impairment and the use of medications which exhibit anticholinergic 

properties (41). A recent study in France with 544 older participants showed that poorer 

performance in the mini-mental state examination (MMSE) was more highly associated 

with participants who continuously use medications with anticholinergic properties over 

one year than non-users (42). The Personnes Agees Quid (PAQUID) population study 

(n = 1780) also showed a significant association between the use of anticholinergic 

medications and the poorer performance on the MMSE and visual memory and verbal 

fluency (43). One study with 3075 participants demonstrated that the use of 

anticholinergic medications had led to accelerated decline over six years on 

psychomotor speed, executive functioning and attention (41). The Health, Ageing, and 

Body composition study (n = 3075) reported that the use of medications with 

anticholinergic properties was associated with poorer performance using the digit 

symbol substitution test for cognitive performance and continuous measure for physical 

function (44). An association has also been reported between high anticholinergic serum 

level and slowing in simple response time, gait and MMSE scores in elderly volunteers 

in the psychogeriatric inpatient ward with moderate to severe dementia (n = 26) (45) 

and a community-dwelling cohort (n = 201) (46) equally (45-47).  

A recent cohort community-dwelling study of 544 older men who suffered 

hypertension, demonstrated that cumulative anticholinergic exposure can lead to poor 

performance on verbal memory over two years (23). Several cross-sectional studies 

conducted in the elderly population have demonstrated a link between anticholinergic 
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medication and psychomotor speed, global cognitive functioning, implicit learning, 

cognitive functioning and declarative and visual memory (23). Cognitive impairment 

has been identified as central to abnormalities in different medical conditions such as 

schizophrenia and dementia; medications used in treating both conditions possess 

anticholinergic properties that have the potential to exacerbate pre-existing impairment. 

Dementia is one of the most common medical conditions in the elderly population (48). 

It is estimated that by 2020 dementia will affect around 42 million persons worldwide 

(49). In 2010, the number of Australians who suffered dementia was more than 255,000 

(50). By 2050, the number of dementia cases is expected to approach one million, 

quadruple the 2010 figure (50, 51), with most expected to suffer AD (52). The earliest 

and most frequent symptom of AD is memory impairment (48). The cholinergic system 

in AD is affected dramatically (48). For instance, during the early stages of AD the 

episodic memory, which is considered to be part of the declarative memory that deals 

with autobiographical events in a certain space and time context (53), is impaired (52). 

Thus, the partial restoration of the Ach levels is the main goal of AD treatment (52). 

The severity of conditions such as dementia may be misdiagnosed in patients who are 

receiving medications with anticholinergic side effects (52). A study conducted among 

69 patients who used cholinesterase inhibitors for AD investigated whether there were 

any cognitive impairment effects caused by medications with anticholinergic properties 

in the presence of cognitive enhancing therapy (42). The study showed that although 

under continuous cognitive enhancing therapy, those with concomitant anticholinergic 

medications showed greater cognitive decline at two years than those not exposed to 

such medications (42). Additionally, the literature shows that treatments that combine 

multiple drugs with modest anticholinergic activity have the potential to increase 

cognitive impairment in elderly patients with dementia (5, 54, 55).  
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Measurement Tools for Anticholinergic Burden  

A number of tools have been established to measure Anticholinergic burden due to the 

adverse outcomes resulted from exposure to medications with anticholinergic properties 

among the elderly. These tools include Anticholinergic cognitive burden (ACB), serum 

anticholinergic activity (SAA), the Anticholinergic risk scale (ARS), the drug burden 

index anticholinergic subscale (DBI-ACH) and the Anticholinergic Drug Scale (ADS). 

Anticholinergic Cognitive Burden Scale  

The ACB is a rating scale used to measure anticholinergic burden (56). It is a useful tool 

to guide health professional intervention in elderly patients to achieve as low 

anticholinergic-related adverse events as possible. Also, the ACB score can be used as a 

research tool to examine the use of anticholinergic medications in populations with high 

risk, such as demented patients. Based on anticholinergic properties, each medication is 

given a score of 1, 2 or 3. A score of either 2 or 3 is given to medications which 

definitely possess anticholinergic effects, and a score of 1 is given to medications with 

potential anticholinergic effects (57). For each medication with definite anticholinergic 

effects a 46% increase in cognitive impairment risk may result over six years (17). 

Moreover, the rise in the total score of the ACB by one point has been linked with a 

26% increased risk of death and a reduction in MMSE score by 0.33 points over two 

years (17).  

Serum Anticholinergic Activity  

Serum anticholinergic activity (SAA) also indicates anticholinergic burden (56). To 

calculate SAA, serum should be drawn and stored at –20 degrees until assayed using a 

specific method (56). The procedure involves measurement of tritiated quinuclidinyl 

benzilate (a strong anticholinergic compound) specific binding to the muscarinic 

receptor of rat brain in the presence of the subject’s serum (56). Anticholinergic 
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substances and other serum substances that have an affinity for muscarinic receptors 

will compete with tritiated quinuclidinyl benzilate for the binding to muscarinic sites 

(56). The procedure uses atropine as a reference by measuring its ability to displace 

tritiated quinuclidinyl benzilate at different concentrations (56). Elevation of SAA does 

not show which drug contributes to anticholinergic burden, so it is limited in indicating 

which drug can be discontinued (56). However, SAA is still one of the gold standards in 

measuring anticholinergic burden (56). 

Anticholinergic Risk Scale  

The Anticholinergic Risk Scale (ARS) assesses the risks of adverse effects caused by 

drugs with anticholinergic properties by estimating the degree to which a patient may be 

at risk of delirium and cognitive dysfunction (58). ARS involves dividing the 

medications into sections, with each section is allocated a score from 0 to 3 points, in 

which 0 indicates low or no risk and 3 indicates a high potential for anticholinergic 

effects (58). If the total of all section scores is high, the risk increases (58). 

Agreement /disagreement between different Anticholinergic burden tools 

A wide variability exists between the different Anticholinergic burden tools when 

classifying people who have been exposed to medications with anticholinergic 

properties. A cross-sectional study (in a cohort of community-dwelling people 

≥70 years and n=1696), compared anticholinergic medications exposure calculated by 

ADS, ACB, and DBI-ACH tools, and showed that there was a poor agreement 

regarding anticholinergic drug exposure among ARS, ADS, ACB and DBI-ACH and 

good agreement between the ACB and ADS. The study found that 13% of people used a 

medication listed as a medication with anticholinergic properties on the ARS, 18% used 

≥1anticholinergic medication listed on the DBI-ACH, and 39% of the people used a 

medication listed on the ADS and the ACB(59). Another cross-sectional secondary 

analysis evaluated the concordance of five commonly used anticholinergic scales (ACB, 
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ADS, ARS, Drug Burden Index anticholinergic component (DBI-ACh) and summated 

Anticholinergic medications scale (SAMS)) conducted among 3055 community-

dwelling adults aged between 70 and 79 (60). The study found that the concordance 

between the five anticholinergic tools was low to moderate (60). Thus, great care must 

be taken when selecting a tool to use in measuring or calculating the ACB and when 

using the literature to interpret the results, due to the discrepancy of the ACB score or 

effects produced by them. Additionally, researchers must ensure that results compared 

when the same tool is used, or the limitation is identified when comparing results which 

are based on different tools. 

Management of Anticholinergic Side Effects/Toxicity 

The wide use of medications that exhibit anticholinergic properties results in the 

increased use of medications to treat the anticholinergic side effects. The following are 

some of these side effects. 

Delirium 

Many studies demonstrate that delirium is likely to occur in patients receiving 

medications with anticholinergic properties such as oxybutynin, clozapine and 

amitriptyline (59). Susceptible patients, such as those with organic cognitive deficits, or 

the elderly, may become confused or delirious when treated with such medications. One 

study showed that delirium had been temporarily reversed by the use of intravenous 

physostigmine (a parasympathomimetic alkaloid reversible cholinesterase inhibitor), 

suggesting that delirium is caused by the anticholinergic properties of these medications 

(60). If delirium occurs, consideration should be given to reducing the dose of these 

medications, slowing the rate of dose escalation, and limiting the absolute dose (6). 
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Tachycardia  

The anticholinergic properties of some medications have the potential to cause vagal 

inhibition, which can lead to tachycardia (61). Tachycardia affects many patients, 

occurring in approximately 25% of patients using clozapine, with a mean increase of 

10–15 beats per minute (62). This has the potential to limit the rate at which the dose 

can be increased, but generally, tolerance develops within a couple of weeks (63). 

Electrocardiogram (ECG) can be conducted if symptomatic or sustained tachycardia 

occurs. Non-specific ST-T segment changes, sinus tachycardia, inversions, and/or T-

wave flattening are sometimes seen (64). If tachycardia remains or disturbs the patient, 

a slower upward titration or smaller dose should be considered (64). Otherwise, beta-

blockers can be used (65). Atenolol is relatively cardioselective medication, which may 

be preferable to use in patients with asthma or diabetes comorbidity. It is less lipophilic 

than propranolol, as a result it is less likely to cross the blood-brain barrier and cause 

CNS effects such as fatigue reducing the elderly risk of falls (66).  

Constipation  

Constipation occurs in patients treated with medications with anticholinergic properties. 

Three deaths from severe ileus and constipation have been reported among patients who 

took medications with anticholinergic properties (67, 68). Patients can be encouraged to 

modify their eating habits by eating a high fibre diet, drinking plenty of fluids, and 

exercising (67, 68). In cases of mild constipation, fibre supplements such as 

unprocessed bran or psyllium are safe and effective (68). Stool softeners and laxatives 

such as docusate sodium and milk of magnesia can be used for more distressing 

symptoms. In more severe cases, short-term stimulant cathartics such as senna, 

phenolphthalein and bisacodyl can be used, as long-term use of stimulant cathartics can 

result in degenerative changes in nerves and colonic muscles. If necessary, an enema 

can be used (68).  
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Nausea  

Medications with anticholinergic properties have the potential to cause nausea (63). The 

pathophysiological basis for this symptom is uncertain but may involve the 

anticholinergic effect of delayed gastric emptying, constipation and bloating (64). 

Metoclopramide has been used with some success (69). Other successful treatments 

include antacids and H2 blockers (64). However, cimetidine should be avoided, 

especially in elderly patients, as it inhibits the microsomal P-450 system within the liver 

and hence raises the blood concentration of medications metabolised by this 

system (70). 

Urinary Retention 

Data from observational studies suggest that up to 10% of urinary retention cases might 

be attributable to the use of concomitant medication (71). Urinary retention has been 

attributed to the use of medications with anticholinergic properties (e.g. antipsychotic 

drugs, antidepressant agents and anticholinergic respiratory agents) (71). Elderly 

patients are at higher risk of developing drug-induced urinary retention than patients in 

other age groups (71). This is because of the existing co-morbidities in elderly patients, 

such as benign prostatic hyperplasia (BPH), and the use of other concomitant 

medication that could reinforce the impairing effect on micturition (71). The induced 

urinary retention by drugs with anticholinergic properties is generally treated by urinary 

catheterisation, especially if acute, in combination with reduction or discontinuation of 

the causal drug (71). 

Cognitive Impairment  

Cognitive function is a concept of the multidimensional domains that accompany the 

performance of the normal healthy brain, including psychomotor ability, concentration 

and attention, information processing speed, executive function, visuospatial skill, 

language, memory and learning (72). Cognitive impairment is the deterioration in the 
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function of one or more of these domains (73). This may be in the form of a single 

specific impairment or a group of related impairments (73). Cognitive impairment is 

inferred from behaviour rather than observed directly. Mild cognitive impairment 

(MCI), isolated memory impairment or incipient dementia are brain function disorders 

that involve the onset and evolution of cognitive deficits beyond those anticipated based 

on age and education to an extent insufficient to disturb the individual’s activities of 

daily living (74). MCI has been described as a transitional state between standard 

cognition and clinically significant AD (75).  

Causes of Cognitive Impairment in the Elderly 

The causes of cognitive impairment can be divided into two broad categories—

reversible (curable) and irreversible (not curable). Often, mental health professionals 

classify cognitive disorders into those that are curable and those that are not.  

Non-modifiable Causes (Irreversible) 

Ageing  

The human’s brain becomes less efficient with age (76). The ageing process results in a 

profound impact on multiple levels, ranging from the sub-cellular to macro-structural 

levels (76). Neuronal and mitochondrial membranes deteriorate, which result in 

impaired neuronal function and loss of cellular integrity (76, 77). Additionally, 

neurotransmitter synthesis and signalling declines (78-80) coupled with reductions in 

synaptic adaptability and density (81, 82) and a loss in the length of myelinated axons 

by as much as 50% (83).   

Furthermore, with age the physical structure of the brain deteriorates as a whole. The 

subcortical volume in some regions of the brain and the cortical thickness (the cortex is 

the outermost layer of the brain) reduces annually by as much as 0.5% to 1.0% due to 

the reduced functional synapses and synaptic spine numbers and the death and 
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shrinkage of neurons (84). Thus, age-related physical degradation of brain structure 

results in cognitive decline. It has been estimated that age-related neuroanatomical 

changes account for 25–100% of the variance in cognitive ability between aged and 

young individuals (84). Thus, aggressive and early interventions are required to 

conserve cognitive vigilance into later life and preserve the brain in its youthful 

functional and physical state. 

Medical Conditions  

Medical conditions can insult various biological systems that work in conjunction to 

maintain optimal brain function, resulting in physical deterioration of the brain and 

subsequent cognitive decline. Some of these conditions are irreversible, such as 

traumatic brain injuries (TBI), stroke and dementia. 

Traumatic Brain Injuries 

TBI, also referred to as head injuries or acquired brain injuries, occur when a person’s 

brain is injured due to physical trauma. It has been estimated that each year 1.4 million 

Americans suffer TBI and 80,000 to 90,000 experience long-term substantial loss of 

function including cognitive impairment, which is a substantial source of morbidity for 

affected individuals, their family members, and society (85, 86). Furthermore, 10–15% 

of individuals who suffer mild TBI have persistent behavioural and cognitive 

complaints according to different clinical studies (87). At all levels of severity, 

disturbances in memory, attention and executive functioning are considered to be the 

most common neurocognitive consequences (85). Disturbances in memory and 

attention, the relatively basic cognitive functions, are specifically problematic because 

they may result in or exacerbate additional disturbances in communication, executive 

function, and other complex cognitive functions (85). Thus, TBI is considered to be the 

leading cause of disability and death in industrialised countries in people aged <45 

years (88). 
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Dementia  

Dementias are degenerative, progressive, irreversible disorders that progressively and 

gradually decrease an individual’s ability to function in daily occupational and social 

activities (89, 90). Individuals may experience impaired memory, language skills, 

orientation, judgment and executive functioning (89). People with dementia are not able 

to restore their previous level of functioning, although some of their symptoms may be 

managed through treatment (90). There are many types of dementia, such as Lewy Body 

Dementia, pure vascular dementia, dementia caused by acquired immunodeficiency 

syndrome (AIDS), human immunodeficiency virus (HIV) and AD, which is the most 

common form of dementia, accounting for 60–80% of all dementias (91). AD cannot be 

prevented, cured or even slowed in its progression. It is the fifth leading cause of death 

in people aged  ≥65 years and overall the sixth leading cause of death in the United 

States (91). According to The Alzheimer’s Association, AD has been considered the 

only cause of death from dementia among the top 10 in America (91). Between 2000 

and 2010, AD-related deaths increased by 68% (91). Thus, AD is considered to be a 

chronic and fatal disease (91). 

Modifiable Causes (Reversible) 

Cognitive impairment can result from various modifiable causes. The progression of 

reversible cognitive disorders can be halted by identifying the cause of the symptoms 

and properly treating the underlying disorder. With appropriate treatment, a person’s 

previous level of functioning can be restored. 

Medical Condition 

Delirium 

Delirium is a transient confusion state of an acute sudden onset and fluctuating course, 

with altered level of consciousness and abnormal attention, and/or thinking disturbances 

such as disordered perception, cognition and/or behaviour (92, 93). These symptoms 
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develop over a short time period and tend to change throughout a 24-hour period (92). 

Reduction of Ach as well as changes in serotonin, γ-aminobutyric acid, histamine and 

noradrenaline have been demonstrated as having the potential to develop delirium (94). 

Delirium is a serious problem, associated with greater mortality (rates from 10% to 

65%) (95), long hospital stays, high healthcare costs and high rates of 

institutionalisation as well as less functional independence (96). Delirium increases 

hospital costs by at least US $2,500 per patient (96). There are many causes that 

contribute to delirium, including infections with or without sepsis, fluid/electrolyte 

abnormalities, hypoglycaemia, hypoxemia, acute drug withdrawal from 

benzodiazepines, ethanol or barbiturates and drug intoxications, acute or chronic, 

especially anticholinergic drugs or benzodiazepines, considered to be one of the most 

common causes of delirium (89, 94).  

Delirium is a medical emergency as it is life-threatening, especially for older people 

(87). Because of the co-morbid conditions associated with older people, they are four 

times more likely to experience delirium than younger individuals (87). If delirium is 

treated promptly by treating the underlying cause, it may be reversed but it can lead to 

permanent disability or even death if it is left untreated (87). Thus, early recognition, 

treatment and interventions are essential (87). 

Depression 

Depression has a close relationship to cognitive dysfunction. Many studies show that 

depression has the potential to lead to deteriorated cognitive dysfunction, but 

individuals with poor cognitive health are predisposed to depression too (97). 

Furthermore, a study that assessed the relationship between depression and age-related 

cognitive function showed that more than 50% of depressed individuals scored less than 

10% of the control subjects (those non-depressed and of the same age and gender 

group), based on completion of various cognitive tests (98). The study concluded that 
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depression occurring later in life is associated with impaired information processing that 

affects cognition as a whole (98).  

Depression-associated reversible dementia is defined as a cognitive impairment 

associated with depression that resolves on treatment of depression (99). However, one 

study found that over approximately three years those individuals with depression-

related dementia were roughly five times more likely to establish true dementia (99).  

High-Density Lipoprotein Levels 

Fluctuating high-density lipoprotein (HDL) levels have been linked with cognitive 

function. Individuals with low HDL levels are potentially at greater risk of future 

cognitive impairment than those with high HDL levels (100). One study of 183 subjects 

(mean age 58 years) showed that the volume of brain grey matter was positively 

associated with HDL levels based on MRI images (100). Moreover, individuals with 

higher HDL levels also scored considerably higher than those with lower HDL on a 

visuospatial memory test (100).  

Another study of 139 very elderly persons demonstrated that the level of plasma HDL 

was strongly linked with cognitive acuity (101). Subjects with lower HDL levels 

performed worse than those with higher HDL levels on the MMSE (101).  

Hypertension 

Chronic high blood pressure has the potential to damage cerebrocapillaries as they are 

small and delicate (102). This damage is associated with cognitive impairment and 

neurodegenerative disease development (102).  

A case-control study of more than 700 patients showed strong association between the 

rate of cognitive impairment and blood pressure over a period of six months for 

individuals aged  ≤65 years (103). Another observational study of  ≥1800 subjects 

showed that people taking one antihypertensive medication were at lower risk for 
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dementia development over a period of three years and less likely to have dementia at 

the time of the study (104). Moreover, individuals who were not on any 

antihypertensive medications and suffered dementia at baseline exhibited a two-fold 

faster rate of cognitive impairment than individuals with dementia whose hypertension 

was controlled by medication (104). A study which followed 717 subjects for 38 years 

showed that individuals with normal systolic blood pressure performed better than those 

with systolic blood pressure of  ≥140 mmHg based on a composite measure of memory 

and verbal learning (105).  

Diabetes and Insulin Resistance  

Small changes in the metabolism of glucose can impact cognitive function due to the 

brain’s high metabolic demand for energy. Diabetes (hyperglycaemia) has been 

associated with reduced brain volume (106), increased incidence of all types of 

dementia (107) and lower levels of neuronal growth factors (108). A study of 23 

patients (diabetic or pre-diabetic) and six subjects without diabetes, with a mean age of 

74 years, showed that during a memorisation task the groups showed different patterns 

of brain activity and glucose usage (109). Upon the recall attempt, subjects with 

impaired glucose metabolism remembered fewer words compared to control subjects. 

Moreover, diabetic/pre-diabetic patients’ Fluorodeoxyglucose Positron Emission 

Tomography (FDG-PET) scans resembled that of an AD patient’s brain (109). Another 

study showed that diabetes has harmful effects on the integrity of neurons, with the 

progression of brain atrophy accelerated with considerable cognition consequences 

among elderly patients with type 2 diabetes mellitus compared to those without it (110). 

Another study showed that overall cognitive decline was associated with higher insulin 

secretion and greater fasting insulin in older individuals (111). 
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Medications  

Medications such as psychoactive drugs, non-psychoactive drugs and anticholinergic 

drugs can contribute to a worsening of various cognitive impairment conditions. The 

vulnerability of an individual to medications and the precipitating conditions have been 

linked to the severity of cognitive impairment (112). Thus, a seriously sick or demented 

person might develop delirium if a relatively nontoxic drug is given to them (112). 

To implicate a medication as the cause of cognitive impairment, its administration must 

precede the onset of cognitive impairment within a short period of time, often hours to 

days, and cessation of the drug must result in the restoration of cognitive function (94). 

Elderly patients who suffer dementia have commonly taken various medications with 

ACB which potentially worsen their condition as a result of causing delirium (94, 113). 

Multiple studies have shown that drugs were the cause of delirium in 11–30% of elderly 

hospital patients (114-116). Other studies show that 2–12% of dementia cases were 

related to drug toxicity (117, 118). It has been shown that the relative odds (odds ratio is 

the ratio, used particularly in case-control studies, that estimates the chances of a 

particular event occurring in one population in relation to its rate of occurrence in 

another population) of medication-induced cognitive impairment elevated from 1.0 

when 0–1 medication was used to 9.3 when 4–5 medications were used (94). 

Psychoactive Drugs 

One of the most common causes of medication-induced cognitive impairment is 

psychoactive drugs (115, 117, 119). The toxicity of these medications is related to the 

dose as well as the vulnerability of the patient (94).  

Delirium and dementia have been linked to benzodiazepines. One study showed that 

14% of 50 delirious patients had benzodiazepine toxicity (115). Delirium has been 

associated with longer-acting benzodiazepines, for example, diazepam, and high dose 
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treatment (more than 5 mg/day or equivalent diazepam), with long-acting 

benzodiazepines the most common medications causing dementia (120). A common 

cause of delirium in hospital patients is the abrupt withdrawal of short-acting 

benzodiazepines (115, 121).  

Barbiturates also have the potential to cause chronic cognitive impairment, hence 

mimicking AD (94). Other psychoactive medications that contribute to cognitive 

impairment include opioid analgesics, antipsychotics, antiparkinsonian drugs, 

antidepressants and anticonvulsants (94). 

Non-psychoactive Drugs 

Non-psychoactive medication-induced cognitive impairment is easily missed due to its 

idiosyncratic nature (94). Histamine H2 receptor antagonists have been linked with 

acute toxicity of the CNS, including delirium. A literature overview concluded that 

there was no difference between different H2 antagonists in relation to their CNS 

toxicity, although cimetidine has been mentioned in many reports (122). Despite CNS 

toxicity induced by H2 antagonists being rare in outpatients, it has been shown that 1–

2% of all hospital patients (123, 124) and 15–80% of intensive care patients (125) suffer 

H2 antagonists-induced CNS toxicity. Proton pump inhibitors (PPI), such as 

omeprazole, also have the potential to cause delirium (126). Moreover, digoxin-induced 

cognitive impairment can occur even with normal serum concentration (127).  

Idiosyncratic cognitive impairment has been seen among patients using calcium channel 

blockers (CCB) (128), amiodarone (129) and ACE inhibitors (130).  

Other non-psychoactive medications which result in cognitive impairment include 

corticosteroids, nonsteroidal anti-inflammatory drugs and some antibiotics (94). 
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Anticholinergic Drugs 

Due to the role of the cortical cholinergic system in memory function and attentional 

processes (40), the central side effects of medications with anticholinergic properties are 

associated with attention deficit, confusion and impaired concentration and memory 

(18). Moreover, medications that block muscarinic cholinergic receptors have been 

conclusively demonstrated in many pharmacological studies to impair working memory 

for some stimuli and the encoding of new memories (131).  

Many studies have demonstrated a short-term or cross-sectional link between functional 

or cognitive impairment and the use of medications exhibiting anticholinergic properties 

(41). A recent study in France with 372 older participants showed that poorer 

performance was associated with participants who continuously used medications with 

anticholinergic properties over one year compared to non-users (42). This study used 

different cognitive tests, including visuospatial construction (the ability to see an object 

or picture as a set of parts and then to construct a replica of the original from these 

parts) and non-verbal memory (the ability to store and retrieve information which is 

non-verbal by nature (42).  

Another study conducted among the elderly found that delirium (sudden severe 

confusion and rapid changes in brain function that occur with physical or mental illness) 

was linked with higher SAA (131). Furthermore, it was reported that the administration 

of medications with anticholinergic properties induces (experimental) delirium (130). 

According to a study conducted among the healthy geriatric population of 372 people, 

the continued use of anticholinergic medications was associated with a greater risk of 

having MCI and poorer performance on language tasks, attention, visuospatial 

construction, narrative recall, delayed non-verbal memory and reaction time (132).  
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The PAQUID population study (n = 1780) showed a significant association between the 

use of anticholinergic medications and poorer performance on the MMSE, visual 

memory and verbal fluency (43).  

A study with 3075 participants showed that the baseline use of anticholinergics led to 

accelerated decline over six years on psychomotor speed, executive functioning and 

attention (41).  

The Aging and Body Composition study, which was based on a sample of 3075 people, 

reported that on the digit symbol substitution test, the use of medications with 

anticholinergic properties was associated with poorer performance (44).  

In the elderly volunteer psychogeriatric inpatients with moderate to severe dementia 

(n = 26) (45) and a community-dwelling cohort (n = 201) (46), it was reported that the 

serum anticholinergic levels were associated with slowing in simple response time, gait 

speed (47) and poorer MMSE scores.  

Furthermore, several studies report the relationship between SAA and white matter 

hyperintensity volume and cognition. One study found that participants with high 

anticholinergic levels and hyperintensity volumes performed poorer than participants 

with low levels of implicit learning and number comparison (133). This suggests that 

medications with anticholinergic properties have the potential to exacerbate cognitive 

decline due to the morphological changes in the brain (133).  

A recent community-dwelling study of 544 older men who suffered hypertension, 

demonstrated that cumulative anticholinergic exposure can lead to poor performance on 

verbal memory over two years (23). Thus, several cross-sectional studies conducted in 

the elderly have demonstrated a link between anticholinergic medication and 

psychomotor speed, global cognitive functioning, implicit learning, cognitive 

functioning, and declarative and visual memory (23). Cognitive impairment has also 
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been identified as central to abnormalities in different medical conditions such as 

schizophrenia and dementia. The use of medications with anticholinergic properties has 

the potential to exacerbate the pre-existing impairment.  

Central side effects must, therefore, be differentiated from the problems associated with 

a patient’s medical conditions. Dementia is one of the most common medical conditions 

in the elderly population. It is estimated that in 2020 dementia will affect around 42 

million persons (48). As stated earlier, the number of Australians suffering dementia are 

expected to quadruple by 2050 (50, 51), with most having AD (52), and memory 

impairment being the earliest and most frequent symptom. While the partial restoration 

of the brain’s Ach levels is the main goal of AD treatment (52), the elderly are often 

prescribed medications with anticholinergic properties despite complaining of memory 

loss and being at risk of AD (52). Moreover, some medications are not recognised as 

having anticholinergic properties (52), with an estimated 600 medications that have 

anticholinergic properties remaining unrecognised (134). These factors have the 

potential for misdiagnosis of patients whose problems are related to anticholinergic 

effects, and consequently to worsen pre-existing medical conditions (52). A study of 69 

patients who used cholinesterase inhibitors for AD were checked for any cognitive 

impairment effect of medications with anticholinergic properties in the presence of 

cognitive enhancing therapy (42). The study showed that although under continuous 

cognitive enhancing therapy, those with concomitant anticholinergic medications 

showed greater cognitive decline at two years than those not exposed to such 

medications (42). Additionally, the literature shows that treatments combining multiple 

drugs with modest anticholinergic activity have the potential to increase cognitive 

impairment in an elderly population with dementia (5, 54, 55). 



34 

 

Cognitive Scales 

There has been a dramatic increase in the use of cognitive screening tests to provide 

brief, objective measures of cognitive functioning over the last 10 years. The substantial 

number of screening tests including the MMSE, the Rowland Universal Dementia 

Assessment Scale (RUDAS), the Alzheimer’s Disease Assessment Scale-Cognition 

(ADAS-Cog), General Practitioner assessment of Cognition (GPCOG), Psychogeriatric 

Assessment Scales (PAS), Kimberley Indigenous Cognitive Assessment (KICA), 

Confusion Assessment Method (CAM) and Montréal Cognitive Assessment (MoCA). 

The Mini–Mental State Examination 

The MMSE is a screening tool that provides a brief, objective measure of cognitive 

function (135, 136). MMSE scores are useful in documenting cognitive change serially 

and in quantitatively estimating the severity of cognitive impairment (135, 136). Despite 

the wide range of cognitive screening tests available, MMSE is the most widely used 

and popular clinical measure due to its availability in many languages (135, 136). The 

MMSE is used widely in studies and community surveys (135, 136) and forms part of 

the diagnostic interview schedule and a structured interview used recently in a large 

five-site epidemiological catchment area study promoted by the National Institute of 

Mental Health, USA  (135, 136). The MMSE has been incorporated into several 

standardised interviews designed to help dementia diagnosis and assess cognitive 

impairment (135, 136). The USA National Institute of Neurological and 

Communicative Disorders and the USA Stroke and the Alzheimer’s Disease and 

Related Disorders Association recommend the MMSE as one of the tests to document 

the clinical diagnosis of possible AD (135, 136).  

The MMSE has a maximum score of 30 points and consists of a range of questions that 

can usually be administered in 5–10 minutes (135, 136). The questions are categorised 
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into seven groups; each represents a different cognitive function domain. They are an 

orientation to time (5 points), orientation to place (5 points), attention and calculation (5 

points), registration of three words (3 points), recall of three words (3 points), language 

(8 points) and visual construction (1 point) (135).  

Although the MMSE has been shown to fulfil its original goal of providing a brief 

screening test that quantitatively assesses the severity of cognitive impairment and 

documents cognitive changes occurring over time, it should not, by itself, be used as a 

diagnostic tool to identify dementia (135).    

The Rowland Universal Dementia Assessment Scale  

RUDAS is a multicultural cognitive assessment scale and a short cognitive screening 

instrument designed to minimise the effects of cultural learning and language diversity 

on the assessment of baseline cognitive performance (137). When administering 

RUDAS, it is important that the respondent is encouraged to communicate in the 

language they are most competent in, and be as relaxed as possible, as test anxiety can 

interfere with performance on cognitive tests (137). Additionally, RUDAS is conducted 

in a quiet area, with hearing problems identified at the start of the assessment and 

accommodated for as much as possible by speaking slowly and clearly, and encouraging 

test takers to wear hearing aids if necessary (137). A large print version of the test is 

provided if the test taker has severe hearing impairment (137). The test taker uses 

reading glasses when necessary, and there must be sufficient light in the room (137).  

At the end of the test, the RUDAS scores for each item are added together to obtain a 

total score out of 30 (137). A score of 22 or less indicates possible cognitive 

impairment, with the respondent referred for further investigation by the relevant 

physician (137). Physical disability (e.g. vision, hearing, hemiparesis, amputee, stroke, 

aphasia) can affect ability to perform certain items, so it is important that a score of less 
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than 22 is interpreted with caution (137). Further research is necessary to assess the 

validity of RUDAS in this sub-group of patients (137). 

The Alzheimer’s Disease Assessment Scale-Cognitive  

ADAS-cog is the most popular cognitive testing instrument used in clinical trials, and is 

a sensitive cognitive function assessment scale for AD (138). Its validity and reliability 

was established in the original English version (138).  

ADAS-cog consists of 11 items designed to measure the severity of the most important 

and the core symptoms of AD, including orientation, memory, praxis function and 

language disturbances (139). ADAS-cog is not designed for use as a diagnostic tool, but 

scores on scale-discriminate patients with clinically diagnosed AD from non-demented 

subjects (138). Its sensitivity in detecting changes has been documented by longitudinal 

follow-up data (138). On average, AD patients show an increase in ADAS-cog scores of 

about 7 to 8 points per year (138). ADAS-cog is more sensitive than other dementia 

rating scales, such as the MMSE (138). Thus, ADAS-cog is commonly employed as a 

primary outcome measure to assess the effects of cognitive enhancing drugs in clinical 

trials of new drug treatments for AD (138).  

The General Practitioner Assessment of Cognition  

GPCOG consists of historical questions and cognitive test items directed to an 

informant (140). The validity of the GPCOG measure has been assessed compared to 

the criterion standard of diagnoses of dementia derived from the Diagnostic and 

Statistical Manual of Mental Disorders. The study showed that GPCOG is a valid, 

efficient and well-accepted instrument for dementia screening in primary care (140). 

GPCOG takes less than four minutes to administer to a patient and two minutes to 

interview a caregiver. Furthermore, the majority of GPs rated the GPCOG as 

economically feasible, practical, and acceptable to patients (140). A further advantage 
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of the GPCOG is that performance appeared to be independent of the patient’s geriatric 

depression scale score, gender, age, years of education and mental and physical health 

(140). The study concludes that GPCOG is a suitable instrument in primary care for 

screening for dementia, as it is simple, brief, reliable and can meet the needs of GPs, 

however, GPCOG screening is only the first step in the process of detecting dementia 

(140). Supplementary education is recommended for GPs, which includes information 

about how to administer the GPCOG, the differential diagnosis of cognitive impairment, 

and dementia management principles (140).  

The Psychogeriatric Assessment Scales  

PAS gather information on the main psychogeriatric disorders: depression and dementia 

(141, 142). The scales differ from conventional approaches to psychogeriatric 

assessment in a number of significant ways (141). Psychogeriatric assessment is 

generally the province of people with extensive specialist training in geriatrics or 

psychiatry (141), whereas PAS aim to assist a wider range of people to carry out the 

psychogeriatric assessment by providing a straightforward method of gathering and 

interpreting the relevant information without the necessity for prolonged training (141, 

142). In conventional thinking, people having depression or dementia are in a distinct 

group of ‘normal’ people (141). It is true that when people with psychogeriatric 

disorders are seen by healthcare workers they appear to be categorically different from 

other people (141). However, when the elderly population as a whole is looked at, 

depression and dementia are seen as part of a continuum (141, 142). For instance, there 

is a continuum ranging from successful cognitive ageing at one end to severe dementia 

at the other (141). There is another continuum ranging from positive wellbeing in old 

age to severe depression (141). However, PAS aim to put people on a number of 

appropriate continae by collecting information in a systematic way (141). The scales 

also give guidance on how this information should be interpreted by comparing the 
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results to the normal range found in society (141). Thus, PAS assess psychogeriatric 

disorders on scales rather than as categories. Given that PAS provide a method of 

assessing psychogeriatric disorders, it does not tell the user what action to take if 

problems are found, so the use of the information is only to guide care decisions based 

on the user’s professional expertise (141, 142). 

The Kimberley Indigenous Cognitive Assessment  

KICA was developed in response to the need for a validated cognitive screening tool for 

older Indigenous Australians living in rural and remote areas (143). KICA sections are 

validated with Indigenous Australians aged 45 years and above from the Kimberley and 

Northern Territory (143). KICA has a maximum score of 39. A score of 33 and below 

indicates possible dementia (143). Those with a low KICA score should be referred to a 

doctor for medical screens to rule out other causes of cognitive impairment, some of 

which are reversible, or to confirm dementia (143). KICA contains the informant (carer) 

report, which has been validated, and a score of 3/16 or above indicates that further 

investigations are required (143). Other sections of the KICA include information 

gathering to assist the determination of subtypes, severity, differential diagnoses and 

management (143). As language skills are assessed in the cognitive section, it is 

recommended that an interpreter is used as appropriate (143). Furthermore, KICA 

contains a visual naming task (143), and if an individual is unable to name a certain 

photo (crocodile or emu) because of personal cultural reasons, it can be replaced by a 

dog or horse picture (143). Thus, KICA appears to be a reliable assessment tool for 

cognitive impairment in older Australians living in an Indigenous population (143). 

The Confusion Assessment Method 

CAM is designed to allow accurate and quick diagnosis of delirium by the non-

psychiatry clinician after short official cognitive testing (144). CAM assesses the 

severity, fluctuation and presence of nine features of delirium—disorganised thinking, 
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inattention, acute onset, disorientation, memory impairment, perceptual disturbances, 

altered sleep–wake cycle psychomotor retardation or agitation and distorted level of 

consciousness (144). CAM has shown specificities of 90%–95%, sensitivities of 94%–

100%, negative predictive accuracy of 90%–100% and accuracy of 91%–94% (144). 

Furthermore, CAM has been translated into 10 languages and CAM-rated delirium is 

commonly used as an outcome or a risk factor as well as a reference standard or 

intervention (144). Thus, emergency, institutional and care unit settings have adopted 

CAM (144). 

The Montreal Cognitive Assessment  

MoCA was designed as a quick screening tool for MCI (145). It assesses different 

cognitive domains—attention and concentration, executive functions, memory, 

language, visuoconstructional skills, conceptual thinking, calculations, and orientation 

(145). It takes about 10 minutes to administer, and the total possible score is 30 points 

(145). A score of 26 or above is considered normal (145). 

Worried About Your Memory  

Worried about your memory (WAYM) is a tool developed by Alzheimer’s Australia 

that aims to increase awareness of the early symptoms and signs of dementia. WAYM 

encourages people to seek help if they have memory concerns (146). WAYM contains 

12 statements the person should comment on by choosing rarely, sometimes or often. If 

a person has ticked ‘sometimes’ or ‘often’ it is recommended that they see their 

doctor (146). 

Kessler Psychological Distress Scale  

The Kessler Psychological Distress Scale (K10) is a simple widely recommended tool 

that measures psychological distress as well as the outcomes of different mental health 

problems. It is available to the public through the Australian website of the Clinical 
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Research Unit for Anxiety and Depression to identify who requires treatment—anyone 

can administer it (147, 148). There are five responses in the 10-item scale, with 1 being 

none of the time and 5 all of the time. Thus, total scores range from 10, which means no 

distress, to 50, which means severe distress (148).  

The Composite International Diagnostic Interview identifies the risk of depression and 

suicide attempt according to the K10 score. A score between 0 and 15 indicates a 25% 

risk of meeting depressive or anxiety disorder criteria; a score between 16 and 30 

indicates a 25% chance of developing a current depressive or anxiety disorder and 1% 

risk of ever attempting suicide; a score between 30 and 50 indicates a 75% chance of 

meeting the criteria for a depressive or anxiety disorder and a 6% risk of ever 

attempting suicide (147).  

Agreement/disagreement between cognitive scales 

A prospective study (randomly administered MMSE and MoCA to older participants by 

the same investigator to find out the agreement between these tools) found the 

agreement is moderate, despite the considerable overlapping between the two scales 

(151). Another cross-sectional descriptive study, with n=142, used the MMSE and 

MoCA to screen participants for MCI and mild dementia.  They found that the optimal 

MMSE cut off scores for dementia and MCI were 24and 27 respectively, while the 

optimal MoCA cut off scores for dementia and MCI were 20 and 24 respectively (152). 

Thus, the study concluded that MMSE screens for dementia more efficiently than MCI, 

whereas the MoCA screens MCI more efficiently than dementia (152). 

Medication Review and Pharmacists’ role in medications managements 

Around 600 medicines are recognized to exhibit anticholinergic properties (149), and 

many of these are medicines affecting CNS (150, 151). Data from different studies 
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shows an increasing percentage of repeat and inappropriate prescribing of these 

medications in different countries (152, 153). Sedatives and hypnotics are the most 

commonly taken CNS medications, specifically (154). A study showed that nearly one 

third of people aged 75 years and over used hypnotic or anxiolytic medicines, and 

almost one tenth used antipsychotic or antidepressant medicines (155, 156). In Ireland, 

up to 33% of patients use benzodiazepines long-term and elderly being among the 

highest user groups although their unfavourable risks of memory and cognitive 

impairment (157, 158). In Australia, there was a 21% rise in benzodiazepine usage 

between 2000 and 2006 among elderly and socio-economically disadvantaged people 

despite the public awareness campaigns (157).  

Medication review is becoming essential in the standard care for many medical 

conditions due to the rise of potentially inappropriate medications and medication-

related problems (159, 160). In a Meta-analysis of 448 studies (included participants 

aged ≥ 70 years) it was found that 22% of the participants had ≥ 1 potentially 

inappropriate medications (159). Analgesics, benzodiazepines, and antidepressants 

(which exhibit anticholinergic properties) were found to have the highest potentially 

inappropriate prescribing (in type, duration of use or dose) when compared with other 

medications groups (159). Moreover, the study found a significant association of 

potentially inappropriate medications with a behavioural or mental disorder (159). 

Another study showed that pharmacists detected 93% drug related problems and there 

was a significant association between medication-related problems and a total number 

of medications taken by patients as well as formal diagnosis of a behavioural or mental 

disorder (160).  

It has been shown in different studies that medicines reviews conducted by a clinical 

pharmacist may be an essential factor in decreasing potentially inappropriate 

medications use (161). One study involved 895 medicines reviews conducted by clinical 
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pharmacist, found that in 2007, 44% of participants (n=2772) had potentially ≥1 

inappropriate medicines compared to 26% of participants (n=1902) in 2013 (161). The 

significant decline in potentially inappropriate medications use was amongst the 

participants who had medication reviews (161). 

Medication reviews perceived to have a positive impact on the quality of life (162). This 

was shown in a prospective controlled monocentric trial which was conducted among 

172 participants, who were taking ten medications on admission with an average age of 

84.5 years, in a big hospital at the geriatric ward (162). The study illustrated that 

participants, who received medication review through the ‘adjusted then stop’ concept, 

showed improvement in their quality of life and a tendency towards less emergency 

department visit due to decreased drug use compared to the control group who received 

usual care (162). Another study showed pharmacists’ ability in detecting and correcting 

potentially inappropriate medications using version 2 of stopp criteria (163).  

The pharmacist can play an essential role in the management of cognitive dysfunction 

which is developed during hospitalization and may result in long-term cognitive 

impairment (164). The pharmacist should be familiar with patients’ risk factors and 

must actively monitor for drugs that associate with cognitive impairment (164). 

Pharmacotherapy role in patients’ treatment who develop cognitive impairment during 

their hospital stay is limited; however, pharmacist has the opportunity to decrease long-

term cognitive impairment in hospitalized patients by considering the clinical 

implications of drug-disease interactions, drug-drug interactions and/or duplicate 

therapy when she or he is checking patients’ medications charts (164).  

A randomised, controlled trial conducted among 332 patients (65 years), who had two 

or more chronic conditions and were taking four or more prescribed medications 

regularly, showed a positive effect of the pharmacist in patients’ pharmaceutical care 



43 

 

plan (165). A medications care plan was drawn up and implemented in 168 participants 

and the rest of the participants were considered as control and remained to receive their 

usual care plan (165). At baseline, all participants had two or more medications care 

issues (165). 50% of these issues were found from patient interview and notes, the 

remaining from the prescription record. 21% of the issues were fixed through materials 

found in notes while 8.5% through interviewing of patients (165). Doctors agreed to 

implement 96% of the care plans recorded on the care plans of the intervention group 

(165). During the follow‐up time, 70% of the care issues were solved among 

intervention participants, while the control group had only 14% of their care plan issues 

resolved (165). The same study showed that hospital admissions were slightly less 

among the intervention participants than the control participants. Also, the study 

illustrated slight increases in the contacts between different health-care professionals in 

the intervention group (165).  

Another prospective randomized controlled trial was conducted among 

209 patients aged 65 years or more who were on ≥5 medications to check whether a 

medications review conducted by a pharmacist in primary care decreases drug-

associated problems as well as medications number. Participants were asked to answer 

questions about their medications and the pharmacist checked all medications. The 

pharmacist interviewed each patient before meeting their doctors. 

Control group received their normal care. The study showed a significant decline in 

drug-associated problem among intervention group (1.31 at follow-up compared to a 

baseline which was 1.73 per patient, p < 0.05). The change in medications number was 

more noticed among the intervention participants (p < 0.046). Control group patients 

were admitted to hospital on more occasions or for more days than intervention group 

patients. Also, the same study showed that self-rated health did not change in the 

intervention group, while patients in control group showed a drop in self-rated health (p 
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< 0.02). This lead to an important difference between control and intervention groups (p 

< 0.047). Thus, pharmacist involvement in multidisciplinary team may result in self-

rated health maintenance and numbers of medications reduction (166) 

Moreover, medication review has a positive impact on problems associated with 

automatic medication dispensing (167). A pragmatic randomised controlled study 

conducted among ≥ 65 years patients who lived at their homes and taking ≥ 5 

medications of which one or more medication(s) dispensed by an automated system  

(167). Patients have selected six different community pharmacies (167). 

Participants were randomly given appointments for medication review at the beginning 

of the study, this is intervention group, or after six months, this is a waiting-list group. 

Each participant was independently interviewed by 2 pharmacist reviewers (167). The 

outcome of these medicine reviews was given to the community pharmacists in order to 

be discussed and explained with the participants’ doctors (167). The study results 

illustrated that participants in the intervention group showed no baseline difference with 

the six months group in term of sex, age, type of medication prescribed and a number of 

medication per participant and the average number of drug-related problems per 

participant in both groups was 8.5 (167). Also, both groups showed a mean number of 

medication-related problems resulting in a recommendation for medication change of 

4.5 per participant (167). However, after six months a 29% decreased in a number of 

medication-related problems resulting from a recommendation of medication change 

was noticed among participants in the intervention group compared to 5% decrease 

among participants in the waiting-list group (p is less than 0.01) (167). The study 

demonstrated that solutions which involve medication cessation were more considered 

than solutions which involve commencement of new medications of (82% compared to 

44%, p is 0.01) (167). 
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Another randomised controlled trial conducted among 661 participants aged ≥ 65 years 

who were taking ≥ 1 medications showed that a total of 565 out of 747 

of pharmacist suggestions were accepted by the doctors (75.6%). Moreover, 433 out of 

accepted suggestions were implemented (76.6%) (168).  

Moreover, there is evidence from three different randomised controlled studies suggests 

that hospital pharmacists’ recommendations upon medications checks decrease 

unplanned hospital admissions among older patients with heart failure (169). 

One study conducted among 10,807 high-risk patients from those 6,416 received early 

medication review performed by a pharmacist and 4,391 received usual care showed a 

decline in the average number of hospital stay by 0.48 days in the intervention group 

compared to the control group reflecting a decrease of 8% in the median stay length 

(170). Moreover, participants aged 80 or less showed 11% reduction in the median stay 

length (p is 0.0395% and CI is between 0.06 and 1.17) (170). This gives an evidence for 

the important role of early medication review conducted by pharmacists in reducing 

hospital-bed usage compared to normal care in high-risk patients aged under eighty 

years (170). 

Pharmacists play the core role in ensuring medication safety through conducting 

medicines reconciliation programmes, which is part of medication reviews (171). A 

meta-analysis and. systematic review study, which is composed of seventeen studies 

and 21,342 adult participants and eight randomised controlled trials, demonstrated a 

more significant reduction in adverse drug event-related hospital readmissions, 

emergency department visits and hospital revisits of 19%, 28% and 67% based on the 

pooled relative risks among intervention participants than in the normal care 

group(171). Another meta-analysis and systematic review study composed of 19 studies 

with a total of 15,525 participants and eleven randomised controlled trials showed that 
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the intervention of a pharmacy-led medicines reconciliation, reduced  

medication discrepancies (the difference between medicines administered to a patient 

before the admission and hospital ordered medicines) when compared with normal care 

(172). Seventeen studies composed of 18 interventions resulted from 

medication reconciliation focusing on different transitions (multiple transitions, 

admission, and discharge) demonstrated a one medicines reconciliation interventions at 

either discharge or admission associated with significant decrease of 66% 

in participants with medicines discrepancies favoring the intervention compared with 

normal care (172). Additionally, a systemic review showed that fifteen studies revealed 

supportive evidence for a clinical medicine review in multifaceted programs (173). 

These studies showed that medicines reconciliation, active patients counselling, 

clinical medicines review and strong collaboration between doctors and pharmacists 

play a beneficial role in improving health outcomes during the process of care transition 

(173). Another study showed that medications reviews conducted by pharmacist 

resulted in clinical intervention which reduced the number of medications prescribed to 

older patients who were living in nursing homes, but it has a small impact on their 

mortality and morbidity (174). Moreover, medication reviews aim to improve rational 

medication use by patients and medicines adherence (175).  

Thus, the misuse of different medications including those with anticholinergic 

properties should be addressed and solved through inter-professional effort to ensure 

effective pharmaceutical care (153). Pharmacists are distinctively placed as the health 

professional who contacts patients frequently, so they are considered to play an integral 

role in the inter-professional effort (153). Different evidence showed that pharmacist 

can create positive effects on the outcomes of patients through their involvement in the 

reduction of medications miss-use including those with anticholinergic properties by 

conducting medications reviews (153). 
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Barriers to the Management of Cognitive Impairment  

The Misdiagnosis of Cognitive Impairment 

The correct diagnosis of cognitive impairment can be one of the most difficult 

challenges health professionals face. For instance, delirium is often overlooked, 

incorrectly diagnosed as a psychiatric illness such as depression or dementia, and/or 

misattributed to the process of normal ageing. Many studies show that physicians do not 

recognise 32–67% of delirious patients (176, 177). Other studies demonstrate that 

cognitive function is rarely formally assessed (178) and there is usually minimum 

knowledge about the course of any cognitive impairment or the prior cognitive status of 

patients (95). Although delirium has the potential to be the sole manifestation of a 

serious illness such as myocardial infarction (MI) or sepsis, it is not usually considered 

a significant clinical syndrome due to its fluctuating nature and multiple and varied 

aetiologies among the elderly, which challenges the typical disease model (95).  

The delirious patient usually  present with inappropriate behaviours, hallucinations and 

agitation, however delirium among older patients is often associated with lethargy and 

decreased activity (95).  

One study found that 37% of 74 patients considered depressed by the house staff 

surveyed were actually re-diagnosed on the consultation with a psychiatrist and found to 

suffer from delirium (179). Another study showed that about 27% of 677 depressed 

patients were actually suffering an organic mental disorder after they were re-diagnosed 

by consulting a psychiatrist (180). Yet another study demonstrated the low sensitivity of 

the diagnosis of delirium by emergency department (ED) doctors, even though the 

prevalence of delirium among elderly patients in ED wards is relatively high (181).  

Johnson et al. note that delirium was explicitly recognised in only 5% of the studied 

elderly general hospital admissions (182). The study also showed that 25% of the 
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missed cases were diagnosed as a functional psychiatric disorder, while a further 25% 

were diagnosed as dementia, and 50% were documented as no diagnosis (182). 

Delirium is poorly recognised, with more than one-third of cases missed in clinical 

practice (183). While demented patients can suffer from delirium, it may mistakenly be 

recognised as part of dementia and missed (184). Additionally, hypoactive delirium, 

which accounts for 25% of cases, is most likely to be missed as it is mistakenly 

diagnosed as depression and/or its symptoms don’t disturb other people (87). One study, 

conducted in two geriatric hospitals, showed that the diagnosis of different cognitive 

impairment among hospitalised older patients was insufficient (185). The cognitive 

impairment was recorded in medical notes in 79.5% of the cases and cognitive testing 

was conducted on only 47.7% of demented patients (185). The detection of dementia 

was recorded in 47/88 of demented patients. Eight of these patients had been found to 

have a false-positive diagnosis of dementia. Furthermore, delirium was recorded in only 

31 out of 77 delirious patients diagnosed by the researchers (185).  

Poor recognition of cognitive impairment remains as one of the serious obstacles to 

developing clinical research, and clinical activities and interventions in cognitive 

impairment. Furthermore, poor documentation and detection may result in under-

treatment of these disorders (185) as an explicit identification of cognitive impairment 

such as delirium has been correlated with better outcomes in term of lower mortality 

and shorter inpatient stays (186). 

Medication- related Issues 

Medication‐related cognitive impairment because of poor medication management can 

result in significant morbidity and secondary care admissions (187). Medication 

contributes to an estimated 40% of causes of delirium (188). Furthermore, medication 

errors and adverse drug events, including those related to cognition, may result in 
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admission to intensive care units (189). One study showed that 6.5% of all admissions 

to secondary care units were caused by adverse drug reactions, and found that 6000 

deaths associated with such events occurred each year in England during the study 

period (187).  

Another study, which considered impaired cognition as the essential predictor of 

avoidable drugs-related admissions to hospitals, showed that 5.6% of unplanned 

admissions were linked to medication, and almost half (46.5%) were 

potentially avoidable (190). Moreover, demented people are often prescribed 

medications that impair and/or worsen their cognition, such as medication with sedative 

and/or anticholinergic activities (46, 120). Approximately 20–50% of demented people 

have been shown to take at least one medication with anticholinergic properties (189). 

Demented patients may fail to identify potential medication errors as they are less likely 

to appreciate an adverse reaction, ask about their prescriptions or any change in their 

drugs, or know whether they need monitoring (191, 192). Thus, a complete HMR 

should be considered to improve cognitive impairment care (189). 

The Role of Pharmacists in Reducing Medication-Induced Cognitive 

Impairment 

Pharmacists can play an essential role in reducing, managing and preventing 

medication-induced adverse events, including anticholinergic burden (193). Pharmacists 

are able to decrease the rate of preventable adverse drug reactions after discharge from 

hospital through patient counselling, telephone follow-up and HMRs (193).  

Additionally, collaboration between pharmacists and doctors to investigate treatment, 

patient management and pharmacotherapy has been used in different countries to 

improve prescribing and disseminate new guidelines and knowledge (194). One study 

showed that professional continuous education undertaken jointly by pharmacists and 
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doctors led to changes in prescribing habits and to doctors taking into account the 

selection of antidepressants with lower anticholinergic activity when prescribing to an 

older person (194). Moreover, the educational program resulted in a significant 

reduction in the use of antipsychotic medications, which also exhibit anticholinergic 

properties, with no rise in the prevalence of behavioural problems (195).  

The Aging Brain Program at Indiana University in the United States also developed a 

guideline providing a list of medications that can be used as alternatives to medications 

with definite anticholinergic activity to assist health professionals provide care for 

individuals who suffer from cognitive impairment, including delirium, MCI or 

dementia. For example,  sertraline and gabapentin can replace TCAs if they are used for 

depression and neuropathic pain respectively (196).  

Another study in elderly frail subjects showed that the anticholinergic drug scale (ADS) 

score reduced significantly after pharmacist-initiated medication changes (197). 

However, the same study found that medication changes did not reduce dryness of the 

mouth or SAA significantly, concluding that the ADS scores may not be optimal to 

avoid prescription risks among elderly frail people residing in nursing homes (197). 

Understanding the distinguishing features of different cognitive impairments 

(physiological, such as in dementia, or temporarily, such as in delirium and depression) 

can help clinical pharmacists identify those medications that may worsen the level of 

physiological cognitive impairment or cause temporary impairment, as part of a 

collaborative approach with other health professionals in the management of cognitive 

deterioration due to anticholinergic burden in the elderly. Managing all treatable causes 

of cognitive impairment allows cognitively impaired elders to be the best they can be 

(198).  
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He and Ball (2013) showed in a theoretical study that a reduction in ACB score 

appeared possible to achieve in 85% of the cases examined where the anticholinergic 

burden was at a level associated with cognitive impairment through altering the 

medication regimen based on appropriate prescribing guidelines for each disease (199). 

Continuing from the He and Ball (2013) study, the study in this thesis will explore if the 

theoretical finding of using alternative medication to that with high anticholinergic 

burden may improve patient cognitive functions while maintaining therapeutic effect 

and outcomes. Additionally, this thesis will explore if prescribers will consider these 

recommendations, which may oppose their opinion or prescribing habits. 

The Impact of Home Medication Reviews Conducted by Pharmacists 

Solutions to Reduce Anticholinergic Burden 

Medications with anticholinergic side effects which are commonly used among the 

elderly were identified in the Ball et al study 2013 (37). The following section 

highlights some solutions found in the literature, which are commonly used by 

pharmacists during the HMR process, aiming to reduce total ACB in individual patients 

without compromising their intended therapeutics outcomes. 

Urinary Incontinence 

Many medical conditions rely on treatment with anticholinergic medications or 

medications with anticholinergic properties. For instance, older patients who suffer 

dementia are at high risk of developing various types of urinary incontinence (100). 

Stress incontinence can be caused by usage of an alpha-1-adrenoceptors agonist or 

nicotinic acid receptors agonist (101). Urge incontinence can be caused by usage of 

beta-3- adrenoceptors antagonist or muscarinic receptors agonist (101). Overflow 

incontinence can be caused by usage of muscarinic receptors antagonists, including 

antipsychotics, antidepressants, anticonvulsants, tramadol and opioid analgesics, and the 
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H1 histamine receptor antagonists commonly taken for allergies (101). Overflow, urge 

incontinence and urinary retention can also be caused by anticholinergic medications, as 

they have the potential to cause constipation (101).  

Cholinesterase inhibitors taken by patients who suffer AD have the potential to result in 

urinary incontinence, as highlighted in a retrospective population-based cohort study (n 

= 44,884) of older people who used cholinesterase inhibitor medications (200). The 

study found that anticholinergic medications were frequently used by the participants to 

manage urinary incontinence (200). Medication resulting in urinary incontinence in 

patients who suffer dementia may be mistaken as the result of progression of the disease 

process (200). If an anticholinergic medication is then prescribed to manage the urinary 

incontinence, a ‘prescribing cascade’ might result (200).  

This problem can be resolved by following non-pharmacological methods first before 

trying any pharmacological treatment (201). Timed voiding or prompting might 

decrease urinary incontinence among demented aged care facility residents (201). If 

patients suffer functional incontinence caused by impaired mobility, a physiotherapist or 

occupational therapist can play an essential role in improving toilet access through 

applying different measures such as good lighting, clutter removal, nonslip flooring, and 

clearly marked toilets, handrails, appropriate clothing, and height adjustment of the 

toilet seat (201). These interventions might result in avoiding treatment with 

anticholinergic medications (201).  

Carers and patients should be educated about the potential side effects of anticholinergic 

medications if they are to be used (202). Ceasing anticholinergic medication used for 

urinary problems can be considered if no improvement is seen after four weeks from 

commencing the treatment (100). 



53 

 

Depression 

Patients who suffer AD have a high prevalence of antidepressant usage, with around 

40% experiencing depressive symptoms. Nevertheless, an evidence-based prescribing 

pattern for antidepressants is the mainstay (203). One observational study reports that 

TCAs were associated with lower risks of fractures and falls, transient ischemic 

attack/stroke and all causes of mortality than for the use of selective serotonin reuptake 

inhibitors (SSRI) (204). Moreover, The Health Technology Assessment Study of the 

Use of Antidepressants for Depression in Dementia, which studied 326 patients, states 

that a placebo was not less effective than mirtazapine and sertraline, and mirtazapine 

and sertraline were linked to a high risk of side effects (205). This study contradicted a 

meta-analysis that included 165 subjects and showed that antidepressants are efficacious 

when used to treat depression in patients with AD. Furthermore, two studies found that 

citalopram and sertraline had the potential to reduce agitation in demented people as 

reported in a Cochrane review (206). SSRIs have a less sedating tendency than 

mianserin, TCAs and mirtazapine (206). Combined antidepressant treatment is not 

recommended because of the increased risk of side effects, including the anticholinergic 

load (206). 

Insomnia 

Demented people and those who suffer from AD commonly complain of sleep problems 

(207). Medical conditions, medicines and environmental factors are underlying issues 

that may result in sleep disturbance (208). Older patients should not be advised that they 

require less sleep than younger patients (209). The first-line option available to manage 

insomnia is non-pharmacological treatment. Sedative-hypnotic medication should only 

be used for the shortest period of time combined with non-pharmacological treatments 

(210). The length of treatment should be planned when first prescribing hypnotic 

medicine. Patients who have been taking benzodiazepines in the long term have the 
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potential to maximise their cognitive function and decrease their fall risk upon slow 

discontinuation and dosage reduction (210). It is highly recommended that sedating 

antihistamines and TCAs be avoided when managing insomnia because of their 

associated anticholinergic properties (210). 

Pain Management 

Opioid analgesics including tramadol have the potential to cause sedative effects (211). 

Demented people may show facial expressions, behavioural disturbances and body 

movements, such as agitation or aggression, when in pain (212). These symptoms might 

be mistaken for dementia behavioural symptoms. Thus, pain may possibly be under-

treated and under-recognised, particularly in advanced phases of dementia (212, 213).  

Although the research shows lower analgesics usage among demented people, it has 

also been reported that demented people are more likely to use strong opioids such as 

transdermal fentanyl, which have a higher likelihood of side effects than other 

analgesics such as paracetamol (212). It is highly recommended that fentanyl 

transdermal patches be avoided in patients with non-malignant chronic pain (214). In 

addition, demented people may be more prone to memory impairment from sedation 

caused by antiepileptic drugs such as pregabalin, gabapentin, valproate and 

carbamazepine when used to treat neuropathic pain, so they should be avoided if at all 

possible (206).  

Behavioural and Psychological Symptoms 

Psychological and behavioural symptoms associated with dementia, including agitation, 

hallucinations, aggression and wandering, are common. Non-pharmacological strategies 

should be used as a first-line option (215, 216). Antipsychotic medications should be 

considered only after non-pharmacological strategy failure, and if the patient 

experiences psychosis and aggression (206).  
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It has been reported that antipsychotics including first (such as haloperidol) and second 

generation (such as quetiapine, olanzapine, risperidone) have the potential to increase 

the risk of death in patients who suffer AD (206). Furthermore, hyponatraemia might 

result from the use of antipsychotics, which can lead to lethargy and confusion. Second-

generation antipsychotics can result in postural hypotension and sedation despite the 

lower risk of tardive dyskinesia (206).  

Patients who are diagnosed with Lewy body dementia are particularly prone to 

extrapyramidal adverse effects (e.g. Parkinson-like-symptoms) from the antipsychotic 

medications (206). The dementia antipsychotic withdrawal trial found that most patients 

who suffered AD did not experience a harmful effect on their cognitive and functional 

status upon antipsychotic medication withdrawal. Patients who continued taking 

antipsychotic treatment had decreased survival when compared to patients who stopped 

antipsychotic medication (206).  

Behaviours such as vocalising, screaming and wandering do not respond reliably to 

antipsychotic medication, and risperidone has been used instead in Australia to manage 

aggression and psychotic symptoms in demented patients (206). 

Sertraline vs. Tricyclic Antidepressants or Paroxetine for Major Depression in the Elderly  

Sertraline is an SSRI agent that can be used as an alternative therapy to any TCAs or 

paroxetine when used for major depression. Sertraline potently and selectively inhibits 

serotonin re-uptake, leading to increased concentration of serotonin in synaptic clefts as 

well as prolonging its activity at postsynaptic receptor locations (217). It has been 

demonstrated in vitro that sertraline exhibits insignificant affinity for histaminergic 

(H1), serotonergic (5-HT1A, 5-HT1B, 5-HT2), adrenergic (α1, α2, β), γ-aminobutyric acid 

(GABA) and cholinergic receptors (muscarinic) (217, 218). A study conducted in rats’ 

brains showed the insignificant anticholinergic activity of sertraline. The study found 
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that sertraline was a very weak inhibitor of [3H] quinuclidinyl benzilate binding to 

muscarinic Ach receptors in the brains of rats (218). Additionally, the affinity to a 

muscarinic receptor of Amitriptyline and paroxetine were about 60 and four times 

higher than sertraline respectively (217, 219). Potentially, this makes sertraline lack the 

sedative, anticholinergic and CVD side effects associated with TCA (217, 218).  

Table 1 shows the concentrations of sertraline and other antidepressants needed to 

inhibit in vitro radioligand binding by 50% (IC50) at various receptor sites (218, 219). 

More pluses indicate a lower concentration required to inhibit in vitro radioligand 

binding by 50% (IC50) at various receptor sites. For instance, sertraline’s concentration 

should be ≥104 nmol/L in order to inhibit in vitro radioligand binding by 50% (IC50) at 

α 2, Β, Dopamine D2, 5-HT1B, 5-HT2, Histamine H1 and Histamine H1 receptor sites. 

Furthermore, sertraline’s concentration should be between 103 to 104 nmol/L in order to 

inhibit in vitro radioligand binding by 50% (IC50) at α 1 receptor site (219, 220). 
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Table 2 – Concentrations of sertraline and other antidepressants needed to inhibit in vitro radioligand 

binding by 50% (IC50) at various receptor sites (178, 179) 
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Sertraline + - - -a -b - - - 

Paroxetine - -  + -   ++ 

Citalopram  + -  - -   + 

Fluvoxamine  - -  - -   - 

Fluoxetine  - -  - -   + 

Amitriptyline  ++ ++  + + +++ ++ +++ 

imipramine ++ +  + + ++ ++ ++ 

Clomipramine  ++ +  ++ + ++ ++ ++ 

Desipramine  + + + + + ++ +++ ++ 

Mianserin ++ ++  + + +++  ++ 

Legend: 

a is a category of dopamine receptor not specified 

b is a 5-HT1B receptor.  

IC50 Ranges: - indicates ≥104 nmol/L: + indicates 103 to 104 nmol/L; ++ indicates 10 to 103 nmol/L; +++ 

indicates <10 nmol/L 

DHA = dihydroalprenolol 

QNB = quinuclidinylbenzilate 

Efficacy of Sertraline in Elderly Patients with Depression 

The effectiveness of sertraline in the treatment of patients aged 60 years and over who 

suffer major depression has been demonstrated in different studies (221). A study 

conducted on 210 depressive patients who were aged ≥60 years, used a double-blind, 

parallel group design in which the patients were randomly assigned to 12 weeks’ 

treatment with either nortriptyline (25–100 mg/day) or sertraline (50–150 mg/day). 

Efficacy of sertraline was achieved in 71.6% (n = 53 of 74) of the sertraline-treated 

patients who achieved responder status by week 12 and Hamilton Rating Scale for 

Depression (HAM-D) scores improved by more than 75% by week 6 (222).  

Another double-blind parallel multicentre study, with a sample size of 241 elderly from 

which 161 patients were randomised to receive sertraline (50–200 mg/day), showed that 
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79.5% and 69.4% of sertraline patients responded to sertraline based on Clinical Global 

Impressions (CGI) severity and HAM-D scores respectively (223).  

A placebo-controlled study (n = 747), conducted among patients ≥60 years who 

suffered major depression, found that sertraline was effective and well tolerated (224). 

Another eight-week, randomised, double-blind, controlled clinical trial conducted in 

older adults (n = 55) showed that full remission of symptoms was observed in 51.8% of 

sertraline-treated patients (225). Thus, sertraline can be considered effective in the 

treatment of elderly patients with major depression. 

Pharmacokinetics of Sertraline 

Sertraline pharmacokinetic was studied in a non-blinded study with 44 volunteers (half 

elderly and half young) (226). Sertraline 200mg was given once daily for 21 days after 

nine days titration from 50mg daily (226). The study showed that the sertraline 

pharmacokinetic profile in younger volunteers was similar to healthy elderly volunteers 

≥65 years (226). The terminal elimination half-life (t1/2 beta) of sertraline was similar 

in elderly females and males and young female volunteers (mean t1/2 beta = 32.1–36.7 

hours) (226). The study also found no difference between gender and age groups in 

terms of the time required to reach maximum concentration (Cmax) (6.4–6.9 hours) 

(226). The elimination rate constant was lower in young females or subjects ≥65 years 

than in young males (0.031/hr vs. 0.022/hr for young females vs. 0.019/hr in the elderly) 

(226). Sertraline pharmacokinetic is linear in healthy individuals with doses ranging 

from 50mg to 200mg daily (218) and in patients with renal impairment it does not differ 

significantly from healthy controls (227). However, sertraline clearance reduced 

markedly if patients suffered liver cirrhosis (228, 229), and exposure was increased by 

approximately three-fold in the case of mild liver impairment as cytochrome (CYP) 450 

CYP 2C19 and CYP 2C9 are the main CYP isoenzymes involved in its metabolism 

(218). 



59 

 

Efficacy of Behavioural Therapy in Elderly Patients with Insomnia 

Strong evidence supports the use of non-pharmacologic interventions for insomnia. 

Cognitive behaviour therapy (CBT) is considered effective in the management of 

insomnia in the elderly (230). Moreover, behavioural treatment has been shown to result 

in better-sustained sleep improvements than pharmacological approaches (230).  

A randomised, placebo-controlled clinical trial conducted in 78 subjects with a mean 

age of 65 years showed that CBT, including stimulus control, sleep restriction, sleep 

hygiene and cognitive therapy were more effective than a placebo at post-treatment 

assessment (231). Additionally, the study demonstrated that combining behavioural and 

pharmacotherapy approaches improves sleep more than either approach on its own 

(231). The percentage reductions of time awake after sleep onset was lowest for the 

placebo (16.9%) followed by pharmacotherapy (temazepam) (46.5%), CBT (55%) and 

the combined condition (63.5%) (231). Thus, CBT has the potential to be more effective 

than pharmacotherapy in the management of insomnia in the elderly (231).  

Another two-year randomised, double-blinded, placebo-controlled trial of 46 subjects 

(mean age 60.8 years) with chronic primary insomnia, examined long- and short-term 

clinical efficacy of CBT and pharmacological treatment (zopiclone) (232). The study 

found that CBT interventions were superior to zopiclone treatment both in long- and 

short-term management of insomnia in older adults (232).  

The effectiveness of CBT in insomnia in the elderly was also shown in another placebo-

controlled study conducted among 92 participants (mean age 69 years) with a chronic 

condition, including pulmonary disease, coronary artery disease or osteoarthritis (233). 

The study found that CBT participants had larger improvements on eight out of 10 self-

report measures of sleep than the placebo (233). Thus, CBT can be considered effective 

in the treatment of elderly patients with insomnia. 
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Pregabalin Use for Neuropathic Pain in the Elderly 

Pregabalin inhibits the influx of calcium and consequent discharge of excitatory 

neurotransmitters (234). Pregabalin absorption is more rapid if administered orally 

compared with gabapentin, as the maximum plasma concentrations are reached within 

one hour (234). Absorption of pregabalin follows the first order (linear) in which 

plasma concentrations proportionately increase with increasing dose (234). Irrespective 

of pregabalin dosage the absolute bioavailability remains at ≥90% (234). Additionally, 

pregabalin neither binds to plasma proteins nor is metabolised by hepatic enzymes 

(234). Pregabalin does not inhibit the liver enzymes that are responsible for the 

metabolism of other drugs (234), so is not likely to cause significant drug–drug 

interactions (234). This is of importance in different patient groups such as the elderly, 

who are likely to receive more than one drug regimen (218). Pregabalin is excreted 

renaly unchanged (<2% metabolism) with an elimination half-life of approximately six 

hours (218). The oral clearance of pregabalin decreases with increased age due to the 

age-related reduction in creatinine clearance, so dose adjustment might be required 

(234, 235). 

Efficacy of Pregabalin in Patients with Neuropathic Pain 

Pregabalin can be used to treat elderly patients with neuropathic pain, as demonstrated 

in many studies. A current study that pooled the data from 11 double-blind, randomised, 

placebo-controlled clinical studies showed that pregabalin (150–600 mg daily) reduced 

neuropathic pain in the elderly aged ≥65 years (236). The sample size was 2516 patients 

and 50.9% were ≥65 years of age. Among patients with postherpetic neuralgia (PHN) 

and diabetic peripheral neuropathy (DPN), 78.4% and 32.6% were ≥65 years 

respectively (236). The study observed major improvements in endpoint mean pain 

compared with a placebo in older patients. A pain response of  ≥30% and ≥50%, which 

clinically means pain relief, was found in all age groups. Moreover, the study 
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demonstrated that the RR for adverse effects (e.g. somnolence, dizziness, asthenia, 

peripheral oedema, weight gain, dry mouth, and infections) associated with pregabalin 

increased with dose and did not seem to be related to the nature of neuropathic pain or 

older age (236). Additionally, pregabalin was considered an important option to treat 

older people suffering from neuropathic pain due to the absence of recognised drug–

drug interaction (236).  

Another randomised double-blind placebo-controlled study compared the efficacy of 

pregabalin, gabapentin, and amitriptyline in neuropathic cancer pain (237). The study 

showed a significant reduction in pain score in the patient group that received 

pregabalin therapy compared with a placebo and those who received amitriptyline and 

gabapentin (237). Additionally, patients on pregabalin showed significant lower 

dysesthesia and lancinating pain compared with placebo and gabapentin groups. 

Moreover, improvement in global satisfaction scoring and eastern cooperative oncology 

group scoring was greatest in patients taking pregabalin. The study also showed a 

clinically and statistically major morphine sparing effect of pregabalin in relieving 

neuropathic symptoms and pain associated with cancer as compared to other groups 

(237). Pregabalin is considered to be level A (in rating for efficacy) in the treatment of 

DPN, PHN and central pain (238). 

Angiotensin Receptor Blockers Use in Hypertension and/or Heart Failure  

Different studies show variation between different antihypertensive drugs in terms of 

their effects on cognitive function. One paper reviewed randomised studies and 

compared angiotensin-converting enzyme (ACE) inhibitors with other antihypertensive 

drugs in term of their effects on cognitive function, general vitality and work 

performance. It found that ACE inhibitors were not likely to produce positive effects on 

memory or cause delirium, but they had the potential to develop performance on an 

alertness test (239). The review concluded that ACE inhibitors, verapamil and atenolol 
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do not seem to have any significant effects on cognitive function in patients with 

hypertension, unlike propranolol which potentially causes activity impairment and 

reduced vitality (239).  

Another study, conducted among 144 patients aged 61–80 years who suffered mild to 

moderate essential hypertension, showed that valsartan 160mg, an angiotensin receptor 

blocker (ARB), daily improved cognitive function after 16 weeks, unlike enalapril (an 

ACE inhibitor) which did not show any significant effect on the scores of any cognitive 

function tests (240).  

Additionally, on hypertension cognitive domains, beta-blockers and diuretics are 

potentially worse than CCB and ACE inhibitors, which have been found to be effective 

(241). However, another paper stated that in elderly women the use of diuretics or ACE 

inhibitors was linked with reduced incidence of domain-specific and global cognition 

impairment and may play a role in delaying dementia progression (242).  

Moreover, a study conducted among patients with heart failure found that ACE 

inhibitors might selectively develop cognitive improvement (243).  

Some studies investigated the effect of non-brain-penetrating and brain-penetrating 

ACE inhibitors on cognition. One study, which used experimental AD models, 

demonstrated that perindopril (brain-penetrating ACE inhibitor) protected against brain 

injury and cognitive impairment compared with non-brain-penetrating ACE inhibitor 

(244). Another study found a 65% reduction in cognitive decline and a slower rate of 

AD progression were associated with centrally-acting ACE inhibitor users compared 

with non-users (245, 246). Additionally, Rozzini et al. considered ACE inhibitors as a 

protective factor for cognitive decline (247).  
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Based on another study, ARBs were found to be associated with a major decline in the 

progression and incidence of dementia and AD compared with ACE inhibitors or other 

CVD drugs in a mainly male population (248).  

A randomised controlled study, with a sample size of 53, showed that candesartan (an 

ARB) greatly improved executive functioning among hypertensive elderly subjects who 

suffered impairment in executive functioning when compared with hydrochlorothiazide 

or lisinopril (249). The study linked this finding to the selective nature of candesartan 

(an ARB) to block angiotensin receptors, which may result in cognitive protection 

(249).  

Oprisiu et al. state that insulin-degrading enzyme expression is enhanced by valsartan 

(an ARB), which plays a role in amyloid peptides degradation (250). Moreover, ARBs 

increase the memory-protective angiotensin IV and II by angiotensin AT4 and AT2 

receptors activation (250). In comparison, ACE inhibitors raise amyloid pathology due 

to the blocking nature of ACE, which produces less toxic amyloid-β peptides by the 

catabolism of toxic amyloid-β (250).  

Cognitive function was also improved by losartan (an ARB) in hypertensive elderly (up 

to 73) patients in another study (251). Additionally, Mogi and Horiuchi (2009) indicate 

that ARBs have positive effects on cognitive impairment associated with AD, metabolic 

syndrome, vascular disease and other neurodegenerative diseases (252). Furthermore, 

olmesartan (an ARB) considerably improved cognition independent of its lowering 

effect on blood pressure (253). However, hydralazine and nifedipine did not show such 

improvement. Furthermore, the same study found that hippocampal synaptic plasticity 

impairment was partially attenuated and vascular dysregulation induced by amyloid was 

completely prevented by pre-treatment with a low dose olmesartan (253).  
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ARBs can therefore be considered as the best option for use in hypertensive and/or heart 

failure elderly patients because of their ability to not only prevent cognitive impairment, 

but to improve cognition.  

For patients with heart failure, the trial in this thesis will consider using either 

candesartan 4–32 mg administered orally daily or valsartan 40–160 mg administered 

orally twice daily instead of ACE inhibitors or B-blockers whenever possible (18). 

Caution should be taken when using these medications in patients with heart failure 

with preserved ejection fraction (HFPEF) as current evidence is not conclusive 

for ARB effectiveness (18). For hypertensive patients, the trial will consider the usage 

of candesartan 4–32 mg daily, eprosartan 400–800 mg daily, irbesartan 75–300 mg 

daily, losartan 25–100 mg daily, olmesartan 10–40 mg daily, telmisartan 40–80 mg 

daily or valsartan 40–320 mg daily (18). All patients on ARB therapy will be monitored 

frequently for renal impairment, hypotension, hyperkalaemia, electrolytes and creatinine 

(18). Additionally, the total ACB score will be calculated before and after the 

replacement and a reduction will be correlated with improved cognition. 

Statins 

Statins are the most effective drugs available for lowering low-density lipoprotein 

cholesterol (LDL-C) and are generally well-tolerated, with an acceptable side effect 

profile. According to the USA National Cholesterol Education Program, Adult 

Treatment Panel III, they are the first line of therapy for lipid lowering and attaining 

treatment goals (254).  

While treatment with a fibrate, niacin, or ezetimibe therapy may also result in 

favourable effects on the lipid profile, trials of these medications have not produced the 

same robust results in coronary heart disease risk reduction. The cholesterol-lowering 
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guidelines, therefore, retain LDL-C as the primary target for lipid modification, and 

statin therapy as the primary means of achieving LDL-C goals (254, 255).  

The link between statins and cognition has been investigated in many studies. A 

randomised controlled placebo trial showed that simvastatin (a statin) negatively 

affected some cognition measures when compared with a placebo (256). However, 

statins have been shown to have a beneficial or neutral effect on cognitive function in 

most observational studies and randomised controlled trials (256). Lipophilicity of 

statins may affect the penetration across blood–brain barriers, hence the likelihood of 

cognitive impairment. As rosuvastatin and pravastatin are less lipophilic, they may be 

less likely to cause cognition decline and can be used as an alternative therapy if statin-

induced cognitive impairment is suspected (257).  

However, another study found that the short-term use of low dose statins in healthy 

subjects showed little impact on cognition regardless of their lipophilic nature. One 

cross-sectional analysis of 24,595 participants (7191 statin users and 17,404 statin non-

users) demonstrated that there was no association between cognitive performance and 

statins (258). A randomised study of 640 subjects found that atorvastatin, when used as 

a treatment for mild to moderate AD over 72 weeks, did not result in a major clinical 

benefit (259). However, a literature review showed that the RR of dementia decreased 

with the use of statins (91). The same review concluded that the pooled results indicate 

that statins slightly benefit AD and all kinds of dementia prevention (91). However, 

food and drug administration (FDA) states that statins have the potential to result in 

reversible and non-serious cognitive adverse events including confusion and memory 

loss (260).  
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Chapter Summary 

This chapter examined the relevant literature on medications with anticholinergic 

properties and their anticholinergic burden amongst the elderly. It identifies a gap in 

knowledge about the effect a reduction in such could have on the health and wellbeing 

of elderly patients. This gap will be used to develop the scope of this study’s concept 

and methodology for a population of elderly patients in suburban Sydney, New South 

Wales, Australia.  

The chapter also reviewed the literature on the role of pharmacists in reducing their 

anticholinergic burden, identifying that there has been insufficient research to date on 

the effect of reducing the ACB score through HMR recommendations and whether this 

reduction could improve cognitive function and memory in the elderly.   
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Chapter III – Study Design and Methodology 

Study Concept 

Medications that exhibit anticholinergic properties can cause physical and mental 

impairment (18) based on personal response. However, as those effects might appear to 

have minor consequences on the patient’s pre-existing condition, they may be ignored 

and disregarded. While uncomfortable for patients with relatively good cognitive health, 

side effects in susceptible patients, particularly the elderly or patients with a pre-existing 

condition like dementia, can be serious and may lead to an increased risk of mortality 

(18).  

Pharmacists can play an essential role in reducing, managing and preventing 

medication-induced adverse events, including anticholinergic burden (193). A study 

showed that pharmacists were able to decrease the rate of preventable adverse drug 

reactions after discharge from hospital through patient counselling, telephone follow-up 

and HMRs (193). Additionally, collaboration between pharmacists and doctors to 

investigate treatment, patient management and pharmacotherapy has been used in 

different countries to improve prescribing and disseminate new guidelines and 

knowledge (194). A study conducted by He and Ball (2013) showed that the ACB score 

can be reduced significantly by applying a theoretical intervention model to the patient’s 

drug regimen while maintaining therapeutic benefits (199). 

One study showed that professional continuous education undertaken jointly by 

pharmacists and doctors led to changes in prescribing habit, with doctors selecting 

antidepressants with lower anticholinergic activity when prescribing to an older person 

(194). Another study demonstrated that an educational program resulted in a significant 

reduction in the use of antipsychotic medications with anticholinergic properties, with 

no rise in the prevalence of behavioural problems (195).  
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As discussed in Chapter II, the United States Aging Brain Program, at Indiana 

University,  developed a decision making guidelines for medications change 

recommendations, listing the alternative medications which can be used to replace 

medication with ACB (196). Additionally, a study in elderly frail subjects showed that 

the ADS score reduced significantly after pharmacist-initiated medication changes using 

this list (197). Lately in Australia, there has been a controversy around the biosimilar 

medications, which demonstrate similar biological, immunological and physiochemical 

characteristics, safety and efficacy of reference medications (261). Biosimilar 

medications are evaluated rigorously in Australia by the Pharmaceutical Benefits 

Advisory Committee and the Therapeutic Goods Administration. Considering 

biosimilar medications when changing a medication with ACB has been taken into 

account in the study. Understanding the distinguishing features of different cognitive 

impairments can help clinical pharmacists collaborate with other health professionals in 

the management of the elderly. Managing all treatable causes of cognitive impairment 

allows the cognitively impaired to be the best they can be (198).   

A theoretical study discussed in Chapter II showed that a reduction in ACB score could 

be achieved for a significant number of people through use of appropriate prescribing 

guidelines (199). This study explored if the theoretical finding of using alternative 

medication to that causing the high ACB score may improves patient cognitive 

functions while maintaining therapeutic outcomes. Additionally, the study explored if 

prescribers would consider the recommendations made by the pharmacist. 

The findings of this study will show whether HMR recommendations can reduce 

anticholinergic burden in older patients, while improving their cognitive functions, but 

without compromising therapeutic benefits. The concept of this study is described in 

Figure 3. 
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Figure 3 – Study concept  

Study Scope 

The study focused on patients aged ≥65 years, taking medication(s) and live in a 

community or nursing home, to check whether there is a link between ACB score and 

cognition, and whether pharmacists can play a role in reducing this burden.  

Design  

To effectively conduct the proposed research investigation and answer the research 

question, a prospective observational case-control approach was used. As the study was 
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mainly dependent on observation of clinical improvement in cognitive function through 

a reduction in ACB, a retrospective study was not an option.  

The investigation consisted of three parts. First, to detect any possible placebo effect of 

the one-on-one encounter between patient and health providers, an initial and follow-up 

HMR was undertaken for both control and case groups. Second, pharmacist–doctor 

collaboration was tested to see if doctors were prepared for a two-way level of 

collaboration. Third, by comparing baseline data to the six-month follow-up for both 

groups, the value of the recommendations were tested to determine if the reduction in 

ACB improved patient quality of life and in which areas—anticholinergic side effects 

only, and/or both side effects and cognition.  

Observational study constitutes a significant category of study design. Song and Chung 

state that a well-designed observational study gives results similar to those of 

randomised controlled trials (262).  

The case-control study is a primary type of observational study that helps evaluate 

relationships between two things, such as disease and exposure (262). It compares 

subjects with an outcome of interest or a disease (cases) with subjects without an 

outcome or the disease (controls), and retrospectively compares the exposure frequency 

to the risk factors present in each group to show the relationship between the disease 

and the risk factor (263). Case-control studies are suitable for, in addition to clinical 

studies and trials, studying uncommon diseases or conditions, require less time to run as 

the disease or condition has already happened, and allow risk factors to be looked at 

simultaneously (263). However, case-control studies have some problems. First, the 

data are based on participants with an existing condition and who are therefore more 

motivated to remember risk factors (recall bias) (263). Second, they are prone to 

selection bias, and the related methods—Fisher’s exact test, chi-square 2 by 2 test odds 
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ratio meta-analysis, conditional logistic regression and exact CI for odds ratio—pose a 

risk (retrospective) (263). Third, they are not reliable for assessing diagnostic tests as 

case participants have the condition and the control participants do not, making it 

difficult to find an appropriate control group (263). 

In this study, case-control design was selected for two reasons; first during participants 

enrolment phase, it was not known if the enrolled patients had ACB or not until after the 

HMR interview was concluded.  When the patient had no ACB, they were considered as 

controls, however if the patient was found to have ACB they were assigned as 

intervention group. The second reason was to be able to detect the placebo effect of the 

HMR interview itself, in both groups the controls and the intervention group, to be able 

to establish if implementing the pharmacists’ recommendation, by the treating doctor, 

was effective or if the effect was produced by the HMR interview. 

Aim 

The main aim of the study is to explore if the home medication review process can 

contribute to anticholinergic burden reduction caused by medications with 

anticholinergic side effects in elderly patients.   

Objectives 

1. Identify the problem: based on the background information and literature review, the 

risk of anticholinergic burden among the elderly participant population due to 

medication with anticholinergic properties was identified.  

2. Explore the effect of HMR recommendations on the reduction of the ACB score: 

two HMRs were conducted, and K10 and WAYM questionnaires were 

administered—one at baseline and one at six-month follow-up—and the results 

compared. 
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3. Usability of K10 and WAYM questionnaires by pharmacists during the HMR visit: 

the questionnaires were administered by the HMR-accredited researcher and the 

time taken to complete each was reported on, as well as patients’ perceptions of 

using the questionnaires. 

Research Question 

The research question was designed to investigate the possibility of pharmacist 

intervention that could contribute to reducing anticholinergic burden when and if 

possible. The question was formulated as:  

Can pharmacist-led home medication review recommendations to reduce 

anticholinergic burden, caused by medications side effects, in older patients improve 

their cognitive functions without compromising therapeutic benefits?  

To answer the research question, the study aimed to:  

• recommend a number of changes, which could be trialled in actual practice, to 

common medication combinations to maintain therapeutic benefits whilst reducing 

total anticholinergic burden  

• draft a guideline with the potential to improve mental functioning and reduce 

peripheral symptoms caused by medications with anticholinergic properties, 

bringing patients below the levels associated with morbidity and mortality, and 

reducing the financial burden associated with polypharmacy.   

Sample 

Sample Size  

Sample size must be considered carefully when planning a research design (264, 265). 

Before calculating sample size, investigators must decide what is considered an 

important or significant clinical difference for the proposed study design, and then 
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calculate the sample size needed to estimate this clinically meaningful difference with 

statistical precision (266).  

There are four main elements that affect the size of the sample—the effect of sample 

size, sample homogeneity, the accepted risk of errors, and the expected attrition rate 

(266).  

In order to determine the effect of sample size, the primary outcome must be 

measurable and clearly defined (266). In this study, the primary outcomes are the 

presence of memory impairment (using WAYM), the presence of depression (using 

K10) and an ACB score of 4 or above. After identifying the relevant primary outcome 

measurement, the expected difference or effect size in that outcome is estimated. In 

general, the smaller the anticipated effect size is (i.e. the smaller the difference between 

groups), the larger the required sample size should be (266). For example, if the primary 

outcome is incidence of delirium and pilot data suggest the intervention is likely to 

reduce the incidence from 80% to 40%, this will require a smaller sample size than an 

outcome such as the incidence of central line infections where an intervention might be 

expected to reduce the rate of infection from 5% to 4% (266).  

Sample homogeneity refers to how similar the participants in the study are to each 

other, and reflects how well the sample reflects the study population. Homogeneity is 

generally measured using standard deviation (SD) (266). This study included elderly 

patients with different characteristics, including the medications they took and their 

diagnosed medical conditions; however, all took five or more medications and had one 

or more chronic diseases.  

The researcher should declare the accepted risk of error to inform readers of the 

accuracy and relevance of the results (266). A false-positive result (type 1 error) occurs 

when investigators wrongly conclude a difference exists (266).  
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The attrition of participants should be considered after calculating the study sample size, 

and reflects the number of participants needed to complete the study and retain 

statistical and clinical difference (266). Thus, the sample size should be increased to 

account for attrition. In this study the mortality rate of the patient group (≥65 years) is 

4.46%, which indicates that the sample size should be increased by 5% to maintain 

viable sample size. For this study the sample size was pragmatic, where 100 patients, 

while it is not representative of the geriatric population, it was considered sufficient to 

identify relationships that can be further explored in future larger studies. Additionally, 

the following reasons were also considered: 

1. The hospitals approached—Liverpool Hospital and Prince of Wales Hospital 

(Sydney, Australia)—could not provide access (citing they were too busy) 

2. Geriatric specialists and GPs could not provide access to patients other than through 

the HMR process 

3. Pharmacists are only allowed to conduct 21 HMRs per month (thus taking five 

months to review 100 patients, who would require review after six months, adding 

five months, making a total of 16 months to complete the intervention) 

4. The candidature is three years, and 12 months were spent negotiating with hospitals 

without an outcome (leaving two years for completion).  

Participants 

Inclusion criteria include the subjects being 65 years of age and older, male or female 

and taking one or more medications. Exclusion criteria included patients diagnosed with 

advanced Alzheimer’s disease or dementia, patients diagnosed with permanent 

cognitive impairment due to brain injuries, patients with intellectual disability and 

patients who could not communicate in English. As patients with severe cognitive 

impairment were excluded from the study, all other patients are treated by their local GP 
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and the patterns of conditions and medications they have are similar regardless of living 

in the community or residential homes. 

The study enrolled 54 males and 49 females, a total of 103 patients, with different 

medical conditions and who take medications to treat and manage their conditions. The 

participants were ≥65 years, could communicate in English, and lived in a community 

or residential setting. Those participants with an ACB score of ≥4 constituted the cases, 

(41.7%) and all others constituted the control group. Participants diagnosed with 

advanced AD or dementia, permanent cognitive impairment due to brain injuries, 

intellectual disability or who could not communicate in English were excluded from the 

study. The participants came from different cultural backgrounds, but all lived in 

Australia. 

Location 

The sample population was selected from New South Wales on referral from GPs.  

Ethics 

Ethical clearance and approval were issued by CDU HERC. Approval number: 15024, 

dated 15 May 2015; a copy is attached at Appendix 1. 

Consent 

Participants in the research consented to be involved in the study, with the research 

design ensuring that each participant’s voluntary participation was clearly established. 

The participants were given information about the research, and discussed the research 

project with the researcher. The participants were advised of the potential risks and 

burdens associated with this research, and had the opportunity to ask the researcher any 

questions about the research and their participation. The researcher ensured that the 

participants understood that their participation in this research was voluntary, that they 
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were free to refuse to participate and/or withdraw from the research at any time, and that 

their refusal to participate or withdrawal of consent would not affect their treatment or 

their relationship with health professionals or other patients in any way. If the 

participants had any enquiries about the research, they had the researcher’s contact 

details. The participants were asked to sign a consent form before participation. The 

patient information sheet and consent form are at Appendix 2 (GP), Appendix 3 

(nursing home) Appendix 4 (community pharmacy) and Appendix 5 (patient). 

Record Keeping 

Information that would identify the doctors or their practices, pharmacists or patients 

will not be included in any publications. Patient, doctor and pharmacist information will 

be stored in accordance with the Health Records and Information Privacy Act 2002 

(NSW), with the investigator being the only person with access. Study data were 

entered on a computer that is password-protected and uses special coding of the data to 

protect the information. 

Timeline  

(Table 2) outlines the timeline. For the first 12 months, the researcher focused on the 

relevant literature in preparation for submitting the research proposal. On 15 May 2015 

ethical approval was received and GPs and patient recruitment had started. Recruiting 

GPs took two months. The final thesis was submitted in October 2016. 
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Table 3 – Study timeline 
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A 6-month follow-up            
Evaluation of the 

results             

Write up and 

submission of the final 

thesis              

Data Collection and Analysis 

The investigator analysed existing studies in which data had been collected in order to 

construct a list of medications with some idea of their frequency of prescribing and 

intensity of the anticholinergic effect. Ball et al.’s (2013) study analysed the frequency 

of prescribing anticholinergic medications (267). This research adopted the same 

method of listing and analysis (by a count of occurrences) to determine if the finding in 

that study is reproducible in a sample not unique to that study sample (267).   

The data collection techniques consisted of calculating ACB scores based on current 

medication list, conducting an HMR and administering two questionnaires (WAYM and 

K10) followed by a six-month repeat of the baseline intervention to compare results and 

measure the effect of the intervention (one-on-one consultation, change in medications, 

GP implementation of the changes, if any, to the patient’s ACB score. Questions 

included in WAYM and K10 are at Appendices 6 and 7, and the anticholinergic 

medication lists are at Tables 1 and 2. 
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The investigator collected data on current medications from the pharmacy, doctors, 

patients or medical notes (nursing home) at the baseline and after six months. The lists 

prepared by Fox, et al. (2011) and Ball, et al. (2013) were used to calculate each 

patient’s risk of anticholinergic burden (17, 37). The two studies considered that ACB 

score of 4 is indicative to ACB that is possible to produce detectable MCI (17, 37). In 

this study, the same score (ACB score of >4) was used to trigger the pharmacists with 

alternative medication aiming to reduce the ACB score to <4.  

Cognitive improvement was measured by comparing the baseline data to the six-month 

follow-up data as an improvement (reduction) in the total ACB score. Additionally, the 

baseline WAYM and K10 total scores were compared with the six-month results for 

each patient, regardless of medication change or ACB scores being ≥4, to determine the 

placebo effect of the one-on-one encounter.  

Advice from a statistician was obtained as soon as the data collection was completed. 

Chi-squared test was used to establish the significance of the difference between the two 

groups (cases and controls) and the Kruskal-Wallis test was used to examine changes in 

the cognition scores and whether particular categories of medications contribute a 

greater or lesser effect on cognition functions. 

Methodology 

The study used a mixed method to explore possible relationship between a score of >4 

ACB caused by medication, as side effects and participants’ cognitive function through 

comparing their memory and mood before and after the recommendation of alternative 

medication recommended by the pharmacist implemented by their treating doctor and 

used for a period of 6-months. Patients who did not have score of >4 ACB caused by 

medication side effects who met the selection criteria were enrolled as controls. At first 

stage, the investigator conducted intense research to construct algorithm which could be 
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used as a guide to recommendations made to the doctors. The following section is 

examples of tools and guidelines used to develop this algorithm. 

Examples of Tools and Guidelines Used to Guide Recommendation for Changes 

As indicated in page 51, there are some studies that explored suitable medications 

alternatives aiming to reduce total ACB caused by side effects in individual patients 

without compromising their intended therapeutics outcomes. The following are those 

changeover options which were used in this study. Those medications were found to 

provide the same intended therapeutic outcomes with lower ACB score. 

Changeover from Tricyclic Antidepressants or Paroxetine to Sertraline 

The researcher conducted HMRs for the participants, and checked the suitability of 

ceasing or reducing the dose of current TCAs or paroxetine and the possibility of 

introducing new medication with a lower anticholinergic burden (Table 3).  

Table 4 – Changeover from tricyclic antidepressants or paroxetine to sertraline (17, 220) 

Drug Recommendation by pharmacist to GPs Rationale 

Changeover (if possible) 

TCAs 

or 

paroxetine 

(271)  

 

 

- Please consider gradual medication withdrawal to 

prevent withdrawal symptoms (particularly if the 

higher dose or long-term use); usually reduce dose 

by 25% per day (271). 

- Please consider waiting for 2–4 days before starting 

next antidepressant to reduce the risk of drug 

interactions (18, 271)  

- If severely depressed, please consider 

hospitalisation during washout/changeover (271).  

drug (or metabolites) with 

an intermediate half-life of 

24–48 hours 

It should be noted that 23 days are required to stop amitriptyline, clomipramine (25mg), 

doxepin and imipramine, 19 days to stop dothiepin, and 16 days to stop nortriptyline 

and trimipramine. During the HMR participants were advised that if the prescriber 

accepts the change of medication, they need to report to their GPs if they experience any 

of the side effects listed at Table 4. 
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Table 5 – Withdrawal symptoms of tricyclic antidepressants and paroxetine (220) 

Drugs Withdrawal symptoms Comments 

TCAs Cholinergic rebound: sleep disturbance, abdominal 

cramping, runny nose, diarrhoea, hypersalivation. 

More common with doxepin, 

amitriptyline, trimipramine 

Paroxetine Electric shock-like sensations, tremor, nausea, paresthesia, 

anxiety, agitation, sweating, confusion, dizziness. 

Common with paroxetine  

If starting sertraline is suitable for the patient, the doctor(s) were advised to consider 

using the therapeutic dose of sertraline for depression, which is 50mg daily. If no 

response is seen in seven days, the dose can be increased gradually up to a maximum of 

200mg/day. The sertraline dose can be changed only at intervals of ≥one week as its 

elimination half-life is 24 (this might increase to 32–37 in the elderly). The trial of 

sertraline was to be continued for eight weeks during which time patients were to be 

monitored in terms of their cognition and mood using WAYM and K10 to ensure full 

activity of sertraline. The onset of a therapeutic effect might be seen within seven days.  

Ceasing of Benzodiazepine 

If benzodiazepine could be stopped by the prescriber after a thorough HMR was 

conducted, a gradual withdrawal was recommended, especially for older patients who 

had been taking hypnotics for long period of time. According to the National 

Prescribing Service (NPS), the dose reduction plan for benzodiazepine can be achieved 

by a number of strategies, such as halving the tablets or taking them on alternate nights, 

to reduce withdrawal symptoms (272) 

The following formulas can be used to calculate the diazepam-equivalent dose of 

different benzodiazepine medications (also see Table 5 for ready-to-use dosing) (272): 

- Alprazolam = (Dose × 5mg) / (0.5–1) 

- Bromazepam = (Dose × 5mg) / (3–6) 

- Clobazam = (Dose × 5mg) / (10) 

- Clonazepam = (Dose × 5mg) / (0.5) 

- Flunitrazepam = (Dose × 5mg) / (1–2) 
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- Lorazepam = (Dose × 5mg) / (1) 

- Nitrazepam = (Dose × 5mg) / (5–10) 

- Oxazepam = (Dose × 5mg) / (15–30) 

- Temazepam = (Dose × 5mg) / (10–20) 

- Triazolam = (Dose × 5mg) / (0.25)  

Table 6 – Approximate equivalent dose* to diazepam 5 mg and duration of action 

Agent  Dose (mg) Onset of action 

Alprazolam 0.5–1 Short- Intermediate 

Bromazepam 3–6 Short- Intermediate 

Clobazam  10 Intermediate 

Clonazepam 0.5 Intermediate 

Diazepam 5 Long 

Diazepam elixir 1 mg/mL 5 Long 

Flunitrazepam 1–2 Intermediate 

Lorazepam** 1 Short- Intermediate 

Nitrazepam 5–10 Intermediate 

Oxazepam 15–30 Short 

Temazepam 10–20 Short 

Triazolam 0.25 Short 

*The widely varying half-lives and receptor binding characteristics of these agents  

make exact dose equivalents difficult to establish. 

**Lorazepam may be relatively more potent at higher doses.   

Commencing Pregabalin and Ceasing Tricyclic Antidepressants  

If TCA was used for neuropathic pain, the investigator suggested the doctor replace it 

with pregabalin after a thorough HMR and checking the suitability of the replacement. 

The initial dose of pregabalin was recommended as 75mg per day at bedtime to reduce 

adverse effects, then to be titrated up to 150–600mg per day (increase of pregabalin 

dose by 75mg per day every three to seven days) if tolerated. Pregabalin is generally 

given two times a day (242, 273).  

Dose adjustment based on estimated creatinine clearance was required for patients with 

renal impairment (Table 7).  
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Table 7 – Pregabalin doses with different estimated creatinine clearance 

Estimated 

creatinine clearance 

Dose 

30–60 mL/minute Initially 75 mg daily; maximum daily dose 300 mg in 1 or 2 doses 

15–30 mL/minute Initially 25–50 mg daily; maximum daily dose 150 mg in 1 or 2 divided doses 

<15 mL/minute Initially 25 mg daily maximum daily dose 75 mg as single dose 

There is no known interaction between TCAs and pregabalin, so it can be commenced 

during TCA withdrawal (13).  

Step-by-step Protocol Used in the Study (Home Medication Reviews)  

The study followed a specific protocol:  

1. The researcher approached GPs randomly via telephone to request an appointment to 

discuss their possible involvement in a research project. 

2. During that appointment, the researcher discussed the details of the study with the 

GP (or nursing home manager or community pharmacist), and provided them with a 

written information sheet and consent form (Appendices 2–4). 

3. If the GP agreed and signed the consent form, the GP could then communicate with 

the patients who fitted the selection criteria, or their guardians as applicable, to 

provide them with patient information regarding the study (Appendix 5). 

4. If the patient or guardian agreed to meet the pharmacist for participation in the 

study, the GP referred them to the pharmacist for an HMR. 

5. The GP was then asked by the pharmacist to provide medical and medication history 

for each patient they nominated including: 

- medications currently prescribed and their indications 

- laboratory results related to those medications and conditions 

- allergies or contraindications 

6. The researcher received a weekly list of the nominated patients from the GP for 

study participation, including their guardianship status and contact details for patient 

and/or guardian as applicable.  
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7. The researcher contacted the patient or their guardian, as applicable, to request an 

appointment for a study visit. 

8. During the appointment, the patient or guardian was asked if they were still willing 

to participate in the study, after explaining thoroughly the study details to them 

again and gaining their agreement (signed consent) to contact them again after six 

months to repeat the same process.  

9. If the patient or guardian agreed to participate and signed a consent form, the patient 

was enrolled and the K10 (Appendix 6) and WAYM (Appendix 7) were 

administered. 

10. After the visit the researcher reviewed the patient medications and the ACB score 

was calculated according to the two lists in Appendices 8 and 9. 

11. All patients with an ACB score of ≥4 were marked as cases. 

12. All patients with an ACB score <4 were marked as controls with no change in 

medications requested to the GP. 

13. A report to the GP was the written using template in Appendix 10, considering 

possible problems listed in Appendix 11. 

14. The researcher contacted patients two weeks prior to the six-month review (after 

five and half months) to arrange a time for the six-month appointment. 

15. All patients were reviewed after six months regardless of their group: 

- K10 and WAYM were re-administered 

- ACB scores were recalculated. 

Chapter summary 

This study was designed as a prospective observational case-control study, where two 

sessions of patient encounters, baseline and six-month follow-up, were performed by 

the researcher. The targets measurable were a reduction in ACB score, improvement in 
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the K10 and improvement in WAYM results. The investigator delivered both the initial 

and follow-up HMRs, which included the administration of the K10 and WAYM, 

calculation of the ACB score and drug change recommendations to treating doctors. The 

aspect of pharmacist–doctor collaboration was noted to understand if doctors were 

prepared for this level of collaboration. At the end of the study, the baseline data was 

compared to follow-up for both the control and case groups. Two papers were published 

on the literature review (Appendix 12) and the tools used in this study intervention 

phase (Appendix 13).  
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Chapter IV – Result: Part A  

This chapter composes of two parts. Part one highlights literature review search results 

conducted by the investigator and part tow analyses patient demographic data and data 

from K10 and WAYM to establish if the ACB score has a relationship with the K10 and 

WAYM results, and if a reduction in the ACB score can improve the results of those 

two assessments. 

Part One: Literature Review Search Results 

Medline™, PubMed™ and Google™ Scholar databases were searched to identify 

studies in the English language between 1975 and 2016. The following keywords were 

used: cognitive impairment, cognitive impairment AND causes, cognitive impairment 

AND modifiable causes, cognitive impairment AND non-modifiable causes, cognitive 

impairment AND medications AND pharmacist role AND cognitive impairment.  

Letters, commentaries and commercial websites were excluded, only peer-reviewed 

articles and informational websites were included (Tables 7, 8 and 9). 
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Table 8 – Number of articles per search term 

Search term: Cognitive impairment 

Database Articles 

found with 

the first 

search 

Articles 

excluded 

before being 

reviewed 

due to 

publication 

date (<1975) 

and 

language 

(other than 

English).  

Articles 

included for 

the first 

review 

Articles 

excluded 

second 

round due to 

participant 

age (<65 

years) and 

un-

availability 

of full text  

Final 

number of 

articles 

included and 

cited in the 

thesis to 

develop the 

research 

concept 

Final 

number of 

articles 

included and 

cited in 

literature 

review  

Medline 46,675 2807 43,868 38,856 5 3 

PubMed  117,982 10,096 107,886 77,875 10 9 

Google 

Scholar  

2,210,000 770,000 1,440,000 1,423,000 1 0 

Website 8,340,000 10,000 8,330,000 4,280,000 5 4 

Search term: Cognitive impairment and causes 

Medline 4377 332 4045 3771 7 4 

PubMed  59,367 5,290 54,077 38,737 13 9 

Google 

Scholar  

1,440,000 1,422,500 17,500 500 12 4 

Website 11,400,000 4250,000 7,150,000 2,870,000 0 0 

Search term: Cognitive impairment and modifiable causes 

Medline 1,653 56 1,597 1,443 1 1 

PubMed  267 8 259 134 10 8 

Google 

Scholar  

32,600 16,500 16,100 100 2 1 

Website 141,000 79,700 61,300 600 1 1 

Search term: Cognitive impairment and non-modifiable causes 

Medline 3673 143 3,530 3201 2 2 

PubMed  7 0 7 3 1 0 

Google 

Scholar  

3,390 80 3,310 1120 1 1 

Website 139,000 94900 44,100 17,900 0 0 

Search term: Cognitive impairment and medications and pharmacist role and cognitive 

impairment 

Medline 4 0 4 3 1 0 

PubMed  9 1 8 6 2 0 

Google 

Scholar  

25,600 9100 16,500 300 4 3 

Website 3,190,000 2,482,000 708,000 693,500 0 0 

Total of all searches    78    50  
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Table 9 – Literature selection by contribution to research concept 

Primary author & 

reference 

 

Impact Citations Contribution to the research concept 

Gyurak A.  3.287 80 Definition of cognitive impairment 

Gustafson Y.  4.572 218 Cognitive impairment is misdiagnosed by healthcare 

professionals  

vonAmmon 

Cavanaugh S.  

2.606 202 Cognitive function is rarely formally assessed  

Inouye SK. 5.003 611 Problem associated with cognitive impairment 

Michel E.  5.959 269 Diagnosis of delirium by emergency department  

Inouye SK.  55.873 1418 Mild dementia and delirium  

Laurila JV.  2.606 97 Different cognitive impairments misdiagnosed in the 

hospital   

Maidment ID.  2.419 2 Medication errors and adverse drug events related to 

cognition and hospital admission  

Mulsant BH.  14.48 249 Medications prescribing for demented people 

He Z.  1.934 9 The possibility of reducing Anticholinergic Burden 

Scale score by medication regimen changes  

Table 10 – Search example using Medline database 

Search term  First 

search: 

abstracts  

Second filter: English 

language, Journal, 

elderly (65+ years old)  

Third filter: 

full-text 

papers 

Cognitive impairment 45,920 17,135 4927 

Cognitive impairment AND diagnosis 15,305 7702 2,155 

Cognitive scales  4383 1772 561 

Dementia  95,025 40,169 10,498 

Delirium  12,850 3656 949 

Pharmacist role  2641 301 94 

Mini-mental state examination  4786 3315 1084 

Rowland Universal Dementia Assessment 

Scale  

19 14 6 

Alzheimer’s Disease Assessment Scale- 

Cognition 

49 36 12 

Barriers and problems cognitive impairment 

diagnosis 

15,816 3089 1149 

Cognitive impairment Cognitive impairment 

AND diagnosis Cognitive Scales Dementia 

Delirium Pharmacist role 

6676 2519 665 

Part two: Simple Data Analysis  

The data was analysed twice; first a simple analysis looked at each variable separately 

for baseline and six-month follow-up, then the two results were compared to look for 

possible relationships. After finding that the demographic and psychometric data varied, 

it was apparent that a second analysis was required to look deeper into previously 

identified possible relationships to confirm if the first results could be reproduced by 
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another test or if it was only a result of the specific test used. Accordingly, the results 

are shown in two parts. Part one is the simple analysis, and part two provides an in-

depth analysis (chapter V) that was confirmed by a statistician and interpreted by the 

researcher. 

Relevant Variables 

The study used K10 and WAYM tools to test participants’ cognition at baseline and at 

the six-month follow-up HMRs. K10 scores ranged between 11 and 55 and WAYM 

scores ranged from 0–36.  

WAYM uses a categorical dichotomous variable, which is simple no/yes that has been 

proved to be less helpful in representing responses of WAYM than the scale variable 

formats used in this study. Categorical variables with high and low range possible 

values were used as well as the ACB scores, the number of medications and medical 

condition variables. Identified variables are listed in Table 10.  
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Table 11 – List of the variables and their key properties as used in the data analysis 

Variable Name Variable Description Type of 

Variable 

Values used in analysis 

Age Age of Patient (years) Scale Range: 65–94 years 

Gender Patient Gender Categorical Female (n = 49) 

Male (n = 54) 

K10 Baseline K10 Score at Time = Baseline Scale Range: 11–55 points 

K10 6 Months K10 Score at Time = 6 Months Scale Range: 11–55 points 

WAYM Baseline WAYM Score at Time = Baseline Scale Range: 0–36 points 

WAYM 6 Months WAYM Score at Time = 6 Months Scale Range: 0–36 points 

WAYM Y/N Baseline WAYM Yes/No at Time = Baseline Categorical No 

Yes 

WAYM Y/N 6 Months WAYM Yes/No at Time = 6 

Months 

Categorical No 

Yes 

No. Med. Conditions Number of Medical Conditions Scale Range: 1–11 Conditions 

No. Med. Conditions 

Group 

Number of Medical Conditions 

Group 

Categorical Low: 1–4 Conditions (n 

= 59) 

High: 5–11 Conditions (n 

= 44) 

ACB Baseline ACB Score at Time = Baseline Scale Range: 0–12 points 

ACB 6 Months ACB Score at Time = 6 Months Scale Range: 0–10 points 

ACB Baseline Group ACB Score at Time = Baseline 

Group 

Categorical Low: ACB Score 0–3 (n 

= 59) 

High: ACB Score 4–12 

(n = 42) 

ACB 6 Months Group ACB Score at Time = 6 Months 

Group 

Categorical Low: ACB Score 0–3 (n 

= 75) 

High: ACB Score 4–12 

(n = 26) 

No. Meds Baseline Number of Medications at Time = 

Baseline 

Scale Range 1–23 Medications 

No. Meds 6 Months Number of Medications at Time = 6 

Months 

Scale Range 1–21 Medications 

No. Meds Baseline 

Group 

Number of Medications at  

Time = Baseline Group 

Categorical Low: 1–8 Medications (n 

= 51) 

High: 9–23 Medications 

(n = 52) 

No. Meds 6 Months 

Group 

Number of Medications at  

Time = 6 Months Group 

Categorical Low: 1–8 Medications (n 

= 53 

High: 9–23 Medications 

(n = 46) 

‘Time to administer’ at baseline and six-month follow-up tests 

Generally, the time taken to administer K10 and WAYM reduced at the six-month 

follow-up from that spent at baseline. The total time taken to complete the HMR/ 

Residential Medication Management Review (RMMR) report including K10, WAYM 

and ACB score calculation per patient was 3 hours and 40 minutes, which exceeded the 

time expected for completion of the report by 50 minutes. In comparison, at the six-
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month follow-up the total time taken to complete the HMR/ RMMR report including 

K10, WAYM and ACB score calculation per patient was 3 hours and 30 minutes which 

was the average time expected for the follow-up HMR/RMMR (Table 11).  

Table 12 – Time taken to complete the HMR reports  

Time taken (per patient) Baseline 6-month 

K10  15 minutes 10 minutes 

WAYM  15 minutes 5 minutes 

HMR interview 60 minutes 60 minutes 

Sub-total  90 minutes 75 minutes 

ACB score calculation after the interview 20 minutes 15 minutes 

HMR/RMMR report  120 minutes 120 minutes 

Total  240 minutes 210 minutes 

Number of phone calls, visits and faxes inviting doctors to participate 

Of the 13 contacted doctors, five doctors accepted the invitation to participate. One 

doctor required a second reminder to refer patients, and two required three or more 

reminders. Table 13 summarises the number of phone calls, visits and faxes inviting 

doctors to participate. 
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Table 13 – Number of phone calls, visits and faxes inviting doctors to participate 

Doctor ID Total number 

of phone calls 

Total number 

of faxes 

Total number 

of emails 

The message 

was passed to 

doctors by the 

receptionist 

Participation 

(yes = 1 

no = 0) 

1 1 1 1 1 1 

2 4 2 1 1 1 

3 3 1 1 0 1 

4 2 1 1 3 1 

5 1 1 1 1 1 

6 1 0 1 0 0 

7 1 0 0 0 0 

8 1 0 1 1 0 

9 1 1 1 3 0 

10 1 1 1 2 0 

11 1 1 1 1 0 

12 1 0 0 1 0 

13 0 1 0 1 0 

Total 18 10 10 15 5 

The participating doctors were from different medical centres. There were 94 referred 

patients living independently or with their families at the family home, and nine living 

independently in a low dependence nursing home. 

Summary statistics of the collected data and direct group comparison 

Summary Tables of Results 

Table 13 is a summary of gender distribution for the study cohort, and the mean values 

and (SD) for age, and the number of medical conditions. Comprehensive results are 

presented in Table 16. 

Table 14 – Gender distribution for the cohort 

Demographic Variables Baseline  

Mean (SD) 

Gender; female % 47.6 

Age (yr) 73.9 (6.8) 

 Female 74.9 (7.6) 

 Male 73.0 (6.1) 

Number of Medical Conditions 4.5 (2.2) 
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Tables 14 presents the results yielded by cross-tabulating the mean K10 and WAYM 

scores, firstly at baseline and then at six months, with: 

 ACB score low (0–3) and ACB score high (4–12) subgroups within the cohort 

 Number of medical conditions low (1–4) and number of medical conditions high 

(5–11) subgroups with the cohort 

 Number of medications low (1–8) and number of medications high (9–23) 

subgroups within the cohort. 

The relationship between K10 and WAYM scores and the number of medications were 

statistically significant. Higher K10 and WAYM scores were associated with a high 

number of medications at baseline and at six months.  

The middle section shows that at baseline and at six months the relationship between 

the K10 scores and the number of medical conditions were statistically significant, with 

higher K10 scores associated with a higher number of medical conditions. In 

comparison, a statistically significant relationship exists between WAYM scores and the 

number of medical conditions at baseline only. Six-month results shows there is not a 

significant relationship between WAYM scores and the number of medical conditions 

(when p < 0.05). The table shows that the relationship between K10 and WAYM scores 

and ACB scores are statistically insignificant at both six months and baseline. 
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Table 15 – Cross-tabulating the mean of test results at baseline and at six-month follow-up 

 Time ACB Score  

Low (0–3) 

ACB Score  

High (4–12) 

Test for Difference2  

(p-value) 

K10 

Score 

Baseline 19.30 (7.8) 21.70 (10.3) 0.208 

6 Months 17.50 (8.0) 19.70 (10.0) 0.324 

WAYM 

Score 

Baseline 7.44 (8.5) 9.60 (8.8) 0.222 

6 Months 7.19 (9.5) 7.15 (5.8) 0.716 

  No. Med. Conditions  

Low (1–4) 

No. Med. Conditions  

High (5–11) 

Test for Difference2  

(p-value) 

K10 

Score 

Baseline 18.5 (7.8) 22.3 (9.9) 0.038* 

6 Months1 15.8 (6.9) 20.9 (9.6) 0.004** 

WAYM 

Score 

Baseline 6.8 (8.1) 10.4 (8.9) 0.039* 

6 Months1 5.9 (8.5) 8.8 (8.7) 0.091 

  No. Medications  

Low (1–8) 

No. Medications  

High (9–23) 

Test for Difference2  

(p-value) 

K10 

Score 

Baseline 18.3 (7.4) 22.0 (9.9) 0.033* 

6 Months 16.4 (7.7) 20.2 (9.2) 0.028* 

WAYM 

Score 

Baseline 6.4 (7.7) 10.2 (9.1) 0.023* 

6 Months 5.3 (7.5) 9.4 (9.5) 0.021* 

* Denotes statistical significance at the p < 0.05 level 
** Denotes statistical significance at the p < 0.01 level 
1 Note that while K10 score and WAYM score were measured at both baseline and six-month follow-up, the number 
of medical conditions was measured only at baseline 
2 The test used in each case was the ‘Independent Samples t-test for Equality of Means’, without assuming equal 
variances 

Table 15 brings together the comparisons that were made between variables at baseline 

and the same variable at six months. The mean value reduction in the number of 

medications, ACB score, K10 score and WAYM score variables between baseline and 

at six months is statistically significant (when p < 0.05).  

This result indicates that the study interventions performed on participants were 

effective, resulting in a statistically considerable reduction in the four variables: number 

of medications, K10 score (which indicates improved cognition, WAYM score (which 

indicates improved cognition), and ACB score (which indicates decreased burden).   
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Table 16 – Study variables at baseline and at six months 

Variable Baseline  6 Months Change (95% CI) 

over 6 months 

Test for Difference1 

(p-value) Mean (SD) Mean (SD) 

K10 Score 20.32 (8.9) 18.05 (8.5)  –2.27 (1.12) < 0.001** 

WAYM Score 8.34 (8.7) 7.17 (8.7)  –1.16 (0.97) 0.019* 

ACB Score 3.56 (2.5) 2.76 (1.8) –0.80 (0.23) < 0.001** 

No. Medications 8.87 (4.6) 8.55 (4.3)  –0.32 (0.16) < 0.001** 

* Denotes statistical significance at the p < 0.05 level 

** Denotes statistical significance at the p < 0.01 level 
1 The test used in each case was the ‘Paired samples t-test’. This is a more sensitive test than the ‘Independent 

samples t-test’, used elsewhere in this report 

Age and Gender  

The 103 participants who fulfilled the selection criteria were recruited for the study after 

written informed consent was obtained. Participants’ age ranged from 65 to 94 years 

with a mean age of 73.87 years. The majority of the participants were male (52.4%) and 

47.6% were female.  

The participants were classified into five age groups: 65–69 years, 70–74 years, 75–79 

years, 80–84 years and 85+ years. The largest group (34.95%) was the group aged 65–

69 years, followed by 75–79 (26.21%), 70–74 (19.42%), 80–84 (11.65%) and 85+ 

(7.77%).  

The participants had different ethnicity and marital status. Figure 4 shows the gender 

and Figure 5 the participants’ age distribution. Gender difference did not interfere with 

the study as can be seen in the histogram (Figure 6), and Table 16 shows that the overall 

male and female age distribution difference is not significant.  

 

Figure 4 – Gender of the participants 
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Figure 5 – Age distribution of the participants by gender 

 

Figure 6 – Two-sided histogram illustrating the distribution of participants’ ages, resolved by gender 

Table 17 – Participant age (year) summary statistics resolved by gender 

Patient Gender N Median Age 

(year) 

Mean Age 

(year) 

SD Std. Error of 

Mean 

Female 49 75 74.9 7.6 1.08 

Male 54 73 73.0 6.1 0.83 

Total 103 73 73.9 6.8 0.67 
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Baseline Data Analysis 

Number of medications by gender and age group 

The number of medications prescribed to each participant was recorded. Figure 7 shows 

that most (87) were taking five medications or more. Sixteen participants were taking 

four medications or less. Four were taking 20 or more medications. The most common 

number of medication taken was six and nine (11.65% of the participants) followed by 

participants who were taking eight and 12 medications (8.74%). The average number of 

medications taken by participants was 8.78.

 

Figure 7 – Number of medications per participant 
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Medication Frequency 

Participants took a wide range of medications; Figure 8 highlights the top 10. 

Paracetamol was the most commonly used medication by the study population (52.42%) 

followed by atorvastatin (34.95%), metformin (30.10%), aspirin (29.13%), omeprazole 

(28.16%), gliclazide (22.33%), esomeprazole (18.44%), metoprolol (17.48%), 

pantoprazole (17.48%), salbutamol (17.48%), simvastatin (16.50%), irbesartan 

(16.50%), pantoprazole (14.56 %), perindopril (14.56%), and salmeterol (13.59%).  

 

Figure 8 – Top 10 medications used by participants 
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Among people who were aged 65 years or older, 90% took at least one medication per 

week, more than 40% took at least five different medications per week, and 12% took 

10 or more medications per week. Women typically took more medications than men. 

Those who were frail, hospitalised, or in a nursing home took the highest number of 

medications. Nursing home residents were prescribed an average of seven to eight 

different medications to take on a regular basis. The participants also took many non-

prescription (OTC) pharmaceuticals. 

Number of Medical Conditions 

Participants had a wide range of medical conditions, numbering between 1 and 11 

conditions. The mean value of the number of medical conditions was 4.5 conditions per 

person. More than 60% of the participants had at least four medical conditions. Figure 9 

summarises the number of medical conditions.  

Over one fifth of participants (21.35%) had more than five conditions, followed by 

those who had five conditions (20.39%), and those who had four (19.42%). The 

remainder of the study sample (38.40%) had less than four conditions. Only 1.94% of 

the participants had 11 medical conditions.  
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Figure 9 – Number of medical conditions per subject 

Medical Condition Frequency 

The most common medical condition was hypertension (54.37%) followed by diabetes 

(41.75%), gastroesophageal reflux disease (GORD) (37.86%), hypercholesterolaemia 

(36.89%), pain (29.13%), CVD (16.50%), asthma and arthritis (14.56%), osteoporosis 

(11.65%), glaucoma (10.68%) and benign prostatic hyperplasia (9.71 %). Other medical 

conditions including gout, depression and cancer were also reported by some 

participants. Figure 10 illustrates the top 10 medical conditions amongst participants. 
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Figure 10 – Number of medical conditions per subject 

BPH: benign prostatic hyperplasia  

Anticholinergic Cognitive Burden Scale Score 

Figure 11 illustrates the ACB scores for participants. Forty-three of 103 participants had 

a score of 4 or more, which is considered as posing a significant risk of experiencing 

anticholinergic burden and cognitive impairment. Two participants had the highest ACB 

score of 12. The highest percentage of participants were those with a score of 3 

(20.39%) followed by those with a score of 1 (18.45%), 2 (16.50%), 4 and 6 (11.65%), 

5 (7.77%), 7 (4.85%), 8 and 12 (1.94%) 9 and 10 (0.97%) and 0 (2.91%). 
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Figure 11 – Anticholinergic Cognitive Burden scale total scores per participant 

 

Worried About Your Memory  

As shown in Figure 12, 72 out of the 103 participants responded ‘sometimes’ or ‘often’ 

to at least one WAYM question, indicating potential for memory problems. However, 

more than 30% of the participants answered “no” to all of the WAYM questions, thus 

showing no potential for memory problems. 

 

Figure 12 – Worried about your memory results by participant 
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life span). However, 40.78% (42) of the participants had a 25% chance of developing a 

depressive or anxiety disorder and a 1% chance of attempting suicide in their life as 

their scores fell between 16 and 30. Additionally, 17.48% (18) had 75% chance of 

meeting the criteria for a depressive or anxiety disorder and a 6% chance of attempting 

suicide as their scores fell between 30 and 50 (149, 274). 

 

Figure 13 – Kessler Psychological Distress Scale scores by participant 

Relationship between Kessler Psychological Distress Scale and Anticholinergic Cognitive 

Burden Scale Scores at Baseline 

Tables 17 (plotted in Figure 14) and 18 present the baseline K10 score summary 

statistics, resolved by baseline ACB score range (high or low) and the independent 

samples t-test result, for mean K10 score resolved by ACB score range at baseline. 

At a p-value of less than 0.05, the difference between mean K10 for the 4–12 ACB 

score group and 0–3 the ACB score group is statistically insignificant at baseline, as can 

be seen in sample t-Test result in Table 18. This can be interpreted as the low ACB 

score and high ACB score difference with the mean K10 score at baseline is not an 

actual difference, as the baseline ACB score and K10 score are not linked to each other. 
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Table 18 – Baseline Kessler Psychological Distress Scale score summary statistics, resolved by baseline 

Anticholinergic Cognitive Burden Scale score range (high or low). 

ACB Baseline 

Score 

N Mean  

K10 Score 

Std. Dev. Std. Error of 

Mean 

95% CI 

ACB Score 0–3 59 19.3 7.8 1.02 2.04 

ACB Score 4–12 42 21.7 10.3 1.58 3.17 

 

Figure 14 – Plot of the mean value and 95% confidence interval data from Table 17 

Table 19 – The independent samples t-test result, for mean Kessler Psychological Distress Scale score 

resolved by Anticholinergic Cognitive Burden Scale score range at baseline 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at Baseline –2.392 1.882 –1.271 73.095 0.208 

 

Relationship between Worried About Your Memory Score and Anticholinergic Cognitive 

Burden Scale Score at Baseline 

Tables 19 (plotted in Figure 15) and 20 show the baseline WAYM score summary 

statistics, resolved by baseline ACB score range (high or low) and the independent 

samples t-test result, for mean WAYM score resolved by ACB score range at baseline. 

At p < 0.05 the difference of the mean WAYM score for the group in which participants 

scored 0–3 and the group in which participants scored 4–12 on the ACB is statistically 
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insignificant at baseline based on the independent samples t-test result shown in Table 

20. At baseline, the ACB score and WAYM score do not correlate, as there is no actual 

difference between the mean WAYM score for the group in which participants scored 

0–3 and the group in which participants scored 4–12 on the ACB at baseline. 

Table 20 – Baseline worried about your memory scores summary statistics, resolved by baseline 

Anticholinergic Cognitive Burden Scale score range (high or low) 

ACB Baseline Score N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

ACB Score 0–3 59 7.44 8.543 1.112 2.22 

ACB Score 4–12 42 9.60 8.757 1.351 2.70 

 

Figure 15 – Plot of the mean value and 95% confidence interval data from Table 19 

Table 21 – The independent samples t-test result, for mean worried about your memory score resolved by 

Anticholinergic Cognitive Burden Scale score range at baseline 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score at Baseline –2.155 1.750 –1.231 87.106 0.222 

 

Relationship between Kessler Psychological Distress Scale Score and Number of Medical 

Conditions at Baseline 

Tables 21 (plotted in Figure 16) and 22 show the results of the baseline K10 score 

summary statistics, resolved by number of medical conditions (high or low) and the 



105 

 

independent samples t-test result, for mean K10 score resolved by number of medical 

conditions, (at baseline). At p < 0.05 the difference of the mean K10 score for the group 

in which participants suffered one to four medical conditions and the group diagnosed 

with five to 11 medical conditions is statistically significant at baseline based on the 

independent samples t-test result shown in Table 20. There is a correlation between the 

baseline number of medical conditions and K10 score, and there is an association 

between the high number of medical conditions and high K10 scores. 

Table 22 – Baseline Kessler Psychological Distress Scale Score summary statistics, resolved by number 

of medical conditions (high or low) 

Number of Medical 

Conditions  

N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

Low: 1–4 Conditions 59 18.53 7.820 1.018 2.04 

High: 5–11 Conditions 44 22.34 9.913 1.495 2.99 

 

Figure 16 – Plot of the mean value and 95% confidence interval data from Table 21 

Table 23 – The independent samples t-test result, for mean Kessler Psychological Distress Scale score 

resolved by number of medical conditions at baseline 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at Baseline –3.815 1.808 –2.110 79.478 0.038* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   



106 

 

Relationship between Worried About Your Memory Score and Number of Medical 

Conditions at Baseline 

Tables 23 (plotted in Figure 17) and 24 are a presentation of results of the analysis of 

the baseline WAYM score summary statistics, resolved by the number of medical 

conditions (high or low) and the independent samples t-test result, for mean WAYM 

score resolved by the number of medical conditions (at baseline). 

At p < 0.05 the difference of the mean WAYM score for the group in which participants 

suffer one to four medical conditions and the group in which participants suffer five to 

11 medical conditions is statistically significant at baseline based on the independent 

samples t-test result shown in Table 24. At baseline, the number of medical conditions 

and the WAYM score correlate, and a higher number of medical conditions are 

associated with a higher WAYM score. 

Table 24 – Baseline worried about your memory score summary statistics, resolved by number of medical 

conditions (high or low). 

Number of Medical Conditions N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

Low: 1–4 Conditions 59 6.78 8.084 1.052 2.10 

High: 5–11 Conditions 44 10.36 8.931 1.346 2.69 

 

Figure 17 – Plot of the mean value and 95% confidence interval data from Table 23 
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Table 25 – The independent samples t-test result, for mean Worried About Your Memory Score resolved 

by number of medical conditions at baseline 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score at 

Baseline 

–3.584 1.709 –2.097 87.403 0.039* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   

Relationship between Kessler Psychological Distress Scale Score and Number of 

Medications at Baseline 

Tables 25 (plotted in Figure 18) and 26 show the baseline K10 score summary statistics, 

resolved by baseline number of medications (high or low) and the independent samples 

t-test result, for mean K10 score resolved by the number of medications, (both at 

baseline) analysis. At p < 0.05 the difference of the mean K10 score for the group in 

which participants take one to eight medications and the group in which participants 

take nine-23 medications is statistically significant at baseline based on the independent 

samples t-test result shown in Table 26. At baseline the number of medications and 

WAYM score correlate, and a higher number of medications are associated with higher 

K10 scores. 

Table 26 – Baseline Kessler Psychological Distress Scale score summary statistics, resolved by baseline 

number of medications (high or low) 

Number of Meds 

at Baseline 

N Mean Std. Dev. Std. Error of 

Mean 

95% CI 

1–8 Medications 51 18.27 7.449 1.043 2.09 

9–23 Medications 52 22.00 9.909 1.374 2.75 
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Figure 18 – Plot of the mean value and 95% confidence interval data from Table 25 

Table 27 – The independent samples t-test result, for mean Kessler Psychological Distress Scale score 

resolved by number of medications at baseline 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at Baseline –3.725 1.725 –2.159 94.648 0.033* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   

Relationship between Worried About My Memory Score and Number of Medications at 

Baseline 

Tables 27 (plotted in Figure 19) and 28 show the analysis of the baseline WAYM score 

summary statistics, resolved by baseline number of medications (high or low) and the 

independent samples t-test result, for mean WAYM score resolved by the number of 

medications, (both at baseline) results. At p < 0.05 the difference of the mean WAYM 

score for the group in which participants take one to eight medications and the group in 

which participants take nine to 23 medications is statistically significant at six months 

based on the independent samples t-test result shown in Table 28. At baseline the 

number of medications and WAYM score correlate, and a higher number of 

medications are associated with higher WAYM scores. 
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Table 28 – Baseline worried about my memory score summary statistics, resolved by baseline number of 

medications (high or low) 

Number of Meds at 

Baseline 

N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

1–8 Medications 51 6.37 7.710 1.080 2.16 

9–23 Medications 52 10.21 9.067 1.257 2.51 

 

Figure 19 – Plot of the mean value and 95% confidence interval data from Table 27. 

Table 29 – The independent samples t-test result, for mean worried about my memory score resolved by 

number of medications, (both at baseline). 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score 

at Baseline 

–3.839 1.657 –2.317 99.020 0.023* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   

Recommended Medication Changes 

Figure 20 highlights the possibility of medication changes among participants. It shows 

that 54.37% (56 out of the 103 participants) can have their medication changed to 

improve their health outcomes, and 45.63% (47 out 103) had no available alternative to 

their medications. 
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Figure 20 – Medication changes from baseline at the six-month follow-up 

 

Anticholinergic Cognitive Burden Scale score before and after medication change  

ACB scores were recorded at baseline and after HMR. Table 29 shows that the ACB 

scores can be reduced in 54.37% of the participants, with no change possible for the 

remaining participants (45.63%). The possible reduction in ACB score ranged between 

1 and 7.  

Most of the participants whose ACB score reduction was possible showed a reduction 

of 1 point in their ACB score (66.07%, 37 out of 56), while 19.64% showed a 2-point 

ACB score reduction, followed by 3 points (7.14%). Only 5.35% of the participants 

whose ACB score could be reduced showed ≥4 ACB reduction (3 out 56 participants). 

Table 30 – Possible reduction in Anticholinergic Cognitive Burden Scale score after medications changes 

ACB Change Number of participants 

–7 1 

–6 0 

–5 1 

–4 1 

–3 4 

–2 11 

–1 37 

0 47 

+1 0 

+2 1 
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Six-month Data Analysis 

Number of Medications 

As can be seen in Figure 21, some of the participants had their number of medications 

increased while others had their number of medications decreased. However, the 

majority had their number of medications stay the same. Five participants had their 

medications increased by one, and four participants had their medications reduced by 

one. Only three participants had their number of medications reduced by 13, six or 

three.  

 

Figure 21 – medication change from baseline at the six-month follow-up 

Medication Frequency  

Participants’ medications had not been changed significantly by the six-month follow-

up, making medication frequency almost the same as the baseline results. The change 

included pantoprazole being reduced to 14, perindopril reduced to 14, amlodipine 

reduced to 11, metoprolol reduced to 16, paracetamol reduced to 52, ramipril increased 

to 11, and esomeprazole increased to 20. Refer to the medication frequency section in 

the baseline results for the remaining medication frequency results. 
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Number of Medical Conditions 

One hundred and one (98.06%) of the participants showed some medical conditions at 

baseline. One of the participants passed away and another did not communicate with the 

investigator, so they were withdrawn from the study.  

Anticholinergic Cognitive Burden Scale Score  

Figure 22 shows that 40 participants (39.60%) scored less than 3 on the ACB, while 61 

of (60.40%) scored ≥3. Three (2.97%) scored ≥10 and six participants (5.94%) scored 0 

(which means no anticholinergic burden). 

 

Figure 22 – Anticholinergic Cognitive Burden Scale scores at six-month follow-up 

Worried About Your Memory  

After six months, the majority of the participants (58.42%, n = 59) showed the 

possibility of memory problems, while 41.58% (n = 42) showed no memory problems. 
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Kessler Psychological Distress Scale  

Figure 23 highlights the number of participants who scored 11–15, 16–30 and 31–51 in 

the K-10 at the six-month follow-up. The results show that 52 of the participants had a 

25% possibility of a depressive disorder, 41 had a 25% possibility of depressive 

disorder and a 1% chance of suicidal attempts and eight had a 25% possibility of a 

depressive disorder and a 6% chance of suicidal attempts.   

  

Figure 23 – K10, Six-month follow up results 

Relationship between Kessler Psychological Distress Scale Score and Anticholinergic 

Cognitive Burden Scale Score at six-month follow-up 

Tables 30 (plotted in Figure 24) and 31 present the analysis of the results of the six-

month K10 score summary statistics, resolved by six-month ACB score (high or low) 

and the independent samples t-test result, for mean K10 score resolved by ACB score at 

six months.  

At p < 0.05 the difference of the mean K10 score for the group in which participants 

scored 0–3 and the group in which participants scored 4–12 on the ACB score is 

statistically insignificant at six months based on the independent samples t-test result 

shown in Table 31. At six months, the ACB score and K10 score do not correlate to 
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each other as there is no actual difference between the mean K10 score for the group in 

which participants scored 0–3 and the group in which participants scored 4–12 on the 

ACB score. 

Table 31 – Six-month Kessler Psychological Distress Scale score summary statistics, resolved by six-

month Anticholinergic Cognitive Burden Scale score (high or low) 

ACB 6 Months N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

ACB Score 0–3 75 17.5 7.97 0.92 1.84 

ACB Score 4–12 26 19.7 9.96 1.95 3.91 

 

Figure 24 – Plot of the mean value and 95% confidence interval data from Table 30 

Table 32 – The independent samples t-test result, for mean Kessler Psychological Distress Scale Score 

resolved by Anticholinergic Cognitive Burden Scale Score, (both at 6 months) 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at 6 Months –2.161 2.159 –1.001 36.721 o.324 

 

Relationship between Worried About Your Memory Score and Anticholinergic Cognitive 

Burden Scale Score at Six-month Follow-up 

Tables 32 (plotted in Figure 25) and 33 show the results of the six-month WAYM score 

summary statistics, resolved by the six-month ACB score (high or low) and six-month 

WAYM score summary statistics, resolved by six month ACB score (high or low). 
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At p < 0.05 the difference of the mean WAYM score for the group which participants 

scored 0–3 and the group in which participants scored 4–12 on the ACB is statistically 

insignificant at six months based on the independent samples t-test result shown in 

Table 33. At six months the ACB and WAYM scores did not correlate, as there is no 

actual difference between the mean WAYM score for the group in which participants 

scored 0–3 and the group in which participants scored 4–12 on the ACB score. 

Table 33 – Six-month worried about your memory score summary statistics, resolved by six-month 

Anticholinergic Cognitive Burden Scale score (high or low) 

ACB 6 Months N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

ACB Score 0–3 75 7.19 9.475 1.094 2.19 

ACB Score 4–12 26 7.15 5.849 1.147 2.29 

 

Figure 25 – Plot of the mean value and 95% confidence interval data from Table 32 

Table 34 – Six-month follow-up worried about your memory score summary statistics, resolved by six-

month Anticholinergic Cognitive Burden Scale score (high or low) 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score at 6 months –0.634 1.737 –0.365 56.883 0.716 
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Relationship between Kessler Psychological Distress Scale Score and Number of Medical 

Conditions at six-month follow-up 

Tables 34 (plotted in Figure 26) and Table 35 show the results for the six months K10 

score summary statistics, resolved by the number of medical conditions (high or low) 

and the independent samples t-test result, for mean K10 score resolved by the number of 

medical conditions. 

At p < 0.01, the difference between the mean K10 score for the group in which 

participants suffered one to four medical conditions and the group in which participants 

were diagnosed with five to 11 medical conditions at six months was statistically 

significant based on the independent samples t-test shown in Table 35. This means at 

six months the number of medications and K10 scores are correlated with each other 

and a higher number of medical conditions is associated with greater K10 scores at six 

months. 

Table 35 – Six-month follow-up Kessler Psychological Distress Scale score summary statistics, resolved 

by number of medical conditions (high or low) 

Number of Medical 

Conditions 

N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

Low: 1–4 Conditions 57 15.84 6.881 0.911 1.82 

High: 5–11 Conditions 44 20.91 9.623 1.451 2.90 
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Figure 26 – Plot of the mean value and 95% confidence interval data from Table 34 

Table 36 – The independent samples t-test result, for mean Kessler Psychological Distress Scale score 

resolved by the number of medical conditions at six months 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at 6 months –5.067 1.713 –2.958 74.709 0.004** 

**Two asterisks conventionally indicate that the result is statistically significant at the p < 0.01 level (which is even 
more rigorous than the p < 0.05 level)   

Relationship between Worried About Your Memory Score and Number of Medical 

Conditions at Six-month Follow-up 

Tables 36 (plotted in Figure 27) and Table 37 present the data analysis for the six-month 

WAYM score summary statistics, resolved by the number of medical conditions (high 

or low) and independent samples t-test result, for mean WAYM score resolved by the 

number of medical conditions. 

At p < 0.05, the difference between the mean WAYM score for the group in which 

participants suffered one to four medical conditions and the group in which participants 

suffered five to 11 medical conditions at baseline is statistically insignificant based on 

the independent samples t-test in Table 37. At six months the number of medications 

and WAYM scores are not correlated with each other as there is no actual difference 
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between the mean WAYM score for the group in which participants suffered one to four 

medical conditions and the group in which participants suffered five to 11 medical 

conditions. 

Table 37 – Six-month follow-up worried about your memory score resolved by the number of medical 

conditions (high or low) 

Number of Medical 

Conditions 

n Mean Std. Dev. Std. Error 

of Mean 

95% CI 

Low: 1-4 Conditions 57 5.89 8.504 1.126 2.25 

High: 5-11 

Conditions 

44 8.84 8.672 1.307 2.61 

 

Figure 27 – Plot of the Mean value and 95% confidence interval data from Table 36 

Table 38 – The independent samples t-test result, for mean worried about your memory Score resolved by 

the number of medical conditions at six-month follow-up 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score at 6 Months –2.946 1.726 –1.707 91.720 0.091 

Relationship between Kessler Psychological Distress Scale Score and Number of 

Medications at six months 

Tables 38 (plotted in Figure 28) and 39 presents the six-month K10 score summary 

statistics, resolved by six-month number of medications (high or low) and the 

independent samples t-test result, for mean K10 score resolved by the number of 

medications. 
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At p < 0.05, the difference between the mean K10 score for the group in which 

participants take one to eight medications and for the group which participants take nine 

to 23 medications at six months is statistically significant based on the independent 

samples t-test in Table 39. This means that the higher K10 score is associated with the 

greater number of medications for these groups at the six-month follow-up. 

Table 39 – Six-month Kessler Psychological Distress Scale score summary statistics, resolved by the 

number of medications (high or low) 

Number of Meds at 6 Months N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

1–8 Medications 53 16.36 7.654 1.051 2.10 

9–23 Medications 46 20.20 9.213 1.358 2.72 

 

Figure 28 – Plot of the mean value and 95% confidence interval data from Table 38 

Table 40 – The independent samples t-test result, for mean Kessler Psychological Distress Scale score 

resolved by the number of medications at six-month follow-up 

 t-test for Equality of Means 

Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

K10 at 6 Months –3.837 1.718 –2.234 87.798 0.028* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   
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Relationship between Worried About Your Memory Score and Number of Medications at 

six-month follow-up 

Tables 40 (plotted in Figure 29) and 41 present the results of the data analysis of the six-

month WAYM score summary statistics, resolved by six-month number of medications 

(high or low) and the independent samples t-test result, for mean WAYM score resolved 

by number of medications. 

‘Paired samples t-test’ is used to compare same variables at baseline with those at the 

six months as it is more statistically significance sensitive. The results show that at p < 

0.01 the change in number of medications, ACB score and K10 score from zero 

(baseline) to six months (follow-up) is significant statistically at the p < 0.01 level. In 

comparison, at p < 0.05 the WAYM score change from baseline to six months is 

statistically significant. 

At p < 0.05, the difference between the mean WAYM score for the group in which 

participants take one to eight medications and the group in which participants take nine 

to 23 medications at the six-month follow-up is statistically significant based on the 

independent samples t-test at Table 41. This means that the higher WAYM score is 

associated with a greater number of medications for both groups at the six-month 

follow-up. 

Table 41 – Six-month worried about your memory score summary statistics, resolved by six-month 

number of medications (high or low) 

Number of Meds at 6 Months N Mean Std. Dev. Std. Error 

of Mean 

95% CI 

1–8 Medications 53 5.26 7.517 1.033 2.07 

9–23 Medications 46 9.35 9.452 1.394 2.79 
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Figure 29 – Plot of the mean value and 95% confidence interval data from Table 40 

Table 42 – The independent samples t-test result, for mean worried about your memory score resolved by 

the number of medications at six-month follow-up 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

(2-tailed) 

WAYM Score at 6 Months –4.084 1.734 –2.354 85.633 0.021* 

*One asterisk conventionally indicates that the result is statistically significant at the p < 0.05 level   

General Practitioner Acceptance of Home Medication Review Changes 

Only 11.88% (n = 12) of the participants had their medication changed after the first 

interview, while the medications of 88.12% (n = 89) stayed the same. 

Anticholinergic Cognitive Burden Scale Change in Six Months 

Only those participants who had their medication changed had changes in their ACB 

scores at the six-month follow-up. Five participants showed an increase in ACB score 

by 1 point, and four participants showed ACB score reduction by 1 point, while only 

one participant showed an ACB score reduction of 2 points. The remainder showed no 

change in ACB score. 

Baseline versus Six-month Review Results 

The following provides detailed response comparison by question for each of the used 

tools. 
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Initial Question   

Question 1: In the past four weeks, were you affected by depression or anxiety? The 

majority of participants answered ‘No’. 

The investigator asked this question to check whether the participants have been 

diagnosed with depression or anxiety before administering the K10 questionnaire. 

Figure 30 shows that most participants scored 1 for Question 1 both at baseline and six 

months. This means that most of the participants had not been affected by depression or 

anxiety in the past four weeks (60%). 

 

Figure 30 – Question 1  

Kessler Psychological Distress Scale  

Question 1: About how often do you feel tired out for no good reason? Figure 31 shows 

most participants scoring 1 for Question 1 both at baseline and six months. This means 

that most participants did not feel tired out for no good reason (nearly 60%). Seventeen 

participants scored 3 and 4 at baseline, while 11 participants scored 3, and 10 scored 4 

at the six-month follow-up. 
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Figure 31 – Kessler Psychological Distress Scale, Question 1 

Question 2: About how often do you feel nervous? Figure 32 shows that at baseline, 

most of the participants scored 1 followed by a score of 3. Similarly, at six months, 

most participants scored 1 followed by a score of 3. 

 

Figure 32 – Kessler Psychological Distress Scale, Question 2 

Question 3: About how often did you feel so nervous that nothing can calm you down? 

At baseline, 78.64% of the participants scored 1, while only one participant scored 5. In 

comparison, at six months 78.21% of the participants scored 1, while one participant 

scored 5 (Figure 33).    
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Figure 33 – Kessler Psychological Distress Scale-, Question 3 

Question 4: About how often do you feel hopeless? (Figure 34). At baseline, only 

2.91% and 3.96% of the participants respectively at baseline and six months felt 

hopeless all of the time. In comparison, 66.99% and 73.27% of the participants did not 

feel hopeless, and 33.00% and 26.73% of the participants felt hopeless at least a little of 

the time at baseline and six-month follow-up respectively. 

 

Figure 34 – Kessler Psychological Distress Scale, Question 4 

Question 5: About how often do you feel restless or fidgety? (Figure 35). Out of all 

participants, 45.63% and 31.68% of the participants felt restless or fidgety at least a 

little of the time at baseline and six months respectively, while the remainder did not. 
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Figure 35 – Kessler Psychological Distress Scale, Question 5 

Question 6: About how often do you feel so restless you cannot sit still? (Figure 36). 

35.9% and 24.75% of the participants felt so restless they could not sit still at least a 

little of the time at baseline and six months respectively. In contrast, 64.08% and 

75.25% of the participants did not feel so restless they could not sit still at baseline and 

six months respectively. 

 

Figure 36 – Kessler Psychological Distress Scale, Question 6 

Question 7: About how often do you feel depressed? (Figure 37). 45.63% and 39.60% 

of the participants felt depressed at least a little of the time at baseline and six months 
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respectively. In comparison, 54.36 % and 60.40% of the participants did not feel 

depressed at baseline and six months respectively. 

 

Figure 37 – Kessler Psychological Distress Scale, Question 7 

Question 8: About how often do you feel that everything is an effort? (Figure 38). At 

baseline, most of the participants scored 1, followed by score of 3. At six months, there 

was no change for scores of 1, 3 and 5; however, the order of scores of 4 and 2 were 

altered—participants scoring 2 number exceeded those who scored 4 after the 

intervention. 

 

Figure 38 – Kessler Psychological Distress Scale, Question 8 
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Question 9: About how often do you feel so sad that nothing could cheer you up? Figure 

39 shows that at baseline, 70.87% of the participants scored 1, followed by a score of 3 

(12.62%79). In comparison, at six months, 78.22% of the participants scored 1, 

followed by a score of 3 (7.92%) and more people scored 2 than scored 4 (6.93% and 

4.95% respectively). However, more participants scored 5 at the six-month follow-up 

(1% and 1.98% respectively). 

 

Figure 39 – Kessler Psychological Distress Scale, Question 9 

Question 10: About how often do you feel worthless? Figure 40 shows that most of the 

participants scored 1, followed by a score of 3 at baseline, whereas after six months, 

most participants scored 1 followed by score of 2. 
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Figure 40 – Kessler Psychological Distress Scale, Question 10 

The total K10 score shows that 16.50% of the participants scored 11 at baseline while 

31.68% of the participants scored 11 at six months. 8.74% of the participants scored 21 

at baseline, while 4.95% scored 21 at six months. None of the participants scored 50 at 

both baseline and the six-month follow-up. 

Worried About Your Memory   

Statement 1: I have trouble remembering events that happened recently, Figure 41 

shows that at baseline, 34.95% of the participants indicated that they sometimes or often 

have trouble remembering events that happened recently. In comparison, 29.70% of the 

participants reported sometimes or often having trouble remembering events that 

happened recently at the six-month follow-up. 
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Figure 41 – Worried about your memory, Statement 1 

Statement 2: I have trouble finding the right word. Figure 42 shows that 36 out of the 

103 participants (35%) indicated that they sometimes or often have trouble finding the 

right word at baseline. In comparison, at six months 30% (30 out of 101—two 

participants were withdrawn) indicated that they sometimes or often have trouble 

finding the right word. This shows a 5% improvement after the intervention; however, 

this is might be coincidental rather than a correlation. 

 

Figure 42 – Worried about your memory, Statement 2 
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Statement 3: I have trouble remembering the day and date. Figure 43 shows that at 

baseline, 27 out 103 (26%) of the participants indicated that they sometimes or often 

have trouble remembering the day and date. In comparison, at six months, 34 out of the 

101 (34%) participants indicated that they sometimes or often have trouble 

remembering the day and date. This function was worse at six months; however this 

might be because the participants became more familiar with the researcher and became 

more comfortable disclosing the truth. 

 

Figure 43 – Worried about your memory, Statement 3 

Statement 4: I forget where things are usually kept (Figure 44). At baseline, 37 out of 

103 participants (36%) indicated that they sometimes or often forget where things are 

usually kept. In comparison, at six months, 32 out of 101 (32%) said they sometimes or 

often forget where things are usually kept. This function worsened at the six-month 

follow-up by 4%; however, this might be because the participants became more familiar 

with the researcher and became more comfortable disclosing the truth. 
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Figure 44 – Worried about your memory, Statement 4 

Statement 5: I have difficulty adjusting to any changes in my day-to-day routine (Figure 

45). At baseline, 22 out of the 103 participants (21%) indicated that they sometimes or 

often have difficulty adjusting to any changes in their day-to-day routine. In 

comparison, at six months 19 out of 101 (19%) said they sometimes or often have 

difficulty adjusting to any changes in their day-to-day routine. This shows that there 

was a 3% improvement after the intervention; however, this is might be coincidental 

rather than a correlation.  

 

Figure 45 – Worried about your memory, Statement 5 
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Statement 6: I have problems understanding magazine or newspaper articles, or 

following a story in a book or on television (Figure 46). At baseline, 12 out of 103 

participants (12%) indicated that they sometimes or often have problems understanding 

magazine or newspaper articles or following a story in a book or on television, 

compared to 11 out of 101 (11%) at the six-month follow-up. This shows that there was 

a 1% improvement after the intervention; however, this is might be coincidental rather 

than a correlation. 

 

Figure 46 – Worried about your memory, Statement 6 

Statement 7: I find it hard to follow and join in conversations, particularly in groups 

(Figure 47). At baseline, 13 out of 103 participants (13%) indicated that they sometimes 

or often find it hard to follow and join in conversations, particularly in groups. At six 

months, 13 out of 101 (13%) said they sometimes or often find it hard to follow and join 

in conversations, particularly in groups. This shows no change in this function after the 

intervention. 
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Figure 47 – Worried about your memory, Statement 7 

Statement 8: I have problems handling financial matters, such as banking or calculating 

change (Figure 48). At baseline, 14 out of 103 participants (14%) indicated that they 

sometimes or often have problems handling financial matters, such as banking or 

calculating change. There was a 1% improvement after six months (10 out of 101, 

10%); however, this is might be coincidental rather than a correlation. 

 

Figure 48 – Worried about your memory, Statement 8 

71

19

6 7

77

11
6 7

0
10
20
30
40
50
60
70
80
90

N/A Rarely Sometimes Often

N
o

. P
ar

ti
ci

p
an

ts

Response

Baseline

6 months results

WAYM
Statement 7

79

10 8 6

81

10
6 4

0

10

20

30

40

50

60

70

80

90

N/A Rarely Sometimes Often

N
o

. P
ar

ti
ci

p
an

ts

Response

WAYM 
Statement 8

Baseline

6 months results



134 

 

Statement 9: I have difficulty with everyday activities such as remembering how long 

between visits from family or friends, or cooking a meal I have always cooked well 

(Figure 49). At baseline, 12 out of 103 participants (12%) indicated that they sometimes 

or often have difficulty with everyday activities such as remembering how long between 

visits from family or friends, or cooking a meal they have always cooked well. There 

was a 1% improvement after six months (13 out of 101, 13%); however, this is might be 

coincidental rather than a correlation.  

 

Figure 49 – Worried about your memory, Statement 9 

Statement 10: I am losing interest in activities I’d normally enjoy (Figure 50). At 

baseline, 30 out of 103 participants (29%) indicated that they sometimes or often lose 

interest in activities they’d normally enjoy. After six months 20 out of 101 (20%) said 

the same, showing a 9% improvement; however, this is might be coincidental rather 

than a correlation.  
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Figure 50 – Worried about your memory, Statement 10 

Statement 11: I have difficulties thinking through problems (Figure 51). At baseline, 24 

out of 103 participants (23%) and at the six-month follow-up 22 out of 101 participants 

(22%) indicated that they sometimes or often have difficulties thinking through 

problems, indicating a 1% improvement; however, this is might be coincidental rather 

than a correlation.  

 

Figure 51 – Worried about your memory, Statement 11 

Statement 12: Family and/or friends have commented about my poor memory (Figure 

52). At baseline, 30 out of 103 participants (29%) indicated that their family and/or 
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friends sometimes or often have commented about their poor memory. At six months, 

23 out of 101 (23%) had the same comment, with a 6% improvement. This is might be 

coincidental rather than a correlation.  

 

Figure 52 – Worried about your memory, Statement 12 

At baseline, 72 out of 103 participants (70%) have a potential memory problem, and at 

the six-month follow-up it was reduced by 12% (58%, 59 out of 101 participants). This 

result might be coincidental rather than a correlation.  

Relationships between Paired Variables at Baseline and Six-month Follow-up 

Comparisons between K10 scores at baseline and six-month follow-up, the WAYM 

score at baseline and six-month follow-up, the ACB score at baseline and six-month 

follow-up, and the number of medications at baseline and six-month follow-up are 

presented in Table 42 (plotted in Figure 53).  

Table 43 presents the results of paired sample t-tests applied to the four pairs, plotted in 

Figure 54. The uncertainty bars in this plot do not cross the mean value = 0 line, thus 

the paired differences (the grey columns) are statistically significant. 
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Table 43 – The summary statistics for pairs of variables   

  Mean N Std. Dev. Std. Err. 

Mean 

95% CI 

Pair 1 K10 Score at 

Baseline 

20.32 101 8.945 0.890 1.78 

K10 Score at 6 

Months 

18.05 101 8.527 0.848 1.70 

Pair 2 WAYM Score at 

Baseline 

8.34 101 8.655 0.861 1.72 

WAYM Score at 6 

Months 

7.18 101 8.660 0.862 1.72 

Pair 3 ACB Score at 

Baseline 

3.56 101 2.451 0.244 0.49 

ACB Score at 6 

Months 

2.76 101 1.823 0.181 0.36 

Pair 4 Number of Meds at 

Baseline 

8.87 99 4.606 0.463 0.93 

Number of Meds at 6 

Months 

8.55 99 4.341 0.436 0.87 

 

Figure 53 – Plot of the mean value (grey columns) and 95% confidence interval (red lines) data from 

Table 42   
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Table 44 – The results of paired sample t-tests applied to the four pairs listed 

  Paired Differences t df Sig.  

(2-tailed)   Mean Std. 

Dev. 

Std. Err. 

Mean 

95% CI 

Pair 1 [K10 at Baseline] 

- [K10 at 6 

Months] 

2.267 5.632 0.560 1.121 4.046 100 <0.001*

* 

Pair 2 [WAYM Score at 

Baseline] - 

[WAYM Score at 

6 Months] 

1.158 4.866 0.484 0.968 2.393 100 0.019* 

Pair 3 [ACB at Baseline] 

- [ACB at 6 

Months] 

0.802 1.175 0.117 0.234 6.860 100 <0.001*

* 

Pair 4 [No. Meds at 

Baseline] - [No. 

Meds at 6 

Months] 

0.323 0.806 0.081 0.162 3.990 98 <0.001*

* 

*Conventionally indicates that the result is statistically significant at the p < 0.05 level. 
**Conventionally indicates that the result is statistically significant at the p < 0.01 level (which is more rigorous than 
the p < 0.05 level).   

 

Figure 54 – Paired difference mean values (grey columns) and 95% confidence intervals (red uncertainty 

bars) from Table 43   

Worried About Your Memory Question Responses Comparison 

Table 44 provides the summary statistics for patient responses to each of the WAYM 

questions at baseline and at the six-month follow-up. The mean value and 95% CI data 

from Table 44 are plotted in Figure 55. 
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Table 45 – Summary statistics for patient responses to each of the worried about your memory questions 

at baseline and at six months   

 Baseline 6 Months 

Mean N Std. 

Dev. 

S.E. 

Mean 

95% 

CI 

Mean N Std. 

Dev. 

S.E. 

Mean 

95% 

CI 

WAYM_01 0.96 101 1.166 0.116 0.232 0.74 101 1.074 0.107 0.214 

WAYM_02 0.93 101 1.070 0.106 0.213 0.80 101 1.077 0.107 0.214 

WAYM_03 0.76 101 1.060 0.105 0.211 0.86 101 1.059 0.105 0.211 

WAYM_04 0.99 101 1.082 0.108 0.215 0.84 101 1.084 0.108 0.216 

WAYM_05 0.61 101 0.938 0.093 0.187 0.52 101 0.867 0.086 0.173 

WAYM_06 0.43 101 0.853 0.085 0.170 0.35 101 0.780 0.078 0.155 

WAYM_07 0.50 101 0.890 0.089 0.177 0.44 101 0.888 0.088 0.177 

WAYM_08 0.43 101 0.876 0.087 0.174 0.34 101 0.765 0.076 0.152 

WAYM_09 0.46 101 0.855 0.085 0.170 0.44 101 0.865 0.086 0.172 

WAYM_10 0.80 101 1.096 0.109 0.218 0.58 101 1.022 0.102 0.203 

WAYM_11 0.66 101 0.993 0.099 0.198 0.62 101 1.057 0.105 0.210 

WAYM_12 0.80 101 1.058 0.105 0.211 0.64 101 1.045 0.104 0.208 

Table 45 presents the result of applying the ‘Paired samples t-test’ to each of the 

WAYM instrument questions response data, comparing the values at six months with 

those at baseline. Statistically significant differences are observed for WAYM 

Questions 1 and 10 only.  

Table 46 – Results of applying the ‘Paired samples t-test’ to each of the worried about your memory 

instrument questions response data, comparing the values at six months with those at baseline   

 Paired Differences: [6 Months] - [Baseline] t df Sig.  

(2-tailed) Mean Std. Dev. S.E. Mean 

WAYM_01 0.218 0.890 0.089 2.460 100 0.016* 

WAYM_02 0.129 0.902 0.090 1.434 100 0.155 

WAYM_03 –0.099 0.911 0.091 –1.092 100 0.277 

WAYM_04 0.149 1.043 0.104 1.431 100 0.156 

WAYM_05 0.089 0.531 0.053 1.686 100 0.095 

WAYM_06 0.079 0.703 0.070 1.133 100 0.260 

WAYM_07 0.069 0.875 0.087 0.796 100 0.428 

WAYM_08 0.089 0.602 0.060 1.488 100 0.140 

WAYM_09 0.020 0.565 0.056 0.352 100 0.726 

WAYM_10 0.218 0.716 0.071 3.059 100 0.003** 

WAYM_11 0.040 0.824 0.082 0.483 100 0.630 

WAYM_12 0.158 0.924 0.092 1.722 100 0.088 

*, ** This is indicated on Figure 55 below using the single and double asterisks. 
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Figure 55 – Plot of mean (grey columns) and 95% confidence interval (red uncertainty bars) data from 

Table 45 

Patient Gender and Kessler Psychological Distress Scale Score and Worried About Your 

Memory Score 

Summary statistics for the cognition instrument measurements gained from K10 and 

WAYM scores, resolved by gender, are presented in Table 46. The mean and 95% CI 

data from this table are plotted in Figure 56. Table 47 shows the independent samples t-

test result for mean K10 and WAYM scores, at baseline and six months, resolved by 

patient gender. The difference between the female and male subgroups of the study is 

small for WAYM and K10 scores. 
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Table 47 – Summary statistics for the cognition instrument measurements Kessler Psychological Distress 

Scale Score and worried about your memory Score, resolved by gender   

Patient 

Gender 

Statistic K10 Score WAYM Score 

at Baseline at 6 Months at Baseline at 6 Months 

Female n 49 49 49 49 

Mean 19.5 17.0 9.7 8.4 

SD 8.0 7.3 9.7 9.3 

Std. Error of Mean 1.1 1.0 1.4 1.3 

95% CI 2.3 2.1 2.8 2.7 

Male n 54 52 54 52 

Mean 20.8 19.1 7.1 6.1 

SD 9.7 9.5 7.3 7.9 

Std. Error of Mean 1.3 1.3 1.0 1.1 

95% CI 2.6 2.6 2.0 2.2 

 

Figure 56 – Plot of the mean value and 95% confidence interval data from Table 46 

Table 48 – The t-test result, for mean Kessler Psychological Distress Scale and worried about your 

memory Scores, at baseline and 6-month follow-up by gender 

 t-test for Equality of Means 

 Mean 

Difference 

Std. Error 

Difference 

t df Sig.  

2-tailed) 

K10 at Baseline –1.269 1.750 –0.725 100.107 0.470 

K10 at 6 Months –2.078 1.680 –1.237 95.307 0.219 

WAYM at Baseline 2.560 1.709 1.498 88.581 0.138 

WAYM at 6 Months 2.310 1.726 1.338 94.319 0.184 

Patient Gender and Number of Medical Conditions 

Table 48 shows the frequency statistics for the categorical variable ‘Number of medical 

conditions’ resolved by the categorical variable ‘Gender’ which is plotted in Figure 57. 
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The Pearson chi-square result of testing for the independence of the categorical 

variables ‘Gender’ and ‘Number of medical conditions’ is at Table 49. Chi-square test 

shows that χ2 value is 0.68 and p-value is 0.409, which is larger than the statistically 

significant threshold of 0.05. This result ensures that the gender variable does not 

interfere with the study. 

Table 49 – Frequency statistics for the categorical variable ‘Number of medical conditions’ by the 

categorical variable ‘Gender’ 

 Number of Medical Conditions 

Low: 1–4 High: 5–11 

Patient Gender Female 26 23 

Male 33 21 

 

Figure 57 – Plot of the frequency data in Table 48; ‘Number of medical conditions’ (high or low) 

resolved by ‘Gender’   

Table 50 – Pearson chi-square result of testing for the independence of the categorical variables ‘Gender’ 

and ‘Number of medical conditions’ 

 No. of Med. Conditions 

Patient Gender Chi-square 0.680 

df 1.000 

Sig. 0.409 

 

Patient Gender and Anticholinergic Cognitive Burden Scale Score 

Tables 50 and 51 show frequency statistics for the categorical variable ‘ACB score’ 

resolved by the categorical variable ‘Gender’ (plotted in Figure 58); and Pearson chi-



143 

 

square results of testing for the independence of the categorical variables ‘Gender’ and 

‘ACB score’, for both baseline and six-month measurement results.  

The baseline and six-month Chi-square tests results in Table 51 show that χ2 value is 

0.023 and 0.031, and p-values are 0.88 and 0.86 respectively, which are larger than the 

statistically significant threshold of 0.05. This reflects that the ACB score and gender 

variables are independent; hence gender does not interfere with the study. 

Table 51 – Frequency statistics for the categorical variable ‘Anticholinergic Cognitive Burden Scale 

score’ resolved by the categorical variable ‘Gender’ for both baseline and six-month measurement 

 ACB at Baseline ACB at 6 Months 

ACB Score 0–3 ACB Score 4–12 ACB Score 0–3 ACB Score 4–12 

Gender Female 29 20 36 13 

Male 30 22 39 13 

 

Figure 58 – Plot of the frequency data in Table 50; Anticholinergic Cognitive Burden Scale Score (high 

or low) resolved by gender, at baseline and six months 

Table 52 – Pearson chi-square results of testing for independence of the categorical variables ‘Gender’ 

and ‘Anticholinergic Cognitive Burden Scale score’, for both baseline and six- month measurement 

  ACB at Baseline ACB at 6 Months 

Patient Gender Chi-square 0.023 0.031 

df 1.000 1.000 

Sig. 0.879 0.860 
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Gender and Number of Medications 

Tables 52 and 53 show frequency statistics for the categorical variable ‘Number of 

medications’ resolved by the categorical variable ‘Gender’ (plotted in Figure 59) and 

Pearson chi-square results of testing for the independence of the categorical variables 

‘Gender’ and ‘Number of medications’ for both baseline and six-month measurement 

results.  

The baseline and six-month chi-square test results in Table 53 show that χ2 value is 

0.248 and 0.114 and p-values are 0.618 and 0.735 respectively, which are larger than 

the statistically significant threshold of 0.05. This reflects that the number of 

medications and gender variables are independent; hence the gender variable does not 

interfere with study. 

Table 53 – Frequency statistics for the categorical variable ‘Number of medications’ resolved by the 

categorical variable ‘Gender’ for both baseline and six-month measurements 

 No. Meds at Baseline No. Meds at 6 Months 

1–8 

Medications 

9–23 

Medications 

1–8 

Medications 

9–23 

Medications 

Patient Gender Female 23 26 26 21 

Male 28 26 27 25 

 

Figure 59 – Plot of the frequency data in Table 53; ‘Number of medications’ (high or low) resolved by 

‘Gender’ at baseline and six-month follow-up 
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Table 54 – Pearson chi-square results of testing for the independence of the categorical variables ‘Gender’ 

and ‘Number of medications’, for both baseline and six-month measurements 

  No. Meds at Baseline No. Meds at 6 Months 

Patient Gender Chi-square 0.248 0.114 

df 1.000 1.000 

Sig. 0.618 0.735 
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Chapter V -Result – Part B  

This chapter is an in depth data analysis. It highlights statistical modelling and 

results and in-depth HMR analysis. This analysis was confirmed by a statistician and 

interpreted by the researcher. 

Statistical Modelling and Results 

Statistical modelling  

The distribution of the variables should be normal in order to get statistically valid 

results from a direct comparison of two or more groups by means of t-tests or analysis 

of variance (ANOVA) tests (275). Distribution normality for the considered variables 

was tested using the Shapiro-Wilk test (276), which demonstrated that some of the 

considered numerical variables, including ACB score, number of medications and K10 

were not normally distributed. This indicates that the results obtained previously using 

the direct comparisons of the mean values for different groups involving these variables 

require further statistical validation. This is also relevant to the previously obtained p-

values characterising statistical significance of the differences between the mean values 

in a sense that those p-values need to be confirmed and validated using other approaches 

applicable to variables that were not normally distributed. Such approaches are typically 

based on mathematical transformation of the variables that are not normally distributed 

in such a way that the distribution of the transformed variables becomes normal.  

Variable Transformation 

Tukey’s ladder of transformations (277) was used to determine the required 

transformation of the not normally distributed variables. For example, the square root 

transformation required to make the ACB score and number of medications distributed 

normal, with the respective p-values from the Shapiro-Wilk test (276)  for the 

transformed anticholinergic burden and number of medications were: p = 0.71 and p = 
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0.27. These p-values demonstrate a very good level of normality of the transformed 

ACB score and number of medications variables. At the same time, the total K10 

variable had to be transformed logarithmically to achieve its approximately normal 

distribution (with the resultant p-value from the Shapiro-Wilk test p = 0.09) (276). The 

obtained p-value for the transformed total K10 variable is sufficient but not very large, 

which indicated that there is still some degree of non-normality in this variable, related 

to being censored from the left. Accordingly, the statistical models below use the 

indicated three variables only in their transformed form to ensure their normal 

distribution and applicability of the models. At the same time, any variables that are 

only used as independent variables do not require transformation, as this does not 

typically cause breaches of the applicability conditions for the regression models (278). 

Therefore, the numerical variable of the number of conditions was not transformed, as 

this variable was only used in the developed models as an independent variable. 

Censored Data  

K10 is a numerical variable which was derived from a questionnaire administered to the 

participants of the study. Care should be taken with the consideration of any 

questionnaire-based numerical variable because there is a possibility that such a variable 

could be censored by the questionnaire. For example, questionnaires are often based on 

the so-called Likert scale (279) from 1 to 5, offering five answers in multiple choice 

questions (e.g. from ‘none of the time’ to ‘all of the time’ in the K10 questionnaire—see 

Appendix 6). If many or most of the participants answer the survey (questionnaire) 

items using the extreme answers, such as, for example, ‘none of the time’ or ‘all of the 

time’ for the total K10 variable, this means that this variable is statistically censored in 

that the questionnaire does not provide sufficient options to the participants beyond 

these extreme answers (280). This is typically not a deficiency of the questionnaire, but 

is rather due to how participants perceive the questionnaire items. Any censored data 
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must be analysed using censored regressions (or Tobit regressions) (280) —otherwise 

the analysis outcomes would not be valid.  

The obtained numerical variable total K10 is significantly left-censored, which means 

that the majority of the participants responded to the K10 questionnaire using the left 

extreme answer ‘none of the time’ (1 on the Likert scale) (279). This censoring occurred 

for each of the items in the K10 questionnaire. Therefore, the total K10 variable 

calculated by way of summing all answers for each of the participants over all 11 items 

in the K10 questionnaire is also significantly censored from the left. The direct 

comparison of censored sets of data (for example, the sets of the total K10 variable at 

the baseline with those at six months) is not appropriate as the applicability of the t-test 

and ANOVA test is limited to non-censored data (275). The described censoring of the 

total K10 data was also the major reason for the indicated relatively small p-value (9%) 

in the Shapiro-Wilk test for the logarithmically transformed total K10 variable.  

Adjusting to Other Variables 

The simple comparison does not adjust the comparison outcomes to any other variables 

involved in the database. This is a very important aspect. For example, if we use simple 

group comparisons to find that the ACB variable significantly influences the total K10 

or WAYM variables, the impact is real, and it cannot be ensured that no other variables 

work as confounders to produce this effect and create an illusion that the ACB score has 

a significant impact on total K10 or WAYM scores. A comprehensive statistical model 

must be derived and studied to make sure that the impact of the ACB score is real and 

significant, in which all the available variables are involved simultaneously influencing 

each other (thus being adjusted to each other) and producing their effects on total K10 

and WAYM scores.  
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This explanation clearly demonstrates that the outcomes obtained in the summary 

statistics and direct group comparison section only provide preliminary indicative 

results that should be further validated and verified by the developed statistical model 

involving all the variables. The goal of this section is, therefore, to develop and discuss 

the outcomes from such statistical models. These model outcomes should be used to 

verify, reject or correct the previously obtained results from the direct group 

comparison.  

Factor Analysis and Generalised Structural Equation Modelling 

Exploratory Factor Analysis and Cronbach’s Alpha  

One of the standard aspects of the statistical analysis of typical data resulting from a 

questionnaire or survey is factor analysis. Factor analysis can be exploratory factor 

analysis (EFA) or confirmatory factor analysis (CFA) (281) . Factor analysis is used 

when there is a need to join several survey questions addressing a similar issue into a 

new variable that is not measured directly by the questionnaire, but which could be 

derived from the measurable variables (survey items) describing, or contributing to, the 

same overarching issue or matter (281). For example, the K10 questionnaire is about 

evaluating the psychological distress of the participants, and this distress can be 

characterised by a ‘factor’ determined by the items in the K10 questionnaire. it is also 

called a ‘latent variable’ or ‘construct’ because a factor is not measured directly by a 

survey (but is only determined through the measurable variables —the survey items) 

(282, 283) . Latent variables (or, equivalently, factors) could be used as real new 

variables instead of the numerous contributing survey items to characterise the mutual 

characteristic of those items.  

Factors are numerical variables that are characterised by their factor scores. Factor 

scores can be determined in different ways (284). For example, the simplest, but rather 

crude, approach is to simply take an average of the values of all items involved in the 
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factor. A better way is to consider average weighted linear combination of the values of 

all items involved in the factor, where weightings are the determined factor loadings. 

Factor loadings are typically calculated using a suitable statistical software package, for 

example, Stata14 (285), as used in this thesis.  

EFA is regarded as an exploratory technique that can normally only give indications 

about any possible factor structure within the survey items by providing mathematical 

indications about possible and reasonable groupings of those items into factors. 

Typically, any expected factor (like, for example, the K10 factor in this research 

project) should be verified through use of the EFA. Thus, EFA either confirms the 

intuitively expected grouping of the survey items into a factor, or suggests alternative 

groupings into one of several alternative factors.  

The other exploratory approach to factors and their analysis is the internal consistency 

of the expected factors checked through the Cronbach’s alpha analysis (286-288). If 

several survey items are associated with the same factor, the values for these items are 

typically in good correlation with each other (288). If the correlation between the items 

increases, the value of the calculated Cronbach’s alpha also increases (288). Therefore, 

the larger the value of the Cronbach’s alpha for a given factor, the better the internal 

consistency of the factor (288). In this way, Cronbach’s alpha could be used to evaluate 

the internal consistency of the expected factors (288). The conventional rule for the 

required values of Cronbach’s alpha is that it should be larger than about 0.9, which 

corresponds to conventionally excellent internal consistency, while values between 0.7 

and 0.9 could be regarded as corresponding to good internal consistency (289).  

However, this rule should be used with caution as increasing number of items in a factor 

results in increasing Cronbach’s alpha (288). Therefore, another approach is typically 

used simultaneously with the evaluation of the values of Cronbach’s alpha for a factor 



151 

 

(288). This achieved by removing an item from the factor and the Cronbach’s alpha is 

then calculated for the new factor with one missing item (288). Accordingly, the new 

Cronbach’s alpha is always smaller than the original, the removed item become 

consistent with the factor (and it should be returned back to the factor) (288). If, 

however, the value of Cronbach’s alpha increases upon removal of a particular item, 

this item is not internally consistent with the factor, and it should be removed (288). 

Both these Cronbach’s alpha approaches were used in the factor analysis conducted for 

this thesis.  

Confirmatory Factor Analysis  

CFA is used as a final step in the factor analysis to confirm the factors and provide their 

quantitative characterisation (through the discussed factor score) and relationship with 

the survey items constituting the factor (282, 283). The CFA analysis in this study was 

conducted using the Stata14 software package (285).  

One of the major advantages of CFA analysis is that it offers the quantitative evaluation 

of fit of the developed CFA models through a range of goodness of fit (GOF) indices 

(290-294). Such indices include 2 statistic or 2/df, where df is the number of degrees 

of freedom of the model (conventionally, should be p  0.05 and 2/df < 5 for a good 

fit), root-mean-square error of approximation (RMSEA) (with reasonable fit being 

achieved at RMSEA  0.08), standardised root-mean-square residual (SRMR) (with 

reasonable fit being achieved at SRMR < 0.1), comparative fit index (CFI) (with 

reasonable fit being achieved at CFI  0.95), Tucker-Lewis Index (TLI) (with 

reasonable fit being achieved at TLI  0.95), and coefficient of determination (CD)—

discussed in more detail below. Model fits for the developed CFA models will be 

evaluated using these indices (295).  
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In CFA modelling, the survey items are regarded as dependent variables, while the 

factor (latent variable) is an independent variable (295). Therefore, to ensure 

applicability of the CFA modelling, survey items must be either transformed to ensure 

their normal distributions, or the asymptotic distribution free approach must be used 

(295). This study used the asymptotic distribution free approach as it was more 

convenient for the consideration of numerous questionnaire items without consideration 

of their distribution normality or otherwise.  

Further, CFA can also be used in the case of categorical variables (283). This is 

particularly important for the consideration of the factors associated with the WAYM 

questionnaire, containing 12 different items. However, this type of CFA is regarded as 

generalised structural equation modelling (GSEM) and is not currently associated with 

any quantitative evaluations of its model fit (283). Therefore, the WAYM factors 

considered below are not associated with the determined GOF indices.  

Generalised Structural Equation Modelling  

Structural equation modelling (SEM) allows statistical modelling, identification and 

quantitative characterisation of a network of mutual significant effects of variables from 

the database on each other (296) (268). This approach is particularly important because 

it allows significantly better options for the establishment of any causality relationships 

between the variables in the database, including direct and indirect impacts of these 

variables on each other and on the assumed dependent variables (296).  

A direct effect of a variable on another variable occurs when changing the first variable 

immediately causes variation of the other variable (such a direct effect is typically 

denoted by an arrow between the variables in the SEM scheme) (296). The 

corresponding regression coefficient is typically shown next to the arrow indicating a 

direct effect between the two variables (296).  
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An indirect effect of one variable on another variable is an effect that occurs through 

mediation of a third variable (296). In this case, the first variable causes variation of the 

third variable, while the third variable causes variation of the second variable, causing 

an indirect effect of the first variable on the second variable (296). An indirect effect 

could be represented by a chain of two or more direct effects (depending on the number 

of mediating variables involved in the chain of the indirect effect) (296).  

The regression coefficient corresponding to an indirect effect involving only numerical 

variables is calculated as a product of the regression coefficients for all direct effects 

involved in the chain of direct effects representing the indirect effect (296). If there are 

categorical variables in the chain of an indirect effect, the calculation of its magnitude is 

more complex and involves consideration of probabilities of the outcomes for different 

categories of any categorical variable in the chain (296).  

Analysis of any categorical variables in a SEM structure is difficult (and, sometimes, 

not possible) within the standard SEM (296). This difficulty is overcome by the use of 

the GSEM that allows the use of categorical variables asymptotic distribution free 

approach and other statistical methodologies that are not available in SEM (296, 297). 

However, as indicated above, GSEM does not currently have a quantitative model fit 

that would have characterised the goodness of the model (297). Model fit of the GSEM 

model can only be approximately evaluated through the evaluation of the model fits for 

any SEM parts of the more general GSEM structure (297).  

Confirmatory Factor Analysis and Generalised Structural Equation Modelling 

Outcomes 

As indicated above, this study considered two questionnaires—the K10 for the 

evaluation of psychological distress of participants and WAYM for memory worry 

testing.  
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The first approach was based on simply considering the sums of all items in the K10 

questionnaire to obtain the total K10 variable. This approach was consistent with the 

simplest approach to determine factor score (284). Thus, the determined new total K10 

variable (which is a latent variable) was subsequently used in the first GSEM model to 

evaluate the existing network of significant relationships between the involved 

variables.  

Although this approach is a possible approach to analysis, it represents a rather crude 

evaluation of the K10 latent variable by way of the total score for all involved items. 

Validation of, and better justification for, the inclusion of all the items from the K10 

questionnaire into the total K10 variable is required through factor analysis and 

Cronbach’s alpha (289).  

Figures 60 and 61 show the outcomes of the CFA modelling confirming the proposed 

K10 factor for the two considered temporal points (at the baseline evaluation and at six 

months). Both the K10 factors have only a few co-variances between the involved 

measurable variables, indicating good construction of the factors.  
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Figure 60 – Outcomes of confirmatory factor analysis based on the Kessler Psychological Distress Scale 

data for baseline evaluation 

*Including the determined factor loadings and only two co-variances (shown by the connecting arrows). The small 

number of co-variances demonstrates the adequate construction of the K10 questionnaire for the considered sample of 

participants. The asterisks show the levels of statistical significance of the respective factor loadings: (***) p < 0.001  

 

 

Figure 61 – Confirmatory factor analysis model for the Kessler Psychological Distress Scale factor (latent 

variable) at the six-month evaluation 

*Including the determined factor loadings and significant co-variances (shown by the connecting arrows). The 

asterisks show the levels of statistical significance of the respective factor loadings: (***) p < 0.001  
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As can be seen from Figure 60, the largest factor loadings at the baseline correspond to 

Items 1 and 8. Interestingly, this is consistent with the above notion that this K10 factor 

is largely related to the perception of depression, anxiety and hopelessness—all three 

items corresponding to these things appear to have the largest factor loadings, which is 

an indication of their largest contribution (or their strongest association with) the K10 

factor. This also provides further corroboration for the removal of Item 11 from the 

CFA modelling.  

However, at six months, the situation appears to be somewhat different, as some of the 

factor loadings noticeably changed (Figure 61), indicating different perceptions on 

behalf of the participants. This could be related to some effects of the reduced 

anticholinergic burden, or the confounding fact of participation in the project. For 

example, participation in the project may cause perceptions of involvement in research, 

as well as participant expectations from the research, or involvement in something 

important. This may cause alterations of participant perceptions in answering the 

questions on the K10 (and WAYM) questionnaires, which may result in variations of 

factor loadings and contributions of separate items to the factor. 

Nonetheless, the model fit for both the considered K10 factors are very similar and very 

good, which is confirmed by the GOF indices presented in Table 54. The very high 

value of the CD demonstrates that the developed CFA models can explain around 90%–

91% of the overall variance in the model. This is an excellent outcome, showing that the 

presented CFA models are complete to a very significant extent, and there is little room 

for any additional variables that should have been included in the models to further 

improve the model fit and explanation power of the K10 factors. 
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Table 55 – GOF indices for the two K10 factors at the baseline evaluation and at six months 

Fit 

statistic 
K10 base K10 final 

p-value for 

2 statistic 

0.22 0.20 

RMSEA 0.042 0.046 

CFI 0.987 0.988 

TLI 0.982 0.981 

SRMR 0.039 0.037 

CD 0.902 0.910 

Figures 62 and 63 show the constructed WAYM factors with the respective factor 

loadings and their levels of statistical significance. Item 1 is used in this case as a 

constraint with the factor loading equal to 1, and there is no indication of statistical 

significance for this loading—it just works as a reference point. The WAYM factor has 

been defined using the probability factor model for the following WAYM categories: 

(0) if the patient replies ‘yes’ to only one of the questions from the WAYM 

questionnaire; and (1) if the patient replies ‘yes’ to at least two questions from the 

WAYM questionnaire.  

This definition of the WAYM categorical variable was used because it resulted in a 

good factor with the highest levels of significance of the involved items, as well as the 

highest levels of significance in the subsequent GSEM modelling—see below. In 

addition, it might also seem reasonable to include the participants with a single ‘yes’ 

answer into the same category as those who did not answer ‘yes’ at all because a single 

answer ‘yes’ is unlikely to mean a significant memory problem of concern.  

Once again, there are significant differences between the WAYM factors at the baseline 

and at six months in terms of the factor loadings corresponding to particular factor items 

(compare Figures 62 and 63). The most important items for the WAYM factor are items 

8, 9 and 11 at the baseline evaluation. Similarly, 2, 4, and 12 appear to be least 

important for the WAYM factor at the baseline. At six months, the most important 

items are 3, 7, 8, and 11, while the least important are 2, 7, 8 and 11. This significant 
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change in the most important and least important items for the WAYM factor further 

demonstrates a noticeable variation in perceptions of the study participants at the 

baseline evaluation and at six months.  

 

Figure 62 – Confirmatory factor analysis probability model for the worried about your memory factor at 

the baseline evaluation 

*Including the determined factor loadings. The following two categories were considered for the WAYM variable: 

(0) the number of answers ‘yes’ is equal to 1 or 0; (1) the number of answers ‘yes’ is greater than 1. The asterisks 

show the levels of statistical significance of the respective factor loadings: (***) p < 0.001; (**) 0.001  p < 0.01; (*) 

0.01  p < 0.05  
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Figure 63 – Confirmatory factor analysis probability model for the worried about your memory factor at 

the six-month evaluation 

*Including the determined factor loadings. Only statistically significant loadings are shown in the figure. The 

following two categories were considered for the WAYM variable: (0) the number of answers ‘yes’ is equal to 1 or 0; 

(1) the number of answers ‘yes’ is greater than 1. The asterisks show the levels of statistical significance of the 

respective factor loadings: (***) p < 0.001; (**) 0.001  p < 0.01; (*) 0.01  p < 0.05  

Figure 64 presents the developed GSEM model with the total K10 variable (defined as 

the sum of all values of 11 items included in the K10 questionnaire) and the categorical 

WAYM variable defined by the following two categories: (0) (or category ‘no’) 

participants who did not answer ‘yes’ to any of the questions in the WAYM 

questionnaire; and (1) (or category ‘yes’) participants who answered ‘yes’ at least to one 

question from the WAYM questionnaire. 
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Figure 64 – Generalised structural equation modelling probability model for the two dependent variables: 

total Kessler Psychological Distress Scale and worried about your memory ‘yes’  

Here, WAYM ‘yes’ has been categorised as: (0) the number of answers ‘yes’ is equal to 0; (1) the number of answers 

‘yes’ is greater than 0. The determined regression coefficients are shown next to the arrows showing the direct effects 

between the considered variables with the indicated levels of statistical significance: (***) p < 0.001; (**) 0.001  p 

< 0.01; (*) 0.01  p < 0.05; () 0.05  p < 0.1; and () 0.2 < p  0.1. Only effects with the indicated levels of 

significance are shown in this GSEM scheme 

Figure 64 presents the developed GSEM model with the total K10 variable (defined as 

the sum of all values of 11 items included in the K10 questionnaire) and the categorical 

WAYM variable defined by the following two categories: (0) (or category ‘no’) 

participants who did not answer ‘yes’ to any of the questions in the WAYM 

questionnaire; and (1) (or category ‘yes’) participants who answered ‘yes’ at least to one 

question from the WAYM questionnaire. Positive values of the regression coefficients 

mean that increasing the independent variable results in increasing the dependent 

variable. For example, if we increase the number of conditions by 1, the number of 

Depression  
Osteoporosis  

Arthritis 
Hypercholesterolaemia  

Depression  
Osteoporosis  

Arthritis 
Glaucoma 
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medications will increase by 0.23 (the corresponding regression coefficient—Figure 

64). Similarly, if the number of medications increases by 1, the anticholinergic burden 

increases by 0.49, etc.  

Negative regression coefficients mean the opposite trend. For example, increasing age 

by one year resulted in decreasing total K10 by 0.0097. For categorical variables, the 

interpretation is the following. Male is the base category (0) for the gender variable. For 

females, the ACB score is lower on average than for men by 0.14.  

Similarly, time was considered as a categorical variable: (0) at the baseline evaluation 

and (1) at six months. The negative regression coefficient –0.80 means that from the 

baseline evaluation to six months the probability of WAYM ‘yes’ decreases (i.e. the 

memory test at six months gives better outcomes compared to the baseline). In contrast, 

increasing total K10 results in a significant increase of the WAYM ‘yes’ result, which is 

manifested by the corresponding positive regression coefficient 3.90. In the considered 

model, total K10 impacts on the probability of the WAYM ‘yes’ outcome, and WAYM 

‘yes’ variable also impacts on the Total K10. This can be easily understood as both 

these factors are likely to impact on each other resulting in increasing one of them 

because of the increase of the other.  

The conditions presented in the light grey boxes represent Categories (1) for the total 

K10 variable and WAYM. For example, if a person has either depression or 

osteoporosis or arthritis or glaucoma, the predicted total K10 value for this person will 

be larger by 0.16 than for a person with any other medical condition. Similarly, if a 

person has either depression or hypercholesterolaemia or osteoporosis or arthritis, the 

predicted probability for this person having a WAYM ‘yes’ outcome is larger than for a 

person with any other medical condition.  
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From the developed model, the ACB score has a significant (with p = 0.073) impact on 

the total K10 variable. This impact should be distinguished from, for example, the direct 

impact of time on the WAYM ‘yes’ outcome. The time impact has nothing to do with 

the anticholinergic burden that did not have a significant direct impact on WAYM ‘yes’ 

outcome. However, it did have an indirect impact on the WAYM ‘yes’ outcome through 

the total K10 variable (Figure 64).  

It can thus be concluded that the developed GSEM model has resulted in the 

determination of significant impacts of ACB score on total K10 (a direct impact—

Figure 64) and WAYM ‘yes’ outcome (indirect impact through total K10—Figure 64). 

As explained in the previous section, the use of total K10 and WAYM variables is only 

an approximation that might need further confirmation and validation through the 

consideration of the K10 and WAYM factors (Figures 60–63) and their factor scores 

instead of total K10 and WAYM ‘yes’. The corresponding GSEM model with these 

factors is presented in Figure 65.  

First, the important difference is that, in the model with factors, time is statistically 

insignificant (p > 0.40—Table 56). Therefore, despite the visual difference between the 

K10 and WAYM factors at the baseline and six months, there is no need to distinguish 

between them for the GSEM model (Figure 65).  

Second, different medical conditions also appear to be statistically insignificant from 

the view-point of predicting K10 and WAYM outcomes. Further, the direct impact of 

ACB score on the K10 factor (Figure 65) appears to be even more significant (p = 

0.027—Table 56) than in the former model with the total K10 variable and WAYM 

‘yes’ category (Figure 64). This is significant corroboration of this direct impact of 

ACB score on K10. Importantly, in other versions of the model using slightly different 

variables/categories, the significance of the impact of ACB score on K10 was, on 
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average, around 6%, which is sufficient to state with some certainty that this impact is 

significant and real (changing the ACB score by 1 results in changing K10 by 0.21—

Figure 65).  

Gender and age also appear to have a significant impact on the WAYM factor (females 

have a WAYM value smaller than men by 0.46). 

 

Figure 65 – Generalised structural equation modelling probability model for the two dependent variables: 

Kessler Psychological Distress Scale factor score and worried about your memory factor score  

GSEM probability model for the two dependent variables: K10 Factor Score (the K10 latent variable) and WAYM 

Factor Score (WAYM latent variable). In this case, both K10 Factor and WAYM Factor were numerical variables 

predicted from the respective CFA models (Figures. 60–63). The determined regression coefficients are shown next 

to the arrows showing the direct effects between the considered variables with the indicated levels of statistical 

significance: (***) p < 0.001; (**) 0.001  p < 0.01; (*) 0.01  p < 0.05; () 0.05  p < 0.1; and () 0.2 < p  0.1. 

Only effects with the indicated levels of significance are shown in this GSEM scheme 

The model developed with the K10 and WAYM factors appear to be more statistically 

justified. Therefore, it is reasonable to accept the outcomes of the model with factors 

(Figure 65) over the model with the total K10 variable and WAYM ‘yes’ outcome 

(Figure. 64). At the same time, these figures largely corroborate each other, particularly 

in terms of the main relationships including the impact of ACB on K10 and WAYM.  
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Tables 55 and 56 are showing the regression coefficients for the developed GSEM 

models in Figures 64 and 65 respectively, including the corresponding p-values. The 

model fit was checked using parts of the GSEM models with no categorical variables, 

and that fit was good, suggesting reasonable validity of the GSEM models. The R2 

coefficient for the model was also evaluated using the SEM parts of the models with no 

categorical variables, and it was shown that the R2 coefficient was no less than about 

58%. This means that the developed GSEM models can explain around 58% of the total 

variance in the model. This is a very reasonable outcome.  

At the same time, the result shows that there are likely to be other variables and factors 

that could be responsible for the explanation of the remaining 42% of the variance, 

which, nonetheless, does not reduce the value, significance and applicability of the 

developed GSEM models.  

Thus, it can be concluded that the developed GSEM models have resulted in the 

determination of significant impacts of the ACB score on total K10 (a direct impact—

Figures 64 and 65) and WAYM ‘yes’ outcome (indirect impact through total K10—

Figures 64 and 65).  
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Table 56 – The regression coefficients and the corresponding p-values for the significant direct effects in 

generalised structural equation modelling 

Variables 
Coef p-value R2 

Response Predictor 

Total K10 

 

WAYM “Yes” 0.5700 <0.001 

24.0% 

Age –0.0097 0.034 

ACB 0.0830  0.073 

Medical conditions: depression, 

glaucoma, osteoporosis, arthritis  

with respect to other 

0.1600 0.017 

WAYM “Yes” 

Time –0.8000 0.027 

27.3% 

Total K10 0.3350 <0.001 

Medical conditions: depression, 

hypercholesterolemia, osteoporosis, 

arthritis with respect to other 

0.6500 0.074 

ACB 

Number of medications 0.4900 <0.001 

45.2% Number of medical conditions 0.0460 0.025 

Gender (with respect to Male) –0.1400 0.047 

Number of 

medications 
Number of medical conditions 0.2300 <0.001 40.2% 

Bold font indicates the dependent or mediating variables. The rightmost column shows the R2 coefficients for the 

respective SEM sub-models shown by the row with the same factor in bold. 

Table 57 – The regression coefficients and the corresponding p-values for the significant direct effects in 

generalised structural equation model with factors  

Variables 
Coef p-value R2 

Response Predictor 

Factor: WAYM 

 

K10 factor 0.8900 <0.001 

22.3% 
Age 0.3500 0.032 

Gender (with respect to Male) 0.4600 0.039 

Time - 0.490 

Factor: 

K10 

ACB 0.0480 0.027 

15.5% Age 0.3350 <0.001 

Time - 0.400 

ACB 

Number of medications 0.4900 <0.001 

44.6% Number of medical conditions 0.0430 0.038 

Gender (with respect to Male) –0.1400 0.047 

Number of 

medications 
Number of medical conditions 0.2300 <0.001 40.0% 

Missing coefficients indicate lack of statistical significance (p > 0.40). Bold font indicates the dependent or mediating 

variables. The rightmost column shows the R2 coefficients for the respective SEM sub-models shown by the row 

with the same factor in bold 

In addition, the analysis considered the two temporal points at the baseline evaluation of 

the participants and at the six-month follow-up. The conditions and perceptions of the 
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participants at these two different points in time could be significantly different, which 

can cause alterations in the quantitative characteristics of the factors associated with 

K10 and WAYM data at the baseline evaluation and at six months. Therefore, factor 

analysis for K10 and WAYM data at these two different temporal points was separately 

considered. The application of EFA to the K10 data at the baseline evaluation suggested 

that there is likely to be only one K10 factor based on the 11 questionnaire items, but 

Item 11 did not fit properly into the expected K10 factor. This conclusion was further 

confirmed by Cronbach’s alpha analysis for internal consistency. If Item 11 is removed 

from the expected K10 factor, the overall Cronbach’s alpha increases, which is an 

indication that Item 11 is not internally consistent with the considered factor. This is 

probably because Item 11 (how often do you feel worthless) could be perceived by 

participants as somewhat different from the other items that are more closely focused on 

depression, anxiety and hopelessness. Based on these two different indications, Item 11 

was removed from the K10 factors at both temporal points. Although at the six-month 

follow-up Item 11 did not display the same level of inconsistency as at the baseline, it 

was still remove from the analysis to ensure consistency in the determination and 

possibility of sensible comparison of the K10 factors at the two temporal points.  

Using the developed GSEM models, the predicted dependences of some variables were 

plotted as functions of the other variables. Figures 64 and 66 were derived from the first 

GSEM model. For example, Figure 66 shows such dependences of the total K10 

variable and K10 factor score on the ACB score. This figure is particularly important as 

it demonstrates that K10 significantly increases with increasing ACB score, which is a 

further indication that regulating the anticholinergic burden (down) is likely to improve 

the cognitive condition of patients. For example, reducing the ACB score from about 12 

to 0 results in a major reduction in total K10 from about 25 to around 19 (Figure 66-a). 

It is important not to confuse the shown 95% prediction intervals with 95% CIs (which 
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would be significantly narrower). The 95% prediction interval shows the range that 

would contains 95% of all experimental points (measurements) around the predicted 

curve. The non-linearity of the curves originates from the conducted transformation of 

the dependent variables (see above) to ensure their normal distribution. The fact that the 

95% prediction interval band for the dependence of the K10 factor (Figure 66-b) is 

narrower than Figure 66-a is another indication that the GSEM model with factors 

appears to be better than with the total K10 and WAYM variables.  



168 

 

 

Figure 66 – The dependence of the Kessler Psychological Distress Scale and worried about your Memory 

variables on the Anticholinergic Cognitive Burden Scale score predicted from generalised structural 

equation modelling  

(a) The dependences of the total K10 variable on ACB score predicted from the GSEM model in Figure 64 for the 

three different ages: 74 years which is the average age for the sample (solid curve); 94 years (dotted curve); and 65 
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years (dashed curve). The other variables were taken at the following categories/values: WAYM ‘yes’; and medical 

conditions: depression, or glaucoma, or osteoporosis, or arthritis.  

(b) The predicted K10 factor score as a function of ACB score for the participants of the average age of 74 years. The 

grey bands in (a) and (b) show the 95% prediction intervals for the curves corresponding to the average participant 

age of 74 years  

 

Figure 67 – The dependences of the probabilities  

The dependences of the probabilities for the WAYM category ‘yes’ at 6 months for a person with either depression, 

or hypercholesterolaemia, or osteoporosis, or arthritis (dashed curve), and for a person with any other considered 

condition (solid curve) on the total K10 variable – predicted from the GSEM model in Figure 64. The grey band 

shows the 95% prediction intervals for the solid curve  

Figure 67 shows the dependences of the probabilities of the WAYM ‘yes’ outcome as 

functions of total K10. This probability becomes around 1 starting from the values of 

total K10 from about 20, which demonstrates a major impact of K10 on WAYM (which 

also contributes to the indirect effect of ACB on WAYM through K10—Figures 64 and 

65). Finally, the negative dependence of total K10 on age is shown in Figure 68-a, 

which is consistent with the similar trend shown by Figure 66-a.  

Although the dependence is significant (Figure 64) it is still characterised by a rather 

wide 95% prediction interval (Figure 68-a). Figure 68-b shows statistically significant 

differences between the predicted probabilities of the WAYM ‘yes’ outcomes for a 

particular patient at baseline and at six months, and under four selected medication 

conditions or any other medical condition. 
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Figure 68 – The predicted dependence of the total Kessler Psychological Distress Scale and worried about 

your memory variables 

(a) The predicted dependence of the total K10 variable on age of the participants—predicted from the GSEM in 

Figure 64 for the ‘no’ WAYM category; average ACB score of 3; and the following medical conditions: depression, 

or glaucoma, or osteoporosis, or arthritis.  

The grey band shows the 95% prediction intervals for the predicted curve  

(b) The predicted probabilities for the ‘yes’ WAYM outcome as functions of time and medical conditions: either 

depression or hypercholesterolaemia or osteoporosis or arthritis (Category 1), and any other considered condition 

(Category 0), and at total K10 = 18 (approximately average value of total K10)  

Error bars show the 95% prediction intervals for the corresponding predicted points 
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Chapter VI - Discussion  

The chapter comprises of two main parts. The first part discusses the project’s results 

including demographics, baseline results, six-month results, models and findings, using 

the K10 and WAYM, communication with doctors and final points including patient 

attitude, doctor responsiveness and pharmacist workload. The second part discusses the 

research project limitations. 

Part One: Results   

Demographics 

This section details the data collected on participant characteristics, including age and 

gender, number of potential health professionals and participants approached by the 

researcher, and the number enrolled.  

Contacting doctors was not a straightforward process. Doctors could only be contacted 

during work hours, when they were usually engaged in patient consultation. Most of the 

time the receptionist was asked to pass a verbal or written (email) invitation to the 

doctor. The accuracy and attitude when the medication messages passed on to the 

patient is not reported in most studies reviewed in this thesis and accordingly could not 

be reported on. Additionally, faxes were sent to the doctors including an information 

sheet and consent to participate. Thirteen doctors were contacted, and five accepted the 

invitation to participate in the study. They signed a consent form and referred patients to 

participate in the study. Possibly, due to busy doctor practices, the participating doctors 

required a second reminder to refer patients, with two doctors requiring three or more 

reminders.   

Contacting patients was less problematic than contacting doctors, as the participating 

doctors explained to the patients broadly what the research was about and gained their 

permission to be contacted by the investigator before they were contacted. Some of the 
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referred patients were living in an independent community setting, while others were 

living in a nursing home.  

The study recruited a total of 103 participants (baseline sample) out of the 108 patients 

who were contacted—some changed their mind after they had agreed with their treating 

doctor to participate (three people) or declined once they better understood the study 

details (two people). Out of the 103 participants who underwent the HMR at baseline, 

two did not take part in the second interview; one participant died, for reasons unrelated 

their first medication review, and another did not answer the phone for the follow-up. 

The 103 participants who fulfilled the selection criteria were recruited for the study after 

written informed consent was obtained. Participant age ranged from 65 to 94 years with 

a mean age of 73.87 years. The cohort consisted of 52.4% males and 47.6% females.  

Discussion of the Baseline Results 

This section summarises the main points from the literature review that provided 

background for the conduct of the baseline HMR. Concurrently, it discusses the results 

of the baseline HMR with reference to the literature. 

Australians are living longer than previously, and it has been estimated that people 

above the age of 65 years will account for 25% of the entire country population by 2050 

(145). Unhealthy ageing correlates with greater comorbidity and disability. 

Approximately 50% of people aged between 65 and 74 years have five or more chronic 

medical conditions, rising to 70% of those aged ≥85 years (298). The high number of 

chronic medical conditions among the elderly results in the use of a high number of 

medications.  

Many medications have anticholinergic properties and are commonly prescribed to the 

elderly to treat different disease states (17). Some are used because of their 

anticholinergic properties, whilst for others this property is an unwanted effect (35, 
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227). Medications with anticholinergic properties block different types of receptors 

including muscarinic and/or nicotinic receptors, hence blocking acetylcholine action, 

which results in a wide range of effects including physical and mental impairment 

depending on the location of the receptors. While uncomfortable for some patients in 

relatively good health, in an older patient, they can be associated with morbidity and 

mortality (17).  

These effects are often considered to be a temporary and minor consequence of a 

patient’s pre-existing condition, or can be confused with another medical condition for 

which patients may start receiving treatment, further complicating their outcomes. 

However, the unwanted anticholinergic effects can seriously impair a patient, 

particularly if they are elderly or have a pre-existing condition like dementia. These 

effects can lead to an increased risk of mortality (17). The peripheral effects of 

anticholinergic agents include blurred vision, increased heartrate, decreased secretions 

and slowed gastrointestinal motility (resulting in constipation) (17). Although these side 

effects may not seem serious, they can be associated with many medical complications. 

For example, constipation can cause faecal impaction, pain, increased use of laxatives 

and urinary retention (17). Urinary retention results in discomfort, urinary tract infection 

and an increased need for catheterisation (17). If a patient already diagnosed with 

dementia in which faecal impaction occurs frequently, agitation might result because of 

the associated discomfort (17). Theoretically, treating agitation with mood stabilisers 

exhibiting anticholinergic properties may worsen the person’s cognitive function. 

Centrally, those medications can potentially cause confusion, delirium (35, 227) 

attention deficit, and impaired concentration and memory due to the role of the cortical 

cholinergic system in memory function and attentional processes (39). Thus, 

medications with anticholinergic properties have the potential to cause central toxicity, 
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but generally, this is often overlooked, incorrectly diagnosed and/or misattributed to the 

process of normal ageing.  

Based on the literature, the concept of this study focussed on the cognitive impairment, 

including delirium, caused by medication. Delirium is poorly recognised, with more 

than one-third of cases missed in clinical practice (156). Patients diagnosed with 

dementia can experience delirium, due to medications or other causes, but it may 

mistakenly be recognised as worsening their dementia. Many studies show that 32–67% 

of delirious patients are misdiagnosed by their doctors (149, 150), with one study 

finding that 74 patients diagnosed with depression by junior medical staff were actually 

re-diagnosed with delirium by the consulting psychiatrist (152). Another study showed 

that about 27% of 677 of patients were diagnosed with depression caused by an organic 

origin rather than medication side effects such as anticholinergic burden (153). 

A recent study in France of 372 older participants showed that poorer performance was 

associated with participants who continuously used medications with anticholinergic 

properties over one year than those who did not use medications with anticholinergic 

properties (41). Another study conducted among the elderly found that delirium was 

linked to higher SAA (130). A study with a sample size of 4000 patients in a USA 

primary urban setting showed that nearly 60% of the patients received one 

anticholinergic medication. Another recent study in Australia of 4853 patient records by 

Ball et al., (2013) illustrated that about 87% of the participants took at least one 

medication with anticholinergic properties (223). In this study 97% were receiving one 

medication or more with anticholinergic burden side effects. 

This current study shows that participants aged ≥65 years had between one and 11 

different medical conditions. The mean value of the number of medical conditions 

suffered by participants was 4.50, and more than 60% were diagnosed with four or more 
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medical conditions. As shown in Chapter IV, the highest number of medical conditions 

were in three groups; with a frequency of three (21.35%) in those aged 65–81 years, 

followed by five (20.39%) in those aged 65–88 years and four (19.42%) in those aged 

65–94 years. Only 1.94% of the participants had 11 or more medical conditions, and 

they were aged 73–75 years.  

The most common medical conditions were hypertension (54.37%) followed by 

diabetes (41.75%), GORD (37.86%), hypercholesterolaemia (36.89%), pain (29.13%), 

CVD (16.50%), asthma and arthritis (14.56%) and osteoporosis (11.65%), which fit 

within the Australian top health priority areas. The major contributors to the total 

disease burden were cancer (16%) followed by musculoskeletal disorders (15%), CVD 

(14%) and behavioural and mental disorders (13%) (299). In 2010, musculoskeletal 

disease contributed 26% and behavioural and mental disorders contributed 23% of the 

non-fatal burden (299).  

Although older Australians comprise only 13% of the entire population today, they use 

twice as much medication when compared with those aged 25 years or younger (300). 

One study illustrated that more than 80% of Australians aged over 50 years had taken 

one or more medications in the previous 24 hours, and more than 40% had taken five or 

more (298). The percentage of individuals taking various medications doubles in those 

aged ≥75 years compared to people aged 50–64 years (298).  

Inappropriate medication use has been reported in many studies (301). One study 

showed that 36% of 121,454 participants had potentially inappropriate prescribing 

problems (302). The same study revealed that 17% of the participants were prescribed a 

PPI for more than eight weeks at maximum dose, while 9% of the participants were 

prescribed a non-steroidal anti-inflammatory drug (NSAID) for more than three months 

(302). Around 5% of the participants were prescribed benzodiazepines (long-acting) for 
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more than one month and 5% were prescribed drugs in duplicate (302). This 

inappropriate medication use indicates that potentially inappropriate prescribing is 

associated with polypharmacy, which results in substantial cost consequences (302). A 

cohort prospective study conducted among 120 patients aged ≥60 years discharged from 

an intensive care unit found that at discharge 250 potentially inappropriate medications 

had been prescribed (303). Opioids were the most commonly prescribed medications 

(28%), followed by anticholinergics (24%) and antidepressants (12%) (303).  

This current study reviewed medications taken by participants in general, with those 

with anticholinergic properties as the main focus. The study found that most of the 

medications taken by the participants should be avoided or not used on regular basis. 

For instance, many participants started PPI and never stopped, even when they no 

longer needed the medication. The study found that more than 45% of the participants 

took a PPI, which has potential anticholinergic properties, thereby increasing the 

possibility of developing a serious intestinal infection (C. difficile colitis) and increasing 

the risk of fracture and bone loss.  

Another study showed that 42% of 397 frail elderly inpatients were prescribed one or 

more medication(s) without a proper indication (304). Moreover, the drug’s dosage or 

duration of treatment was inappropriate in around 50% of that study’s patients (304). 

Expense of the drugs was the most common problem reported by the participants 

(70.0%) followed by impractical directions (55.2%) and wrong medication(s) dosages 

(50.9%) (304). Gastric medications were the most frequent drug class associated with 

appropriateness problems, followed by cardiovascular (47.6%) and CNS medications 

(23.9%) (304).  

The 2015 American Geriatrics Society (AGS) Beers Criteria (301) identified 

medications that put older people more at risk than they benefit, potentially 
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inappropriate medications, and medications that should be used with caution. Members 

of the AGS Beers Criteria expert panel reviewed 6,700 high-quality research studies 

about certain potentially inappropriate medications prescribed for older adults 

(Appendix 11). In this current study, most of the participants (87 participants, 84.47 %, 

55.17% male and 44.83% female) took five medications or more. Sixteen (15.53%) of 

the participants were taking four medications or less and four (3.88%) were taking 20 or 

more medications. The highest number of medications taken by participants was six and 

nine (11.65% of the participants) followed by eight and 12 medications (8.74%). The 

average number of medications taken by participants was 8.72 for males and 9.16 for 

females. This study also showed that at baseline 43 out of the 103 participants had an 

ACB score of 4 or more (41.75%), with two participants having a score of 12 (11.65%). 

Most participants had a score of 3 (20.39%) followed by 1 (18.45%), 2 (16.50%), 4 and 

6 (11.65%), 5 (7.77%), 7 (4.85%), 0 (2.91%), 8 and 12 (1.94%), and 9 and 10 (0.97%).  

The study also reveals that participants took a wide range of medications. Paracetamol 

was the most commonly used (52.42%) followed by atorvastatin (34.95%), metformin 

(30.10%), aspirin (29.13%), omeprazole (28.16%), gliclazide (22.33%), esomeprazole 

(18.44%), metoprolol (17.48%), pantoprazole (17.48%), salbutamol (17.48%), 

simvastatin (16.50%), irbesartan (16.50%), perindopril (14.56%), and salmeterol 

(13.59%).  

Reducing anticholinergic burden associated with medications with anticholinergic 

properties by discontinuation, replacing or reducing the dose of these medications can 

potentially benefit elderly patients. A single-blinded, randomised, controlled trial of 

participants who scored ≥3 on the ADS from 22 nursing homes found that medication 

changes initiated by the pharmacist decreased the ADS score significantly, but did not 

have a positive effect on cognition or reduce mouth dryness or SAA significantly (197).  



178 

 

Another study conducted in Australia found that HMRs resulted in absolute decline in 

medications with anticholinergic properties usage by 15% (305). He and Ball’s (2013) 

study found that a possible 85% reduction in ACB score from 3 or more to 2 or below 

based on theoretical interventions can be achieved. The results in this current study 

show that medications could be changed in 56 out of the 103 participants (54.37%) to 

improve their health outcome. Changing medications for the remaining participants 

(45.63%) was not possible. Most participants whose ACB score reduction was possible 

showed a reduction of 1 point on their ACB score (66.07%, 37 out of 56), while 19.64% 

showed a reduction of 2 points, followed by a reduction of 3 points (7.14%). Only 

5.35% of the participants, whose ACB score reduction was possible, showed ≥4-point 

ACB score reduction (3 out of 56 participants).  

An ACB score of ≥4 has been documented as associated with a high risk of mortality 

and morbidity (37). One study showed that 1613 (43.2%) of their overall participants 

fell in the ≥4 category. The same study indicated that amitriptyline (92), oxybutynin 

(83) and paroxetine (83) are the most frequently used medications leading to an ACB 

score of 3 among the participants, while cyproheptadine (22) and carbamazepine (47) 

are the most frequently used medications with an ACB score of 2 among the 

participants. In comparison, atenolol (417) and frusemide (623) are the most frequently 

used medications with an ACB score of 1 among the participants (37).  

In the current study, amitriptyline was found to be the most used medication with an 

ACB score of 3 among the participants, and atorvastatin (36) and omeprazole (29) were 

the most used medications with an ACB score of 1. However, none of the participants 

were taking medications with an ACB score of 2.  

The current study found that ACB scores and gender variables were independent. The 

study also found that at baseline the ACB score and WAYM score did not correlate, as 
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there was no actual difference between the mean WAYM score for the group in which 

participants scored 0–3 and the group in which participants scored 4–12 on ACB score. 

Moreover, the study found that the difference between the low and high ACB scores 

and the mean K10 score at baseline is not an actual difference, as the baseline ACB 

score and K10 score are not linked to each other for the group in which participants 

scored 0–3 and the group in which participants scored 4–12 on the ACB. Some 

participants whose ACB score was high had a K10 score between 16 and 30. Other 

participants whose ACB score was low had a K10 score between 31 and 50. However, 

some participants had a high ACB and a K10 score between 31 and 50 and others had a 

low ACB and a K10 score between 0 and 15.  

This result suggests that medications with anticholinergic properties recognised by the 

ACB scores are not necessarily correlated with worse functional and cognitive 

performance in elderly people. However, it might permit fast identification of 

medications potentially correlated with cognitive impairment. The study demonstrated 

that some participants scored high on the ACB but did not show potential for memory 

problems, while others with an ACB score of 0 potentially did have memory problems. 

However, a couple of participants scored high on the ACB and they potentially had 

memory problems. Age-related memory loss has been documented and occasionally 

called, ‘normal ageing’, which differs from medical conditions associated with memory 

loss such as dementias, and is believed to exhibit another brain mechanism (306). 

Moreover, it has been shown that the elderly might have memory problems resulting 

from the use of medications with anticholinergic properties (43).  

The literature on gender, cognition and the ageing process is not conclusive. Male and 

female cognition has been documented as different in several studies (307). However, 

various studies illustrate that the ageing process shows no male/female difference. Some 

studies indicate that males show more noticeable age-related changes than females, 
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while others show that brain function and behaviour mediated by ovarian hormones in 

females show less age-related cognitive decline than males (307) . Males perform better 

in spatial tasks than females, who perform better in memory and verbal tasks than males 

(307). Some evidence shows that AD affects males and females differently. Males with 

AD tend to perform better than females with AD. A cognitively healthy, normal female 

has a tendency to perform better in semantic tasks, including written word fluency, oral 

verbal fluency, verbal and naming learning, than her male counterpart (308).  

In the current study, 72 out 103 participants at baseline responded ‘sometimes’ or 

‘often’ to at least one of the WAYM questions, which means that there is potential for 

memory problems. At baseline the number of medications and the WAYM score 

correlated with each other, and a higher number of medications were associated with 

higher WAYM scores.  

Gender is one explanation for mood disorder, with different studies showing conflicting 

results. A couple of studies report males and females as essentially equally likely to 

develop depression (309). But others show that females develop non-melancholic 

depression more often than males (309). This difference is potentially due to females 

being more likely to acknowledge depression and ask for help than males (309). Other 

potential explanations include social factors (females have a more internalised 

personality style than males) and hormonal factors that put them at higher risk of 

experiencing depression (309). However, other studies report that there is only a minor 

or non-existent gender difference between those who experience non-melancholic 

depression, and that male and female social roles are similar. Thus, the difference in 

biological hormones (or gender) implies that females are more prone to develop 

depression, but do not necessarily express it, requiring particular social factors in order 

be part of the risk to be more commonly shown in female (309).  
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This current study shows that the difference between the female and male subgroups 

was small for K10 scores. On the other hand, ageing was shown as a possible 

depression risk factor. Depression among the elderly is a significant health problem. It 

has been reported that depression among the elderly is associated with a high risk of 

suicide and morbidity, reduced cognitive social and physical functioning, and high self-

neglect, which are associated with high mortality (310). Depression is less prevalent 

among older adults than among younger adults, but can have serious consequences 

(311). Different studies on depression experienced late in life do not systematically state 

percentages of cases that are late versus early onset, and various ages after which the 

depression onset have been reported (311). The brain’s capacity declines with ageing. 

This decline includes general functioning and specific neurotransmitter paths that affect 

mood. Dementia might make people develop severe depression due to the disturbance 

of circuits which link certain regions of the brain (309). People aged over 65 years 

acknowledge being down, sad or depressed less than people younger than 65 years. 

Loneliness and social isolation result in depression in people aged over 65 years. 

Unexplained physical symptoms, different behavioural changes and memory loss can be 

signs of depression in people over 65. In comparison, most of the participants fell in the 

low depression score (0–15) category on the K10 score scale. At the same time, more 

than 17% of the participants in this current study showed severe depression. 

Additionally, the study found that at baseline, 41.75% (43 out 103) of the participants 

had a similar risk of being diagnosed with depression or anxiety to that of the Australian 

general population (scores fell between 0 and 15, i.e. 20% may develop mental health 

issues during their life span). However, 40.78% (42 out of 103) had a 25% chance of 

developing a depressive or anxiety disorder and a 1% chance of attempting suicide in 

their life, as their scores fell between 16 and 30. Additionally, 17.48% (18 out of 103 

participants) had a 75% chance of meeting the criteria for a depressive or anxiety 
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disorder and a chance of 6% of attempting suicide, as their scores fell between 30 

and 50.  

In summary, the study reveals a correlation between the baseline number of medical 

conditions and the K10 score, an association between the high number of medical 

conditions and high K10 scores, and that a higher number of medications were 

associated with higher K10 scores. 

Discussion of the Six-Month Results 

At the six-month follow-up, the majority participants had an unchanged number of 

medications. Five participants had their medications increased by one, and four had 

their medications reduced by one. Three participants had their number of medications 

reduced by 13, six or three. The results show that at six months pantoprazole frequency 

reduced to 14, perindopril reduced to 14, amlodipine reduced to 11, metoprolol reduced 

to16, paracetamol reduced to 52, ramipril increased to 11 and esomeprazole increased to 

20.  

This result implies that polypharmacy is still common in the elderly, and remains a 

problem associated with negative clinical consequences, despite the pharmacist’s 

medication review effort which is more often than nor is disregarded by the treating 

doctor.  

Common anticholinergic adverse effects including constipation and dry mouth are well 

known. However, there is increasing evidence that older people suffer functional 

decline, cognitive impairment, increased mortality and physical impairment with an 

elevated anticholinergic burden, which can frequently appear acutely in the form of 

delirium. At the six-month follow-up, only 11.88% (n = 12) of the participants had their 

medication changed from the first interview, while the medications of 88.12% (n = 89) 

of the participants stayed the same.  
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Only those participants who had their medication changed exhibited change in their 

ACB score at the six-month follow-up. Five participants showed an increase in ACB 

score of 1 point, and four participants showed ACB score reduction of 1 point, while 

only one participant showed reduction of 2 points. The remaining participants showed 

no change in ACB score. Moreover, at six months, 40 participants (39.60%) scored less 

than 3 on the ACB scale, while 61 (60.40%) scored ≥3. Three of the participants 

(2.97%) scored ≥10 and six participants (5.94%) scored 0 on the ACB.  

This result reflects that elderly people use more medications, and as such the possibility 

of higher anticholinergic adverse effects, including cognitive deficits, is also higher.  

The study also found that after six months, the majority of the participants (58.42%, n = 

59) showed the possibility of memory problems, while 41.58% (n = 42) showed no 

memory problems. The difference between WAYM scores for the female and male 

subgroups of the study was small. The study also found that there is no difference 

between the Mean WAYM Score at 6 Months for the low ACB Score (0-3) and the high 

ACB Score (4-12) groups (also at 6 Months).  WAYM Score and ACB Score are 

apparently not related to each other (at 6 Months). At the six-month follow-up the 

number of medications and the WAYM score were not correlated, as there is no actual 

difference between the mean WAYM score for the group in which participants suffer 

one to four medical conditions and the group in which participants suffer five to 11 

medical conditions, and the higher WAYM score is associated with a greater number of 

medications for the one to eight and nine to 23 groups at six months.  

Moreover, the study shows that the ACB and WAYM scores were not correlated, as 

there is no actual difference between the mean WAYM score for the group in which 

participants scored 0–3 and the group in which participants scored 4–12 on the ACB.  
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This result implies that polypharmacy has the potential to cause negative clinical 

consequences.  

At six months, 54 of the participants had a 25% possibility of a depressive disorder, 38 

had a 25% possibility of depressive disorder and a 1% chance of suicidal attempts, and 

nine had a 25% possibility of depressive disorder and a 6% chance of suicidal attempts. 

A higher K10 score is associated with a greater number of medications for the one to 

eight and nine to 23 groups at six months.  

This result indicates that participants had a high prevalence of potential depression, 

despite the pharmacist’s HMR.  

Models and Findings 

Using the GSEM statistical model, the ACB showed it has a direct and a significant 

impact on the K10 score. The significance of the impact of the ACB on K10 was, on 

average, around 6%, which is sufficient to state with certainty that this impact is 

significant and real. The results of the same statistical modelling revealed that changing 

the ACB by 1 point results in a change to the K10 total score of 0.21.  

This result indicates that a reduction in ACB is likely to improve the cognitive condition 

of patients. As an example, reducing the ACB score from about 12 to 0, the maximum 

possible, results in a major reduction in total K10 total score from about 25 to around 

19.  

However, the ACB score did not have a significant direct impact on the WAYM ‘yes’ 

outcome, but had an indirect impact through the total K10 score variable. It can thus be 

concluded that the developed GSEM model made it possible to determine the 

relationship between the ACB and total K10 score. 

Male and female participants did not differ markedly in ACB scores. Both males and 

females showed ACB scores ranging between 0 and 12. For females, the ACB was 
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lower on average than for males by 0.14. GSEM and CFA also revealed that the gender 

variable appears to have a significant impact on the WAYM factor. Female participants 

also had a WAYM value smaller than males by 0.46.  

Additionally, the study shows that WAYM is affected by the type of medical conditions 

the participants suffer. If a person has either depression, hypercholesterolaemia, 

osteoporosis or arthritis the predicted probability for this person to have a WAYM ‘yes’ 

outcome is higher than for a person with any other medical condition. Nevertheless, 

increasing the total K10 score results in a significant increase of the WAYM ‘yes’ 

result.  

The WAYM ‘yes’ variable also impacts on the total K10. This result implies that both 

these factors are likely to impact on each other, resulting in increasing one of them 

because of the increase of the other. Thus, either can be used to potentially predict the 

other. This indicates that WAYM has a relationship with gender, K10 and medical 

conditions.  

Moreover, the number of medications and K10 scores are correlated and a higher 

number of medical conditions are associated with greater K10 scores at six months. The 

study shows that the difference between the female and male subgroups is small for 

K10 scores, and increasing age by one year results in decreasing total K10 by 0.0097 

using GSEM and CFA modelling. Additionally, the study reveals that K10 is affected 

by the type of medical condition participants suffer. If a person has depression, 

osteoporosis, arthritis or glaucoma the predicted total K10 value for this person will be 

larger by 0.16 than for a person with any other medical condition.  

This result indicates that K10 has a relationship with age, gender, WAYM and medical 

condition.  
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Using the Kessler Psychological Distress Scale and Worried About Your Memory 

K-10 and WAYM were used in the study to test their validity in the recognition of 

cognition problems (mood and memory respectively) associated with anticholinergic 

burden. Based on these tools the investigator checked whether there was any 

improvement in K10 and WAYM scores with an ACB score reduction resulting from 

pharmacist suggested changes to medications as a result of the HMR or RMMR.  

The role of pharmacists is particularly important, as a patient’s lack of knowledge about 

their medications and/or medical condition is one factor that may result in non-

adherence to monitoring plans and/or medication regimens. 

Generally, K10 and WAYM questionnaires have three main objectives: assessing the 

patients’ mood and memory respectively; understanding the patients’ medications, 

including adverse effects and proper use and of the drugs; and improving patients’ 

health management and quality of life. Although each pharmacist has an individualised 

approach in conducting the HMR visit and communicating with their patients, several 

skills lead to successful pharmacist–patient interactions during the administration of 

K10 and WAYM questionnaires.  

The most effective skill is establishing rapport and trust with the patient. The study 

found that through administering K10 and WAYM questionnaires, the pharmacist used 

less time at the six-month follow-up from that spent at baseline. This might be due to 

the patients having a better understanding of what is involved from their experience at 

the first review, or that the researcher became more confident and precise after 

practising at the baseline collection period, and/or that trust had been established. The 

results show that the total time taken to complete the HMR/RMMR report including 

K10, WAYM and ACB score calculation per patient at baseline was 3 hours and 40 

minutes, which exceeded the time expected for completion of the report by 40 minutes. 
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In comparison, at the six-month follow-up, the total time taken was 3 hours and 20 

minutes—the average expected for an HMR/RMMR.  

This result shows that the inclusion of K10, WAYM and the ABC score calculation can 

be sustainable if using an appropriate process and with training.  

The pharmacist introduced herself with a friendly, brief greeting to ensure participants 

felt comfortable and relaxed enough to be asked different questions about their health 

conditions and drug therapies. The participants trusted the pharmacist and answered 

honestly as they started to talk freely about their health problems. Participants were 

happy to be tested by the pharmacist (investigator) using the K10 and WAYM instead 

of the doctor, reflecting the trust and accessibility of pharmacists as healthcare 

professionals.  

This result confirms the current Meyocks Health survey conducted recently that shows 

that pharmacists are the most trusted profession in the healthcare sector, followed by 

doctors and dentists (312). As shown in Figure 69, only 14% of the participants 

distrusted pharmacists, while 60% of the participants trusted them, and 56% trusted 

doctors and 51% trusted dentists (312). Trust results in a better pharmacist–patient 

relationship, hence better health outcomes can be achieved (312). 

Verbal and non-verbal communication with the patient is another skill leading to 

successful pharmacist–patient interaction. In the study, the pharmacist asked 

participants a couple of questions to assess their knowledge about their medical 

conditions and medications. The pharmacist maintained eye contact to show interest in 

their information, and listened passively (allowing participants to talk without 

interruption) and actively (two-way communication implemented after passive 

listening) to questions, concerns and needs. Also, the pharmacist used 

encouragement strategies by using words such as ‘go on’ or ‘yes’. The pharmacist 
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stated the purpose for asking questions to ensure participants were not offended, 

remained clinically objective, and ignored any personal religious or ethical beliefs that 

might affect the pharmacist’s ability to administer the questionnaires effectively. The 

pharmacist made every effort to be impartial and nonjudgmental and focused on patient 

care.  

The pharmacist showed empathy, so participants felt comfortable discussing their 

medication use and medical conditions. The pharmacist reminded participants to call 

their doctor or pharmacy if they had any concerns about their medical conditions and 

medications.  

During the administration of the K10 and WAYM questionnaires, the pharmacist 

ensured confidentiality and privacy, making sure participants felt comfortable when 

discussing their medical issues.  

The pharmacist treated participants with disabilities with understanding and respect, and 

accommodated the need of each patient.  

At the end of the interview, the pharmacist wrote a report to the doctors advising of the 

K10 and WAYM results, the suggestions for reducing ACB score caused by 

medications, and the potential improvement in the K10 and WAYM scores that could 

result from a change in medications.  

The time required to administer the K10 and WAYM questionnaires was dependent on 

the individuals’ conditions. For instance, participants suffering from depression and/or 

with disability (e.g. hearing problems), took longer than those who were less depressed 

and/or not disabled. The time difference ranged between five minutes to around 15 

minutes. This suggests that HMR and RMMR time would increase by 20 minutes to 

administer K10 and WAYM questionnaires.  
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Figure 69 – Consumer trust in healthcare system participants (239,313) 

 

Communication with Doctors  

Communication, collaboration and teamwork between doctors and pharmacists are 

important for the provision the effective and safe healthcare (313). Poor communication 

between doctors and pharmacists is one of the most important common factors resulting 

in medication-related problems, including medication errors (313).  

This study shows that doctors did not have enough time to communicate with 

pharmacists both at baseline and six-month follow-up. This might affect their decision 

on whether to accept or refuse pharmacists’ suggestions. Due to time limitations and 

poor pharmacist–doctor collaboration and communication, this study suggests ways to 

improve collaboration between doctors and pharmacists, hence improving patient care 

and decreasing the significant medication-related morbidity and mortality.  

First, pharmacists working in medical centres could play a role in easing pharmacist–

doctor interaction. One study showed that pharmacists who reviewed patient 
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medications within medical centres and in the patient’s home have a high rate of 

acceptability of patients (314).  

Second, creating electronic software to record patient health records and connecting it 

directly to doctors at the medical centre would potentially play a role in solving some 

issues related to transferring information between doctors and pharmacists securely and 

within time limitations.  

Final Points 

Additional observations were made on the process of the HMR and the sustainability of 

making the three scoring systems a permanent feature of HMR or RMMR for people 

over the age of 65 years. Those aspects are discussed according to patient attitude, 

doctor responsiveness and pharmacist workload.  

Patient Attitude 

At the first encounter participants were not convinced that the pharmacist could have 

input in improving their memory. As a result, many were not comfortable answering the 

questions. This discomfort became apparent in the six-month follow up—their attitude 

was different, and they answered the questions with a higher level of truthfulness as 

they became more familiar with the pharmacist communicating issues with them, and 

also with the ACB score, K-10 and WAYM questionnaires being a normal part of the 

HMR/RMMR. 

Including mention of the ACB, K-10 and WAYM in the GP referral letter in the future 

for patients aged 65 years older, both as a reason for referral to the pharmacist for an 

HMR and letting the patient know what the HMR visit involves, would better prepare 

patients for undertaking the questionnaires as a natural part of their review. 
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Doctor and Pharmacist Responsiveness 

There is still a culture of ‘professional importance’ between self-employed doctors and 

pharmacists and the other health professionals. There is shortage of doctors in many 

areas of Australia, and there are time and space limitations for both doctors and 

pharmacists. However, for those same reasons, HMRs should be utilised to maximise 

the support provided by pharmacists, which can free doctors and community 

pharmacists to make other treatment decisions. The researcher found it difficult to 

attract doctors and community pharmacists to participate with no financial contribution 

paid by the project to their practice. This may be an indication of understaffing, or not 

considering research as professional priority. 

Pharmacist Workload 

The third issue is sustainability. The activity of administering the questionnaires added 

30 minutes to the home visit and 20 minutes in completing the report; however, after the 

researcher practiced at baseline with 103 patients and the patients became familiar with 

the pharmacist’s intention and the process, the time was reduced by 20 minutes in total 

(15 minutes for the visit and 5 minutes for the report). Medicare only funds three hours 

per medication review and one hour per medication check. The additional 30 minutes in 

both processes might concern some of the RMMR providers, as ‘unpaid service’, 

accordingly there might be low uptake by pharmacists; however, as it would only be for 

a certain group of patients, Medicare might be open to a conversation to increase the 

pharmacist payment by a certain percentage for patients at the age of 65 years and over. 

Part Two: Project’s development and limitations 

Developing the Research Project 

There has been little research conducted on medications with anticholinergic burden, 

and even less on the benefit of replacing those medications with ones with less or no 



192 

 

anticholinergic burden, and whether such change would improve cognitive function 

outcomes while maintaining therapeutic benefits. This thesis reports on the third study 

in a series of three conducted to help redress this gap.  

The first study identified the problem of anticholinergic burden in the aged Australian 

population (37) through analysis of the GP medical records of 4853 patients aged 65-

years and over. The Ball et al. (2013) study found that up to 30% were receiving 

medications with an ACB score of more than 4 (36); a range documented as 

problematic (17). 

The second study established an intervention model to reduce the ACB score by 

replacing medications with high anticholinergic burden with others with lower or 0 

anticholinergic burden when possible. This desktop project used anonymised data from 

patient administration aid records (691 records) (199). He and Ball’s study (2013) 

identified that possible and acceptable alternative therapy that may maintain patients’ 

therapeutic outcomes could reduce the total anticholinergic burden (reduction of 6.09% 

for the whole population). However, a study conducted in a nursing home showed that, 

while drug changes initiated by pharmacists reduced participants’ ADS score 

(Anticholinergic drug scale is an alternative test for anticholinergic burden used by 

some researchers) significantly, they did not result in a significant decrease in mouth 

dryness or SAA, or improved cognition. This might reflect that the ADS has limited 

applicability in preventing risks of prescribing medications with low anticholinergic 

burden in nursing home populations (315). 

The proposal for the third study (the subject of this thesis) consisted of six phases, each 

taking six months. As with many plans, the research project did not keep to internal 

timelines; however, finalisation has been achieved on time. 
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The first phase consisted of the analysis of existing studies to understand the gap in 

knowledge needing to be addressed by new research (the literature review presented in 

Chapter II) which was completed on time. 

The analysis of existing studies and databases enabled the construction of a list of 

medications and their alternatives that could be targeted during the HMRs during the 

intervention (second) phase. This list was developed based on current studies only as 

neither Medicare nor the Pharmaceutical Benefits Scheme (PBS) agreed to provide any 

historical data. The negotiation period caused a delay in completing this phase in the 

planned six months, and instead it was concluded over 12 months. A medications’ list 

of the ‘top 20 was developed based on the literature to simplify the medication review 

process. From the analysis, 19 out of the top 20 medications were members of three 

medication classes: TCAs (amitriptyline, clomipramine, dothiepin, doxepin, 

imipramine, nortriptyline, trimipramine), benzodiazepines (alprazolam, bromazepam, 

clobazam, clonazepam, diazepam, flunitrazepam, lorazepam, nitrazepam, oxazepam, 

temazepam, triazolam) and antihypertensive drugs (diuretics, CCB, beta-blockers—

grouped as they share the same scores, but there were large number of them—and 

paroxetine). The researcher then identified alternatives for those top 20 medications 

with lower anticholinergic burden but the same or equivalent therapeutic activity (less 

the individual response after active administration of the alternative medications, when 

prescribed). A solutions tool was developed to standardise the response and reduce 

approach variance, and to manage the interview and the GP recommendation report 

within the three-hour maximum time allowable for HMRs.  

The third phase identified the research intervention location. This phase was also 

delayed by six months after the two public hospitals that were in negotiation with the 

researcher and supervisors withdrew their consent to participate due to workload and 
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cost (presented as additional labour) that was not financially compensated for by the 

researcher. Phase three was concluded over 12 months.  

The final three phases were progressed within the planned timeline (baseline and six-

month follow-up HMRs, and writing the report).  

Statistics play an important role in any kind of research as they deal with easily-

quantified data. A statistician was consulted in two occasions, first after writing the 

research proposal to check the validity of the nominated statistical tests for the analysis 

of the data to be collected, and also the form the data should take to be entered into 

master sheet to enable analysis at the end. The second occasion was after data collection 

and conclusion of the intervention to support appropriate analysis. However, all 

interpretation of the results was solely conducted by the researcher.  

A professional editor was engaged once the report was completed, to identify and 

correct grammatical and spelling errors. Her services were provided according to the 

guidelines laid out in the university-endorsed national Guidelines for Editing Research 

Theses. 

Determining the Location, Patients and Health Professionals for the Study 

As mentioned, the third phase was designed to identify the research intervention 

location. It included gaining agreement in principle to conduct the research within a 

facility. In Australia a registered pharmacist is required to complete accreditation if they 

are to conduct home or residential medication reviews (124). While an RMMR does not 

currently require a GP referral, an HMR remains dependent on GP referral of the patient 

to the pharmacist. As an additional complication, the pharmacist can only claim their 

payment through a community pharmacy to Medicare, while the GP can directly claim 

their payment (124). Accredited pharmacists require 50 continuing professional 

development (CPD) points annually (registered pharmacist require 40 CPD points) to be 
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deemed eligible for annual renewal or to sit the three-yearly refresher test (124). The 

researcher and one PhD supervisor are accredited for HMR and RMMR. One supervisor 

is a specialist in geriatric care. The other two are specialists in chronic disease 

management with one specialised in community mental health. Thus, the accredited 

investigator planned to conduct the HMR and provide suggestions to the doctors based 

on participant health status.  

The initial plan for the HMR was to use the CAM as a potential tool to distinguish 

delirium from other cognitive impairment due to other causes, and the RUDAS and the 

MMSE scale. However, due to the requirement for specialised training, and as those 

tools are used for diagnosis, not screening, which is out of the researcher’s scope of 

practice as a pharmacist and the context of this study, only K-10 and WAYM were 

used. K-10 and WAYM are designed as self-help tools, accordingly their use by a 

pharmacist would not be considered controversial. The ACB, ADS, and ARS are tools 

that are available to help health professionals in assessing anticholinergic burden. In this 

study the ACB scores of Fox et al. (2011) were used to calculate the participants’ 

anticholinergic burden. The proposal was for the solutions recommended by the HMR 

conducted by the researcher and approved by an expert panel be evaluated in a pilot 

clinical study of 100 patients with a range of conditions and multiple medications 

housed in facilities under the care of geriatricians. Some local GPs were happy to 

approach their patients and provide unpaid referrals that is, not a Medicare paid HMR 

referral, to avoid bias and researcher conflict of interest by receiving personal benefits. 

It was also planned that the list of medications and solutions would be reviewed by 

facility geriatricians during this phase, but this was removed due to: 

1. Consideration of patient characteristics and need. 

2. The patient only being able to be seen by their GP, not a geriatrician. 



196 

 

3. A patient’s total ACB score not necessarily being a true reflection of their cognitive 

function and vice versa. 

4. The impossibility of recruiting specialist medical practitioners.  

Medicare and the PBS were contacted to source a larger sample of data on the number 

of people prescribed medications listed in the Fox list (17); however, those requests 

were rejected. One of the supervisors of this research had initial approval to conduct the 

project in a geriatric ward of one of the big public hospitals in NSW, Australia; 

however, in its final stage, after 12 months of negotiation, when it became clear that 

doctors and specialist participation would be unpaid and the workload of changing 

medications would be absorbed in their hospital time, the hospital declined to allow the 

study to commence. The alternative was to approach doctors in general practice.  

Limitations 

The study reveals that different factors associated with the impracticality of changing 

medications, including age, medication usage including complementary medicines, 

existing medical conditions (e.g. liver or kidney disease) and the progression of 

resistance and tolerance. Figure 70 highlights different factors that affect drug response, 

including those found in the study. Elderly people have particular issues with response 

to a drug. Their kidneys and liver function less efficiently, so medications metabolised 

by the liver or eliminated by the kidneys can accumulate in the body resulting in 

potentially serious problems. The study reveals that participants (≥65 years) had a high 

number of medical problems and medications. Moreover, other studies show that older 

people have more medical conditions than younger people and thus usually take more 

medications (316). The more medications a person uses, the more likelihood of trouble 

resulting from drug–drug interaction and/or drug–disease interaction (316), and they 

also may experience difficulties in following complicated medical instructions. 
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Figure 70 – Factors that affect drug response (316) 

Participant choices to take/cease/change medications as prescribed and follow health 

professional instructions was one factor affecting pharmacist decisions when changing 

medications to reduce the ACB score in this study. The literature indicates that around 

50% of patients follow doctors’ prescription directions (317). In this study, participants’ 

concerns regarding possible medication side effects, treatment success, following 

complicated instructions and drug expenses might have caused participants to be 

reluctant to follow health professional’s instructions and plan. Moreover, some 

participants mistakenly believed that their medical problems had been adequately 

treated and drug changes could not improve their cognition, including memory 

problems. Other patients found changing their medications to be inconvenient, as they 

frequently forgot to take new medications, did not understand or misinterpreted the 

instructions, believed that medication side effects were worse than their medical 

condition, denied the possibility of experiencing memory problems (repressing the 

possible diagnosis) and/or encountered obstacles (e.g. having a problem swallowing 

capsules or tablets, difficulty opening bottles). Other problems included being afraid of 
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dependence on the medications, being apathetic (not caring) about becoming better 

and/or distrusting the health professionals’ suggestions.  

Compared to the current literature, adherence in this study was found to be affected by 

numerous factors that are common amongst older people, but it was not affected by age 

itself (317). Factors include polypharmacy, which is associated with a high risk of side 

effects, drug–drug interactions and problems in remembering when to administer each 

medication, and mental or physical impairment (317). Moreover, older patients 

normally experience a high rate of adverse drug reactions due to their high sensitivity to 

medications resulting from pharmacokinetic and pharmacodynamics changes (317).  

Older patients tend to use medications at a high rate due to suffering various chronic 

medical conditions, including arthritis, diabetes or CVD, which can be deteriorated by 

medications (317). This study found that most medications taken by participants for 

chronic medical conditions had been used for years. Doctors were not convinced about 

changing these medications (i.e. implementing the pharmacist’s solutions and 

suggestions). For instance, some doctors did not think it worthwhile to change a 

medication to reduce an individual’s ACB score as their medical condition was stable 

and the new plan could have the potential to confuse patients and worsen the condition 

(Table 57).  

Previous studies found that deliberate, effective pharmacist–doctor collaboration within 

specific clinical settings substantially improve patient care (318). This was highlighted 

in another study, which found that fewer than half (48.2%) of the participants (doctors) 

were uncomfortable with pharmacists suggesting the use of prescription medications to 

patients (318).  
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In this study, poor communication between some of the doctors and the pharmacist due 

to factors including doctors’ limited time resulted in their refusal to consider the 

pharmacist’s suggestions. 
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Table 58 – Some symptoms and disorders that can be worsened by medication in older patients (239, 317)   

Disorder or Symptom Drugs 

Chronic kidney problem NSAIDs (such as ibuprofen and naproxen), triamterene 

Constipation Verapamil  

Drugs with anticholinergic properties and effects* 

Diltiazem 

Mild cognitive impairment, 

dementia or delirium 

Corticosteroids 

Chlorpromazine 

Medications with sedative effects (e.g. sedatives, benzodiazepines 

and sleep aids) or anticholinergic properties and effects* 

Thioridazine  

Histamine-2 blockers 

Meperidine 

Orthostatic hypotension or 

fainting  

Chlorpromazine, doxazosin, donepezil, galantamine, prazosin, olanza

pine, some older antidepressants (such as imipramine and 

amitriptyline), terazosin, rivastigmine, thioridazine 

Use of >1 antihypertensive medication 

Falls Medications with sedative effects (such as antipsychotics, 

antiepileptic drugs, benzodiazepines, zaleplon, eszopiclone, 

and zolpidem), some antihypertensive medications when taken at 

high doses and antidepressants  

Heart failure Diltiazem, cilostazol, dronedarone, disopyramide, COX-2 inhibitors 

and NSAIDs, pioglitazone, verapamil, rosiglitazone 

Insomnia Oral decongestants (e.g. phenylephrine and pseudoephedrine), 

caffeine, stimulants (such as methylphenidate, pemoline and 

amphetamine), theophylline 

Parkinson disease Specific anti-nausea medications (metoclopramide, promethazine, 

prochlorperazine) and most antipsychotics excluding a few (e.g. 

clozapine and quetiapine) 

Stomach bleeding or peptic 

ulcer disease  

Most NSAIDs and aspirin  

Seizure problems Chlorpromazine, bupropion, clozapine, meperidine, maprotiline, 

olanzapine, tramadol, thioridazine, thiothixene 

Urinary incontinence Doxazosin, estrogens are taken orally or topically (not directly 

applied to the vagina), terazosin, prazosin 

Urinary symptoms or urinary 

retention resulting from an 

enlarged prostate (e.g. slow 

urinary flow, dribbling) 

Medications with anticholinergic properties* remedies containing 

decongestants to manage cold 

Anticholinergic drugs (inhaled) used to manage lung disorders 

(aclidinium, tiotropium, and ipratropium) 

*Anticholinergic side effects include blurred vision, confusion, constipation, light-headedness, dry mouth, loss of 

balance, and problem starting to urinate. 

COX-2 inhibitors = coxibs; NSAIDs = non-steroidal anti-inflammatory medications 

Chapter Summary 

The use of anticholinergic medications is common among the elderly, making them at 

higher risk of anticholinergic burden due to polypharmacy and natural changes in their 

pharmacokinetics and pharmacodynamics. This chapter discussed the results from the 



201 

 

intervention and compared it to the current literature. This chapter also highlighted the 

need for caution when prescribing such medications and recommended that pharmacists 

include the ACB score in their HMR reports to prescribers.  
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Chapter VII – Conclusion and Recommendations 

This study did not find a definite answer to the research question, ‘Can pharmacist-led 

medication review recommendations to reduce anticholinergic burden in older patients 

improve their cognitive functions without compromising therapeutic benefits?’  

HMRs conducted by the pharmacist reveal that medication changes can reduce the ACB 

score, but sometimes implementation is impractical in practice for reasons including 

patients’ medical conditions, other side effects of medications, drug–drug interactions 

with other medications, or contraindication due to particular medical conditions, or the 

patient choosing to remain on their current regimen.  

The study shows that it is possible for pharmacists to administer the K10 and WAYM 

questionnaires to patients aged 65 years and over while conducting HMRs and RMMRs, 

and to calculate the ACB score during the write up of the medication review report. This 

process can be beneficial to patients by providing early detection of signs of cognitive 

impairment, anxiety or depression. The process also establishes patient-centred caring 

relationships that encourage patients to detect early deterioration in cognition and to 

seek professional help, thereby optimising their therapeutic outcomes. Thus, the 

pharmacist empowers patients with the information essential to trigger health quality 

each time they take the opportunity to administer K10 and WAYM questionaries while 

conducting HMR and RMMR. 

The study found that its elderly population had significant polypharmacy problems with 

negative clinical consequences. Despite the pharmacist’s medications review at baseline 

and six-month follow-up, treating doctors implemented few of the recommendations 

made by the pharmacist. Participants (aged ≥65 years) had high anticholinergic burden; 

however, the study reveals that anticholinergic burden did not correlate to WAYM and 

K10 at baseline or the six-month follow-up. However, using the GSEM and CFA 



203 

 

statistical model, there was ACB, WAYM and K10 correlation (directly or indirectly). 

The ACB score has a significant impact on K10, which is sufficient to state with 

certainty that this impact is significant and real. While the ACB score did not have a 

significant direct impact on the WAYM ‘yes’ outcome, it had an indirect impact 

through the total K10 score variable. Total K10 can be used to potentially predict 

WAYM and vice versa, as increasing one results in a significant increase of the other.  

Moreover, the gender variable appeared to have a significant impact on the WAYM 

factor, which was also affected by the type of medical conditions the participants had. 

The type of medical conditions the participants were diagnosed with also affected the 

K10.  

This study was unable to prove that reducing the ACB score can actually improve 

patient cognitive function and memory due to the small sample of patients with treating 

doctors who agreed to implement the changes in medications recommended by the 

pharmacist. However, it was possible to prove patient anticholinergic burden can 

theoretically be improved through the recommendations made, but further research on 

the doctors’ perception and acceptance of this theory is required to further validate the 

findings. 

It is also important that a future study investigates if accumulative ACB scores made up 

of numerous medications with an ACB score of 1 point are equivalent to the same score 

made up from a fewer number of medications with higher ACB scores.  

Recommendations 

This study makes the following recommendations. 

1. Use of ACB score calculation, K10 and WAYM in medication reviews for the 

elderly: The study proved that these three tools are valuable and can be used by the 



204 

 

pharmacist as an additional service that can detect early cognitive and memory 

issues that may be due to medication or medical conditions, which may trigger 

recommendations for medication review or referral for further medical investigation. 

2. WAYM: Some alteration to WAYM questionnaires would make it more valid. The 

use of scores instead of words gives a better indication of a patient’s cognitive 

status. The current tool does not distinguish between patients who answer 

‘sometimes’ to one of the statements and others who answer ‘often’ to all 

statements.  

3. Pharmacist and doctor relationship: Due to practice isolation, time limitations of 

both community pharmacists and doctors, and the poor pharmacist–doctor 

relationship, it is recommended that pharmacists qualified to conduct HMR and 

RMMR are employed by, or in a collaborative partnership with, a GP rather than a 

community pharmacy. This may improve pharmacist–doctor interactions.  

Future Research 

This study raised several unanswered questions that should be answered by further 

research:  

 Does an ACB accumulative score made of six 1s or three 2s (i.e. a total score of 6 

points) have the same result as an accumulative score consisting of two 3s?  

 If the relationship between the ACB score and K10 or WAYM is not strong, is there 

a possible relationship between the ACB score and the MMSE or CAM? 
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Appendix 2: Information  sheet  and  consent  form  for  general  practitioners  

 

Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

Investigator: Howraa Abed
1 

Supervisors: Professor Patrick Ball
2
, Doctor Hana Morrissey

3
 and A/Prof Tuly 

Rosenfeld
4
  

 

You are invited to take part in a study which will investigate the possibility of reduction 

of the anticholinergic burden  in elderly patients that results from use of multiple  

medications that exhibit anticholinergic properties,  either by design or coincidentally, 

in patients 65 years and older. 

Some medications are purposefully used for their anticholinergic action; others possess 

this action as a side-effect such as frusemide and prednisolone. The purpose of the study 

is to explore the total cumulative anticholinergic burden from multiple medications can 

affect cognitive function in the study population, and whether attempts at reduction can 

produce measurable improvement. The investigator will conduct the home medication 

reviews based on referral from your clinic. Additionally the investigator will administer 

the mini-mental state examination (MMSE), the confusion assessment method (CAM), 

Kessler Psychological Distress Scale (K10) and the Alzheimer’s Australia worried 

about your memory (WAYM) and the beyond blue anxiety-and-depression-checklist to 

patients providing you with recommendations of possible reduction in the 

anticholinergic burden through medications changes designed to achieve this without 

compromising intended therapeutic outcomes.  

You will not be bound to implementing those recommendations, but it would be 

extremely helpful to the study if you would explain to us your reasons if you do not. A 

6-month follow-up interview will be performed to investigate any change in patient 

cognition scores regardless of having the recommendations implemented, to see if a 

benefit in anticholinergic burden reduction can be identified. 

                                                 
1
 BPharm, AACPA 

2
 Professor of Pharmacy, Theme Leader Discipline of Pharmacy, School of Psychological and Clinical 

Sciences, Faculty of Engineering, Health, Science and the Environment, Charles Darwin University 
3
 Senior lecturer, Discipline of Pharmacy, School of Psychological and Clinical Sciences, Faculty of 

Engineering, Health, Science and the Environment, Charles Darwin University 
4
 University of New South Wales and Consultant Geriatrician and Physician, Forensic Geriatrician, 

Rosenfeld Consulting. 
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We are planning to achieve a sample of 100 patients over a period of 6 months 

(maximum of 20 patients’ per month).  

It is intended to publish the results of this study, but this will not include any 

information that would identify you or your practice or any patients. Only information 

required for the conduct of home medication review will be requested and it will be 

stored in accordance to the Privacy Act and Patient Information Act with the 

investigator as the only person with access. The researchers will enter study data on a 

computer that is password-protected and uses special coding of the data to protect the 

information. Ethics approval will be gained prior to the conduct of the research and 

copy will be provided to your clinic.  

 

Please note that other practices may be recruited into the study. 

 

If you require additional information about this study, you can contact Howraa Abed 

0403803868, nonoabed09@yahoo.com.  

“If you have any questions or concerns that you do not want to direct to the 

researcher, you are invited to the contact the Executive Officer of the Charles 

Darwin University Human Research Ethics Committee on (08) 89466923, on the 

toll-free number, 1800 466 215 or by email, ethics@cdu.edu.au”. 

The Executive Officer can pass on any concerns to appropriate officers within the 

University. 

Participating in this research is completely voluntary and you can withdraw at any time 

without any penalty.   

This Information sheet is yours to keep 
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Consent Form 

Study title: Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

I …………………………………. Of ……………………………………………… 

……………………………………………………………………………………………

…………….. 

Hereby consent to participate in a study undertaken by Howraa Abed of Charles Darwin 

University and I understand that the purpose of this research is to investigate the impact 

of pharmacist medication review on cognitive impairment related to the anticholinergic 

burden caused by medications with anticholinergic properties in elderly patients. 

 I acknowledge that: 

- The aims, methods, and anticipated benefits, and possible risks of the study 

have been explained to me by Howraa Abed. 

- I voluntarily and freely give my consent to my participation in such study. 

- I understand that aggregated results will be used for research purposes and may 

be reported in scientific journals and academic journals. 

- Individual results will not be released to any person except at my request and on 

my authorization. 

- I am free to withdraw my consent at any time during the study. 

 

 

 

I agree to participate in the study. 

 

_____________________________________  ____________________ 

Signature       Date 
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Appendix 3: Information sheet and consent form for nursing home manager  

 

Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in geriatric patients. 

 

Investigator: Howraa Abed
1 

Supervisors: Professor Patrick Ball
2
, Doctor Hana Morrissey

3
 and A/Prof Tuly 

Rosenfeld
4
  

 

You are invited to take part in a study which will investigate the possibility of reduction 

of the anticholinergic burden  in elderly patients that results from use of multiple  

medications that exhibit anticholinergic properties,  either by design or coincidentally, 

in patients 65 years and older. 

Some medications are purposefully used for their anticholinergic action; others possess 

this action as a side-effect such as frusemide and prednisolone. The purpose of the study 

is to explore the total cumulative anticholinergic burden from multiple medications can 

affect cognitive function in the study population, and whether attempts at reduction can 

produce measurable improvement. The investigator will conduct the residential 

medication management review (RMMR) based on referral from your nursing home. 

Additionally the investigator will administer the mini-mental state examination 

(MMSE), the confusion assessment method (CAM), Kessler Psychological Distress 

Scale (K10) and the Alzheimer’s Australia worried about your memory (WAYM) to 

patients providing their doctor with recommendations of possible reduction in the 

anticholinergic burden through medications changes designed to achieve this without 

compromising intended therapeutic outcomes.  

The doctors will not be bound to implementing those recommendations, but it would 

be extremely helpful to the study if they would explain to us their reasons if they do not. 

A 6-month follow-up interview will be performed to investigate any change in patient 

cognition scores regardless of having the recommendations implemented, to see if a 

benefit in anticholinergic burden reduction can be identified. 

                                                 
1
 BPharm, AACPA 

2
 Professor of Pharmacy, Theme Leader Discipline of Pharmacy, School of Psychological and Clinical 

Sciences, Faculty of Engineering, Health, Science and the Environment, Charles Darwin University 
3
 Senior lecturer, Discipline of Pharmacy, School of Psychological and Clinical Sciences, Faculty of 

Engineering, Health, Science and the Environment, Charles Darwin University 
4
 University of New South Wales and Consultant Geriatrician and Physician, Forensic Geriatrician, 

Rosenfeld Consulting. 
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We are planning to achieve a sample of 100 patients over a period of 6 months 

(maximum of 20 patients’ per month).  

It is intended to publish the results of this study, but this will not include any 

information that would identify nursing home or any patients. Only information 

required for the conduct of RMMR will be requested and it will be stored in accordance 

to the Privacy Act and Patient Information Act with the investigator as the only person 

with access. The researchers will enter study data on a computer that is password-

protected and uses special coding of the data to protect the information. Ethics approval 

will be gained prior to the conduct of the research and copy will be provided to your 

nursing home.  

 

Please note that other nursing homes, community pharmacies and practices may be 

recruited into the study. 

 

If you require additional information about this study, you can contact Howraa Abed 

0403803868, nonoabed09@yahoo.com.  

“If you have any questions or concerns that you do not want to direct to the 

researcher, you are invited to the contact the Executive Officer of the Charles 

Darwin University Human Research Ethics Committee on (08) 89466923, on the 

toll-free number, 1800 466 215 or by email, ethics@cdu.edu.au”. 

The Executive Officer can pass on any concerns to appropriate officers within the 

University. 

 

Participating in this research is completely voluntary and you can withdraw at any time 

without any penalty.   

This Information sheet is yours to keep 
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Consent Form 

Study title: Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

I …………………………………. Of ……………………………………………… 

……………………………………………………………………………………………

…………….. 

Hereby consent to participate in a study undertaken by Howraa Abed of Charles Darwin 

University and I understand that the purpose of this research is to investigate the impact 

of pharmacist medication review on cognitive impairment related to the anticholinergic 

burden caused by medications with anticholinergic properties in elderly patients. 

 I acknowledge that: 

- The aims, methods, and anticipated benefits, and possible risks of the study 

have been explained to me by Howraa Abed. 

- I voluntarily and freely give my consent to my participation in such study. 

- I understand that aggregated results will be used for research purposes and may 

be reported in scientific journals and academic journals. 

- Individual results will not be released to any person except at my request and on 

my authorization. 

- I am free to withdraw my consent at any time during the study. 

 

 

 

I agree to participate in the study. 

 

_____________________________________  ____________________ 

Signature       Date 
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Appendix 4: Information sheet and consent form for community pharmacy  

 

Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in geriatric patients 

 

Investigator: Howraa Abed
1 

Supervisors: Professor Patrick Ball
2
, Doctor Hana Morrissey

3
 and A/Prof Tuly 

Rosenfeld
4
  

 

You are invited to take part in a study which will investigate the possibility of reduction 

of the anticholinergic burden  in elderly patients that results from use of multiple  

medications that exhibit anticholinergic properties,  either by design or coincidentally, 

in patients 65 years and older. 

Some medications are purposefully used for their anticholinergic action; others possess 

this action as a side-effect such as frusemide and prednisolone. The purpose of the study 

is to explore the total cumulative anticholinergic burden from multiple medications can 

affect cognitive function in the study population, and whether attempts at reduction can 

produce measurable improvement. The investigator will conduct MedChecks based on 

referral from your community pharmacy. Additionally the investigator will administer 

the mini-mental state examination (MMSE), the confusion assessment method (CAM), 

Kessler Psychological Distress Scale (K10) and the Alzheimer’s Australia worried 

about your memory (WAYM) to patients providing their doctor with recommendations 

of possible reduction in the anticholinergic burden through medications changes 

designed to achieve this without compromising intended therapeutic outcomes.  

The doctors will not be bound to implementing those recommendations, but it would 

be extremely helpful to the study if they would explain to us their reasons if they do not. 

A 6-month follow-up interview will be performed to investigate any change in patient 

cognition scores regardless of having the recommendations implemented, to see if a 

benefit in anticholinergic burden reduction can be identified. 

                                                 
1
 BPharm, AACPA 

2
 Professor of Pharmacy, Theme Leader Discipline of Pharmacy, School of Psychological and Clinical 

Sciences, Faculty of Engineering, Health, Science and the Environment, Charles Darwin University 
3
 Senior lecturer, Discipline of Pharmacy, School of Psychological and Clinical Sciences, Faculty of 

Engineering, Health, Science and the Environment, Charles Darwin University 
4
 University of New South Wales and Consultant Geriatrician and Physician, Forensic Geriatrician, 

Rosenfeld Consulting. 
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We are planning to achieve a sample of 100 patients over a period of 6 months 

(maximum of 20 patients’ per month).  

It is intended to publish the results of this study, but this will not include any 

information that would identify community pharmacy or any patients. Only information 

required for the conduct of MedChecks will be requested and it will be stored in 

accordance to the Privacy Act and Patient Information Act with the investigator as the 

only person with access. The researchers will enter study data on a computer that is 

password-protected and uses special coding of the data to protect the information. 

Ethics approval will be gained prior to the conduct of the research and copy will be 

provided to your community pharmacy.  

 

Please note that other community pharmacies, nursing homes and practices may be 

recruited into the study. 

 

If you require additional information about this study, you can contact Howraa Abed 

0403803868, nonoabed09@yahoo.com.  

“If you have any questions or concerns that you do not want to direct to the 

researcher, you are invited to the contact the Executive Officer of the Charles 

Darwin University Human Research Ethics Committee on (08) 89466923, on the 

toll-free number, 1800 466 215 or by email, ethics@cdu.edu.au”. 

The Executive Officer can pass on any concerns to appropriate officers within the 

University. 

 

Participating in this research is completely voluntary and you can withdraw at any time 

without any penalty.   

This Information sheet is yours to keep 
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Consent Form 

Study title: Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

I …………………………………. Of ……………………………………………… 

……………………………………………………………………………………………

…………….. 

Hereby consent to participate in a study undertaken by Howraa Abed of Charles Darwin 

University and I understand that the purpose of this research is to investigate the impact 

of pharmacist medication review on cognitive impairment related to the anticholinergic 

burden caused by medications with anticholinergic properties in elderly patients. 

 I acknowledge that: 

- The aims, methods, and anticipated benefits, and possible risks of the study 

have been explained to me by Howraa Abed. 

- I voluntarily and freely give my consent to my participation in such study. 

- I understand that aggregated results will be used for research purposes and may 

be reported in scientific journals and academic journals. 

- Individual results will not be released to any person except at my request and on 

my authorization. 

- I am free to withdraw my consent at any time during the study. 

 

 

 

I agree to participate in the study. 

 

_____________________________________  ____________________ 

Signature       Date 
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Appendix 5: Participant Information and Consent  

 

Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

Investigator: Howraa Abed
1 

Supervisors: Professor Patrick Ball
2
, Doctor Hana Morrissey

3
 and A/Prof Tuly 

Rosenfeld
4
  

 

You are invited to take part of a research study that looks at medications side effects 

including their effect on your memory. 

The investigator (registered pharmacist) will conduct a full home medication review 

on referral from your doctor and will assess your memory through questions included 

in the mini-mental state examination (MMSE), the confusion assessment method 

(CAM), Kessler Psychological Distress Scale (K10)and the worried about your 

memory. The investigator will then, with your permission, provide a complete report 

back to your doctor with recommendations. The investigator will follow-up with you 

after 6 month. 

Your decision whether to take part or not to take part or to take part and then 

withdraw, will not affect your home medication review or your relationship with those 

treating you. 

We are planning to have a sample of 100 patients over a period of 6 months.  

We plan to publish the results of this study, but will not include any information that 

would identify you or your doctor. Only information required for the conduct of home 

medication review will be requested and it will be stored in accordance to the privacy 

act and patient information act with the investigator is the only person can access.  

If you have questions about this research, you can contact Howraa Abed 0403803868, 

nonoabed09@yahoo.com  

“If you have any questions or concerns that you do not want to direct to the 

researcher, you are invited to the contact the Executive Officer of the Charles 

                                                 
1
 BPharm, AACPA 

2
 Professor of Pharmacy, Theme Leader Discipline of Pharmacy, School of Psychological and Clinical 

Sciences, Faculty of Engineering, Health, Science and the Environment, Charles Darwin University 
3
 Senior lecturer, Discipline of Pharmacy, School of Psychological and Clinical Sciences, Faculty of 

Engineering, Health, Science and the Environment, Charles Darwin University 
4
 University of New South Wales and Consultant Geriatrician and Physician, Forensic Geriatrician, 

Rosenfeld Consulting. 
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Darwin University Human Research Ethics Committee on (08) 89466923, on the toll-

free number, 1800 466 215 or by email, ethics@cdu.edu.au”. 

The Executive Officer can pass on any concerns to appropriate officers within the 

University. 

Participating in this research is completely voluntary and you can withdraw at any time 

without any penalty.   

This Information sheet is yours to keep 
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Consent Form 

Study title: Medications review and anticholinergic burden caused by medications with 

anticholinergic properties in elder patients. 

 

I, …………………………………. Of ……………………………………………… 

……………………………………………………………………………………………

…………….. 

Hereby consent to participate in a study undertaken by Howraa Abed Of……… 

………………………………………….. and I understand that the purpose of this 

research is to investigate the impact of pharmacist’s led medication review on reducing 

medication side effects on memory and cognitive functions  in elderly patients. 

 I acknowledge that: 

- The aims, methods, and anticipated benefits, and possible risks of the study 

have been explained to me by Howraa Abed. 

- I voluntarily and freely give my consent to my participation in such study. 

- I understand that results will be used for research purposes and may 

be reported in scientific journals and academic journals. 

-  Individual results will not be released to any person except at my request and on 

my authorization. 

-  I am free to withdraw my consent at any time during the study, in which event 

my participation  in the research study will immediately cease, and any 

information obtained will be returned to me or destroyed at my request. 

 

You will be given a copy of this document for your records and the original signed copy 

will be kept with the investigator as part of the study records.   

 

I agree to participate in the study. 

 

_____________________________________  ____________________ 

Signature       Date 
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Appendix 6:  Kessler Psychological Distress Scale (K10)   

Source from: http://www.beyondblue.org.au/the-facts/depression/signs-and-

symptoms/anxiety-and-depression-checklist-k10 

Question  

This simple checklist aims to measure how you may have been affected by depression and 

anxiety in the past four weeks. It is know that depression and anxiety may contribute to lack 

of concentration that may be interpreted by others as confusion.  
Please circle the answers that best represent how you have been. 

Point  

In the past 4 weeks affected by depression and anxiety 

None of the time  

A little of the time 

Some of the time 

Most of the time 

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel tired out for no good reason? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel nervous? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel so nervous that nothing could calm you down? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel hopeless? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel restless or fidgety? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel so restless you could not sit still? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel depressed? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel that everything was an effort? 

None of the time  

A little of the time  

 

1 

2 
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Some of the time  

Most of the time  

All of the time 

3 

4 

5 

About how often did you feel so sad that nothing could cheer you up? 

None of the time  

A little of the time  

Some of the time   

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

About how often did you feel worthless? 

None of the time  

A little of the time  

Some of the time  

Most of the time  

All of the time 

 

1 

2 

3 

4 

5 

Total Score (where 10 is not depressed and 50 is very depressed) 
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Appendix 7:  Worried  About  Your  Memory  (WAYM)   

Tick the right box Rarely Sometimes Often  

I have trouble remembering events that happened 

recently 

   

I have trouble finding the right word    

I have trouble remembering the day and date    

I forget where things are usually kept    

I have difficulty adjusting to any changes in my 

day-to-day routine 

   

I have problems understanding magazine or 

newspaper articles or following a story in a book 

or on television 

   

I find it hard to follow and join in conversations, 

particularly in groups 

   

I have problems handling financial matters, such 

as banking or calculating change 

   

I have difficulty with everyday activities such as 

remembering how long between visits from 

family or friends or cooking a meal I have 

always cooked well 

   

I am losing interest in activities I’d normally 

enjoy 

   

I have difficulties thinking through problems    

Family and/or friends have commented about my 

poor memory 

   

Other concerns: 

 

 

** If ‘sometimes’ or ‘often’ is ticked in one box or more: there is a potential memory 

problem. 
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Appendix 8: General Practitioner Report Template  

General Practitioner Report 

Howraa Abed 

Accredited pharmacist 

HMR & RMMR 

Phone : 0403803868 

Dr Details 

 

Date 

References:  

1. Study Title: Medications review and anticholinergic burden caused by medications 

with anticholinergic properties in geriatric patients. 

2. Medication Review Report for xxxxx 

 

Dear Dr ……………….. 

Thank you for referring …………………………………………………………………..for 

medication review. 

Mr/Mrs ……………….signed an informed consent to participate in the study and to share 

the results with you. 

Mr/Mrs………………………has a history of: 

……………………………………………… 

……………………………………………… 

…………………………………………… 

His/her medications are: 

……………………………………………… 

……………………………………………… 
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……………………………………………… 

……………………………………………… 

A medication review had been conducted and the Kessler Psychological Distress Scale 

(K10) and Alzheimer Australia worried about your memory (WAYM) to patients had been 

administered.  

The results as follows: 

Medications Dose  ACB 

   

   

   

   

Total   

  

K10 WAYM 

  

  

 

Based on the results I would like you to consider the following changes to Mr/Mrs 

……………………….’s medications: 

1.  

2.  

3.  

4.  

5.  Total burden after the changes is …………….    

These recommendations are based upon a comprehensive analysis of the patient’s current 
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medication dispensing history, the diagnostic results that you supplied and feedback from a 

patient interview that I conducted.  

If the patient condition or diagnostic parameters have changed, my recommendation may 

need to be amended based on the new supplied information.  

I look forward to hearing from you with your view on the suggestions I have proposed. 

Please do not hesitate to contact me for any additional information or to further discuss. 

 

Yours faithfully 

Howraa Abed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

Appendix 9: Fox  et  al.  (2011) ACB  Medication  Score   

Score = 1 Score = 2 Score =  3 

Alimemazine  Amantadine hydrochloride Amitriptyline hydrochloride 

Alprazolam Belladonna Atropine sulfate 

Atenolol Carbamazepine Benztropine mesylate 

Brompheniramine maleate Cyproheptadine hydrochloride Chlorpheniramine 

Bupropion hydrochloride Meperidine hydrochloride Chlorpromazine hydrochloride 

Captopril Oxcarbazepine Clomipramine hydrochloride 

Chlorthalidone Pethidine hydrochloride Clozapine 

Cimetidine hydrochloride Trimeprazine tartarate Darifenacin hydrobromide 

Codeine  Dimenhydrinate 

Colchicine  Diphenhydramine 

Dextromethorphan hydrobromide  Doxepin hydrochloride 

Diazepam  Hyoscine 

Digoxin  Hyoscyamine 

Dipyridamole  Imipramine hydrochloride 

Disopyramide phosphate  Nortriptyline hydrochloride 

Fentanyl  Olanzapine pamoate 

monohydrate 

Fluvoxamine maleate  Orphenadrine citrate 

Frusemide  Oxybutynin 

Haloperidol  Paroxetine hydrochloride 

Hydralazine  Paroxetine mesilate 

Hydralazine hydrochloride  Phenylephrine hydrochloride 

Hydrocortisone  Promethazine theoclate 

Hydrocortisone sodium succinate  Propantheline bromide 

Isosorbide dinitrate  Quetiapine fumarate 

Isosorbide mononitrate  Scopolamine hydrobromide 

Loperamide hydrochloride  Tolterodine tartarate 

Metoprolol succinate  Trifluoperazine hydrochloride 

Metoprolol tartarate  Trimipramine 

Morphine    

Nifedipine   

Prednisolone   

Prednisone   

Ranitidine   

Risperidone   

Theophylline   

Triamterene   

Warfarin   
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Appendix 10: Ball et al. (2013) ACB Medication Score  

Score of 1 Score of 1 Score of 1 

Indomethacin                                                                                                                                                                                             Ketorolac                                                                                                                                                                                                Lamotrigine                                                                                                                                                                                              

perindopril                                                                                                                                                                                   Ivabradine                                                                                                                                                                                               Lansoprazole                                                                                                                                                                                             

Acetazolamide                                                                                                                                                                                            Domperidone                                                                                                                                                                                              Loratadine                                                                                                                                                                                               

Acetylcysteine                                                                                                                                                                                           Donepezil                                                                                                                                                                                                Lorazepam                                                                                                                                                                                                

Acitretin                                                                                                                                                                                                Dothiepin                                                                                                                                                                                                Mefloquine                                                                                                                                                                                               

Agomelatine                                                                                                                                                                                              Duloxetine                                                                                                                                                                                               Meloxicam                                                                                                                                                                                                

Allium sativum/ascorbic 

acid/fenugreek/hors                                                                                                                                                              

Esomeprazole                                                                                                                                                                                             Methadone                                                                                                                                                                                                

Amiloride/hydrochlorothiazide                                                                                                                                                                            Escitalopram                                                                                                                                                                                             Methadone                                                                                                                                                                                                

Amlodipine/hydrochlorothiazide/

valsartan                                                                                                                                                                 

Ethacrynic acid                                                                                                                                                                                          Methyldopa                                                                                                                                                                                               

Amiodarone                                                                                                                                                                                               Famciclovir                                                                                                                                                                                              Methyldopa                                                                                                                                                                                               

Amphotericin b                                                                                                                                                                                           Famotidine                                                                                                                                                                                               Methylphenidate                                                                                                                                                                                          

Anastrozole                                                                                                                                                                                              Fexofenadine                                                                                                                                                                                             Midazolam                                                                                                                                                                                                

Atorvastatin                                                                                                                                                                                             Flecainide                                                                                                                                                                                               Midodrine                                                                                                                                                                                                

Baclofen                                                                                                                                                                                                 Fludrocortisone                                                                                                                                                                                          Mirtazapine                                                                                                                                                                                              

Benserazide/levodopa                                                                                                                                                                                     Flunitrazepam                                                                                                                                                                                            Moclobemide                                                                                                                                                                                              

Betamethasone systemic                                                                                                                                                                                   Fluoxetine                                                                                                                                                                                               Moxonidine                                                                                                                                                                                               

Betaxolol                                                                                                                                                                                                Flupenthixol                                                                                                                                                                                             Nitrazepam                                                                                                                                                                                               

Biperiden                                                                                                                                                                                                Fluvastatin                                                                                                                                                                                              Nitrofurantoin                                                                                                                                                                                           

Bromazepam                                                                                                                                                                                               Fosinopril  Nizatidine                                                                                                                                                                                               

Bromocriptine                                                                                                                                                                                            Gabapentin                                                                                                                                                                                               Omeprazole                                                                                                                                                                                             

Bumetanide                                                                                                                                                                                               Glyceryl trinitrate                                                                                                                                                                                      Oseltamivir                                                                                                                                                                                              

Buprenorphine                                                                                                                                                                                            Griseofulvin                                                                                                                                                                                             Oxazepam                                                                                                                                                                                                 

Cabergoline                                                                                                                                                                                              Hydrochlorothiazide                                                                                                                                                                                      Oxycodone                                                                                                                                                                                                

Candesartan/hydrochlorothiazide                                                                                                                                                                          irbesartan                                                                                                                                                                           Pantoprazole                                                                                                                                                                                             

Carbidopa/entacapone/levodopa                                                                                                                                                                            olmesartan                                                                                                                                                                           Pericyazine                                                                                                                                                                                              

Carbidopa/levodopa                                                                                                                                                                                       quinapril                                                                                                                                                                            Phentermine                                                                                                                                                                                              

Carvedilol                                                                                                                                                                                               telmisartan                                                                                                                                                                          Phenytoin                                                                                                                                                                                                

Chromium                                                                                                                                                                                                 valsartan                                                                                                                                                                            Pholcodine                                                                                                                                                                                               

Citalopram                                                                                                                                                                                               Hydroxychloroquine                                                                                                                                                                                       Pindolol                                                                                                                                                                                                 

Clobazam                                                                                                                                                                                                 Indapamide                                                                                                                                                                                               Pramipexole                                                                                                                                                                                              

Clonazepam                                                                                                                                                                                               perindopril                                                                                                                                                                                   Pravastatin                                                                                                                                                                                              

Clonidine                                                                                                                                                                                                Indomethacin                                                                                                                                                                                             Pregabalin                                                                                                                                                                                               

Desvenlafaxine                                                                                                                                                                                           Ivabradine                                                                                                                                                                                               Prochlorperazine                                                                                                                                                                                         

Dextropropoxyphene/paracetamo

l                                                                                                                                                                           

Ketorolac                                                                                                                                                                                                Propranolol                                                                                                                                                                                              

Dihydrocodeine                                                                                                                                                                                           Lamotrigine                                                                                                                                                                                              Rabeprazole                                                                                                                                                                                              

Fluoxetine                                                                                                                                                                                               Lansoprazole                                                                                                                                                                                             Rivastigmine                                                                                                                                                                                             

Flupenthixol                                                                                                                                                                                             Loratadine                                                                                                                                                                                               Rosuvastatin                                                                                                                                                                                             

Fluvastatin                                                                                                                                                                                              Lorazepam                                                                                                                                                                                                Selegiline                                                                                                                                                                                               

Fosinopril  Mefloquine                                                                                                                                                                                               Sertraline                                                                                                                                                                                               

Gabapentin                                                                                                                                                                                               Meloxicam                                                                                                                                                                                                Simvastatin                                                                                                                                                                                              

Glyceryl trinitrate                                                                                                                                                                                      Esomeprazole                                                                                                                                                                                             Solifenacin                                                                                                                                                                                              

Griseofulvin                                                                                                                                                                                             Ethacrynic acid                                                                                                                                                                                          Sotalol                                                                                                                                                                                                  

Hydrochlorothiazide                                                                                                                                                                                      Ezetimibe/simvastatin                                                                                                                                                                                    Spironolactone                                                                                                                                                                                           

irbesartan                                                                                                                                                                           Famciclovir                                                                                                                                                                                              Temazepam                                                                                                                                                                                                

olmesartan                                                                                                                                                                           Famotidine                                                                                                                                                                                               Tetrabenazine                                                                                                                                                                                            

quinapril                                                                                                                                                                            Fexofenadine                                                                                                                                                                                             Topiramate                                                                                                                                                                                               

telmisartan                                                                                                                                                                          Flecainide                                                                                                                                                                                               Tramadol                                                                                                                                                                                                 

valsartan                                                                                                                                                                            Fludrocortisone                                                                                                                                                                                          Triamcinolone                                                                                                                                                                                            

Hydroxychloroquine                                                                                                                                                                                       Flunitrazepam                                                                                                                                                                                            Varenicline                                                                                                                                                                                              

Indapamide                                                                                                                                                                                               Zolpidem    Venlafaxine                                                                                                                                                                                              
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Appendix 11: Potentially Inappropriate Medication Use in Older Adults 2015   

Medications and classes of Medications  Common 

indications 

Reasons of 

medications 

inappropriateness  

among older 

adult 

Recommended 

solutions 

Anticholinergic medications have the potential to result in various  adverse effects in older people 

including constipation, dry mouth, difficulty urinating , blurred vision,  sleepiness and 

confusion.  

Antihistamines "First-Generation"  

 Brompheniramine 

 Carbinoxamine 

 Chlorpheniramine 

 Clemastine 

 Cyproheptadine 

 Dexbrompheniramine 

 Dexchlorpheniramine 

 Dimenhydrinate 

 Diphenhydramine (oral) 

 Doxylamine 

 Hydroxyzine 

 Meclizine 

 Promethazine 

 Triprolidine 

- Eczema, hives 

and allergies. 

- Sleep aids. and, 

and as. They are 

commonly – 

included in cough 

and cold  

remedies.   

Potentially can 

cause confusion, 

difficulty 

urinating, 

drowsiness, 

blurred vision, 

dry mouth, and 

constipation.  

Should be 

avoided as 

possible and 

only to be used 

in special case 

e.g. Allergic 

reaction (severe) 

Antihistamines ( 

Third- and 

Second-

Generation)such 

as fexofenadine, 

loratadine, 

desloratadine 

and cetirizine 

are better 

alternative. 

Antiparkinsonian medications 

 Benztropine (oral) 

 Trihexyphenidyl 

Parkinson's 

disease.  

Alternative 

medications to 

treat Parkinson's 

disease are more 

effective  than 

these 

medications. 

These 

medications 

should not be 

used to treat side 

effects caused by 

other 

medications such 

as antipsychotic 

medications. 

Should be 

avoided. 

Antispasmodic drugs 

 Atropine (excludes 

ophthalmic) 

 Belladonna alkaloids 

 Clidinium-

chlordiazepoxide 

 Dicyclomine 

 Hyoscyamine 

 Propantheline 

Intestinal spasms 

or cramps.   

More evidence is 

required to 

ensure the 

effectiveness of 

these 

medications. 

They potentially 

can cause 

constipation, 

Should be avoid. 
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 Scopolamine confusion, 

drowsiness, dry 

mouth, difficulty 

urinating and 

blurred vision. 

Antithrombotics (medications are used to decrease blood clot risk) 

 Dipyridamole, oral 

short-acting (does not 

apply to the extended-

release combination with 

aspirin) 

 Ticlopidine 

Decrease blood 

clots. 

Dipyridamole 

can potentially 

increase the 

possibility of 

fainting, 

dizziness and 

falling.  

Should be 

avoided as 

possible. 

Dipyridamole 

can be used 

intravenously in 

special 

circumstances 

such as cardiac 

stress test  

Antibiotics  

Nitrofurantoin Urinary tract 

infections (UTI). 

 

  

It has the 

potential to affect 

lungs as well as 

other organs.  

Should not be 

used in daily 

basis over 

months to treat 

urinary 

infections. 

It can be used 

short-term to 

treat episodes of 

UTI. 

Should be 

avoided in 

elderly with 

moderately and 

severe kidney 

impairment. 

The blood vessels and heart medications  

Peripheral Alpha-1 blockers 

 Doxazosin 

 Prazosin 

 Terazosin 

-BPH, 

- High blood 

pressure. 

Alternative 

medications 

available to treat 

high blood 

pressure.  

Should be 

avoided when 

treating high 

blood pressure. 

Central alpha blockers (Alpha 

agonists) 

 Clonidine 

 Guanabenz 

 Guanfacine 

 Methyldopa 

 Reserpine at doses 

greater than 0.1 

milligrams daily 

Hypertension  They have the 

potential to cause 

dizziness and a 

slow heartbeat. 

They are not 

recommended 

for routine 

treatment of high 

blood pressure. 

These 

medications 

should be 

avoided as 

possible.  

Disopyramide Abnormal heart 

rhythms. 

This medication 

has the potential 

to result in heart 

Should be 

avoided. 
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failure in elderly. 

Potential adverse 

effects include 

constipation, 

drowsiness, 

confusion, 

blurred vision, 

difficulty 

urinating and dry 

mouth. Other 

antiarrhythmic 

medications 

should be 

considered. 

Dronedarone Abnormal heart 

rhythms. 

There is an 

increased risk of 

bad outcomes 

from this 

medication in 

patients who 

suffer  recently 

worsened or 

severe heart 

failure or patients 

with persistent 

atrial fibrillation. 

Should be 

avoided in older 

patients who 

suffer recently 

worsened or 

severe heart 

failure or 

patients with 

persistent atrial 

fibrillation. 

Digoxin -Atrial fibrillation  

-Heart failure. 

In elderly 

patients with 

heart failure and 

atrial  

fibrillation, 

alternative 

medications 

might be safer 

and more 

effective. Higher 

doses may have 

the potential to 

increase toxicity 

risk without 

offering 

additional 

benefits in 

patients who 

suffer heart 

failure. Dose 

should be 

reduced in 

elderly who 

suffer kidney 

impairment.  

Should not be 

used as first-line 

treatment of 

heart failure 

atrial or 

fibrillation. 

Doses more 

than0.125 mg 

daily should be 

avoided. 
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Nifedipine, immediate release Hypertension. This medication 

has the potential 

to cause heart 

problems and 

dangerously 

hypotension.   

Should be 

avoided. The 

use of once-

daily long-

acting 

Nifedipine can 

be used. 

Amiodarone Abnormal heart 

rhythms. 

It can cause 

dangerous side 

effects including 

lung, thyroid and 

eye problems. 

Older patients 

who suffer atrial 

fibrillation 

should avoid 

using 

Amiodarone as 

first line. It may 

be a first line 

option in older 

patients who 

suffer atrial 

fibrillation as 

well as heart 

failure or who 

suffer an 

enlarged heart 

("left ventricular 

hypertrophy"). 

nervous system and brain medications  

Certain Antidepressants, alone or in 

combination: 

 Amitriptyline 

 Amoxapine 

 Clomipramine 

 Despiramine 

 Doxepin at doses of more 

than 6 milligrams per 

day 

 Imipramine 

 Nortriptyline 

 Paroxetine 

 Protriptyline 

 Trimipramine 

-Depression 

 -Nerve pain. 

-Insomnia. 

They have the 

potential to cause 

confusion, 

blurred vision, 

drowsiness, 

difficulty 

urinating, 

constipation and 

dry mouth. These 

medications can 

cause 

hypotension and 

dizziness when 

changing 

position. 

Alternative drug 

is available 

Should be 

avoided. 

Antipsychotic drugs -Behavioral 

problems in 

elderly with 

dementia.  

- Mental health 

conditions. 

Elderly have 

high risk to 

develop stroke 

and death while 

on these 

medications. 

Should be 

avoided in 

elderly who 

suffer  with 

memory 

problems unless 

other options 

don’t work 
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including non-

drug options. 

short-term use 

might be 

acceptable in 

cases of 

vomiting and 

nausea during 

chemotherapy , 

and in severe 

mental illness. 

Barbiturates 

Short- and intermediate-acting 

 Amobarbital 

 Butabarbital 

 Butalbital 

 Mephobarbital 

 Pentobarbital 

 Phenobarbital 

 Secobarbital 

-Sleep disorders. 

-Anxiety  

They have the 

potential to cause 

addiction and 

overdose even at 

low doses. 

Should be 

avoided. 

Benzodiazepines 

Short- and intermediate-acting: 

 Alprazolam 

 Estazolam 

 Lorazepam 

 Oxazepam 

 Temazepam 

 Triazolam 

Long-acting: 

 Chlorazepate 

Chlordiazepoxide (alone 

or in combination with -

amitriptyline or 

clidinium) - 

 Clonazepam 

 Diazepam 

 Flurazepam 

 Quazepam 

-Anxiety  

- Insomnia.    

- Epilepsy 

-Relaxant during 

different medical 

procedures. 

Elderly are prone 

to these 

medications. 

They have the 

potential to 

increase risks of 

falls, cognitive 

impairment, 

delirium, car 

accidents and 

fractures, in 

older adults.   

Should be 

avoided as 

possible. 

The use of   

Benzodiazepines 

is considered 

appropriate in 

cases such as of 

seizures, severe 

anxiety 

disorders, 

certain sleep 

disorders 

withdrawal from 

alcohol and 

benzodiazepine 

drugs, at the 

time of surgical 

and medical  

procedures, and 

in cases of end-

of-life care. 

Meprobamate -Anxiety. This drug is 

highly addicting 

and also causes 

sleepiness. 

Should be 

avoided. 

Non-benzodiazepine , benzodiazepine 

receptor agonist hypnotics 

 Eszopiclone 

 Zolpidem 

 Zaleplon 

-Insomnia. They have the 

potential to cause 

harmful effects 

as 

benzodiazepines 

Should be 

avoided. 
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. Many elderly 

get minimal 

improvement. 

Ergoloid mesylates (dehydrogenated 

ergot alkaloids) Isoxuprine 

-  Correct 

circulation via 

relaxing and 

dilating blood 

vessels. 

Alternative 

options are 

available and 

more effective  

Should be 

avoided. 

Hormonal medications 

Androgens 

 Methyltestosterone 

 Testosterone 

-Low testosterone 

in men. 

They have the 

potential to 

promote growth 

of prostate 

cancer and result 

in heart 

problems.  

Should only be 

used moderate- 

severe drop in 

testosterone 

production.  

Should be 

avoided in 

individuals with 

prostate cancer. 

Desiccated thyroid - underactive 

thyroid. 

This drug may 

cause heart 

problems. There 

are safer 

alternatives 

available. 

Should be 

avoided. 

Estrogens without or with progestins -hot flashes and 

vaginal dryness 

and atrophy in 

women. 

They have the 

potential to cause 

cancers such as  

cancer of the 

lining of the 

uterus and breast 

cancer. 

The use of 

estrogen cream  

is to be used in  

women with 

breast cancer if 

low doses are 

used. 

Should avoid 

skin patches and 

pills. Vaginal 

estrogen creams 

can be used at 

low doses 

Growth hormone - Anti-aging 

therapy. 

It has the 

potential to cause 

swelling, joint 

pain, carpal 

tunnel syndrome 

enlargement of 

breast tissue in 

men and 

diabetes. 

Should be 

avoided , except 

in patients who 

have removed 

their pituitary 

gland. 

Insulin, sliding scale - Diabetes. It has the 

potential to cause 

hypoglycaemia. 

Should be avoid. 

Megestrol -Unintentional It has the Should be 
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weight loss. potential to 

increase the risk 

of death and 

blood clots and it 

is not effective at 

making patients 

gain weight. 

avoided. 

Sulfonylureas, long-duration 

 Chlorpropamide 

 Glyburide 

- Diabetes. They have the 

potential to cause 

hypoglycaemia 

among elderly 

Should be 

avoided. 

gastrointestinal drugs 

Metoclopramide - gastroparesis 

(Slow stomach 

emptying).  

-Nausea  

-Heartburn 

-Vomiting,  

- Migraines. 

Frail older 

patients are 

prone to 

experience 

sleepiness, 

shakiness and 

abnormal 

uncontrollable 

body movements 

caused by 

Metoclopramide  

Should be 

avoided unless it 

is used for 

gastroparesis. 

Mineral oil, taken by mouth Constipation. When taken by 

mouth, mineral 

oil may be 

accidentally 

swallowed into 

the lungs and 

cause 

pneumonia. Safer 

medications are 

available. 

Should be 

avoided. 

Proton pump inhibitors -Heartburn 

(gastroesophageal 

reflux) 

 – Protector 

against bleeding 

stomach ulcers. 

They have the 

potential to 

increase the 

possibility of 

developing a 

serious intestinal 

infection (C. 

difficile colitis). 

They have the 

potential to 

increase the risk 

of fracture and 

bone loss. 

Should not be 

used for 8 weeks 

or more as 

possible. 

Cases where can 

be used for more 

than 8 weeks 

include 

esophageal 

irritation, people 

who have high 

risk of 

developing 

stomach ulcer 

due to the use of 

certain 

medications e.g. 

NSAID and 
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heartburn in 

people who 

require these 

medications to 

control their 

symptom.  

muscle relaxants and Pain medications 

Meperidine Pain.  Usually, has 

toxic effects in 

older brain and it 

is not very 

effective to 

relieve pain in 

elderly. Safer 

medications 

should be 

considered. 

Elderly with 

chronic kidney 

impairment and 

disease should 

avoid using it. 

Non-COX-selective NSAIDs, oral: 

 Aspirin at doses above 

325 mg per day 

 Diclofenac 

 Diflunisal 

 Etodolac 

 Fenoprofen 

 Ibuprofen 

 Ketoprofen 

 Meclofenamate 

 Mefanamic acid 

 Meloxicam 

 Nabumetone 

 Naproxen 

 oxaprozin 

 Prioxicam 

 Sulindac 

 Tolmetin 

-Inflammation 

-Pain  

They have the 

potential to 

increase the risk 

of stomach ulcers 

and bleeding. 

Elderly people 

≥75 years old or  

who take oral 

steroids or blood 

thinners drugs 

are at especially 

high risk. 

long-term 

regular use 

should be 

avoided. These 

medications can 

be used if 

alternative 

medications 

ineffective and 

the elderly 

patients can use 

PPI (decrease 

the risk of 

stomach 

bleeding) to 

protect their 

stomach or 

misoprostol.  

Indomethacin  

Ketorolac (including when given 

through a needle) 

-Inflammation 

-Pain 

Can result in 

serious adverse 

effects such as 

stomach bleeding 

dizziness, 

headaches. 

Kertorolac can 

cause serious 

stomach 

bleeding. 

Should be 

avoided as 

possible. 

Pentazocine Moderate-severe 

pain. 

It has the 

potential to cause 

hallucinations 

and confusion. 

An  alternatives 

and safer 

Should be 

avoided as 

possible. 
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medications 

should be 

considered. 

Skeletal muscle relaxants 

 Carisoprodol 

 Chlorzoxazone 

 Cyclobenzaprine 

 Metaxalone 

 Methocarbamol 

 Orphenadrine 

Often used to 

treat low back 

pain and muscle 

spasms. 

Most muscle 

relaxants have 

high risk of 

causing side 

effects in older 

adults, including 

sedation and 

increased risk of 

fractures. Their 

effectiveness at 

doses commonly 

used is 

questionable. 

Should be 

avoided as 

possible. 

urinary tract medications  

Desmopressin -Nighttime 

urination 

 -Excessive 

urination. 

It has high risk 

of resulting in 

seriously low 

blood sodium 

levels.  

Alternative 

medication is 

available 

Should be 

avoided as 

possible. 
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Barriers to early detection of cognitive impairment in the elderly
despite the availability of simple cognitive screening tools and the
pharmacist’s role in early detection and referral
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Abstract

Aim: The aim of this review is to identify a suitable cognitive screening tool that can be used by the pharmacist during home medi-
cation review in addition to calculating the medications’ total anticholinergic burden (ACB).
Data sources: A search of the literature was conducted using PubMed, Embase, Medline and Google Scholar databases to identify
relevant studies using the following keywords: ‘cognitive impairment’, ‘cognitive impairment AND diagnosis’, ‘cognitive scales’, ‘de-
mentia’, ‘delirium’, ‘pharmacist role’, ‘mini-mental state examination (MMSE)’, ‘the Rowland dementia assessment scale (RUDAS)’,
‘the Alzheimer’s Disease Assessment Scale - Cognition (ADAS-Cog)’ and ‘barriers and problems’. Only informational websites, clini-
cal trials and review articles were included.
Results: The MMSE, RUDAS, ADAS-Cog, Psychogeriatric Assessment Scale (PAS) and Kimberley Indigenous Cognitive Assessment
(KICA-Cog) require specialist training. The anxiety and depression checklist (K10) and ‘worried about your memory’ (WAYM) can
be self-administered without prior training. The ACB scoring system can also be used to determine the total medications ACB.
Conclusion: The K10 and WAYM can be used by the pharmacist during medication reviews to detect cognitive impairment early
and refer the elderly for further medical care supported by the calculated score for the patient‘s total medications‘ACB.

Keywords: cognitive impairment, cognitive screening tests, pharmacist’s role, medication review.

INTRODUCTION

Cognitive function is a concept of multidimensional
domains which are associated with the performance of
the normal healthy brain, including psychomotor ability,
concentration and attention, information processing
speed, executive function, visuospatial skill, language,
memory and learning.1 Cognitive impairment is the
deterioration in the function of one or a number of these
domains.2 This may be in a form of a single specific
impairment or a group of related impairments.2 Further-
more, cognitive impairment is inferred from an individ-
ual’s behaviour rather than observed directly. Mild
cognitive impairment (MCI), isolated memory impair-
ment or incipient dementia is a brain function disorder
which involves the evolution and onset of cognitive

deficits beyond those anticipated based on the individu-
als’ age and education, but these deficits are not signifi-
cant enough to disturb the individuals’ activities of daily
living.3 MCI has also been described as a transitional
state between standard cognitive function and Alzhei-
mer’s disease (AD).4

There has been a dramatic increase in the use of cogni-
tive screening tests to provide detection tools and objec-
tive measures of cognitive functioning over the last
10 years. A substantial number of screening tests exist,
including the mini-mental state examination (MMSE), the
Rowland Dementia Assessment Scale (RUDAS), the Alz-
heimer’s disease Assessment Scale - Cognition (ADAS-
Cog), Psychogeriatric Assessment Scale (PAS) and Kim-
berley Indigenous Cognitive Assessment (KICA-Cog),
the anxiety and depression checklist (K10) and ‘worried
about your memory’ (WAYM) (Table 1). Due to the effect
of some medications on cognition, the pharmacist is in a
good position to use the anticholinergic cognitive burden
scale (ACB) to guide their advice to other health
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Table 1 Summary of common assessment tools used for clinical diagnosis of cognitive function

Tool Comments

MMSE MMSE is a screening tool that provides a brief, objective measure of cognitive function.33,34 MMSE scores are useful in
documenting cognitive change serially and in estimating the severity of cognitive impairment quantitatively.33,34 Despite
the wide range of cognitive screening tests available, MMSE is the most widely used and popular clinical measure due to
its availability in many languages.33 The MMSE is used widely in studies and community surveys.33 It forms part of the
diagnostic interview schedule and a structured interview used recently in a large five-site epidemiological catchment area
study promoted by the National Institute of Mental Health.33,34 Additionally, MMSE has been incorporated into several
standardised interviews designed to help diagnose dementia and to assess cognitive impairment.33,34 The National
Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association has recommended MMSE as one of the tests to document the clinical diagnosis of possible Alzheimer’s
disease.33 The MMSE has a maximum score of 30 points and consists of a range of questions which can be administered
ordinarily in 5–10 min.33,34 The questions are categorised into seven groups, each representing a different cognitive
function domain. They are orientation to time (5 points), orientation to place (5 points), attention and calculation (5
points), registration of three words (3 points), recall of three words (3 points), language (8 points) and visual construction
(1 point).33 Although MMSE has been shown to fulfil its original goal of providing a brief screening test that
quantitatively assesses the severity of cognitive impairment and documents cognitive changes occurring over time, it
should not, by itself, be used as a diagnostic tool to identify dementia.33

RUDAS RUDAS is a multicultural cognitive assessment scale.35 It is a short cognitive screening instrument designed to minimise
the effects of cultural learning and language diversity on the assessment of baseline cognitive performance.35 When
administering the RUDAS, it is important that the respondent is encouraged to communicate in the language with which
they are most competent and comfortable.35 Also, the test taker should be as relaxed as possible, because test anxiety can
interfere with performance on cognitive tests.35 Additionally, the RUDAS test is conducted in a quiet area, so the test
taker can hear clearly.35 It is important to identify at the start of the assessment, if the test taker has hearing problems
and accommodate for this as much as possible such as speaking slowly and clearly and encouraging test takers to wear
any hearing aids necessary.35 Furthermore, RUDAS provides a large print version of the test if the test taker suffers severe
hearing impairment.35 RUDAS also ensures that the test taker is using reading glasses when necessary and that there is
sufficient light in the room.35 At the end of the RUDAS test, the scores will be added up for each item to obtain a total
score out of 30.35 Test takers with scores of 22 or less will be concluded to possibly have cognitive impairment, and will
be referred on for further investigation by the relevant physician.35 If test takers suffer a physical disability (e.g. vision,
hearing, hemiparesis, amputee, stroke, aphasia) which may affect their ability to perform certain items on the RUDAS, it
is important to interpret any total score less than 22 with caution.35 Thus, further research is necessary to assess validity
of the RUDAS in this sub-group of patients.35

ADAS-Cog It has been reported that ADAS-Cog is the most popular cognitive testing instrument used in clinical trials and a sensitive
cognitive function assessment scale for Alzheimer’s disease (AD).36 Its validity and reliability have been established in the
original English version.36 ADAS-Cog consists of 11 items which are designed to measure the severity of the most
important and the core symptoms of AD, including orientation, memory, praxis function and language disturbances.37

ADAS-Cog is not designed for use as a diagnostic tool, but scores on the scale discriminate patients with clinically
diagnosed AD from non-dementia subjects.36 Its sensitivity to detect change has been documented by longitudinal follow-
up data.36 On average, AD patients show an increase in ADAS-Cog scores of about 7 to 8 points per yearly interval.36 It
has been reported that ADAS-Cog is more sensitive than other dementia rating scales such as Folstein MMSE.36 Thus,
ADAS-Cog is commonly employed as a primary outcome measure to assess the effects of cognitive enhancing drugs in
clinical trials of new drug treatments for AD.36

PAS The PAS is designed to gather information on the main psychogeriatric disorders: depression and dementia.38,39 PAS differs
from conventional approaches to psychogeriatric assessment in a number of significant ways.38 Psychogeriatric
assessment is generally the province of people with extensive specialist training in geriatrics or psychiatry.38 PAS aims to
assist a wider range of people to carry out psychogeriatric assessment, so it provides a straightforward method of
gathering and interpreting the relevant information without the necessity for prolonged training.38,39 Furthermore, in
conventional thinking, people having depression or dementia are in a distinct group from ‘normal’ people.38 It is true that
when people with psychogeriatric disorders are seen by healthcare workers they appear to be categorically apparent from
other people.38 However, when the whole elderly population is looked at, depression and dementia are seen as part of a
continuum.38,39 For instance, there is a continuum ranging from successful cognitive ageing at one end to severe dementia
at the other.38 There is a different continuum ranging from positive well-being in old age to severe depression.38

However, the PAS aims to put people along a number of appropriate continua and helps by collecting information in a
systematic way.38 The PAS also gives guidance on how this information should be interpreted by comparing the results to
the normal range found in society.38 Thus, PAS assesses psychogeriatric disorders on scales rather than as categories.
Given that PAS provides a method of assessing psychogeriatric disorders, it does not tell the user what action to take if
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professionals who can then provide the required clinical
interventions. ACB is used as a research tool to examine
the use of anticholinergic medications in populations at
high risk, such as demented patients. Based on medica-
tions’ anticholinergic properties, each medication is given
a score of 1, 2 or 3. Fox et al. (2011) allocated a score of
either two or three to medications which definitely pos-
sess anticholinergic effects and a score of one to medica-
tions with potential anticholinergic effects.5 For each
medication with definite anticholinergic effects Fox et al.
(2011) concluded that a 46% increase in cognitive impair-
ment risk may result over 6 years and that the rise in the
total score of ACB by one point was linked with an
increased risk of death by 26% and a reduction in MMSE
score of 0.33 points over 2 years.6

Aim

This review is a part of a parent study which aims to
investigate the role of the pharmacist in early detection

of medication that may compromise cognition in the
elderly, during a home medication review (HMR), and
early referral to a treating doctor for further action
whenever possible. The aim of this review is to identify
a suitable cognitive screening tool that can be used by
the pharmacist during medication review in addition to
calculating the medications’ total ACB.

METHOD

In order to check the validity of current tools available
to test cognition and the possibility of pharmacists
administering these tests, a search of the literature was
conducted using the PubMed, Embase, Medline and
Google Scholar databases to identify relevant studies
using the following keywords: ‘cognitive impairment’,
‘cognitive impairment AND diagnosis’, ‘cognitive
scales’, ‘dementia’, ‘delirium’, ‘pharmacist role’, ‘mini-
mental state examination (MMSE)’, ‘the Rowland

Table 1 (continued)

Tool Comments

problems are found, so the use of the information in PAS is only to guide care decisions which should be based on the
user’s professional expertise.38,39

KICA-Cog The KICA was developed in response to the need for a validated cognitive screening tool for older Indigenous Australians
living in rural and remote areas.40 The KICA-Cog section is validated with Indigenous Australians aged 45 years and
above from the Kimberley and Northern Territory.40 The KICA-Cog has a maximum score of 39. A score of 33/39 and
below indicates possible dementia.40 Those with a low KICA-Cog score should be referred to a doctor for medical screens
to rule out other causes of cognitive impairment, some of which are reversible, or to confirm dementia.40 KICA-Cog’s
cognitive assessment contains the informant (carer) report which has been validated with a score of 3/16 or above
indicating that further investigations are required.40 Other sections of the KICA tool are for information gathering to
assist in determining subtypes, severity, differential diagnoses and management.40 As language skills are assessed in the
cognitive section it is recommended that an interpreter be used when required.40 Furthermore, KICA-Cog contains a
visual naming task.40 If an individual is unable to name a certain photo (crocodile or emu) because of their own cultural
reasons, it can be replaced by dog or horse pictures.40 Thus, KICA-Cog appears to be a reliable assessment tool in an
Australian older traditionally living Indigenous population for cognitive impairment.40

K10 The K10 is a simple widely recommended tool to measure psychological distress as well as outcomes after different mental
health problems. The K10 is available to the public through the website of the Clinical Research Unit for Anxiety and
Depression to identify who requires treatment and anyone can administer it.41,42 There are five responses in the 10-item
scale. Score one being none of the time and score five being all of the time. Thus, total scores range from 10 which means
no distress to 50 which means severe distress.42 Composite International Diagnostic Interview (CIDI) identifies people with
a score between 0 and 15 as having one-quarter of the population risk for meeting the depressive or anxiety disorder
criteria.41,43 People with scores between 16 and 30 have 25% chance of developing a current depressive or anxiety disorder
and a 1% chance of ever attempting suicide in their lives.41,43 People with scores between 30 and 50 have 75% chance of
meeting the criteria for a depressive or anxiety disorder and a 6% chance of ever attempting suicide in their lives.41

WAYM The “worried about your memory” (WAYM) is a tool developed by Alzheimer’s Australia and aims to increase awareness of
the early symptoms and signs of dementia. WAYM encourages people to seek help if they have memory concerns.44

WAYM contains 12 statements which the person should comment on by choosing either rarely, sometimes or often. If a
person has ticked ‘sometimes’ or ‘often’ it is recommended that he/she see his/her doctor.44

ADAS-Cog = Alzheimer’s Disease Assessment Scale- Cognition; KICA-Cog = Kimberley Indigenous Cognitive Assessment; K10 = anxiety
and depression checklist; MMSE = mini-mental state examination; PAS = Psychogeriatric Assessment Scale; RUDAS = Rowland dementia
assessment scale; WAYM = worried about your memory.
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dementia assessment scale (RUDAS)’, ‘the Alzheimer’s
Disease Assessment Scale - Cognition (ADAS-Cog)’ and
‘barriers and problems’.

A number of tools were identified as potential tools
that can be used in the primary care setting (Table 1).
Only informational websites, clinical trials and review
articles were included. These were directly related to the
review and the parent study concept is listed in Tables 2
and 3.

Literature Review

The diagnosis of different cognitive impairments is chal-
lenging. Despite the presence of different diagnostic
tools to distinguish between different cognitive

impairment causes and levels, getting a correct diagno-
sis is still considered a significant challenge.7 For
instance, delirium may be overlooked when mild, con-
sidered as part of normal aging, or incorrectly diag-
nosed as a psychiatric illness, e.g. depression or
dementia. Many studies showed that physicians fail to
recognise 32–67% of delirious patients.7,8 Additionally,
other studies demonstrated that cognitive function is
rarely formally assessed unless it is reported as an issue
by the patient9 and there is frequently minimal knowl-
edge about the course of any cognitive impairment or
the baseline cognitive status of patients.10 Although
delirium has the potential to be the sole manifestation of
a serious illness, such as myocardial infarction (MI) or
sepsis, it is not usually considered as a significant

Table 2 Literature selection by contribution to research concept

Primary author (n (total) = 44) Impact Citations Contribution to the research concept

Gyurak et al.2 3.287 80 Definition of cognitive impairment
Gustafson et al.7 4.572 218 Cognitive impairment is misdiagnosed by healthcare professionals
vonAmmon Cavanaugh9 2.606 202 Cognitive function is rarely formally assessed
Inouye10 5.003 611 Problem associated with cognitive impairment
Michel et al.13 5.959 269 Diagnosis of delirium by emergency department
Inouye15 55.873 1418 Mild dementia and delirium
Laurila et al.17 2.606 97 Different cognitive impairments misdiagnosed in hospital
Maidment et al.21 2.419 2 Medication errors and adverse drug events related to

cognition and hospital admission
Mulsant et al.23 14.48 249 Medications prescribing for demented people
He and Ball30 1.934 9 Possibility of reducing ACB by medications regimen changes

Table 3 Search example using Medline data base

Search terms First search: abstracts

Second filter:
English language,
Journal, elderly (65+ years old)

Third filter: Full
text papers

Cognitive impairment 45 920 17 135 4927
Cognitive impairment AND diagnosis 15 305 7702 2155
Cognitive scales 4383 1772 561
Dementia 95 025 40 169 10 498
Delirium 12 850 3656 949
Pharmacist role 2641 301 94
Mini-mental state examination (MMSE) 4786 3315 1084
Rowland dementia assessment scale (RUDAS) 19 14 6
Alzheimer’s Disease Assessment
Scale - Cognition (ADAS-Cog)

49 36 12

Barriers and problems cognitive impairment diagnosis 15 816 3089 1149
Cognitive impairment 6676 2519 665
Cognitive impairment AND diagnosis
Cognitive scales
Dementia
Delirium
Pharmacist role
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clinical syndrome due to its acute nature and its multi-
ple and varied aetiologies among the elderly which may
present as atypical to the known disease presentation.10

Health professionals tend to pay attention when a deliri-
ous patient presents with inappropriate behaviours, hal-
lucinations and agitation, whereas delirium associated
with lethargy and decreased activity is commonly
missed.10 One study found that 37% of 74 patients con-
sidered depressed by house staff consultees were actu-
ally rediagnosed by the consulting psychiatrist and
found to suffer from delirium.11 Furthermore, another
study conducted by Tiamson et al. (1993) showed that
about 27% of 677 depressed patients were actually suf-
fering an organic mental disorder after they were redi-
agnosed by a consulting psychiatrist.12 Another study
demonstrated the low sensitivity of the diagnosis of
delirium by emergency department doctors although the
prevalence of delirium among elderly patients in this
department is relatively high.13 Johnson et al. (1992)
noted that delirium was explicitly recognised in only 5%
of studied elderly general hospital admissions.14 Also,
the study showed that 25% of the missed cases were
diagnosed as a functional psychiatric disorder, while
25% of the cases were diagnosed as dementia and 50%
of cases were documented as no diagnosis.14 Patients
with mild dementia can also suffer from delirium due
to other underlying causes, which may worsen their
quality of life sooner than if it is managed.15 Addition-
ally, it has been shown that hypoactive delirium, which
accounts for 25% of cases, is most likely to be missed as
it is mistakenly diagnosed as depression and/or its
symptoms don’t disturb other people.16 One study,
which was conducted in two geriatric hospitals, showed
that the diagnosis of different cognitive impairments
among hospitalised older patients was insufficient.17

The cognitive impairment was recorded in medical
notes in 79.5% of cases and cognitive testing was con-
ducted on only 47.7% of patients with diagnosed
dementia.17 The detection of dementia was recorded in
47/88 dementia patients. Eight of these patients had
been found to have a false-positive diagnosis. Further-
more, delirium was recorded in only 31 out of 77 deliri-
ous patients who were diagnosed by the researchers.17

Poor documentation and detection of underlying causes
may result in under-or over-treatment17 as explicit iden-
tification of cognitive impairment such as delirium has
been correlated with better outcomes in terms of lower
mortality and shorter in-patient hospital stays.18 Missing
ACB as the cause, especially during short encounters
with patients in the primary care setting may affect
patients’ management in many spheres, including
patient medications. Pharmacists spend at the least
60 min with patients during the HMR process; if

pharmacists can then include a validated cognition test
tool and calculate the ACB to include in their final
report, this may provide the treating doctor with valu-
able information and possible early intervention to
improve patient quality of life. However, this hypothesis
is yet to be tested in the parent study of this review,
which the author is currently undertaking.

Medications Related Issues

Medication-related cognitive impairments arising from
poor medication management can result in significant
morbidity and secondary care admissions.19 It has been
demonstrated that medications contribute to about 40%
of delirium cases.20 Furthermore, medication errors and
adverse drug events, including those that are related to
cognition, may result in admission to intensive care
units.21 One study showed that 6.5% of all admissions
to secondary care units are caused by adverse drug
reactions.19 Also, the study found that each year 6000
deaths are associated with such events in England.19

Another study, which considered impaired cognition as
the essential predictor of avoidable medication-related
admissions to hospitals, showed that 5.6% of unplanned
admissions were linked to medications and almost half
(46.5%) of them were potentially avoidable.22 It has been
shown that people with dementia are often prescribed
medications which impair and/or worsen their cogni-
tion, such as medications with sedative and/or anti-
cholinergic activities.23,24 Approximately 20–50% of
dementia patients have been shown to take at least one
medication with anticholinergic properties.21 Moreover,
dementia patients may fail to identify potential medica-
tion errors as they are less likely to appreciate adverse
reactions, ask about their prescriptions or any change in
their drugs and know whether they need monitor-
ing.25,26 Thus, a complete medication review should be
considered to improve cognitive impairment care.21

Pharmacist Role in Early Detection of Cognitive
Impairment

Pharmacists can play an active role in early recognition
and prevention of medication-induced cognitive impair-
ment, when considering the ACB is actually a medica-
tions adverse effect, i.e. adverse effect prevention is an
integrated activity to the pharmacy profession. It has
been shown that pharmacists were able to decrease the
rate of preventable adverse drug reactions after dis-
charge from hospital through patient counselling, tele-
phone follow up and medication review.27 Additionally,
collaboration between pharmacists and doctors to inves-
tigate treatment, patient management and
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pharmacotherapy has been used in different countries to
improve prescribing and disseminate new guidelines
and knowledge.28 One study (2001)28 with elderly sub-
jects showed that the use of antidepressants with highly
anticholinergic activities was reduced and those with
less anticholinergic properties increased through contin-
uing medical education conducted by pharmacists and
doctors.28 Moreover, it has been demonstrated that the
educational program resulted in a significant reduction
in the use of antipsychotic medications, which also exhi-
bit anticholinergic properties, with no rise in the preva-
lence of behavioural problems.29 This may result in less
anticholinergic burden, including medication-induced
cognitive impairment. Furthermore, He and Ball showed
in their theoretical study that a reduction in ACB score
by 1 can be achieved in 85% of cases with scores of 3
and 59% of cases with scores of 1 by altering the medi-
cation regimen based on appropriate practice guide-
lines.30 The Aging Brain Program at Indiana University
also developed a guideline which is composed of a list
of medications that can be used as alternatives to the
medications with definite anticholinergic activities. The
use of this guideline may help health professionals to
provide care for individuals who suffer from cognitive
impairment, including delirium, mild cognitive impair-
ment or dementia.31 Another study with elderly frail
subjects showed that the anticholinergic drug scale
(ADS) score reduced significantly after pharmacist-
initiated medication changes.32 However, the same
study found that medication changes did not signifi-
cantly reduce dryness of the mouth or serum anticholin-
ergic activity (SAA).32

Table 1 lists the commonly used assessment tools.
Pharmacists do not undertake training in cognitive
assessment as core skills in their undergraduate pro-
gram, but their role as members of the primary care
team puts cognitive assessment within the pharmacist
scope of practice. Most assessment tools – not including
K10 or WAYM – are not feasible to be used unless fur-
ther training is completed post-graduation to be able to
produce consistent interpretation of the results.

CONCLUSION

A substantial number of screening tests exist, including
MMSE, RUDAS, ADAS-Cog, PAS, KICA-Cog, K10 and
WAYM.

One of the pharmacist‘s core professional activities
is to reduce medication adverse effects. ACB, when it
is not the main indication of the medications pre-
scribed to patients, is considered as a side effect.
Accordingly, calculating total ACB score of patient

medications theoretically can be used to guide reduc-
tion and management of medications to improve
patient quality of life. However, the same score may
not produce the same effect in all patients; accord-
ingly a supporting tool to detect the effect of the
score on patient cognitive functioning early is impor-
tant. The pharmacist has the opportunity to spend
60 min with the patient during an HMR, and if the
pharmacist calculates the ACB total score and admin-
isters the K10 and WAYM and provides those results
to the treating doctor as part of the HMR report, it
may guide the doctor’s management of patient medi-
cation or trigger a referral of the patient for further
investigations leading to better health outcomes and
quality of life. However, further research is required
to prove this hypothesis to be actual or null.
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INTRODUCTION  
 
The human brain changes physiologically with aging 
Endo, 2010). The aging process results in a profound impact 
on multiple levels ranging from sub-cellular to macro
structural changes (Sato and Endo, 2010
conditions can damage various biological and physiological 
systems which directly or indirectly maintain optimal brain 
function and result in physical deterioration of the brain and 
subsequent cognitive decline. Some of these conditions are 
irreversible such as traumatic brain injuries, stroke
dementia. However, there are other factors which can lead to 
reversible or modifiable cognitive impairment. The 
progression of reversible cognitive disorders can be halted by 
identifying and treating the underlying cause of the symptoms. 
With appropriate treatment, a person's previous level of 
functioning can be restored or improved if the cause is not 
organ damage. Thus, cognitive impairment is often classified
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ABSTRACT 

Background: There are various factors which can lead to irreversible, reversible cognitive 
impairments. The progression of reversible cognitive disorders can be halted by identifying and 
treating the underlying cause.  
Aim of the Review: To expand pharmacists’ knowledge on underlying causes of cognitive 
impairment and investigate the possibility of pharmacist involvement in the identification of and/or 
protection against cognitive impairment. 
Method: A search of the literature was conducted through databases to identify studies in the English 
language of 1975-2016. Peer-reviewed articles and informational websites were included.
Results: There are two broad classifications of cognitive impairment, irreversible and reversible 
cognitive impairment. Pharmacists can play an essential role in 
impairment caused by medications. 
Conclusion: Pharmacists have the potential to lead early detection of cognit
medications through appropriate management of the underlying problem. This may contribute to 
patients’ better health outcomes and quality of life. 
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into two broad categories; irreversible (not curable) and 
reversible (curable) based on the cause.
 

Aim of the review 
 

The aim of this review is to expand pharmacists’ knowledge on 
underlying causes of cognitive impairm
possibility of pharmacist involvement in identification of 
and/or protection against cognitive impairment.
 

MATERIALS AND METHODS
 

A search of the literature was conducted through Medline™, 
Embase™ and Google™ Scholar databases to 
in English language between 1975 and 2016. The following 
keywords were used: cognitive impairment, cognitive 
impairment AND causes, cognitive impairment AND 
modifiable causes, cognitive impairment AND non
causes, cognitive impairment AND medications and 
pharmacist role AND cognitive impairment. Letters, 
commentaries and commercial websites were excluded, only 
peer reviewed articles and informational websites were 
included. (Table I) 
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RESULTS  
 

Non-modifiable causes (irreversible) of cognitive 
impairment 
 

While it is not included under the aim of this paper, it is 
mentioned here to clarify the difference between the two 
pathways of cognitive compromise causes and to demonstrate 
that most of the current literature is concentrating on these 
when compared to modifiable causes. 
 

Aging 
 
Neuronal and mitochondrial membranes deteriorate with aging 
which results in impaired neuronal function and loss of cellular 
integrity (Sato and Endo, 2010). Additionally, with aging, 
neurotransmitter synthesis and signalling declines (Backman, 
Lindenberger, Li, and Nyberg, 2010) coupled with reductions 
in synaptic adaptability and density (Sametsky, Disterhoft, 
Geinisman, and Nicholson, 2010)and a loss in the length of 
myelinated axons of as much as fifty percent (Backman et al., 
2010).  Furthermore, with age, the physical structure of the 
brain deteriorates as a whole (Fjell and Walhovd, 2010). The 
sub-cortical volume in some regions of the brain and the 
cortical thickness reduces annually as much as 0.5% to 1.0% 
due to the reduced functional synapses and synaptic spine 
numbers, and the death and shrinkage of neurons (Fjell and 
Walhovd, 2010). Thus, age-related physical degradation of 
brain structure results in cognitive decline (Fjell and Walhovd, 
2010). It has been estimated that the age related 
neuroanatomical changes account for between 25% and 100% 
of the variance in cognitive ability between young and aged 
individuals (Fjell and Walhovd, 2010).  Thus, aggressive and 
early interventions are required to conserve cognitive 
performance into later life and preserve the brain in a more 
youthful functional and physical state (Fjell and Walhovd, 
2010). 
 

Medical conditions 
 

Traumatic Brain Injuries 
 

It has been reported by the Australian Institute of Health and 
Welfare (Rutland-Brown et al., 2006) that in 2005 107 
Australian in every 100,000 people experienced long-term loss 
of function including cognitive impairments as a result of brain 
injuries (Arciniegas et al., 2002; Rutland-Brown et al., 
2006). At all levels of severity of TBI, the disturbances of 
memory, attention and executive functioning are considered to 
be the most common neurocognitive consequences (Arciniegas 
et al., 2002). Disturbances in memory and attention, the 
relatively basic cognitive functions, are specifically 
problematic, because they may result in, or exacerbate, 
additional disturbances in communication, executive function, 
and other complex cognitive functions (Arciniegas et al., 
2002). Thus, TBI is considered to be the leading cause of 
disability and death in industrialized countries in people less 
than 45 years of age (Arciniegas et al., 2002). 
 

Dementia 
 
Dementias are degenerative, progressive, irreversible disorders 
that gradually decrease an individual's ability to function in 
daily occupational and social activities (Dementia, 2011). 
Individuals may experience impairment in memory, language 
skills, orientation, judgment and/or executive functioning. 

People with dementia are not able to restore their previous 
level of functioning, although some of their symptoms may be 
managed through treatment. (Dementia, 2011) There are many 
types of dementia such as Lewy body dementia or vascular 
dementia. However, Alzheimer's disease is the most common 
form of dementia accounting for nearly 60-80% of all 
dementias. (Wong et al.,2013) Alzheimer’s disease cannot yet 
be prevented or cured, and the evidence it can be slowed in its 
progression is equivocal (Wong et al., 2013).  
 
Modifiable causes (reversible) of cognitive impairment 
 
Medical condition 
 
There are many medical conditions which have the potential to 
cause cognitive impairment including delirium, depression, 
low HDL levels, hypertension, diabetes and insulin resistance 
(Table II) (Bellew et al., 2004; Biessels et al., 2006; Centeno, 
et al., 2004; Panza et al., 2010; Ward et al., 2010). 
 
Medications 
 
Psychoactive Drugs 
 
One of the commonest causes of medication-induced cognitive 
impairment is psychoactive drugs (Francis et al., 1990;  Larson 
et al., 1987; Marcantonio et al., 1994). The toxicity of these 
medications is dose-related as well as to the vulnerability of 
each patient. Delirium and dementia severity has been linked 
to benzodiazepines. One study showed that 14% of 50 
delirious patients had benzodiazepine toxicity (Francis et al., 
1990). Delirium has been associated with longer-acting 
benzodiazepines, such as diazepam, and high dose treatment 
(more than 5 mg/day or equivalent) (Starr and Whalley, 1994). 
Also, long-acting benzodiazepines are the commonest 
medications reported to cause dementia (Starr & Whalley, 
1994). Moreover, a common cause of delirium in hospital 
patients is the abrupt withdrawal of short-acting 
benzodiazepines (Francis et al., 1990). Barbiturates have the 
potential to cause chronic cognitive impairment mimicking 
Alzheimer’s disease (Moore and O'Keeffe, 1999). Other 
psychoactive medications which contribute to cognitive 
impairment include: opioid analgesics, antipsychotics, 
antiparkinsonian drugs, antidepressants and anticonvulsants 
(Moore and O'Keeffe, 1999). 
 
Non-psychoactive Drugs 
 
Non-psychoactive medication-induced cognitive impairment is 
easily missed due to its idiosyncratic nature (Moore & 
O'Keeffe, 1999). Histamine-2 (H2) receptor antagonists have 
been linked with acute CNS toxicity including delirium (Cantu 
and Korek, 1991). A literature overview concluded that there 
was no difference between different H2 antagonists in relation 
to their CNS toxicity although cimetidine has been mentioned 
in many reports (Cantu and Korek, 1991). Although rare in 
outpatients, it has been shown that 1-2% of all hospital patients 
(Kowalsky et al., 1989) and 15-80% of intensive care patients 
(Schentag et al., 1979) suffered H2 antagonists-induced CNS 
toxicity. Additionally, proton pump inhibitors such as 
omeprazole have the potential to cause delirium. Idiosyncratic 
cognitive impairment has been seen among patients using 
calcium channel blockers (Maxwell et al., 1999).  
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Table 1. Number of articles per search term 
 

Search term: Cognitive impairment 

Data bases Articles found 
with first search 

Articles excluded 
before being reviewed 
due to publication date 
(<1975) and language 
(other than English).  

Articles 
included 
For the first 
review 

Articles excluded second 
round due to subjects’ 
age (<65 years) and the 
unavailability of full text  

Final number of 
articles included 
and cited in the 
thesis to develop 
the research concept 

Final number of 
articles included 
and cited in this 
literature review 
article 

Medline 46,675 2,807 43,868 38,856 5 3 

PubMed  117,982 10,096 107,886 77,875 10 9 
Google 
Scholar  

2,210,000 770,000 1,440,000 1423000 1 0 

Website 8,340,000 10,000 8,330,000 4,280,000 5 4 
Search term: Cognitive impairment AND causes 
Data bases Articles found 

with first search 
Articles excluded 
before being reviewed 
due to publication date 
(<1975) and language 
(other than English).  

Articles 
included 
For the first 
review 

Articles excluded second 
round due to subjects’ 
age (<65 years) and the 
unavailability of full text  

Final number of 
articles included 
and cited in the 
thesis to develop 
the research concept 

Final number of 
articles included 
and cited in this 
literature review 
article 

Medline 4,377 332 4,045 3771 7 4 

PubMed  59,367 5,290 54,077 38,737 13 9 

Google 
Scholar  

1,440,000 1,422,500 17,500 500 12 4 

Website 11,400,000 4250,000 7,150,000 2,870,000 0 0 
Search term: Cognitive impairment AND modifiable causes 
Data bases Articles found 

with first search 

Articles excluded 

before being reviewed 

due to publication date 

(<1975) and language 

(other than English).  

Articles 

included 

For the first 

review 

Articles excluded second 

round due to subjects’ 

age (<65 years) and the 

unavailability of full text  

Final number of 

articles included 

and cited in the 

thesis to develop 

the research concept 

Final number of 

articles included 

and cited in this 

literature review 

article 

Medline 1,653 56 1,597 1,443 1 1 

PubMed  267 8 259 134 10 8 

Google 

Scholar  

32,600 16,500 16,100 100 2 1 

Website 141,000 79,700 61,300 600 1 1 

Search term: Cognitive impairment AND non-modifiable causes 
Data bases Articles found 

with first search 

Articles excluded 

before being reviewed 

due to publication date 

(<1975) and language 

(other than English).  

Articles 

included 

For the first 

review 

Articles excluded second 

round due to subjects’ 

age (<65 years) and the 

unavailability of full text  

Final number of 

articles included 

and cited in the 

thesis to develop 

the research concept 

Final number of 

articles included 

and cited in this 

literature review 

article 

Medline 3,673 143 3,530 3,201 2 2 

PubMed  7 0 7 3 1 0 

Google 

Scholar  

3,390 80 3,310 1120 1 1 

Website 139,000 94900 44,100 17,900 0 0 

Search term: Cognitive impairment AND medications and pharmacist role AND cognitive impairment 
Data bases Articles found 

with first search 

Articles excluded 

before being reviewed 

due to publication date 

(<1975) and language 

(other than English).  

Articles 

included 

For the first 

review 

Articles excluded second 

round due to subjects’ 

age (<65 years) and the 

unavailability of full text  

Final number of 

articles included 

and cited in the 

thesis to develop 

the research concept 

Final number of 

articles included 

and cited in this 

literature review 

article 

Medline 4 0 4 3 1 0 

PubMed  9 1 8 6 2 0 

Google 

Scholar  

25,600 9,100 16,500 300 4 3 

Website 3,190,000 2,482,000 708,000 693,500 0 0 

Total of all searches 78 50 

 
Table 2. Summery of modifiable medical conditions which have the potential to cause cognitive impairment 

 
Medical condition 
Delirium Delirium is a  transient confusion state of acute sudden onset & fluctuating course, with altered level of consciousness and 

abnormal attention, and/or thinking disturbances such as disordered perception, cognition and/or behaviour (Centeno et al., 
2004).  These symptoms develop over a short time period and tend to change throughout a 24-hour period , it has been 
demonstrated that reduction of acetylcholine as well as changes in serotonin, γ-aminobutyric acid, histamine, and 
noradrenaline have the potential to develop delirium. Delirium is a serious problem which is associated with greater 
mortality (rates from 10% to 65%) (Inouye, 1994), long hospital stays, high healthcare costs, high rates of 
institutionalization as well as less functional independence (Wei, Fearing, Sternberg, & Inouye, 2008). It has been shown 
that delirium increases hospital costs by at least $2,500 per patient (Wei et al., 2008). There are many causes that contribute 
to delirium including: infections with or without sepsis, fluid or electrolyte abnormalities, hypoglycaemia, hypoxemia, acute 
drug withdrawal from benzodiazepines, ethanol or barbiturates and drug intoxications. Additionally chronic use of 
benzodiazepine considered as one of the most common causes of delirium (Johnson, Sims, & Gottlieb, 1994).  

continue………….. 
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Other non-psychoactive medications that result in cognitive 
impairment include: corticosteroids, non-steroidal anti-
inflammatory drugs and some antibiotics (Moore and 
O'Keeffe, 1999). A concurrent biochemical imbalance may be 
a factor in the higher incidence in hospitalised patients.  
 
Anticholinergic Drugs 
 
Due to the role of the cortical cholinergic system in memory 
function and attention processes (Sarter and Bruno, 1997), the 
central side effects of medications with anticholinergic 
properties are associated with attention deficit, confusion and 
impaired concentration and memory. Moreover, medications 
which block muscarinic cholinergic receptors have been 
conclusively demonstrated in many pharmacological studies to 
impair working memory for some stimuli and the encoding of 
new memories (Hasselmo, 2006). Many studies have 
demonstrated short term or cross-sectional links between 
functional or cognitive impairment and the use of medications 
which exhibit anticholinergic properties (Ball et al., 2013). A 
study conducted among the elderly found that delirium was 
linked with higher serum anticholinergic activity (Hasselmo, 
2006). According to a study conducted among a eugeria 
population of 372 sample size, the continued use of 
anticholinergic medications was associated with greater risk of 
having mild cognitive impairment and poorer performance on 
language tasks, attention, visuospatial construction, narrative 
recall, delayed non-verbal memory and reaction time (Ancelin 
et al., 2006). Also, the PAQUID population study (n=1780) 
showed a significant association between the use of 
anticholinergic medications and the poorer performance on the 
mini-mental state examination (MMSE), visual memory and 
verbal fluency (Lechevallier-Michel et al., 2005). In addition, 
the BRAiNS study with 3075 participants showed that the 
baseline use of anticholinergics has led to accelerated decline 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
over six years on psychomotor speed, executive functioning 
and attention (Bottiggi et al., 2006). The Health Aging and 
Body Composition study, which was based on a sample of 
3075 people, reported that on the digit symbol substitution test, 
the use of medications with anticholinergic properties was 
associated with poorer performance (Hilmer et al., 2007). It 
has been reported in the elderly volunteers amongst 
psychogeriatric inpatients with moderate to severe dementia 
(n=26) (Chew et al., 2005) and a community dwelling cohort 
(n=201) (Mulsant et al., 2003) that the serum anticholinergic 
levels are associated with slowing in simple response time, and 
poorer MMSE scores. Several reports showed serum 
anticholinergic activity interacts with white matter hyper-
intensity volume. A study found that on implicit learning and 
number comparison, participants with both greater 
anticholinergic levels and higher hyper-intensity volumes were 
performing most poorly among participants (Nebes et al., 
2005). This suggests that medications with anticholinergic 
properties have the potential to exacerbate the cognitive 
decline due to the morphological changes in the brain (Nebes 
et al., 2005). A recent cohort community-dwelling study of 
544 older men who suffered hypertension, demonstrated that 
cumulative anticholinergic exposure can lead to poor 
performance on verbal memory over 2 years (Carriere et al., 
2009). Thus, several cross sectional studies conducted in the 
elderly have demonstrated a link between anticholinergic 
medication and psychomotor speed, global cognitive 
functioning, implicit learning, cognitive functioning and 
declarative and visual memory (Carriere et al., 2009). 
Moreover, cognitive impairment has been identified as central 
to abnormalities in different medical conditions such as 
schizophrenia and dementia.  The use of medications with 
anticholinergic properties has the potential to exacerbate pre-
existing impairment. Dementia is one of the most common 
medical conditions in the elderly population (Ball et al., 2013) 

Depression Depression has a close relationship with cognitive dysfunction. It has been shown in many studies that depression has the 
potential to deteriorate cognitive dysfunction, but individuals with poor cognitive health are predisposed to depression too 
(Panza et al., 2010). Furthermore, a study which assessed the relationship between depression and  age-related cognitive 
function,  showed that more than 50% of depressed individuals scored less than 10% of the control subjects (those non-
depressed and of same age and sex group), based on various cognitive tests which they completed (Butters et al., 2004). It 
has been concluded that depression which occurs later in life is associated with impaired information processing that affects 
cognition as a whole (Butters et al., 2004).  “Depression-associated reversible dementia,” has been defined as a cognitive 
impairment which is associated with depression and resolves upon treatment of depression (Alexopoulos, Meyers, Young, 
Mattis, & Kakuma, 1993). However, it has been shown that over approximately three years individuals with depression-
related dementia were roughly five times more likely to establish  true dementia (Alexopoulos et al., 1993).  

HDL levels Fluctuated HDL levels have been linked with cognitive function. Individuals with low HDL levels, potentially, at greater 
risk for future cognitive impairment than those with high HDL levels (Ward et al., 2010). One study of 183 subjects (mean 
age was 58 years) showed that the volume brain grey matter were positively associated with HDL levels based on MRI 
images (Ward et al., 2010). Moreover, individuals with higher HDL levels also scored considerably higher than those with 
lower HDL on a visuo-spatial memory test (Ward et al., 2010).  

Hypertension Chronic high blood pressure has the potential to damage cerebro-capillaries as they are small and delicate. This damage 
associates with cognitive impairment and neurodegenerative diseases development. A case-control study of more than 700 
patients showed the strong association between rate of cognitive impairment and blood pressure over a period of six months 
for individuals ≤ 65 years (Bellew et al., 2004). Another observational study of ≥ 1800 subjects showed that people taking 
one antihypertensive medication were at lower risk for dementia development  over a period of three years and less likely to 
have dementia at the time of the study. Moreover, individuals who weren’t on any antihypertensive medications and did 
suffer dementia at baseline exhibited a two-fold faster rate of cognitive impairment than individuals with dementia whose 
hypertension is controlled by medication. Furthermore, a study which followed 717 subjects for 38 years showed that 
individuals with normal systolic blood pressure perform better than those with systolic blood pressure of ≥140 mmHgbased 
on a composite measure of memory and verbal learning (Swan, Carmelli, & Larue, 1998).  

Diabetes and 
Insulin Resistance 
 

Small changes in the metabolism of glucose can impact cognitive function due to the brain’s high metabolic demand for 
energy. Diabetes (hyperglycaemia) has been associated  with increased incidence of all types of dementia (Biessels et al., 
2006). A study of 23 patients (diabetic or pre-diabetic) and 6 subjects without diabetes with a mean age of 74 years showed 
that during the memorization task both groups show different patterns of brain activity and glucose usage (Baker et al., 
2011). Upon the recall attempt, subjects with impaired glucose metabolism remembered fewer words compare with control 
subjects. Moreover, diabetic/pre-diabetic patients’ FDG-PET scans resembled Alzheimer’s patients’ brain scans (Baker et 
al., 2011). Another study showed that diabetes has harmful effects on the integrity of neurons (van Elderen et al., 2010). 
The progression of brain atrophy was accelerated with considerable consequences in cognition among type-2 diabetic 
elderly patients compared to individuals without type-2 diabetes (van Elderen et al., 2010). Moreover, a different study 
showed that overall cognitive decline was associated with higher insulin secretion and greater fasting insulin in older 
individuals (Okereke et al., 2010). 
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The number of Australians who suffered dementia in 2011 was 
298,000 (Ball et al., 2013). By the year 2050 number of 
dementia cases will approach 900,000 (Ball et al., 2013; Landi 
et al., 2007). Most of those diagnosed with dementia are 
expected to suffer Alzheimer’s disease(Fortin et al., 2011). 
The earliest and most frequent symptom of Alzheimer’s 
disease is memory impairment, which can trigger further 
investigations by health professionals of the potential causes. 
(Fortin et al., 2011) During the early stages of Alzheimer’s 
disease the episodic memory is impaired.(Fortin et al., 2011) 
Thus, the partial restoration of the brain’s acetylcholine levels 
is the main goal of Alzheimer’s disease treatment (Fortin et al., 
2011). However, the elderly are often prescribed medications 
with anticholinergic properties although they often complain of 
memory loss and are at risk of Alzheimer’s disease (Fortin et 
al., 2011). Many medications are not recognised to have 
anticholinergic properties (Fortin et al., 2011). It has been 
estimated that about 600 medications have unwanted 
anticholinergic properties (Tune, 2000). There is potential that 
those patients receiving medications with anticholinergic side 
effects may be misdiagnosed with irreversible cognitive 
impairment or their pre-existing memory impairment become 
worse (Fortin et al., 2011). Additionally, literature has shown 
that treatments combining multiple drugs with modest 
anticholinergic activity have the potential to increase cognitive 
impairment in an elderly population with dementia (Thienhaus 
et al., 1990).  
 

DISCUSSION 
 
Chronic use of medications with anticholinergic side effects 
may promote the development of delirium in people who are 
diagnosed with one or more chronic diseases who are frail or 
aged. The severity of delirium may increase with certain 
medications, which normally may not cause the same intensity 
of effect when administered to other less vulnerable or younger 
patients. Comprehensive list was collated by fox et al. 2011 
(Fox et al., 2011) such as tricyclic antidepressant (TCA), 
oxybutynin and frusemide (Fox et al., 2011). Hypothetically, 
to establish a possible relationship between medication and 
cognitive impairment, the medication administration must 
precede the onset of cognitive impairment or worsening within 
a period of time, often hours to days based on the medication 
half-life (steady state or area under the curve as applicable), 
and the cessation of the suspected drug resulting in the 
improvement or restoration of the patient’s cognitive function 
(this is the hypothesis of an ongoing study conducted by 
corresponding author). The literature also shows that 
medications are among the most reported causes of delirium in 
the elderly patients presenting to emergency departments 
(Moore and O'Keeffe, 1999). More than one study showed that 
medications with anticholinergic properties increase the 
accumulative risk of cognitive impairment including delirium 
and counted for 11-30%  of elderly hospital patients (Fox et 
al., 2011; George et al., 1997; O'Keeffe and Lavan, 1999). 
Additionally, it has been shown that the relative odds ratio of 
medication-induced cognitive impairment was 1.0 when the 
patient used 0-1 medication and was elevated to 9.3 when the 
patient used 4-5 medications (Moore and O'Keeffe, 1999). 
However, this is not always the case. Using medications to 
treat different medical conditions has been shown to 
potentially reduce cognitive impairment. Individuals, who had 
untreated hypertension and dementia at baseline, exhibited a 
two-fold greater rate of cognitive impairment than individuals 
with dementia whose hypertension is controlled by medication. 

It has been shown that overall cognitive decline was associated 
with higher insulin secretion and greater fasting insulin in 
older individuals (Okereke et al., 2010) and depression has the 
potential to worsen cognitive dysfunction (Panza et al., 2010). 
Thus, although some cognitive impairment caused by 
medications cannot be reversed due to the absence of 
alternatives. This inability to removing this anticholinergic 
burden is considered to be one of the leading cause of 
disability in industrialized countries This bring the question of 
the possibility, when alternative can be found, to reverse some 
or the entire of the diagnosed cognitive impairment  through 
reviewing patients’ medication regimen by a pharmacist 
(Wong et al., 2013). 
 
Conclusion  
 
While pharmacists can contribute to the identification of 
cognitive impairment caused by medications, more research is 
required to improve pharmacy services including the 
management of medications with anticholinergic burden. The 
review identified the gap that pharmacists may have the 
capacity to fill through protocols used medication review.  
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ARTICLE INFO            ABSTRACT 
 

 
 

 

Anticholinergic side effects of medications often misdiagnosed as cognitive function decline in the 
elderly. The study aims to explore the effectiveness of home medication reviews on reducing 
anticholinergic burden caused by medications with anticholinergic properties in elderly patients in 
Australia. The study was a qualitative, prospective, observational case-control study. Interviews at 
baseline and six-month were performed. Medications changes were theoretically possible to reduce 
the Anticholinergic Cognitive Burden score, but occasionally are impractical to implement. When it 
was safe to implement, recommendations were in most cases dismissed by doctors. The study could 
not draw a clear conclusion on pharmacist ability to improve older patients’ cognitive functions as the 
recommendations were not tested. The home medication review process is lacking the step that 
obligate the referring doctor to communicate the reason for not implementing the recommendations 
made by the pharmacist who needs to be addressed by Medicare. This will ensure that medication use 
is optimised.  

 
 
 

 
 

 

INTRODUCTION 
 

Many medications have anticholinergic properties that are 
unwanted. Recent studies demonstrate that the use of 
medications with anticholinergic activity increases the risk of 
cognitive function decline or impairment, especially in older 
patients (Pasina et al. 2013). A recent study in France in older 
participants (n = 544) showed that poor performance in the 
mini-mental state examination (MMSE) was highly associated 
with the use of medications with anticholinergic properties 
over one year than in non-users(Han, Agostini, and Allore 
2008). The Personnes Agees Quid (PAQUID) population study 
(n = 1780) also showed a significant association between the 
use of anticholinergic medications and the poor performance 
on the MMSE and visual memory and verbal fluency 
(Lechevallier-Michel et al. 2005). In another study (n = 3075) 
it was demonstrated that the use of anticholinergic medications 
had led to accelerated decline over six years on psychomotor 
speed, executive functioning and attention(Bottiggi et al. 
2006). The Health, Ageing, and Body composition study (n = 
3075)reported thatthe use of medications with anticholinergic 
properties was associated with poorer performance using the 
digit symbol substitution test for cognitive performance and 
continuous measure for physical function (Hilmer et al. 2007). 
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However the intensity of anticholinergic side effects depended 
on the individual response.Thus, theyare often missed, 
especially when they are mild in a patient with relatively good 
cognitive health. When they are misdiagnosed in the elderly or 
patients with a pre-existing condition like dementia, these 
effects can be serious and may lead to an increased risk of 
mortality, but can be confused with ageing or worsening of the 
preexisting condition (Tune, 2001). Pharmacists can play a 
valuable role as a first point of call for over the counter 
medication and during dispensing. Effective pharmacist 
intervention can aid in reducing, managing and preventing 
medication-induced adverse events, including anticholinergic 
burden (Schnipper et al., 2006). A study showed that 
pharmacists were able to decrease the rate of preventable 
adverse drug reactions after discharge from hospital through 
patient counseling, telephone follow-up, home medication 
reviews (HMRs) and residential medication management 
reviews (RMMRs) (Schnipper et al., 2006). Additionally, 
effective collaboration between pharmacists and doctors to 
ensure optimization of medication use and patient self-
management has been shown to improve patient health literacy 
and outcomes (Eijk et al., 2001). The aim of this research 
wasto explore the effect of home medication reviewson the 
reduction of anticholinergic burden caused by medications with 
anticholinergic properties in elderly patients.  
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MATERIALS AND METHODS 
 

Design: A qualitative, prospective, observational, case-control 
study was conducted in Australia (Sydney) using data from two 
home medication review (HMR) sessions, 6-months apart. The 
HMR was unpaid and conducted for the purpose of this study. 
Patients were consented to participate. The HMRs were 
conducted by the primary researcher, female, HMR accredited 
registered pharmacist at patient homes.  Participating doctors 
were informed about the project details and what will be 
required from them verbally and in writing. Doctors were to 
identify patients who are 65 years or older, who are taking five 
medications or more, have one or more chronic medical 
conditions and are able to consent. Doctors were then to 
discuss the HMR referral with their patients and forward the 
referral to the investigator if they agree. It was made clear to 
the doctors that neither them nor the investigator will submit 
MediCare claims for the HMRs conducted for the purpose of 
this research. The methodology of the study including the 
communication cycle (Figure 1) was also discussed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There were 103 patients identified by their doctors as being 65 
years or older, with different medical conditions and multiple 
medications. Patients were then contacted by the investigator 
and the HMR interview was conducted at their homes at the 
time they elected.  In addition to conducting the HMR in 
accordance to the Pharmaceutical Society of Australia, the 
Australian Association of Consultant Pharmacists and 
MediCare guidelines, the investigator also administered 
Kessler Psychological Distress Scale 10 (K10) and Worried 
About Your Memory (WAYM) tools. The two instruments are 
designed for self-administration and no training is required. 

After the interview, and during the process of report writing, 
the anticholinergics burden (ACB) score was allocated to each 
of the medications used by the participant to calculate their 
baseline ACB total score which was later compared to their 
score at the second HMR after 6 months. The K10, WAYM 
and ACB scale are not usual part of the HMR process they are 
additional items used for the purpose of this study, with 
intention to test their usability by a pharmacist and their 
usefulness as part of the HMR process for patients above the 
age of 65 years. K10 uses a score system where WAYM uses a 
categorical dichotomous variable, no or yes answers and the 
ABC scale allocate final numerical score. The data was 
analysed categorically. Variables with high and low range were 
used as well as other variables such as the ACB scores, number 
of medications and medical conditions and were all analysed 
by age and gender. The baseline HMRwas followed by a report 
to the treating doctor with the drug optimisation 
recommendations as required by the HMR guidelines. 
Additionally, the report included the K10, WAYM results and 
the ACB score.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All occasions where the pharmacist and doctor communication 
was required were registered and an entry was made if the 
communication took place or not, its type (by phone, in person 
or in writing) and the outcome; to understand if doctors were 
prepared for this level of close collaboration. The study results 
were analysed using GSEM statistical model. 
 

Ethics 
 
Ethicsclearance was gained from the Charles Darwin 
University Human Research Ethics Committee prior to the 

 
 

Figure 1. Communication Cycle 
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commencement of data collection. The researcher did not 
receive HMR payment for the 103 patients included in this 
study. 

RESULTS 

The identified variables of the study are highlighted in Table 1. 
The mean value reduction in the number of medications, ACB 
score, K10 score and WAYM score variables between baseline 
and at six months were statistically significant (Table 2).  

An in-depth analysis using a generalised structural equation 
modelling (GSEM) statistical models, showed that the ACB 
score has a significant impact on the K10 score and an indirect 
impact on the WAYM ‘yes’ outcome through the total K10 
score variables. Total K10 score can be used to potentially 
predict WAYM and vice versa. The type of medical conditions 
has been shown to affect both (Figure 2). The time taken to 
administer K10 and WAYM reduced at the six-month follow-
up from that spent at baseline. The total time taken to complete 
the HMR report including K10, WAYM and ACB score 
calculation per patient was 3 hours and 50 minutes, which 
exceeded the time used as the basis of Medicare payment for 
completion of HMR (three hours) by 50 minutes at baseline 
and by 30 minutes at the second HMR after 6 months, which is 
sustainable (Table 3). Male and female participants did not 
differ markedly in ACB scores. Females, ACB score was lower 

on average than for males by 0.14.The GSEM statistical model 
revealed that the ACB had direct and significant impact on the 
K10 score (average of 6% per individual patient), which is 
sufficient to confirm correlation, but not the causality. It was 
also found that changing the ACB by 1 point results in a 
change to the K10 total score of 0.21. This result indicates that 
ACB score reduction is likely to have a positive effect on 
patient cognitive function (statistical significance), but the 
intensity will be patient specific. However, the ACB score did 
not have a significant direct impact on the WAYM outcome.  

 

 
 

 

 

 
 
 
 
 

 

GSEM and confirmatory factor analysis (CFA) revealed that 
the gender variable appears to have a significant impact on the 
WAYM factor. Female participants also had a WAYM value 
smaller than males by 0.46 in average. Additionally, the study 
shown that WAYM results were affected by the type of 
medical conditions the participants had. If a person had; 
depression, hypercholesterolaemia, osteoporosis or arthritis the 
predicted probability for this person to have a ‘yes – (positive)’ 
WAYM outcome (i.e. memory impairment) is higher than for a 
person with any other medical condition. However, increasing 
the total K10 score resulted in a significant increase of the 
WAYM positive result. There was a relationship between 
WAYM ‘yes’ results and the total K10 scores, one of them was 
high the other was also high. Thus, either can be used to 
potentially predict the other.  

Table 1. List of the variables and their key properties 

Variable Name Variable Description Type of Variable Possible Values 

Age Age of Patient (years) Scale Range: 65–94 years 
Gender Patient Gender Categorical Female (n = 49) 

Male (n = 54) 
K10 Baseline K10 Score at Time = Baseline Scale Range: 11–55 points 
K10 6 Months K10 Score at Time = 6 Months Scale Range: 11–55 points 
WAYM Baseline WAYM Score at Time = Baseline Scale Range: 0–36 points 
WAYM 6 Months WAYM Score at Time = 6 Months Scale Range: 0–36 points 
WAYM Y/N Baseline WAYM Yes/No at Time = Baseline Categorical No 

Yes 
WAYM Y/N 6 Months WAYM Yes/No at Time = 6 Months Categorical No 

Yes 
No. Med. Conditions Number of Medical Conditions Scale Range: 1–11 Conditions 
No. Med. Conditions Group Number of Medical Conditions Group Categorical Low: 1–4 Conditions (n = 59) 

High: 5–11 Conditions (n = 44) 
ACB Baseline ACB Score at Time = Baseline Scale Range: 0–12 points 
ACB 6 Months ACB Score at Time = 6 Months Scale Range: 0–10 points 
ACB Baseline Group ACB Score at Time = Baseline Group Categorical Low: ACB Score 0–3 (n = 59) 

High: ACB Score 4–12 (n = 42) 
ACB 6 Months Group ACB Score at Time = 6 Months Group Categorical Low: ACB Score 0–3 (n = 75) 

High: ACB Score 4–12 (n = 26) 
No. Meds Baseline Number of Medications at Time = Baseline Scale Range 1–23 Medications 
No. Meds 6 Months Number of Medications at Time = 6 Months Scale Range 1–21 Medications 
No. Meds Baseline Group Number of Medications at  

Time = Baseline Group 
Categorical Low: 1–8 Medications (n = 51) 

High: 9–23 Medications (n = 52) 
No. Meds 6 Months Group Number of Medications at  

Time = 6 Months Group 
Categorical Low: 1–8 Medications (n = 53 

High: 9–23 Medications (n = 46) 

Table 2. Study variables at baseline and at six months 

Variable Baseline  6 Months Change (95% CI) 
over 6 months 

Test for Difference1 
(p-value) Mean (SD) Mean (SD) 

K10 Score 20.32 (8.9) 18.05 (8.5) –2.27 (1.12) < 0.001** 
WAYM Score 8.34 (8.7) 7.17 (8.7) –1.16 (0.97) 0.019* 
ACB Score 3.56 (2.5) 2.76 (1.8) –0.80 (0.23) < 0.001** 
Number of Medications 8.87 (4.6) 8.55 (4.3) –0.32 (0.16) < 0.001** 

* Denotes statistical significance at the p < 0.05 level
** Denotes statistical significance at the p < 0.01 level
1The test used in each case was the ‘Paired samples t-test’. This is a more sensitive test than the ‘Independent 
samples t-test’, used elsewhere in this report 
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Here, WAYM ‘yes’ has been categorised as: (0) the number of answers ‘yes’ is 
equal to 0; (1) the number of answers ‘yes’ is greater than 0. The determined 
regression coefficients are shown next to the arrows showing the direct effects 
between the considered variables with the indicated levels of statistical 
significance: (***) p < 0.001; (**) 0.001  p < 0.01; (*) 0.01  p < 0.05; () 
0.05  p < 0.1; and () 0.2 < p  0.1. Only effects with the indicated levels of 
significance are shown in this GSEM scheme 

 

Figure 2. Generalised structural equation modelling probability 
model for the two dependent variables: total K10 Scale and 

WAYM ‘yes’ 
 

Table 3. Time taken to administer the tests and prepare the 
reports 

 

Time taken (per patient) Baseline 6-month 

K10  15 minutes 10 minutes 
WAYM  15 minutes 5 minutes 
HMR interview 60 minutes 60 minutes 
Sub-total  90 minutes 75 minutes 
ACB score calculation after the interview 20 minutes 15 minutes 
HMR/RMMR report  120 minutes 120 minutes 
Total  240 minutes 210 minutes 

 

Moreover, the number of medications and K10 scores were 
found to be related where a higher number of medical 
conditions was associated with greater K10 scores at six 
months.  The difference in K10 scores between the female and 
male subgroups was small. Additionally, the study revealed 
that K10 was affected by the type of medical condition 
participants had. If a person had depression, osteoporosis, 
arthritis or glaucoma the predicted total K10 value for this 
person was larger by 0.16 than for a person with any other 
medical condition. This result indicates that K10 had 
relationship with age, gender, WAYM and medical condition.  
 

DISCUSSION 
 
Communication with Doctors: Communication, collaboration 
and teamwork between doctors and pharmacists is important 
for the provision of safe and effective healthcare (Rigby 2010). 
Poor communication between doctors and pharmacists is one 
of the most important common factors resulting in medication-
related problems, including medication errors (Rigby 2010). 
This study showed that the communication between 
pharmacists and doctors was effective either at baseline or six-

month follow-up. Beside the two written communications; 
referral letter (doctor to pharmacist) and the HMR report 
(pharmacist to doctor) there were no other communication, 
which may have led to their decision on whether to accept or 
refuse pharmacists’ recommendations. It was noted that there 
was still a culture of ‘professional importance’ between doctors 
and pharmacists more than the other health professionals where 
communication regarding the HMR recommendations were not 
taking place after the submission of the report to the GP, this 
was also found to be the case in other studied (Ball, Morrissey, 
and Pilotto  2013).  This situation my improve when more 
pharmacists work at GP clinic and the HMR process be 
tailored to allow those pharmacists to conduct HMR rather than 
the current process which obligate the doctor to send their 
referral to a community pharmacy who then conduct the One 
study showed that pharmacists who reviewed patient 
medications within medical centres and in the patient’s home 
have a high rate of acceptability by patients (Chen and Britten 
2000). 
 
Using the K10 and WAYM: K-10 and WAYM were used in 
the study as tools to test the pharmacist ability to identify the 
association between cognitive function and anticholinergic 
burden and patient acceptance for the pharmacist to ask them 
those questions.The K10 and WAYM questionnaires have 
three main objectives: ‘assessing the patients’ mood and 
memory respectively; understanding the patients’ medications, 
including adverse effects and proper use and of the drugs; and 
improving patients’ health management and quality of 
life’(Andrews and Slade 2001; Worried about your memory? 
2013). The study found that through administering K10 and 
WAYM questionnaires, the pharmacist used less time at the 
six-month follow-up from that spent at baseline. This might be 
due to the patients having a better understanding of what is 
involved from their experience at the first review, or that the 
researcher became more confident and precise after practising 
at the baseline collection period, and/or that trust had been 
established. This result shows that the inclusion of K10, 
WAYM and the ABC score calculation can be sustainable if 
using an appropriate process and time management. The 
participants’ feedback indicated that they did not have 
objection of completing the K10 and WAYM assisted by a 
pharmacist. A recent survey revealed that only 14% of the 
participants distrusted pharmacists, while 60% of the 
participants trusted them, and 56% trusted doctors and 51% 
trusted dentists (Salazar 2016). At the end of the HMR visit, 
the pharmacist wrote a report to the doctors advising of the 
K10 and WAYM results, the suggestions for reducing ACB 
score caused by medications, and the potential improvement in 
the K10 and WAYM scores that could result from a change in 
medications.  
 
Patient Attitude as observed by the investigator: At first, 
during the first HMR, participants were not comfortable 
answering the questions based on their condition, but rather 
were more focused on providing the best answer. At the six-
month follow up HMR, the researcher observed that 
participants’ attitude was different and they appeared to answer 
the questions with a higher level of truthfulness as they became 
more familiar with the pharmacist communicating this type of 
issue with them. Consideration may be given by GPs to 
including the ACB, K-10 and WAYM in the GPs referral letter 
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in the future for patients aged 65 years older, to better prepare 
the patient. 
 
Pharmacist Workload: The third issue is sustainability. The 
time required to administer the K10 and WAYM 
questionnaires was dependent on the individuals’ conditions 
(between 15 and 20 minutes). This suggests that HMR time 
would increase by 20 minutes to administer K10 and WAYM 
questionnaires and another ten minutes to calculate the ACB 
score. The additional 30 minutes might concern some 
pharmacists, as ‘unpaid service’, accordingly there might be 
low uptake by pharmacists; however, as it would only be for a 
certain group of patients, Medicare may be open to the idea of 
increasing the pharmacist payment  for patients over 65 years 
of age. 
 
Additional Findings: The study revealed that in some 
occasions, medication change may be identified but due to 
patient age, patient agreement to change their long-standing 
medications or other social comorbidities affecting the change 
may become impractical. The elderly have particular issues 
with drug change, due to unfamiliarity with colour, shape, 
name and the regimen of the new drug compared to the one 
they are familiar with.  Some participants mistakenly believed 
that their medical problems had been ‘adequately treated and 
drug changes could not improve their cognitionincluding 
memory problem’ (ACB03). Other patients found changing 
their medications to be ‘inconvenient, as they frequently forgot 
to take new medications’(ACB22), another did not understand 
the instructions and believed that ‘the new medication side 
effects always worse than the old one’ one: (ACB43). 
Additionally, some patients denied the possibility of 
experiencing memory problems or encountered obstacles (e.g. 
having a problem swallowing capsules or tablets, difficulty 
opening bottles). Further problems included being ‘afraid of 
dependence on the medications (C49)’, ‘being apathetic about 
becoming better without treatment (C30)’or ‘upsetting 
distrusting the doctor if they accept the changes (ACB6)’.  
 
Patient Adherence: Compared to the current literature, 
adherence in this study was found to be affected by numerous 
factors that are common amongst older people, but it was not 
affected by age itself (J. Mark Ruscin). Factors include 
polypharmacy, which is associated with a high risk of side 
effects, drug–drug interactions and problems in remembering 
when to administer each medication, and mental or physical 
impairment (J. Mark Ruscin). Moreover, older patients 
normally experience a high rate of adverse drug reactions due 
to their high sensitivity to medications resulting from 
pharmacokinetic and pharmacodynamics changes (J. Mark 
Ruscin). Older patients tend to use medications at a high rate 
due to suffering various chronic medical conditions, including 
arthritis, diabetes or Cardiovascular disease (CVD), which can 
be deteriorated by medications (J. Mark Ruscin). This study 
found that most medications taken by participants for chronic 
medical conditions had been used for years. One doctor (D01) 
did not think it worthwhile to change a medication to reduce an 
individual’s ACB score as their medical condition was stable 
and the new plan could have the potential to confuse patients 
and worsen the condition. This is also agree with the finding 
from previous study which found that effective pharmacist–
doctor collaboration in hospital setting substantially improve 
patient care (Tahaineh et al.2008). The same study highlighted 

that 48.2% of the participating doctors were uncomfortable 
with pharmacists suggesting the use of prescription 
medications to patients  (Tahaineh et al., 2008). 
 
Conclusion 
 
This study found that reduction in the number of medications, 
improvement in the K10 score, improvement in the WAYM 
score and reduction in the ACB score were possible. The study 
could not draw a clear conclusion on pharmacist ability to 
improve older patients’ cognitive functions as the 
recommendations were not implemented by the treating 
doctors. due to unavoidable factors that should be the HMR 
process is lacking the step that obligate the referring doctor to 
communicate the reason for not implementing the 
recommendations made by the pharmacist which needs to be 
addressed by Medicare to finalise the payment for both 
pharmacist and doctors. This will ensure that medication use is 
optimised. 
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