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Abstract 

As Canadians continue to live longer, more older adults are undergoing surgical 

procedures. These procedures can leave patients at an increased risk for medical complications, 

and there has been growing interest in a potential association between surgery and dementia. 

When further examining this relationship, attention has been given to the potential role that 

anesthesia may have on risk for development of dementia. There are two main types of 

anesthesia administered for many surgeries, general (GA) and regional (RA). This thesis 

explored the association between surgery, anesthesia, and dementia by comparing for potential 

differences between GA and RA on the development of dementia following surgery.  

 Using a retrospective cohort study design, older adults aged 66 years and greater who 

underwent elective surgical procedures were followed-up for up to 5 years following their index 

surgery. The surgical procedures that were included in this thesis were hip replacement, knee 

replacement, inguinal hernia repair, hysterectomy, and prostatectomy, since each are common 

procedures and can be completed using either GA or RA. Statistical analyses consisted of 

Kaplan-Meier survival curves and Cox proportional hazards models, where the hypothesis was 

that GA would lead to greater risk for the development of dementia following surgery compared 

to RA.   

 To control for any potential differences in baseline characteristics that may bias the 

associations of interest and the outcome of dementia, matching was done on age, sex, index year, 

surgery, and propensity score. The final matched sample consisted of 14,998 individuals. A total 

of 725 people developed dementia throughout follow-up, 362 who received GA and 363 who 

received RA. After comparing people administered GA to those receiving RA, there was no 

significant difference in risk for development of dementia following surgery (HR = 1.0, 95% CI: 
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0.8 – 1.2, p = 0.9). Subgroup and sensitivity analyses supported these results, with no significant 

differences found between anesthesia groups.  

 Therefore, this thesis found that there was no significant difference in dementia 

development following surgery when comparing people receiving GA and RA. Future studies 

should consider a randomized trial design and access more detailed data on the depth and 

duration of the anesthesia exposure.  
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Chapter 1 

Introduction 

1.1 Introduction and rationale 

Dementia poses an increasing burden on the Canadian healthcare system as our oldest 

citizens are advancing in age, and the volume of this older adult population is rising. Statistics 

Canada (2015) reported that our nation’s first generation of ‘baby-boomers’ (persons born 

between 1946 and 1965), reached the age of 65 in 2011. This demographic milestone signified 

the start of a steadily increasing volume of Canadians who will be reaching the age of 65 in the 

upcoming years. In 2014/15, these trends were further supported with the growth rate for 

Canadians aged 65 years and older being reported at 3.5%, almost quadruple the growth rate for 

the entire population [1]. However, Canada is not alone in this experience, with the United States 

of America (US) and all other G7 countries exhibiting similar demographic shifts. In 2015, Japan 

had the highest proportion of people aged 65 years and greater at 26%, and worldwide one in 

eight people was aged 60 years or greater [1, 2]. 

There are multiple major chronic diseases that are highly prevalent in today’s developed 

countries, including cancer, cardiovascular disease, and non-communicable diseases [3, 4]. In 

Canada, chronic diseases are the cause of 65% of all deaths each year, and chronic diseases are 

the leading causes of death globally [3]. However, as the population continues to reach more 

advanced ages, progressive neurocognitive conditions like dementia and Alzheimer’s disease 

(AD) are large concerns in the older adult population, and the focus of this thesis. 
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Increasing age has been previously identified as a major non-modifiable risk factor for 

dementia and AD [4-7]. Although age is one of the strongest risk factors for AD development, it 

is not the only one. There are numerous modifiable and non-modifiable risk factors, and aging 

alone is insufficient to cause the development of AD [5, 8]. Dementia, including AD, is not a 

normal part of healthy aging.  

 When considering additional risk factors for dementia, it is important to recognize which 

risk factors are modifiable, and those that are not modifiable. Although advanced age, pre-

disposing genetics, and female sex have been identified as increasing an individual’s risk for the 

development of dementia, these factors are not amenable to clinical interventions because they 

cannot be modified [6, 9]. However, other factors such as diabetes, smoking, and physical 

inactivity, are modifiable and are current foci in research on dementia prevention [8]. Another 

potentially modifiable risk factor for the development of dementia is the type of anesthesia 

administered for surgical procedures. In this thesis, the primary objective is to understand 

whether there is a difference in the rates for development of dementia after receiving general 

anesthesia (GA) when compared to regional anesthesia (RA) for surgery. Surgery has been 

previously associated with acute cognitive changes [10, 11], and there has been recent evidence 

that the type of anesthesia may also play a significant role in this relationship [12, 13].  

Therefore, this thesis will address whether the type of anesthesia administered is 

associated with different rates for the development of dementia following surgery. The next 

chapter in this thesis will provide further detail on the background of dementia, as well as outline 
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the differences between types of anesthesia. The literature review that was completed for this 

thesis will also be discussed in this section.  

1.2 Empirical objectives 

There were three main objectives that were examined throughout the course of this thesis. 

These objectives and their respective hypotheses are: 

a. To determine if the type of anesthesia (GA versus RA), administered for surgical 

procedures is associated with an increased risk for the development of dementia 

following surgery amongst older adults aged 66 years and over; 

i. It was hypothesized that GA will have a stronger association with an 

increased risk for developing dementia compared to RA when undergoing a 

surgical procedure at an advanced age of 66 and older;  

b. To evaluate the impact of type of major surgical intervention on the association 

between anesthesia and subsequent risk of developing dementia; 

i. It was hypothesized that there will be an increased risk for development of 

dementia among older adults who undergo more complex surgeries with GA; 

c. To examine whether characteristics related to patients moderate the risk for 

development of dementia following surgical procedures; 

i. It was hypothesized that patients who are female or older will be at the 

greatest risk for developing dementia.  
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Chapter 2 

Background and Literature Review 

2.1 Overview of dementia  

Dementia is an overarching term that captures multiple disorders that are associated with 

progressive deficits in cognition, often beginning with short-term memory loss [14, 15]. As the 

disease progresses, additional areas of cognition that are affected are problem solving skills, 

emotions, and difficulty with language [5]. Dementia is not a single disease, but the expression 

of multiple symptoms and with a variety of potentially different underlying causes [16]. There 

are several distinct types of dementia, including AD, vascular dementia, and dementia with 

Lewy bodies [5]. These will be elaborated on further in the next section. Due to the ongoing 

neurodegeneration within the associated diseases contributing to dementia, it is a progressive and 

chronic condition where symptoms and disability increase in severity over time, eventually 

leading to death [16]. 

Within the most recent version of the Diagnostic and Statistical Manual of Mental 

Disorders, 5th edition (DSM-5), dementia is referred to as ‘major neurocognitive disorder’. 

Alzheimer’s disease and other underlying conditions contributing to the development of 

dementia are listed as specific causes of dementia [17]. Dementia was classified as a major 

neurocognitive disorder because it interferes with both cognitive functioning of an individual and 

with their abilities to perform everyday activities [5]. Using this classification system, mild 

neurocognitive disorders, or mild cognitive impairment (MCI), are distinguished from dementia 

by the degree of functional impairment, where mild neurocognitive disorders are associated with 
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little or no functional disability in contrast to major neurocognitive disorders or dementia [18, 

19]. The distinction between major and mild neurocognitive disorders was made to emphasize 

the decline in functioning over time, rather than simply identifying a cognitive deficit in 

individuals [19].  

Following the DSM-5 guidelines, significant decline in one or more cognitive domains 

are needed for the diagnosis of dementia. These domains can include: complex attention, 

executive function, learning and memory, language, perceptual-motor, or social cognition [17].  

2.1.1 Types of dementia 

 With dementia being an overarching term for decline in multiple cognitive processes, it is 

important to acknowledge the different potential underlying causes of dementia. The most 

common cause of dementia is AD, which accounts for approximately 60 – 80% of all cases of 

dementia [5, 18]. Additional common causes of dementia captured in the DSM-5 and other 

diagnostic schemes include: vascular dementia, dementia with Lewy bodies, frontotemporal 

dementia, mixed dementia, and Parkinson’s disease dementia [5, 17]. Mixed dementia is usually 

a combination of AD and vascular dementia for the majority of individuals [14]. Although many 

of the above diseases are discrete conditions, there are many individuals who will exhibit mixed 

pathologies other than the typical mixed dementia criteria of AD and vascular dementia [15].  

A recent report issued by the Alzheimer’s Association presented the point prevalence 

ranges of multiple subtypes of dementia, and found that AD was the most common type of 

dementia (50 – 75% of all cases), followed by vascular dementia (20 – 30%), dementia with 

Lewy bodies (10 – 25%), and frontotemporal dementia (10 – 15%) [14]. In Sweden, the 
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distribution of dementia cases followed a similar pattern, with the most common being AD, 

followed by vascular dementia, mixed dementia, and least common was frontotemporal 

dementia [18]. 

2.1.2 Overview of Alzheimer’s disease 

AD is a neurodegenerative disease where individuals initially present with a decline in 

memory, language, problem-solving skills, and other cognitive functions that affect the 

individual’s ability to complete everyday tasks unaided [5]. As the disease progresses, neuronal 

damage eventually will affect the parts of the brain responsible for basic bodily functions, such 

as walking and swallowing [5]. The course of AD is a gradually progressive disease. In many 

cases, there is evidence that pathological brain changes have begun more than 20 years prior to 

the first cognitive symptoms appearing [5].  

 Within the revised diagnostic criteria for AD in the DSM-5, there are now two clinical 

stages of AD [5, 17, 20]. These stages are mild and major neurocognitive disorder due to AD, 

also referred to as MCI or dementia due to AD, respectively [17]. The distinction between these 

stages is that an individual can be diagnosed with probable AD when presenting with MCI, 

provided there is biomarker evidence or known genetic mutations that are consistent with AD. 

Previously, there must have been clear clinical symptoms of dementia present for a diagnosis of 

AD to be made [17, 20].  

2.1.3 Stages of dementia and AD 

The clinical progression of dementia and related conditions, such as AD, can be captured 

using the Clinical Dementia Rating scale or similar dementia staging criteria. This scale captures 
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disease progression on a 5-point scale. These scores include 0 (normal cognition), 0.5 (very mild 

dementia), 1 (mild), 2 (moderate), and 3 (severe) [21, 22]. The overall CDR score is created 

using a previously defined algorithm [23]. When creating this final score, six domains of 

cognitive and functional performance are used, including; memory, orientation, judgement and 

problem solving, community affairs, home and hobbies, and personal care. Information related to 

these domains is captured using semi-structured interviews of the patient, and additional sources 

such as a reliable informant or caregiver. Additional work has been completed with this scale, 

resulting in both global and sum of boxes rating scores available [21].  

These scores also reflect the stages of disease in the DSM-5, which are mild, moderate 

and severe. Classifications are distinguished by the loss of dependence; where mild, moderate, 

and severe cases represent difficulty with instrumental activities of daily living, difficulty with 

basic activities of daily living, and being fully dependent, respectively [17]. 

2.1.4 Symptoms of dementia 

 Although the hallmark symptoms of dementia or AD is memory loss, other cognitive and 

behavioural symptoms can also develop over time. When looking at the mild-to-moderate stages, 

psychotic features appear more frequently. Paranoia and other forms of delusions are commonly 

observed in persons potentially living with dementia (or at the mild stage), as well as mood 

disturbances. Depression has been identified as a symptom for early cases of dementia due to 

AD and Parkinson’s disease, especially amongst people at the mild stage of disease 

development. Meanwhile, elation or inappropriately elevated mood, is more usual when 
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frontotemporal lobar degeneration is the underlying cause of dementia. Amongst people with 

moderate to severe stages of dementia, agitation is frequently present [17].  

 The primary focus of current treatment interventions has been the behavioural symptoms 

of dementia. These symptoms include but are not limited to apathy, sleep disturbances, 

wandering, disinhibition, and hoarding [17]. 

2.2 Canadian perspective 

2.2.1 Aging population 

 The aging of our baby-boomer population has led to a significant increase in the 

population of Canada’s oldest citizens. In 1931 only 10% of men and women lived to the age of 

85 [24]. Current projections show that upwards of 30% and 50% of men and women respectively 

will reach the age of 85 [25]. These demographic shifts emphasize that reaching the age of 85 is 

becoming a more common occurrence and highlights the need to recognize differences in this 

population’s health and well-being. Age has been previously identified as a strong risk factor for 

dementia, but is insufficient alone to cause disease development [26].  

2.2.2 Epidemiology of dementia in Canada 

The Canadian Study of Health and Aging (CSHA) [27], was a 10-year nation-wide 

population health survey completed between 1991 and 2001. One key finding from this study 

was accurate incidence and prevalence estimates for dementia in Canada [27, 28]. The CSHA 

included adults aged 65 years and older from their baseline assessment in 1991 and reported an 

incidence rate of 21.8 women and 19.1 men per 1000 person-years using follow-up data from 

1996. This can be summarized into an overall incidence rate of 20.6 people per 1000 person-
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years, or over 60,000 new cases of dementia per year in Canada. The author group disclosed that 

these results may still underestimate the true incidence rate of dementia in Canada because rural 

areas were underrepresented in the study sample, and both the Yukon and Northwest Territories 

were omitted [29]. The point prevalence estimates for dementia amongst Canadians aged 65 and 

older from the CSHA using 1991 census data was 252,600 people, or approximately 8% of the 

total population (95% confidence interval [CI]: 236,800 – 268,400) [27]. 

2.2.3 Incidence of dementia 

 The National Population Health Study of Neurological Conditions, funded by the 

Government of Canada, was initiated to update and improve our current understanding of 

neurological conditions in Canada and their impact [30, 31]. As part of this program, multiple 

systematic reviews and meta-analyses were completed outlining the incidence of dementia and 

its associated conditions such as dementia due to AD [31, 32]. These reviews found that the 

pooled incidence rate for dementia amongst those aged 60 plus and living in the community 

worldwide was 17.2 per 1000 person-years (95% CI: 13.9 – 21.2). Meanwhile, the total pooled 

annual incidence proportion for dementia was 52.9 per 1000 persons (95% CI: 33.1 – 84.4). This 

latter statistic represents the number of newly diagnosed dementia cases per year [32, 33].  

With respect to incident rates for specific causes of dementia, the worldwide pooled 

incidence rate for dementia due to AD amongst persons aged 60 and over living in the 

community was 15.8 per 1000 person-years (95% CI: 12.9 – 19.4). The pooled annual incidence 

proportion of dementia due to AD was 34.1 newly diagnosed cases per 1000 persons (95% CI: 

16.4 – 70.9) [32, 34]. There was only one Canadian study included in the final incidence rate 
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meta-analysis for dementia due to AD. No Canadian studies were available for the pooled annual 

incidence proportion of dementia due to AD [34].  

 There is newly updated information available for dementia incidence in Ontario. A recent 

study reviewing brain disorders using provincial administrative health care data, evaluated the 

burden of dementia and other conditions [35]. Between 2004/05 and 2010/11, there was a slight 

decrease in the incidence rate of dementia for those aged 66 years and older across Ontario. The 

age- and sex- adjusted incidence rates went from 18.9 cases per 1000 person-years in 2004/05, 

down to 18.1 cases per 1000 person-years in 2010/11, but no statistical comparisons were done 

for these two time periods [35]. Although there was a slight decrease in incidence rate, there has 

been an increase in the number of new dementia cases amongst those aged 66 and older in 

Ontario. There were almost 25,000 new cases of dementia identified amongst the older age 

group (66+ years) in 2004/05, and this number increased to approximately 28,600 by 2010/11 

[35]. This increase in prevalence despite a decreasing incidence can be explained by the increase 

in overall numbers of Canadians aged 65 and older in more recent time periods. Therefore, 

although the incidence rates are shown to decrease, prevalence is expected to continue increasing 

as people live longer and contribute more years of life to living with dementia. 

2.2.4 Prevalence of dementia 

The prevalence of dementia is directly linked to the incidence and the average survival 

time of those living with dementia in Canada. Findings from the CSHA reported that the average 

duration for an individual to be living with diagnosed dementia was approximately 5.8 years, 

where women were living for about 6.7 years after diagnosis and men only 4.6 years [29]. 
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Similar to the previously reported incidence rates, the best information for guiding current 

projections of dementia prevalence comes from the CSHA [28].  

 In Canada, the prevalence of dementia for 2016 was estimated at 564,000 people, with 

this number expected to increase to as much as 937,000 people being affected in 2031. Another 

report issued in 2012 by the Alzheimer Society of Canada reported a point prevalence of 747,000 

Canadians who are living with cognitive impairment, including but not limited to dementia [36]. 

The difference in these estimates has occurred due to the inclusion of MCI in the latter estimate, 

which was not included in the first report. When reporting the prevalence estimate in 2016, the 

Mental Health Commission of Canada identified in the most recent report [28], that prevalence 

estimates may increase by as much as 50% if MCI was included in their estimate.  

There was also additional information available outlining the prevalence of dementia in 

Ontario using estimates from administrative healthcare data. On April 1, 2010, the point 

prevalence was 135,756 people living with dementia in Ontario, and women accounted for 

64.3% of the cases. Overall, 93.5% of people living with dementia were over the age of 65, and 

the mean age of those identified in Ontario was 81.5 years of age [35]. Similar age patterns were 

identified when exploring the prevalence of AD in the US, with 1 in 9 adults over the age of 65 

living with this form of dementia [5]. With life expectancy continuing to improve, the prevalence 

of dementia can only be expected to continue increasing as the remainder of our Canadian baby-

boomers surpass their milestone of reaching age 65 and continue to live longer with 

improvements in medical care. 
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2.2.5 Costs of dementia 

 With the aging population and the growing number of seniors in Canada, the cost of 

caring for those with dementia is anticipated to increase substantially. In Canada alone, it was 

projected that the combined informal and health care system costs for providing care to those 

who are living with dementia totalled approximately $10.4 billion in 2016 [28, 31].  

 The greatest direct costs for caring for those living with dementia came from the long-

term care (LTC) and home care sectors, and it was estimated that the average patient living with 

dementia in any setting cost 5.5 times more than those without the disease [28]. In 2011, there 

was an estimated 19.2 million hours of unpaid care provided by family caregivers to people 

living with dementia [28]. By 2031, current projections for dementia care costs indicate that the 

overall care cost of $10.4 billion will increase by 60% to roughly $16.6 billion, while the number 

of unpaid caregiver hours provided by family caregivers is expected to double [28]. 

2.3 Pathophysiology and progression of dementia and AD  

2.3.1 Etiology and pathophysiology of dementia and AD  

Overall, the majority of neurodegenerative diseases that lead to dementia are 

characterized by mechanisms and pathological processes that lead to atypical polymerization of 

proteins [15]. Although there are multiple unique pathways for these changes to occur, a small 

portion of individuals who may have one of the underlying causal diseases will inevitably 

develop dementia as a direct result of genetic mutations or gene polymorphisms [15]. The 

majority of available research on the molecular mechanisms underlying dementia have focused 

on AD pathophysiology.  



 

 

 

13 

 The molecular neuropathology of AD suggests two major processes that involve specific 

AD-related proteins [37]. The first process is the formation of extracellular plaques consisting of 

amyloid-beta (Ab) aggregates [37, 38], followed next by the intracellular accumulation of 

neurofibrillary tangles composed of hyper-phosphorylated tau proteins [37, 39]. The mechanism 

involving Ab and tau has been previously referred to as the amyloid cascade hypothesis [37, 40]. 

This hypothesis explains that once Ab has begun to form into peptide aggregates, some of these 

forms will be neurotoxic, and stimulate the abnormal phosphorylation of tau [37, 38]. After tau 

proteins have become hyper-phosphorylated, these tau peptides can fold into different harmful 

formations (such as paired helical filaments), resulting in an accumulation of neurofibrillary 

tangles in the central nervous system (CNS) of an individual [37]. Over time, this cascade results 

in multiple adverse changes including mitochondrial damage, calcium dysregulation, and 

eventually cellular apoptosis and neurodegeneration [40].  

When linking these processes with disease development, a study of 128 participants from 

the Dominantly Inherited Alzheimer Network study showed that changes reflecting AD 

pathology began 25 years prior to expected symptom onset [37, 41]. The pathologic process was 

described as an abnormal accumulation of Ab peptide levels in the CSF, followed by amyloid 

accumulation and cerebral atrophy, and finally an impaired cerebral glucose metabolism [37, 

41]. Using cases of an identified early onset, familial form of AD, three autosomal dominant 

genes were identified as critical components in AD development [42]. These genes code for 

three specific proteins that are involved directly with Ab regulation: the amyloid precursor 

protein, presenilin 1, and presenilin 2 [42]. Although these genes are not involved in all cases of 
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AD, their common appearance in studies of autosomal dominant forms of AD and dementia 

support the amyloid cascade hypothesis as a potential mechanism for disease pathology.  

Although this process has been well supported for AD, there is greater variation when it 

comes to other neurodegenerative conditions. When considering other forms of dementia than 

AD, there has been evidence showing that tau deposits can form in the brain of humans before 

Ab plaques are present [43]. The tau protein is a microtubule-associated protein that regulates 

microtubule assembly, their dynamic behaviour, and spatial organization [44, 45]. Recently, 

evidence has emerged supporting that tau is involved with the axonal transport of organelles 

[46]. Within axons, tau is a soluble phosphoprotein where the phosphorylation process is 

developmentally regulated, with reduced levels in adulthood compared to childhood 

development stages of life [47]. 

 Tau pathology in AD correlates better with the observed cognitive impairment in patients 

than Ab pathology, yet both processes are necessary to consider when examining the 

pathological mechanisms behind AD and dementia [48]. Tau dysfunction, in the absence of 

amyloid pathology, is sufficient to cause neuronal loss and lead to the diagnosis of specific forms 

of clinical dementia such as frontotemporal dementia [43]. However, animal studies have 

demonstrated that tau is needed for Ab to exhibit toxicity in both in vitro and in vivo study 

designs [49, 50], supporting the central role of tau in mediating Ab toxicity in early pathogenesis 

of AD [43].  

Recent literature and observation has suggested that tau-induced neurodegeneration is a 

combined consequence of loss of native tau protein function, and a gain of toxic function [43]. 
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The loss of function was previously demonstrated when hyper-phosphorylated tau proteins were 

shown to detach from microtubules causing impaired microtubule function, axonal transport, 

eventually leading to synaptic dysfunction and neuronal loss [51]. In terms of gaining toxic 

function, these hyper-phosphorylated tau proteins also tend to self-assemble into neurofibrillary 

tangles, with paired helical and straight filaments as the intermediates [43]. Along with forming 

these tangles, abnormal tau also has the capacity to sequester additional normal tau molecules 

into the forming aggregate [43], which cycles into the negative impact on microtubules as 

discussed above. For additional information, there have been recent reviews completed outlining 

in even further detail the molecular mechanisms followed by abnormal tau peptides [52, 53]. 

2.3.2 AD biomarkers 

Recent research has uncovered additional methods for assessing the pre-symptomatic 

development of AD, and its progression using non-invasive AD biomarkers. These newer 

methods involve the measurement of specific biomarkers using positron emission tomography to 

indicate the progression and severity of AD development. However, Ab peptides are found in the 

CSF of healthy older adults, as well as those who are living with dementia [54, 55]. Typically, 

the concentration of Ab peptides in the CSF is inversely related to the degree of AD pathology, 

where lower concentrations of Ab in the CSF are correlated with a more advanced stage of AD 

pathology in the CNS [56]. This inverse relation was explained by Ab becoming non-soluble 

when formed into plaques and being sequestered into the CNS, creating this lower concentration 

of Ab peripherally in the CSF surrounding it [56].  
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 Another method for measuring Ab changes to determine AD pathology is the use of 

amyloid specific neuroimaging ligands. There are several current compounds which can be used 

to measure CNS Ab concentrations including: 11C-PiB (Pittsburgh Compound-B) [57], 18F-

Florbetaban [58], 18F-Flutemetamol [59], 18F-Florbetapir [60], and 18F-AZD4694 [61]. The most 

commonly used imaging compound to date is 11C-PiB [62].  

 Other AD biomarker assessments include measurement of tau proteins. The presence of 

tau proteins in the CSF is usually associated with neuronal injury, although elevations of tau are 

not specific to AD and these changes can be observed in other conditions which can cause CNS 

damage [37]. Tau CSF levels have been found to be elevated in persons living with AD, and 

currently the ratio of total tau to Ab is used as a supplementary diagnostic tool when confirming 

and assessing an individual for a clinical diagnosis of AD [37, 55, 63]. These elevated tau levels 

were also found in people living with other tauopathies such as frontotemporal dementia [64]. 

To support the work with biomarkers for AD, a review by Li et al. (2015), identified that 

abnormal CSF phosphorylated tau levels (Relative risk [RR] = 2.4, 95% CI: 1.7 – 3.5), and 

abnormal tau to Ab ratios (RR = 3.8, 95% CI: 2.3 – 6.1), were some of the strongest risk factors 

for progression of MCI to AD [65]. These patterns are similar to biomarker changes that have 

been observed in patients living with AD and dementia. 

2.3.3 Mild cognitive impairment 

 When an individual begins to experience cognitive decline greater than expected from 

aging alone, yet not severe enough to warrant a diagnosis of AD or dementia, this is a clinical 

stage referred to as MCI [66]. MCI is typically characterized by apparent cognitive decline 
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where independent functional abilities are maintained in both activities of daily living and more 

complex instrumental activities of daily living [66]. Along with the maintenance of these core 

functions, other key criterion when identifying a case of MCI is that there is no significant 

impairment in social or occupational functioning, but there does need to be objective evidence of 

impairment in one or more cognitive domains present (assessed through cognitive testing) [66, 

67]. However, testing may not be performed unless concern is raised from either the person, a 

physician, or any other form of knowledgeable informant who routinely observes the person of 

interest [67].  

 When classifying subtypes of MCI, a recent clinical review presented the most frequently 

used clinical methods [66]. The presence or absence of memory difficulties, which was referred 

to as amnestic versus non-amnestic MCI respectively, can be used to classify MCI subtypes, as 

well as the number of affected cognitive domains (e.g. single domain or multi-domain MCI) [67, 

68]. Amnestic MCI is more common, and involves significant memory impairment that does not 

satisfy the criteria for a diagnosis of dementia [68]. Other cognitive domains, such as executive 

function, language, and visuospatial skills, are usually preserved, and the individual is capable of 

completing functional activities [68]. Non-amnestic MCI represents the subtle decline in 

functions outside of memory, covering other cognitive domains such as declines in attention, use 

of language, and/or visuospatial skills [68]. Non-amnestic MCI cases have been suspected to 

potentially represent early manifestations of dementias not related to AD, such as frontotemporal 

dementia or dementia with Lewy bodies [68, 69]. Within the DSM-5, MCI is referred to as a 

mild neurocognitive disorder [17].  
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In the US, the estimated point prevalence of MCI from clinical and population-based 

samples were between 10 and 20% of adults aged 65 years and older [68, 70]. However, 

changing definitions and a lack of standardized diagnostic criteria for MCI, along with 

differences in sample population characteristics, brings potentially significant heterogeneity to 

any estimate of prevalence for MCI [66, 71]. A systematic review completed in this topic area 

reported that MCI consistently showed increasing prevalence with increasing age for those 

between 65 years of age and 85 years [71], and men were also at higher risk for the development 

of MCI overall when compared to women [72]. 

2.3.4 MCI and dementia 

MCI is on the continuum between normal cognitive function and dementia, and therefore 

MCI has been identified as a potential risk factor for AD [71]. In previous studies, the likelihood 

that MCI will progress to dementia was influenced by various external factors, such as the 

diagnostic criteria being used for differentiating MCI and dementia, as well as the type of 

population that is being used to estimate progression rates [73, 74]. In one review of MCI by 

Langa and Levine (2014), it was shown that MCI can be attributed to an underlying AD 

pathology when memory impairment, a progressive decline in cognitive functioning over long 

periods of time (months to years), and lack of evidence to support vascular, traumatic, or other 

causes of cognitive decline are present [66, 67].  

However, this was a more heterogeneous and conservative estimate compared to the 10 – 

15% progression rates from MCI to dementia per year reported in clinical settings [74]. The 

baseline incidence rates for development of dementia and AD in the general population with no 
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sign of cognitive impairment were reported to be only 1 to 2% per year [75]. Despite the 

increased progression rates for development of dementia or AD following MCI, there are 

individuals who will develop MCI and return to normal cognition over time, not exhibiting any 

symptoms of AD or dementia [73, 74]. 

2.4 Risk factors for dementia 

2.4.1 Risk factors for Alzheimer’s disease 

The development of AD depends on multiple individual-level characteristics. These risk 

factors for AD can be organized into two categories, modifiable and non-modifiable risk factors. 

Modifiable risk factors can be of greater interest to researchers when focusing on interventions 

or prevention strategies, as these factors can be integrated into clinical or public health 

interventions. Understanding what can be changed to improve health helps people set attainable 

goals, especially when facing higher risk of specific diseases.  

Although there are some risk factors that cannot be changed for an individual, using the 

available information on these factors can still be useful for understanding and assessing disease 

progression. These non-modifiable risk factors are important to clinical physicians that seek to 

diagnose dementia or AD as early as possible. Non-modifiable risk factors are useful for 

categorizing patients into various risk categories for dementia and to modify clinical assessments 

for possible dementia accordingly. 

2.4.2 Non-modifiable risk factors 

Although age is the strongest non-modifiable risk factor for AD, there are other important 

non-modifiable risk factors to consider including genetics, sex, and previous accidental head 
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trauma [5, 6, 9]. One of the most important genes to consider with AD is the apolipoprotein E 

(APOE) gene. There are three alleles for the APOE gene, with the e4 form providing the highest 

risk for the development of AD [5, 6]. People that inherit one copy of the APOE e4 gene exhibit 

approximately a three times higher risk of AD, while those with both copies of the e4 allele have 

an eight- to 12- times greater risk [5, 76-78]. Along with greater risks for the disease, anyone 

with the APOE e4 gene is also more likely to develop AD earlier on in life at a younger age [5, 

79]. However, inheriting even both copies of the APOE e4 gene is insufficient to cause AD onset 

alone [5].  

There are a small number of  individuals (approximately 1%), that develop AD directly 

due to mutations in one of three other specific genes [5]. The other three genes that have been 

found to cause AD development are the amyloid precursor protein, and the presenilin 1 and 

presenilin 2 protein genes [5]. When considering family history in context with genetics, those 

who have one or more first-degree relatives with AD are at an increased risk for developing AD 

themselves [5, 80]. The exact mechanisms of action will not be elaborated further.  

In addition to genetics, biological sex has also been identified as a risk factor for AD 

where women are at an increased risk for AD development [5, 81]. In Canada, it was estimated 

that women represent up to 65% of all people with dementia [28]. Although the underlying 

pathology is not well understood, there has been evidence to support estrogen and hormonal 

changes after menopause may be associated with the increased risk [81, 82]. Furthermore, other 

factors that may contribute to the higher risk are biological variations, differences in lived 

experiences (i.e. education and occupation), and longer life spans for women [5, 35, 81].  
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Last, previous major head injury has also been associated with greater risk for the 

development of dementia [6]. These types of injury are significant concerns when studying older 

adult populations. Older adults are at an increased risk for falls, which are one of the most 

common causes of traumatic brain injury [6]. Current evidence suggests an association between 

head trauma and changes in Ab and tau proteins [6]. Although we cannot modify these risk 

factors, it is necessary to recognize and record these characteristics within the study sample to 

control for any potential confounding these factors can introduce in the final estimates of 

association. 

2.4.3 Modifiable risk factors 

In addition to non-modifiable risk factors, there are also potentially modifiable factors 

contributing to the development of dementia. A systematic review completed by Barnes and 

Yaffe (2011) sought to assess the impact risk factor reduction may have on the prevalence of 

dementia worldwide, and in the US [8]. This review focused on seven potentially modifiable risk 

factors and projected the risk factor reduction effect using population attributable risks (or the 

percent of cases attributable to a given factor) [8]. The seven risk factors were diabetes mellitus, 

midlife hypertension, midlife obesity, smoking, depression, low education, and physical 

inactivity. Together, it was projected that these seven modifiable risk factors are responsible for 

up to half of AD cases worldwide [8]. When focusing on older adults, additional modifiable risk 

factors include stroke, being underweight, and late-life hypotension [8, 9, 26, 83]. Due to 

multiple overlaps in risk factors between cardiovascular disease and AD, numerous studies have 

begun reporting that cardiovascular risk factors are also risk factors for AD [84]. 
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 Although these seven modifiable risk factors were studied in the US, it is assumed that 

the underlying associations are similar within a Canadian population. Physical inactivity was the 

largest potential contributor to dementia cases in the US, and was third globally [8]. A recent 

systematic review and meta-analysis compared the highest and lowest physical activity groups to 

produce a RR of 1.4 (95% CI: 1.2 – 1.7) for all-cause dementia [85]. This was further supported 

through a randomized controlled trial that demonstrated healthy, sedentary older adults who 

experienced significant improvements in cognitive functioning after beginning exercise 

programs [86]. Although physical inactivity was analyzed independently for this review, 

physical activity is also associated with other risk factors for dementia identified in this review 

such as diabetes, weight, and blood pressure [8].  

 The second largest proportion of AD cases in the US, and fourth globally, was 

attributable to depression [8]. The pooled odds ratio (OR) for persons with a history of 

depression to develop dementia compared to those with no history was 1.9 (95% CI: 1.6 – 2.3) 

[8, 87]. Smoking was the third largest potential contributor in the US, and the second worldwide, 

with a RR of 1.3 (95% CI: 1.0 – 1.6) in a meta-analysis of 19 prospective studies [8, 88]. 

However, this estimate was made using people who currently smoked, while former smoking 

was not associated with dementia in previous studies [88]. Although it was only the fourth 

largest in the US, low education was identified as potentially contributing to the largest 

proportion of AD cases worldwide [8]. The calculated RR of 1.6 (95% CI: 1.3 – 2.0) indicates 

that the risk of developing all-cause dementia was lower for those with a higher level of 

education [89]. These results align with the findings from other randomized controlled trials 
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where healthy older adults received a cognitive intervention and there were improvements in 

cognitive function [90, 91]. 

2.5 Surgery, anesthesia, and dementia 

2.5.1 Association between surgery, anesthesia, and AD pathology 

Another potentially modifiable risk factor for AD and dementia is the exposure to 

surgical procedures and the type of anesthesia used for surgery. Surgery has been associated with 

acute cognitive changes, where 25 – 35% of patients commonly experience temporary mild 

forms of cognitive impairment, such as delirium immediately following surgery [10, 11]. In 

addition to the effects of surgery on cognition, all persons who undergo major surgery also 

receive some form of anesthesia as part of their surgical procedure. The method of anesthesia 

used for surgery can be one of several potential options depending on the type of surgery. 

2.5.2 General and regional anesthesia 

There are two main types of anesthesia that are used for the major surgical procedures 

examined in this thesis; GA and RA. GA involves a complete loss of consciousness and is 

typically achieved through inhalational or intravenous anesthetic agents [92]. GA is usually 

preferred for procedures that are longer or more painful, that cause significant anxiety for the 

individual, or that affect an individual’s ability to breathe [93]. RA involves the local application 

of anesthetic medications to decrease the pain sensation of nerves in a localized area, and is 

typically achieved through injection of a local anesthetic into the fluid surrounding the spinal 

cord (i.e. spinal anesthesia) [92]. RA is generally categorized into two types; spinal and epidural 

[92, 94]. RA has previously been identified as having fewer side effects and risks than GA in 
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many instances [12, 13, 94], and patients generally exhibit faster recovery from RA than with 

GA [94]. RA can only be used for major surgical procedures that are in the lower section of the 

body, specifically the lower abdomen, pelvis, and legs [94].  There have been multiple studies 

supporting that mortality and perioperative morbidity may be slightly lower amongst those 

receiving RA [12, 13, 94], yet this has been controversial in recent literature [95]. However, 

older adults undergoing surgery with multiple medical comorbidities are at an increased baseline 

risk of complications from either type of anesthesia, including death, medical complication, and 

prolonged hospital stay [92]. 

 There are some patient-level variables that may lead to preferential selection of GA over 

RA in surgeries where either form of anesthesia could be used, due to possible relative 

contraindications for the use of RA. These relative contraindications can include medical 

conditions (e.g. aortic stenosis where RA may result in significant lowering of blood pressure), 

medications associated with an increased risk of bleeding (e.g. warfarin or oral anti-platelet 

agents where the injections used in RA could result in bleeding around the spinal cord, causing 

spinal cord compression), and medical conditions where anticoagulation is required (e.g. atrial 

fibrillation) [96]. The ultimate decision about the type of anesthesia administered for surgery is 

made by the anesthesiologist involved with the surgery, after considering their clinical judgment 

and after discussion with the patient and their caregivers [92, 96, 97]. 

2.5.3 Relationship between anesthesia and dementia 

Initially, surgery was identified as the potential risk factor for the development of 

dementia. However, further development in this field has directed researchers to question 
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whether the type of anesthesia administered for surgery may be partly responsible for changes in 

the development of dementia following surgery. Various in-vitro [98-100], animal [98, 101, 

102], and human studies [55, 56], have demonstrated increased aggregation of Ab peptides and 

enhanced accumulation of tau protein following exposure to agents used in GA, providing 

potential biological mechanisms linking exposure to GA and the subsequent development of 

dementia. Along with these associations between dementia biomarkers and risk for development 

of dementia, intermediate conditions of cognitive change following surgery also indicate a 

potential association with dementia. These changes include postoperative delirium and 

postoperative cognitive decline (POCD).  

Existing epidemiological studies have reported mixed conclusions about associations 

between the development of dementia and exposure to surgery with GA. Some studies have 

shown an increased risk of dementia after exposure to GA and surgery [83, 103-105], while 

others have found no evidence of an increased risk [106-109]. Limitations that were identified in 

these studies include self-reported information on exposure to the type of anesthesia [106], 

potential for cognitive impairment already being present at the time of surgery [107], and 

inclusion of MCI in the outcome definition of dementia or cognitive impairment [109].  

There have been few studies directly comparing differences in risk for development of 

dementia between GA and RA. A retrospective cohort study by Vanderweyde et al. (2010) 

compared GA versus RA in two surgical samples. The first group had hernia surgery and 

consisted almost entirely of males (98%). The second cohort received prostate operations. The 

results of both groups showed that persons receiving GA were at reduced risk of dementia when 
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compared to RA for both hernia surgery (Hazard ratio [HR] = 0.7, 95% CI: 0.5 – 0.9), and 

prostate operations (HR = 0.7, 95% CI: 0.5 – 0.8). However, neither the depth or amount of RA 

was recorded for either analysis [108]. Additional studies of interest are described in the 

following literature review section.   

Although there is limited information available concerning exposure to RA and 

biological pathways linked to the development of dementia, it is hypothesized that GA would 

confer a greater risk because there is limited information to suggest that RA would directly 

increase the risk of dementia following surgery. Tang et al. (2011) found changes in the CSF 

tau/Ab ratio within 48 hours following surgery which were consistent with the CSF biomarker 

changes observed in AD patients. This study looked at 11 patients undergoing correction of 

idiopathic nasal CSF leak, and all patients received a form of GA (consisting of either total 

intravenous anesthesia, or inhalational agents such as sevoflurane) [110]. This study continues to 

support the potential for an association to exist between GA and the development of dementia.   

2.5.4 Cognitive changes following surgery  

Postoperative delirium is increasingly recognized as being common following surgical 

procedures, especially amongst older adults [111, 112]. Delirium is described as an acute 

confused state, with fluctuating episodes of inattention, disorganized thinking, or an apparent 

altered level of consciousness [10, 111]. Although the usual onset is within 1 – 2 days after 

surgery, a systematic review on the subject by Dyer et al. (1995) defined delirium as a condition 

occurring within 30 days after surgery [10, 111]. Depending on the source, the prevalence and 

incidence estimates for delirium vary widely. Overall, delirium has been seen to occur in 10 – 
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60% of all patients [113], while estimates are more conservative at 37 – 46% of the general 

surgical population [10]. Postoperative delirium is more common amongst older patients and 

rates vary considerably across age groups and surgical procedures. For cataract surgery, the 

incidence of delirium post-operation was reported to be as low as 4% [114], while up to 35 –  

65% of persons undergoing hip fracture surgery will experience delirium [112, 115]. When 

diagnosing postoperative delirium, the Confusion Assessment Method has been identified as a 

reliable and accurate diagnostic tool for delirium, based on a previous version of the DSM-5 (the 

DSM-IIIR) [112, 116].   

 A recent study by Sprung et al. (2017) confirmed, after controlling for any cognitive 

impairment prior to surgery, that older adults who experienced delirium following a surgical 

procedure are at an increased risk for the development of cognitive impairment (including MCI) 

compared to those who did not develop delirium (OR = 3.0, 95% CI: 1.1 – 8.1). There was no 

assessment for the difference in effect from type of anesthesia administered. This study included 

MCI as an outcome when considering cognitive impairment following delirium because the 

study population was confirmed as cognitively normal prior to the surgical procedure [117]. 

Overall, these findings support that anyone experiencing delirium following surgery is at greater 

risk for the future development of dementia (or MCI).  

 Some persons present with more persistent cognitive dysfunction following surgery, 

which has been identified as POCD [118, 119]. These cognitive changes include memory 

impairment, attention problems, and reduced ability to complete everyday tasks [11, 118]. To 

assess POCD, results from neuropsychological test batteries are used and compared to age-and-
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gender-normalized performance scores [120]. Although a diagnosis of POCD does not require 

significant impairments to function or interference in everyday tasks, these cognitive deficits are 

apparent to the individual who experiences them [120]. Although there is no typical duration for 

POCD, the existence of cognitive decline lasting prolonged periods of time, from months to 

years, in any elderly population is a major subject of concern [118].  

2.5.5 POCD and dementia 

Commonly, POCD is recognized within days or weeks following surgery, and may 

persist for years. Two of the major identified risk factors for POCD are age, and more invasive 

surgical procedures such as hip replacement and some cardiac procedures [121-124]. When 

looking at major non-cardiac surgery in the United Kingdom, POCD was present in 

approximately 26% of patients one week after surgery, and in approximately 10% after three 

months [11]. These rates were compared to rates of 3.4% and 2.8% after one week and three 

months respectively, in the control group [11]. Among individuals undergoing cardiac surgery, 

Newman et al. (2001) completed a longitudinal study and found that rates of cognitive decline 

were as high as 53%, 36%, and 24% at discharge, six weeks, and six months following surgery, 

respectively [122]. Within the same study, the longest follow-up assessment was at five years, 

where the incidence of POCD was 42%. The results of this study concluded that early cases of 

POCD were predictive of cognitive decline at the five-year follow-up [122].  

There has been an emphasis on identifying a distinct form of POCD termed persistent 

POCD when the condition has extended longer than six months following surgery [118]. 

Although six months was an arbitrary time point chosen by the investigators, it is important to 
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recognize that POCD is typically reported to be most common within the first days to weeks 

following surgery. Various studies have led to the conclusion that POCD is not consistently 

demonstrated to persist for longer than three months following surgery [118, 125, 126].  

There are issues related to the comparability of results between studies on cognitive 

decline that examine POCD as the outcome of interest [118]. This arises due to various methods 

and strategies being employed within each study, and the lack of a standardized criteria for 

diagnosis of POCD [118]. Studies also often fail to report details on the severity or time course 

of early POCD [118]. Whether there is an association between POCD and the future 

development of dementia is unknown. A prospective study by Steinmetz et al. (2013), followed 

their sample for a total of 11.1 years after surgery and reported that there was no significant 

association between POCD and the subsequent development of dementia [121]. The HRs for 

dementia development in those with POCD at one week and those with it at three months were 

1.2 (95% CI: 0.5 – 2.8), and 1.5 (95% CI: 0.5 – 4.4), respectively [121]. Therefore, the 

relationship between POCD and dementia remains unclear, but suggests that POCD may act as a 

form of potentially reversible intermediate between surgery and the later development of 

dementia. 

2.6 Literature review on the association between surgery, anesthesia, and risk for 

developing dementia  

A review of available literature on surgery, anesthesia, and the development of dementia 

was done to understand what has been previously examined, and where knowledge gaps still 

exist. Using MEDLINE, keyword searches for combinations of “dementia”, “anesthesia”, 
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“surgery”, “review” and “meta-analysis” were completed. This initial search sought to 

specifically find any systematic reviews or meta-analyses on this topic, as these articles provide 

some of the best summations of work in a subject area. Two systematic reviews were identified 

and examined. The search strategies and results from both systematic reviews [119, 127], were 

used to guide the final, updated literature review conducted for this thesis. 

2.6.1 Review of Seitz et al. 2011 systematic review 

Seitz et al. (2011) examined whether GA was a risk factor for AD in a systematic review 

and meta-analysis [127]. Relevant articles were identified through EMBASE, MEDLINE, and 

Google Scholar, looking for journal articles published between 1980 and 2010. Keywords and 

medical subject headings were used to identify relevant articles, and the reference lists of all 

identified articles were examined for additional references. Fifteen case-control studies were 

identified by the decision makers after implementing the inclusion criteria. Overall, there was no 

significant association between any exposure to GA and the risk for AD (pooled OR = 1.1, 95% 

CI: 0.9 – 1.2, p = 0.4). There continued to be no significant association seen between GA and 

risk of AD within the additional subgroup and sensitivity analyses. The results from all included 

studies were comparable, due to the minimal level of statistical heterogeneity found (Q (df) = 9.8 

(14), p = 0.8, I2 = 0.0%).  

 Two of the fifteen articles identified in this review reported ORs for the risk of AD 

development after receiving GA when compared to RA [128, 129]. The pooled OR for AD 

development associated with exposure to GA was 1.1 (95% CI: 0.6 - 1.7), while the odds for 
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persons receiving RA was 0.7 (95% CI: 0.4 – 1.1) [127]. There was no significant difference 

found between the pooled ORs from the meta-analysis (Q (df) = 0.6 (1), p = 0.5).  

 Due to all the included studies being case-control designs, recall and information bias 

were identified as potential limitations. This were also concerns when assessing past exposures 

to anesthesia among individuals with AD or dementia because the target populations may be 

unable to provide an accurate record of their past exposures. The systematic review and meta-

analysis undertaken by Seitz et al. (2011) found insufficient evidence to conclude there was a 

significant association between GA and AD based on the existing evidence [127]. Subgroup and 

sensitivity analyses were undertaken that further support this conclusion. The insignificance of 

this association is driven by limited clinical recommendations and a lack of strong evidence from 

cohort studies.  

 In 2014, the same research group completed a follow-up review of evidence examining 

the relationship between GA and dementia [37]. There was only one additional prospective study 

identified that used clinically diagnosed AD as the outcome measure [104], however it was 

limited in scope and examined only two cardiac procedures (coronary artery bypass graft surgery 

and percutaneous transluminal coronary angioplasty). Two other prospective studies were 

identified but involved MCI in their outcome definition and measurement [105, 109].  

In addition to prospective studies, this newer update did discuss retrospective studies that 

have been completed. Although the exposure definition was not aligned with the focus of the 

review, another review and nested-cohort study was completed by Vanderweyde et al. (2010), 
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with no evidence supporting the association between GA and an increased risk for the 

development of AD. However, this article did discuss differences between GA and RA. 

2.6.2 Review of Bilotta et al. 2016 systematic review 

A second systematic review was conducted by Bilotta et al. (2016) that also followed up 

on the work done by Seitz et al. in 2011 [119]. The review was conducted searching EMBASE, 

PubMed, and SCOPUS for articles published between April 2010 and February 2016, where the 

authors examined a range of outcomes from POCD to AD. Previous work has focused on 

dementia as the only outcome of interest, which led this author group to include research 

reporting biomarker information, POCD, and other associated conditions in their final review 

[119]. The additional inclusion criteria for this review were studies on humans, and articles in 

English. The results of this systematic review were inconclusive in determining whether there 

was a significant association between surgery, anesthesia, and development of dementia.  

 There were multiple studies identified in this updated systematic review which were 

already included in the previous review by Seitz et al. [127]. Similar to the conclusions from the 

previous reviews, there was no clear associations between the type of anesthesia used during 

surgery and the subsequent risk of developing dementia. This updated review identified three 

newly published studies. Sprung et al. (2013) conducted a retrospective, population-based, 

nested, case-control study using data from the Rochester Epidemiology Project [107, 130]. A 

total of 877 matched case-control sets were formed, and their records were assessed for each 

exposure of GA that occurred between age 45 years and the date they were recruited into the 

study. Overall, there was no significant association between exposure to GA after 45 years of 
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age and the development of physician-diagnosed dementia (OR = 0.9, p = 0.3) [107]. Bowles et 

al. (2016) conducted a cohort study using community-dwelling members of the Adult Changes in 

Thought cohort who were 65 years and older at baseline, and free of dementia [106]. People 

were followed on average for 7 years, and there was no association found between high-risk 

surgery with GA and the risk for development of dementia (HR = 0.9, 95% CI: 0.6 – 1.3) [106].  

 Similar results to those of Bowles et al. (2016) were found by Zuo and Zuo [131] in a 

previous study that was included in the Seitz et al. (2011) review. This research group conducted 

a case-control study, examining patients who had received spinal surgery and following them up 

for at least five-years to assess for the development of AD. There was no significant difference 

in frequency between those who had received GA for spinal surgery and the controls (p = 0.4) 

[131]. However, Chen et al. (2014) also completed a population-based, case-control study using 

reimbursement claims data from the National Health Insurance Research Database in Taiwan 

[83]. The dementia group consisted of people older than 50 years, who were newly diagnosed 

with dementia between 2005 to 2009, while the control group was a four to one frequency 

matched sample using age, sex, and index year. This study concluded that people were at a 

significantly increased risk for developing dementia after being exposed to surgery under 

endotracheal tube intubation and GA (OR = 1.3, 95% CI: 1.3 – 1.4) and after receiving 

intravenous or intramuscular injection GA (OR = 1.3, 95% CI: 1.1 – 1.4) [83]. Therefore, there is 

no clear consensus on the relationship between surgery, anesthesia, and dementia. 
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2.7 Updated literature review 

The purpose of this updated literature review was to identify any recent studies, 

published in 2015 or later, that examined the exposure of anesthesia during surgery and the 

outcome of dementia or AD. Although there is valuable information to be gained from research 

exploring related topics like POCD and delirium, these were not the main focus of this thesis and 

therefore were not considered as relevant outcomes when completing the updated literature 

review. When creating my search terms, the search criteria from Seitz et al. (2011) was the most 

suitable because they included only AD and dementia as relevant outcomes. However, the 

Bilotta et al. (2016) review was assessed in-depth, and relevant publications were included in the 

final literature review summary in Table 1.  

 MEDLINE was searched using adapted criteria from the original literature search 

conducted by Seitz et al. [127]. The list of search terms has been included in Appendix A. 

Additional search criteria included: English language only, journal articles, human studies, full-

text articles, and a focus on middle aged and older populations (45+). The search was limited to 

articles published in 2015 to present, to provide minimal overlap with the results of the Bilotta et 

al. (2016) review. Overall, 71 articles were identified as potentially relevant. These references 

were then manually searched using the titles and abstracts to identify articles that contained 

relevant information.  

 After review, there was only one newly identified study by Yu et al. from 2015 [132]. 

This study was a population-based cohort study following people aged 70 and older who had 

cataract surgery between 2000 and 2009. The data for this study were accessed from the Taiwan 

National Health Insurance Research Database, and the authors concluded that undergoing  



 

 

 

35 

Table 1. Articles of interest from updated literature review on surgery, anesthesia, and the 

development of dementia 

Author Year Study design Anesthesia Outcome Results 
Bilotta et al. 
[119] 

2016 Systematic review Anesthesia 
(GA, SA, RA) 

Cognitive 
disorders 

Evidence of an 
association 

Hussain et al. 
[37] 

2014 Narrative review General 
anesthesia 

Dementia 
(AD) 

Inconsistent 
evidence 

Seitz et al. 
[127] 

2011 Systematic review/ 
Meta-analysis 

General 
anesthesia 

Risk of AD  Pooled OR=1.1 
(95% CI: 0.9 – 1.2) 

Vanderweyde 
et al. [108] 

2010 Systematic review/ 
Retrospective cohort 

GA vs. local 
anesthesia 

Dementia 
and AD 

Hernia: HR=0.7* 
(95% CI: 0.5 – 0.9) 
Prostate: HR=0.7* 
(95% CI: 0.5 – 0.8) 

Aiello 
Bowles et al. 
[106] 

2016 Prospective cohort Anesthesia 
(general vs. 
neuraxial) 

Dementia 
and AD 

No association 
with dementia: 
HR=0.9  
(95% CI: 0.6 – 1.3) 

Sprung et al. 
[109] 

2016 Prospective cohort General 
anesthesia 

MCI 
development 

HR=1.1  
(95% CI: 0.8 – 1.4) 

Liu et al. 
[105] 

2013 Prospective cohort General 
anesthesia 

MCI 
progression 

Significant for 
Sevoflurane 
compared to 
control: 
p<0.01* 

Chen et al. 
[103] 

2014 Retrospective cohort Anesthesia 
(GA, RA) 

Dementia or 
AD 

Increased risk: 
HR=2.0*  
(95% CI: 1.8 – 2.2) 

Lee et al. 
[104] 

2005 Retrospective cohort CABG (GA) vs 
PTCA 
(sedation) 

Dementia Increased risk with 
GA: HR=1.7*  
(95% CI: 1.0 – 2.9) 

Sprung et al. 
[107] 

2013 Case-control  General 
anesthesia 

Dementia OR=0.9  
(95% CI: 0.7 – 1.1) 

 
* Represents statistical significance; SA = spinal anesthesia 
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cataract surgery was associated with a reduced risk for development of dementia (HR = 0.8, p 

<0.01). However, there was no clarification on the anesthesia agent used [132]. 

The final stage of the literature review was to examine the reference list of the study by 

Yu et al. (2015), to determine if any other relevant evidence was missed [132]. Two 

retrospective cohort studies were identified [103, 104]. The first study by Lee et al. (2005) 

compared patients undergoing a high-risk cardiac surgery, coronary artery bypass graft, to a non-

surgical cardiac cohort undergoing percutaneous transluminal coronary angioplasty. This study 

also focused on an older adult population, only including people that were 55 years old and 

greater at the index admission. Cox proportional hazards models were used to compare the risk 

of AD development between groups and the final result suggested that people undergoing 

coronary artery bypass grafts were at an increased risk for the development of AD compared to 

the non-surgical cohort (HR = 1.7, 95% CI: 1.0 – 2.9) [104].  

 The second study by Chen et al. (2014) accessed data from the Taiwan National Health 

Insurance Research Database. This author group created a study cohort of patients who received 

their first exposure to anesthesia since 1995 between January 1, 2004 and December 31, 2007. A 

control group of patients matched on age and gender was then created, and these groups were 

followed up until December 31, 2010 to identify any new dementia diagnoses. Cox regression 

was performed, and the results of this study also supported that patients undergoing surgery and 

anesthesia were at an increased risk for the development of dementia compared to the controls 

(HR = 2.0, 95% CI: 1.8 – 2.2) [103]. Therefore, both additional references supported an 

association between surgery, anesthesia, and the development of dementia. 
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2.7.1 Limitations in current research literature 

After reviewing the evidence on the association between surgery, anesthesia, and the 

development of dementia, there were common limitations identified in this literature. One of the 

main limitations of previous studies was residual confounding [106]. Although various author 

groups included or controlled for patient characteristic and variables, there can be unmeasured 

differences in the study groups. Many studies employed multiple variable regression to adjust for 

these differences, but other techniques have been gaining popularity, including using propensity 

score matching to control for a larger number of confounders [133].  

 There were two main limitations that were identified in the review published by Bilotta et 

al. (2016). The first was the differing outcome measurements used, ranging from delirium to 

dementia. Due to varying outcome measurements being used, this author group was unable to 

complete a meta-analysis, which would provide a summation score of existing literature on this 

topic. The results of a future meta-analysis focused on the development of dementia after 

anesthesia exposure (where the type of anesthesia has been clearly defined), would significantly 

contribute to understanding what type of association may exist. The second issue identified from 

this review was the lack of studies comparing GA and RA [119]. There has been an increase in 

the number of studies focusing on GA and potential associations with dementia, but not RA. 

Uncovering whether there are differences between anesthesia types will contribute to the overall 

understanding of the association between anesthesia and development of dementia aside from the 

effects that surgery may have on dementia regardless of the type of anesthesia utilized for the 

surgery.  
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 In the previous systematic review and meta-analysis by Seitz et al. (2011), one of the 

main limitations was the lack of cohort studies. Although there have been more cohort studies 

published to date, including prospective and retrospective, there were still major limitations 

found including self-reported exposure data, cognitive status at time of surgery being unknown, 

and inclusion of MCI in the outcome definition [106, 107, 109]. After assessing the case-control 

studies, additional recommendations included sufficient sample sizes, selecting controls that are 

confirmed to be cognitively normal, and applying a more common outcome definition for 

dementia across studies [127]. Although some of these issues have been addressed in the existing 

cohort studies, their limitations indicate the need for more robust studies in this field. 

2.8 Conclusion 

As the Canadian population continues to increase in age, chronic conditions like 

dementia and AD will continue to rise in prevalence. As our population continues to grow older, 

the costs of caring for those living with dementia will continue to increase. Understanding the 

risk factors behind dementia and its associated conditions can highlight potential novel areas for 

future intervention. One potentially modifiable risk factor is the type of anesthesia that is 

administered to older adults undergoing major surgery. However, the underlying mechanism 

behind dementia and AD is complex, and the pathological mechanisms are not well understood.  

The information reviewed throughout the literature review suggests that there is a 

potential association between anesthesia and the development of dementia. The results from 

previous studies have been inconclusive, with varying outcomes such as MCI and only AD. 

Previous limitations from these studies include small sample size, short follow-up periods, and 
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focus on individual anesthesia medications (i.e. examining sevoflurane only). This thesis will 

address these previous knowledge gaps and limitations. Using administrative healthcare data, 

there will be sufficient sample size to perform well-powered statistical analyses. An older adult 

population aged 66 years and older will be followed through time for five-years to address 

concerns of short follow-up, and both GA and RA are included. This new information will 

supplement existing literature to provide a more comprehensive understanding of the association 

between surgery, anesthesia, and the future development of dementia amongst older Canadians. 
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Chapter 3 

Methods 

3.1 Overview of study design 

In this thesis, a matched population-based retrospective cohort design was used to 

examine the relationship between exposure to GA when compared to RA among adults, aged 66 

years and older, who underwent one of five elective surgical procedures in Ontario, Canada 

between April 1, 2007 until March 31, 2011. The outcome of interest was the development of 

physician-diagnosed dementia following surgery, and the conceptual model has been presented 

in Figure 1. Using data available from the Institute for Clinical Evaluative Sciences (ICES), 

time-to-event analyses were carried out, including Kaplan-Meier survival curves and Cox 

proportional hazards models, to address three main objectives. These objectives were introduced 

in Chapter 1 and are reviewed in-depth in Chapter 5.  

3.2 Data sources 

3.2.1 Overview of data sources 

This thesis used linked administrative health care databases accessed through the ICES, 

at Queen’s University, Kingston, Ontario. These datasets were linked using unique encoded 

identifiers and analyzed at the ICES. The primary location for the ICES is in Toronto, Ontario, 

and other remote sites operate at various Canadian educational institutions across the province, 

including Queen’s University.  
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Figure 1. Conceptual model outlining the potential association between types of anesthesia 

and the development of dementia 

 
 

 

 

 
The unique identifying code allows for multiple datasets to be linked for research 

purposes, while maintaining privacy and confidentiality of the individual records that are 

included. These identifying numbers are generated using a protected algorithm from ICES and 

uses an individual’s Ontario Health Insurance Plan (OHIP) number to accurately link health care 

information across multiple databases. Due to the algorithm being highly confidential and 

unknown by ICES personnel using patient-level data, this generated key number cannot be 

linked back to an individual’s original OHIP number. The primary databases used in this thesis 

are described in the subsequent sections. 
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3.2.2 The Registered Persons Database (RPDB) 

The RPDB contains demographic information for all residents in Ontario who have ever 

received an OHIP health card number. This database was accessed to gather general information 

on the people within the final study cohort, such as age at the time of surgery, sex, and when 

applicable, a date of death. This database is accessed routinely for this type of information [134-

136]. A previous validation study confirmed that the RPDB has a high degree of accuracy for 

these variables [137]. Information on mortality of study participants was used as a censoring 

event for the time-to-event analyses. 

3.2.3 The Canadian Institute for Health Information – Discharge Abstract Database 

(CIHI-DAD) 

 The CIHI-DAD contains patient-level information for acute, chronic, rehabilitation, and 

day surgery institutions in Ontario, Canada. Information in this database includes: clinical data 

(diagnoses, hospital-based procedures, physicians providing services), demographic data (patient 

gender, date of birth, postal code, country), complications or conditions arising during 

hospitalizations, and administrative data (institution / hospital, admission category, length of 

stay). When creating this database, all Ontario hospital medical records departments submit their 

reports directly to CIHI. CIHI receives this information directly from participating hospitals 

(about 75% of all hospital inpatient discharges in Canada are captured), and datasets are 

available by fiscal year [138]. This amounts to approximately 4.3 million records being added 

annually. In Ontario, a typical year may contain about 1.4 million records alone.  
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Since 2002, this database has used ICD-10-CA coding for medical diagnostic procedures,  

and the type of procedure was recorded using the Canadian Classification of Health 

Interventions (CCI), also known as ICD-10-CCI, for all procedures occurring during a patient’s 

hospital stay [139]. In this thesis, CIHI-DAD was also used to determine the type of anesthesia 

used during a patient’s surgical procedure, complications arising in hospital, admissions to 

various care units (e.g. intensive care units), and additional clinical information. When reviewing 

the data quality for CIHI-DAD anesthetic technique coding, it is of high-quality. There was a 

13.9% discrepancy between the information in the database and the original records [138]. This 

included data that were missing, not coded, or different from that recorded in both sources [138]. 

Along with the various data described above, the outcome of physician-diagnosed dementia also 

used information from CIHI-DAD hospitalizations as part of the outcome definition which is 

described in further detail later in this thesis. 

3.2.4 The Canadian Institute for Health Information – National Ambulatory Care 

Reporting System (CIHI-NACRS) 

 The CIHI-NACRS database captures information on patient visits to hospital and 

community-based ambulatory care settings such as same day surgery, outpatient clinics, and 

emergency department visits. This includes diagnoses, demographics, the main problem 

identified by clinicians during care, and interventions that were completed there [140]. The 

information coming into this database primarily originates from Ontario. The main data elements 

that are found in this database are demographic data, clinical data, administrative data, financial 

data, and service-specific data elements for day surgeries and urgent care.  
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In this thesis, CIHI-NACRS was accessed for additional information on; surgical 

procedures completed as same day surgeries, diagnostic codes for falls within the exclusion 

criteria, and providing data on the pattern of ED visits preceding and following surgery.  

3.2.5 The Same Day Surgery (SDS) database  

 The SDS database contains similar information to that of CIHI-DAD but is restricted to 

corresponding surgical procedures that are completed at day surgery institutions across Ontario. 

This database contains patient-level data, including patient demographics, clinical data, 

administrative data, financial data, and service-specific data elements for day surgery. Since 

April 2003, this database is now derived using information from CIHI-NACRS. Within this 

thesis, the SDS database was used to identify participants who underwent one of the surgical 

procedures examined in this thesis and to identify whether they were eligible for inclusion in the 

study sample. 

3.2.6 The Ontario Health Insurance Plan (OHIP) database  

 The OHIP database contains physician fee-for-service claim payment records. The list of 

OHIP fee and diagnostic codes that were included in this thesis can be found in Appendix B. 

This database contains codes found in the OHIP Schedule of Benefits, and includes both fee 

codes for the physician service provided and diagnostic codes [141]. Along with the codes 

submitted for payment, other data included in the OHIP database are patient and physician 

identifiers, codes for services provided, date of service, and associated diagnosis. The diagnosis 

descriptions and coding are derived from ICD-9. The OHIP diagnostic codes were used in this 
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project to identify fee codes and diagnostic codes used in the definitions of various surgical, 

exposure, outcome, and covariate criteria.  

3.2.7 The Ontario Drug Benefits (ODB) database 

 The ODB database contains information on subsidized prescription medications for all 

individuals over 65 years of age, and for Ontario residents of all ages who are receiving social 

assistance. This database contains information from April 1, 1997 to the current time. Claims 

submitted through the ODB contain information on the medication prescribed (using unique 

Drug Identification Numbers), date of dispensation, number of days and pills provided in the 

prescription, cost, and the prescribing physician. Levy et al. (2003) previously validated the data 

quality of the ODB by comparing the electronic records with physical prescription records and 

found this database to be 99% accurate [142]. Medication data is key for the outcome of interest 

(physician-diagnosed dementia), and to help control for confounders and any markers of diseases 

of interest.  

All of the major databases that were accessed through ICES have been presented in the 

previous sections. Additional ICES-derived cohort and specialized databases that were accessed 

have been outlined and presented in Table 2. 
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Table 2. Databases accessed through ICES and relevant information extracted 

Variables Database accessed Information retrieved 

Demographics Registered Persons Database 
(RPDB) Demographics (Age, sex) 

 
CIHI-Discharge Abstract 
Database (DAD), 
CIHI-Same Day Surgery (SDS) 

Index year 

 Ontario Marginalization index 
(ONMARG) Deprivation level (quintiles) 

   

Medical comorbidity 
CIHI-DAD, 
Ontario Health Insurance Plan 
(OHIP) 

Used for ADG groups, 
Charlson Comorbidity index 

 Ontario Drug Benefits database 
(ODB) 

Unique number of 
medications 

   

Medical conditions CIHI-DAD,  
OHIP 

Head trauma, 
Chronic renal disease, 
Obesity, 
Stroke, 
Anxiety disorder, 
Depression, 
Mild cognitive impairment, 
Mood disorders, 
Parkinsonism, 
Schizophrenia 

 Ontario Diabetes Database 
(ODD) Diabetes mellitus 

 Congestive Heart Failure 
database (CHF) Congestive heart failure 

 Hypertension database (HYPER) Hypertension 

 Ontario Myocardial Infarction 
Dataset (OMID) 

Ischemic heart disease 
(angina pectoris / myocardial 
infarction) 

 Asthma database (ASTHMA) Asthma 

 Chronic obstructive pulmonary 
disease database (COPD) 

Chronic obstructive 
pulmonary disease 

   

Medications ODB 
Drug reimbursement records 
in Ontario for: 
Antidepressants, 
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Antipsychotics, 
Benzodiazepines, 
Opioids, 
Statins, 
and calculated an 
Anticholinergic Risk Score 

   

Health services utilization CIHI-National Ambulatory Care 
Reporting System (NACRS) 

Any emergency department 
visit 

 CIHI-DAD Any inpatient admission 

 Ontario Mental Health 
Reporting System (OMHRS) 

Any psychiatric facility 
admission 

 ICES Physician Database 
(IPDB) 

Physician visits to: 
Any family/general 
practitioner visit, 
Geriatrician, 
Neurologist, or 
Psychiatrist 

 Home Care Database (HCD), 
RAI-Home Care (RAI-HC) 

Home care services and 
patient characteristics for 
subgroup analysis 

   

Perioperative variables CIHI-DAD Surgical procedure, 
Anesthesia type 

 IPDB 

Physician visits to: 
Any anesthesiologist, 
Cardiologist, or 
Respiratory specialist 

 Institution database (INST) Hospital type 
 OHIP ASA Score 

 CIHI-DAD, OHIP Complications associated 
with index surgery 

 CIHI-DAD Length of stay information 
   

Post-operation variables CIHI-NACRS Any emergency department 
admission 

 CIHI-DAD Any inpatient admission, or 
Return to the operating room 

 CIHI-DAD, OHIP Admission to an intensive 
care unit 

 CONTACT Outcome (No healthcare 
contact for >1 year) 
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3.3 Study sample 

The study sample for this thesis included community-dwelling older adults, who 

underwent one of five elective surgical procedures with either GA or RA in Ontario, between  

April 1, 2007 and March 31, 2011. The ICD-10-CCI codes that were used to define each of the 

procedures are outlined below, along with all additional inclusion and exclusion criteria. 

3.3.1 Inclusion criteria 

For this thesis, older adults have been defined as anyone aged 66 years and older. This 

age limit was implemented because all individuals in the study would have information on 

prescribed medications available in the ODB database for at least one year. Benefits from the 

ODB begin at age 65, and this data was used for the outcome of interest, development of 

dementia.  

After including individuals in the appropriate age range, the study sample was restricted 

to those individuals who received one of five specific surgical procedures. These surgeries were 

hip replacement, knee replacement, inguinal hernia repair, hysterectomy, and prostatectomy. The 

definitions for these procedures are outlined later in this chapter, and the individual must have 

undergone surgery between April 1, 2007 and March 31, 2011 in Ontario, Canada. These dates 

were chosen because of coding changes that were implemented in 2002, and to ensure adequate 

follow-up information including a minimum of 5 years of follow-up data was available for all 

included records in this thesis. The CIHI-DAD began using ICD-10 coding definitions since 

2002 and including persons who underwent surgery during or after April 2007 ensured that all 

relevant lookback (up to five-years) and follow-up information (up to five-years) would be 
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comparable. As well, these dates were seen to represent the current situation in anesthesia 

administration, and further analyses prior to 2007 may lead to differences in medications 

commonly administered for persons undergoing surgery with GA or RA. 

The index date for all individuals included in this thesis was the date that a surgical 

procedure of interest was completed. In Ontario, the average age of an individual living with 

dementia is 81.5 years old [35]. After cohort entry, individuals were followed for up to a 

maximum of five years to ensure that any associations found were minimally influenced by time 

and aging. After this five-year follow-up period, the youngest individual in this thesis was 71 

years of age, and many individuals in the study sample would be of an age where there is a 

relatively high baseline risk of dementia due to the advanced age alone. The greatest risk for 

developing dementia begins after the age of 65, and the risk of dementia doubles every five-

years [26]. 

3.3.2 Exclusion criteria 

 To limit confounding and create a more homogeneous base study sample from which to 

compare GA and RA on the development of dementia, multiple exclusion criteria were used in 

this thesis to restrict the study sample. The complete list of relevant contraindications, 

exclusions, and all relevant ICES codes are presented in Appendix C. 

 Hip replacement surgeries can be performed for either hip replacement or undertaken to 

repair a hip fracture caused by trauma. As this thesis was focused on elective surgical 

procedures, hip replacement procedures that were due to trauma, or considered an emergency 

procedure, were excluded. Major trauma has been shown to increase the risk for development of 
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dementia, and trauma incorporated a wide range of cases. This definition included, but was not 

limited to falls, motor vehicle accidents, and sporting accidents [6].  

Within CIHI-DAD, any individual who presented with anesthesia codes other than those 

used for the exposure definition were excluded from this study. This was done due to the variety 

of coding possibilities and led to the exclusion of anyone who: had their surgery out-of-hospital, 

received both GA and RA, underwent other forms of nerve blocks, had unmonitored anesthesia 

administration, received local anesthesia with no anesthetist, and received no anesthesia. These 

codes are provided in Appendix C.  

Anyone who was residing in LTC residences (e.g. nursing homes), was also excluded 

from this thesis. This was defined using an indicator for LTC on prescribed medications captured 

in the ODB for the 120 days preceding the index date. These persons were excluded because of 

potential differences in baseline risk for dementia development, as well as differences in care 

prior to and following surgery. Approximately 98% of older adults living without dementia were 

living in the community in 2008, and impaired cognitive states have been previously associated 

with an increased risk for institutionalization [5, 143]. Any previous cognitive impairment could 

lead to differential development of dementia following anesthesia exposure. Another study 

suggested an increased risk for the development of dementia in cognitively normal adults 

because they are aging in place at a LTC facility [144]. Due to these potential differences in 

baseline cognitive state and risk for dementia development between persons residing in the 

community and LTC, these populations were considered to be different in their risk for 
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developing dementia and individuals who were residing in LTC prior to surgery were excluded 

from the study sample.  

A previously validated ICES algorithm was used to identify any persons with evidence of 

physician-diagnosed dementia within the five-year period preceding cohort entry [35]. Anyone 

with a diagnosis of dementia preceding the index date was excluded from the study sample. 

Records with an invalid date of birth, an invalid admission or discharge date, and/or an invalid 

procedure date were also excluded from this study. Records with missing data for the variables 

being assessed and adjusted for in this study were removed from the final study sample.  

 To control for potential exposures to surgery and anesthesia preceding the index surgical 

procedure, any individual who received surgery with anesthesia in the five-years preceding the 

index date also was excluded. This was not limited to the five procedures being examined and 

included any surgical procedure that involved one of the anesthesia methods of interest in this 

thesis. Receipt of any surgical procedure was identified through surgical procedure codes and 

relevant anesthesia codes associated with that procedure in CIHI-DAD.  

The last set of exclusion criteria addressed anyone with a relative contraindication to RA. 

Contraindications for RA were identified as medical conditions (e.g. aortic stenosis), 

medications associated with increased risk of bleeding (e.g. warfarin or oral anti-platelet agents), 

and medical conditions that are associated with receipt of anticoagulant medication (e.g. atrial 

fibrillation) [96]. 
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3.4 Surgical procedures 

The surgical procedures included in this thesis were chosen because they are routinely 

performed using both GA and RA techniques. These procedures were hip replacement, knee 

replacement, inguinal hernia repair, hysterectomy, and prostatectomy. They are also relatively 

common procedures carried out in Ontario, and other similar health care systems. This group of 

surgeries was chosen because they provide variation in procedural complexity, which may be 

independently related to the underlying association for development of dementia following 

surgery. Surgeries with a known high risk of neurological complications such as cardiac surgery 

or neurosurgical procedures, were excluded to reduce the impact that the procedure itself may 

have on the association of interest. The possible moderating effects of surgery type on the 

association between anesthesia and the development of dementia are addressed in the second 

objective of this thesis.  

All codes used to define these procedures in the CIHI-DAD and SDS databases are 

presented in Table 3. When defining an elective procedure, the admission category (ADMCAT) 

variable available within CIHI-DAD was used. Relative to surgical procedures in this thesis, the 

ADMCAT distinguishes between; elective (L), urgent (U) and emergency (E) procedures. 

Individuals who had a surgical procedure of interest where the ADMCAT was recorded as ‘L’ 

for their index procedure were eligible for inclusion in the study sample.  
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Table 3. Surgical procedure definitions using ICES databases 

Surgical procedure Databases (Variable) Codes used (ICD-10-CCI) 

Hip Replacement  
CIHI-DAD (INCODE1-20), 
CIHI-SDS (INCODE1-20) 

1.SQ.53.XX,  
1.VA.53.XX 

Hysterectomy  
CIHI-DAD (INCODE1-20), 
CIHI-SDS (INCODE1-20) 

1.RM.89.XX 

Inguinal Hernia Repair 
CIHI-DAD (INCODE1-20), 
CIHI-SDS (INCODE1-20) 

1.SY.80.XX 

Knee Replacement  
CIHI-DAD (INCODE1-20), 
CIHI-SDS (INCODE1-20) 

1.VG.53.XX,  
1.VP.53.XX 

Prostatectomy  
CIHI-DAD (INCODE1-20), 
CIHI-SDS (INCODE1-20) 

1.QT.91.XX 

 
 
 
 

The complexity of the surgeries were determined using a combination of mortality rates 

following surgery [145], and a pre-existing classification system [146]. The most complex 

surgery in this study was hip replacement, followed by knee replacements, prostatectomies, 

hysterectomies, and the least complex were inguinal hernia repair [145, 146]. As a potential 

confounder, the type of surgery was controlled for by matching because all included surgeries 

could be completed with either GA or RA. 

3.5 Exposure definition 

To identify the type of anesthesia used for the surgery, the INATEC1-20 variables from 

CIHI-DAD were used. The INATEC variable consists of 10 unique codes for the type of 

anesthesia administered, ranging from 0 – 9. For GA, this thesis used code 1 (General) from the 

INATEC variable. There was no additional information provided on the specific medications 

used for GA in the CIHI-DAD. When classifying an exposure to RA, both codes 2 (Spinal) and 3 
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(Epidural) were included. No additional information on RA medications was available. The 

remaining INATEC codes, 0 and codes 4-9, were excluded and their descriptions are provided in 

Appendix C. The CIHI-DAD was reviewed for accuracy [138], and these exposure definitions 

have been used in another recent study [96]. However, this previous study limited RA to code 2 

(spinal anesthesia) and focused on only hip fracture surgery. 

3.6 Potential confounders and additional covariates 

Several factors that are associated with an increased risk of bleeding complications and 

low blood pressure, can contribute to the choice of anesthesia and are also possibly associated 

with the outcome of interest. These factors were defined as potential contraindications to RA, 

and they were used to exclude individuals from the final study sample. However, other 

covariates independently associated with the development of dementia were given additional 

consideration as potential confounders.  Detailed information on the risk factors for dementia 

and the complete list of relative contraindications for RA are outlined in Chapter 2. 

3.6.1 Demographic variables 

 Basic demographic information was used to explore the baseline characteristics of the 

anesthesia groups and to control for potential confounding from these factors. Also, these 

characteristics are directly involved in the analyses relevant to the third objective. Both age and 

sex are associated with the development of dementia [5, 9]. To control for any potential 

confounding; age, sex, and the calendar year of index surgery was matched between people 

receiving GA and RA. The calendar year was included due to any underlying differences in the 

types of anesthesia administered overtime during the study period.  
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Socioeconomic status and low educational attainment are risk factors for dementia [8]. 

This information was assessed using the deprivation score from the Ontario Marginalization 

Index database. These scores were created using the Canadian Marginalization Index tool 

developed by Matheson et al. (2012) [147]. This tool categorizes geographic areas into 

deprivation quintiles, with higher scores representing the most deprived areas in Ontario. When 

creating this tool, the author group used principal components factor analysis to determine the 

four major criteria that would capture overall marginalization. These factors were residential 

instability, material deprivation, ethnic concentration, and dependency. To validate this tool, the 

same author group examined the association between the new deprivation scores with 18 health 

and behavioural problems previously identified in the Canadian Community Health Survey 

(cycles 3.1 and 2007/08). Using multilevel logistic regression modelling, there were significant 

associations between each index criteria and the selected health and behaviour problems, and the 

association varied depending on the factor being examined. The index also demonstrated 

stability across time and geographic area [147].  

3.6.2 Medical comorbidity 

 Medical comorbidity was captured using Aggregated Diagnostic Groups (ADG) from the 

John Hopkins Adjusted Clinical Group case-mix system [148], as well as the Charlson 

Comorbidity Index [149, 150]. The mean number of diagnostic groups for each individual were 

compared between anesthesia groups as a measure of medical comorbidity, as well as the 

average Charlson comorbidity score. Relevant diagnoses from hospitalizations and outpatient 

visits were identified in the CIHI-DAD using a three-year lookback period for both variables, 
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starting at the date of surgery. Higher values for either comorbidity score represented higher 

medical morbidity, and the potential for greater mortality.  

The unique number of medications prescribed within one year prior to the index surgery 

was recorded and has been previously used to predict morbidity and mortality [96, 151]. 

Multiple comorbidity measurements were included to help identify any significant differences in 

comorbidity that may exist between the anesthesia groups.  

3.6.3 Medical conditions 

 Due to the advanced age of this study population, chronic diseases are common and need 

to be considered as potential confounders. By comparing specific medical conditions of interest, 

this thesis evaluated the anesthesia groups for any differences in the distribution of medical 

conditions between exposure groups. The CIHI-DAD, OHIP, and several other ICES-derived 

databases such as the Asthma and COPD cohorts were used to identify medical conditions of 

interest. Neurological conditions that were identified as risk factors for dementia include: MCI, 

previous head trauma, parkinsonism, and stroke [8, 71]. Individual psychiatric conditions were 

also identified and recorded due to their potential for influencing the future development of 

dementia. These conditions include: depression, anxiety disorders, mood disorders, and 

schizophrenia.  

Cardiovascular risk factors have also been identified as consistent risk factors for 

dementia, and related conditions such as congestive heart failure, hypertension, and ischemic 

heart disease were included. Obesity was grouped within this category for organizational 

purposes, and is another significant risk factor for the development of dementia independently 
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[8]. The remaining conditions that were compared due to their associations with the development 

of dementia were chronic renal disease, chronic obstructive pulmonary disease, and asthma 

[152]. 

3.6.4 Medications 

 The total number of unique medications taken in the year preceding surgery was captured 

in the medical comorbidity section. Polypharmacy is an increasing concern amongst the older 

populations, and the specific medications included could potentially identify relevant diseases or 

medical conditions in this population. We identified use of antidepressants, antipsychotics, 

benzodiazepines, opioids, and statins as these medications can be used to treat conditions which 

may be risk factors for dementia or directly contribute to cognitive impairment. These 

medication categories were compared between anesthesia groups to control for any additional 

potential confounding that may have existed. 

The Anticholinergic Risk Score was calculated to compare differences in exposure to 

anticholinergic medications, which can cause cognitive impairment [153]. The average 

Anticholinergic Risk Score for each person was calculated and then compared between 

anesthesia exposure groups. When calculating this score, previously identified medications were 

assigned a score of 0-3, according to each medication’s association with anticholinergic adverse 

effects. Higher Anticholinergic Risk Score total scores are associated with an increased risk for 

potential adverse effects including cognitive impairment, and therefore could be associated with 

potential higher risk for dementia [153].  
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3.6.5 Health service utilization 

 Health services utilization and physician visits were summarized for comparison between 

the anesthesia groups for one year preceding the index surgery. These services included: any 

emergency department visits, inpatient hospital admissions, mental health inpatient hospital 

admissions, and use of home care services. Emergency department visits were identified within 

the CIHI-NACRS database, while inpatient admissions comprised of hospitalizations or services 

recorded in the CIHI-DAD. Mental health admissions were any psychiatric facility admission 

captured in the Ontario Mental Health Reporting System. Any increased use of healthcare 

services was included as reflecting a potential increase in baseline risk for the development of 

dementia. Psychiatric facility admissions were particularly important to control because these 

may capture cases of undiagnosed cognitive impairment prior to surgery, leading to greater 

potential for development of dementia afterwards. Controlling for any differences was important 

to reduce the chance of confounding.  

 The frequency of physician visits in the year preceding the index surgery was also 

compared. These visits included the average number of visits to a family physician or general 

practitioner in the year preceding index, as well as any record of visits to physicians with 

expertise in dementia including geriatricians, neurologists, and psychiatrists. Specialist visits 

were identified using the ICES physician database. The average number of visits to a general 

practitioner were compared to capture medical complexity. A higher number of visits would 

possibly represent a more medically complex group. However, visits to more specialized 

physicians, such as geriatricians, neurologists, and psychiatrists, were compared because these  
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physicians can be involved in the assessment or diagnosis of dementia and cognitive decline. 

Higher frequencies of visits to any of these specialists represents an increased potential for some 

degree of existing cognitive decline, or early stage of dementia to be present. Any difference in 

cognitive decline existing between the baseline anesthesia groups needs to be carefully 

considered so it does not impact the final estimate for the association of interest between type of 

anesthesia and development of dementia.  

 The last category of data used for comparison was home care services, which consisted 

of any relevant records in the Home Care database. This was used to capture differences in 

morbidity and functional abilities prior to surgery. 

3.6.6 Home care - Resident Assessment Instrument variables  

There were potential confounders identified in this thesis that could not be measured or 

directly controlled. Some of these risk factors for dementia include smoking, educational 

attainment, and physical inactivity [8]. Although this information was not directly available for 

the entire study sample at the time of surgery, additional information from the Home Care 

Resident Assessment Instrument (RAI) allowed for a subset of the study sample to be compared 

on these variables across exposure groups. This information was available in the Home Care 

(HCD) and RAI-HC databases at ICES. The nursing home RAI was developed to encourage 

improvements in LTC facilities and the care they provide through changes in patient-care 

protocol, care screening, and reporting of patient health status [154]. This assessment tool was 

created using the Minimum Data Set as the primary source of patient information and provides 

additional assessment tools for creating care plans according to patient condition.  
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Hawes et al. (1997) validated this tool in the US across 10 states and within 269 

randomly selected nursing homes. This involved more than 4,000 residents, and implementing 

RAI regularly was associated with improvements in process quality, resident functional 

outcomes, and reduced hospitalization [155]. The extracted information for comparison in this 

thesis was: smoking status, obesity, education level, and an individual’s score on the Depression 

Rating Scale assessment, which are recorded in the Home Care – RAI for individuals who were 

receiving home care services prior to surgery [156]. 

3.6.7 Perioperative variables  

 Perioperative variables were recorded for all individuals including the type of hospital 

where the index surgery was performed and the American Society of Anesthesiologists (ASA) 

score. Hospital type was taken from a smaller Institution database available from ICES, and the 

classifications of interest were: small, community, and teaching locations. The ASA Physical 

Status classification is used to capture an individual’s health status at the time of surgery and was 

taken from the OHIP database. There are five classification levels (I – V), and persons with 

higher scores are more medically complex patients [157]. However, only scores of III and higher 

have associated OHIP billing codes. Sankar et al. (2014) evaluated the ASA score inter-rater 

reliability using 10,864 adult patients undergoing elective non-cardiac surgery at quaternary-care 

teaching institutions in Toronto, Ontario, Canada. The accrual period was from March 2010 until 

December 2011, and ASA scores were compared from the preoperative assessment clinic versus 

the operating theatre. There was moderate inter-rater reliability (k = 0.6), and there were 

correlations between the ASA score and markers of patients’ preoperative health status such as 



 

 

 

61 

age (Spearman’s r = 0.2), Charlson comorbidity index (r = 0.2), and revised cardiac risk index 

(r = 0.4) [158]. 

 Physician consultations to specialists who are involved in the pre-operative assessment of 

medically complex individuals were recorded in the 90 days preceding the index procedure. 

Anesthesiologist visits prior to surgery were considered to reflect more complex patients 

requiring pre-operative consultations. Other specialist visits included respirology and cardiology 

physician specialists. Detailed length of stay information was taken from records in CIHI-DAD, 

including averages for: index operation length, the total index admission time, any index 

admission time spent in alternate levels of care, and any time in alternate levels of care for up to 

one year following surgery. Differences seen in these average lengths of stay variables may 

suggest differences in serious complications between groups or support potential for major 

confounding. Medical complications following surgery were captured using the CIHI-DAD, 

where any comorbid condition arising after admission was included. OHIP diagnostic codes 

related to surgical complications also were recorded. 

3.6.8 Postoperative variables 

  Following the index surgery, any unplanned returns to the operating room were recorded 

for up to 30 and 90 days post-operation. These admissions were captured in the CIHI-DAD. Any 

return to the operating room was a major complication, and independently had the potential to 

increase the risk for future development of dementia. Along with capturing recovery differences 

between each anesthesia group, any recorded returns to an emergency department in CIHI-
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NACRS were compared. This was done for 30 and 90 days post-operation, continuing to control 

for differences in the recovery phases of each study group.  

A third variable compared between anesthesia groups to capture general morbidity 

following surgery was any inpatient readmission recorded in CIHI-DAD within 30 and 90 days. 

Last, any transfers to intensive care units were captured from the CIHI-DAD and OHIP 

databases for the same 30 and 90-day follow-up periods after surgery. This method has been 

previously defined and validated [159]. 

Following surgery, the last set of variables to be compared between persons receiving 

GA and RA was rehabilitation service utilization. The frequency and duration of rehabilitation 

services after 30 and 90 days post-operation were considered. To capture any significant 

differences in rehabilitation, any inpatient rehabilitation admission in the National Rehabilitation 

Reporting System was recorded. For chronic care, any admission to a complex continuing care 

bed within the Continuing Care Reporting System was also extracted for assessment. Length of 

stay information was recorded for admissions into both of these facilities, including the acute 

admission length of stay, the total admission length of stay, and any time spent in alternate levels 

of care. 

3.7 Outcome measurement 

3.7.1 Dementia algorithm 

 A previously validated algorithm using codes from the CIHI-DAD, OHIP, and ODB 

databases was used to define physician-diagnosed dementia within five years following surgery. 

There must have been one hospitalization record (CIHI-DAD), or three physician claim records 
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at least 30 days apart in a two-year period (OHIP), or one prescription drug reimbursement 

record for the specified cholinesterase inhibitors (ODB) [35]. The original report distinguished 

this algorithm as unique to persons aged 66 and older due to the universal availability of ODB 

data for anyone in that age group.  

3.7.2 Outcome codes for administrative data  

 Hospitalization records were gathered from the CIHI-DAD database, where the 

DXCODE1-25 variables were searched for relevant entries. The ICD-10 codes included for this 

thesis were dementia with AD (F00), vascular dementia (F01), dementia with other diseases 

classified elsewhere (F02), unspecified dementia (F03), and AD (G30). When searching the 

OHIP database for relevant physician claim records, the algorithm used ICD-9 codes for senile 

and presenile dementia (290), and other cerebral degenerations (331). The final potential 

indicator for the development of dementia was a drug reimbursement claim in the ODB for 

donepezil, galantamine, or rivastigmine. The full list of Drug Identification Numbers (DIN) for 

each of these medications have been included in Table 4. These medications are approved for 

the treatment of AD symptoms in Canada.  

3.7.3 Validation of dementia algorithm 

 To validate the accuracy of this algorithm, Jaakkimainen et al. (2016) used family 

physicians’ electronic medical records as the reference standard for assessing performance [160]. 

This algorithm had a sensitivity of 79%, a specificity of 99%, a positive predictive value of 80%, 

and a negative predictive value of 99% [35, 160]. When considering the risk of outcome 

misclassification, the high specificity of this algorithm indicates there is likely minimal risk of  
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Table 4. DINs included in the algorithm for physician-diagnosed dementia 

Medication DINs  

Donepezil 

2362260, 2362279, 2402645, 2402653, 2404419, 2404427, 2232043, 2232044, 

2322331, 2322358, 2328666, 2328682, 2340607, 2340615, 2359472, 2359480, 

2381508, 2381516, 2397595, 2397609, 2400561, 2400588, 2402092, 2402106, 

2416948, 2416956, 2428482, 2428490, 2412861, 2426943, 2426951, 2439557 

Galantamine 

2266717, 2266725, 2266733, 2316943, 2316951, 2316978, 2339439, 2339447, 

2339455, 2377950, 2377969, 2377977, 2398370, 2398389, 2398397, 2420821, 

2420848, 2420856, 2425157, 2425165, 2244298, 2244299, 2244300, 2425173 

Rivastigmine 

2242115, 2242116, 2242117, 2242118, 2245240, 2305984, 2305992, 2306018, 

2306026, 2306034, 2306042, 2306050, 2306069, 2311283, 2311291, 2311305, 

2311313, 2324563, 2324571, 2324598, 2324601, 2332809, 2332817, 2332825, 

2332833, 2336715, 2336723, 2336731, 2336758, 2401614, 2401622, 2401630, 

2406985, 2406993, 2407000, 2407019 

 
 
 
 
 
 
overestimating dementia development. However, because the type of anesthesia administered 

will not impact the results of this algorithm, we would anticipate non-differential 

misclassification of dementia outcome occurrence between anesthesia exposure groups, and any 

false negatives (due to the low sensitivity) should likewise be relatively similar between the two 

anesthesia exposure groups. Therefore, the algorithm was deemed appropriate as-is for 

identifying the primary outcome of interest, development of dementia. 
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3.8 Data management 

Before accessing the final dataset for this thesis, a dataset creation plan was submitted to 

ICES. This form outlined the variables and databases needed to extract relevant patient 

information and gave detailed descriptions of the primary exposure and outcome definitions. 

Additional covariates of interest were also outlined in this form. Due to the potential for 

confidential information to be linked within administrative healthcare data, the final dataset was 

generated by a senior analyst at ICES to ensure there were no personal identifiers remaining in 

the dataset. This dataset plan also served as the application form to access information from 

restricted-use ICES databases. All variables of interest were checked for missing or inaccurate 

data using univariate statistics prior to further statistical analyses.  

3.9 Comparison of baseline characteristics between GA and RA groups 

 The baseline characteristics for individuals who received GA and RA were compared in 

the initial unmatched cohort to identify and control for any imbalanced patient characteristics 

that may act as confounders. This comparison also determined which covariates to statistically 

adjust for in subsequent analyses, by including imbalanced variables in the propensity score 

model. Categorical variables, including binary variables, were compared using the Chi-square 

test to assess differences in proportions. When assessing continuous variables between the GA 

and RA groups, the Mann-Whitney U test was used because all variables were not normally 

distributed, and it is as efficient as the t-test on samples that are normally distributed [161]. Due 

to the large sample size, a previously validated standardized difference of 0.1 or greater was used 

when comparing the anesthesia groups to indicate covariate significant covariate imbalance [133, 
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162]. This was done because large samples can result in statistically significant results between 

exposure groups that are not clinically or practically meaningful. 

3.10 Propensity score 

 When designing an observational study, the lack of randomization between exposure 

groups can lead to significant confounding from baseline characteristics or other unmeasured 

factors. Although regression analysis is commonly used when analyzing study data to control for 

potential confounding, another strategy that has been recently supported is the use of a 

propensity score [133]. The propensity score represents the probability of being assigned to a 

specific exposure or treatment group of interest, conditional on observed baseline characteristics. 

This score is estimated using a logistic regression model, where the exposure status is regressed 

on the known baseline characteristics. Compared to randomized studies, the probability of 

assignment to each treatment group is known and defined through study design [133]. 

3.10.1 Creating the propensity score 

 A logistic regression model was created with the full cohort (N = 41,676) to estimate the 

probability of receiving GA compared to RA, using a combination of previously selected 

baseline factors, and covariates that were found to be significantly imbalanced prior to matching. 

Factors that were included a-priori included age, sex, and index surgical procedure due to their 

potential predictive effect on the outcome of a dementia diagnosis. Imbalanced factors were 

identified using a standardized difference larger than 0.1, as outlined in the preceding section of 

this thesis [133]. Controlling for covariate imbalance with the propensity score also allowed us 

to reduce the potential number of covariates incorporated in the final adjusted model to prevent 
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overfitting our regression models. Logistic regression is the most commonly used procedure to 

develop propensity scores [133]. 

3.10.2 Propensity score matching 

By matching on the propensity score, a greater proportion of systematic differences in 

potential baseline confounders between persons receiving GA versus RA can be reduced [96, 

133]. Caliper matching was used, where the caliper width was equal to 0.2 standard deviations 

(SD) of the logit of the propensity score. This was done to minimize the mean squared error of 

the estimated effect measurement [133]. After the propensity score matching was completed, the 

baseline characteristics of the GA and RA groups were assessed again for covariate imbalance. 

After the exposure groups were matched, the data was no longer independent, and 

different statistical tests were needed to assess covariate balance within the matched sample. Due 

to the paired nature of the data, a McNemar’s test was more appropriate for comparing binary 

and categorical variables between the GA and RA groups after matching. When continuing to 

assess the continuous variables, the Wilcoxon signed-rank test was used. However, the same 

threshold of a standardized difference of 0.1 or greater was used instead of statistical 

significance to indicate imbalance. If there were any imbalanced covariates after matching, these 

covariates could be adjusted for using the Cox proportional hazards model. This will allow for 

even greater control over any potential confounding due to measured confounders. 

3.11 Matching 

Matching was completed to reduce potential confounding. A 1:1 ratio of GA: RA was 

used for matching individuals who underwent the same surgery. Along with the surgical 
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procedure itself, additional variables that were matched on included: age within one year, sex, 

the exact year of cohort entry (the index year), and propensity score within 0.2 SD of the logit of 

the score. Matching on the propensity score served to balance any remaining confounders for the 

association of interest.  

3.12 Time-to-event analysis of outcome  

The outcome of interest in this study was time to the development of physician-

diagnosed dementia. Using the previously defined algorithm, this served as our event of interest 

for survival analyses using both Kaplan-Meier survival curves and Cox proportional hazards 

models. When considering a time-to-event analysis, two main requirements are an adequate 

follow-up period and a defined status at the end of follow-up [163]. The binary outcome of 

interest was development of dementia. The maximum follow-up period was restricted to five 

years, and adequate data were available for all members of the study cohort. When the true time 

to event is unknown, survival analysis incorporates these observations as censored events. In this 

thesis, four additional outcomes were considered, and these were treated as right-censored 

observations (described below). 

3.12.1 Kaplan-Meier survival curves 

 Kaplan-Meier survival curves were used to provide visual summaries of survival over 

time for both groups, while allowing censored patients to contribute useful information up until 

their censoring event [163]. The log-rank test statistic was used to compare differences in the 

development of dementia following surgery between GA and RA groups. This was the first step 
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to addressing objective one and understanding whether the type of anesthesia administered for 

surgery impacted the risk for development of dementia. 

 The index date for these analyses was the date of surgery, and there was no minimum 

follow-up time. Following the index date, the follow-up period was fixed to a maximum of five-

years. Focusing on adults aged 66 and greater, advancing age throughout the follow-up period 

could present an independent risk increase for the development of dementia [5]. Along with 

controlling for these effects through matching, limiting the follow-up length can provide 

additional methods for reducing the impact increasing age can have on the association of interest 

between type of anesthesia and development of dementia. Anyone who reached the end of their 

five-year follow-up without experiencing the event of interest was treated as a right-censored 

case.  

 To reduce any loss to follow-up due to external factors such as migration out of the 

province, the ICES health system CONTACT database was utilized. If an individual showed no 

evidence of contact with the health care system for one complete year prior to the development 

of dementia or a censoring event, then that individual was censored at the last date of health care 

contact. With everyone in this study being of an advanced age, the risk for loss to follow-up due 

to these indirectly related events was expected to be low because of limited residential changes 

and occupation-related movement in this population. 

Additional censoring events included either receipt of another surgery with anesthesia 

during the follow-up period after the index surgery and death. By controlling for multiple 

anesthesia exposures, the ability to detect an association between a single exposure to either GA 
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or RA, and the future development of dementia is strengthened. However, this also imposes a 

limitation where dose-response relationships between exposure to multiple surgeries with 

anesthesia and outcomes cannot be examined. Although this thesis did not incorporate repeated 

exposures into the analysis, future studies could develop this topic further to understand any 

cumulative effects of multiple surgery and anesthesia exposures. 

3.12.2 Cox proportional hazards models 

The Cox proportional hazards model is a semi-parametric regression analysis where the 

baseline hazard has an undefined form, and covariates are entered into the model linearly [164, 

165]. This modelling technique is important for time-to-event analysis because it allows the 

researcher to adjust the final estimate of association using multiple covariates, incorporating 

either continuous or categorical data. Cox models were used to compute HRs and 95% CIs for 

the association between type of anesthesia and development of dementia. These resulting HRs 

provide an estimate of the association’s effect if the produced model is found to sufficiently fit 

the data. For the final assessments with the matched sample, previous work on propensity score 

matching has shown that ignoring the paired nature of the data can result in inaccurate statistical 

significance levels, incorrect CIs, and overestimations of sampling variability for the estimated 

effect [166]. To account for the paired nature of this data, the analysis employed stratification on 

the matched pairs and the results of this stratified analysis were used for all the final matched 

analyses [167].   

The primary assumption to consider with a Cox proportional hazards model is that the 

relative hazard between the exposure groups is consistent over time. This was assessed by 
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plotting the negative of the log-survivor function over time, where ideal conformity produces an 

increasing straight line as time progresses. To further explore this assumption, the anesthesia 

groups data were compared using graphs of the log-negative-log survival function plotted against 

time. The resulting graph should be parallel to indicate that the risks in each group are 

proportional over time. 

Along with the consistent relative hazard between the GA and RA groups, another 

important assumption was that all censoring events were non-informative in nature. When a 

study has informative censoring, individuals are being lost to follow-up due to reasons that may 

be associated with the outcome. As this study used administrative healthcare data, the major 

censoring events included were subsequent surgery with anesthesia, death, and no contact for 

one year or more with the healthcare system. To control for any informative censoring with 

death, all individuals who died within 90 days of their surgery completion were assessed in an 

additional sensitivity analysis. When considering the loss of contact with the healthcare system, 

this censoring event was independent from the study because the older age group being studied 

should minimize frequent movement in and out of the province or country, especially following 

a major surgical procedure. Finally, repeated exposure to anesthesia may be related to a 

procedure needing to be performed again, but these cases are difficult to identify with 

administrative healthcare data and were not considered to violate the non-informative nature of 

censoring events. These considerations were used to ensure that any censoring was non-

informative, and reduced any potential bias that could be introduced into the resulting Cox 

proportional hazards models and HR estimates [168].  
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The origin time for these analyses was index surgery completion, and there was no 

minimum follow-up requirement. The same censoring events outlined in the Kaplan-Meier 

survival curves section above were used in the Cox proportional hazards models. These events 

included the maximum follow-up period of five years, subsequent surgery with anesthesia 

following the index procedure, loss of contact with the healthcare system for one year, and death. 

The primary outcome of interest in these analyses was the development of physician-diagnosed 

dementia. 

3.13 Subgroup analyses  

Along with matching on specific characteristics, subgroup analyses were performed to 

determine if three covariates were potential effect modifiers. These variables were age, sex, and 

surgical procedure. Age was categorized into five groups: ages 66-69, 70-74, 75-79, 80-84, and 

85 or older. It was expected that older age groups would see greater effects of the anesthesia type 

on the development of dementia following surgery. The matched study sample was stratified by 

age group, and then the GA and RA groups were compared using Kaplan-Meier survival curves 

and Cox proportional hazards models.  

This was repeated for male and female sexes, as well as the five surgical procedures. 

These additional analyses addressed objectives two and three of this thesis. No moderation 

analyses were completed, meaning that interactions between subgroup variables were not 

assessed. 
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3.14 Sensitivity analyses 

Three sensitivity analyses were outlined when planning this project. The first was to 

assess the impact of individuals who had a prolonged hospital length of stay of 90 days and 

greater. This analysis was to identify individuals who may have had serious postoperative 

complications that led to a prolonged stay in hospital, and which could also increase the risk of 

developing dementia.  

Another sensitivity analysis was assessing the effect of those who were diagnosed with 

dementia within 90 days of surgery on the association of interest. A 90-day period was chosen as 

people may be recovering from conditions like POCD or delirium, that can occur following 

surgery and may be misdiagnosed as dementia. People who develop dementia immediately after 

surgery may have already had undiagnosed dementia or other cognitive impairment before 

surgery that put them at an initial higher risk.  

The final sensitivity analysis was eliminating anyone who died within 90 days of surgery. 

Whether the true cause of death was due to complications, the surgery, or a previous condition, 

anyone who died within 90 days of completing surgery may represent a sicker underlying 

subpopulation of my cohort. This subpopulation could have biased the association of interest if 

they also developed dementia early on before death. This analysis was related to objective three 

of this thesis. 

3.15 Competing risk of death  

Another methodological consideration for this thesis was the competing risk of death. 

Due to the advanced age of our study sample, and increased risk of mortality from undergoing 
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surgery independently, death was a relevant outcome. The cause-specific hazard estimate can be 

biased by the presence of a competing risk such as death [169], and one analytic method to 

account for this competing risk is the cumulative incidence function curve [170]. The effect of 

anesthesia type on the development of dementia following surgery was analyzed using 

cumulative incidence function curves to account for the competing risk of death in this thesis. 

3.16 Ethics 

Ethics approval was obtained from the Queen’s University Health Sciences and Affiliated 

Teaching Hospitals Research Ethics Board and is presented in Appendix D. ICES procedures for 

use of administrative data were strictly followed.  
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Chapter 4 

Results 

4.1 Cohort creation 

A visual description of cohort creation for this thesis can be found in Figure 2. The 

CIHI-DAD and SDS databases were used to identify individuals undergoing one of five surgical 

procedures of interest (hip replacements, knee replacements, inguinal hernia repairs, 

hysterectomies, and prostatectomies) between April 1, 2007 to March 31, 2011. This initial 

search identified 417,164 potential unique individuals. Next, individuals were screened for 

elective procedures, persons older than 65 years, and the index surgery being the first identified 

procedure between April 2007 and March 2011. This resulted in 114,486 potential individuals to 

include in this thesis. Additional exclusion criteria were applied, and there was a total of 89,183 

individuals after excluding anyone with a prior diagnosis of dementia within the five-year period 

preceding the index procedure.  

 From the 89,183 individuals, an additional 35,234 persons were excluded because they 

had undergone a previous surgery with GA or RA in the five-year period prior to the index 

surgery. Therefore, the final study sample size after all exclusion criteria were applied, including 

contraindications for RA, was 41,676 individuals (GA = 20,499, RA = 21,177). Although the 

process will be elaborated on further in this section, after matching there were 14,998 individuals 

(7,499 pairs) in the final study sample. 
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Figure 2. Cohort creation flow-chart 

 

Final	sample
N	=	41,676

GA
N	=	20,499

After	matching	on	age,	sex,	surgical	procedure,	calendar	year,	and	
propensity	score

RA
N	=	21,177

GA
N	=	7,499

RA
N	=	7,499

CIHI-DAD/SDS	database	total	
procedure	records

N	=	417,164
Inclusion	criteria:
- Elective	procedure	
- Older	than	65	years	at	index	date	

First	procedure	identified	from	
April	1,	2007	to	March	31,	2011

N	=	114,486

Additional	exclusions:
- Death		(29)
- Previous	surgery	within	five	

years	(35,234)
- Contraindications	for	RA	(11,797)
- Falls	(368)
- Received	GA/RA	for	cataract	

surgery	(79)

Exclusions:
- Invalid	anesthesia	code	(22,587)
- Residing	in	LTC	facility	(586)

No	prior	diagnosis	of	dementia	
N	=	89,183
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4.2 Description of unmatched sample baseline characteristics  

Although the main results for this thesis were generated using the matched study sample, 

the unmatched results were presented to demonstrate the process used to reduce potential 

confounding through hard-matching on preselected covariates and the propensity score. This 

impact was evaluated by comparing changes in the standardized differences seen between 

anesthesia groups for the unmatched and matched sample baseline characteristics. Comparing 

the matched results of the Kaplan-Meier survival curves and Cox proportional hazards models to 

those from the unmatched sample allowed for any major changes in the direction of the estimate 

of effect or any other concerns to be easily identified and reviewed.  

4.2.1 Demographics 

The total sample size for the unmatched population was 41,676 individuals. A summary 

of baseline characteristics has been presented in Table 5, highlighting variables of interest. A 

full description of baseline characteristics can be found in Appendix E. The average age for 

people included in this thesis was 73.6 years old (SD = 5.7), with the largest group of 12,726 

falling in the 70-74 age category (30.5%). There were relatively similar distributions of sex, with 

21,739 women (52.2%), and 19,937 men (47.8%) in the final unmatched sample. This study 

sample captured various income and education levels, represented by persons being evenly 

distributed across deprivation quintiles. The most common surgical procedure was knee 

replacements with 14,970 identified procedures (35.9%), followed by inguinal hernia repair at 

11,337 (27.2%), then 9,320 hip replacements (22.4%), 3,883 hysterectomies (9.3%), and 2,166 

prostatectomies completed (5.2%). 
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Table 5. Descriptive univariate statistics for the unmatched sample 

Variable Whole cohort (N = 41,676) 
Demographics  
Age, Mean (SD) 73.6 (5.7) 
66-69, N (%) 12,356 (29.6%) 
70-74, N (%) 12,726 (30.5%) 
75-79, N (%) 9,460 (22.7%) 
80-84, N (%) 5,147 (12.4%) 
85+, N (%) 1,987 (4.8%) 
  
Female sex, N (%) 21,739 (52.2%) 
  
Medical comorbidity*  
ADG groups, Mean (SD) 9.0 (3.3) 
Charlson comorbidity score, Mean (SD) 0.5 (1.0) 
Number of unique medications, Mean (SD) 7.2 (4.7) 
  
Medical conditions*, N (%)  
Head trauma 843 (2.0%) 
Chronic renal disease 2,320 (5.6%) 
Diabetes mellitus  9,482 (22.8%) 
Congestive heart failure 1,323 (3.2%) 
Hypertension 29,317 (70.3%) 
Ischemic heart disease  1,125 (2.7%) 
Obesity 550 (1.3%) 
Stroke 2,080 (5.0%) 
Anxiety disorder 13,440 (32.2%) 
Depression 13,865 (33.3%) 
Mild cognitive impairment <= 5 (<=0.01%) 
Mood disorders 2,379 (5.7%) 
Parkinsonism  460 (1.1%) 
Schizophrenia  211 (0.5%) 
Asthma 2,384 (5.7%) 
Chronic obstructive pulmonary disease 7,357 (17.7%) 
  
Medication history*  
Any antidepressants, N (%) 1,795 (4.3%) 
Any antipsychotics, N (%) 508 (1.2%) 
Any benzodiazepines, N (%) 5,143 (12.3%) 
Any opioids, N (%) 8,397 (20.1%) 
Any statins, N (%) 15,525 (37.3%) 
Anticholinergic Risk Score, Mean (SD) 0.28 (0.82) 
  
Health services utilization*  
Any emergency department visit, N (%) 11,053 (26.5%) 
Any inpatient admission, N (%) 2,046 (4.9%) 
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Physician visits  
Family / General practitioner visits, Mean (SD) 7.6 (5.4) 
Any Geriatrician visit, N (%) 1,478 (3.5%) 
Any Neurologist visit, N (%) 1,820 (4.4%) 
Any Psychiatrist visit, N (%) 648 (1.6%) 
  
Home care utilization  
Any home care service, N (%) 7,566 (18.2%) 
  
Perioperative  
Type of anesthesia, N (%)  
General 20,499 (49.2%) 
Regional 21,177 (50.8%) 
  
Index surgery, N (%)  
Hip replacement 9,320 (22.4%) 
Hysterectomy 3,883 (9.3%) 
Inguinal hernia repair 11,337 (27.2%) 
Knee replacement 14,970 (35.9%) 
Prostatectomy 2,166 (5.2%) 
  
Physician consultations*, N (%)  
Any anesthesiologist visit 25,988 (62.4%) 
Any cardiologist visit 22,274 (53.4%) 
Any respirology visit 2,934 (7.0%) 
  
Type of hospital, N (%)  
Missing 610 (1.5%) 
Community 29,597 (71.0%) 
Small 468 (1.1%) 
Teaching 11,001 (26.4%) 
  
ASA score, N (%)  
I/II – No Bill code 20,406 (49.0%) 
III 1,473 (3.5%) 
IV/V 19,797 (47.5%) 
  
Any in-hospital complication following surgery, 
N (%) 6,302 (15.1%) 

 
ADG = Aggregated diagnostic groups, ASA = American society of anesthesiologists 
 
*Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique medications 
= 1 year preceding index; Medical conditions = 5 years preceding index; Medication history = 120 days preceding; 
Health services utilization = 1 year preceding index; Physician consultations = 90 days preceding index 
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4.2.2 Medical comorbidity and health service use 

 Medical comorbidity was common in the unmatched sample, with persons belonging to 

an average of 9.0 ADGs (SD = 3.3), and the mean number of unique medications prescribed in 

the 120 days preceding surgery was 7.2 (SD = 4.7). The mean Charlson comorbidity score was 

0.5 (SD = 1.0). The most common conditions within a five-year lookback period for persons in 

the study were: 29,317 people with hypertension (70.3%), 13,865 with depression (33.3%), and 

13,440 with an anxiety disorder (32.2%). The most commonly prescribed medications were 

statins, given to 15,525 people in this sample (37.3%). 

In terms of health services, the majority of the sample, 40,641 (97.5%), had visited a 

family or general practitioner at least once in the year preceding the index surgery. The average 

number of visits per individual to a general practitioner was 7 (SD = 5.0) within the year 

preceding the index surgery. 

4.2.3 Covariates potentially associated with cognitive impairment  

  The average Anticholinergic Risk Score was 0.3 (SD = 0.8). There were less than 6 

persons (<0.01%), identified as having MCI within five years prior to surgery, and individual 

medical conditions are compared between anesthesia groups later in this section. The number of 

physician visits to specialists who could be involved in the assessment and diagnosis of cognitive 

decline in the year prior to surgery was low. There were 1,478 recorded geriatrician (3.5%), 

1,820 neurologist (4.4%), and 648 psychiatrist (1.6%) visits in the unmatched study sample. 
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4.3 Comparison of unmatched general and regional anesthesia groups 

4.3.1 Demographics 

There was a relatively similar distribution of anesthesia type in the unmatched sample, 

with 20,499 persons receiving GA (49.2%), and 21,177 persons receiving RA (50.8%). A 

complete comparison of the GA and RA groups can be found in Table 6. The average age of the 

RA group was higher at 74.5 years (SD = 5.9), and there were equal proportions of persons aged 

70-74 when comparing anesthesia groups (std. diff. = 0.05). There were differing proportions of 

women receiving each anesthesia type (std. diff. = 0.3), with 12,743 women administered RA 

(60.2%), and 8,996 women administered GA (43.9%). Similar proportions of people received 

GA and RA when compared across years, as well as similar distribution patterns for the 

deprivation quintiles. 

4.3.2 Medical comorbidity 

 Medical comorbidity was commonly experienced in both groups, with people receiving 

GA having an average of 9.1 ADGs (SD = 3.3), compared to those receiving RA who had an 

average of 8.9 ADGs (SD = 3.4). The GA group had a slightly higher mean Charlson 

comorbidity score of 0.6 (SD = 1.2) compared to the mean score of 0.3 for people administered 

RA (SD = 0.7, std. diff. = 0.3). People receiving RA were taking more medications on average 

(7.6, SD = 4.7) compared to those who received GA (6.9, SD = 4.7, std. diff. = 0.2). When 

looking at individual medical conditions, there were no significant differences between 

anesthesia groups except for hypertension (std. diff. = 0.2), where more people receiving RA 

(15,684 people, 74.1%) were living with hypertension than compared to GA (13,633 people,  
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Table 6. Comparison of descriptive characteristics between unmatched GA and RA groups 

Variable 
General 

Anesthesia 
(N = 20,499) 

Regional 
Anesthesia 

(N = 21,177) 
Test statistic p-value Std. 

Diff. 

Demographics      
Age, Mean (SD) 72.8 (5.5) 74.5 (5.9) Z = -30.1 <0.0001* 0.3* 
66-69, N (%) 7,191 (35.1%) 5,165 (24.4%) X2 = 570.7 (1) <0.0001* 0.2* 
70-74, N (%) 6,491 (31.7%) 6,235 (29.4%) X2 = 24.3 (1) <0.0001* 0.05 
75-79, N (%) 4,062 (19.8%) 5,398 (25.5%) X2 = 191.1 (1) <0.0001* 0.1* 
80-84, N (%) 2,042 (10.0%) 3,105 (14.7%) X2 = 212.6 (1) <0.0001* 0.1* 
85+, N (%) 713 (3.5%) 1,274 (6.0%) X2 = 147.7 (1) <0.0001* 0.1* 
      
Female sex, N (%) 8,996 (43.9%) 12,743 (60.2%) X2=1107.5 (1) <0.0001* 0.3* 
      
Medical comorbidity**      
ADG groups, Mean (SD) 9.1 (3.3) 8.9 (3.4) Z = 5.7 <0.0001* 0.05 
Charlson comorbidity score,  
Mean (SD) 0.6 (1.2) 0.3 (0.7) Z = 18.1 <0.0001* 0.3* 

Number of unique medications,  
Mean (SD) 6.9 (4.7) 7.6 (4.7) Z = -17.0 <0.0001* 0.2* 

      
Medical conditions**, N (%)      
Head trauma 419 (2.0%) 424 (2.0%) X2 = 0.1 (1) 0.8 0 
Chronic renal disease 1,105 (5.4%) 1,215 (5.7%) X2 = 2.4 (1) 0.1 0.02 
Diabetes mellitus  4,464 (21.8%) 5,018 (23.7%) X2 = 21.8 (1) <0.0001* 0.05 
CHF 585 (2.9%) 738 (3.5%) X2 = 13.5 (1) 0.0002* 0.04 
Hypertension 13,633 (66.5%) 15,684 (74.1%) X2 = 285.1 (1) <0.0001* 0.17* 
Ischemic heart disease 536 (2.6%) 589 (2.8%) X2 = 1.1 (1) 0.3 0.01 
Obesity 220 (1.1%) 330 (1.6%) X2 = 18.8 (1) <0.0001* 0.04 
Stroke 1,024 (5.0%) 1,056 (5.0%) X2 = 0.0 (1) 1.0 0 
Anxiety disorder 6,702 (32.7%) 6,738 (31.8%) X2 = 3.7 (1) 0.1 0.02 
Depression 6,848 (33.4%) 7,017 (33.1%) X2 = 0.4 (1) 0.6 0.01 
Mood disorders 1,056 (5.2%) 1,323 (6.2%) X2 = 23.2 (1) <0.0001* 0.05 
Parkinsonism  215 (1.0%) 245 (1.2%) X2 = 1.1 (1) 0.3 0.01 
Schizophrenia  103 (0.5%) 108 (0.5%) X2 = 0.01 (1) 0.9 0 
Asthma 1,111 (5.4%) 1,273 (6.0%) X2 = 6.8 (1) 0.009* 0.03 
COPD 3,502 (17.1%) 3,855 (18.2%) X2 = 9.0 (1) 0.003* 0.03 
      
Medication history**      
Any antidepressants, N (%) 745 (3.6%) 1,050 (5.0%) X2 = 44.3 (1) <0.0001* 0.07 
Any antipsychotics, N (%) 290 (1.4%) 218 (1.0%) X2 = 12.8 (1) 0.0003* 0.04 
Any benzodiazepines, N (%) 2,398 (11.7%) 2,745 (13.0%) X2 = 15.4 (1) <0.0001* 0.04 
Any opioids, N (%) 3,227 (15.7%) 5,170 (24.4%) X2 = 486.8 (1) <0.0001* 0.2* 
Any statins, N (%) 7,450 (36.3%) 8,075 (38.1%) X2 = 14.2 (1) 0.0002* 0.04 
      
Anticholinergic risk score,  
Mean (SD) 0.3 (0.8) 0.3 (0.9) Z = -7.9 <0.0001* 0.07 



 

 

 

83 

      
Health services utilization**      
Any ED visit, N (%) 5,721 (27.9%) 5,332 (25.2%) X2 = 39.9 (1) <0.0001* 0.06 
Any inpatient admission, N (%) 1,139 (5.6%) 907 (4.3%) X2 = 36.2 (1) <0.0001* 0.06 
      
Physician visits      
Family / General practitioner 
visits, Mean (SD) 7.4 (5.3) 7.7 (5.5) Z = -6.0 <0.0001* 0.05 

Any geriatrician visit, N (%) 725 (3.5%) 753 (3.6%) X2 = 0.01 (1) 0.9 0 
Any neurologist visit, N (%) 836 (4.1%) 984 (4.6%) X2 = 8.1 (1) 0.005* 0.03 
Any psychiatrist visit, N (%) 327 (1.6%) 321 (1.5%) X2 = 0.4 (1) 0.5 0.01 
      
Home care utilization      
Any home care service, N (%) 2,267 (11.1%) 5,299 (25.0%) X2=1366.8 (1) <0.0001* 0.4* 
      
Perioperative      
Index surgery, N (%)      
Hip replacement 2,106 (10.3%) 7,214 (34.1%) X2=3395.9 (1) <0.0001* 0.6* 
Hysterectomy 3,202 (15.6%) 681 (3.2%) X2=1897.0 (1) <0.0001* 0.4* 
Inguinal hernia repair 9,877 (48.2%) 1,460 (6.9%) X2=8966.9 (1) <0.0001* 1.0* 
Knee replacement 3,255 (15.9%) 11,715 (55.3%) X2=7039.5 (1) <0.0001* 0.9* 
Prostatectomy 2,059 (10.0%) 107 (0.5%) X2=1923.7 (1) <0.0001* 0.4* 
      
Physician consultations**, N (%)      
Any anesthesiologist visit 10,619 (51.8%) 15,369 (72.6%) X2=1914.6 (1) <0.0001* 0.4* 
Any cardiologist visit 11,286 (55.1%) 10,988 (51.9%) X2 = 42.1 (1) <0.0001* 0.06 
Any respirology visit 1,415 (6.9%) 1,519 (7.2%) X2 = 1.2 (1) 0.3 0.01 
      
Type of hospital, N (%)      
Missing 495 (2.4%) 115 (0.5%) - - 0.2* 
Community 14,568 (71.1%) 15,029 (71.0%) X2 = 11.0 (1) 0.0009* 0 
Small 350 (1.7%) 118 (0.6%) X2 = 128.8 (1) <0.0001* 0.1* 
Teaching 5,086 (24.8%) 5,915 (27.9%) X2 = 37.0 (1) <0.0001* 0.07 
      
ASA score, N (%)      
I/II – No Bill code 11,097 (54.1%) 9,309 (44.0%) X2 = 431.7 (1) <0.0001* 0.2* 
III 8,726 (42.6%) 11,071 (52.3%) X2 = 393.9 (1) <0.0001* 0.2* 
IV/V 676 (3.3%) 797 (3.7%) X2 = 6.6 (1) 0.01* 0.03 
      
Complications, N (%) 2,247 (11.0%) 4,055 (19.1%) X2 = 543.9 (1) <0.0001* 0.2* 

 
ADG = Aggregated diagnostic groups, ASA = American society of anesthesiologists, CHF = Congestive heart 
failure, COPD = Chronic obstructive pulmonary disease, ED = Emergency department, Std. Diff. = Standardized 
difference 
 
* Statistically significant  
**Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique medications 
= 1 year preceding index; Medical conditions = 5 years preceding index; Medication history = 120 days preceding; 
Health services utilization = 1 year preceding index; Physician consultations = 90 days preceding index 
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66.5%). Opioids were prescribed to 5,170 people in the RA group (24.4%), and only 3,227 

people in the GA group (15.7%, std. diff. = 0.22). 

There were 11,868 people administered RA with an ASA score of three or greater 

(56.0%), compared to 9,402 people in the GA group with an ASA score of three and greater 

(45.9%). Although there are five possible ASA scores, this thesis presented them in three 

categories due to the lack of OHIP billing codes for scores of I and II, and from combining 

scores of IV and V due to small cell sizes in the initial study sample. Within the year preceding 

surgery, there were more people administered RA who received home care services, compared to 

the GA group (std. diff.=0.4). In the 90 days preceding the index surgery, there were 15,369 

people in the RA group who visited an anesthesiologist (72.6%), while only 10,619 persons 

receiving GA visited one (51.8%, std. diff.=0.4). Therefore, there were no significant differences 

in medical comorbidity found between anesthesia groups. 

4.3.3 Surgical procedures 

All surgical procedures included in this study showed significant differences in the 

proportions of people receiving GA and RA. The largest difference was seen for persons 

undergoing inguinal hernia repair, where 9,877 people received GA (87.1%), compared to only 

1,460 people who received RA (12.9%). The second greatest difference was seen for people 

undergoing knee replacement, where there were 11,715 people receiving RA (78.3%), compared 

to 3,255 people who were given GA (21.7%).  

 There was no consistent pattern in the type of anesthesia administered. Individuals who 

underwent inguinal hernia repair (std. diff. = 1.0), prostatectomy (std. diff. = 0.4), and 
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hysterectomy procedures (std. diff. = 0.4) were more likely to receive GA for their surgery 

compared to RA. Meanwhile, RA was more commonly used for hip (std. diff. = 0.6) and knee 

replacements (std. diff. = 0.9). For statistical analyses, these differences in anesthesia 

administration were controlled for by hard-matching people on their procedure in a 1:1 ratio of 

GA: RA. 

4.3.4 Additional variables 

 Significant differences were found between anesthesia groups for the hospital length of 

stay variables, as well as complications (std. diff. = 0.2 up to 0.9). However, these variables were 

not adjusted for or used in the final analyses. This is elaborated on in the following section. 

There were no significant differences between anesthesia groups for postoperative variables and 

the use of rehabilitation services. 

4.4 Creating the propensity score 

The imbalanced variables between the GA and RA groups in the unmatched sample 

were; the Charlson comorbidity score, the number of unique medications prescribed, 

hypertension, any opioid use, any home care services, visits to an anesthesiologist, the hospital 

type, and the anesthesiologist’s score at the time of procedure. Certain variables, such as all 

length of stay and complication data, were excluded from this score due to potential causal 

associations with the outcome of interest. Longer lengths of stay and complications represent 

greater medical comorbidity, and cognitive conditions immediately following surgery have been 

previously linked to an increased risk for the development of dementia. 
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4.5 Matching 

A summary of the comparison between the matched GA and RA group covariates can be 

found in Table 7. Pairs were matched on age (within 1 year), sex, surgical procedure, calendar 

year of cohort entry, and propensity score (within 0.2 SD of the logit of the propensity score 

[133]). There were 7,609 possible pairs to be matched after looking at the smallest number of 

people in each surgical procedure, and overall 7,499 pairs were created including 14,998 unique 

individuals in the final sample.  

Matching on the propensity score was able to reduce covariate imbalance between the 

anesthesia groups, with the majority of variables having standardized differences less than 0.05 

in the matched sample. The few variables that showed significant imbalance statistically were 

geriatrician visits (std. diff. = 0.2), cardiologist visits (std. diff. = 0.1), and the average hospital 

length of stay (std. diff. = 0.1). However, no additional adjustment was done to control for the 

covariate imbalance between anesthesia groups for these variables. 

4.5.1 Additional data: Home care RAI 

 Within the matched sample, there was a smaller subset of the population who had 

additional information on potential risk factors for dementia which may act as potential 

confounders. These factors have been compared between the GA and RA groups in Table 8. 

This information was recorded from previous home care RAI assessments, and the potential 

confounders included: education level, smoking status, depression symptoms (using the 

Depression Rating Scale), and obesity. There were 245 people receiving GA (3.3%) and 215 

people receiving RA (2.9%) with all additional covariates available.  
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Table 7. Descriptive characteristics for the GA and RA groups in the matched sample 

Variable 
General 

Anesthesia 
(N=7,499) 

Regional 
Anesthesia 
(N=7,499) 

Test statistic p-value Std. 
Diff. 

Demographics      
Age, Mean (SD) 74.3 (5.8) 74.3 (5.8) Z = -0.1 0.9 0 
66-69, N (%) 1,900 (25.3%) 1,892 (25.2%) X2 = 2.5 (1) 0.1 0 
70-74, N (%) 2,255 (30.1%) 2,255 (30.1%) X2 = 0 (1) 1.0 0 
75-79, N (%) 1,847 (24.6%) 1,842 (24.6%) X2 = 0.5 (1) 0.5 0 
80-84, N (%) 1,075 (14.3%) 1,085 (14.5%) X2 = 2.6 (1) 0.1 0 
85+, N (%) 422 (5.6%) 425 (5.7%) X2 = 1.3 (1) 0.3 0 
      
Female sex, N (%) 4,358 (58.1%) 4,358 (58.1%) X2 = 0 (1) 1.0 0 
      
Medical comorbidity**      
ADG groups, Mean (SD) 9.1 (3.3) 9.0 (3.3) Z = 2.7 0.007* 0.05 
Charlson comorbidity score,  
Mean (SD) 0.4 (0.9) 0.3 (0.7) Z = 3.3 0.0008* 0.08 

Number of unique medications, 
Mean (SD) 7.5 (4.8) 7.4 (4.6) Z = 1.1 0.3 0.03 

      
Medical conditions**, N (%)      
Head trauma 179 (2.4%) 157 (2.1%) X2 = 1.5 (1) 0.2 0.02 
Chronic renal disease 411 (5.5%) 411 (5.5%) X2 = 0 (1) 1.0 0 
Diabetes mellitus  1,763 (23.5%) 1,634 (21.8%) X2 = 7.1 (1) 0.008* 0.04 
CHF 248 (3.3%) 269 (3.6%) X2 = 0.9 (1) 0.3 0.02 
Hypertension 5,464 (72.9%) 5,464 (72.9%) X2 = 0 (1) 1.0 0 
Ischemic heart disease  190 (2.5%) 245 (3.3%) X2 = 7.5 (1) 0.006* 0.04 
Obesity 114 (1.5%) 99 (1.3%) X2 = 1.1 (1) 0.3 0.02 
Stroke 407 (5.4%) 384 (5.1%) X2 = 0.7 (1) 0.4 0.01 
Anxiety disorder 2,521 (33.6%) 2,425 (32.3%) X2 = 2.8 (1) 0.1 0.03 
Depression 2,577 (34.4%) 2,533 (33.8%) X2 = 0.6 (1) 0.5 0.01 
Mood disorders 436 (5.8%) 467 (6.2%) X2 = 1.1 (1) 0.3 0.02 
Parkinsonism  72 (1.0%) 89 (1.2%) X2 = 1.8 (1) 0.2 0.02 
Schizophrenia  44 (0.6%) 27 (0.4%) X2 = 4.1 (1) 0.04* 0.03 
Asthma 412 (5.5%) 473 (6.3%) X2 = 4.4 (1) 0.04* 0.03 
COPD 1,315 (17.5%) 1,466 (19.5%) X2 = 10.2 (1) 0.001* 0.05 
      
Medication history**      
Any antidepressants, N (%) 330 (4.4%) 361 (4.8%) X2 = 1.5 (1) 0.2 0.02 
Any antipsychotics, N (%) 101 (1.3%) 79 (1.1%) X2 = 2.8 (1) 0.1 0.03 
Any benzodiazepines, N (%) 967 (12.9%) 970 (12.9%) X2 = 0.01 (1) 0.9 0 
Any opioids, N (%) 1,804 (24.1%) 1,673 (22.3%) X2 = 11.2 (1) 0.001* 0.04 
Any statins, N (%) 2,810 (37.5%) 2,807 (37.4%) X2 = 0.0 (1) 1.0 0 
      
Anticholinergic risk score, 
Mean (SD) 0.3 (0.8) 0.3 (0.8) Z = -0.7 0.5 0 
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Health services utilization**       
Any ED department visit, N (%) 1,929 (25.7%) 2,006 (26.8%) X2 = 2.1 (1) 0.1 0.02 
Any inpatient admission, N (%) 347 (4.6%) 318 (4.2%) X2 = 1.4 (1) 0.3 0.02 
      
Physician visits      
Family / General practitioner 
visits, Mean (SD) 7.9 (5.5) 7.5 (5.6) Z = 5.2 <0.0001* 0.07 

      
Any geriatrician visit, N (%) 493 (6.6%) 218 (2.9%) X2 = 115.5 (1) <0.0001* 0.2* 
Any neurologist visit, N (%) 336 (4.5%) 329 (4.4%) X2 = 0.1 (1) 0.8 0 
Any psychiatrist visit, N (%) 122 (1.6%) 114 (1.5%) X2 = 0.3 (1) 0.6 0.01 
      
Home care utilization      
Any home care service, N (%) 1,653 (22.0%) 1,629 (21.7%) X2 = 0.3 (1) 0.6 0.01 
      
Perioperative      
Index surgery, N (%)      
Hip replacement 2,089 (27.9%) 2,089 (27.9%) X2 = 0 (1) 1.0 0 
Hysterectomy 680 (9.1%) 680 (9.1%) X2 = 0 (1) 1.0 0 
Inguinal hernia repair 1,387 (18.5%) 1,387 (18.5%) X2 = 0 (1) 1.0 0 
Knee replacement 3,236 (43.2%) 3,236 (43.2%) X2 = 0 (1) 1.0 0 
Prostatectomy 107 (1.4%) 107 (1.4%) X2 = 0 (1) 1.0 0 
      
Physician consultations**, N (%)      
Any anesthesiologist visit 4,860 (64.8%) 4,909 (65.5%) X2 = 1.1 (1) 0.3 0.01 
Any cardiologist visit 4,251 (56.7%) 3,770 (50.3%) X2 = 64.5 (1) <0.0001* 0.1* 
Any respirology visit 594 (7.9%) 551 (7.3%) X2 = 1.8 (1) 0.2 0.02 
      
Type of hospital, N (%)      
Community 5,591 (74.6%) 5,619 (74.9%) X2 = 0.4 (1) 0.6 0.01 
Small 61 (0.8%) 73 (1.0%) X2 = 1.5 (1) 0.2 0.02 
Teaching 1,847 (24.6%) 1,807 (24.1%) X2 = 0.8 (1) 0.4 0.01 
      
ASA score, N (%)      
I/II – No Bill code 3,533 (47.1%) 3,456 (46.1%) X2 = 2.4 (1) 0.1 0.02 
III 3,674 (49.0%) 3,759 (50.1%) X2 = 2.8 (1) 0.1 0.02 
IV/V 292 (3.9%) 284 (3.8%) X2 = 0.2 (1) 0.7 0.01 
      
Complications, N (%) 1,233 (16.4%) 1,239 (16.5%) X2 = 0.02 (1) 0.9 0 

 
ADG = Aggregated diagnostic groups, ASA = American society of anesthesiologists, CHF = Congestive heart 
failure, COPD = Chronic obstructive pulmonary disease, ED = Emergency department, Std. Diff. = Standardized 
difference 
 
* Statistically significant 
**Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique medications 
= 1 year preceding index; Medical conditions = 5 years preceding index; Medication history = 120 days preceding; 
Health services utilization = 1 year preceding index; Physician consultations = 90 days preceding index 
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Table 8. Bivariate analysis of additional risk factors from the Home Care – Resident 

Assessment Instrument in the matched sample 

Variable General Anesthesia 
(N=7,499) 

Regional Anesthesia 
(N=7,499) 

Standardized 
difference 

Home Care RAI    
Education, N (%)    
Missing 7,254 (96.7%) 7,284 (97.1%) 0.02 
No Schooling 9 (0.5%) <=5 (0.1%) 0.03 
8th grade or less 52 (3.1%) 50 (3.1%) 0 
9-11th grade 39 (2.4%) 35 (2.1%) 0.01 
High School 45 (2.7%) 32 (2.0%) 0.02 
Technical or trade school 22 (1.3%) 17 (1.0%) 0.01 
Some college/university 14 (0.8%) 16 (1.0%) 0.01 
Diploma/ 
Bachelor’s degree 22 (1.3%) 16 (1.0%) 0.02 

Graduate degree 6 (0.4%) <=5 (0.1%) 0.03 
Unknown 36 (2.2%) 46 (2.8%) 0.02 
    
Smoked/Chewed Tobacco Daily, 
N (%) 11 (0.1%) 7 (0.1%) 0.02 

Non-smoker 236 (3.2%) 212 (2.8%) 0.02 
Missing 7,252 (96.7%) 7,280 (97.1%) 0.02 
    
Obesity, N (%) 15 (0.2%) 10 (0.1%) 0.02 
No obesity marker 232 (3.1%) 209 (2.8%) 0.02 
Missing 7,252 (96.7%) 7,280 (97.1%) 0.02 
    
Depression Rating Scale Score 
(range 0-14), N (%)    

Missing 7,252 (96.7%) 7,280 (97.1%) 0.02 
0 158 (9.6%) 154 (9.5%) 0 
1 25 (1.5%) 20 (1.2%) 0.01 
2 27 (1.6%) 18 (1.1%) 0.02 
3 12 (0.7%) 9 (0.6%) 0.01 
4 8 (0.5%) 7 (0.4%) 0 
5 8 (0.5%) <=5 (0.1%) 0.02 
6 <=5 (0.2%) <=5 (0.1%) 0.01 
7 <=5 (0.2%) <=5 (0.1%) 0.01 
8 <=5 (0.2%) <=5 (0.1%) 0.02 
10 0 (0.0%) <=5 (0.1%) 0.02 
13 0 (0.0%) <=5 (0.1%) 0.02 
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Overall, both anesthesia groups were balanced when comparing these variables, with the 

largest standardized difference being 0.03. For education level, the greatest difference was seen 

for the no schooling and graduate degree categories, both with standardized differences of only 

0.03. All other categories had standardized differences of only 0.02 and less between the 

anesthesia groups. No further analysis or comparison was done with the home care RAI data. 

4.6 Time-to-event analyses 

4.6.1 Results of the Cox proportional hazards model for the unmatched sample 

Prior to matching, there was suggestion that differences may have existed between the 

GA and RA groups. The results from the unmatched, full cohort Cox proportional hazards model 

were statistically significant, where GA had a protective effect for the development of dementia 

(HR = 0.8, 95% CI: 0.8 – 0.9, p <0.0001). However, this effect was not seen once the sample 

was matched. 

Using stepwise-variable selection with the unmatched Cox model to evaluate specific 

variables as potential confounders, the effect of anesthesia type was rendered insignificant (HR = 

1.0, 95% CI: 0.9 – 1.1, p = 0.5) in the unmatched sample, once age was adjusted. This was found 

in a model adjusting for sex and age, and was repeated in one further analysis adjusting for sex, 

age, and surgical procedure.  

4.6.2 Kaplan-Meier survival curves for the matched sample 

 Kaplan-Meier survival curves were generated to visually represent disease-free survival 

time for both anesthesia groups in the matched sample. The results are presented in Figure 3. 

This analysis compared the anesthesia groups for differences in median disease-free survival  
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Figure 3. Kaplan-Meier survival curves comparing the GA and RA groups in the matched 

sample 

 
 
 
 
time using the log-rank test statistic. Overall, there were 6,898 people (46.0%) who reached the 

end of their five-year follow-up with no development of dementia, and 6,321 others were 

censored due to a subsequent surgery (42.2%). Another 316 people were censored due to loss of 

contact with the healthcare system (2.1%), and there were 738 deaths (4.9%). There were 362 

people receiving GA (4.8%) compared to 363 people receiving RA (4.8%) that developed 
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dementia within five-years following surgery. There was no significant difference between the 

disease-free survival curves for anesthesia type and the development of dementia (c2 (df) = 

0.0005 (1), p = 1.0).  

The mean time until development of dementia was similar between the anesthesia 

groups, where people receiving GA survived 1763.6 days (SE = 3.4) and people receiving RA 

survived 1739.6 days disease-free (SE = 3.4). However, both of these values were 

underestimated because the largest observation was censored due to maximum follow-up time 

being reached in both anesthesia groups, and the estimation was restricted to the largest known 

event time. The censoring events have been presented in Table 9.  

4.6.3 Kaplan-Meier survival curve subgroup analysis 

 Additional subgroup analyses were completed with the matched sample. Kaplan-Meier 

survival curves were generated to compare anesthesia groups within the subgroups and the 

complete set of results can be found in Appendix F. These groups were created by stratifying 

the matched sample by age category (66-69, 70-74, 75-79, 80-84, 85+), sex, and surgical 

procedure. All subgroups were assessed independently for comparing time to development of 

dementia between the GA and RA groups. These results were associated with objectives two and 

three of this thesis, as well as providing information regarding the potential association between 

type of anesthesia and the development of dementia following surgery. 

After stratifying the matched sample by procedure, there was one significant difference 

seen between anesthesia groups for the development of dementia following surgery. When 

undergoing inguinal hernia repair, people receiving RA developed dementia faster  
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Table 9. Outcome and censoring events for the survival analysis of the matched sample 

Outcomes General anesthesia Regional anesthesia Total 
Developed dementia, N (%) 362 (4.8%) 363 (4.8%) 725 (4.8%) 
    
Censoring reasons, N (%)    
5-year follow-up 3,458 (46.1%) 3,440 (45.9%) 6,898 (46.0%) 
Death  371 (5.0%) 367 (4.9%) 738 (4.9%) 
No contact for > 1 year 171 (2.3%) 145 (1.9%) 316 (2.1%) 
Subsequent surgery 3,137 (41.8%) 3,184 (42.5%) 6,321 (42.2%) 

 
 
 
following surgery (c2 (df) = 3.9 (1), p <0.05). Otherwise, people undergoing hip replacement (c2 

(df) = 0.2 (1), p = 0.7), knee replacement (c2 (df) = 1.7 (1), p = 0.2), hysterectomy (c2 (df) <0.01 

(1), p = 1.0), and prostatectomy (c2 (df) <0.01 (1), p = 1.0) showed no significant difference in 

the development of dementia following surgery when comparing GA to RA. 

There was also no significant difference found when comparing the anesthesia groups 

after stratifying the matched sample by age category. The final set of subgroup analyses 

stratified on sex, and there was no significant difference between the GA and RA groups. 

4.6.4 Cox proportional hazards models for time to development of dementia in the matched 

sample 

 To produce an estimate of effect for the association between anesthesia type and the 

development of dementia, the Cox proportional hazards model was used. After matching the 

sample on various factors, no additional covariates were included in the final Cox proportional 

hazards models. 

There was no significant difference for the development of dementia between anesthesia 

groups in the full matched cohort (HR = 1.0, 95% CI: 0.8 – 1.2, p = 0.9). To account for the 
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paired nature of the matched data in this analysis, the analysis incorporated stratification on the 

matched pairs to provide a more accurate estimate of effect of anesthesia on the development of 

dementia. Another suggested method for reducing any impact the matched data had was to use a 

robust variance estimator [171]. After modifying the model to include the robust variance 

estimator, there was no change in the estimate of effect (HR = 0.9, 95% CI: 0.9 – 1.1, p = 0.8). 

Model diagnostics were assessed using two methods. Results from both diagnostic 

models can be found in Appendix G. The first method was to graph the negative of the log-

survivor function against time for all of the final sample, where an increasing straight line 

supports the assumption that our data follows a constant hazard function. The second method 

was to compare the log-negative-log survival functions between anesthesia groups over time. 

The resulting lines should be parallel to each other and not cross. Both methods showed that our 

data met the assumption of proportional hazards and confirmed that the Cox proportional 

hazards model was an appropriate test to use for these survival analyses.  

4.6.5 Subgroups analysis using the Cox proportional hazards model 

Subgroup analyses were completed with the matched data using Cox proportional 

hazards models and the results are presented in Table 10. Cox models allow us to estimate the 

effect of association between the anesthesia groups studied in this thesis. Following the previous 

analyses, models were created for each surgical procedure, age category (66-69, 70-74, 75-79, 

80-84, 85+), and sex. The goal was to compare the development of dementia following surgery 

after receiving GA versus RA. There was no significant difference between the GA and RA 

groups for risk of dementia following surgery, across all surgical, age, and sex subgroups. 
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Table 10. Cox proportional hazards models using RA as the reference group for the 

matched sample 

Group Events Total N Hazard Ratio 95% CI Wald Chi-
Square (D.F.) P-value 

Entire Cohort 725 14,998 1.0 0.8 – 1.2 0.0 (1) 0.9 
       
Age 66-69 57 3,792 0.9 0.5 – 1.6 0.2 (1) 0.6 
Age 70-74 131 4,510 0.9 0.6 – 1.4 0.2 (1) 0.7 
Age 75-79 225 3,689 1.1 0.8 – 1.5 0.3 (1) 0.6 
Age 80-84 204 2,160 0.9 0.6 – 1.2 0.8 (1) 0.4 
Age 85+ 108 847 1.5 0.9 – 2.5 2.8 (1) 0.1 
       
Females 395 8,716 1.0 0.8 – 1.2 0.1 (1) 0.7 
Males 330 6,282 1.0 0.8 – 1.3 0.0 (1) 0.8 
       
Hip replacement 184 4,178 1.0 0.7 – 1.5 0.0 (1) 0.9 
Inguinal hernia 
repair 210 2,774 0.8 0.6 – 1.1 2.2 (1) 0.1 

Knee replacement 266 6,472 1.2 0.9 – 1.7 1.6 (1) 0.2 
Hysterectomy 60-64 1,360 0.9 0.5 – 1.6 0.1 (1) 0.8 
Prostatectomy  <5 214 1.0 0.1 – 16.0 0 (1) 1.0 

 
 
 

4.7 Sensitivity analyses for the matched sample 

Sensitivity analyses were included to examine for differences in the estimate of effect for 

type of anesthesia on the development of dementia following surgery. All results from these 

analyses are presented in Table 11. Anyone with a hospital length of stay greater than 90 days 

was considered high-risk for developing dementia due to increase in medical comorbidity and 

postoperative complications. However, the longest length of stay in the final matched sample 

was only 63 days, and no further steps were taken.  

The next sensitivity analysis was to control for any unmeasured cognitive impairment 

prior to surgery. Anyone who developed dementia within the first 90 days following surgery 

may have experienced cognitive impairment prior to surgery, making them a greater risk.  
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Table 11. Sensitivity analyses comparing GA to RA in the matched sample for development 

of dementia following surgery 

 Events Total N Hazard Ratio 95% CI p-value 
    	  
Developed dementia 
within 90 days 42 14,956 1.0 0.8 – 1.2 1.0 

Died within 90 days 
following surgery 35 14,963 1.0 0.8 – 1.2 0.9 

 

 

This would bias the association of effect between anesthesia and the development of dementia. 

There were 42 people who developed dementia within this initial 90-day period, and their 

removal from the sample did not significantly change the estimated HR of 1.0 (95% CI: 0.8 – 

1.2, p = 1.0). 

The final analysis was for anyone who died within 90 days following surgery. There 

were 35 people who died in the first 90 days, and their removal from the working dataset 

resulted in no significant change in the estimated HR (HR = 1.0, 95% CI: 0.8 – 1.2, p = 0.9). 

4.8 Competing risk analysis 

 Due to the potential for increased mortality amongst this older adult study sample, death 

was also treated as a competing risk. A cumulative incidence function curve was generated to 

assess the potential effect of death prior to dementia development in this study sample. The 

cumulative incidence function graph has been presented in Figure 4.  
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Figure 4. Cumulative incidence function curves for the competing risk of death in the 

matched sample 
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Amongst people receiving GA for surgery in the matched sample, there were 362 people 

who developed dementia (4.8%) and 371 who died (4.9%) following surgery. When looking at 

the RA group, there were 363 people who developed dementia (4.8%) and 368 who died (4.9%) 

throughout follow-up. Similar results were seen between the unadjusted (HR = 1.0, 95% CI: 0.8 

– 1.2, p = 0.9) and the cause-specific model (HR = 1.0, 95% CI: 0.9 – 1.1, p = 0.8) for the effect 

of anesthesia type on the development of dementia. The test for equality from the cumulative 

incidence function (c2 <0.01, p = 1.0) also indicated no significant difference between the GA 

and RA group curves. 
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Chapter 5 

Discussion 

5.1 Purpose and overview 

This thesis focused on understanding differences in the risk for development of dementia 

following surgery comparing individuals who received GA to those administered RA. There 

have been few studies to date comparing types of anesthesia, surgery, and dementia development 

[103, 106, 108], with the majority focusing on GA and the potential association with dementia or 

cognitive impairment [83, 107, 109]. When examining studies looking at GA only, specific 

inhalational agents such as isoflurane and sevoflurane have been researched in-depth [98, 99, 

101, 105]. To compliment the increasing body of literature available on this subject, this thesis 

took a novel approach to examining this potential relationship by comparing only persons 

receiving GA or RA, by including multiple types of surgeries in our analysis with varying 

complexities, and by examining a wide range of potential covariates in our study sample.  

 In the following sections, the main objectives will be outlined, followed by a brief review 

of the major findings from this thesis. These results will then be compared to the existing body 

of literature on the subject of surgery, anesthesia, and dementia. Following this, the strengths and 

limitations of this work will be described, with suggestions for future research in this field 

presented last. 
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5.2 Current objectives 

There were three objectives addressed throughout this thesis. The first objective was to 

determine whether the type of anesthesia administered for surgery influences the risk for 

development of dementia following. Then, the second objective was to evaluate for any 

significant difference between anesthesia groups when comparing persons receiving GA and RA 

within their unique surgical procedure group. There were five procedures included in this thesis 

total, resulting in five subgroup analyses comparing the exposure of anesthesia type for the 

development of dementia following surgery in each of the surgical procedures. Although this 

sample included surgeries of varying complexity, there was no inclusion of previously defined 

high-risk procedures such as cardiac and neurological surgeries [104, 106].  

The final objective was to understand the impact of varying patient characteristics on the 

association between type of anesthesia used in the surgery and development of dementia. When 

completing these analyses, the main foci were on age and sex. The study sample was stratified 

on each of these factors independently, and any significant change in the final HR estimate 

between variable levels was indicative of a significant finding. However, all subgroup analyses 

had the same results for the overall matched sample, with no differences in the development of 

dementia following surgery between persons receiving GA when compared to RA. When 

addressing all these objectives, the primary exposure of anesthesia type and the outcome of 

dementia development did not change and there were no significant differences between GA and 

RA and the subsequent development of dementia. These objectives were addressed using 

subgroup analyses for the specified covariates of interest. 
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5.3 Interpretation of results 

The primary results of this thesis did not support the hypothesis of a greater risk for the 

development of dementia after surgery with GA in comparison to persons receiving RA. After 

matching, the final Cox proportional hazards model showed no significant difference for 

dementia development between anesthesia groups (HR = 1.0, 95% CI: 0.8 – 1.2, p = 0.9). Even 

after creating subgroups within the previously specified covariates (age, sex, and surgical 

procedure), there were no significant differences between the anesthesia groups when assessing 

development of dementia following surgery in all analyses. This thesis did not evaluate the 

difference in risk for development of dementia between persons receiving any anesthesia and a 

non-surgical control group, which is an important consideration for future studies and will be 

addressed at the end of this section.  

Both types of anesthesia, GA and RA, are routinely administered to persons undergoing 

surgery across Canada, and continue to be a necessary component of surgical procedures. If there 

were significant findings showing one type of anesthesia being consistently associated with an 

increased risk for the onset of dementia, they would be cause for major concern, and necessitate 

additional in-depth studies to further understand the pathological mechanisms that are affected. 

Previous research comparing postoperative outcomes between persons undergoing hip fracture 

surgery with GA versus RA found that RA was associated with significantly lower odds of 

pulmonary complications (OR = 0.8, 95% CI: 0.6 – 0.9, p <0.001) and in-hospital mortality (OR 

= 0.7, 95% CI: 0.5 – 0.9, p = 0.01) [12]. In addition, there is evidence that patients may recover 

faster following surgery after receiving RA [94]. While this thesis did not find any significant 

difference in the risk of dementia in association with type of anesthesia, these other potential 
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risks associated with GA when compared to RA may make RA a safer option for many 

individuals in the absence of contraindications to RA and where patient preference is for RA. 

Additionally, this thesis contributes new information to the current knowledge base on potential 

associations between surgery, anesthesia, and future development of dementia, which can aid 

clinicians and patients in considering other potential adverse events associated with surgery and 

anesthesia.  

5.4 Comparing to previous research 

There was one previously identified study that directly compared effects of GA versus 

RA and used dementia (including AD) as their outcome of interest. Vanderweyde et al. (2010) 

compared two surgical groups, persons undergoing hernia and prostate operations, and the 

authors found that GA was associated with less frequent development of dementia compared to 

RA for both hernia (adjusted HR = 0.7, 95% CI: 0.5 – 0.9), and prostate procedures (adjusted HR 

= 0.7, 95% CI: 0.5 – 0.8). The depth and amount of sedation for the RA group was unrecorded 

and unavailable for further analysis [108]. Within this thesis, similar surgical groups were 

included that consisted of persons undergoing inguinal hernia repairs, and prostatectomies. Both 

prostate surgery groups had all-male samples, while the difference in sex composition for hernia 

operations was unknown. The previous study had an almost all-male sample (98%) for hernia 

operations, while this thesis matched on sex. The exact composition of the matched hernia group 

on sex is not recorded and should be considered when interpreting the comparison of these 

studies.  
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 In comparison to the previous study, this thesis initially found similar results in the 

unmatched hernia repair sample where GA was protective against the development of dementia 

(HR = 0.6, 95% CI: 0.5 – 0.7, p <0.01). However, after matching and controlling for multiple 

potential confounders, the estimated HR was insignificant (HR = 0.8, 95% CI: 0.6 – 1.1, p = 

0.1). Looking at the prostatectomy sample in this thesis, the matched sample results (HR = 1.0, 

95% CI: 0.1 – 16.0, p = 1.0) showed no significant differences between persons receiving GA 

and RA for the future development of dementia following surgery. Although the initial results 

from the unmatched hernia repair group were similar to those reported by Vanderweyde et al. 

(2010), the lack of difference observed in this thesis after adequately controlling for baseline 

differences through propensity score matching were consistent with the results observed in the 

full thesis. When describing limitations of their study, Vanderweyde et al. identified that there 

may be potential bias in the patient selection, and the outcome measurement for diagnosing 

dementia, that may have influenced their final results [108]. These limitations are important to 

consider when comparing the results of this thesis to previous research.  

 Although previous systematic reviews regarding anesthesia and the development of 

dementia have only focused on the association between GA and dementia, these studies are still 

important to acknowledge. Both reviews by Seitz et al. (2011), and Bilotta et al. (2016), 

identified a lack of evidence supporting GA as being significantly associated with an increased 

risk for the development of dementia following surgery. To begin addressing concerns around 

RA and future development of dementia, this thesis compared persons undergoing GA and RA 

for common surgeries and found no significant difference between anesthesia groups. This 
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suggests that the type of anesthesia is not significantly associated with an increased risk for the 

development of dementia following surgery. However, this does not mean that additional, more 

focused studies should not be undertaken to address the knowledge gaps this thesis was unable to 

address.  

 When comparing this thesis with other cohort studies that have been completed, major 

differences in the outcome and inclusion criteria limited comparisons between the results of this 

thesis and previous literature. These previous cohort studies used MCI in their outcome 

definition and measurement instead of dementia [105, 109], or focused on cardiac surgeries 

which are known to present higher risks of postoperative cognitive impairment [104]. No cardiac 

procedures were included in this thesis, with hip replacements being the most surgically complex 

operations. Overall, there were mixed conclusions from these previous studies, with two studies 

supporting the association between GA and the increased risk for development of any cognitive 

impairment [104, 105], and one study showing no association [109]. These comparisons across 

cohort studies should be interpreted with caution, due to the significant differences in study 

design and outcome definition. 

5.5 Strengths of this thesis 

While designing this thesis, important consideration was given to addressing limitations 

from previous studies. While completing their systematic review on anesthesia and cognitive 

disorders, Bilotta et al. (2016) were unable to complete a meta-analysis of the included studies 

due to varying outcome measurements [119]. Similar concerns were also expressed by the same 

author group of the 2011 systematic review and meta-analysis [127], in their follow-up review in 
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2014 [37]. The updated review by Hussain et al. (2014) acknowledged the need for a commonly 

applied diagnostic criteria for dementia between studies, and the potential of including 

biomarker information in clinical studies.  

This thesis answered these concerns by using a previously validated administrative data 

algorithm for defining physician-diagnosed dementia, that was even further modified for persons 

aged 66 years and older (due to the inclusion of information from the Ontario Drug Benefits 

database). In applying this algorithm, we sought to increase the comparability between this thesis 

and future studies, as the algorithm is easily accessible for other research groups using 

administrative data. The use of administrative healthcare data also reduced any chance of recall 

bias for both the exposure and outcomes of interest, as well as covariate information such as 

medical and surgical history.  

To control for previous exposure to anesthesia, lifetime lookback may be prone to either 

recall bias or long lookback periods that would include coding changes that could reduce the 

quality of data being captured. To ensure that our exposure would be the first associated with 

any incident cases of dementia, the index surgery was confirmed as the first surgery in the 

previous five years for all persons in our study sample. As well, any other surgeries within the 

five-year period following this index operation were treated as censoring points, as to control for 

multiple exposures. Further analyses on multiple exposures should be considered in future 

studies, but previous work found no difference between people undergoing one surgery versus 

multiple within the year [103]. 
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 Controlling for differences in the baseline characteristics between anesthesia groups was 

also an important strategy to minimize confounding. This was done through calculation of an 

individual propensity score for all members of the study sample to be matched on, and inclusion 

of an extensive covariate list to represent all known and available information on risk factors for 

dementia. Additional information on lifestyle risk factors was accessed using Home Care RAI 

information. Along with adequate information on the medical history of the study sample prior 

to surgery, this thesis was also designed to ensure that five-years of follow-up information was 

available for anyone included. This eliminated any censoring due to the end of study being 

reached.  

 When completing the statistical analyses for this thesis, recognition of differences 

between matched and independent data was incorporated by use of the appropriate respective 

tests. Matching on the propensity score was used to control for baseline differences in the 

exposure groups, and Cox proportional hazards models were generated to estimate the final HR 

between groups. Subgroup analysis was used for comparing differences between surgical 

procedures since anesthesia exposure pairs were matched on their index surgery. 

5.6 Limitations 

Although many strengths were identified, there are several limitations that are present in 

this thesis. Due to the observational study design, the first was the potential for unmeasured 

confounders to impact the association of interest between type of anesthesia and the 

development of dementia. To control for any potential confounding from measured confounders, 

persons were matched on their individual propensity score that adjusted for the imbalanced 
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known confounders between anesthesia groups. Methods involving propensity scores are 

becoming more-popular in current research, and have shown strengths when compared to 

standard regression analyses [133]. However, important information on cognitive impairment, 

both before and following surgery, may have been missed. When excluding individuals with a 

previous dementia diagnosis, there may have been some very early or mild cases of dementia 

that were unidentified in either anesthesia group. However, any mild cases that were not 

identified during pre-operative assessments should have no effect on the choice of anesthesia at 

the time of surgery. Additional unknown confounders such as lifestyle factors or data that was 

unavailable from the administrative healthcare databases at the time of surgery may influence the 

underlying association of interest. The presence of cognitive impairment at the time of surgery 

may affect the choice of anesthesia or bias the final estimate of effect. Any measured differences 

in probability of receiving GA were controlled for through matching on the propensity score.  

When examining the outcome of physician-diagnosed dementia, the administrative data 

algorithm may have missed mild cases of dementia that developed during the follow-up period. 

Although the specificity of the dementia case definition was high at 99.1%, the sensitivity for 

this algorithm was lower at 79.3% [160]. With a lower sensitivity, this means the algorithm is 

more prone to missing new cases of dementia rather than diagnosing false positives. These 

limitations may lead to an underestimate of the final estimate of effect for the underlying 

association between anesthesia and the development of dementia. Along with cognitive 

impairment, other sources of residual confounding may include lifestyle risk factors that were 

not recorded at the time of surgery.  
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 Another limitation of this thesis was that no additional information was available on the 

individual medications administered during anesthesia throughout the surgical procedure. More 

common inhaled anesthetic agents like sevoflurane and isoflurane have been previously studied 

for their independent potential associations with cognitive impairment [99, 105]. Furthermore, 

the depth and duration of anesthesia administration was unavailable in the accessed 

administrative data. Although this thesis was unable to control for individual agents, it did take a 

novel approach in comparing the development of dementia between persons receiving different 

types of anesthesia. 

Detailed information on cognitive performance and functioning in respect to activities of 

daily living is not available for the current study sample. Along with other covariates that are not 

recorded frequently such as presence of informal caregivers, there are limitations to the types of 

data available in administrative databases. 

5.7 Future directions 

This thesis was able to explore a novel topic, by comparing the development of dementia 

following surgery between persons receiving different types of anesthesia. When looking to 

design future studies, one significant issue identified throughout the literature review was a lack 

of a standardized outcome definition. A previously validated dementia algorithm was used for 

administrative data in this thesis, and the use of a common definition across future studies would 

increase the comparability of studies and facilitate the completion of an updated meta-analysis in 

this field. However, the choice of outcome is also important. There are studies that addressed any 

form of cognitive impairment, compared to others that looked at dementia including AD and 
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other associated forms. Continuing to look at dementia and clinical cases of disease are 

important to encourage the potential for treatment interventions and preventative measures to be 

taken.  

 Along with defining the outcome criteria, additional information on the exposure itself is 

necessary in future studies on this topic. Although this thesis began comparing persons who 

received GA versus RA, there are multiple subtypes within each of these categories that warrant 

further consideration. There may be significant differences on the outcome of dementia 

development when comparing spinal versus epidural techniques, and even further when 

comparing individual anesthetic agents used during GA in high-risk populations. The depth and 

duration of anesthesia administration was unavailable in this thesis but would also contribute 

important information to this field.  

Future study designs in this field should consider randomized controlled trials with high-

risk patients to compare the development of dementia between non-surgical controls and persons 

undergoing both types of anesthesia, general and regional. Developing this thesis further, 

additional administrative data may be used to create non-surgical control groups to compare 

against each anesthesia group. Furthermore, this thesis censored subsequent surgery with 

anesthesia, where these additional exposures could be used for further assessment on dose-

response relationships in the association between anesthesia exposure and the risk for 

development of dementia.  

When determining the risk status of patients, development of a dementia risk score for 

use with administrative data would be suggested. This score can also be used to compare varying 
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risk levels between anesthesia groups and controls. Inclusion of variables commonly available in 

administrative healthcare databases would encourage standardization of any produced tools in 

the future. This thesis controlled for known confounders available in the administrative data, but 

cognitive impairment prior to surgery is one unmeasured confounder that may significantly 

affect our final estimates of effect. A randomized clinical trial next would provide stronger 

evidence on the potential association between anesthesia and the development of dementia.  
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Chapter 6 

Conclusion 

6.1 Conclusion 

This thesis found insufficient evidence to support the hypothesis that GA is associated 

with higher risk for the development of dementia following surgery compared to persons 

administered RA. Although both types of anesthesia are commonly used in surgery, recognizing 

differences in commonly used anesthesia types for individual surgical procedures and the unique 

combinations of surgery and anesthetic agents used in practice, may shed additional light on 

whether there are any underlying associations between specific anesthetic medications or 

procedures to be concerned with in the future. The results of previous studies in this field have 

been inconclusive to date, and the results of this thesis add to and expand upon the previous 

literature. Anesthesia will continue to be an important part of healthcare procedures when 

looking at the immediate future, and ensuring that we are administering the safest combinations 

and medications is the primary goal of this research. Future studies will clarify the nature of any 

potential association, and this thesis has just begun to touch the surface of understanding 

associations that may exist between surgery, anesthesia, and development of dementia. 
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Appendix A 

Updated literature review search terms 

Search terms for the updated literature review (Adapted from Seitz et al. (2011) [127])  

• MEDLINE searched from January 2015 – October 2016 

 
1. exp Alzheimer Disease/ OR alzheimer*.mp. OR dement*.mp. OR exp Dementia/ 

 

2. exp Anesthetics/ or exp Anesthesia/ or (anesthe* or anaesthe*).mp. or exp Surgical 

Procedures, Operative/ or surgery.mp. or exp Postoperative Complications/ 

 

3. cohort studies/ or longitudinal studies/ or follow-up studies/ OR prospective studies/ OR case-

control studies/ or retrospective studies/ or cross-sectional studies/ OR risk/ or logistic models/ 

or risk assessment/ or risk factors/ OR causality/ or precipitating factors/ or risk factors/ OR 

risk.tw. OR (cause or causal or causation).tw. OR relative risk.tw. 
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Appendix B 

OHIP codes 

Table 12. OHIP diagnostic codes 

Diagnosis Use ICD-9 code 
Dementia Outcome 290, 331 
Atrial fibrillation Exclusion criteria 427 
Obesity Medical condition 278 
Anxiety Medical condition 300, 309 
Stroke Medical condition 432, 435, 436, 437 
Chronic kidney disease Medical condition 403, 580, 584, 585, 590, 591 
Depression Medical condition 296, 300, 311 
Brain trauma Medical condition 802, 803, 850, 854 
Mood disorders Medical condition 296, 301, 311 
Parkinson’s disease Medical condition 332 
Schizophrenia Medical condition 301 

 

 

 

 
Table 13. OHIP procedure fee codes 

Description Fee code 
Obesity E676 
ASA Score  

III E022 
IV E017 
V E016 
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Appendix C 

Exclusion criteria 

Hip replacement was non-elective (urgent or trauma-induced)  

Surgery was classified as urgent: 

CIHI-DAD (ADMCAT) 

U = urgent 

 

Traumatic hip replacement surgery: 

CIHI-DAD (DX10CODE1-25) 

-T00X to T07X 

 

Falls (surgery associated with a fall): 

CIHI-NACRS (DX10CODE1-10) 

Any ER visit with  

-any S or T00-T14 with W00-W19 (fall as external site of injury) 

CIHI-DAD (DXTYPE1) 

Any hospitalization with  

- SXX or T00-T14 with W00-W19 codes  

 

Anesthesia codes that were excluded  

0 – Out-of-hospital intervention  

4 – Combined general and neuraxial (epidural or spinal)  

5 – Other nerve block (including intravenous regional anesthesia) 

6 – Monitored anesthesia care (monitoring by an anesthetist giving sedation or analgesia, with or without 

local anesthesia)  

7 – Local anesthesia (no anesthetist present) 

8 – No anesthetic  

9 – Unmonitored anesthesia 
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Appendix D 

Ethics approval 
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Appendix E 

Complete covariate tables 

Table 14. Descriptive univariate statistics for the unmatched sample (complete) 

Variable Whole cohort (N = 41,676) 
Demographics  
Age, Mean (SD) 73.6 (5.7) 
66-69, N (%) 12,356 (29.6%) 
70-74, N (%) 12,726 (30.5%) 
75-79, N (%) 9,460 (22.7%) 
80-84, N (%) 5,147 (12.4%) 
85+, N (%) 1,987 (4.8%) 
  
Female sex, N (%) 21,739 (52.2%) 
  
Index Year, N (%)   
2007 10,627 (25.5%) 
2008 10,438 (25.0%) 
2009 10,444 (25.1%) 
2010 10,167 (24.4%) 
  
Deprivation quintile, N (%)  
Missing 492 (1.2%) 
1 (Least deprived) 8,471 (20.3%) 
2 8,567 (20.6%) 
3 8,619 (20.7%) 
4 8,280 (19.9%) 
5 (Most deprived) 7,247 (17.4%) 
  
Medical Comorbidity**  
ADG groups, Mean (SD) 9.0 (3.3) 
0-4, N (%) 3,399 (8.2%) 
5-9, N (%) 20,529 (49.3%) 
10-14, N (%) 15,364 (36.9%) 
15+, N (%) 2,384 (5.7%) 
  
Charlson comorbidity score, Mean (SD) 0.5 (1.0) 
0, N (%) 31,368 (75.3%) 
1, N (%) 4,892 (11.7%) 
2, N (%) 4,016 (9.6%) 
3+, N (%) 1,400 (3.4%) 
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Number of unique medications, Mean (SD) 7.2 (4.7) 
0-4, N (%) 13,004 (31.2%) 
5-9, N (%) 17,658 (42.4%) 
10-14, N (%) 7,960 (19.1%) 
15-19, N (%) 2,288 (5.5%) 
20+, N (%) 766 (1.8%) 
  
Medical Conditions**, N (%)  
Head trauma 843 (2.0%) 
Chronic renal disease 2,320 (5.6%) 
Diabetes mellitus  9,482 (22.8%) 
Congestive heart failure 1,323 (3.2%) 
Hypertension 29,317 (70.3%) 
Ischemic Heart Disease (Angina pectoris / 
Myocardial infarction) 1,125 (2.7%) 

Obesity 550 (1.3%) 
Stroke 2,080 (5.0%) 
Anxiety disorder 13,440 (32.2%) 
Depression 13,865 (33.3%) 
Mild cognitive impairment <= 5 (<=0.01%) 
Mood disorders 2,379 (5.7%) 
Parkinsonism  460 (1.1%) 
Schizophrenia (Psychotic disorder) 211 (0.5%) 
Asthma 2,384 (5.7%) 
Chronic obstructive pulmonary disease 7,357 (17.7%) 
  
Medication history**  
Any Antidepressants, N (%) 1,795 (4.3%) 
Any Antipsychotics, N (%) 508 (1.2%) 
Any Benzodiazepines, N (%) 5,143 (12.3%) 
Any Opioids, N (%) 8,397 (20.1%) 
Any Statins, N (%) 15,525 (37.3%) 
  
Anticholinergic Risk Score, Mean (SD) 0.3 (0.8) 
0, N (%) 35,784 (85.9%) 
1, N (%) 2,728 (6.5%) 
2, N (%) 1,283 (3.1%) 
3+, N (%) 1,881 (4.5%) 
  
Health services utilization**  
Any emergency department visit, N (%) 11,053 (26.5%) 
Any Inpatient admission, N (%) 2,046 (4.9%) 
Any Psychiatric facility admission, N (%)  35 (0.1%) 
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Physician visits  
Any General Practitioner visit, N (%) 40,641 (97.5%) 
GP visits, Mean (SD) 7.6 (5.4) 
Any Geriatrician visit, N (%) 1,478 (3.5%) 
Any Neurologist visit, N (%) 1,820 (4.4%) 
Any Psychiatrist visit, N (%) 648 (1.6%) 
  
Home care utilization  
Any home care service, N (%) 7,566 (18.2%) 
  
Perioperative  
Type of anesthesia, N (%)  
General 20,499 (49.2%) 
Regional 21,177 (50.8%) 
  
Index Surgery, N (%)  
Hip Replacement 9,320 (22.4%) 
Hysterectomy 3,883 (9.3%) 
Inguinal Hernia Repair 11,337 (27.2%) 
Knee Replacement 14,970 (35.9%) 
Prostatectomy 2,166 (5.2%) 
  
Physician Consultations, N (%)  
Any Anesthesiologist visit 25,988 (62.4%) 
Any Cardiologist visit 22,274 (53.4%) 
Any Respirology visit 2,934 (7.0%) 
  
Type of hospital, N (%)  
Missing 610 (1.5%) 
Community 29,597 (71.0%) 
Small 468 (1.1%) 
Teaching 11,001 (26.4%) 
  
ASA Score, N (%)  
I/II – No Bill Code 20,406 (49.0%) 
III 1,473 (3.5%) 
IV/V 19,797 (47.5%) 
  
Complications, N (%) 6,302 (15.1%) 
  
Length of Stay  
Total (index), N (%) 32,308 (77.5%) 
Mean (SD) 4.22 (2.44) 
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Acute Care, N (%) 32,308 (77.5%) 
Mean (SD) 3.2 (2.6) 
  
Alternate level of care, N (%) 913 (2.2%) 
Mean (SD) 0.1 (0.8) 
  
Alternate level of care (up to 1 year post-
operation), N (%) 568 (1.4%) 

Mean (SD) 0.2 (2.8) 
  
Post-Operation  
Up to 30 days post-operation, N (%)  
Any Emergency department visit 5,558 (13.3%) 
Any ICU admission 960 (2.3%) 
Any Inpatient admission 339 (0.8%) 
Any unplanned return to the OR 30 (0.1%) 
  
Up to 90 days post-operation, N (%)  
Any Emergency department visit 7,761 (18.6%) 
Any ICU admission 1,087 (2.6%) 
Any Inpatient admission 966 (2.3%) 
Any return to the OR 36 (0.1%) 
  
Rehabilitation Services  
Up to 30 days post-operation  
Any NRS service, N (%) 262 (0.6%) 
Mean length of stay (SD) 0.1 (1.1) 
  
Any CCRS service, N (%) 108 (0.3%) 
Mean length of stay (SD) 0.03 (0.7) 
  
Up to 90 days post-operation  
Any NRS service, N (%) 390 (0.9%) 
Mean length of stay (SD) 0.2 (2.0) 
  
Any CCRS service, N (%) 159 (0.4%) 
Mean length of stay (SD) 0.1 (2.4) 
  
Developed Dementia, N (%) 2,627 (6.3%) 

 
**Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique 
medications = 1 year preceding index; Medical conditions = 5 years preceding index; Medication history 
= 120 days preceding; Health services utilization = 1 year preceding index; Physician consultations = 90 
days preceding index
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Table 15. Bivariate statistics comparing the GA and RA groups in the unmatched sample (complete) 

Variable General Anesthesia 
(N = 20,499) 

Regional Anesthesia 
(N = 21,177) Statistical Test Test statistic 

value p-value Standardized 
Difference 

Demographics       

Age, Mean (SD) 72.8 (5.5) 74.5 (5.9) Mann-Whitney U test 
(Normal Approx.) Z = -30.1 <0.0001* 0.3* 

66-69, N (%) 7,191 (35.1%) 5,165 (24.4%) Chi-Square (D.F.) X2 = 570.7 (1) <0.0001* 0.2* 
70-74, N (%) 6,491 (31.7%) 6,235 (29.4%) Chi-Square (D.F.) X2 = 24.3 (1) <0.0001* 0.05 
75-79, N (%) 4,062 (19.8%) 5,398 (25.5%) Chi-Square (D.F.) X2 = 191.1 (1) <0.0001* 0.1* 
80-84, N (%) 2,042 (10.0%) 3,105 (14.7%) Chi-Square (D.F.) X2 = 212.6 (1) <0.0001* 0.1* 
85+, N (%) 713 (3.5%) 1,274 (6.0%) Chi-Square (D.F.) X2 = 147.7 (1) <0.0001* 0.1* 
       
Female sex, N (%) 8,996 (43.9%) 12,743 (60.2%) Chi-Square (D.F.) X2 = 1107.5 (1) <0.0001* 0.3* 
       
Index Year, N (%)        
2007 5,398 (26.3%) 5,229 (24.7%) Chi-Square (D.F.) X2 = 14.8 (1) 0.0001* 0.04 
2008 5,138 (25.1%) 5,300 (25.0%) Chi-Square (D.F.) X2 = 0.01 (1) 0.9 0 
2009 5,030 (24.5%) 5,414 (25.6%) Chi-Square (D.F.) X2 = 5.9 (1) 0.02* 0.02 
2010 4,933 (24.1%) 5,234 (24.7%) Chi-Square (D.F.) X2 = 2.4 (1) 0.1 0.02 
       
Deprivation quintile, N (%)       
Missing 230 (1.1%) 262 (1.2%) - - - 0.01 
1 (Least deprived) 4,163 (20.3%) 4,308 (20.3%) Chi-Square (D.F.) X2 = 0.02 (1) 0.9 0 
2 4,178 (20.4%) 4,389 (20.7%) Chi-Square (D.F.) X2 = 0.9 (1) 0.4 0.01 
3 4,192 (20.4%) 4,427 (20.9%) Chi-Square (D.F.) X2 = 1.5 (1) 0.2 0.01 
4 4,149 (20.2%) 4,131 (19.5%) Chi-Square (D.F.) X2 = 3.3 (1) 0.1 0.02 
5 (Most deprived) 3,587 (17.5%) 3,660 (17.3%) Chi-Square (D.F.) X2 = 0.3 (1) 0.6 0.01 
       
Medical comorbidity**       

ADG groups, Mean (SD) 9.1 (3.3) 8.9 (3.4) Mann-Whitney U test 
(Normal Approx.) Z = 5.7 <0.0001* 0.05 

0-4, N (%) 1,522 (7.4%) 1,877 (8.9%) Chi-Square (D.F.) X2 = 28.8 (1) <0.0001* 0.05 
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5-9, N (%) 10,066 (49.1%) 10,463 (49.4%) Chi-Square (D.F.) X2 = 0.4 (1) 0.5 0.01 
10-14, N (%) 7,723 (37.7%) 7,641 (36.1%) Chi-Square (D.F.) X2 = 11.4 (1) 0.0007* 0.03 
15+, N (%) 1,188 (5.8%) 1,196 (5.6%) Chi-Square (D.F.) X2 = 0.4 (1) 0.5 0.01 
       
Charlson comorbidity score, 
Mean (SD) 0.6 (1.2) 0.3 (0.7) Mann-Whitney U test 

(Normal Approx.) Z = 18.1 <0.0001* 0.3* 

0, N (%) 14,891 (72.6%) 16,477 (77.8%) Chi-Square (D.F.) X2 = 149.2 (1) <0.0001* 0.1* 
1, N (%) 1,576 (7.7%) 3,316 (15.7%) Chi-Square (D.F.) X2 = 638.7 (1) <0.0001* 0.3* 
2, N (%) 2,999 (14.6%) 1,017 (4.8%) Chi-Square (D.F.) X2 = 1155.3 (1) <0.0001* 0.3* 
3+, N (%) 1,033 (5.0%) 367 (1.7%) Chi-Square (D.F.) X2 = 350.7 (1) <0.0001* 0.2* 
       
Number of unique 
medications, Mean (SD) 6.9 (4.7) 7.6 (4.7) Mann-Whitney U test 

(Normal Approx.) Z = -17.0 <0.0001* 0.2* 

0-4, N (%) 7,159 (34.9%) 5,845 (27.6%) Chi-Square (D.F.) X2 = 260.2 (1) <0.0001* 0.2* 
5-9, N (%) 8,399 (41.0%) 9,259 (43.7%) Chi-Square (D.F.) X2 = 32.2 (1) <0.0001* 0.06 
10-14, N (%) 3,603 (17.6%) 4,357 (20.6%) Chi-Square (D.F.) X2 = 60.6 (1) <0.0001* 0.08 
15-19, N (%) 985 (4.8%) 1,303 (6.2%) Chi-Square (D.F.) X2 = 36.5 (1) <0.0001* 0.06 
20+, N (%) 353 (1.7%) 413 (2.0%) Chi-Square (D.F.) X2 = 3.0 (1) 0.08 0.02 
       
Medical conditions**       
Head trauma 419 (2.0%) 424 (2.0%) Chi-Square (D.F.) X2 = 0.1 (1) 0.8 0 
Chronic renal disease 1,105 (5.4%) 1,215 (5.7%) Chi-Square (D.F.) X2 = 2.4 (1) 0.1 0.02 
Diabetes mellitus  4,464 (21.8%) 5,018 (23.7%) Chi-Square (D.F.) X2 = 21.8 (1) <0.0001* 0.05 
Congestive heart failure 585 (2.9%) 738 (3.5%) Chi-Square (D.F.) X2 = 13.5 (1) 0.0002* 0.04 
Hypertension 13,633 (66.5%) 15,684 (74.1%) Chi-Square (D.F.) X2 = 285.1 (1) <0.0001* 0.2* 
Ischemic Heart Disease 
(Angina pectoris / 
Myocardial infarction) 

536 (2.6%) 589 (2.8%) Chi-Square (D.F.) X2 = 1.1 (1) 0.3 0.01 

Obesity 220 (1.1%) 330 (1.6%) Chi-Square (D.F.) X2 = 18.8 (1) <0.0001* 0.04 
Stroke 1,024 (5.0%) 1,056 (5.0%) Chi-Square (D.F.) X2 = 0.0 (1) 1.0 0 
Anxiety disorder 6,702 (32.7%) 6,738 (31.8%) Chi-Square (D.F.) X2 = 3.7 (1) 0.1 0.02 
Depression 6,848 (33.4%) 7,017 (33.1%) Chi-Square (D.F.) X2 = 0.4 (1) 0.6 0.01 
Mild cognitive impairment <=5 (0.0%) <=5 (0.0%) Chi-Square (D.F.) X2 = 0.9 (1) 0.3 0.01 
Mood disorders 1,056 (5.2%) 1,323 (6.2%) Chi-Square (D.F.) X2 = 23.2 (1) <0.0001* 0.05 



 

 

 

132 

Parkinsonism  215 (1.0%) 245 (1.2%) Chi-Square (D.F.) X2 = 1.1 (1) 0.3 0.01 
Schizophrenia  
(Psychotic disorder) 103 (0.5%) 108 (0.5%) Chi-Square (D.F.) X2 = 0.01 (1) 0.9 0 

Asthma 1,111 (5.4%) 1,273 (6.0%) Chi-Square (D.F.) X2 = 6.8 (1) 0.009* 0.03 
Chronic obstructive 
pulmonary disease 3,502 (17.1%) 3,855 (18.2%) Chi-Square (D.F.) X2 = 9.0 (1) 0.003* 0.03 

       
Medication history**       
Any Antidepressants, N (%) 745 (3.6%) 1,050 (5.0%) Chi-Square (D.F.) X2 = 44.3 (1) <0.0001* 0.07 
Any Antipsychotics, N (%) 290 (1.4%) 218 (1.0%) Chi-Square (D.F.) X2 = 12.8 (1) 0.0003* 0.04 
Any Benzodiazepines, N 
(%) 2,398 (11.7%) 2,745 (13.0%) Chi-Square (D.F.) X2 = 15.4 (1) <0.0001* 0.04 

Any Opioids, N (%) 3,227 (15.7%) 5,170 (24.4%) Chi-Square (D.F.) X2 = 486.8 (1) <0.0001* 0.2* 
Any Statins, N (%) 7,450 (36.3%) 8,075 (38.1%) Chi-Square (D.F.) X2 = 14.2 (1) 0.0002* 0.04 
       
Anticholinergic Risk Score, 
Mean (SD) 0.3 (0.8) 0.3 (0.9) Mann-Whitney U test 

(Normal Approx.) Z = -7.9 <0.0001* 0.07 

0, N (%) 17,875 (87.2%) 17,909 (84.6%) Chi-Square (D.F.) X2 = 59.4 (1) <0.0001* 0.08 
1, N (%) 1,265 (6.2%) 1,463 (6.9%) Chi-Square (D.F.) X2 = 9.3 (1) 0.002* 0.03 
2, N (%) 571 (2.8%) 712 (3.4%) Chi-Square (D.F.) X2 = 11.6 (1) 0.0007* 0.03 
3+, N (%) 788 (3.8%) 1,093 (5.2%) Chi-Square (D.F.) X2 = 41.9 (1) <0.0001* 0.06 
       
Health services 
utilization**        

Any Emergency department 
visit, N (%) 5,721 (27.9%) 5,332 (25.2%) Chi-Square (D.F.) X2 = 39.9 (1) <0.0001* 0.06 

Any Inpatient admission, N 
(%) 1,139 (5.6%) 907 (4.3%) Chi-Square (D.F.) X2 = 36.2 (1) <0.0001* 0.06 

Any Psychiatric facility 
admission, N (%)  22 (0.1%) 13 (0.1%) Chi-Square (D.F.) X2 = 2.6 (1) 0.1 0.02 

       
Physician Visits       
Any Family / General 
Practitioner visit, N (%) 20,001 (97.6%) 20,640 (97.5%) Chi-Square (D.F.) X2 = 0.5 (1) 0.5 0.01 
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GP visits, Mean (SD) 7.4 (5.3) 7.7 (5.5) Mann-Whitney U test 
(Normal Approx.) Z = -5.9 <0.0001* 0.05 

Any Geriatrician visit, N 
(%) 725 (3.5%) 753 (3.6%) Chi-Square (D.F.) X2 = 0.01 (1) 0.9 0 

Any Neurologist visit, N (%) 836 (4.1%) 984 (4.6%) Chi-Square (D.F.) X2 = 8.1 (1) 0.005* 0.03 
Any Psychiatrist visit, N (%) 327 (1.6%) 321 (1.5%) Chi-Square (D.F.) X2 = 0.4 (1) 0.5 0.01 
       
Home care utilization       
Any home care service, N 
(%) 2,267 (11.1%) 5,299 (25.0%) Chi-Square (D.F.) X2 = 1366.8 (1) <0.0001* 0.4* 

       
Perioperative       
Index Surgery, N (%)       
Hip Replacement 2,106 (10.3%) 7,214 (34.1%) Chi-Square (D.F.) X2 = 3395.9 (1) <0.0001* 0.6* 
Hysterectomy 3,202 (15.6%) 681 (3.2%) Chi-Square (D.F.) X2 = 1897.0 (1) <0.0001* 0.4* 
Inguinal Hernia Repair 9,877 (48.2%) 1,460 (6.9%) Chi-Square (D.F.) X2 = 8966.9 (1) <0.0001* 1.0* 
Knee Replacement 3,255 (15.9%) 11,715 (55.3%) Chi-Square (D.F.) X2 = 7039.5 (1) <0.0001* 0.9* 
Prostatectomy 2,059 (10.0%) 107 (0.5%) Chi-Square (D.F.) X2 = 1923.7 (1) <0.0001* 0.4* 
       
Physician consultations**, N 
(%)       

Any Anesthesiologist visit 10,619 (51.8%) 15,369 (72.6%) Chi-Square (D.F.) X2 = 1914.6 (1) <0.0001* 0.4* 
Any Cardiologist visit 11,286 (55.1%) 10,988 (51.9%) Chi-Square (D.F.) X2 = 42.1 (1) <0.0001* 0.06 
Any Respirology visit 1,415 (6.9%) 1,519 (7.2%) Chi-Square (D.F.) X2 = 1.2 (1) 0.3 0.01 
       
Type of hospital, N (%)       
Missing 495 (2.4%) 115 (0.5%) - - - 0.2* 
Community 14,568 (71.1%) 15,029 (71.0%) Chi-Square (D.F.) X2 = 11.0 (1) 0.0009* 0 
Small 350 (1.7%) 118 (0.6%) Chi-Square (D.F.) X2 = 128.8 (1) <0.0001* 0.1* 
Teaching 5,086 (24.8%) 5,915 (27.9%) Chi-Square (D.F.) X2 = 37.0 (1) <0.0001* 0.07 
       
ASA Score, N (%)       
I/II – No Bill Code 11,097 (54.1%) 9,309 (44.0%) Chi-Square (D.F.) X2 = 431.7 (1) <0.0001* 0.2* 
III 8,726 (42.6%) 11,071 (52.3%) Chi-Square (D.F.) X2 = 393.9 (1) <0.0001* 0.2* 
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IV/V 676 (3.3%) 797 (3.7%) Chi-Square (D.F.) X2 = 6.6 (1) 0.0100* 0.03 
       
Complications, N (%) 2,247 (11.0%) 4,055 (19.1%) Chi-Square (D.F.) X2 = 543.9 (1) <0.0001* 0.2* 
       
Length of Stay       
Total (index), N (%) 12,368 (60.3%) 19,940 (94.2%) Chi-Square (D.F.) X2 = 6838.8 (1) <0.0001* 0.9* 

Mean index LOS (SD) 3.9 (2.6) 4.4 (2.4) Mann-Whitney U test 
(Normal Approx.) Z = -28.1 <0.0001* 0.2* 

       
Acute Care, N (%) 12,368 (60.3%) 19,940 (94.2%) Chi-Square (D.F.) X2 = 6838.8 (1) <0.0001* 0.9* 

Mean (SD) 2.3 (2.6) 4.0 (2.3) Mann-Whitney U test 
(Normal Approx.) Z = -78.7 <0.0001* 0.7* 

       
Alternate level of care, N 
(%) 219 (1.1%) 694 (3.3%) Chi-Square (D.F.) X2 = 237.2 (1) <0.0001* 0.2* 

Mean (SD) 0.04 (0.6) 0.1 (0.9) Mann-Whitney U test 
(Normal Approx.) Z = -15.4 <0.0001* 0.09 

       
Alternate level of care (up to 
1 year post-operation), N 
(%) 

233 (1.1%) 335 (1.6%) Chi-Square (D.F.) X2 = 15.4 (1) <0.0001* 0.04 

Mean (SD) 0.1 (2.5) 0.2 (3.0) Mann-Whitney U test 
(Normal Approx.) Z = -3.9 <0.0001* 0.02 

       
Post-Operation       
Up to 30 days post-
operation, N (%)       

Any Emergency department 
visit 2,748 (13.4%) 2,810 (13.3%) Chi-Square (D.F.) X2 = 0.2 (1) 0.7 0 

Any ICU admission 485 (2.4%) 475 (2.2%) Chi-Square (D.F.) X2 = 0.7 (1) 0.4 0.01 
Any Inpatient admission 136 (0.7%) 203 (1.0%) Chi-Square (D.F.) X2 = 11.3 (1) 0.0008* 0.03 
Any unplanned return to the 
OR 12 (0.1%) 18 (0.1%) Chi-Square (D.F.) X2 = 1.0 (1) 0.3 0.01 
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Up to 90 days post-
operation, N (%)       

Any Emergency department 
visit 3,752 (18.3%) 4,009 (18.9%) Chi-Square (D.F.) X2 = 2.7 (1) 0.1 0.02 

Any ICU admission 549 (2.7%) 538 (2.5%) Chi-Square (D.F.) X2 = 0.8 (1) 0.4 0.01 
Any Inpatient admission 385 (1.9%) 581 (2.7%) Chi-Square (D.F.) X2 = 34.5 (1) <0.0001* 0.06 
Any return to the OR 15 (0.1%) 21 (0.1%) Chi-Square (D.F.) X2 = 0.8 (1) 0.4 0.01 
       
Rehabilitation Services       
Up to 30 days post-operation       
Any NRS service, N (%) 68 (0.3%) 194 (0.9%) Chi-Square (D.F.) X2 = 56.9 (1) <0.0001* 0.07 

Mean length of stay (SD) 0.04 (0.8) 0.1 (1.3) Mann-Whitney U test 
(Normal Approx.) Z = -7.6 <0.0001* 0.07 

       
Any CCRS service, N (%) 36 (0.2%) 72 (0.3%) Chi-Square (D.F.) X2 = 10.9 (1) 0.001 0.03 

Mean length of stay (SD) 0.02 (0.6) 0.05 (0.8) Mann-Whitney U test 
(Normal Approx.) Z = -3.3 0.001 0.04 

       
Up to 90 days post-operation       
Any NRS service, N (%) 103 (0.5%) 287 (1.4%) Chi-Square (D.F.) X2 = 81.7 (1) <0.0001* 0.09 

Mean length of stay (SD) 0.1 (1.7) 0.2 (2.2) Mann-Whitney U test 
(Normal Approx.) Z = -9.0 <0.0001* 0.06 

       
Any CCRS service, N (%) 54 (0.3%) 105 (0.5%) Chi-Square (D.F.) X2 = 14.8 (1) 0.0001 0.04 

Mean length of stay (SD) 0.1 (2.0) 0.2 (2.7) Mann-Whitney U test 
(Normal Approx.) Z = -3.8 0.0001 0.03 

       
Developed Dementia, N 
(%) 1,169 (5.7%) 1,458 (6.9%) Chi-Square (D.F.) X2 = 24.7 (1) <0.0001* 0.05 

*Statistically significant 
**Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique medications = 1 year 
preceding; Medical conditions = 5 years preceding; Medication history = 120 days preceding; Health services utilization = 1 year 
preceding; Physician consultations = 90 days preceding index.  
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Table 16. Descriptive bivariate statistics comparing GA to RA in the matched sample (complete) 

Variable General Anesthesia 
(N = 7,499) 

Regional Anesthesia 
(N = 7,499) Statistical Test Test statistic 

value p-value Standardized 
Difference 

Demographics       

Age, Mean (SD) 74.3 (5.8) 74.3 (5.8) Wilcoxon Rank-Sum 
(Normal Approx.) Z = -0.1 0.9 0 

66-69, N (%) 1,900 (25.3%) 1,892 (25.2%) McNemar’s test (D.F.) X2 = 2.5 (1) 0.1 0 
70-74, N (%) 2,255 (30.1%) 2,255 (30.1%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
75-79, N (%) 1,847 (24.6%) 1,842 (24.6%) McNemar’s test (D.F.) X2 = 0.5 (1) 0.5 0 
80-84, N (%) 1,075 (14.3%) 1,085 (14.5%) McNemar’s test (D.F.) X2 = 2.6 (1) 0.1 0 
85+, N (%) 422 (5.6%) 425 (5.7%) McNemar’s test (D.F.) X2 = 1.3 (1) 0.3 0 
       
Female sex, N (%) 4,358 (58.1%) 4,358 (58.1%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
       
Index Year, N (%)        
2007 2,153 (28.7%) 2,153 (28.7%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
2008 2,038 (27.2%) 2,038 (27.2%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
2009 1,804 (24.1%) 1,804 (24.1%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
2010 1,504 (20.1%) 1,504 (20.1%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
       
Deprivation quintile, N (%)       
Missing 87 (1.2%) 91 (1.2%) McNemar’s test (D.F.) X2 = 0.1 (1) 0.8 0 
1 (Least deprived) 1,437 (19.2%) 1,494 (19.9%) McNemar’s test (D.F.) X2 = 1.4 (1) 0.2 0.02 
2 1,496 (19.9%) 1,576 (21.0%) McNemar’s test (D.F.) X2 = 2.7 (1) 0.1 0.03 
3 1,560 (20.8%) 1,577 (21.0%) McNemar’s test (D.F.) X2 = 0.1 (1) 0.7 0.01 
4 1,560 (20.8%) 1,439 (19.2%) McNemar’s test (D.F.) X2 = 6.1 (1) 0.01* 0.04 
5 (Most deprived) 1,359 (18.1%) 1,322 (17.6%) McNemar’s test (D.F.) X2 = 0.6 (1) 0.4 0.01 
       
Medical comorbidity**       

ADG groups, Mean (SD) 9.1 (3.3) 9.0 (3.3) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 2.7 0.007* 0.05 

0-4, N (%) 574 (7.7%) 636 (8.5%) McNemar’s test (D.F.) X2 = 3.6 (1) 0.06 0.03 
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5-9, N (%) 3,648 (48.6%) 3,695 (49.3%) McNemar’s test (D.F.) X2 = 0.6 (1) 0.4 0.01 
10-14, N (%) 2,825 (37.7%) 2,767 (36.9%) McNemar’s test (D.F.) X2 = 1.0 (1) 0.3 0.02 
15+, N (%) 452 (6.0%) 401 (5.3%) McNemar’s test (D.F.) X2 = 3.3 (1) 0.1 0.03 
       
Charlson comorbidity score, 
Mean (SD) 0.4 (0.9) 0.3 (0.7) Wilcoxon Rank-Sum 

(Normal Approx.) Z = 3.3 0.001* 0.08 

0, N (%) 5,832 (77.8%) 5,985 (79.8%) McNemar’s test (D.F.) X2 = 13.2 (1) 0.0003* 0.05 
1, N (%) 1,007 (13.4%) 969 (12.9%) McNemar’s test (D.F.) X2 = 1.1 (1) 0.3 0.01 
2, N (%) 462 (6.2%) 412 (5.5%) McNemar’s test (D.F.) X2 = 4.6 (1) 0.03* 0.03 
3+, N (%) 198 (2.6%) 133 (1.8%) McNemar’s test (D.F.) X2 = 19.8 (1) <0.0001* 0.06 
       
Number of unique 
medications, Mean (SD) 7.5 (4.8) 7.4 (4.6) Wilcoxon Rank-Sum 

(Normal Approx.) Z = 1.1 0.3 0.03 

0-4, N (%) 2,152 (28.7%) 2,133 (28.4%) McNemar’s test (D.F.) X2 = 0.2 (1) 0.7 0.01 
5-9, N (%) 3,165 (42.2%) 3,252 (43.4%) McNemar’s test (D.F.) X2 = 2.9 (1) 0.1 0.02 
10-14, N (%) 1,571 (20.9%) 1,572 (21.0%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
15-19, N (%) 449 (6.0%) 423 (5.6%) McNemar’s test (D.F.) X2 = 0.9 (1) 0.4 0.01 
20+, N (%) 162 (2.2%) 119 (1.6%) McNemar’s test (D.F.) X2 = 7.5 (1) 0.01* 0.04 
       
Medical conditions**       
Head trauma 179 (2.4%) 157 (2.1%) McNemar’s test (D.F.) X2 = 1.5 (1) 0.2 0.02 
Chronic renal disease 411 (5.5%) 411 (5.5%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Diabetes mellitus  1,763 (23.5%) 1,634 (21.8%) McNemar’s test (D.F.) X2 = 7.1 (1) 0.008* 0.04 
Congestive heart failure 248 (3.3%) 269 (3.6%) McNemar’s test (D.F.) X2 = 0.9 (1) 0.3 0.02 
Hypertension 5,464 (72.9%) 5,464 (72.9%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Ischemic Heart Disease 
(Angina pectoris / 
Myocardial infarction) 

190 (2.5%) 245 (3.3%) McNemar’s test (D.F.) X2 = 7.5 (1) 0.006* 0.04 

Obesity 114 (1.5%) 99 (1.3%) McNemar’s test (D.F.) X2 = 1.1 (1) 0.3 0.02 
Stroke 407 (5.4%) 384 (5.1%) McNemar’s test (D.F.) X2 = 0.7 (1) 0.4 0.01 
Anxiety disorder 2,521 (33.6%) 2,425 (32.3%) McNemar’s test (D.F.) X2 = 2.8 (1) 0.1 0.03 
Depression 2,577 (34.4%) 2,533 (33.8%) McNemar’s test (D.F.) X2 = 0.6 (1) 0.4 0.01 
Mild cognitive impairment 0 (0%) <=5 (0%) McNemar’s test (D.F.) X2 = n/a n/a 0.02 
Mood disorders 436 (5.8%) 467 (6.2%) McNemar’s test (D.F.) X2 = 1.1 (1) 0.3 0.02 



 

 

 

138 

Parkinsonism  72 (1.0%) 89 (1.2%) McNemar’s test (D.F.) X2 = 1.8 (1) 0.2 0.02 
Schizophrenia  
(Psychotic disorder) 44 (0.6%) 27 (0.4%) McNemar’s test (D.F.) X2 = 4.1 (1) 0.04* 0.03 

Asthma 412 (5.5%) 473 (6.3%) McNemar’s test (D.F.) X2 = 4.4 (1) 0.04* 0.03 
Chronic obstructive 
pulmonary disease 1,315 (17.5%) 1,466 (19.5%) McNemar’s test (D.F.) X2 = 10.2 (1) 0.001* 0.05 

       
Medication history**       
Any Antidepressants, N (%) 330 (4.4%) 361 (4.8%) McNemar’s test (D.F.) X2 = 1.5 (1) 0.2 0.02 
Any Antipsychotics, N (%) 101 (1.3%) 79 (1.1%) McNemar’s test (D.F.) X2 = 2.8 (1) 0.1 0.03 
Any Benzodiazepines, N (%) 967 (12.9%) 970 (12.9%) McNemar’s test (D.F.) X2 = 0.01 (1) 0.9 0 
Any Opioids, N (%) 1,804 (24.1%) 1,673 (22.3%) McNemar’s test (D.F.) X2 = 11.2 (1) 0.001* 0.04 
Any Statins, N (%) 2,810 (37.5%) 2,807 (37.4%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
       
Anticholinergic Risk Score, 
Mean (SD) 0.3 (0.8) 0.3 (0.8) Wilcoxon Rank-Sum 

(Normal Approx.) Z = -0.7 0.5 0 

0, N (%) 6,365 (84.9%) 6,331 (84.4%) McNemar’s test (D.F.) X2 = 0.6 (1) 0.4 0.01 
1, N (%) 528 (7.0%) 555 (7.4%) McNemar’s test (D.F.) X2 = 0.7 (1) 0.4 0.01 
2, N (%) 241 (3.2%) 253 (3.4%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6 0.01 
3+, N (%) 365 (4.9%) 360 (4.8%) McNemar’s test (D.F.) X2 = 0.04 (1) 0.8 0 
       
Health services 
utilization**       

Any Emergency department 
visit, N (%) 1,929 (25.7%) 2,006 (26.8%) McNemar’s test (D.F.) X2 = 2.1 (1) 0.1 0.02 

Any Inpatient admission, N 
(%) 347 (4.6%) 318 (4.2%) McNemar’s test (D.F.) X2 = 1.4 (1) 0.2 0.02 

Any Psychiatric facility 
admission, N (%)  7 (0.1%) <=5 (0.1%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6 0.01 

       
Physician Visits       
Any General Practitioner 
visit, N (%) 7,341 (97.9%) 7,304 (97.4%) McNemar’s test (D.F.) X2 = 4.1 (1) 0.04* 0.03 
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GP visits, Mean (SD) 7.9 (5.5) 7.5 (5.6) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 5.2 <0.0001* 0.07 

Any Geriatrician visit, N (%) 493 (6.6%) 218 (2.9%) McNemar’s test (D.F.) X2 = 115.5 (1) <0.0001* 0.2* 
Any Neurologist visit, N (%) 336 (4.5%) 329 (4.4%) McNemar’s test (D.F.) X2 = 0.1 (1) 0.8 0 
Any Psychiatrist visit, N (%) 122 (1.6%) 114 (1.5%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6 0.01 
       
Home care utilization       
Any home care service, N 
(%) 1,653 (22.0%) 1,629 (21.7%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6  0.01 

       
Perioperative       
Index Surgery, N (%)       
Hip Replacement 2,089 (27.9%) 2,089 (27.9%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Hysterectomy 680 (9.1%) 680 (9.1%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Inguinal Hernia Repair 1,387 (18.5%) 1,387 (18.5%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Knee Replacement 3,236 (43.2%) 3,236 (43.2%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
Prostatectomy 107 (1.4%) 107 (1.4%) McNemar’s test (D.F.) X2 = 0 (1) 1.0 0 
       
Physician consultations**, N 
(%)       

Any Anesthesiologist visit 4,860 (64.8%) 4,909 (65.5%) McNemar’s test (D.F.) X2 = 1.1 (1) 0.3 0.01 
Any Cardiologist visit 4,251 (56.7%) 3,770 (50.3%) McNemar’s test (D.F.) X2 = 64.5 (1) <0.0001* 0.1* 
Any Respirology visit 594 (7.9%) 551 (7.3%) McNemar’s test (D.F.) X2 = 1.8 (1) 0.2 0.02 
       
Type of hospital, N (%)       
Community 5,591 (74.6%) 5,619 (74.9%) McNemar’s test (D.F.) X2 = 0.4 (1) 0.5 0.01 
Small 61 (0.8%) 73 (1.0%) McNemar’s test (D.F.) X2 = 1.5 (1) 0.2 0.02 
Teaching 1,847 (24.6%) 1,807 (24.1%) McNemar’s test (D.F.) X2 = 0.8 (1) 0.4 0.01 
       
ASA Score, N (%)       
I/II – No Bill Code 3,533 (47.1%) 3,456 (46.1%) McNemar’s test (D.F.) X2 = 2.4 (1) 0.1 0.02 
III 3,674 (49.0%) 3,759 (50.1%) McNemar’s test (D.F.) X2 = 2.8 (1) 0.1 0.02 
IV/V 292 (3.9%) 284 (3.8%) McNemar’s test (D.F.) X2 = 0.2 (1) 0.7 0.01 
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Complications, N (%) 1,233 (16.4%) 1,239 (16.5%) McNemar’s test (D.F.) X2 = 0.02 (1) 0.8932 0 
       
Length of Stay       
Total (index), N (%) 6,335 (84.5%) 6,388 (85.2%) McNemar’s test (D.F.) X2 = 6.5 (1) 0.01* 0.02 

Mean index LOS (SD) 4.5 (2.6) 4.2 (2.4) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 9.0 <0.0001* 0.1* 

       
Acute Care, N (%) 6,335 (84.5%) 6,388 (85.2%) McNemar’s test (D.F.) X2 = 6.5 (1) 0.01* 0.02 

Mean (SD) 3.7 (2.7) 3.5 (2.4) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 6.0 <0.0001* 0.09 

       
Alternate level of care, N 
(%) 203 (2.7%) 191 (2.5%) McNemar’s test (D.F.) X2 = 0.4 (1) 0.5 0.01 

Mean (SD) 0.1 (0.9) 0.1 (0.8) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 0.6 0.5 0.02 

       
Alternate level of care (up to 
1 year post-operation), N 
(%) 

119 (1.6%) 116 (1.5%) McNemar’s test (D.F.) X2 = 0.04 (1) 0.8 0 

Mean (SD) 0.2 (2.7) 0.2 (3.2) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 0.2 0.9 0.01 

       
Post-Operation       
Up to 30 days post-
operation, N (%)       

Any Emergency department 
visit 937 (12.5%) 961 (12.8%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6 0.01 

Any ICU admission 174 (2.3%) 138 (1.8%) McNemar’s test (D.F.) X2 = 4.4 (1) 0.04* 0.03 
Any Inpatient admission 72 (1.0%) 66 (0.9%) McNemar’s test (D.F.) X2 = 0.3 (1) 0.6 0.01 
Any unplanned return to the 
OR <=5 (0.0%) 8 (0.1%) McNemar’s test (D.F.) X2 = 2.3 (1) 0.1 0.02 

       
Up to 90 days post-
operation, N (%)       
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Any Emergency department 
visit 1,349 (18.0%) 1,361 (18.1%) McNemar’s test (D.F.) X2 = 0.1 (1) 0.8 0 

Any ICU admission 198 (2.6%) 159 (2.1%) McNemar’s test (D.F.) X2 = 4.5 (1) 0.03* 0.03 
Any Inpatient admission 182 (2.4%) 184 (2.5%) McNemar’s test (D.F.) X2 = 0.01 0.9 0 
Any return to the OR <=5 (0.1%) 9 (0.1%) McNemar’s test (D.F.) X2 = 1.9 (1) 0.2 0.02 
       
Rehabilitation Services       
Up to 30 days post-operation       
Any NRS service,  
N (%) 66 (0.9%) 55 (0.7%) McNemar’s test (D.F.) X2 = 1.0 (1) 0.3 0.02 

Mean length of stay (SD) 0.1 (1.3) 0.1 (1.2) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 1.0 0.3 0.01 

       
Any CCRS service,  
N (%) 30 (0.4%) 22 (0.3%) McNemar’s test (D.F.) X2 = 1.2 (1) 0.3 0.02 

Mean length of stay (SD) 0.04 (0.8) 0.04 (0.8) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 1.1 0.3 0 

       
Up to 90 days post-operation       
Any NRS service, 
N (%) 92 (1.2%) 88 (1.2%) McNemar’s test (D.F.) X2 = 0.1 (1) 0.8 0 

Mean length of stay (SD) 0.2 (2.7) 0.2 (2.2) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 0.3 0.8 0.01 

       
Any CCRS service, N (%) 44 (0.6%) 32 (0.4%) McNemar’s test (D.F.) X2 = 1.9 (1) 0.2 0.02 

Mean length of stay (SD) 0.2 (3.1) 0.1 (2.4) Wilcoxon Rank-Sum 
(Normal Approx.) Z = 1.4 0.2 0.03 

       
Developed Dementia, N 
(%) 498 (6.6%) 523 (7.0%) McNemar’s test (D.F.) X2 = 0.7 (1) 0.4 0.01 

*Statistically significant 
**Lookback periods: ADG groups, Charlson comorbidity = 3 years preceding index; Number of unique medications = 1 year preceding; Medical conditions = 5 
years preceding; Medication history = 120 days preceding; Health services utilization = 1 year preceding; Physician consultations = 90 days preceding index.  
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Appendix F 

Kaplan-Meier survival curves – Matched sample subgroup analyses 

Part I. Kaplan-Meier survival curves subgroup analysis by age category comparing GA to RA 

for the development of dementia in the matched sample  

 

Figure 5a. Kaplan-Meier survival curves comparing GA to RA for adults 66 - 69 years old 

in the matched sample 

• Log-rank: c2 (df) = 0.4 (1), p = 0.6   
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Figure 5b. Kaplan-Meier survival curves comparing GA to RA for adults 70 - 74 years old 

in the matched sample 

• Log-rank: c2 (df) = 0.1 (1), p = 0.7 
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Figure 5c. Kaplan-Meier survival curves comparing GA to RA for adults 75 - 79 years old 

in the matched sample 

• Log-rank: c2 (df) = 0 (1), p = 1.0 
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Figure 5d. Kaplan-Meier survival curves comparing GA to RA for adults 80 - 84 years old 

in the matched sample 

• Log-rank: c2 (df) = 0.7 (1), p = 0.4 
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Figure 5e. Kaplan-Meier survival curves comparing GA to RA for adults 85 years and over 

in the matched sample 

• Log-rank: c2 (df) = 1.5 (1), p = 0.2   
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Part II. Kaplan-Meier survival curves subgroup analysis by sex comparing GA to RA for the 

development of dementia in the matched sample  

 

Figure 6a. Kaplan-Meier survival curves comparing GA to RA for females in the matched 

sample 

• Log-rank: c2 (df) = 0.3 (1), p = 0.6 
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Figure 6b. Kaplan-Meier survival curves comparing GA to RA for males in the matched 

sample 

• Log-rank: c2 (df) = 0.3 (1), p = 0.6  
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Part III. Kaplan-Meier survival curves subgroup analysis by surgical procedure comparing GA 

to RA for the development of dementia in the matched sample 

 

Figure 7a. Kaplan-Meier survival curves comparing GA to RA for persons undergoing a 

hip replacement in the matched sample 

• Log-rank: c2 (df) = 0.2 (1), p = 0.7 
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Figure 7b. Kaplan-Meier survival curves comparing GA to RA for persons undergoing a 

hysterectomy in the matched sample 

• Log-rank: c2 (df) = 0 (1), p = 1.0 
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Figure 7c. Kaplan-Meier survival curves comparing GA to RA for persons undergoing an 

inguinal hernia repair in the matched sample 

• Log-rank: c2 (df) = 3.9 (1), p < 0.05* 
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Figure 7d. Kaplan-Meier survival curves comparing GA to RA for persons undergoing a 

knee replacement in the matched sample 

• Log-rank: c2 (df) = 1.7 (1), p = 0.2 
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Figure 7e. Kaplan-Meier survival curves comparing GA to RA for persons undergoing a 

prostatectomy in the matched sample 

• Log-rank: c2 (df) = 0 (1), p = 1.0 
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Appendix G 

Cox proportional hazards model diagnostics 

Figure 8. Cox proportional hazards model negative-log survivor function over time for the 

matched sample 
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Figure 9. Cox proportional hazards model of log-negative-log survival diagnostic curves for 

the matched sample 

 

 


