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Abstract 

Background: As the global population is ageing, studying cognitive impairments including dementia, 

one of the leading causes of disability in old age worldwide, is of fundamental importance to public 

health. As a major transition in older age, a focus on the complex impacts of the duration, timing, and 

voluntariness of retirement on health is important for policy changes in the future. Longer retirement 

periods, as well as leaving the workforce early, have been associated with poorer health, including 

reduced cognitive functioning. These associations are hypothesized to differ based on gender, as well as 

on pre-retirement educational and occupational experiences, and on post-retirement social factors and 

health conditions.  

 

Methods: A cross-sectional study is conducted to determine the relationship between duration and timing 

of retirement and cognitive function, using data from the five sites of International Mobility in Aging 

Study (IMIAS). Cognitive function is assessed using the Leganes Cognitive Test (LCT) scores in 2012. 

Data are analyzed using multiple linear regressions. Analyses are also done by site/region separately 

(Canada, Latin America, and Albania). Robustness checks are done with an analysis of cognitive change 

from 2012 to 2014, the effect of voluntariness of retirement on cognitive function. An instrumental 

variable (IV) approach is also applied to the cross-sectional and longitudinal analyses as a robustness 

check to address the potential endogeneity of the retirement variable.  

 

Results: Descriptive statistics highlight differences between men and women, as well as between sites. In 

linear regression analysis, there was no relationship between timing or duration of retirement and 

cognitive function in 2012, when adjusting for site/region. There was no association between retirement 

characteristics and cognitive function in site/region/stratified analyses. In IV analysis, longer retirement 

and on time or late retirement was associated with lower cognitive function among men. In IV analysis, 

there is no relationship between retirement characteristics and cognitive function among women.  

 

Conclusions: While results of the thesis suggest a negative effect of retirement on cognitive function, 

especially among men, the relationship remains uncertain. A lack of power results in the inability to draw 

conclusions for site/region-specific analysis and site-adjusted analysis in both linear and IV regressions.  
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Chapter 1: Introduction 

1.1 Background and Rationale  

By 2050, the number of people over the age of 60 is estimated to increase by 1.25 billion, and 

account for 22% of the world’s population. Nearly 80% of these individuals will be living in less 

developed regions [1]. It is estimated that a Canadian aged 60 years old today will live another 25 years, a 

Colombian 24 years, a Brazilian 22 years, and an Albanian 19 years [2]. The projected increase in the 

number of older adults globally will likely increase the burden of chronic conditions such as cognitive 

impairment and dementia [3]. Cognitive impairment and dementia are among the leading causes of 

disability in old age, accounting for a large public health and health care system burdens [4]. 

Approximately 747,000 Canadians have some form of cognitive impairment, including dementia [5]. 

Globally, it is estimated that 47.5 million people are living with dementia, and this number is projected to 

increase to 75.6 million by 2030 [5]. The economic burden of cognitive impairment and dementia in 

Canada alone is estimated to reach 36 billion dollars annually by 2018, without accounting for the 

physical, psychological, social and emotional impacts on caregivers, families, and society [6, 7].  

Reforms in health and social policies need to be considered as a response to increasing life 

expectancy and the quickly growing societal and personal burden of cognitive impairment and dementia. 

In particular, detailed consideration needs to be given to age at retirement, the type of benefits received by 

older adults, and the active economic participation of older adults after retirement. To inform policies, 

evidence of the effects of retirement on cognitive function is needed. Current research on the effects of 

retirement on cognitive functioning and cognitive decline results are mixed. Cross-sectional studies have 

reported higher levels of cognitive functioning when individuals stayed in the workforce longer [8-10], 

while others have reported lower levels of cognitive functioning when individuals retired early [11, 12]. 

Longitudinal studies have reported a negative impact of longer time spent in retirement on cognitive 

decline, independently of age [4, 13], while others have determined no effect [14]. Results also indicate 

that individuals who retired voluntarily had better health outcomes than individuals who left the 

workforce involuntarily [8, 15]. However, the effect of voluntary versus involuntary retirement on 

cognitive functioning is unknown.   

This thesis examines the relationship between retirement characteristics and cognitive function 

and decline in old age by informing current research with innovative findings. The main contribution is 

the gender-specific approach, where the differential effect of retirement on cognitive function in men and 

women is determined. As men and women experience different pressures, opportunities, and general 

events throughout the course of their lives, they likely adjust differently to the retirement event, and 
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during the retirement period [16]. Another innovative contribution to current research is the inclusion of 

three retirement characteristics which had not previously been studied: duration, timing, and voluntariness 

of retirement are used as “combined exposures” to determine the relationship with cognitive function. 

Therefore, the general purpose of this thesis is to answer two main questions: 1) Do different 

characteristics surrounding retirement, i.e. timing, duration and voluntariness, impact an individual’s 

cognitive functioning and decline in older age?; and 2) Does this association differ between men and 

women? 

1.2 Approach 

This thesis addressed the two main research questions by collecting data and assessing 

associations in cities with different social, cultural and economic circumstances, and specifically with 

different policies related to age of retirement. Few studies have been done on retirement and health in 

Canadian populations [17, 18] and none in Albania, Colombia or Brazil. This thesis also used a life course 

perspective to better understand the effect of retirement on cognitive function and cognitive decline, 

examining how previous and current social circumstances influenced the effects of retirement on health.  

The effect of retirement on health is not only shaped by the accumulation of opportunities throughout life 

(such as education and occupation), but also by circumstances in retirement, such as the capacity to 

maintain healthy, socially engaged, and physically active behaviours. These potential confounders were 

separated into pre- and post-retirement characteristics.  

To address the research questions, data were used from the International Mobility in Aging Study 

(IMIAS) on men and women aged 65-74 living in Kingston (Ontario) and Saint-Hyacinthe (Québec), 

Canada; Tirana, Albania; Manizales, Colombia; and Natal, Brazil. The primary objective of IMIAS was to 

measure the magnitude of the gender gap in mobility using an international approach, and to understand 

life course events that are related to mobility. For this study, questionnaire responses were used relating to 

conditions surrounding retirement, cognitive functioning, age, education, occupation, and social and 

health conditions in the first (2012) and second waves (2014) of IMIAS.   

The cross-sectional and longitudinal nature of the IMIAS study was exploited by analyzing the 

associations with two outcomes: 1) cognitive function at baseline in 2012 and 2) change in cognitive 

function between 2012 and 2014. Ideally, longitudinal data are analyzed with a repeated measures model 

when more than two data points are available [19]. However, when only two data points are available, two 

methods of analyzing change are: 1) to regress the change in LCT score from 2012 to 2014 on the 

exposure; or 2) to regress the 2014 LCT data on the exposure and the LCT 2012 baseline score [20]. 

Inconsistencies in the coefficient estimates have been noted between both approaches with the first one 

less prone to bias due to measurement error [21]. Thus, in this thesis, modeling the change between wave 

1 and 2 was done with approach one.  
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As a robustness check, this thesis also addressed the research questions by taking into account 

endogeneity bias, an important source of bias in studies on retirement on health. Endogeneity refers to the 

potential that the decision to retire was based on pre-existing health concerns, where the retirement 

variable may be influenced by other variables in the model, i.e. retirement is endogenous to health status 

[22, 23]. Two ways to address endogeneity of retirement are: 1) to use an instrumental variable approach 

to control for potential reverse causality and unmeasured confounding; and 2) to follow individuals 

before, and through their transition to retirement to understand the reasoning for the retirement decision 

(i.e. other than for poor health). As data were not available on individuals before their retirement decision, 

this thesis addresses potential endogeneity bias using an instrumental variable approach that controls for 

an additional variable correlated with the exposure (retirement), but not the outcome (cognitive function) 

[24].  

1.3 Objectives 

1) To determine the relationship between retirement and cognitive functioning; 2) To determine the 

relationship between retirement and cognitive change; and 3) To determine if the relationship between 

retirement and cognitive functioning, and cognitive change differs between men and women, and by 

site/region.  

1.4 Thesis organization  

This thesis is organized in five chapters, following a traditional thesis design. The second chapter 

is a detailed literature review on the evidence on the impact of cognitive impairment in the elderly 

population, the relationship between retirement and cognitive functioning, and other important pre- and 

post-retirement life course factors to consider when looking at these relationships. The third chapter 

consists of a detailed description of the IMIAS study, data collection methods, and analysis strategies that 

were used in this thesis. The fourth chapter consists of results, including descriptive analyses, bivariate 

and multivariable linear relationships with exposures and outcomes by gender, and by site/region 

(Canadian sites, Latin American sites, and Albania separately), and sensitivity analyses with analysis of 

cognitive change, voluntariness of retirement, and an instrumental variable approach. The final chapter is 

a discussion of findings, as well as overall conclusions and future directions.  
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Chapter 2: Literature Review 

This chapter is organized as follows. First, the key concepts of this thesis, cognitive functions and 

retirement characteristics are introduced, along with a summary of the contextual aspects of the settings of 

the IMIAS project in terms of retirement and aging demographics.  A review of theory and evidence 

surrounding the associations between retirement and health follows, and then specifically literature on the 

association of retirement with cognitive function is presented. In this section, the importance of the use of 

instrumental variable methodology to address the issue of reverse causality and endogeneity is discussed.  

This is followed by a review of the literature on pre-retirement and post retirement characteristics and 

their importance to understand the associations tested in this thesis.  This chapter finishes with a 

presentation of the rationale for a gender-specific approach, a presentation of the conceptual framework, 

and a summary of the main gaps in current knowledge that this thesis is expected to address.  

2.1 Current Concepts in Cognitive Aging 

The basic cognitive functions are attention, working memory, long-term memory, perception, and 

higher-level cognitive functions (speech, language, decision making, and executive control) [25]. It is well 

known that as people age, they experience a change in their cognitive status in some, or all cognitive 

domains. Cognitive change begins in early adulthood, and declines are seen in many domains including 

speed of processing, reasoning skills, and memory functions [26]. Cognitive aging is influenced by a 

combination of genetic, physiologic, and life experience factors [25, 27, 28]. Cognitive decline 

experienced in older age is itself a difficult function to measure, and is a process that has to be inferred, 

for the most part, from behaviour [29]. Many cognitive functions, such as speed of processing and 

memory differ from 1.38 to 2.23 standard deviation units from people in their 20s and 80s, and a decline 

of approximately 55% is apparent by the age of 65 [30]. This variability is possibly due to differences in 

non-physiological or life experience factors such as social and environmental conditions [25]. Therefore, 

while it is widely accepted that old age is a cause of cognitive decline, the trajectory of cognitive decline 

differs among individuals.  

The two main cognitive aging states frequently assessed at older age are mild cognitive 

impairment and dementia.  Mild cognitive impairment (MCI) is a cognitive state between normal aging 

and dementia [31]. This is a clinical condition where people experience memory loss to a greater degree 

than what would be expected for their age, yet they do not meet the clinical diagnosis criteria for dementia 

or Alzheimer’s disease [31-33]. Mild cognitive impairment can be seen when a person has trouble 

remembering, concentrating, and learning new tasks, where a more severe level of impairment results in a 

person losing the ability to function normally in their day to day lives [34]. MCI is assessed using 

cognitive test instruments that cover multiple domains including orientation, memory, intellectual 
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abilities, verbal abilities, calculations, and constructional abilities [35]. In a systematic review of 

incidence rates of MCI, substantial variation existed ranging from 21.5 to 71.3 per 1,000 person-years 

among older adults aged 65 to 85 [36]. Prevalence also varies from 3 to 42% [36]. Studies consistently 

show that MCI increases with age around 65 years of age, but there is a lack of consistency in the 

literature as to whether prevalence is higher among men or women [36]. There is evidence to suggest that 

individuals with MCI are at increased risk for developing dementia: in a systematic review, it was 

indicated that the rate of progression from MCI to dementia or Alzheimer’s disease is between 6 and 25% 

[37]. Those experiencing undiagnosed MCI are not reflected in these statistics. 

Dementia is characterized as a disease of the brain that results in severe cognitive decline and 

deterioration in the ability to live independently [38]. It is not a specific disease, but is a general term for a 

decline in mental ability and describes a range of symptoms [39]. The clinical syndrome is a 

neurodegeneration which causes a loss in mental ability [1]. Among the older population, dementia is one 

of the leading causes of disability worldwide [7]. The most common type of dementia is Alzheimer’s 

disease, accounting for 60 to 80% of dementias. The second most common is vascular dementia which 

can occur following a stroke [39]. Diagnosis of Alzheimer’s disease refers to the clinical disorder that 

encompasses pre-dementia and dementia stages [33]. Dementia is usually diagnosed through a multi-step 

process involving a medical history assessment, mental status tests, a physical and neurological exam, and 

blood tests and brain imaging to rule out other potential diseases with dementia-like symptoms [37, 40]. 

The estimated global prevalence of dementia in people over the age of 60 is 3.9%, 5.4% in Latin America, 

4.0% in Eastern Europe, and 6.4% in North America. The global incidence of dementia is more easily 

approximated, as it is a clinical diagnosis [41]. Approximately 7.5 out of 1,000 persons have dementia, 

without much variation except in Africa, where a lower percentage is reported [41]. In 2011, 14.9% of 

Canadians over the age of 65 had various dementias and Alzheimer’s diseases [42]. In the next 40 years, 

the prevalence of Alzheimer’s alone (which accounts for 60 to 80% of dementias) is forecast to triple due 

to demographic changes and increased life expectancy [43].  

The International Mobility in Aging Study (IMIAS) included two scales to assess cognitive 

function in older adults: the Montreal Cognitive Assessment (MoCA), and the Leganes Cognitive Test 

(LCT).  Dr. Ziad Nasreddine developed the MoCA, a comprehensive screening test for measurement of 

cognitive impairment and detection of the early stages of impairment for common neurodegenerative 

conditions, or mild cognitive impairment. The test is easy to administer, score, and interpret by a health 

professional [44]. Many tools have been developed to screen for early cognitive decline as a precursor to 

dementia and Alzheimer’s, such as the Mini-Mental State Examination (MMSE) and the MoCA; 

however, these tests are partially dependent on education level [45, 46]. That is, these tests have been 

developed in countries where the percentage of the population that achieves a secondary education is 

relatively high. The MoCA scale is divided into visuospatial-executive abilities (cube, one point; clock 
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drawing, three points; and mini-trail making test B, one point), verbal testing-executive functions 

including working memory (phonemic verbal fluency, one point; verbal abstraction, two points; digit 

span, two points), short-term memory (short delayed recall, five points), attention and calculation 

(cancelation, one point; serial 7’s subtraction, three points), language (naming, three points; sentence 

repetition, two points), and orientation to time (three points) and space (three points). The MoCA was 

used to assess cognitive function in Kingston and Saint-Hyacinthe IMAIS participants in this thesis.   

Developed by Dr. Zunzunegui and colleagues, the LCT is a much simpler cognitive test than the 

MoCA, and was validated to detect dementia in a population of older Spanish adults with low levels of 

education [47, 48]. Relationships existed in the expected direction: lower education, less social support, 

and depression were associated with lower LCT scores [48]. The LCT has also shown strong reliability 

and validity to detect dementia in a low-educated older Brazilian population [49]. The 32-point scale is 

divided into seven sections: temporal orientation (three points), spatial orientation (two points), personal 

information (three points), naming (six points), immediate memory (six points), recall memory (six 

points), and logical memory (six points) [47]. The LCT was used to assess dementia on all participants in 

all sites in IMIAS. It has been validated in English and Spanish, but not in Albanian. 

2.2 Retirement: Definitions and Concepts  

Retirement, using Atchely’s (1982) definition, is a withdrawal from one’s occupation or 

business. One withdraws to either enjoy more leisure time, or because of deteriorating health [50]. For 

many people, retirement is not an immediate withdrawal from the workforce, nor is it always voluntary. It 

is usually a transitional period, and can also be defined as a substantial reduction in employment. The 

reduction in employment may or may not include a retirement pension or savings plan [50]. There are 

three ‘characteristics’ of retirement that are discussed in the literature with regards to health and cognitive 

function: the duration of retirement, the timing of retirement, and voluntariness of retirement. These 

characteristics of retirement must all be considered as they may have different psychological and physical 

effects on individuals [51].  

The duration of retirement is the number of years an individual has been withdrawn from their 

business or occupation. Timing of retirement is the age an individual retires, relative to the age at which 

they became eligible for pensions, or the legislated age of retirement in countries with mandatory 

retirement policies [51]. These legislated ages of retirement, and national pension policies are country-

specific [52]. Therefore, “on time retirement” is leaving the workforce at the legislated age. “Early 

retirement” is leaving the workforce before the legislated age of retirement in a specific country, or before 

pensionable age [53]. Some people who retire early enter into other employment, while many leave the 

workforce permanently [53]. “Late retirement” is leaving the workforce after pensionable age. The third 

characteristic of retirement is voluntariness of retirement. Involuntary retirement means that an 
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individual leaves the workforce due to unforeseen or unexpected circumstances, employment constraints, 

or health reasons [54, 55]. In addition, individuals who have reached the legislated age of retirement and 

are forced to retire are considered to have retired involuntarily [52]. Involuntary retirement can cause 

more stress than voluntary retirement, as an individual does not have control of their situation [52]. 

Voluntary retirement is by the preference of the individual to leave the workforce rather than continuing 

to work [54]. Individuals likely leave the workforce voluntarily if they have economic security such as a 

pension, benefits, and savings [56]. It is important to differentiate between involuntary and voluntary 

retirement, as these may lead to different post-retirement behaviors, as discussed in more detail below 

[54].  

2.2.1 Retirement policies in IMIAS countries  

Differing national policies on retirement across countries and genders are thought to influence the 

effect of retirement on health in later life [12, 57]. As life expectancies are increasing worldwide, pension 

reforms to raise the legislated ages of retirement is an attempt to reduce the number of people out of the 

workforce, and reduce the duration of time individuals are retired [58]. In addition, despite having higher 

life expectancies, the legislated age of retirement for men in some countries is up to five years later than 

women. Suggestions for future reforms also include raising the retirement age for women to equal the 

retirement age of men [58]. Therefore, the association between the duration and timing of retirement with 

health is a current public health consideration to determine how different legislated retirement ages 

influence retirement decisions, and whether it affects men and women’s health differently.  

Each country in IMIAS is faced with different retirement policies, pension coverage, and 

legislated ages of retirement. These cross-country differences can contribute to the understanding of an 

individual’s decision to retire. For example, the availability of an early retirement pension leads to more 

individuals leaving the workforce before the ‘normal’ legislated age of retirement [57]. In addition, the 

legislated ages of retirement are different for men and women in Albania, Colombia, and Manizales 

(Table 2.1). It is unlikely that these policy variations across countries and genders are determined by 

health differences across countries, and can therefore be assumed to be independent (discussed further in 

Section 2.3) [12]. Site- and gender-specific conditions are listed in Table 2.1, and described below:  

Table 2.1 Country profiles: Summary of international retirement ages in IMIAS countries, and 

gender differences 

 Old-age 

pension 

coverage 

Age of 

retirement 

for IMIAS 

participants 

aged 65-69 

(years) 

Age of 

retirement 

for IMIAS 

participants 

aged 70-74 

(years) 

Age of 

retirement 

in 2012 

Canada 100%    

Men  65 (2008-

2012) 

65 (2003-

2007) 

65 

Women  65 (2008-

2012) 

65 (2003-

2007)  

65 

Albania 95%    

Men  65 (2008-

2012) 

60 (1998-

2002) 

65 
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Women  60 (2003-

2007) 

55 (1993-

1997) 

60 

Colombia 33%    

Men  60 (2003-

2007) 

60 (1998-

2002) 

60 

Women  55 (1998-

2002) 

55 (1993-

1997) 

55 

Brazil 100%    

Men  65 (2003-

2007) 

65 (1998-

2002) 

65 

Women  60 (1998-

2002) 

60 (1993-

1997) 

60 

 

  Canadian citizens aged 65 or older are eligible for Old-Age Security Pension (OAS) [59]. As 

early as the age of 60, Canadian residents can apply for OAS, and low-income residents can apply for 

additional Guaranteed Income Supplement (GIS). If they are 60 to 64 years of age and are widowed, 

residents are also eligible to receive OAS [59]. If residents have worked in Canada, and have made at 

least one contribution to the Canada Pension Plan (CPP), they are eligible for monthly benefits at age 65, 

or as early as 60 at a reduced amount [59]. Residents can establish a Registered Retirement Savings Plan 

(RRSP) which can be used to reduce taxation when paying into the plan during working years [59]. In 

2000, when the IMIAS participants were retiring, the average retirement age in Canada was 62 years.  

Residents of Québec are also eligible for OAS and RRSPs, and they have a similar plan to the CPP called 

the Québec Pension Plan (QPP) [60]. In Canada, the age of retirement has remained consistent since 1968. 

The age of eligibility for Old-Age Security was 70 years, and was lowered in 1965 to 65 for both men and 

women. Therefore, all IMIAS participants in Canada aged 65-79 faced retirement decisions at the same 

age. 

Albania is an ex-Communist country, which is under rapid transformation to a Capitalist society. 

Men aged 65 and women aged 60 with at least 35 years of contribution to the work force can receive old-

age pensions [61]. There is no formal assistance for unemployed persons, only employed and self-

employed people [61]. Individuals who have never worked also do not receive formal social security 

benefits or old-age pensions [61]. Early retirement pensions are also not available [61]. Starting in 2002, 

the age of retirement gradually rose from 60 to 65 for men, and 55 to 60 for women. This is the only study 

location with a change in the age of retirement during a period where individuals in IMIAS would have 

been facing a retirement decision.  

  In Colombia, men aged 60 and women aged 55 are eligible for old-age pension if they have 

contributed 1,250 weeks of work in their lifetime [62]. The minimum pension by law is the legal monthly 

minimum wage [62]. There is no social assistance from employers or from the government for those who 

have not contributed to their pension during their working life. Retirement ages were the same in 

Colombia since the reforms in 1993 [63]. Therefore, all IMIAS participants aged 65 to 74 faced 

retirement decisions at the same age: 60 for men, and 55 for women.  

  Brazil underwent social security reforms in 1998. Prior to 1998, pensions were calculated based 

on the average earnings in the 36 months leading up to retirement [64]. As of 1998, social assistance is 
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covered for elderly persons by the government of Brazil. Men over the age of 65 and women over the age 

of 60 are eligible for old-age pension, but residents do not have to leave the workforce to qualify for old-

age pensions [65]. Retirement ages also differ among rural and urban workers, where rural workers are 

eligible 5 years before urban workers for men and women [66]. Old age pensions are 70% of the insured’s 

average earning, with an additional 1% of earning up to 100% for each year of contribution [65]. Old-age 

assistance is provided for elderly persons, where the monthly benefit is the legal minimum wage. Social 

insurance covers employed persons, as well as household and rural workers [65]. Additionally, the Bolsa 

de Familia was introduced in 2003, which provides monthly monetary support for poor families. Studies 

have shown that the new program has played a strong role in reducing the income gap [67].  

2.3 Retirement, Health and Cognitive Function: evidence 

There remains conflicting evidence in the literature as to whether retirement has a positive or 

negative impact on health [68]. Van der Heide et. al. (2013) summarized these contradictory results in a 

systematic review with meta-analysis of 22 longitudinal studies highlighting various findings on the effect 

of regulatory retirement (or retirement at the legislated age) on health outcomes [44]. They separated 

studies focusing on general perceived health, physical health (somatic complaints, physical functioning, 

symptoms of an illness, illness, chronic illness or disability, and having serious health problems), and 

mental health. Ten studies looked at the association between retirement and perceived general health, 

measuring the prevalence of poor perceived health before and after retirement [69-78]. The difference 

between measurements of perceived health ranged from -5% to 5% with a pooled mean difference of 

0.14% (95% CI: -3.39, 3.67), indicating both an increase and decrease in the prevalence of poor perceived 

general health in retirement [22]. While data were not homogeneous enough to perform a meta-analysis 

looking at the effect of retirement on mental health, based on best evidence synthesis, ten studies found a 

beneficial effect of retirement on mental health [70, 71, 79-85], and three studies found no effect [72, 73, 

86]. Studies focusing on physical health outcomes, reported differences between follow-up and baseline 

ranging from -14% to 11%, with a pooled mean difference of 1.9% (95% CI: -5.76, 9.48) [22], pointing to 

both beneficial and harmful effects. The authors addressed the importance of distinguishing between 

different aspects of retirement, including duration, timing and voluntariness, when looking at the impact 

on various aspects of health. A variation in these conditions surrounding the transition into retirement, and 

in retirement may improve health, while others lead to a deterioration in health [44]. The proposed 

relationships in the literature between these characteristics and cognitive function are the main focus of 

this thesis and are discussed below.  Emphasis on results obtained from cross-sectional, cohort studies, 

and studies that use retirement policies as instrumental variables to address the potential endogeneity of 

retirement are described, in order to provide a rationale of the analytical choices of this thesis.  

2.3.1 Duration of retirement and cognitive function  
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Large population-based longitudinal studies that have focused on the relationship between the 

duration of retirement and cognitive functioning have reported a decrease in cognitive functioning with an 

increased duration of retirement [4, 13], or no relationship [14, 87]. Mazzonna and Peracchi (2010) 

assessed the relationship between duration of retirement and cognitive abilities using data from the 

longitudinal Survey of Health, Ageing and Retirement in Europe (SHARE) [88]. The sample consisted of 

4,445 individuals [13]. To address the potential for reverse causality due to the endogeneity of retirement 

(retirement related to other factors outside of the model, or poor health leading to retirement), exogenous 

instruments (controlling for a variable whose value is determined from factors outside of the model) were 

used: the legislated early and on time ages to be eligible for old-age social security pensions, and 

accounted for the time when the individual would have faced retirement decisions. Findings showed that 

there was an increase in the rate of cognitive decline after retirement, and that the loss caused by 

retirement increased with the duration of the retirement spell when accounting for the endogeneity of 

retirement among both women and men. Strengths of this study were the longitudinal design to determine 

the effects of retirement on health as individuals transitioned into retirement, considering the potential 

endogeneity of retirement, as well as the analysis separate by gender.  

Bonsang et. al. (2012) assessed the relationship between the duration of retirement and cognitive 

functioning in older Americans, in a study using longitudinal data from the Health and Retirement Study 

(HRS) [89] with a sample of 14,710 individuals, [4]. They proposed that the effect of retirement on 

cognition was not instantaneous, but rather happened after a lag. Gerontological literature has suggested 

that individuals enter into a “honeymoon phase” in retirement, where they engage in activities that were 

put off during their working life [50]. Therefore, in this paper, a dummy was included as an endogenous 

variable for being retired for at least one year, as well as the instrument of reaching the normal age of 

retirement plus one [4]. In line with the conclusions raised by Mazzonna and Peracchi that retirement may 

have a cumulative negative effect on cognitive functioning [13], results from this paper also suggested a 

negative cumulative effect of retirement on cognitive functioning. In addition, results showed most of the 

decline in cognitive functioning occurred near the beginning of the retirement period and stabilized 

afterwards. Controlling for individuals being retired for at least one year, this decline was not likely to 

occur instantaneously at retirement [4]. A strength of this study was also the consideration of the potential 

endogeneity of retirement. However they did not account for changes in retirement ages, but only 

considered the age of retirement at the time of the interview. 

Contradictory results were reported by Coe et. al. (2011) who also used data from the HRS; 

however, only data from men were analyzed (N=22,114) [14]. To account for the endogeneity of 

retirement, the instrument used in this study was the time elapsed between the offer of an early retirement 

window and the date of the interview, as these offers are predictors of retirement, with the main 

explanatory variable being retirement duration. When modeling the trajectory of cognitive ageing changes 
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with the duration of retirement, they found the expected negative association between duration of 

retirement and cognitive functioning in older American men. However, when addressing reverse causality 

using an instrumental variable (IV) strategy, there was no evidence of a dose-response relationship 

between retirement and cognitive functioning with retirement duration [14]. Exploiting data from a large, 

population-based longitudinal study is also a strength of this study, as well as the comparison among 

occupational groups (white- and blue-collar) for a more robust understanding of how retirement affects 

health differently among these two groups. However, by only analyzing the association among men, this 

study was restricted in its ability to compare by gender, and could not explore how pressures in retirement 

potentially affect the health of men and women differently.  

The only study from an epidemiologic perspective that did not employ the IV method reported no 

association between retirement and cognitive function [87]. Roberts et. al. (2010) used data from two 

phases of the Whitehall II study (N=2031) pre- and post-retirement to examine the relationship between 

duration of time spent in retirement and cognitive change. When modeling the change in cognitive score, 

adjusted for baseline cognition, age, and sex, education, occupational social class, work, leisure activities, 

and physical and mental health, the only significant cognitive parameter was reasoning and pattern 

recognition (AH4), where those who retired scored 0.7 points lower than those still working. This 

suggests that retirement may be associated with a decline in cognitive function. However, there was no 

relationship found between other cognitive function parameters, or between percent time in retirement and 

change in cognitive performance. Despite the attrition rate (22%) between the two data collection periods 

in the Whitehall II study, one main strength was that data were collected on individuals before and after 

they transitioned into retirement, thus the assumption was made that retirement was independent of 

cognitive function [90]. 

2.3.2 Timing of retirement and cognitive function  

The relationship between retirement and cognitive function is also thought to be dependent on the 

timing of retirement. While studies span different disciplines, they all found that early retirement was 

negatively associated with cognitive functioning: in other words, staying in the workforce has beneficial 

effects on cognitive abilities [8-12]. A cross-sectional study by Rohwedder and Willis (2010) investigated 

this relationship using data from cross-nationally comparable surveys from the HRS, SHARE, and the 

English Longitudinal Study on Ageing (ELSA) [12, 91]. They compared retired people with those of the 

same age who had not retired in 2004, and used the IV approach in order to determine the effect of timing 

of retirement on cognition, with the national pension policy as the instrumental variable. They found that 

early retirement had a negative impact on the cognitive ability of people in their early 60s, and that being 

retired is associated with a memory score of approximately 5 points lower on a 20 point scale [12]. A 

strength is that this is the only study that used an IV approach when looking at the timing of retirement 

and cognitive function. One limitation, however, is that despite the availability of longitudinal data, they 
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did not consider the potential dose-response relationship between time spent in retirement and cognitive 

function in later life.  

A retrospective cohort study by Dufouil et. al. (2014) used data from the Régime Social des 

Indépendants (RIS) in France where there were 11,397 people diagnosed with dementia in the full sample 

population of 429,803 (prevalence of dementia: 2.65%) [10]. In a Cox model adjusted for gender, an 

increase in one year in the age of retirement was associated with a 3.1% lower risk of dementia 

(p=0.0001). Further multivariable analyses adjusted for marital status, pension amount, duration of work, 

occupation category, presence of diabetes and/or hypertension among others, showed that the hazard ratio 

for dementia was 0.968 (95% CI: 0.96, 0.97) for each year older at age of retirement. To demonstrate that 

their findings were unlikely due to reverse causality, they excluded all dementia cases that had occurred 

within 5 or 10 years following retirement; and when these individuals were excluded, the results were 

consistent and even stronger. In addition, controlling for gender does not help in understanding the 

potential effect modification of gender.  

Using baseline data from the Impact of Cholinergic Treatment Use Study (ICTUS) and Data 

Sharing Alzheimer’s (DSA) from the Netherlands, Grotz et. al. (2015) studied the relationship between 

later age of retirement on the age of onset of Alzheimer’s disease in a population of 815 men and women 

from the Netherlands [8]. Each additional year of later retirement was associated with a later age of 

diagnosis by 0.31 years (p<0.0001). Analysis was done using linear regression, adjusted for confounding 

factors: gender, educational attainment, occupation status, country, clinical center, household income, and 

medical history (diabetes, hypercholesterolemia, hypertension, ischemic heart disease, depression, and 

stroke) [8]. Further analysis addressed potential selection bias by studying a subsample of the population 

who retired between 50 and 65 years old, and who were diagnosed after 65 years old. The relationship 

was also statistically significant (=0.15, p=0.004). A final analysis was conducted to address the 

potential for reverse causality bias using a subsample of the population who retired before the age of 65, 

and who developed Alzheimer’s disease after the age of 75 (n=447), thus reduced the possibility that 

individuals left the workplace due to cognitive decline. The relationship was not statistically significant 

(=0.06, p=0.18). While this study found that later retirement was associated with a delayed onset of 

Alzheimer’s, the authors could not conclude that retirement had an impact on the onset of Alzheimer’s 

disease, or that cognitive decline lead individuals into retirement [8]. Due to small sample size, this study 

was likely underpowered to detect an association between timing of retirement and cognitive function, if 

one exists. 

Another cross-sectional study by Lupton et. al. (2010) using data from the Medical Research 

Council for Late Onset Alzheimer’s Disease, which were collected as part of a genetic resource to 

understand the mechanisms for late-onset Alzheimer’s disease [9]. These researchers reported a positive 

effect where every extra year of employment was associated with a delay in the age of onset of 
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Alzheimer’s disease by 0.13 years (about 7 weeks) using multiple linear regression [9]. They also 

repeated the analysis with a subsample of individuals who had retired at least five years before disease 

onset, and also found a positive relationship (=0.219, p<0.0001) [9].  

A longitudinal study by Rennemark and Berglund (2013) used data from the Swedish National 

Study on Ageing and Care-Blekinge (SNAC-Blekinge) database [11]. Participants who were 60 years old 

at baseline were included, for a total of 191, where 122 were still working, 29 were disabled, and 33 had 

left work. Independently of their reason for retirement, participants who retired before the age of 60, five 

years before the legislated age of retirement in Sweden, showed a decline in cognitive ability over six 

years. Multiple logistic regression looking at the relationship between cognitive decline or no cognitive 

decline with working status (working or not working) showed that the odds of cognitive decline among 

individuals who were not working was 2.4 times higher than those who were still working (95% CI: 1.14, 

5.12) [11]. Thus, this study found that individuals who retired early had significant cognitive decline 

compared to those who remained in the workforce. However, as the sample size is very small, this study 

likely did not have adequate statistical power, and may have overestimated the true effect [92].   

2.3.3 Voluntariness of retirement   

 Retirement can be a positive or negative change for individuals if they enter into retirement voluntarily 

or against their will [53]. Whether an individual retired voluntarily or involuntarily can lead to different 

post-retirement behaviours [54]. For example, involuntary job loss among older workers has been 

associated with a deterioration in health [15]. While there has been no study focused on the effects of 

voluntary or involuntary retirement on cognitive function specifically, recent literature has addressed the 

potential impact of involuntary retirement on mental, emotional, and economic well-being [15]. One 

example, Gallo et. al. (2000), used data from the longitudinal HRS study, designed to investigate health 

outcomes in older workers. Data were used from 4792 participants, only including those who were 

working at baseline. They used multivariable regressions (linear, and log-linear), as well as an IV 

approach, to test the potential endogeneity of involuntary job loss [93]. The results of multivariable 

analyses suggested that the relationship between duration of joblessness following involuntary job loss, 

and physical functioning and mental health was inverse (after controlling for health variables, and socio-

demographic status): for each additional month without employment following involuntary job loss, 

individuals had 0.271 (SE: 0.111) points higher on the functioning score, representing poorer physical 

functioning. Also, for each additional month without employment, individuals had 0.423 (SE: 0.102) 

points higher on the Center for Epidemiological Studies-Depression (CES-D) scale, representing poorer 

mental health [15]. While the relationship between involuntary retirement and cognitive function has not 

been studied in the literature, Grotz et. al. (2015) suggested that voluntariness of retirement should be a 

consideration in studies focusing on cognitive function in older adults, as involuntary job loss can have 
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negative health consequences [8]. This additional insight into the complex transitional period of 

retirement likely contributes to the understanding of the relationship between retirement and cognitive 

function.  

2.4 Critical Analysis of Major Studies 

The main limitation in studying the effect of retirement on cognitive function is the potential for 

reverse causality, or the relationship between the decision to retire being influenced by unobservable 

potential confounders [13]. Retirement is considered endogeneous, as the decision to retire cannot always 

be separated from health status [22, 94]. An ‘endogenous variable’ is a familiar term in econometrics, 

referring to a variable whose value can be determined or influenced by other variables in a model [23]. In 

contrast, an exogenous variable or an ‘instrument’ is determined from factors outside of the model, or 

independent from the model [23]. They are variables that are causally related to the exposure, but only 

related to the outcome through the exposure [23, 95]. The instrumental variable method is the most 

common analytical technique used to address the issue of endogeneity of retirement in the relationship 

between duration of retirement and health. Therefore, studies that used ordinary least squares (OLS) 

regression and did not control for reverse causality or unmeasured confounding may have reported biased 

estimates of the association between duration and timing of retirement on cognitive function and cognitive 

change. Thus, potentially affecting the internal validity of the results [96]. For example, Grotz et. al. could 

have exploited an instrumental variable method to reduce bias, as their study population is from 12 

European countries with variation in national retirement policies [8]. Other studies by Dufouil et. al. [10], 

Roberts et. al. [87], and Rennemark and Berglund [11] also did not exploit an IV approach. Data in 

studies by Roberts et. al. [87], and Rennemark and Berglund [11] were collected from participants before 

and after retirement, allowing for baseline health measures before retirement to understand the retirement 

decisions (i.e. separate from poor health or disability). Dufouil et. al. [10] did not account for potential 

reverse causality and unmeasured confounding, and may have biased results. In contrast, the main 

strength in studies by Rohwedder and Willis [12], Bonsang et. al. [4], Mazzonna and Peracchi [13], and 

Coe and Zammaro [14] was the availability of this cross-nationally varied data on retirement policies as 

an instrument to control for this potential endogeneity. These studies used cross-national legislated 

retirement ages, and opportunities for early retirement pensions as instrumental variables. With the 

judgment here that the instruments were both relevant (directly related to retirement timing or duration) 

and exogenous (only affected cognitive function through the effects of timing and duration of retirement), 

the likelihood of residual confounding or bias in their results is low.  

The second limitation was selection bias from both initial participation rates, and from loss to 

follow-up. For example, in the four studies using data from populations HRS, ELSA, and SHARE, 

selection bias may have occurred if older individuals who agreed to participate were systematically 
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different in baseline cognitive function than those who did not participate [96]. The effect of the duration 

and timing of retirement on cognitive function and decline may have also been underestimated if 

individuals who were lost to follow-up had significantly lower cognitive functioning than those who 

remained in the study. For example, attrition in the Whitehall II study was higher among older 

individuals, and those of lower social class [87]. Therefore, it can be argued that the study population at 

follow-up was systematically different than those who were lost to follow-up, in that those who remained 

in the study were healthier, younger, and potentially had higher cognitive functioning. This may have 

potentially affected the external validity of the analytic results [96].  

While most studies had longer follow-up times between waves, another limitation was a potential 

practice effect, as the same cognitive tests were used in each follow-up wave in longitudinal studies. 

Roberts et. al. found an average increase in cognitive scores over five years between data phases, which 

was likely attributable to this practice effect [87]. Studies have shown that these effects can be seen up to 

seven years between testing sessions, and could underestimate the true rates of cognitive change [97, 98]. 

This potential practice effect due to repeated exposure might have also been an issue in studies utilizing 

SHARE data [13].  

The final overall limitation was the lack of a gender-specific approach. As Gruber and Wise 

reported that the decision to retire is determined by exogenous regulations and retirement policies [57], 

cross-national gender variation in these policies likely affected men and women differently. For example, 

European countries in SHARE have different ages of retirement across countries, but also across genders. 

Rohwedder and Willis used data from eleven SHARE countries, but did not consider the potential effect 

modification of gender, nor the different legislated ages of retirement across countries [12]. In addition, 

differences between genders in opportunities throughout the life course, as well as in retirement are 

thought to affect men and women differently, discussed in Section 2.8. Therefore, studies that did not 

assess gender differences (effect modification) in retirement may have had an inaccurate representation of 

the true relationships between retirement on cognitive function and cognitive change [4, 12].  

2.5 Factors That Influence Retirement, Health, and Timing 

While there is very little evidence on specific mechanisms through which retirement affects 

health, a number of theories exist that explain health implications in retirement. As retirement is a major 

transition in life, and individual and environmental characteristics shape an individual’s development at 

all stages, one theory has suggested that the association between retirement and health is best understood 

using a life course perspective [99, 100]. This suggests that retirement cannot be considered in isolation: 

historical and situational experiences must be considered to fully understand this association [99]. Past 

experiences, which include education and lifetime occupation, are considered ‘pre-retirement’ 

characteristics. These are thought to affect an individuals’ transition and health experiences in retirement 
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based on differing opportunities and strategies developed throughout life [99]. Current situational 

experiences in retirement, or ‘post-retirement’ characteristics, are thought to shape the nature of the 

retirement period and post-retirement behaviours, which in turn are thought to affect health and 

psychosocial well-being [99]. Based on the availability of these resources across the life course and in 

retirement, retirement could be both beneficial and detrimental to an individual’s health and well-being 

[16, 99, 101].  

While the specific mechanisms through which retirement affects cognitive function have not been 

found to be consistent in the literature, it is an aspect of health that has been shown to differ based on 

various situational and historical contexts. To understand these contexts that impact individuals before 

and after retirement, time-dependent covariates can be separated into pre- and post-retirement conditions, 

to better represent the life course approach. 

2.5.1 Pre-retirement factors  

Based on this cognitive reserve hypothesis, education and occupation are conceptualized here to 

influence cognitive function in older age based on differential cognitive reserves [102]. The cognitive 

reserve hypothesis suggests that the brain can compensate for accrued damage in older aged based on 

varying levels of reserve. As identified in a systematic review by Valenzuela and Sachdev (2006), higher 

cognitive reserve is associated with much lower risk of dementia in later life (OR: 0.54 (95% CI: 0.49, 

0.59)) [103]. While anatomic measures, such as brain volume, head circumference and synaptic count are 

effective measures of reserve, education and occupation are commonly used as proxy measures for levels 

of reserve accumulated throughout the life course [102, 104], and are also important predictors of 

cognitive function in retirement [105, 106]. These pre-retirement characteristics were considered as 

potential confounders in the relationship between retirement and cognitive function.  

Evidence suggests that the level of education an individual achieved influences the degree of 

cognitive reserve, as well as the ability to maintain cognitive function in retirement and older age [102, 

107, 108]. In a meta-analytic study, Caamano-Isorna et. al. (2006) examined the association between 

education and dementia, with results in line with the hypothesis that lower education is associated with a 

higher risk of dementia, reporting a relative risk of 1.59 (95% CI: 1.26, 2.01) for low versus high 

education levels and the risk of all dementias [105]. Reuser et. al. also determined that higher levels of 

education delay the incidence of cognitive decline in both aging men and women [109]. In a study on the 

association between duration of retirement and cognitive function, Mazzonna and Peracchi (2012) found 

that education played an important role in explaining cognitive decline in older age, where lower educated 

people had lower test scores in all cognitive domains [13]. Therefore, education is likely an important 

confounder in the relationship between retirement and cognitive function in later life.   
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Individuals who are well educated are also more likely to be employed in their lifetime, and often 

obtain jobs with higher levels of mental work demands and work complexity [110]. A greater complexity 

of one’s occupation has also been associated with a greater preservation of cognitive function, since work 

has cognitive benefits such as mental exercise [46]. In a systematic review of longitudinal studies by Nexo 

et. al. (2016), individuals with higher levels of mental work demands, occupational complexity, or job 

control exhibited higher levels of cognitive functioning in later life [106]. Those who engaged in more 

mentally demanding occupations before retirement exhibit slower cognitive decline in the years following 

retirement [111]. In addition, if retirement removes work-related stress, then an individual may have 

improved mental health and therefore perhaps less severe cognitive decline in older age [69]. However, 

Nexo et. al. also report finding weak evidence that occupational complexity had an impact on cognitive 

decline. In contrast, lower job demands have been associated with poorer cognitive performance in 

retirement [112]. Results from a study by Fisher et. al. (2014) also support the cognitive reserve 

hypothesis, where individuals who were engaged in more mentally demanding occupations showed 

slower cognitive decline relative to those who were engaged in less mentally demanding work [111]. Coe 

et. al. also reported that among men, white collar workers exhibited higher levels of cognitive functioning 

at all ages compared to blue collar workers, investigated to capture differences in varying levels of 

cognitive stimulation associated with different types of work [14]. A clinical review by Small (2002) 

suggested that maintaining cognitive stimulation in the workforce is an important factor in retaining 

cognitive functioning, and this stimulation may help maintain brain plasticity, in turn preventing 

accelerated memory loss in older age [113].  

2.5.2 Post-retirement factors  

As retirement is not a single event, but a major transition in older age, there are many 

developmental, social, psychological and economic consequences that occur throughout the transition into 

retirement, and can impact cognitive function in older age [114]. Based on the life course model from 

Moen et. al. [99], economic well-being and post-retirement behaviours are thought to influence the level 

to which an individual experiences cognitive decline in retirement [16, 99, 114]. For the purpose of this 

thesis, we considered economic well-being, and social engagement, and living arrangements as post-

retirement behaviours. Other potential confounders included other aspects of health and well-being, such 

as depression, mobility, and chronic conditions.  

Economic resources are widely accepted as having a positive association with well-being, and 

have been shown to promote health. Studies have shown that higher income throughout the life course is 

related to better health, and lower mortality rates [115]. People with lower income are more likely to have 

more health problems, and less access to health care; they have more chronic conditions, higher rates of 

mental health issues, and overall lower health status [116, 117]. Retirement is also a transition in life 

where income levels change. Some individuals receive social security, pensions and benefits, while others 
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do not: in the case of older adults, social security and pensions have been related to a drop in poverty from 

30% to 10% in the United States [118]. As studies have found that increased income is associated with 

increased overall health [116, 117], economic stability such as pensions in a post-retirement setting will 

likely have health benefits.  

Cognitive stimulation in retirement has also been positively associated with maintaining cognitive 

function [111]. This association can be explained by the popular psychology “use it or lose it” hypothesis, 

which suggests that individuals experience different levels of cognitive decline based on post-retirement 

behaviours and opportunities [119]. Social connections, such as engaging in activities, visiting with 

family and friends, and traveling have also been shown to reduce levels of cognitive decline in the aging 

population [46, 120]. For example, in a study by Béland et. al. (2005), when social integration levels were 

high, cognitive function remained stable over time; however, when social integration levels were low, 

cognitive function declined at an accelerated rate with age [46]. Dufouil et. al. (2014) also hypothesized 

that work itself has cognitive benefits, and that mental exercise and social interactions result in 

maintaining higher levels of cognitive functioning [10]. A study in Spain by Zunzunegui et. al. (2001), 

adjusted for age, gender, education, and functional status, reported that low levels of social support were 

associated with low self-rated health, and living with a spouse or family members was also associated 

with higher levels of self-rated health [120]. In addition, Ertel et. al. found that high levels of social 

integration (marital status, volunteer activity, and frequency of contact with family and friends) 

significantly delayed memory loss in an older population of Americans [121]. Similar results were 

reported by Zunzunegui et. al. (2003) who reported that poor social engagement (i.e. with the community 

and family members) was a risk factor for cognitive decline in older age [122].  

Health status and well-being also impact cognitive function in retirement. Proposed covariates in 

this relationship include: mental health status, mobility, level of physical activity, and number of chronic 

conditions. In a systematic review by van der Heide et. al. (2013), retirement was found to have an overall 

beneficial effect on mental health [44]. Mental health in post-retirement is also thought to differ based on 

the nature of retirement (i.e. voluntariness and age of retirement), and by gender [82, 123-126]. 

Involuntary retirement was found to have a negative effect on overall mental well-being [81, 126]. In 

contrast, voluntary retirement at the legislated age (i.e. “on time”) was shown to improve mental health by 

2.2 points (95% CI: 1.27, 2.7) on a 36-item scale (Short Form Medical Outcome Survey, SF-36) [127].  

Further, Gao et. al. (2013) reported depression as a major risk factor in the incidence of dementia [128]. 

In a meta-analysis of 12 longitudinal studies, they found individuals with higher levels of depression had a 

higher incidence of any dementia (RR: 1.55, 95% CI: 1.31, 2,83), including Alzheimer’s disease, and 

vascular dementia, compared to those without depression. Individuals with depression were also about 

two times more likely (95% CI: 1.53, 2.54) to develop mild cognitive impairment (MCI). Mental health is 

therefore an important covariate in the relationship between retirement and cognitive function.  
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Other proposed confounders in this relationship are physical risk factors: physical activity, 

chronic conditions, and mobility. Physical activity status, for example, has been shown to increase when 

there is a reduction in work-related stress, improving overall health [15]. Among aging individuals, 

physical activity in and around the house is also an important predictor in maintaining cognitive function 

[129]. Those who are more physically active and mobile are able to engage in social activities, as 

previously mentioned. Further, as involuntary job loss is generally associated with a decrease in overall 

health, it is also associated with an increase in physical disability [15]. Mobility restrictions due to a loss 

of overall health status limits individuals in the amount of activities in which they can participate. Chronic 

illnesses, such as cardiovascular disease (CVD) impact cognitive functioning, as the brain’s blood supply 

disrupts functioning (i.e. stroke, or atherosclerotic lesions) [26]. Individuals with chronic conditions may 

be at increased risk for cognitive decline. In combination with economic resources and social 

connectedness, the health of an individual in a post-retirement setting is associated with cognitive decline 

and overall well-being.  

2.6 Gender Perspective  

According to the World Health Organization, sex is the distinction between males and females, 

defined by the anatomical and physiological characteristics [130]. In contrast, gender refers to the socially 

constructed characteristics attributed to men and women. Therefore, while both physiological and social 

factors might impact cognitive function, a gender-focus is more related to the social and environmental 

effects of retirement on cognitive function. For the purpose of this thesis, the term gender will be used to 

reference the differences between men and women. In current literature, there is a lack of consistency on 

the differences among sexes in the prevalence of cognitive impairments. One study suggested that women 

have a greater probability of developing dementia [131], while another found no observable difference 

(rate ratio of women versus men of 1.00 (0.80-1.24) before the age of 90)  [132]. Roberts et. al. reported 

finding that the incidence rate of developing mild cognitive impairment (MCI) was higher among men 

(43.9 per 1,000 person-years), compared to women (33.3 per 1,000 person-years), but this difference was 

only slightly significant [133]. Some studies have proposed that the prevalence of MCI is higher among 

men than among women [133, 134], while higher incidence has also been found among women [135], or 

studies have found no difference in sexes [35, 136].  

The Gender Inequality Index (GII), published by the Human Development report by the United 

Nations in 2014, is a measure of the gaps in areas of human development around the world (in 

reproductive health, empowerment/autonomy, and labour market participation); the higher the value, the 

greater the disparity between men and women [137]. Countries in the IMIAS study specifically differ 

greatly based on the GII: Canada ranks 23, Albania 44, Brazil 85, and Colombia 92 [138]. The GII 

suggests that there is an even greater divide between men and women in Brazil, Colombia and Albania 
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with respect to economic stability [137], as women experience greater poverty rates than men in almost all 

societies [139]. Countries also differ with regards to work dynamics, and the distribution of men and 

women in the workforce. In Latin America, the number of women in the workforce aged 65 or over was 

16% as of 2014, and 38% for men. In North America, 15% of women, and 23% of men [140]. There also 

exists a gender gap in income, job complexity, and job control [141-143]. Therefore, men and women in 

these countries will enter into old age with different human and economic capital, including secure 

pensions and benefits among those who had worked. In addition, women in older generations often only 

held part-time work, held more unpaid familial responsibilities, and received lower wages than men 

across their lifetimes [144]. This is especially prominent in the IMIAS study in Manizales, Colombia, 

where the participation rate of women in the workforce was very low, as the majority of women were 

housewives, and had never worked outside of the home. These differences in gender equality based on 

work histories, employment opportunities, pressures, and general life experiences contribute to men and 

women adjusting differently to the transitional period into old age, and into retirement. 

  There are only a few studies in the literature that focus on the relationship between retirement 

characteristics and cognitive function with a gender focus, and the results are inconclusive. Mazzonna and 

Perrachi (2012) distinguished between individuals who were still working, retired for five years or less, 

and individuals retired more than five years, and the relationship with cognitive function. Both men and 

women, who had retired early between the age of 60-65, showed significantly lower cognitive test scores 

later in life. However, in the 66-70 age group, there is no clear pattern for women, and only men exhibit 

significantly lower cognitive test scores [13]. While they attribute different findings between men and 

women to potential selection bias, they state that studies that do not fully account for gender differences 

may report biased estimates of the true association between retirement and cognitive function [13]. 

Another study that addresses the potential difference between men and women by Dufouil et. al. reports 

that men have a higher hazard ratio (0.96, 95% CI: 0.95, 0.964) than women (0.98, 95% CI: 0.97, 0.983) 

for the association between older age at retirement and risk of dementia, but the difference is only slightly 

significant [10]. Other studies by Rohwedder and Willis (2010) and Bonsang et. al. (2012) do not consider 

gender as a covariate in their analyses, even though data were collected on men and women in the 

longitudinal studies [4, 12]. Other studies consider gender as a covariate in the analyses, but do not model 

men and women separately [8, 87].  

While only a few studies have focused on how the effect of retirement on cognitive function 

differs for men and women, a study that considers a gender approach is supported based on the 

differences in life course opportunities, contextual differences in retirement across genders in IMIAS 

countries, and different opportunities, expectations and pressures in retirement.  
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2.7 Conceptual Model  

Generally, evidence has suggested that in order to understand the association between retirement 

and cognitive function, it is important to consider a) the role of retirement dynamics (i.e. duration of 

retirement, timing of retirement, and whether an individual entered into retirement voluntarily or 

involuntarily); b) the role of pre-retirement life course factors (i.e. education and occupation), and 

population dynamics (i.e. age and gender); c) the role of post-retirement factors; d) the potential 

endogeneity of the retirement variable addressed using an instrumental variable (not associated with the 

outcome unless through the exposures, and not influenced by other pre- or post-retirement variables in the 

model); and e) the difference among genders. Based on these antecedents, the conceptual model (see 

Figure 2.1) for this thesis considers the role of pre-retirement life course factors on the association 

between retirement, and cognitive function, as well as the contextual framework of national retirement 

policies (legislated ages of retirement): 

 

Figure 2.1 Conceptual model of the association between duration, timing, and voluntariness of 

retirement with cognitive function 

2.8 Summary of Gaps  

Current literature on the relationship between retirement characteristics and cognitive function in 

older age is inconsistent. Inconclusive results are potentially related to differences in methodological 

approaches, from an economic and public health perspective. The paucity of papers that assess the effect 

of retirement on cognitive function in countries other than Europe and the United States reduces the 

diversity of the populations under study. As policy variation on age of retirement within a single country 

is rare, studies that span multiple countries can address the influence of timing of retirement as it differs 

* 
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based on legislated ages of retirement in different countries [12]. Therefore, studies that investigated 

cross-national comparable data can compare the effect of timing of retirement on cognitive function. 

Previous papers looking at this relationship do not use data with policy variation to the same extent as 

variation that exists in the IMIAS population. Finally, while there is little research to support differences 

between men and women, it is recognized that men and women enter into retirement and experience 

retirement differently, and this has differential impacts on their cognitive function. As the IMIAS study 

offers an international approach with populations with different life course experiences, and cultural and 

social contexts, a study stratified by gender lends itself to the study of the effect of educational 

differences, health conditions, and general social experiences on cognitive function in later life. The 

importance of addressing the endogeneity of the retirement variable is also supported by studies from an 

economic perspective [4, 12-14]. This study is unique from an epidemiologic perspective, as it is the first 

epidemiologic study to employ the instrumental variable technique to address the potential endogeneity of 

retirement and the association with cognitive functioning.  
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Chapter 3: Methods 

3.1 Objectives  

 The main purpose of this study was to examine the relationships between retirement 

characteristics and cognitive function in older adults. Retirement characteristics refer to the voluntariness 

of retirement (i.e. whether an individual retired voluntarily, involuntarily, or for other reasons), the timing 

of retirement (whether an individual retired on time, early, or late), and the duration of retirement (the 

number of years an individual has been retired). Given the complexity of the study in terms of describing 

the associations in different countries, the availability of two data points to assess change, and the 

importance of gender and site/region analyses, the following three objectives were defined:  

 Objective 1: To determine the relationship between retirement characteristics and cognitive 

function at baseline (2012), while taking into account the differences in population demographics, and 

pre- and post-retirement experiences.  

 Hypothesis 1: Participants who had retired on time or late will have better cognitive scores at 

baseline. . Individuals who had been retired longer were hypothesized to exhibit lower cognitive 

functioning. Baseline cognitive functioning was hypothesized to differ based on pre-retirement 

conditions; individuals with higher levels of education, and more cognitive stimulating occupations (non-

manual) were hypothesized to exhibit higher levels of cognitive functioning at baseline.  

 Objective 2: To determine the relationship between retirement characteristics and cognitive 

change from 2012 to 2014, while taking into account the differences in population demographics, and pre- 

and post-retirement experiences.  

 Hypothesis 2: Participants who had been retired for a shorter amount of time were hypothesized 

to experience more decline in cognitive functioning given the more recent changes in their lives compared 

to individuals who have been retired longer. Based on the ‘use it or lose it’ theory, individuals who have 

been retired longer will have had more time to adjust and adapt to the transition into retirement, for 

example, engaging in social activities.  

 Objective 3: To determine if the association between retirement and cognitive function and 

between retirement and cognitive change differs for men and women, and between sites/regions. 

 Hypothesis 3: It was hypothesized that duration of retirement and timing of retirement will 

affect the cognitive function of women and men differently. For instance, men who left the workforce 

before the legislated age of retirement would experience greater cognitive decline than women, because 

men tend to engage in fewer social activities after retirement. However, in a situation where women 

engaged in less cognitively demanding jobs during their working lives, and were less likely to have an 



 

 

24 

income that supported their needs post-retirement, then they would experience similar or worse decline 

post-retirement. It was also hypothesized that, based on differing life course opportunities in high versus 

middle income countries, the effect of different retirement opportunities on cognitive function would 

differ among sites/regions. For instance, high income countries such as Canada would have better 

education opportunities, more stable work environments, and the availability of old age security benefits 

in retirement. Thus, retirement characteristics will have a more positive effect in cognitive function 

among participants from Canada based on better opportunities throughout the life course and in 

retirement.  

3.2 Study Design and Study Population 

3.2.1 Study design 

 Data from this thesis was from the International Mobility in Aging Study’s (IMIAS) 2012 and 

2014 data collection cycles. IMIAS is a longitudinal study of people aged 65-74, and is conducted in five 

sites: Kingston (Ontario, Canada), Saint-Hyacinthe (Québec, Canada), Tirana (Albania), Manizales 

(Colombia), and Natal (Brazil). For this thesis, data from IMIAS were used for a cross-sectional analysis 

using 2012 data, as well as a longitudinal analysis with data from 2012 and 2014.  

 The primary objective of IMIAS is to measure the magnitude of the gender gap in mobility 

using an international approach. IMIAS also seeks to understand life course events that are related to 

mobility. The total sample size of the IMIAS study includes 1,994 individuals, where the aim was to 

recruit 200 men and 200 women at each of the five sites. Assuming a prevalence ratio of women versus 

men of mobility disability to be 1.8, error type I of 0.05, and power of 0.80, the sample size at each site 

was calculated for comparisons at baseline. Study locations were chosen because they are similarly sized 

urban environments in different cultural, socioeconomic, and geographic regions.  

3.2.2 Study population 

 Kingston, Ontario, Canada has approximately 150,000 inhabitants in the whole metropolitan 

area, and is located in Southeastern Ontario. It is a university city, with a relatively well-educated 

population. The percentage of the population over the age of 65 was 16.3% in 2011, compared to the 

national average of 14.8% [145]. Saint-Hyacinthe, Québec, Canada, has approximately 55,000 inhabitants 

and is located 40 minutes from Montréal. It is the center of agriculture in the region. The percentage of the 

population over the age of 65 was 19.9% in 2011, compared to the national average of 14.8% [146]. 

Tirana has approximately 420,000 inhabitants, and is the capital of Albania. The percentage of the 

population over the age of 65 in Albania is 11% [147]. Manizales, Colombia has approximately 400,000 

inhabitants, and is the capital of the Department of Caldas in Central Colombia. The percentage of the 

population over the age of 65 is 6%, and growing [147]. Manizales has the largest number of universities 
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in any location in Colombia located in the Andean coffee-growing region. Finally, Natal, Brazil has a 

population of approximately 800,000, and is the capital of the province of Rio de Grande Nord in Brazil. 

The percentage of the population above the age of 65 in Brazil is 8% and growing [147]. 

This study population offers a unique perspective on retirement and aging, as the four social 

security systems of the IMIAS study show great variability (see Table 3.1), allowing us to compare the 

effects of retirement on cognitive function in men and women, using ordinary linear regression, and 

instrumental variable analyses. Countries differed in the ages of eligibility for retirement of men and 

women and in opportunities for early retirement In Colombia, an individual could leave the workforce if 

he or she had contributed 1,250 weeks of work [63]. In Brazil, early retirement opportunities were 

available with partial social security/pension support [60, 64]. In Albania, individuals with 35 years of 

work contribution could retire with a full old-age pension, or two years earlier with a partial old-age 

pension [148]. In Canada, individuals were eligible as early as 60 years of age for Old-Age Security [59]. 

Table 3.1 Social security systems in the four IMIAS study populations 

 Old-age pension coverage Age of retirement for IMIAS 

participants aged 65-69 

(years) 

Age of retirement for IMIAS 

participants aged 70-74 

(years) 

Age of retirement in 

2012 

Canada* 100%    

Men  65 (2008-2012) 65 (2003-2007) 65 

Women  65 (2008-2012) 65 (2003-2007)  65 

Albania** 95%    

Men  65 (2008-2012) 60 (1998-2002) 65 

Women  60 (2003-2007) 55 (1993-1997) 60 

Colombia*** 33%    

Men  60 (2003-2007) 60 (1998-2002) 60 

Women  55 (1998-2002) 55 (1993-1997) 55 

Brazil**** 100%    

Men  60 (2003-2007) 60 (2003-2007) 65 

Women  55 (1998-2002) 55 (1998-2002) 60 

* In Canada, the age of retirement has remained consistent since 1968. The age of eligibility for Old-Age Security was 70, and was lowered to 65 for 
both men and women. Therefore, all IMIAS participants aged 65-79 faced retirement decisions at the same age.  

** In Albania, retirement ages gradually increased from 60 for men and 55 for women to 65 for men and 60 for women, from 2002 to 2012.  
*** Retirement ages were the same in Colombia since the reforms in 1993. Therefore, all IMIAS participants aged 65 to 75 faced retirement decisions at 

the same age: 60 for men, and 55 for women. 

**** Brazil underwent social security reforms in 1998. Prior to 1998, pensions were calculated based on the average earnings in the 36 months leading 
up to retirement.    

3.2.3 Sampling Strategy and analytical sample 

Two recruitment methods were used because of ethical constraints in Canada that did not allow for 

direct contact with potential participants. In Kingston and Saint-Hyacinthe, letters were mailed from 

primary care physicians inviting potential participants to contact the field coordinator to participate in the 

study. All patients from five family practice teams in Kingston and the unique family health team in 

Saint-Hyacinthe who were 64-75 in 2012 were invited to participate. At the University of Caldas, 

University of Rio Grande de Norte and at the Albanian National Institute of Health, authorized 
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researchers were allowed to reach participants directly by phone, or home visits. Thus, participants in 

Tirana, Manizales, and Natal were randomly selected from the population aged 65-74 registered at 

neighbourhood health centers. Consequently, the resulting response rates varied across sites. Participation 

rate at baseline was higher than 90% in Tirana, and nearly 100% in Manizales and Natal. In Kingston and 

St-Hyacinthe, the participation rate was 30% from individuals receiving a letter of invitation from their 

doctors. Participants were excluded at baseline if they had four or more errors of eight, or less on the 

orientation scale of the Leganes Cognitive Test (LCT) [47], which was administered at the beginning of 

the interview process. Individuals with low scores on the LCT were considered unable to complete the 

study procedures [149]. Four persons were excluded in Manizales, five in Natal, and no one at the other 

sites.  

Previous analyses showed that the only site where sampled participants were not found to be 

representative of the older population was Kingston, where women and men who were sampled were 

more educated than the older population of Kingston [149]. The 2006 Canadian Census for the Kingston 

area identified that 55% of the population had more than a high school education, whereas 79% of the 

IMIAS sample from Kingston had more than a high school education [149]. In 2014, participants were 

contacted again in each site. Of the initial 1,994 participants enrolled in 2012, 256 were lost to follow-up 

(Figure 3.1).  Follow up between 2012 and 2014 was 83% for Kingston, 86% for St-Hyacinthe, 94% for 

Tirana, 92% for Manizales, and 79% for Natal (Table 3.2).  

 

Table 3.2 Participant follow-up between 2012 and 2014 

 2012 2014 

Location Completed Completed Refused Moved/Unable to 

contact 

Excluded* Died Follow-up (%) 

Kingston, Canada 394 329 36 22 0 7 83% 

St-Hyacinthe, Canada 403 347 46 3 0 7 86% 

Tirana, Albania 388 363 9 5 0 11 94% 

Manizales, Colombia 400 366 6 13 1 14 92% 

Natal, Brazil 402 317 36 23 8 18 79% 

*Excluded if initial LCT screening score was less than 4 

  

 Figure 3.1 presents the number of individuals excluded, and the final analytic sample for the cross-

sectional study in 2012. Since information on retirement characteristics was collected in 2014, only those 

who were not lost to follow-up were eligible for the analysis. An additional 417 individuals were excluded 

because they were housewives and had never worked outside of the home, had never worked because they 

were disabled, or because they were still in the workforce (i.e. not retired). An additional 37 individuals 

were excluded due to missing data, and 38 individuals who were not retired as of 2012 were also 

excluded. Thus, the analytic sample for 2012 was N=1237. In the longitudinal analysis of cognitive 
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change, these 38 individuals who retired between 2012 and 2014 were included, thus rendering the final 

analytical sample as N=1275.  

 

Figure 3.1 Participant flow chart for cross-sectional analyses 

*These 38 individuals were included in the analysis of cognitive change from 2012 to 2014; final analytic sample for the longitudinal analysis: 
N=1275    

 Table 3.3 presents the distribution of individuals who were retired, housewives, not retired and 

disabled per site and gender. While the majority of the sample was retired in Kingston, Saint-Hyacinthe, 

Tirana, and Natal, a large percentage of participants in Manizales were not retired (30.86% of men, and 

23.03% of women), and women who were housewives (24.77%) in Manizales. Natal also had a high 

percentage of housewives (39.29%). Tirana, Albania had the highest percentage of retired individuals 

(99.71%), with only one woman as a housewife. In the Canadian sample, the majority of men and women 

were retired, with over 81% of women and 89% of men in Kingston, and 83% of women, and 92% of men 

retired in Saint-Hyacinthe.  

Table 3.3 Distribution of 'work' status by site and gender (N=1661*) 

Work status 

Kingston St-Hyacinthe Tirana Manizales Natal 

Men  

(N=144) 

Women 

(N=179) 

Men  

(N=162) 

Women 

(N=183) 

Men  

(N=164) 

Women 

(N=184) 

Men  

(N=162) 

Women 

(N=165) 

Men  

(N=150) 

Women 

(N=168) 

Retired 129 

(89.60%) 

146 

(81.56%) 

149 

(92.00%) 

153 

(83.61%) 

164  

(100%) 

183 

(99.46%) 

101 

(62.35%) 

46  

(27.88%) 

144 

(96.00%) 

97  

(57.74%) 

Housewives 0  12  

(6.70%) 

0 18  

(9.84%) 

0 1  

(0.54%) 

0 81  

(49.09%) 

0 66  

(39.29%) 

Not 

retired** 

15  

(10.42%) 

20  

(11.17%) 

13  

(8.02%) 

12  

(6.56%) 

0 0 50  

(30.86%) 

38  

(23.03%) 

6  

(4.00%) 

5  

(2.98%) 

Disabled 0 1  

(0.565) 

0 0 0 0 11  

(6.79%) 

0 0 0 

* N=1729 were sampled at follow-up, yet N=68 had missing data on work status 

**Not Retired: still working, looking for work, volunteering, helping with family business/estate/ranch without receiving payment, and not working but 

doing housework.  

IMIAS baseline data collection in 2012 

(N=1994) 

IMIAS follow up data collection in 2014 

(N=1729)  

N=256 lost to follow up: 
 Died (N=57 ) 
 Refused (N= 133) 
 Moved/unable to contact (N=66)  

N=417 excluded: 
 Housewives/never worked (N=178) 
 Still working (N=159) 
 Disabled (N=12)  
N=37 excluded:  
 Missing exposure data (N=1) 
 Missing covariate data (N=36) 
N=38 excluded*:  
 Retired between 2012 and 2014 

Final analytic sample (N=1237) 
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3.3 Data collection procedures  

 In 2012 and 2014 data were collected from January to June in Manizales, Natal and St-

Hyacinthe, from January to December in Kingston, and from September to December in Tirana. At initial 

data collection in 2012, and again in 2014, interviewers made home visits to obtain informed consent and 

to collect data. At each site, the principal investigator and study coordinators used videotape, protocol 

instructions, trained interviewers and data entry forms in order to ensure a consistent standard was met. 

Interviewer training was standardized using instructions from the IMIAS manual [149]. The same 

procedures were used on both occasions. Assessments were done by teachers and other lay professionals 

in Kingston and Saint-Hyacinthe, by public health professionals in Tirana, by local nurses in Manizales, 

and by physiotherapists in Natal [149].  

3.4 Exposure Assessment 

 Individual retirement characteristics were determined from self-reported responses to the study 

questionnaire in the 2014 cycle. All participants were asked questions relating to retirement. The 

questionnaire was comprised of 8 open- and close-ended questions that start with a question related to 

what the participant had done in the last week. This question identified participants who have and have 

not retired. If participants were retired, they were asked the age they retired (see Appendix E for questions 

relating to retirement from the IMIAS questionnaire in 2014). The questions were used to build the three 

exposure variables for this thesis, which are referred to as: the duration of retirement, timing of retirement, 

and voluntariness of retirement (for definitions, see Section 2.2).  

 Duration of retirement was determined using the number of years an individual had been 

retired. This was calculated by subtracting age of retirement from age in 2012. This variable had a very 

skewed distribution that ranged from 2 to 42 years in retirement. The duration of retirement variable was 

analyzed as continuous exposure and truncated so that the upper 5% of individuals with more than 25 

years in retirement were all considered as being retired for 25 years. Previous research by Bonsang et. al. 

(2012) has suggested that the effect of retirement on cognitive functioning is not continuous, but that a 

negative effect of retirement on cognitive functioning occurs early in the retirement period, and stabilizes 

afterwards. Based on these findings, the duration of retirement variable was also categorized into 

quartiles: 0-7, 8-12, 13-17, and 18+ years to test whether there was a difference in cognitive functioning 

between recent and longer amounts of time spent in retirement.  

 Timing of retirement was determined using self-reported age of retirement and legislated ages 

of retirement in each country in the IMIAS study. Variability in the legislated age of retirement by age, 

gender, and site was taken into account (see Table 3.4 for the variable breakdown per country). For 
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example, Canada is the only country where men and women have the same age of retirement. The 

legislated age of retirement is 65, and is same for women and men, and for the whole cohort (since the age 

of retirement did not change when IMIAS participants were facing retirement decisions). Albania is the 

only country where the age of retirement has changed in the last ten years, starting in 2002; therefore, the 

age categories were dichotomized to account for this change in age of retirement that would impact the 

individuals aged 64-69. People aged 64-69 in Albania would have retired at age 65 for men, and 60 for 

women. Whereas people aged 70-75 would have retired at 60 years of age for men, and 55 for women. 

Early retirement opportunities also differ across countries. For example, Canadian residents are able to 

collect a reduced Old-Age Security pension at the age of 60, rather than the full pension the legislated age 

of retirement at 65 [59]. To account for these differences in early retirement opportunities, as well as 

using categorization from a previous study that considered early retirement to be leaving the workforce 

five years or more before the legislated age of retirement [11], a five-year window was allocated from the 

legislated age of retirement. Therefore, individuals were considered to have retired ‘early’ if they retired 

five years or earlier from the legislated age of retirement (≥5 years early), they were considered to have 

retired ‘on time’ if they retired within five years of the legislated ages of retirement, and were considered 

to have retired ‘late’ if they retired five years or later from the legislated ages of retirement (≥5 years late). 

Due to small cell sizes, people who retired on time and late were collapsed into one category. In keeping 

with the literature, the main comparison of interest is whether ‘early retirement’ differentially impacts 

cognitive function than ‘on time’ or ‘late retirement’ [10-12].  

Table 3.4 Cut-off points for early, on time, and late retirement in each IMIAS site 

Country (legislated age of 

retirement, in years) 

Early retirement On time retirement  Late retirement 

Canada    

Men (65) 60  61-69 70 

Women (65) 60  61-69 70 

Albania*    

Men (65-69: 65) 60 61-69 70 

Women (65-69: 60) 55 56-64 65 

Men (70-74: 60) 55 56-64 65 

Women (70-74: 55) 50 51-59 60 

Colombia    

Men (60) 55 56-64 65 

Women (55) 50 51-59 60 

Brazil    

Men (65) 60 61-69 70 

Women (60) 55 56-64 65 

* Legislated ages of retirement differed for age categories: 65-69 and 70-74, as well as for men and women 

 

 To create the variable voluntariness of retirement, data from the study question in 2014 “why 

did you retire” was used. Possible responses were: “I was the legal age for retirement and I wanted to do 
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something else”, which was considered voluntary retirement; “I was the legal age for retirement and I was 

obliged to do something else”, which was considered involuntary retirement; and “I had to retire for other 

reasons”, which was considered other reasons for retirement. ‘Involuntary’ and ‘other’ reasons for 

retirement were collapsed into one category due to small cell sizes.   

3.5 Outcome Assessment  

 Cognitive function was measured in both IMIAS data collection cycles, using two different 

tests. Cognitive function was measured on all participants using the Leganes Cognitive Test (LCT), and 

the Montreal Cognitive Assessment (MoCA) on Canadian participants only. MoCA data were only 

collected in Canada as it was found to be invalid among Latin American populations with lower 

education, and no translated version was available and validated for the Albania population [150]. The 

sensitivity analysis is discussed in Chapter 6.  

 The final version of the revised MoCA consists of a 30-point test administered in 10 minutes. 

The suggested cut-off score for normal cognition using the MoCA test is 26/30, and below 26 suggests 

mild cognitive impairment (MCI) [151]. In order to adjust for the education levels of participants, one 

point was added to the final score for those with less than 12 years of education. The MoCA has retest 

specificity and sensitivity of 90% for detecting MCI criteria, and distinguishes these individuals from 

cognitively intact older people [152]. The English and French versions of the MoCA were used to assess 

cognitive function in Kingston and St-Hyacinthe. Given its demonstrated utility in older Canadian adults, 

the MoCA was used for assessment of cognitive function.  

 The LCT ranges in score from 0 to 32, and a score of 22 or less indicates the presence of 

dementia [47]. The test identifies individuals with and without dementia with high sensitivity of 93.9% 

and specificity of 94.7% [47].  

3.6 Covariates 

 The literature identified potential confounders that were significantly related to both retirement 

characteristics and cognitive function. The variables included were: population demographic 

characteristics (age, site and gender), pre-retirement variables (education and occupation), and post-

retirement variables divided into social variables (income sufficiency, living arrangement, social 

engagement score and whether an individual is working or not working in retirement) and health variables 

(mobility score, number of chronic conditions, and depression score). Age was determined by self-

reported date of birth at the time of the interview, and was treated as a continuous variable.  

3.6.1 Pre-Retirement Characteristics 
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 The literature identified education and occupation as variables that have the potential to 

influence cognitive function, as well as the characteristics surrounding retirement based on a life course 

perspective [46, 102, 103, 109, 111, 114]. Educational attainment was determined in 2012 based on the 

number of years of schooling an individual completed (self-reported). In 2012, individuals were asked, 

“what was the occupation that you had for the majority of your life”. Occupations were categorized based 

on the International Standard Classification of Occupations, 2008 (ISCO-08) [153]. The initial ten 

categories were reduced to four categories: white collar (members of executive branches, business 

management, scientific and intellectual professionals, and mid-level technical personnel and 

professionals), blue collar (office employees, service workers, and salespersons involved in trade and 

commerce), semi- and unskilled-workers (office workers, artisans in the mechanical arts and other types 

of arts, machine and equipment operators, unskilled workers, and members of the armed forces), and 

agricultural workers. Given the importance of education and the longest-lasting occupation in predicting 

cognitive function, based on the cognitive reserve hypothesis in post-retirement years, these variables 

were treated as possible confounders in the analysis.  

3.6.2 Post-Retirement: Social and Health Characteristics  

 The literature identified many social and health characteristics that contribute to an individual’s 

cognitive function. These covariates were identified as potentially impacting cognitive function, as well as 

factors that could explain the relationships between the duration, timing, and voluntariness of retirement 

and cognitive function. Using a life course perspective, mediation analysis is theoretically applicable for 

post-retirement characteristics (see Conceptual model, Figure 2.1). However, for this thesis they were 

considered as potential confounders, and mediation analysis was not conducted.  

 Social characteristics include income sufficiency, living arrangement, social engagement and 

whether an individual is working in retirement [46, 115, 118-120]. In the questionnaire, the ability of a 

person’s income to meet their needs was assessed in 2012 based on the response of individuals reporting 

the “extent to which [their] income meets needs” as very well, suitably, not very well or not at all.  This 

variable was reduced from four to three categories: very well, suitably, and not very well/not at all. To 

assess an individual’s living arrangement in 2012, the study questionnaire included the following yes or 

no questions: (do you live) 1. alone, 2. with spouse/partner, 3. with child/children, 4. with grandchildren, 

5. with relatives/brother/sister, and 6. with others. The variables were then recoded into a summary 

variable of living arrangement, with three categories: alone, only spouse, and other (which includes 

children, grandchildren, relatives, brothers/sisters, and others). Social activities/engagement were assessed 

in 2012 using a summary measure of four questions from the study questionnaire. This scale from the 

MacArthur Healthy Aging Study [154], and was previously used by Zunzunegui et. al. [122], and Béland 

et. al. [46] . One point was assigned if individuals answered yes to the following question “are you a 

member of an association/club/ organization” if they answered “no”, their score was 0. Then individuals 
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were asked whether or not during the last year they participated in certain activities almost everyday, at 

least once a week, at least once a month, at least once a year or never. One point was assigned to an 

individual who answered “almost every day” or “at least once a week” to the following three questions: 

(do you) 1. attend community/recreation center or professional association, 2. stroll about 

stores/boutiques/mall, and 3. participate in religious activities. Thus, the score of social engagement 

ranged from 0 to 4 where 4 is the highest level of social engagement. The final variable identified as a 

social characteristic was whether or not an individual is working in retirement. In 2014, individuals 

reported whether they were working in retirement for money full time, part time or not at all. Full time 

and part time responses were considered to be indicative of working in retirement, and this variable was 

dichotomized into 1:working in retirement, and 0: not working in retirement.  

 Health variables that were identified in the literature as having the potential to impact cognitive 

functioning were presence of chronic conditions, depression, mobility, and level of physical activity. In 

2012, individuals were asked about eight potential chronic conditions, and were asked to self-identify 

their chronic conditions. They were asked “has a doctor or nurse ever told you that you have…”: 1) high 

blood pressure or hypertension; 2) have diabetes, that is to say, high sugar levels; 3) cancer or a malignant 

tumour, excluding minor skin cancers; 4) chronic lunch disease, such as chronic bronchitis, emphysema, 

or asthma; 5) had a heart attack, coronary heart disease, angina, congestive heart failure, or other heart 

problems; 6) had a cerebral embolism, stroke, attack, or thrombosis; 7) arthritis, rheumatism, or 

osteoarthritis; and 8) osteoporosis. This was considered as a variable scored 0-8 for presence of any of the 

above chronic conditions. Depression was assessed using the Center for Epidemiologic Studies 

Depression scale (CES-D) [155]. The CES-D has been designed for general and older adult populations. 

The score ranges from 0 to 60, with higher scores indicating more depressive symptoms [155]. CES-D 

data were used from 2012, from 2014, and a change in depressive symptoms score was created from 2012 

to 2014. Mobility was assessed using the Short Physical Performance Battery (SPPB) [156, 157].  The 

SPPB measures three extremity functions: static balance, gait speed, and ability to get in and out of a chair 

[157]. Each function is score on a scale between 0-4, with 0 as being unable to complete the task, and 4 

being the highest level of performance. The final summary score is between 0 and 12 [157].  SPPB data 

from 2012 and 2014 were used in the analysis as a continuous score, and a change in score from 2012 to 

2014 was used in the analysis of change in cognitive score.  

3.7 Statistical Analysis  

3.7.1 Descriptive statistics and assessment of the study sample profile 

 Frequency tables for categorical variables, and means and standard deviations for continuous 

variables were used to descriptively analyze the distributions of these exposures, outcome, and other 
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covariates. Based on the life course model, covariates were separated into pre- and post-retirement 

variables, as well as population demographics. 

 Comparing individuals who completed follow-up versus those who refused, moved or could not 

be contacted, and those who died, assessed differences between the final analytical sample in 2014, and 

those missing in the analysis. In addition, individuals who were not retired (i.e. still working, housewives, 

or disabled) were compared with individuals who were retired using Chi-square tests and ANOVA, 

according to the nature of the variable. Comparisons were also made between sites and genders using Chi-

square and Fisher’s Exact tests for categorical variables, ANOVA procedures for normally distributed 

continuous variables, and Kruskal-Wallis and Wilcoxon signed-rank tests for non-normally distributed 

continuous cognitive function variables (LCT 2012 and 2014). All statistical analyses were performed 

using SAS (Version 9.4, SAS Institute, Cary, NC).  

3.7.2 Retirement and cognitive function analysis: Managing the outcome 

 LCT scores were treated as continuous variables in the analysis as follows: 1) baseline LCT 

scores from 2012; and 2) change in LCT scores from 2012 to 2014. LCT scores in 2012 and 2014 were 

highly negatively skewed, with scores ranging from 17 to 32 (see Appendix E for distributions). When 

transformed with a log function (ln(32-x*)+1) *x=LCT score, the distributions of LCT 2012 and 2014 

appeared slightly more normal, and improved heteroscedasticity in linear regression residual diagnostics. 

However, the results were consistent with analysis with the untransformed variable: both were significant, 

and the directionality remained the same. Therefore, in order to facilitate the interpretation of the beta 

coefficients in linear regression, the LCT scores were not transformed. In addition, quintile regressions 

were conducted to verify if abnormality of the outcome distribution produced different results, which it 

did not (analysis not presented).   

Two different approaches have been used to assess the effects of the exposure on change in the 

outcome when two time points are available. The first approach is regressing the change in score from 

wave 1 to wave 2 on the exposure(s). The second strategy is regressing the wave 2 measure on baseline 

cognitive score, or ‘wave 1’ and exposure(s) [20, 158]. Inconsistency in the results from these two 

approaches is commonly reported in observational studies, and is known as “Lord's Paradox” [20, 21, 

158-160]. This paradox refers to a reversal in the relationship between an exposure and an outcome when 

a baseline covariate is introduced in a regression in longitudinal studies [21]. Assuming randomization has 

been achieved in randomized control trials, adjustment for baseline is possible as mean values of the 

baseline covariate are assumed to be equal across groups [21]. However, in observational studies, baseline 

covariates are influenced by some measurement error, and baseline adjustment in observational studies 

has been shown to significantly alter coefficient estimates. Results from the literature caution against the 

use of baseline adjustment for cognitive change, as there is the potential to introduce bias [20, 158, 161]. 
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Therefore, assessing the relationship between retirement characteristics and cognitive change from 2012 

to 2014 using both methods likely yields different results. In fact, recent studies suggest that the second 

analytical strategy can bias the results towards the null.  Thus, model change here is used as the 

subtraction of the scores in 2012 from those in 2014, in such a way that a negative score be interpreted as 

a decline. The other approach is included Appendix C. Cognitive score changes in LCT were normally 

distributed, and residual diagnostics identified that linear regression assumptions were met. Linear 

regressions were used to assess objective 2 addressing cognitive change (see Section 3.1).  

As an additional sensitivity analysis, bivariate linear regression was done using the MoCA test in 

Canadian sites as the outcome in 2012 (see Table 4.10) to determine the relationship between duration and 

timing of retirement with cognitive function in Kingston and Saint-Hyacinthe.   

3.7.3 Retirement and cognitive function analysis: Managing the exposure 

 First, each of the exposure variables was examined separately in bivariate linear regressions 

with the outcomes. For the main analysis, multivariable linear regression models were built with two 

exposure variables: duration and timing of retirement. A secondary analysis was run with duration of 

retirement as a categorical variable in quartiles, adjusting for timing of retirement. The third exposure 

variable, voluntariness of retirement, was not included in the main analysis because of the high proportion 

of respondents answering the ‘other reasons for retirement’ option. There was a lack of clarity about the 

meaning of this response. An additional analysis was done with this variable, adjusting for duration and 

timing of retirement and is presented in Chapter 5.  

In each regression model, the duration and timing of retirement exposures, and age and education 

were tested for multicollinearity. Multicollinearity was calculated using a variance inflation factor (VIF) 

for each variable in the regression models, where a VIF greater than 10 was considered problematic. 

Based on this criteria, multicollinearity was not an issue in any regression models.   

3.7.4 Retirement and cognitive function analysis: Building models  

 Bivariate linear regression models were built with each retirement exposure: duration, timing, 

and voluntariness of retirement, as well as with all other covariates. Bivariate associations were assessed 

for all covariates that were identified a priori as being potential confounders in the relationship between 

retirement and cognitive function. Covariates that were associated with the outcomes at a level of p<0.20 

were included in the model building process. Interactions were tested in this phase of the analysis. As a 

main hypothesis in this thesis, interactions with gender were tested. Interactions by site were also tested, 

as differences in the distribution of the outcome and the covariates were known to be different across sites 

[149]. The Bonferonni correction method was used to address the potential problem of multiple 

comparisons, and p-values for interaction terms were adjusted to represent multiple comparisons.  
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Besides testing for interactions, analyses were done separately for women and men given the 

differences in the legislated ages of retirement among men and women in three of the five sites (men and 

women in Kingston and Saint-Hyacinthe had the same legislated ages of retirement), as well as the 

inherent differences in life course experiences across genders. This allowed for comparisons with IV 

regression analysis. Models were also run separately by ‘region’: Canadian sites (Kingston, ON and Saint-

Hyacinthe, QC), and Latin American sites (Manizales, Colombia and Natal, Brazil) and Tirana, Albania..  

Multivariable linear models were built in a step-wise manner based on pre- and post-retirement 

characteristics. Models were built as follows: 1) exposure and outcome, 2) pre-retirement variables with 

age, 3) post-retirement social variables, 4) post-retirement health variables, 5) all variables from previous 

four models to create the final model (Table 3.5), and 6) site/region. A final model, Model F, was built to 

assess the effect of site/region that was not taken into account in the regressions with other exposures. 

Table 3.5 Model building approach 

Model Variables Included  

A Outcome=Exposure 

 
B Outcome=Exposure 

+ Pre-retirement variables: Education, Occupation 

+ Population demographics: Age, Gender (in models with pooled data on men and women) 
 

C Outcome=Exposure 

+ Pre-retirement variables: Education, Occupation 
+ Population demographics: Age, Gender (in models with pooled data on men and women) 

+ Social variables: Income sufficiency, Social engagement, Working or not in retirement, Living arrangement 

 
D Outcome=Exposure 

+ Pre-retirement variables: Education, Occupation 

+ Population demographics: Age, Gender (in models with pooled data on men and women) 

+ Health variables: Chronic conditions, Change in depression score, Change in mobility score, Physical activity (minutes per day) 

 

E* Outcome=Exposure 
+ Pre-retirement variables: Education, Occupation 

+ Population demographics: Age, Gender (in models with pooled data on men and women) 

+ Social variables: Income sufficiency, Social engagement, Working or not in retirement, Living arrangement 
+ Health variables: Chronic conditions, Change in depression score, Change in mobility score 

  
F Model E* + site/region  

* Only variables at a screening level of p<0.20 from Models A through D were included in Model E  

3.7.5 Instrumental variable analysis  

As a robustness check, a standard instrumental variable approach was used to address the 

endogeneity of the retirement variable, and potential for reverse causality. This method originated in the 

field of economics, has recently been applied to health services and epidemiologic research [95]. 

However, the applicability in this thesis must be considered as preliminary analyses for reasons explained 

in the discussion, Chapter 5. An instrumental variable approach is considered one of the best ways to 

estimate causal links when there is the potential problem of endogeneity bias, provided that an adequate 

instrumental variable can be identified, as discussed in Section 2.3 [162]. In the case of retirement, health 

issues might drive individuals out of the workforce, and the negative effects of retirement on cognitive 

functioning may be underestimated without consideration of the potential for endogeneity bias [13]. There 
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are three conditions that an instrumental variable must meet: 1) it has a causal effect on the exposure; 2) it 

has an effect on the outcome only through the effect on the exposure, i.e. the instrument cannot have a 

direct effect on the outcome; and, 3) it cannot be associated with any confounders (observed or 

unobserved) in the association between the exposure and the outcome [95]. The instrument of legislated 

age of eligibility of retirement has been used by other studies, and is arguably both relevant and 

exogenous [4, 12, 13].  

The identified instrument was the legislated ages of retirement for men and women in each site, 

listed in Table 3.6. In summary, all countries except for Albania had consistent legislated ages of 

retirement across the whole cohort aged 64 to 75. In Albania, the age of retirement increased by five years 

for both men and women over ten years. Therefore, the cohort was separated into individuals aged 64-69 

and 70-75. Men and women aged 64 to 69 were considered to have retired five years later than those aged 

70 to 75, as an attempt to best represent the legislated age of retirement when an individual was facing 

retirement decisions. While some studies also considered the availability of early retirement as an 

instrument, these data were not available for the diverse IMIAS group [13, 14].  

Table 3.6  Instrumental variable values by site and gender 

 Age of participants (in 2012) Instrumental variable: 
Legislated age of retirement  

Canada   

Men 65-74 65 

Women 65-74 65 

Albania   

Men 65-69 65 

70-74 60 

Women 65-69 60 

70-74 55 

Colombia   

Men 65-74 60  

Women 65-74 55  

Brazil   

Men 65-74 60  

Women 65-74 55  

 

For the instrumental variable analysis, the instrument is first regressed on the exposure, and 

secondly the outcome is regressed on the exposure (as a function of the instrument). This modified 

estimate of the exposure is less prone to confounding, and offers a more accurate representation of the 

relationship between the retirement characteristics and the outcome of cognitive functioning [95]. 

Therefore, the IV analysis consists of a two-stage system of equations, as follows: let yi be the cognition 

scores for individual i, and Ti the adjusted exposure variable of whether the respondent retired early 

(reference) or on time/late. Let Xi be the matrix of pre- and post-retirement characteristics, and Zi the 

instrument of legislated age of retirement by country, age and gender. As there is only one instrument, 

model (1-2) is said to be just-identified.  
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   Equation (1) yi = Ti + Xi1 + i 

   Equation (2) Ti = Zi + Xi2 + ei 

Equation (2) is often described as the “first-stage” equation. A two-step estimator uses the 

predictions from (2) to instrument Ti in Equation (1). Equation (2) determines whether the instrumental 

variable Zi is weakly or strongly correlated with the exposure Xi, i.e. whether the instrument of legislated 

ages of retirement is a strong predictor of timing. The fitted value, Ti, is then regressed in Equation (1). 

Equation (2) for timing of retirement was done using probit regression (not displayed), and for duration of 

retirement, Equation (2) was done using linear regression.  All models in IV analysis were adjusted by 

age, education, and site/region. 

The Hausman specification test was used to check for the endogeneity of the retirement variable, by 

comparing the IV estimates with the OLS estimates. Under the null hypothesis, there is not a systematic 

difference between the IV and OLS regressions [93]. Either method would be consistent, but the IV 

approach would be inefficient. Therefore, the alternative hypothesis is that there is a systematic difference 

between the IV and OLS regression estimates is the Hausman test is significant at p<0.05 [93]. We would 

conclude that retirement is endogenous, and IV is an appropriate method to estimate the effect of 

retirement on cognitive functioning. In this thesis, the system of equations (1-2) was estimated for men 

and women separately, but the five sites were pooled together to retain some statistical power. The IV 

method was applied to the cross-sectional LCT 2012 analysis, as well as the longitudinal analysis of 

change with the change in LCT from 2012 to 2014. STATA was used for all IV analyses.  

3.7.6 Ethics approval  

IMIAS received ethics board approval from all universities involved (Queen’s University, 

Université de Montréal, Albanian Institute of Health, University of Caldas, and University of Grande do 

Norte). Using secondary data, this study received ethics clearance from Queen’s University’s Health 

Sciences & Affiliated Teaching Hospitals Research Ethics Board on August 18th, 2015. 
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Chapter 4: Results 

This chapter presents descriptions of the full IMIAS sample, and comparisons of the 

analytic sample with individuals with missing data due to loss of follow-up. Bivariate linear 

regression results are presented by gender and site separately of the relationship between 

cognitive function (in 2012) and retirement ‘characteristics’ (duration and timing of retirement). 

It also presents results that are considered as ‘robustness checks’ to the main results. These 

include the analysis of duration of retirement as a categorical variable and additional descriptive 

analysis. Next, the analyses of timing and duration of retirement on cognitive change (objective 

2) are presented. The results of the analysis with the variable of voluntariness of retirement are 

presented, and finally, the instrumental variable analysis to address the potential endogeneity of 

retirement. For simplicity, only the results with LCT 2012 score as the outcome are presented for 

these analyses.  

4.1 Study population at baseline in 2012  

Table 4.1 presents the descriptive statistics of indicators by site, and gender. Timing of retirement 

was different across sites for women and men; women and men from Latin American sites had retired on 

time or late more frequently than in the other sites. In site-specific analysis there were significant 

differences between men and women only in Natal. In this site, women retired late or on time more than 

men. Duration of retirement was different across all sites in men (higher in non-Canadian sites), and in 

women (higher in Tirana than other sites). In site-specific analysis, women in Kinston, Saint-Hyacinthe, 

and Tirana were retired longer than men. When considering all sites, there was a difference in LCT scores 

among men (lower scores observed in non-Canadian sites) and among women (lower scores in non-

Canadian sites); in site-specific analyses, differences in LCT scores between men and women were only 

present in Saint-Hyacinthe (men had lower scores). 
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Table 4.1 Descriptive statistics of exposure and outcome, by site and gender (N=1,237) 

* Significant difference between men and women in Natal (p=0.0005); significant difference among men across all sites (p<0.0001), and women (p<0.001)  

** Significant difference between men and women in Kingston (p=0.0074), St-Hyacinthe (p=0.0017), and Tirana (p<0.0001); significant difference among men across all sites (p=0.014)  

*** Significant difference between men and women in St-Hyacinthe (p=0.0013); significant difference among men across all sites (p<0.0001), and women (p<0.0001) 

Variables 

Kingston St-Hyacinthe Tirana Manizales Natal 

Men 

(N=126) 

Women 

(N=141) 

Men 

(N=137) 

Women 

(N=140) 

Men 

(N=152) 

Women 

(N=174) 

Men 

(N=100) 

Women 

(N=43) 

Men 

(N=138) 

Women 

(N=86) 

Timing of retirement           

Retired early, No., (%) 63 

(50.00%) 

84 

(59.97%) 

78 

(56.93%) 

95 

(67.86%) 

51 

(33.55%) 

105 

(60.34%) 

19 

(19.00%) 

7   

(16.28%) 

62 

(44.93%) 

19 

(22.09%) 

Retired on time or late, No., (%) 

 

63 

(50.00%) 

57 

(40.43%) 

59 

(43.07%) 

45 

(32.14%) 

101 

(66.45%) 

69 

(39.66%) 

81 

(81.00%) 

36 

(83.72%) 

76 

(55.07%) 

67 

(77.91%)  

 

Duration of retirement, mean (SD) 

 

8.67 

(±5.14) 

 

10.50 

(±5.85) 

 

8.60 

(±5.16) 

 

10.65 

(±5.59) 

 

10.56 

(±6.17) 

 

15.66 

(±5.05) 

 

10.05 

(±5.65) 

 

11.16 

(±6.12) 

 

9.99 

(±7.07) 

 

9.38 

(±6.81) 

Outcome *** 

Cognitive score (LCT 2012), mean (SD) 

 

30.60 

(±1.23) 

 

30.70 

(±1.23) 

 

28.95 

(±1.85) 

 

29.55 

(±1.64) 

 

27.89 

(±2.70) 

 

27.45 

(±2.86) 

 

27.83 

(±2.73) 

 

27.77 

(±2.89) 

 

27.99 

(±2.48) 

 

27.94 

(±2.53) 



 

 

40 

 

Table 4.2 presents the descriptive statistics for all other covariates by gender, and showed that 

with the exception of income sufficiency and level of social engagement, men and women had different 

distributions. Women had lower levels of education, held more non-manual occupations for the majority 

of their lives, were less mobile, had more chronic conditions, were more depressed, and were less 

physically active.  

Table 4.2 Descriptive statistics of covariates by gender (N=1,237) 

Variable 

Analytic Sample: Covariate means and frequencies 

(frequency and percentage; mean and ± SD)  p-value Men (N=653) 

No. (%); Mean (±SD) 

Women (N=584) 

No. (%); Mean (±SD) 

Pre-Retirement Variables     

Years of education 

 

10.94 (±5.94) 10.70 (±5.17) 0.0006* 

Occupation Classification    <0.0001* 

Non Manual (ref) 261 (39.97%) 317 (54.28%)  

Services  84 (12.86%) 53 (9.08%)  

Agriculture 46 (7.04%) 17 (2.91%)  

Manual 

 

262 (40.12%) 197 (33.73%)   

Post-Retirement Variables     

Social Variables     

Income to meet needs   0.56 

Very well (ref) 166 (25.42%) 154 (26.37%)  

Suitably 245 (37.52%) 202 (34.59%)  

Not/Not very well 242 (37.06%) 228 (39.04%)  

Living arrangement   <0.0001* 

Alone 303 (46.40%) 233 (39.90%)  

Only spouse (ref) 297 (45.48%) 198 (33.90%)  

With others 53 (8.12%) 153 (26.20%)  

Working in retirement   0.0002* 

Not working (ref) 541 (82.85%) 526 (90.07%)  

Working 112 (17.15%) 58 (9.93%)  

Social engagement score (0-4) 

 

1.28 (±1.13) 1.37 (±1.19) 0.25 

Health Variables     

SPPB score 2012 (mobility) 

 

10.16 (±1.82) 9.47 (±2.29) <0.0001* 

Number of chronic conditions  

 

1.57 (±1.18) 2.21 (±1.35) 0.0010* 

CESD score 2012 (depression) 

 

7.35 (±7.35) 11.59 (±10.46) <0.0001* 

*Significant difference between men and women at the level of the covariate, at p<0.05 

 

4.2 Comparison of the analytical sample vs. lost to follow-up 

Table 4.3 presents a comparison of people who completed follow-up in 2012, compared 

to those who refused, moved/were unable to be contacted, or died. Individuals who completed 

follow-up in 2014 were significantly different than individuals who were lost to follow-up on the 

level of every covariate, except for gender. Individuals who died had the lowest LCT scores in 

2012, were older, had the least number of years of education, held more manual occupations, 

were the least socially engaged, had the lowest mobility scores, the highest number of chronic 

conditions, and the highest depression scores (i.e. more depressed). Individuals who moved, or 

were unable to be contacted had lower LCT scores, less education, and higher depression levels 
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than individuals who remained in the study or refused to participate in 2014. In contrast, those 

who remained in the study, and those who refused had similar distributions for all variables.  

Table 4.3 Comparison of complete versus lost to follow-up in all sites (N=1994) 

 

Characteristic 

Completed 

follow-up 

(N=1722**) 

Lost to follow-up 

Missing 

data 
p-value  Refused 

(N=133) 

Moved/Unable 

to contact 

(N=66) 

Died (N=57) 

LCT screening 

(N=9) 

 

Outcomes         

LCT 2012, mean (SD)  28.49 (±2.76) 28.45 (±3.18) 27.97 (±2.84) 27.05 (±3.86) 24.00 (±2.87) N=14 0.0011* 

MoCA 2012, mean (SD)*** 

 

26.90 (±2.65) 25.39 (±3.92) 25.64 (±3.73) 26.21 (±2.01) - N=5 <0.0001* 

Population Demographics         

Age, mean (SD)  69.13 (±2.88) 68.55 (±2.57) 69.03 (±2.69) 70.25 (±2.90) 69.78 (±2.44) - 0.0026* 

Gender      - 0.13 

Men, No. (%) 807 (46.86%) 69 (51.88%) 32 (48.48%) 35 (61.40%) 3 (33.33%)   

Women, No. (%) 915 (53.14%) 64 (48.12%) 34 (51.52%) 22 (38.60%) 6 (66.67%)   

Site        

Kingston, No. (%) 329 (19.11%) 36 (27.07%) 22 (33.33%) 7 (12.28%) 0 - <0.0001* 

Saint-Hyacinthe, No. (%) 347 (20.15%) 46 (34.59%) 3 (4.55%) 7 (12.28%) 0   

Tirana, No. (%) 363 (21.08%) 9 (6.77%) 5 (7.58%) 11 (19.30%) 0   

Manizales, No. (%) 366 (21.25%) 6 (4.51%) 13 (19.70%) 14 (24.56%) 1 (11.11%)   

Natal, No. (%) 317 (18.41%) 36 (27.07%) 23 (34.85%) 18 (31.58%) 8 (88.89%)   

Pre-Retirement Variables        

Years of Education, mean (SD) 9.81 (±5.80) 10.21 (±5.06) 8.42 (±6.09) 7.12 (±5.31) 2.67 (±5.30) N=1 0.0010* 

Occupation       N=12 0.0069* 

Non Manual  No. (%) 679 (39.71%) 52 (39.10%) 27 (40.91%) 10 (17.54%) 0    

Services, No. (%) 161 (9.42%) 22 (16.54%) 9 (13.64%) 6 (10.53%) 0   

Agriculture, No. (%) 89 (5.20%) 5 (3.76%) 7 (10.61%) 5 (8.77%) 1 (11.11%)   

Manual, No. (%) 610 (35.67%) 45 (33.83%) 16 (24.24%) 29 (50.88%) 5 (55.56%)   

Housewife, No. (%) 

 

171 (10.00%) 9 (6.77%) 7 (10.61%) 7 (12.28%) 3 (33.33%)   

Post-Retirement Variables        

Social Variables        

Income to meet needs       N=11 0.0002* 

Very well (ref) 395 (23.09%) 44 (33.08%) 15 (22.73%) 8 (14.04%) 0   

Suitably 575 (33.61%) 37 (35.34%) 15 (2.73%) 11 (19.30%) 2 (22.22%)   

Not/not very well 741 (43.31%) 42 (31.58%) 36 (54.55%) 38 (66.67%) 7 (77.78%)   

Living arrangement      - 0.0010* 

Alone (ref) 296 (17.19%) 26 (19.55%) 11 (16.67%) 17 (29.82%) 1 (11.11%)   

Only spouse 671 (38.97%) 64 (48.12%) 20 (30.30%) 10 (17.54%) 2 (22.22%)   

With others 755 (43.84% 43 (32.33%) 35 (53.03%) 30 (52.63%) 6 (66.67%)   

        

Social engagement score (0-4) 

 

1.36 (±1.16) 1.36 (±1.21) 1.50 (±1.29) 0.95 (±0.95) 0.67 (±0.71) N=9 0.046* 

Health Variables        

SPPB score 2012 (mobility) 9.72 (±2.12) 9.68 (±2.40) 9.62 (±2.15) 8.39 (±2.80) 5.66 (±3.05) - 0.0001* 

Number of chronic condition 1.86 (±1.31) 1.63 (±1.35) 1.97 (±1.51) 2.37 (±1.41) 2.44 (±1.33) N=3 0.0048* 

CESD score 2012 (depression) 9.84 (±9.46) 7.42 (±7.43) 10.42 (±11.57) 15.35 (±11.57) 20.11 (±18.84) N=21 <0.0001* 

*Significant difference between individuals who were not lost to follow-up, those who refused, those who moved/were not able to be contacted, 

and individuals who died at a cut-off of =0.05. Individuals who were excluded with LCT scores of less than 4 were not included in the 

comparisons.  
** N=7 individuals missing information at follow-up  

*** Data only collected in Canada  
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4.3 Comparison of ‘work’ status: analytical sample vs. full sample  

Tables 4.4-4.6 present the comparison of retired individuals versus those not included in 

the analyses because they were not retired as of the 2012 wave. A comparison of retired versus 

not retired individuals was not possible in Albania, as all but one individual was retired as of 

2012.  Table 4.4 presents the comparisons for both Canadian sites and men and women together, 

as cell sizes were small in many cases. Those retired were not significantly different than those 

not retired in terms of cognitive function in 2012, 2014, or the change in score from 2012 to 

2014.  Women were over represented among the not retired group than men (p=0.0019). There 

were no other significant differences between those retired and those not retired in social or 

health variables.  

Table 4.4 Distribution of individuals based on retired or not retired 'work' status; Canadian 

sample (N=668) 

Variables 

Canadian Sample:  

Covariate means and frequencies (frequency and percentage; mean and ± SD) 

Retired (N= 577) Not retired  (N=91) p-value 

Outcome     

LCT 2012  29.93 (±1.68) 29.85 (±2.30) 0.46 

LCT 2014 29.46 (±2.09) 29.70 (±2.44) 0.084 

LCT change from 2012 to 2014 -0.47 (±1.95) -0.16 (±2.34) 0.18 

Population Demographics    

Age 69.83 (±2.71) 68.78 (±2.67) 0.87 

Gender    0.0019* 

Men 278 (48.18%) 28 (30.77%)  

Women 299 (51.82%) 63 (69.23%)  

Pre-Retirement Variables    

Years of education 14.18 (±4.35) 13.59 (±4.71) 0.24 

Occupation Classification    NA 

Non Manual  396 (68.75%) 46 (50.55%)  

Services 63 (10.94%) 5 (5.49%)  

Agriculture 19 (3.30%) 0   

Manual 98 (17.01%) 10 (10.99%)  

Housewives 0 30 (32.97%)  

Post-Retirement Variables    

Social Variables    

Income to meet needs   0.46 

Very well (ref) 309 (53.55%) 44 (48.35%)  

Suitably 234 (40.55%) 43 (47.25%)  

Not/not very well 34 (5.89%) 4 (4.40%)  

Living arrangement   0.37 

Alone (ref) 333 (57.71%) 46 (50.55%)  

Only spouse 92 (15.94%) 15 (16.48%)  

With others 152 (26.34%) 30 (32.97%)  

Social engagement score (0-4) 1.85 (±1.12) 1.92 (±1.09) 0.58 

Health Variables    
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SPPB score 2012 (mobility) 10.36 (±1.54) 10.07 (±2.02) 0.19 

SPPB score 2014 (mobility) 10.28 (±1.79) 10.03 (±2.20) 0.32 

SPPB change from 2012 to 2014 (mobility) -0.07 (±1.58) 0.011 (±1.44) 0.63 

Number of chronic conditions 1.77 (±1.29) 1.78 (±1.14) 0.96 

CESD score 2012 (depression)  6.50 (±7.00) 6.55 (±8.10) 0.95 

CESD score 2014 (depression) 6.28 (±6.55) 6.72 (±7.09) 0.56 

CESD change (depression); 2014-2012 -0.22 (±6.05) 0.080 (±6.48) 0.67 

*Significant at p<0.05 

 

Table 4.5 presents the descriptive statistics in Manizales, which were run gender-

separately. Among men, significant differences existed between those retired and not retired in 

cognitive scores in 2012 and 2014, where those retired had higher cognitive scores. No significant 

difference existed in the change in cognitive score between 2012 and 2014. Those retired had 

higher levels of education and had incomes that met their needs suitably. Living arrangements and 

social engagement differed also between retires and not retired men. Retired men lived alone or 

with a spouse more than those who were not retired, and they were more socially engaged. In 

health status, retired men had higher mobility in 2012 and 2014, and lower depressive symptoms 

in 2012. Among women, no differences existed between those retired and not retired in any 

cognitive scores. Those retired had significantly more years of education than those who were not 

retired, and similar to men, significant differences existed in the ability of incomes to meet needs; 

more retired women had incomes that met their needs suitably, whereas those who were not 

retired had incomes that did not meet their needs well, or not at all. Living arrangements and 

social engagement were also different; retired women lived with others more than women who 

were not retired, and they were also more socially engaged. The only significant health difference 

among retired and not retired women was a in the change in mobility score from 2012 to 2014. 

Women who were not retired experienced a greater decline in mobility than retired women.  

Table 4.5 Distribution of individuals based on retired or not retired 'work' status; Manizales sample 

(N=327) 

Variables 

Manizales Sample:  

Covariate means and frequencies (frequency and percentage; mean and ±SD) 

Men Women 

Retired 

(N=101) 

Not retired 

(N=61) 

p-value Retired 

(N=46) 

Not retired 

(N=119) 

p-value 

Outcome        

LCT 2012  27.81 (±2.73) 26.25 (±2.58) 0.0002* 27.78 (±2.80) 27.31 (±3.06) 0.55 

LCT 2014  28.30 (±2.74) 27.31 (±3.17) 0.048* 28.20 (±2.72) 28.01 (±3.10) 0.92 

LCT change from 2012 to 2014 0.49 (±3.30) 1.07 (±3.18) 0.27 0.41 (±2.54) 0.63 (±2.78) 0.64 

Population Demographics       

Age 69.35 (±3.04) 68.89 (±2.93) 0.34 69.13 (±3.07) 69.29 (±2.98) 0.77 

Pre-Retirement Variables       

Years of education 8.26 (±5.87) 4.07 (±2.97) <0.0001* 6.54 (±4.85) 4.53 (±2.54) 0.0097* 
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Occupation Classification    <0.0001*   NA 

Non Manual  35 (34.65%) 2 (3.28%)  17 (36.96%) 4 (3.36%)  

Services 7 (6.93%) 4 (6.56%)  2 (4.35%) 2 (1.68%)  

Agriculture 18 (17.82%) 17 (27.87%)  1 (2.17%) 0  

Manual 41 (40.59%) 38 (62.30%)  26 (56.52%) 32 (26.89%)  

Housewives - - - 0 81 (68.07%)  

Post-Retirement Variables       

Social Variables       

Income to meet needs   0.0028*   0.028* 

Very well (ref) 7 (6.93%) 4 (6.78%)  2 (4.44%) 5 (4.39%)  

Suitably 33 (32.67%) 6 (10.17%)  18 (40.00%) 23 (20.18%)  

Not/not very well 61 (60.40%) 49 (83.05%)  25 (55.56%) 86 (75.44%)  

Living arrangement   0.0003*   0.030* 

Alone (ref) 31 (30.69%) 10 (16.39%)  3 (6.52%) 21 (17.65%)  

Only spouse 64 (63.37%) 34 (55.74%)  34 (73.91%) 89 (74.79%)  

With others 6 (5.94%) 17 (27.87%)  9 (19.57%) 9 (7.56%)  

Social engagement score (0-4) 1.45 (±0.94) 1.08 (±0.76) 0.012* 2.20 (±1.12) 1.83 (±1.22)  0.024* 

Health Variables       

SPPB score 2012 (mobility) 10.25 (±1.30) 9.59 (±2.09) 0.030* 9.07 (±2.23) 9.71 (±1.57) 0.079 

SPPB score 2014 (mobility) 5.29 (±1.05) 4.66 (±1.50) 0.0049* 5.00 (±0.99) 5.04 (±1.04) 0.81 

SPPB change from 2012 to 2014 (mobility) -4.96 (±1.19) -4.93 (±1.64) 0.91 -4.07 (±1.84) -4.70 (±1.34) 0.036* 

Number of chronic conditions 1.17 (±1.11) 1.21 (±1.18) 0.81 2.13 (±1.56) 1.75 (±1.08%) 0.13 

CESD score 2012 (depression)  7.45 (±6.56) 9.66 (±7.21) 0.047* 10.70 (±8.70) 12.30 (±9.39) 0.32 

CESD score 2014 (depression) 5.26 (±6.19) 7.05 (±8.48) 0.15 9.63 (±9.64) 9.16 (±8.28) 0.75 

CESD change from 2012 to 2014 (depression) -2.19 (±6.46) -2.61 (±7.38) 0.71 -1.07 (±8.17) -2.98 (±7.90) 0.17 

*Significant at p<0.05 

 

Table 4.6 presents the descriptive statistics run with women only in Natal, as most men 

were ‘retired’ as of 2012.  No differences were present for any of the cognitive variables.  Retired 

women had higher mobility scores in 2012 than women not retired, and more decline in mobility 

on average. In addition, retired women had significantly lower CES-D scores in 2014, thus fewer 

depressive symptoms. No other differences in age, pre-retirement, or post-retirement variables 

were found among retired and not retired.  

Table 4.6 Distribution of individuals based on retired or not retired 'work' status; Natal 

sample, women only (N=168) 

Variables 

Natal Sample:  

Covariate means and frequencies (frequency and percentage; mean and ± SD) 

Retired (N=97) Not retired  (N=71) p-value 

Outcome     

LCT 2012  28.00 (±2.48) 27.52 (±2.77) 0.30  

LCT 2014  28.19 (±2.90) 27.38 (±3.78) 0.23 

LCT change from 2012 to 2014 0.18 (±2.60) -0.21 (±2.85) 0.38 

Population Demographics    

Age 69.20 (±2.79) 69.20 (±2.56) 0.99 

Pre-Retirement Variables    
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Years of education 4.66 (±3.63) 3.85 (±2.75) 0.11 

Occupation Classification    NA 

Non Manual  15 (16.85%) 1 (1.41%)  

Services 16 (17.98%) 1 (1.41%)  

Agriculture 10 (11.24%) 0   

Manual 48 (53.93%) 3 (4.23%)  

Housewives 0 66 (92.96%)  

Post-Retirement Variables    

Social Variables    

Income to meet needs   0.99 

Very well (ref) 2 (2.06%) 1 (1.41%)  

Suitably 18 (18.56%) 14 (19.72%)  

Not/not very well 77 (79.38%) 56 (78.87%)  

 Living arrangement   0.13 

Alone (ref) 13 (13.40%) 11 (15.49%)  

Only spouse 73 (75.26%) 58 (81.69%)  

With others 11 (11.34%) 2 (2.82%)  

Social engagement score (0-4) 1.23 (±0.99) 1.28 (±1.08) 0.73 

Health Variables    

SPPB score 2012 (mobility) 8.94 (±2.13) 8.08 (±2.42) 0.017* 

SPPB score 2014 (mobility) 8.82 (±2.64) 8.70 (±2.48) 0.77 

SPPB change from 2012 to 2014 (mobility) -0.11 (±2.20) 0.59 (±1.84) 0.046* 

Number of chronic conditions 2.38 (±1.34) 2.63 (±1.23) 0.21 

CESD score 2012 (depression)  13.46 (±9.50) 14.04 (±9.80) 0.70 

CESD score 2014 (depression) 9.65 (±8.09) 12.93 (±9.93) 0.028* 

CESD change from 2012 to 2014 (depression) -3.80 (±9.02) -1.64 (±8.14) 0.14 

*Significant at p<0.05 

 

4.4 Additional descriptive statistics of pre- and post-retirement covariates  

Table 4.7 presents descriptive statistics of potential confounders assessed by site for the analytic 

sample, to determine if differences exist across sites, as Table 4.4, only presented descriptive statistics of 

other covariates by gender.  

All covariates were statistically different across sites, with the exception of the number of chronic 

conditions (p=0.76). Participants from Canadian sites had greater levels of socio-economic conditions as 

represented by higher levels of education, less manual work and incomes that generally met needs 

suitably or very well. For instance, individuals in Kingston, Canada had on average 10 years more of 

education, than individuals in Natal, Brazil. Individuals in Canada (Kingston and Saint-Hyacinthe) held 

more non-manual occupations than other sites (84.27% in Kingston, 54.87% in Saint-Hyacinthe). In 

contrast, 40% of participants from Latin America held manual occupations as the longest lifetime 

occupation. In Kingston and St-Hyacinthe, few incomes did not meet needs, or did not meet needs very 

well. However, in Tirana, Manizales and Natal, the majority of individuals’ needs did not meet their 

needs, or did not meet needs very well (59.82% in Tirana, 58.74% in Manizales, and 71.43% in Natal). 
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Similar results existed for health covariates: individuals in Canada were more mobile at baseline, with 

higher SPPB scores in 2012, and individuals in Canada had lower depression at baseline, with lower 

CES-D scores in 2012. When considering the change in SPPB scores, individuals in all sites decreased in 

mobility, with the exception of Natal where individuals increased in mobility scores. In addition, all sites 

experienced a decline in depression scores, where a decline on the CES-D scale represents fewer 

depressive symptoms. Individuals in Tirana and Manizales experienced the greatest decline in CES-D 

scores. Other social variables including living arrangements, working in retirement, and social 

engagement also differed significantly across sites. While individuals in Kingston reported living alone 

more than with a spouse or with others, they were also the most socially engaged and had the highest 

percentage of individuals working in retirement. In contrast, individuals in Manizales and Natal had the 

highest percentage of individuals living with a spouse.  

Table 4.7 Distribution of pre- and post-retirement covariates by site in 2012 (N=1,237) 

Variable 

Analytic Sample:  

Covariate means and frequencies (frequency and percentage; mean and ± SD) 
p-value 

Kingston 

(N=267) 

St-Hyacinthe 

(N=277) 

Tirana  

(N=326) 

Manizales 

(N=143) 

Natal 

(N=224) 

Pre-Retirement Variables       

Years of education 16.25 (±3.81) 12.31 (±3.87) 10.48 (±3.86) 7.71 (±5.62) 5.03 (±4.17) <0.0001* 

Occupation Classification       <0.0001* 

Non Manual (ref) 225 (84.27%) 152 (54.87%) 120 (36.81%) 51 (35.66%) 30 (13.39%)  

Services 19 (7.12%) 40 (14.44%) 21 (6.44%) 8 (5.59%) 49 (21.88%)  

Agriculture 2 (0.75%) 16 (5.78%) 3 (0.92%) 18 (12.59%) 24 (10.71%)  

Manual 21 (7.87%) 69 (24.91%) 182 (55.83%) 66 (46.15%) 121 (54.02%)  

Post-Retirement Variables       

Social Variables       

Income to meet needs      <0.0001* 

Very well (ref) 172 (64.42%) 123 (44.40%) 7 (2.15%) 9 (6.29%) 9 (4.02%)  

Suitably 83 (31.09%) 135 (48.74%) 124 (38.04%) 50 (34.97%) 55 (24.55%)  

Not/not very well 12 (4.49%) 19 (6.86%) 195 (59.82%) 84 (58.74%) 160 (71.43%)  

Living arrangement      <0.0001* 

Alone (ref) 129 (48.31%) 185 (66.79%) 140 (42.94%) 32 (22.38%) 50 (22.32%)  

Only spouse 64 (23.97%) 20 (7.22%) 155 (47.55%) 96 (67.13%) 160 (71.43%)  

With others 74 (27.72%) 72 (25.99%) 31 (9.51%) 15 (10.49%) 14 (6.25%)  

Working in retirement      <0.0001* 

Not working (ref) 215 (80.52%) 238 (85.92%) 308 (94.48%) 117 (81.82%) 189 (84.38%)  

Working 42 (19.48%) 39 (14.08%) 18 (5.52%) 26 (18.18%) 35 (15.63%)  

Social engagement score (0-4) 2.34 (±1.00) 1.45 (±1.04) 0.39 ( ±0.60) 1.70 (±1.07) 1.07 (±1.01) <0.0001* 

Health Variables       

SPPB score 2012 (mobility) 10.42 (±1.58) 10.27 (±1.55) 9.19 (±2.59) 9.89 (±1.72) 9.50 (±2.26) <0.0001* 

SPPB score 2014 (mobility) 10.21 (±1.84) 10.27 (±1.80) 8.76 (±2.16) 5.20 (±1.04) 9.51 (±2.50) <0.0001* 

SPPB change from 2012 to 2014 (mobility) -0.20 (±1.62) -0.0036 (±1.59) -0.43 (±2.52) -4.69 (±1.48) 0.0089 (±2.20) <0.0001* 

Number of chronic conditions 1.81 (±1.22) 1.77 (±1.34) 2.23 (±1.29) 1.47 (±1.33) 1.82 (±1.26) 0.76 

CESD score 2012 (depression)  6.22 (±7.07) 6.73 (±7.07) 14.77 (±11.49) 8.51 (±7.49) 9.00 (7.44) <0.0001* 
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CESD score 2014 (depression) 5.19 (±6.53) 6.67 (±6.66) 11.67 (±11.67) 6.71 (±7.77) 7.79 (±6.88) 0.0039* 

CESD change from 2012 to 2014 (depression) -0.31 (±5.58) -0.058 (±6.45) -3.10 (±11.83) -1.80 (±7.10) -1.21 (±7.97) 0.026* 

Physical activity (number of minutes per day) 38.61 (±41.84) 30.81 (±35.44) 40.60 (±42.91) 40.33 (±44.94) 21.50 (±24.22) <0.0001* 

* Sites are significantly different at the level of the covariate, p > 0.05 

 

4.5 Bivariate and multivariable linear regression with LCT 2012 

4.5.1 Bivariate linear regression: gender and sites pooled 

Table 4.8 presents the bivariate linear relationships between the LCT scores, the duration of 

retirement, timing of retirement, as well as other potential confounders in the model. A longer duration of 

retirement was associated with lower cognitive function: for each additional year in retirement, people 

scores 0.052 points lower on the LCT. People who retired on time or late retirement had -0.32 lower scores 

in LCT than those who retired early, and a longer retirement period was related to lower LCT scores. 

Compared to Kingston, ON, Canada (reference category), all other sites had lower cognitive function. 

Lower LCT scores were also related to fewer years of education, and individuals in manual/service and 

agricultural jobs had lower LCT scores than non-manual occupations. Individuals with incomes that met 

needs suitably, not very well or not at all had also lower LCT scores in 2012, compared with the very well 

category. Living with others, being socially engaged, and working in retirement were all associated with 

higher LCT scores. Individuals with more chronic conditions, and higher scores for depression (i.e. more 

depressed) also had lower LCT scores. When accounting for a Bonferonni correction for multiple 

comparisons, there were significant interactions with gender and education, and living arrangements, and 

with site and occupation, and social engagement. However, no interactions with site were significant in 

multivariable models. In addition, no interactions between gender and retirement exposures were found in 

bivariate linear regression models.  

 

Table 4.8 Bivariate linear regression models of covariates with cognitive function in 2012 as the outcome 

(N=1,237) 

Variable β 

 
 

SE β p-value * Interaction 

with sex 

(p-value)  

Interaction 

with site 

(p-value)  

Exposure      

Timing of retirement  

 

   0.24 0.35 

On time and late vs. Early -0.32 0.14 0.029*   

Duration of retirement (years) 

 

-0.052 0.012 <0.0001* 0.19 0.12 

Population Demographics       

Site      0.14 - 

St-Hyacinthe vs. Kingston -1.40 0.19 <0.0001*   

Tirana vs. Kingston -2.99 0.19 <0.0001*   

Manizales vs. Kingston -2.84 0.23 <0.0001*   

Natal vs. Kingston  

 

-2.68 0.20 <0.0001*   

Age 

 

-0.11 0.025 <0.0001 0.53 0.71 
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Sex 

Women vs. Men 

 

 

0.19 

 

0.14 

 

0.19* 

 

- 

 

0.083 

Pre-Retirement Variables      

Years of education 

 

0.19 0.012 <0.0001* 0.0052** 0.019 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual  

 

-0.97 

-2.14 

 

0.22 

0.31 

 

<0.0001* 

<0.0001* 

0.19 

 

0.0044** 

Agriculture vs. Non Manual -1.77 0.15 <0.0001*   

Post-Retirement Variables      

Social Variables      

Income to meet needs    0.33 0.68 

Suitably vs. Very well -0.93 0.17 <0.0001*   

Not/Not very well vs. Very well -2.42 0.17 <0.0001* 

 

  

Social engagement (0-4) 

 

0.57 0.060 <0.0001* 0.18 0.013** 

Living arrangements    0.0065** 0.39 

Alone vs. With spouse -0.85 0.16 <0.0001*   

Spouse, child and others vs. With spouse 

 

0.29 0.20 0.17*   

Working in retirement 

Yes vs. No 

 

 

0.71 

 

0.21 

 

0.0007* 

0.14 0.030 

Health Variables      

Mobility (SPPB) 2012 

 

0.24 0.034 <0.0001* 0.020 0.20 

Number of chronic conditions 

 

-0.17 0.054 0.0018* 0.033 0.031 

Depression (CESD) 2012 

 

-0.077 0.0075 <0.0001* 0.63 0.17 

* All p-values>0.2, therefore all covariates are considered in the final models  

** With Bonferroni adjustment for multiple comparisons, significant interactions at p<0.014 (0.2/14)  

 

4.5.2 Multivariable linear regression: men and women separate, sites pooled 

Table 4.9 presents the multivariable linear regressions with men and women modeled separately. 

In women as well as men, when both retirement exposures were included, on-time/late retirement was 

associated with lower cognitive functioning, and the duration of retirement was inversely related to 

cognitive function (Model A). These associations did not remain significant in men when accounting for 

age, and pre- and post-retirement variables (Models B to E). In women, the relationship between 

retirement characteristics and cognitive function remained significant even when controlling for important 

covariates such as education, age, income, depression and mobility. In Model E, on time/late retirement 

was associated with a 0.56-point lower LCT scores, and each additional year in retirement was associated 

with a 0.07-point lower LCT scores. When adjusting for site/region in Model F (not displayed), there were 

no longer relationships among women or men. Among men, coefficients for duration of retirement and 

LCT score was 0.021 points (SE 0.026; p=0.42) and for on time/late retirement 0.45 points (SE 

0.29;p=0.12). Among women, the coefficient for duration of retirement was 0.03 points (SE 0.02; p=0.13) 

and for on time/late retirement 0.28 points (SE 0.34;p=0.34). In summary, while an association was 

present among women in models unadjusted by site, a relationship did not remain in any linear models 

adjusted by site. Thus, site was an important confounder in the relationship between duration and timing 

of retirement and cognitive function.   
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Table 4.9 Multivariable linear regression: Association between retirement characteristics and cognitive function; Men (N653) and Women (N=584) 

separate 

Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

Timing of retirement           

On time and late vs. Early (β) -0.78  -1.41  -0.17  -0.79  0.14  -0.58  0.0034  -0.66  0.20  -0.56  

Standard error 0.25 0.25 0.28 0.26 0.29 0.26 0.28 0.25 0.28 0.25 

95% CI (-1.28, -0.28) (-1.90, -0.93) (-0.72, 0.38) (-1.29, -0.29) (-0.42, 0.70) (-1.08, -0.073) (-0.54, 0.55) (-1.15, -0.17) (-0.35, 0.76) (-1.05, -0.060) 

p-value 0.0022 <0.0001 0.55 0.0022 0.63 0.025 0.99 0.0080 0.47 0.028 

 

Duration of retirement (β) 

 

-0.084  

 

-0.14  

 

-0.033  

 

-0.11  

 

-0.0044  

 

-0.084  

 

-0.020  

 

-0.091  

 

-0.00092  

 

-0.077  

Standard error 0.021 0.020 0.026 0.021 0.026 0.021 0.025 0.021 0.012 0.021 

95% CI (-0.13,-0.042) (-0.17, -0.097) (-0.083, 0.018) (-0.15, -0.071) (-0.055, 0.047) (-0.13, -0.042) (-0.069, 0.030) (-0.13, -0.050) (-0.051, 0.050) (-0.12, -0.035) 

p-value <0.0001 <0.0001 0.21 <0.0001 0.87 <0.0001 0.44 <0.0001 0.97 0.0003 

Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, and education 

Model C – Exposure and outcome, adjusted for age, education, and social variables: income; women only: adjusted for social engagement 

Model D – Exposure and outcome, adjusted for age, education, and health variables: depression; women only: adjusted for mobility  

Model E – Exposure and outcome, adjusted for age, education, social variables: income; women only: adjusted for social engagement, and health variables: depression; women only: adjusted for mobility 
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4.6  Site-separate analyses  

4.6.1 Site-specific bivariate linear regressions: Canada only  

Table 4.10 presents the bivariate linear regression analyses between retirement exposures 

(duration and timing of retirement) with LCT and MoCA scores from 2012. The analyses were run with 

data from the Canadian population only as MoCA data was only collected in Kingston and Saint-

Hyacinthe. This analysis acts as a comparison between the LCT and MoCA scores collected in these 

locations, and the associations with exposures and other covariates. There was no significant association 

with any retirement exposure with LCT or MoCA scores in 2012. Significant relationships existed 

between age, sex, education, occupation, income, and depression with both LCT and MoCA, and in the 

same direction. Those working manual, services, and agricultural jobs had lower LCT scores relative to 

those working non-manual jobs. For the MoCA, a significant difference only existed for services and 

agriculture. Findings showed that all significant relationships were in the same direction. Mobility (SPPB 

in 2012) was the only covariate that was significantly related to MoCA 2012, where individuals with 

higher SPPB scores (i.e. greater mobility) had higher cognitive scores. When adjusting for 18 multiple 

comparisons with a Bonferonni correction, only interactions with (0.05/18=0.0028) a p-value less than 

0.0028 were significant. No interactions with gender were significant.  

Table 4.10 Bivariate linear regression of the association between cognitive scores using LCT and MoCA 

scores from 2012, with exposures and covariates: Canada only (N=544) 

Variable 

LCT MoCA 

β 

 
 

SE β p-value* Interaction 

with gender 

(p-value)** 

β 

 
 

SE β p-value* Interaction 

with gender 

(p-value)** 

Exposure         

Duration of retirement, continuous 

 

-0.0097 0.013 0.46 0.82 -0.013 0.019 0.50 0.27 

Timing of retirement        0.15 

On time and late vs. Early retirement -0.0031 0.15 0.98  -0.21 0.22 0.34  

 

Population Demographics  

        

Age 

 

-0.053 0.027 0.047* 0.71 -0.13 0.039 0.0007* 0.72 

Sex 

Women vs. Men 

 

 

0.39 

 

0.14 

 

0.0067 

  

0.77 

 

0.21 

 

0.0003 

- 

Pre-Retirement Variables         

Years of education 

 

0.14 0.016 <0.0001

* 

0.78 0.13 0.024 <0.0001* 0.071 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual 

 

-0.68 

-0.97 

 

0.23 

0.39 

 

0.0026* 

0.014* 

0.43  

-0.49 

-2.64 

 

0.34 

0.59 

 

0.15 

<0.0001* 

0.29 

Agriculture vs. Non Manual  -1.20 0.19 <0.0001

* 

 -1.25 0.29 <0.0001*  

Post-Retirement Variables         

Social Variables         
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Income to meet needs    0.98    0.15 

Suitably vs. Very well -0.40 0.15 0.0081*  -0.0059 0.22 0.98  

Not/Not very well vs. Very well 

 

-0.72 0.32 0.0023*  -1.58 0.47 0.0008*  

Social engagement (0-4) 

 

0.16 0.065 0.011* 0.79 -0.043 0.097 0.66 0.97 

Living arrangements    0.62    0.10 

Alone vs. With spouse -0.13 0.17 0.43  -0.13 0.25 0.62  

Spouse, child and others vs. With spouse 

 

0.19 0.23 0.40  -0.15 0.34 0.65  

Working in retirement 

Yes vs. No 

 

 

0.14 

 

0.19 

 

0.47 

0.38  

0.41 

 

0.29 

 

0.16 

0.89 

Health Variables         

Mobility (SPPB) 2012 

 

0.043 0.046 0.35 0.49 0.17 0.068 0.012* 0.21 

Number of chronic conditions 

 

0.012 0.056 0.83 0.80 -0.11 0.084 0.18* 0.61 

Depression (CESD) 2012 

 

-0.034 0.010 0.0009* 0.16 -0.038 0.015 0.012* 0.18 

* p-value significant at p<0.20  

** Bonferonni correction: 0.05/18=0.0028; significant interactions at p<0.0028. No significant interactions with gender for either LCT or MoCA  

4.6.2 Site-specific multivariable linear regressions: Canada only  

In a model with participants from Canadian sites only (Kingston and Saint-Hyacinthe), adjusted 

by gender, age, education, and Kingston versus Saint-Hyacinthe, neither duration (=-0.010, SE=0.020) 

nor timing (=-0.082, SE=0.21) of retirement were related to cognitive function in 2012. In this model, 

women, participants living in Kingston, and those with higher education had higher cognitive function.  

4.6.3 Site-specific bivariate linear regressions: Latin America only  

Table 4.11 presents the bivariate linear regression analyses of the associations between retirement 

exposures (duration and timing of retirement) and other covariates, with cognitive function scores from 

the LCT in 2012. No relationship between retirement variables and cognitive function were found in 

bivariate analyses in Latin America. Associations with LCT 2012 and other covariates included: age, 

education, occupation, mobility, and depression. Individuals in Latin America who were older, with lower 

levels of education, less mobility, and had higher levels of depression had lower LCT 2012 scores. When 

adjusting for 18 multiple comparisons with a Bonferonni correction, only interactions with 

(0.05/18=0.0028) a p-value less than 0.0028 would be significant. No interactions with gender are 

significant. 

Table 4.11 Bivariate linear regression of the association between retirement duration and 

timing, and other covariates with cognitive function in 2012: Latin America only (N=367) 

Variable β 

 
 

SE β p-value*  Interaction 

with gender 

(p-value)** 

Exposure     

Duration of retirement 

 

-0.0036 0.021 0.87 0.47 

Timing of retirement    0.27 

On time and late vs. Early retirement 

 

-0.091 0.30 0.76  

Population Demographics      

Age 

 

-0.20 0.047 0.028* 0.84 
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Sex 

Women vs. Men 

 

 

-0.036 

 

0.28 

 

0.90 

- 

Pre-Retirement Variables     

Years of education 

 

0.16 0.026 <0.0001* 0.36 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual  

 

-1.33 

-2.12 

 

0.44 

0.48 

 

0.0026* 

<0.0001* 

0.28 

Agriculture vs. Non Manual -1.22 0.34 0.0004*  

Post-Retirement Variables     

Social Variables     

Income to meet needs    0.40 

Suitably vs. Very well 0.32 0.65 0.62  

Not/Not very well vs. Very well 

 

-0.70 0.63 0.27  

Social engagement (0-4) 

 

0.16 0.13 0.21 0.22 

Living arrangements    0.68 

Alone vs. With spouse 0.17 0.56 0.76  

Spouse, child and others vs. With spouse 

 

-0.14 0.51 0.79  

Working in retirement 

Yes vs. No 

 

 

0.43 

 

0.36 

 

0.24 

0.23 

Health Variables     

Mobility (SPPB) 2012 

 

0.16 0.065 0.017* 0.057 

Number of chronic conditions 

 

-0.13 0.10 0.22 0.21 

Depression (CESD) 2012 

 

-0.063 0.018 0.0006* 0.51 

* p-value significant at p<0.20  

** Bonferonni correction: 0.05/18=0.0028; significant interactions at p<0.0028. No significant interactions with gender 
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4.6.4 Multivariable linear regression: Latin America only  

In a model with participants from Latin American sites only (Manizales and Natal), there was 

no relationship between duration or timing of retirement and cognitive function in 2012. In a model 

adjusted by gender, age, education, and Manizales versus Natal, neither duration (=0.013, SE=0.006) 

nor timing (=0.26, SE=0.51) of retirement were related to cognitive function in 2012. People living 

Natal, with higher education had higher cognitive function in 2012. 

4.6.5 Site-specific bivariate linear regressions: Albania only  

Table 4.12 presents the bivariate linear regression analyses of the associations between retirement 

exposures (duration and timing of retirement) and other covariates, with cognitive function scores from 

the LCT in 2012. The analyses were run with data the Albanian sample. People had lower LCT scores 

the longer they had been retired. There was no relationship between timing of retirement and cognitive 

function in 2012. Associations with LCT 2012 and other covariates included: age, education, 

occupation, working in retirement, mobility, number of chronic conditions and depression. People who 

were older, with lower levels of education, were not working in retirement, had less mobility, more 

chronic conditions and had higher levels of depression had lower LCT 2012 scores. When adjusting for 

18 multiple comparisons with a Bonferonni correction, only interactions with (0.05/18=0.0028) a p-

value less than 0.0028 would be significant. No interactions with gender are significant. 

Table 4.12 Bivariate linear regression of the association between retirement duration and timing, 

and other covariates with cognitive function in 2012: Albania only (N=326) 

Variable β 

 
 

SE β p-value*  Interaction 

with gender 

(p-value)** 

Exposure     

Duration of retirement 

 

-0.071 0.025 0.0048 0.24 

Timing of retirement    0.95 

On time and late vs. Early retirement 

 

0.47 0.31 0.13  

Population Demographics      

Age 

 

-0.11 0.050 0.029 0.95 

Sex 

Women vs. Men 

 

 

-0.45 

 

0.31 

 

0.15 

- 

Pre-Retirement Variables     

Years of education 

 

0.14 0.039 0.0003 0.16 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual  

 

0.53 

-0.042 

 

0.66 

1.62 

 

0.42 

0.98 

0.62 

Agriculture vs. Non Manual -0.75 0.33 0.022  
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Post-Retirement Variables     

Social Variables     

Income to meet needs    0.60 

Suitably vs. Very well 0.099 1.07 0.93  

Not/Not very well vs. Very well 

 

-0.88 1.06 0.41  

Social engagement (0-4) 

 

0.67 0.26 0.0095 0.67 

Living arrangements    0.34 

Alone vs. With spouse 0.24 0.56 0.66  

Spouse, child and others vs. With spouse 

 

0.21 0.55 0.70  

Working in retirement 

Yes vs. No 

 

 

1.89 

 

0.67 

 

0.0050 

0.94 

Health Variables     

Mobility (SPPB) 2012 

 

0.17 0.059 0.0043 0.50 

Number of chronic conditions 

 

-0.32 0.12 0.0075 0.51 

Depression (CESD) 2012 

 

-0.051 0.013 0.0001 0.54 

* p-value significant at p<0.20  

** Bonferonni correction: 0.05/18=0.0028; significant interactions at p<0.0028. No significant interactions with gender 

4.6.6 Multivariable linear regression: Albania only  

In a model with participants from Albania determining the association between duration and 

timing of retirement, with LCT 2012, the relationship was not significant for duration or timing of 

retirement. In a model adjusted by gender, age, and education, neither duration (=-0.031, SE=0.051) 

nor timing (=0.28, SE=0.44) of retirement were related to cognitive function in 2012. People in 

Albania with higher education had higher cognitive function in 2012.  

4.7 Robustness checks  

4.7.1 Descriptive statistics of duration of retirement in categories 

Table 4.13 presents the descriptive statistics of duration of retirement as a categorical 

variable. Differences across sites and gender in duration of retirement were also found with the 

categorization of this exposure, with similar trends. The duration of retirement as a categorical 

variable was significantly different between men and women in Saint-Hyacinthe, and Tirana. In 

Saint-Hyacinthe, a larger percentage of women had been retired between 8-12 and 13-17 years, 

whereas a higher percentage of men had been retired for 0-7 years and 8-12 years. In Tirana, a 

greater proportion of women had been retired for 18+ years, whereas men are more equally 

distributed across categories.  

4.7.2 Multiple linear regression: Categorical duration of retirement variable  

Table 4.14 presents the multivariable linear regression models of the relationship 

between duration of retirement in quartiles and timing of retirement, with cognitive scores from 
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the LCT in 2012. Women who had been retired longer exhibited lower cognitive functioning 

when controlling for the timing of retirement, consistent with results in Table 4.9. As the 

quartiles increased in duration of retirement, women had lower LCT scores. In addition, women 

who retired early had higher LCT scores in 2012 than women who retired on time or late. In 

Model E, adjusted for significant social and health variables: social engagement, depression, 

and mobility, only women who had been retired for 18+ years are significantly different than 

women who had been retired 0-7 years. Timing of retirement was not significant when adjusting 

for social and health covariates.  

Only in Model A was the duration of retirement related to LCT score in 2012 in men. 

Men who retired early scored 0.91 points higher on the LCT in 2012, compared with men who 

retired on time or late, when controlling for the duration of the retirement period. Duration and 

timing of retirement were no longer related to cognitive function after controlling for pre- and 

post-retirement factors. 
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Table 4.13 Distribution of duration of retirement as a categorical variable by site and gender  

* Significant difference between men and women in St-Hyacinthe (p=0.035), and Tirana (p<0.0001); significant difference among men (p=0.0002) and women  (p<0.0001) across all sites.  

 

 

 

 

 

 

 

 

 

 

 

 

Variables 
Kingston St-Hyacinthe Tirana Manizales Natal 

Men 

(N=126) 

Women 

(N=141) 

Men 

(N=137) 

Women 

(N=140) 

Men 

(N=152) 

Women 

(N=174) 

Men 

(N=100) 

Women 

(N=43) 

Men 

(N=138) 

Women 

(N=86) Categorical duration of retirement*           

Retired 0-7 years, No., (%) 38 (30.16%) 35 (24.82%) 43 (31.39%) 26 (18.57%) 37 (24.34%) 6 (3.45%) 23 (23.00%) 9 (20.93%) 46 (33.33%) 28 (32.56%) 

Retired 8-12 years, No., (%) 42 (33.33%) 35 (24.82%) 44 (32.12%) 46 (32.86%) 33 (21.71%) 28 (16.09%) 34 (34.00%) 12 (27.91%) 36 (26.09%) 28 (32.56%) 

Retired 13-17 years, No., (%) 33 (26.19%) 44 (31.21%) 38 (27.74%) 44 (31.43%) 44 (28.95%) 45 (25.86%) 28 (28.00%) 10 (23.26%) 20 (14.49%) 13 (15.12%) 

Retired more than 18 years, No., (%) 

 

13 (10.32%) 27 (19.15%) 12 (8.76%) 24 (17.14%) 38 (25.00%) 95 (54.60%) 15 (15.00%) 12 (27.91%) 36 (26.09%) 17 (19.77%) 
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Table 4.14 Multivariable linear regression: Association between duration of retirement (categorical) and timing of retirement with cognitive function 

(2012); Men (N=653) and Women (N=584) separate 

Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

Duration of retirement                      

8-12 years vs. 0-7 years; , (SE)  -0.016 (0.27) -0.65 (0.33) 0.24 (0.27) -0.59 (0.30) 0.40 (0.27) -0.40 (0.30) 0.29 (0.26) -0.57 (0.30) 0.40 (0.26)  -0.44 (0.29) 

95% CI (-0.54, 0.50) (-1.30, -0.0037) (-0.29, 0.77) (-1.19, 0.0013) (-0.12, 0.93) (-0.98, 0.19) (-0.22, 0.81) (-1.15, 0.0067) (-0.11, 0.92) (-01.01, 0.14) 

p-value 

 

0.95 0.049 0.37 0.051 0.13 0.18 0.27 0.053 0.13 0.14 

13-17 years vs. 0-7 years; , (SE)  -0.63 (0.29) -1.17 (0.36) -0.25 (0.33) -0.87 (0.35) 0.036 (0.33) -0.66 (0.34) -0.060 (0.32) -0.73 (0.34) 0.12 (0.32) -0.62 (0.34) 

95% CI (-1.21 -0.057) (-1.89, -0.46) (-0.89, 0.39) (-1.56, -0.18) (-0.61, 0.68) (-1.34, 0.015) (-0.69, 0.57) (-1.40, -0.052) (-0.52, 0.76) (-1.29, 0.053) 

p-value 

 

0.0314 0.0014 0.45 0.013 0.91 0.055 0.85 0.035 0.71 0.070 

18+ years vs. 0-7 years; , (SE) -1.35 (0.37) -2.08 (0.36) -0.44 (0.44) -1.63 (0.37) 0.045 (0.44) -1.17 (0.37) -0.27 (0.43)  -1.29 (0.37) 0.054 (0.44) -1.05 (0.37) 

95% CI (-2.08, -0.62) (-2.79, -1.37) (-1.30, 0.42) (-2.36, -0.89) (-0.83, 0.92) (-1.90, -0.44) (-1.11, 0.57) (-2.01, -0.56) (-0.80, 0.91) (-1.77, -0.32) 

p-value 0.0003 <0.0001 0.32 <0.0001 0.92 0.0017 0.52 0.0005 0.90 0.0048 

 

Timing of retirement 

                    

On time and late vs. Early           

, (SE) -0.75 (0.25) -1.24 (0.25) -0.14 (0.27) -0.56 (0.26) 0.16 (0.28) -0.40 (0.26) 0.017 (0.27) -0.45 (0.25) 0.21 (0.28) -0.37 (0.25) 

95% CI (-1.24, -0.25) (-1.74, -0.75) (-0.68, 0.40) (0.18, 0.25) (-0.39, 0.71) (-0.90, 0.10) (-0.51, 0.55) (-0.095, 0.038) (-0.33, 0.75) (-0.87, 1.20) 

p-value 0.0032 <0.0001 0.61 <0.0001 0.56 0.12 0.95 0.071 0.44 0.14 

Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, gender, and education 

Model C – Exposure and outcome, adjusted for age, gender, education, and social variables: income; women only: adjusted for social engagement 
Model D – Exposure and outcome, adjusted for age, gender, education, and health variables: depression; women only: adjusted for mobility  

Model E – Exposure and outcome, adjusted for age, gender, education, social variables: income; women only: adjusted for social engagement, and health variables: depression; women only: adjusted for mobility
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4.8 Analysis with LCT change from 2012 to 2014 

Paired difference tests for the repeated measures on the LCT scores were used to identify if scores 

changed significantly from 2012 to 2014. As the outcome variables were non-parametric, Wilcoxon 

signed-rank) identified a significant difference between LCT 2012 and 2014 scores in Tirana (mean: 1.22, 

p<0.0001) and Saint-Hyacinthe (mean: -0.82, p<0.0001), but there was no significant change among men 

(p=0.83) or women (p=0.061) from 2012 to 2014 across all sites.   

4.8.1 Descriptive statistics and bivariate linear regressions (OLS): change in cognitive function 

Table 4.15 presents the bivariate linear associations between exposures (duration and timing of 

retirement) and potential confounders, with the change in LCT score from 2012 to 2014. Duration of 

retirement was significantly associated with a positive change in LCT score, thus an increase in cognitive 

functioning on average for each year in retirement. Timing of retirement was not significantly associated 

with a change in LCT score. When compared to Kingston, Saint-Hyacinthe was the only site that had less 

of an increase in LCT score from 2012 to 2014; all other sites increased in LCT score more than people in 

Kingston. Education and occupation were also related to the outcome, although in an unexpected 

direction. An increase in education was related to negative coefficient and working in agricultural 

occupations was related to a positive coefficient, meaning an improvement in cognitive function. Those 

with incomes that met their needs suitably and not very well had positive changes in scores when 

compared to those with incomes that met their needs very well. Social engagement was negatively 

associated with change in cognitive functioning, thus individuals who were more social engaged 

experienced more cognitive decline. Individuals living alone experienced an increase in their cognitive 

score compared to those living with a spouse. Relationships with health variables were also in an 

unexpected direction, where individuals with more chronic conditions had an increase in cognitive 

function on average.  However, an increase in CES-D score was associated with a decrease in cognitive 

scores, thus individuals with more depressive symptoms experienced more cognitive decline was the 

expected direction. When adjusting for 22 multiple comparisons using the Bonferonni approach, only 

interactions with p<0.0021 were considered significant. This rendered only 1 significant interaction: 

change in CES-D*Site. However, this interaction was not significant in the multivariable linear regression 

models.  

Table 4.16 presents the descriptive statistics of LCT scores at follow-up in 2014, and the change 

in LCT scores from 2012 to 2014.  The follow-up LCT scores in 2014 only differed significantly between 

men and women in Saint-Hyacinthe; where men had lower LCT scores in 2014 than women. Across all 

sites, there was also a significant difference among men and women. Men in Natal had the lowest LCT 

score in 2014, followed by Saint-Hyacinthe, while men in Kingston had the highest score. Women in 

Manizales had the lowest score in 2014, followed by Natal, while women in Kingston had the highest 
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score. No significant differences existed among men in the change in LCT score from 2012 to 2014, but 

there was a significant difference among women across all sites. Women in Kingston and Saint-Hyacinthe 

experienced a decrease in cognitive functioning on average, whereas women in all other sites had 

experienced an average increase in cognitive functioning.   

Table 4.15 Bivariate linear regression models of covariates with change in cognitive function (N=1237) 

Variable β 

 
 

SE β p-value  Interaction with 

sex 

(p-value)** 

Interaction 

with site (p-

value)** 

Exposure      

Duration of retirement (years) 

 

0.034 0.013 0.0068* 0.024 0.86 

      
Timing of retirement  

 

   0.41 

0.860 

0.78 

On time and late vs. Early retirement 

 

-0.057 0.16 0.71   

Population Demographics       

Site      0.32 - 

Saint-Hyacinthe vs. Kingston -0.74 0.23 0.0011*   

Tirana vs. Kingston 1.31 0.22 <0.0001*   

Manizales vs. Kingston 0.50 0.27 0.065   

Natal vs. Kingston  

 

0.077 0.24 0.75   

Age 

 

0.0058 0.027 0.83 0.57 0.75 

Sex 

Women vs. Men 

 

 

0.20 

 

0.16 

 

0.19 

 

- 

 

0.32 

Pre-Retirement Variables      

Years of education 

 

-0.0039 0.014 0.0050* 0.31 0.57 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual  

 

-0.033 

-0.44 

 

0.26 

0.36 

 

0.90 

0.22 

0.29 

 

0.20 

Agriculture vs. Non Manual 0.51 0.17 0.0030*   

Post-Retirement Variables      

Social Variables      

Income to meet needs    0.84 0.22 

Suitably vs. Very well 0.41 0.20 0.039*   

Not/Not very well vs. Very well 

 

1.02 0.20 <0.0001*   

Social engagement (0-4) 

 

-0.25 0.067 0.0002* 0.091 0.41 

Living arrangements      

Alone vs. With spouse 0.61 0.17 0.0003* 0.64 0.27 

Spouse, child and others vs. With spouse 

 

-0.12 0.22 0.60   

Working in retirement 

Yes vs. No 

 

 

-0.41 

 

0.23 

 

0.07 

0.94 0.061 

Health Variables      

Change in Mobility score (SPPB) 

 

0.049 0.032 0.12 0.33 0.23 

Number of chronic conditions 

 

0.19 0.059 0.0017* 0.38 0.0085 

Change in CESD score (depression) 

 

-0.062 0.0090 <0.0001* 0.020 0.0006** 

*Significant at p<0.20 

** Bonferonni adjustment for 22 comparisons: /22=0.05/24=0.0021. Interactions were significant at p<0.0021.  

 

4.8.2 Multivariable linear regression: LCT change from 2012 to 2014  
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Table 4.17 presents the multivariable linear regression models of the association between duration 

and timing of retirement, and cognitive change.  Men and women were modeled separately, and models 

were built in the same manner as model building outlined in Section 3.7.2. Among men, neither duration 

of retirement or timing was related to cognitive change from 2012 to 2014. Among women, a longer 

retirement period was positively associated with cognitive change, while timing of retirement was not 

significant in any models. This relationship of duration of retirement and cognitive decline remained in 

the same direction when adjusting for age, and significant pre- and post-retirement variables.  

4.8.3 Multiple linear regression: Change in LCT with categorical duration of retirement 

variable 

Table 4.18 presents the multivariable linear regression models of the association between duration 

of retirement in quartiles and timing of retirement, and cognitive change. Similar to the association with 

duration of retirement as a continuous variable, neither duration nor timing of retirement among men was 

related to cognitive change from 2012 to 2014. Among women, a significant difference existed between 

women who had been retired for 0-7 years and 8-12 years compared to women who had been retired for 

18+ years in cognitive change, when adjusting for age and education. Both categories experienced a 

reduced increase in cognitive score than women who had been retired for 18+ years. However, this 

difference was larger among women who had been retired for 0-7 years. When adjusting for depression, 

this difference only remained significant in the 0-7 year category. 



 

 

61 

 Table 4.16 Distribution of LCT 2014 and LCT change from 2012 to 2014 by gender and site  

 

 

 

 

 

 

 

* Significant difference between men and women in St-Hyacinthe (p=0.0022); significant difference among men (p<0.0001) and women (p<0.0001) across all sites.  

** No significant difference between men and women per site; significant difference among women (p=0.0018) across all sites. 

 

Table 4.17 Multivariable linear regression with outcome as change in LCT (N=1275) 

Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

 

Duration of retirement  

 

 

                  

, (SE) 0.014 (0.024) 0.077 (0.021) 0.025 (0.031) 0.086 (0.025) 0.00041 (0.032) 0.077 (0.026)  0.020 (0.031) 0.080 (0.024) 0.00045 (0.032) 0.065 (0.025) 

95% CI (-0.032, 0.060) (0.035, 0.12) (-0.036, 0.087) (0.037, 0.14) (-0.062, 0.063) (0.027, 0.13) (-0.041, 0.081) (0.033, 0.13) (-0.062, 0.063) (0.015, 0.11) 

p-value 0.55 0.0003 0.42 0.0007 0.99 0.0025 0.51 0.0010 0.99 0.0011 

 

Timing of retirement* 

                    

On time and late vs. Early 

retirement 

          

, (SE) 0.20 (0.28) 0.36 (0.27) 0.28 (0.34)  0.36 (0.30) -0.012 (0.35) 0.35 (0.30) 0.24 (0.34) 0.38 (0.30) 0.0076 (0.35) 0.27 (0.30) 

95% CI (-0.37, 0.76) (-0.16, 0.88) (-0.39, 0.94) (-0.24, 0.95) (-0.70, 0.67) (-0.24, 0.94) (-0.43, 0.91) (-0.21, 0.97) (-0.68, 0.69) (-0.32, 0.86) 

p-value 0.49 0.17 0.42 0.24 0.97 0.25 0.49 0.20 0.98 0.38 

Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, and education 

Model C – Exposure and outcome, adjusted for age, education, and social variables; men: income and living arrangement; women: social engagement  
Model D – Exposure and outcome, adjusted for age, education, and health variables; men: chronic conditions and depression; women: depression and mobility 

Model E – Exposure and outcome, adjusted for age, education, social variables and health variables; men: income, living arrangements, chronic conditions and depression; women: social engagement, depression and mobility 

 

 

Table 4.18 Multivariable linear regression: Categorical duration of retirement variable with change in LCT: Men (N=673) and Women (N=602) separate 

Variables Kingston Saint-Hyacinthe Tirana Manizales Natal 

Men Women Men Women Men Women Men Women Men Women 

Cognitive function in 2014*           

LCT 2014, (±SD) 30.67 (1.43) 30.51 (1.43) 28.06 (2.16) 28.83 (1.99) 29.82 (2.45) 28.98 (2.50) 28.31 (2.75) 28.12 (2.78) 27.87 (2.70) 28.16 (3.04) 

Change in cognitive function** 

88** 

          

LCT change from 2012 to 2014, (±SD) 0.079 (1.61) -0.19 (1.64) -0.89 (2.25) -0.72 (2.07) 0.92 (3.30) 1.53 (1.53) 0.48 (3.32) 0.35 (2.57) -0.12 (2.60) 0.22 (2.65) 
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Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

Duration of retirement*                      

13-17 years vs. 18+ years; , (SE)  -0.30 (0.35) -0.23 (0.30) -0.36 (0.37) -0.24 (0.30) -0.16 (0.37) -0.036 (0.31)  -0.36 (0.36) -0.19 (0.30) -0.16 (0.37) 0.0061 (0.30) 

95% CI (-1.00, 0.39) (-0.81, 0.35) (-1.09, 0.37) (-0.84, 0.35) (-0.89, 0.58) (-0.64, 0.57) (-1.07, 0.35) (-0.78, 0.40) -0.88, 0.56) (-0.59, 0.60) 

p-value 

 

0.39 0.44 0.33 0.42 0.68 0.91  0.32 0.54 0.66 0.98 

8-12 years vs. 18+ years; , (SE)  -0.44 (0.37) -0.83 (0.32) -0.60 (0.42) -0.84 (0.35) -0.29 (0.43) -0.63 (0.35) -0.49 (0.41) -0.69 (0.35) -0.21 (0.42) -0.50 (0.35) 

95% CI (-1.16, 0.29) (-1.46, -0.20) (-1.41, 0.22) (-1.53, -0.15) (-1.12, 0.55) (-1.33, 0.066) (-1.29, 0.31) (-1.38, 0.0030) (-1.03, 0.61) (-1.20, 0.19) 

p-value 

 

0.24 0.0099 0.15 0.017 0.50 0.076 0.23 0.051 0.61 0.15 

0-7 years vs. 18+ years; , (SE)  -0.48 (0.42) -1.00 (0.39) -0.78 (0.53)  -1.06 (0.44) -0.33 (0.54) -0.71 (0.45) -0.56 (0.52) -0.97 (0.44) -0.15 (0.53) -0.66 (0.45) 

95% CI (-1.30, 0.34) (-1.76, -0.25) (-1.82, 0.26) (-1.92, -0.19) (-1.40, 0.74) (-1.59, 0.17) (-1.57, 0.45) (-1.83, -0.11) (-1.19, 0.89) (-1.53, 0.21) 

p-value 0.25 0.0096 0.14 0.017 0.54 0.11  0.29 0.028 0.78 0.14 

 

Timing of retirement 

                    

On time and late vs. Early           

, (SE) 0.29 (0.28) 0.28 (0.39) 0.43 (0.33) 0.20 (0.30) 0.15 (0.34) 0.088 (0.31) 0.24 (0.33) 0.18 (0.30) -0.015 (0.34) 0.091 (0.30) 

95% CI (-0.26, 0.85) (-0.26, 0.81) (-0.22, 1.09) (-0.40, 0.80) (-0.52, 0.82) (-0.52. 0.69) (-0.40, 0.88) (-0.42, 0.77) (-0.68, 0.65) (-0.51, 0.69) 

p-value 0.30 0.31 0.19  0.51  0.66  0.77 0.47 0.56 0.96  0.76 

* (ref=18+ years) 
Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, gender, and education 

Model C – Exposure and outcome, adjusted for age, gender, education, and social variables: income; men only: living arrangements; women only: social engagement 
Model D – Exposure and outcome, adjusted for age, gender, education, and health variables: depression; men only; chronic conditions  

Model E – Exposure and outcome, adjusted for age, gender, education, social variables: income; men only: living arrangements; women only: social engagement, and health variables: depression; men only: chronic conditions; 

women only: mobility
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4.9 Analysis with Voluntariness of Retirement 

Table 4.19 presents the distribution of voluntariness of retirement in the analytical sample. 

Voluntariness of retirement differed significantly between men and women in Saint-Hyacinthe, and 

Manizales. Just over 50% of men in Saint-Hyacinthe retired voluntarily, while 40% also retired for other 

reasons. The majority of women retired for other reasons. In Manizales, the majority of women also 

retired for other reasons, and less than 20% retired voluntarily. Across all sites, significant differences 

existed among men. In Kingston, Saint-Hyacinthe, and Natal, more men retired voluntarily or for other 

reasons, whereas in Tirana, the majority retired involuntarily. Over 40% of men in Manizales retired 

voluntarily, however over 30% also retired involuntarily. Significant differences also existed among 

women across sites. In Kingston, Saint-Hyacinthe and Manizales, the majority retired for other reasons, 

whereas the majority of women in Tirana retired involuntarily. In contrast, the majority of women 

retired voluntarily in Natal.  

In bivariate linear regression of the association between voluntariness of retirement and 

cognitive function in 2012, individuals who retired involuntarily or for other reasons had significantly 

lower cognitive scores than individuals who retired voluntarily: =-0.43, SD=0.15, p=0.0039. 

Interactions with gender and site were not significant.  

  Table 4.20 presents the multivariable linear regression with men and women modeled 

separately for the association between voluntariness of retirement, adjusted for duration and timing of 

retirement with cognitive score from LCT in 2012. Among men, the relationship between voluntariness 

of retirement and cognitive function was not significant in Models A and B. However, when adjusting 

for income, men who retired voluntarily had significantly higher cognitive functioning than those who 

retired involuntarily or for other reasons. Among women, voluntary retirement was also positively 

associated with better cognitive scores in LCT 2012. The direction of the association between duration 

and timing of retirement with LCT 2012 was consistent with multivariable linear regression models in 

Table 4.9, where duration and timing of retirement are modeled without voluntariness of retirement. In 

all models, the VIF was less than 10 between retirement characteristics (voluntariness, duration, and 

timing of retirement), and between age and education. Therefore, multicollinearity was not present.  
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Table 4.19 Distribution of exposure variable: Voluntariness of retirement by gender and site  

** Significant difference between men and women in St-Hyacinthe (p=0.032), and Manizales (p=0.0010); significant difference among men (p<0.0001) and women  (p<0.0001) across all sites. 

Table 4.20 Multivariable linear regression: Voluntariness of retirement with LCT 2012: Men (N-653) and Women (N=584) separate 

Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

Voluntariness of retirement   

 

                  

Involuntary and Other vs. 

Voluntary retirement (ref) 

          

, (SE) -0.25 (0.20) -0.46 (0.22) -0.33 (0.18) -0.46 (0.20) -0.36 (0.18) -0.54 (0.20) -0.30 (0.18) -0.45 (0.20) -0.33 (0.18) -0.52 (0.19) 

95% CI (-0.64, 0.13) (-0.89, -0.20) (-0.69, 0.28) (-0.85, -0.065) (-0.72, -0.012) (-0.93, -0.16) (-0.65, 0.044) (-0.83, -0.066) (-0.68, 0.012) (-0.90, -0.14) 

p-value 

 

0.20 0.040 0.071 0.023 0.042 0.0055 0.087 0.022 0.058 0.0078 

Duration of retirement            

, (SE) -0.082 -0.13 (0.020)  -0.030 (0.026) -0.10 (0.021) -0.0017 (0.026) -0.074 (0.022) -0.0034 (0.025)  -0.083 (0.021) 0.0015 (0.026) -0.067 (0.021) 

95% CI (-0.12, -0.040) (-0.17, -0.089) (-0.081, 0.38) (-0.15, -0.062) (-0.052, 0.050) (-0.12, -0.031) (-0.067, 0.032) (-0.13, -0.041) (-0.050, 0.052) (-0.11, -0.024) 

p-value 0.0001 <0.0001 0.24 <0.0001 0.95 0.0007 0.48 <0.0001 0.95 0.0020 

 

Timing of retirement 

                  

On time and late vs. Early 

retirement 

          

, (SE) -0.79 (0.25) -1.40 (0.25) -0.18 (0.28) -0.76 (0.25) 0.14 (0.29) -0.53 (0.25) -0.0034 (0.28) -0.64 (0.25) 0.20 (0.28) -0.52 (0.25) 

95% CI (-1.29, -0.29) (-1.88, -0.91) (-0.73, 0.38) (-1.26, -0.26) (-0.42, 0.70) (-1.03, -0.033) (-0.55, 0.54) (-1.13, -0.15) (-0.35, 0.75) (-1.01, -0.022) 

p-value 0.0020 <0.0001 0.53 0.0030 0.63 0.034 0.99 0.011 0.48 0.041 

 
Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, and education 

Model C – Exposure and outcome, adjusted for age, education, and social variables: income; women only: adjusted for social engagement 
Model D – Exposure and outcome, adjusted for age, education, and health variables: depression; women only: adjusted for mobility  

Model E – Exposure and outcome, adjusted for age, education, social variables: income; women only: adjusted for social engagement, and health variables: depression; women only: adjusted for mobility 

 

Variables Kingston Saint-Hyacinthe Tirana Manizales Natal 

Men Women Men Women Men Women Men Women Men Women 

Voluntariness of retirement 

Type of retirement transition 

          

Voluntarily retired, No., (%) 41 (32.54%) 40 (28.37%) 69 (50.36%) 50 (35.71%) 47 (30.92%) 49 (28.16%) 41 (41.00%) 7 (16.28%) 73 (52.90%) 49 (56.98%) 

Involuntarily retired, No., (%) 9 (7.14%) 8 (5.67%) 11 (8.03%) 10 (7.14%) 91 (59.87%) 93 (53.45%) 32 (32.00%) 11 (25.58%) 37 (26.81%) 14 (16.28%) 

Other reasons for retirement, No., (%) 

 

76 (60.32%) 93 (65.96%) 57 (41.61%) 80 (57.14%) 14 (9.21%) 32 (18.39%) 27 (27.00%) 25 (58.14%) 28 (20.29%) 23 (26.74%) 
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4.10 Instrumental variable method 

4.10.1 IV analysis: LCT 2012 (sites pooled, men and women separate) 

Table 4.21 presents Models B* using an IV analysis, where timing and duration of retirement 

were functions of the instrument (separately). All B* models were adjusted by age, education, and 

site/region. Among men, the relationship between timing of retirement and LCT 2012 was close to 

significant, where men who retired on time and late scored -1.86 points lower on the LCT in 2012 than 

men who retired early; while an effect of duration was found with each additional year in retirement was 

associated with 0.20 points lower on the LCT. There was no relationship between timing or duration of 

retirement with cognitive change. Among women, the direction of the association was consistent with 

OLS regression, but none of the models on the relationship between timing or duration of retirement 

with LCT 2012 of LCT change reached significance. All Hausman tests were significant at p<0.01. In 

addition, the F statistic for first-stage regression were greater than 10 with a p-value of p<0.0001 in men 

and women. 

Table 4.21 Instrumental variable analysis, linear regression with endogenous treatment effects: Retirement 

exposures as functions of the instrument (Model B* only*); Men (N=653) and Women (N=584) separately    

Outcomes 

 

Exposures  

Timing; as a function of the 

instrument 

Duration; as a function of the 

instrument  

Men  Women Men  Women 

LCT 2012 Timing of retirement      

  On time/late vs. Early (β) -1.86 -1.19  -0.20  -0.12 

 Standard error 1.00 0.91 0.095 0.086 

 95% CI (-3.81, 0.091) (-2.96, 0.59) (-0.39, -0.013) (-0.28, 0.042) 

 

 

 

p-value 

 

 

0.062 0.19 0.036 0.15 

      

 Duration of retirement      

 (β) -0.15 -0.090 -1.50  -0.92 

 Standard error 0.074 0.058 0.86 0.68 

 95% CI (-0.29, -

0.0019) 

(-0.20, 0.023) (-3.18, 0.18) (-2.24, 0.41) 

 p-value 

 

 

0.047 0.12 0.080 0.18 

      

LCT change (2014-2012)  

 

Timing of retirement      

  On time/late vs. Early (β) 2.03 0.69 0.20 0.088 

 Standard error 1.18 1.08 0.11 0.10 

 95% CI (-0.28, 4.34) (-1.43, 2.81) (-0.016, 0.41) (-0.11, 0.29) 

 p-value 

 

 

0.085 0.52 0.070 0.39 

      

 Duration of retirement      

 (β) 0.15 0.054 1.67 0.47 

 Standard error 0.086 0.068 01.01 0.86 

 95% CI (-0.019, 0.32) (-0.080, 0.19) (-0.31, 3.66) (-1.23, 2.16) 

 p-value 

 

 

0.082 0.43 0.099 0.60 

Model B* – Exposure and outcome, adjusted for age, education; *adjusted by site 
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Chapter 5: Discussion 

5.1 Summary  

This thesis used cross-sectional and longitudinal epidemiologic designs to determine the 

relationship between retirement and cognitive function, and retirement and cognitive change. Data from 

the International Mobility in Aging Study was used from data collection cycles in 2012 and 2014 from 

five sites. Theoretical and methodological gaps in current literature guided the three objectives of this 

thesis. The first objective was to determine the relationship between retirement characteristics (duration, 

timing, and voluntariness of retirement) and cognitive function, while taking into account differences in 

population demographics, pre-, and post-retirement characteristics using a cross-sectional design. The 

second objective was similar to objective one, except a longitudinal design was used to determine the 

relationship between retirement characteristics and cognitive change from 2012 to 2014. The final 

objective was to determine if the associations in objective one and two differed for men and women and 

by site/region, addressing the concept of effect modification by gender and site/region. This objective 

was operationalized concurrently with the first and second objectives, addressed throughout the analyses 

and findings throughout this chapter.  

5.2  Key Findings and Interpretation 

Descriptive statistics highlighted some differences between men and women in timing, and 

voluntariness of retirement: There was a difference between women and men in timing of retirement: 

more men retired on time or late rather than early, whereas a larger percentage of women retired early. 

In addition, the majority of both men and women retired involuntarily/for “other reasons”. Descriptive 

statistics also highlighted some differences between sites in duration and timing of retirement. There 

was a difference between men and women across all sites in timing of retirement, where men in non-

Latin American sites retired early more than on time or late, whereas men in Latin America retired on 

time or late. The same trend existed for women. Among men, there was a difference across sites in 

duration of retirement, where men in non-Latin American sites had been retired for fewer years than 

Latin American sites.  

In 2012, there was no difference in mean LCT scores among men (mean: 28.65, SD: 2.49) or 

women (mean: 28.85, SD: 2.57), nor was there a difference in mean change in LCT from 2012 to 2014. 

However, significant differences existed among men and women in most covariates, except for income 

and social engagement (discussed further in Section 6.2.5). In 2012, there was also a difference in LCT 
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scores among men and women across sites, where men and women in Canadian sites had higher LCT 

scores than other sites. In this context, there were five main findings relevant to the objectives of this 

thesis, as discussed below. 

5.2.1 Duration of retirement and cognitive function/change 

Finding 1: Duration of retirement was related to cognitive function among men once endogeneity 

was taken into account with IV analysis.  

Based on best current evidence, the hypothesized relationship was that a longer of duration of 

retirement would be associated with lower cognitive scores [13], and recently retired individuals would 

experience greater decline [4] . In this study, duration of retirement was associated with cognitive 

function in linear regression only among women, when adjusting for pre-and post retirement factors. 

However, this relationship did not remain when controlling for site. In IV analysis, there was a 

relationship between duration of retirement among men, where each additional year in retirement was 

associated with 0.20 points lower on the LCT  (SE: 0.095, p-value=0.036). Among women, there was 

no relationship between duration of retirement with cognitive function in 2012 when using an IV 

approach. When adjusting for site, there was no relationship among women or men between duration of 

retirement with cognitive change from 2012 to 2014 in linear regression and IV analysis. This analysis 

of change should also be considered as preliminary, as discussed in more detail below and in Section 

6.3.4. In general, these results suggested that, especially among women, the confounding effect of site 

was important in the relationship between duration of retirement and cognitive function. 

Interpretation 

A negative correlation between a longer retirement period and cognitive function had previously 

been reported by Adam et. al, Bonsang et. al., and Mazzonna and Peracchi [4, 13, 163]. Bonsang et. al. 

further suggested that this decline in cognitive function could be supported by the ‘use it or lose it’ 

hypothesis [4]. This hypothesis suggests that a reduction in cognitively stimulating activities in 

retirement could lead to lower cognitive function [164]. This study provided support for this hypothesis, 

as longer retirement was associated with fewer cognitively stimulating activities (data not shown). 

Those with lower social engagement and health status (i.e. limiting the ability to be actively engaged) 

experienced lower cognitive function later in the retirement period. For instance, our results suggest that 

a longer retirement period among men was associated with more chronic conditions and less mobility, 

and these individuals had lower cognitive function in retirement. Among women, a longer retirement 
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period was associated with lower social engagement, less mobility, more chronic conditions, and more 

depressive symptoms, and these individuals also had lower cognitive function in retirement.  

The human capital framework was a second hypothesis utilized by Mazzonna and Peracchi to 

understand the association between a longer retirement and lower cognitive function [13, 165]. They 

suggested that age-related cognitive decline was not only a result of natural deterioration, but 

individuals could invest in cognitive repair activities as a response to ageing, and the amount of repair 

depended on the ability of an individual to access and invest in these activities [13, 165]. Our results 

also suggest that, independently of age, individuals who continued to engage in ‘repair activities’ longer 

in retirement (e.g. social engagement) and those who had the means to invest (i.e. those with incomes 

that met their needs suitably and very well), had higher cognitive function in 2012 than individuals who 

engaged in fewer repair activities.  

Results from the analysis of change in this thesis were also in line with findings by Roberts et. al. 

[87], where cognitive function at follow-up was higher than at baseline. While follow-up waves were 

five years apart, they attributed this increase in cognitive score to a practice effect in the cognitive test. 

Previous research has shown substantial practice effects after three and five years, still significant at 

seven years [98]. It is likely that as IMIAS only had one follow-up measure after two years, results do 

not represent the true relationship between duration of retirement and cognitive change due to this 

practice effect. In support of this, other covariates were also related to the outcome in an unexpected 

direction, as discussed in Section 6.2.5.  

5.2.2 Timing of retirement and cognitive function 

Finding 2: Timing of retirement was not associated with cognitive function in men or in women 

once site/region effects were taken into account. 

Based on best current evidence, the hypothesized relationship was that early retirement would be 

associated with lower cognitive scores, when compared with individuals who retired on time or late. In 

OLS regressions, early retirement seemed to have a positive effect for cognitive function among 

women. However, in this study, no association was found using OLS or IV regressions when adjusting 

by site, again pointing out a strong confounding effect of site. Among men, the relationship between 

timing and cognitive function was not found in OLS, while in IV analysis, the effect was close to 

significant, where men who retired on time/late scored 1.86 points lower on the LCT than men who 

retired early (SE: 1.00, p-value=0.062).   Again, when adjusting by site in both OLS and IV regressions, 

there was no relationship between timing of retirement with cognitive change from 2012 to 2014.  
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Interpretation 

Findings from this thesis did not support an association between timing of retirement and 

cognitive function among women. Among men, the effect seems to contradict current literature, 

however the results remain uncertain. Results among men suggested that staying in the workforce 

beyond the legislated age of retirement was more beneficial for cognitive function in later life [8-10, 

12]. While the results are not in line with the association with cognitive function specifically, they could 

be supported by other findings where retirement was associated with improvement in other health 

outcomes, such as mental health and physical health, such as physical functioning, disability, illness, 

and chronic illness [44]. 

Potential improvements in overall health have been explained by Calvo et. al. in their 

“psychosocial-environmentalist” hypothesis that suggests that early retirement is beneficial for health if 

the retirement transition removes work-related stress and occupational risks [101]. These can include, 

but are not limited to: difficult or complex tasks, work overload, time pressures, and poor physical work 

conditions [166]. For example, studies have reported that those who experience uncomfortable work, as 

well as heavy physical workloads, retire early due to high depression scores [167], and poor perceived 

health [167, 168]. Another study by Elovainio et. al. reported that stressful psychological work 

environments, such as poor job control, and high job demands contributed to a decision to retire early 

[169]. Further, Westerlund et. al. supports the hypothesis that this reduction in stressors and risks 

improved health, where older workers retiring from jobs with more psychological and physical demands 

had a better self-perception of health following retirement [78]. Eibich also reports that this relief from 

work-related stress and strain in retirement led to an improvement in both mental and physical health 

[170].  

 One possible explanation for the contradictory results would be that if men from IMIAS study 

retired from jobs with high psychological and physical demands, they would experience better cognitive 

function if they retired early. This may have been particularly relevant in Latin America, where the 

majority of men retire from manual jobs, known for being low mentally demanding, with low control 

and low economic rewards. Therefore, men in IMIAS may have been exposed to different pressures 

across the life course (e.g. occupational stressors) that men from other studies (in high income 

countries), differentially affecting cognitive function based on timing of retirement. However, 

information was lacking on work-related pressures, whether they differed among men and women, and 
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specific reasons for retirement in IMIAS, so we cannot provide a more robust explanation of these 

findings (discussed in Section 6.4.4).    

5.2.3 Voluntariness of retirement and cognitive function 

Finding 3: Voluntariness of retirement was an important determinant of cognitive function 

among men and women  

Among men and women, voluntary retirement was associated with higher cognitive function in 

OLS regression. In men, this relationship was only significant when adjusting for income; while in 

women, the relationship remained significant when adjusting for income, social engagement, 

depression, and mobility. The relation between duration and timing of retirement as discussed above did 

not change when voluntariness of retirement was considered.  

Interpretation  

While no previous study has assessed the relationship between voluntariness of retirement and 

cognitive function, our results are consistent with other studies that found involuntary retirement was 

associated with worse health outcomes [15, 171]. For example, Gallo et. al. reported a relationship 

between poorer physical functioning and mental health in older workers after leaving the workforce 

involuntarily [15]. This relationship remained significant when controlling for other health factors, 

socio-demographic, and economic indicators, where poorer baseline health and income could have been 

associated with individuals experiencing involuntary job loss [15]. Other studies by Mosca and Barrett 

[171], Rhee et. al. [172], and Mandal and Roe [173] have also reported involuntary retirement being 

associated with significantly poorer mental health. The proposed relationship between voluntariness and 

health is hypothesized to be a result of a negative impact on long term financial hardships from 

unemployment [174], which in turn impacts emotional and physical well-being in retirement [15, 174].  

The instrumental variable approach has been used to control for endogeneity of voluntariness of 

retirement. Gallo et. al. also used an instrument of average weekly unemployment benefits in the 

geographical area where the worker resided, previously demonstrated to be efficient by Ruhm et. al. 

[175]. In our study, while the voluntariness of retirement was likely endogenous, the true meaning of 

‘other’ reasons for retirement was unknown (discussed in Section 6.3.2), and a valid, exogenous 

instrument (such as unemployment benefits per country or eligibility for them) was not available; 

therefore, an instrumental variable approach was not conducted. 

5.2.4 Covariates  
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Finding 4: Some covariates were associated with cognitive function and decline in retirement 

among men and women 

Descriptive statistics identified differences in pre- and post-retirement factors among men and 

women, with the exception of income and social engagement: women were less educated, had more 

chronic conditions, lower mobility, and more depressive symptoms. In bivariate linear regressions, all 

pre- and post-retirement factors were significantly associated with cognitive function in 2012. Higher 

education, more social engagement, higher mobility, fewer chronic conditions, and fewer depressive 

symptoms were associated with higher cognitive function. Those who worked non-manual jobs 

compared to manual, agricultural and services jobs also had higher cognitive function, as well as those 

who had higher incomes had higher cognitive function than those with lower incomes. In addition, all of 

these variables, except for age and change in mobility SPPB scores from 2012 to 2014, were also 

associated with cognitive change from 2012 to 2014. However, some relationships were not in the 

expected direction: higher education, individuals with less social engagement, and with fewer chronic 

conditions had greater decline in cognitive scores from 2012 to 2014.  

In multivariate linear regression of the cross-sectional association between duration and timing of 

retirement and cognitive function in 2012, education level seemed to contribute greatly to changes in 

coefficient estimates. The association between timing of retirement and cognitive function was almost 

halved when controlling for education, and was also reduced when analyzing duration of retirement and 

cognitive function, and this occurred among both men and women. In contrast, significant post-

retirement covariates in the relationship between duration and timing of retirement and cognitive 

function in 2012 differed for men and women. Among men, covariates included income and depression: 

incomes that met needs very well, and fewer depressive symptoms were associated with higher 

cognitive function; whereas, among women, covariates included income, social engagement, depression 

and mobility: incomes that met needs very well, higher social engagement, fewer depressive symptoms, 

and higher mobility, were associated with higher cognitive function.  

Interpretation 

Previous studies have reported that education is very important predictor of cognitive function in 

retirement [13, 105, 109]. These results have been explained by the cognitive reserve hypothesis that 

suggests that individuals with greater levels of reserve can cope with cognitive aging and functional 

impairment better than others with lower levels of reserve [102, 104].  Studies have indicated that 

education and occupation are major contributing factors to the development of this reserve, where 

individuals with more education and more cognitively complex lifetime occupations accrued greater 

levels of reserve [176-178]. Further, studies have also shown that individuals with higher levels of 
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education and occupation experienced less cognitive decline in older age [103]. As the strength of the 

associations were greatly reduced when controlling for education, our results are also supported by the 

cognitive reserve hypothesis, as they suggest that higher education was associated with higher cognitive 

function in 2012. Therefore, education was likely a strong confounder in the relationship between 

duration and timing of retirement, and cognitive function. 

 Differences in the effect of post-retirement covariates on cognitive scores in 2012 among women 

and men supports the hypothesis that men and women who are exposed to different pressures and 

opportunities throughout the life course have different experiences in retirement [99]. For example, 

while depression was a confounder among both men and women, it is well documented that elderly 

women are more depressed than men [179, 180]. Women are also more likely to have mobility 

limitations in old age [181], yet have been shown to be more socially engaged [164]. Despite our 

finding that the effect of duration and timing retirement on cognitive function was not significantly 

different among men and women, these post-retirement social and health factors likely impacted men 

and women differently. However, an interaction with gender was not significant for any of these factors 

to identify a differential effect on cognitive function.  

5.2.5 OLS and IV analysis for both outcomes, and two of the instrumented exposures 

Finding 5: OLS and IV estimations of effects are different, especially for men 

Among men, the relationships between duration and timing of retirement, and cognitive 

function using OLS regression were not significant when controlling for age, education, or any social 

and health variables. However, when using an IV approach, a longer retirement was associated with 

lower cognitive function, and the relationship between on time/late retirement and cognitive function 

was only slightly insignificant when both timing and duration of retirement were regressed separately as 

functions of the instrument. Among women, a longer retirement period, and on time or late retirement 

were significantly associated with lower cognitive scores in OLS regression. However, in IV 

regressions, there was no association between duration or timing of retirement and cognitive function 

when controlling for site.  

Interpretation  

 When studying the effects of retirement on cognitive function, previous literature identified the 

importance of addressing the potential for reverse causality and unmeasured confounding [4, 12-14]. 

Reverse causality occurs if health issues drove individuals out of the workforce, or other unmeasured 

effects contributed to the retirement decision [22, 94]. Thus, retirement is considered an endogeneous 
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variable, as the decision to retire cannot always be separated from health status, and the negative effects 

of retirement on cognitive function may be underestimated without controlling for this potential 

endogeneity bias [182]. An instrumental variable approach addresses this bias by using an exogenous 

instrument, controlling for a value that is determined from factors outside of the relationship under 

study. The instrument must be significantly correlated with the endogenous variable, have an effect on 

the outcome only through the effect on the exposure, and cannot be associated with any observed of 

unobserved confounders [95]. For example, instruments employed by other studies included legislated 

normal ages of retirement, and the minimum age when an individual can collect social security benefits 

determined by national policies (Table 6.1). By regressing the outcome on the exposure as a function of 

these exogenous instruments, interpretation of the associations between the exposure and outcome are 

not affected by unmeasured confounding [95]. In our study, data on early retirement opportunities were 

only available in Canada and this study only considered the legislated ages of retirement by gender and 

site previously used by other studies [4, 12-14].  

An association existed between the relevant and exogenous instrument of legislated age of 

retirement and the exposures of duration and timing of retirement in first stage regressions [183]. In 

addition, as the Hausman test indicated a significant difference between OLS and IV regressions 

(p<0.01), retirement was likely endogenous, and the IV approach was appropriate [93]. Differences 

between the OLS and IV regressions were prominent in men, where no association between duration 

and timing of retirement and cognitive function, and cognitive change was apparent in OLS regressions. 

However, when analyzing the duration of retirement as a function of the instrument, there was an 

association with cognitive function, and the relationship between timing of retirement and cognitive 

function was only slightly insignificant. This may have been a result of a stronger association in men 

between health issues and the decision to retire or a lack of information on relevant exposures over the 

life course. An understanding on the specific reasons for retirement would have allowed for a more 

robust explanation of these findings, however this information was not available. Past experiences such 

as type of employment and conditions of work were not assessed in this study and could have 

contributed to greater residual confounding among men.   

Thus, exploiting an IV analysis in this study likely reduced the potential reverse causality and 

unmeasured confounding by regression duration and timing of retirement as function of the instrument 

of cross-national legislated ages of retirement. Therefore, presentation of Findings 2 and 3 considered 

that the best estimation of the effect of retirement on cognitive function and change was measured with 

an IV analysis, adjusted by site. However, adjusting by site resulted in reduced power as discussed 

below.  
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Table 5.1 Instruments exploited by previous studies  

Exposure Paper: author (year) Instrument(s) Summary of findings 

Duration of 

retirement 

   

 Bonsang, E. et. al. 

(2012) 

1. Minimum age of eligibility for social security 

benefits, plus one; 2. Normal age of retirement, plus 

one 

3. Duration of retirement period since individual 

reached 62 years of age; 4. Duration of retirement 

period since individual reached the normal age of 

retirement  

 

- Instruments 1. and 2.: Significant negative effect of being 

retired for one year or more on memory score  

- Instruments 3. and 4.: logarithmic specification indicate most 

of the decline in cognitive functioning occurred early in the 

retirement period, and stabilized afterwards  

 

 Mazzonna and 

Peracchi (2010) 

1. Eligibility age for early retirement when the 

individual was facing retirement decisions 

2. Eligibility age for normal retirement when the 

individual was facing retirement decision 

 

- Negative effect of retirement on cognitive test scores 

- Cognitive function decreased with the longer retirement  

 Coe et. al. (2011) 1. Duration of time elapsed from an offer for early 

retirement (before the age of 60) to the interview 

date 

- Find no evidence of a relationship between retirement 

duration and cognitive function  

Timing of retirement    

 Rohwedder and Willis 

(2010) 

1. Whether the individual had reached the age of 

eligibility for early retirement benefits 

2. Whether the individual had reached the age of 

eligibility for full retirement benefits 

3. Number of years before or after reaching the age 

of eligibility for early retirement benefits 

4. Number of years before or after reaching the age 

of eligibility for full retirement benefits  

- Significant decline in memory score in individuals retired 

versus still working   

- Significant negative impact of early retirement on cognitive 

ability  
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5.3 Strengths and Limitations 

5.3.1 Study design  

Both cross-sectional and longitudinal study designs were used to address the objectives of this 

thesis. The availability of two time points from data collection cycles in 2012 and 2014, an analysis of 

the baseline cognitive functioning status of study participants, as well as an analysis of cognitive change 

over a two-year period allowed for a more comprehensive approach to the study of cognitive 

functioning and decline in retirement. This availability of the cross-sectional and longitudinal data was a 

strength of this thesis. Once the 2016 data cycle has been completed, the third time point will provide 

further insight into the relationship between duration, timing, and voluntariness of retirement, and 

cognitive function and cognitive change.  

Other strengths of the IMIAS study include the strong theoretical framework to understand the 

social aspects of aging, and the coverage of a large range of social and health aspects of aging. IMIAS 

also offers insight into the differences surrounding retirement conditions in populations with varying 

access to resources by examining aging populations living in diverse societies from high and middle-

income countries. It also allows for the study of gender differences on an international scale: gender 

inequity scores differ across the countries in IMIAS, and allow for an examination of the differing effect 

of lifetime pressures, opportunities, and experiences. However, a limitation in this study was the small 

sample size for site/region-specific analyses. Studying the effects of retirement on cognitive function 

was not a primary objective of IMIAS. Thus, the sample size calculations were not determined from this 

relationship. Due to low sample at each site, the analyses of site/region-specific relationships were 

underpowered to detect differences (see Section 5.3.5).   

An inherent limitation to cross-sectional designs is that that temporality cannot be fully 

established. For example, in our cross-sectional analysis, health issues may have resulted in individuals 

deciding to retire. To address this potential reverse causality, an instrumental variable approach was 

exploited. I supported that this was an appropriate analytic method to answer the hypotheses in this 

thesis, and to address the potential for reverse causality given the study design.  

Limitations also existed due to differences in baseline participation, which may have affected the 

validity of our results. Low participation in Canada was due to the recruitment procedure required by 

the Ethics Review Board at the Canadian locations. Participants were invited into the study through 

letters sent from their physicians, and were invited to call for further information. In Kingston, baseline 
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participations rates were approximately 30%, and those who participated in Kingston had a higher level 

of education than the older population of Kingston as per census [149]. This may have given an over-

optimistic view of the cognitive status of older adults in Kingston. However, they were similar in terms 

of income and living arrangements. Participation rates were equally low for Saint-Hyacinthe, however 

the sample was representative of the older population [149]. In addition, previous analyses of the IMIAS 

population had demonstrated that the Kingston sample was not significantly different than the Saint-

Hyacinthe sample in terms of physical health, mental health, and biological markers [184]. Therefore, 

the Kingston sample may be thought as representative of cognitive function status among individuals if 

all populations could have the same living conditions as this highly selected sample. Participation rates 

were not an issue in other sites. Potential participants were directly approached in Tirana, Manizales, 

and Natal from health clinics, resulting in a response rate of nearly 100%. The study populations in 

these sites were recruited in a way that were representative in terms of distribution of socioeconomic 

status of older population in each site.  

Another limitation in this study was the potential survival effect. In Latin America, individuals 

who were exposed to extreme conditions in their childhood were less likely to survive to old age. Those 

who survived to old age were more resilient, and perhaps were not representative of the general 

population in terms of both the retirement conditions in those countries, as well as cognitive function. 

Thus, a selection bias may have been introduced. However, since the older population from the Latin 

American sites was representative of the general population in socio-demographic variables, the results 

may be applicable to the general older population in these sites.  

5.3.2 Full IMIAS population versus analytical sample 

This thesis focused on populations near or already passed the legislated retirement ages. Thus, the 

assumption was that the majority, if not all of the studied population would be retired at baseline. 

However, a high percentage of women in Manizales and women and men in Natal were not retired, and 

were not included in analyses. In both sites, retired individuals were better off than individuals who 

were not retired. Retired men and women in Manizales had higher education, and retired men had 

significantly better mobility in 2012 and 2014 and fewer depressive symptoms in 2012. Among all 

individuals in Natal, retired individuals in 2012 had significantly higher mobility, and fewer depressive 

symptoms in 2014. Therefore, by only looking at retired individuals, especially in those sites, results 

may have overestimated the effect of retirement characteristics in the Latin American sites. However, 

this was likely not the case for the Canadian sites and Albania, where more than 80% of the total sample 

in each site was included in the analysis of retirement.   
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Another limitation was that retirement characteristics were only included in the 2014 cycle of 

IMIAS, limiting the analytic sample to those who completed follow-up. Thus, potential for biased 

results from loss-to follow-up was present in both analyses of cognitive scores in 2012, and change 

between 2012 and 2014. While loss to follow up was below 20% in all locations, the follow-up sample 

had higher levels of cognitive functioning, higher educational attainment, and held more non-manual 

job. As information on retirement characteristics among those lost to follow-up was not available, 

assessment of how loss of follow-up could have introduced bias was not possible to ascertain.  

5.3.3 Assessment of exposures 

Studies have suggested that in order to gain a full understanding of the effect of retirement on 

cognitive functioning, the duration, timing, and voluntariness of retirement should be considered. 

Previous studies have addressed one or two of these characteristics, but never all three. Therefore, a 

strength of this study was the ability to identify how long an individual had been retired, whether they 

retired early, late, or on time given the legislated ages of retirement in each country, and if they left the 

workforce voluntarily, involuntarily, or for other reasons.  With the inclusion of three retirement 

characteristics, there was a more comprehensive analysis of the effects of retirement on cognitive 

functioning.  

However, a limitation was the lack of information regarding the response options for “Why did 

you retire?”. Individuals who “were the legal age for retirement and wanted to do something else” were 

classified as voluntarily retiring, those who “were the legal age for retirement and was obliged to retire” 

were classified as involuntarily retired, however, a large number answered “I had to retire for other 

reasons”. Without knowing whether this was for health concerns, being let go from their occupation, not 

having reached the legal age for retirement and retiring early, or for familial reasons, it is impossible to 

determine if in fact they retired voluntarily or involuntarily. Therefore, there is the potential for 

exposure misclassification of the voluntariness of retirement variable due to unknown factors that 

influenced an individual’s decision to retire for ‘other reasons’. Previous studies determining the effect 

of voluntariness of retirement on health have used a dummy variable for involuntary job loss; i.e., job 

exit due to plant or company closure or layoff [15], or distinguished between voluntary retirement, 

involuntary retirement, or retirement due to ill-health [171]. This reduced the potential for 

misclassification, as responses were not restricted to voluntary or involuntary retirement “at the legal 

age”. Future questionnaires could clarify the meaning of the response of “other reasons for retirement”.  

Another limitation was the lack of information surrounding the specific reasons for early or late 

retirement. Other studies have utilized more detailed information about early retirement incentives as 
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instrumental variables, such as the minimum eligibility age for early retirement, and the minimum age 

of eligibility for social security benefits (Table 6.1). Availability of this information could have 

improved the intra-country variation in the instrumental variable, and the estimations of the IV model. 

Instead, to take into account the differences in early retirement opportunities in each country, a five-year 

window from the legislated age of retirement was considered to define the timing variable. This was not 

an exact representation of the timing of retirement on an individual level, and there is the potential for 

exposure misclassification with the categorization of this variable. However, when analyzing timing of 

retirement as a continuous variable, results were consistent. Other missing variables in the models 

included: whether an individual was fully or partially retired, whether they were offered early retirement 

incentives, and more concrete information on the availability of pensions and/or benefits; i.e. whether 

they received a pension from work, from government old age security, from their spouse, etc. These 

variables would also have allowed for a more robust explanation for the relationship between duration 

and timing of retirement, as well as an instrumental variable of early retirement opportunities on an 

individual level.  

5.3.4 Assessment of outcomes  

IMIAS collected information on cognitive function using two cognitive tests: the Leganes 

Cognitive Test (LCT), and the Montreal Cognitive Assessment (MoCA).  In this thesis, primary analyses 

were done with LCT scores because they were available in all sites. The LCT as a screening tool for 

dementia has demonstrated to be valid among populations with lower levels of education, and is a 

beneficial tool due to the simplicity of the instrument [47]. The MoCA was only used on the Canadian 

sample, as it is arguably not a reliable cognitive test in populations with lower levels of education [150]. 

However, in this study there is the possibility of a ceiling effect on the LCT among the Canadian 

sample. A ceiling effect occurs if a test is too easy and scores are all nearly at the maximum value for 

participants with good cognitive function. This leaves little room to detect improvement over time 

[185], thus reducing the power to identify associations. In addition, individuals who scored very high on 

the LCT would only maintain the same value or show decline.  This effect may explain the results in the 

analysis of change, where individuals with higher levels of education scored higher on the LCT in 2012, 

yet declined between 2012 and 2014, as there was no room to detect improvement or worsening on the 

LCT scale. To counteract this ceiling effect, the MoCA was also used in a sub-analysis in the Canadian 

sample. The results of the LCT and the MoCA were similar, and in the same direction (see Section 

4.10.2, Table 4.10). For simplicity, this analysis was not presented in the main results.  
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A final limitation in the assessment of outcomes was the availability of only two time points over 

two years to determine the effect of retirement on cognitive change, as no modification of the LCT or 

MOCA test was done between 2012 and 2014, and we cannot rule out a potential practice effect. In fact, 

42.96% of the sample experienced improvement on the LCT over two years. The MoCA did have a 

modified version that would allow researchers to assess individuals over time and reduce the potential 

learning effect, however IMIAS did not use this because it was not available in French. The LCT test 

did not have a modified version to be use over time. Thus, as the same test was used at both baseline 

and follow-up, the learning effect in some participants (especially those healthier and more educated) 

could not be ruled out. In addition, results published using an analysis of change from only two waves 

of data differed greatly from the same study using three waves [186, 187]. More complex statistical 

analyses of change, such as Structural Equation Modeling (SEM), are possible with three waves, rather 

than regression analyses. SEM measures the relationship among the variables rather than the actual 

measures to detect small effects, thus the coefficient estimates are free of measurement error [187]. 

These analyses are not possible with only two waves of data. As a consequence, the results from the 

analyses of change should be treated as provisional, and subject to confirmation from analysis of a third 

wave of IMIAS data on cognitive function.  

5.3.5 Assessment of covariates 

A main strength of the IMIAS study was the large amount of data collected on a number of 

population demographics, health, and socio-demographic covariates. For this study, covariates from 

IMIAS were selected a priori as potential confounders, as they were known risk factors for cognitive 

decline, or were conditions that likely changed in retirement. However, a limitation of this study was the 

use of many self-reported measures. For example, the number of chronic conditions an individual 

reported may have been subject to recall bias as influenced by cognitive ability, but further exacerbated 

by a lack of health insurance or appropriate primary health care. In addition, the accuracy of the number 

of conditions would also be dependent on how recently they had visited a health care professional. 

Specific to the IMIAS population, Dolougou et. al. reported that individuals with diabetes and obesity 

were more aware of their hypertension status [188]. Women were also more aware of their hypertension 

status than men in Saint-Hyacinthe, Manizales, and Natal [188]. Another limitation in the assessment of 

covariates was measurement the level of depression. While the CES-D scale has been validated, it only 

assessed the mental state of the participant in the past week [155, 189]. This may not have accurately 

represented their overall mental state.  
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Physical activity has been shown to be a strong predictor of cognitive function [190-192], and 

levels of physical activity have been shown to change in retirement as individuals engage more with 

fewer work-related time constraints [193, 194]. Thus, physical activity is likely a confounder in the 

association between retirement and cognitive function. However, the physical activity variable was one 

additional relevant determinant from the IMIAS study that was not included. However, there were over 

50 missing data points from the Albanian sample, thus this variable was not included in the analysis as 

to preserve the inclusion of this site.  

Other missing variables from the data set included pre-retirement life course exposures, such as 

the work quality, or working conditions an individual was exposed to during their working life. These 

missing variables would have allowed for a more robust explanation for the reasoning behind the 

finding of early retirement being associated with an increase in cognitive functioning. Another post-

retirement consideration that was not included was an individual’s sense of control in retirement and the 

effect on health, as choice and control of the retirement decision have been shown to affect how 

individuals adjust to retirement [195], their well-being [196], and their health [15, 69].  

5.3.6 Statistical analyses  

A major strength of this study was the ability to use a cross-sectional analysis to determine the 

association between retirement characteristics and cognitive function at one time point, and a 

longitudinal analysis to determine the association between retirement characteristics and cognitive 

change. This allowed for a more robust explanation of how cognitive function differed at one time point 

in retirement, as well as how cognitive function changes over time. Another strength of this study was 

the availability of an instrument representing cross-national retirement ages, and how they differed for 

men and women. While taking into account how different ages of retirement affected different 

populations, the instrumental variable approach also assessed the endogeneity of retirement thus 

minimizing the potential for reverse causation (see discussion in Section 6.2.1).  

However, an important limitation in this analysis was the lack of power by site due to small 

sample sizes in some sites, such as Manizales, and small sample sizes in categorical exposures: timing 

and voluntariness of retirement. Findings suggest the important confounding effect of site still present, 

despite adjustment for social and health factors that differ by site. The use of larger samples of older 

adults from other studies, such as the Canadian Longitudinal study of Aging [197], and large cohorts 

studies of Brazil will be more likely to answer the hypothesis of this thesis in site specific analyses. No 

large cohort data exist in Colombia or Albania that would allow for further exploration of the 

associations found in this thesis.  
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In analysis of change, previous literature has identified two different methodological approaches 

to analyzing change at two points, as they produce contrasting results [20]: 1) regressing the change 

from wave 2 to wave 1 scores on the predictor; and 2) regressing wave 2 scores on the predictor, 

adjusted for baseline wave 1 measurements [20]. Results from these two analyses produce different 

results, as measurement error in wave 1 can attenuate the estimation of the effect of wave 2 on the 

predictor, and can bias results. In addition, wave 1 adjustment for analysis of change is only applicable 

to situations where there is not a significant difference in baseline scores among groups, which is highly 

unlikely unless under controlled clinical circumstances [198]. These inconsistent between findings from 

the two analyses of change is referred to as the Lord’s Paradox [159, 160]. Analyses of change using 

both approaches (a difference in cognitive function from 2014 to 2012 (Section 5.1), and an analysis 

with cognitive function in 2014 as a outcome, adjusted for baseline score in 2012 (Appendix C) 

identified major discrepancies, where results were reversed between the two approaches. This effect 

explained by the Lord’s Paradox is likely present between these analyses: In the first instance, a longer 

retirement period was associated with an increase in cognitive score, whereas while relationships were 

not significant, the second approach suggested that longer retirement was associated with cognitive 

decline. As analyses of change with baseline adjustment have been shown to introduce bias, analysis of 

the association between duration and timing of retirement, with LCT 2014 adjusted for baseline was 

likely not appropriate.  

One final consideration is that post-retirement variables, specifically social variables in retirement 

may have a mediating effect on cognitive function, rather than as confounders. A mediator is an 

intervening variable, where the exposure may still affect the outcome directly, but may be mediated 

through a third variable but not vice versa [199]. As previously discussed, social engagement, and level 

of income for example, can change in retirement, and these factors also impact cognitive function. 

Evidence of this potential mediating effect was present among men, where the direction of association 

between timing of retirement and cognitive function was reversed when adjusting for income. Further 

analysis into this potential mediating effect of social variables may provide a more robust explanation of 

the true association between retirement characteristics and cognitive function.  

5.3.7 Sample size  

The initial sample size of IMIAS was determined to have the power to detect gender differences 

in mobility limitations across the five sites. In addition, as loss to follow-up was less than 20% in all 

locations, a large sample carried through to the 2014 data collection cycle. However, IMIAS was not 

designed to have the power to detect cognitive function and cognitive change among the participants, 
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and may therefore be underpowered. In addition, there was not enough power to do an analysis by site 

and gender, as the power to detect a significant difference among men with all sites pooled was 76%, 

and 80% for women. When controlling for site, there was 30% power to detect differences, or required a 

sample size of 5,000 participants to achieve 80% power. In addition, instrumental variable analyses 

separated by continent (i.e. Canadian sites together, and Latin American sites together; excluding 

Albania from the site-separate analysis) were not possible because of the lack of variability in the 

legislated ages of retirement.  

5.3.8 Generalizability  

Having established that the internal validity of this study is relatively high in some sites, we now 

turn to external validity. Canada and Brazil are very large countries with diverse geographies, 

populations, and cultures. Colombia and Albania are not as large as Canada and Brazil, but also have 

great diversity among their populations. As these cities are also considered smaller cities in the 

respective countries, the socioeconomic conditions and opportunities for individuals during their 

working lives, and in retirement are likely different from larger or smaller cities in each country. For 

example, Natal and Tirana are very poor cities within their respective countries. Therefore, while the 

IMAIS sample collected from each site is generally representative of the city itself, the participants are 

not representative of the country as a whole. Thus, the results from this study in terms of prevalence of 

outcomes and distribution of exposures cannot be generalized to other cities in Canada, Colombia, 

Brazil, or Albania. However, since the legislated ages of retirement were based on a national 

perspective, the relationship between retirement characteristics and cognitive function may be 

generalizable to the older population in these sites.  

5.4 Implications and Future Recommendations  

The main recommendation for further insight into the relationship between retirement 

characteristics and cognitive change in older age is the importance of considering the potential 

differences based on site/region differences in life course opportunities, and opportunities in older age. 

In an effort to gain additional insight, the ideal design will be to assemble a cohort of individuals who 

are still in the workplace, and follow them through their retirement transition, with several data 

collection points to measure the potential change in cognitive function over time. In addition, follow-up 

measurements should either be after five or more years, or cognitive tests should be adjusted between 

measurements to avoid a practice effect. Further exploration should consider the effect on different 

cognitive domains, such as memory, orientation in time and space, visual-spatial, etc. Determining the 
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relationship between duration, timing, and voluntariness of retirement on other health outcomes would 

also provide further understanding of the implications of retirement on older populations.  

As dementia and cognitive impairment are among the leading causes of disability in old age, 

understanding the changing retirement ages in many countries is also pertinent to understanding health 

implications in the future. In addition, an understanding on the specific mechanisms that impact 

cognitive function and health should be understood, such as pension plans and benefits, and how they 

impact an individuals’ retirement transition and duration in retirement. These factors should be 

considered in future studies. Further, a qualitative analysis would provide a contextual understanding of 

the impact of individual choices, and how they affect health (e.g. social and health factors). A final 

recommendation would be for studies to analyze data from countries other than North America and 

Europe for further insight on retirement characteristics and health, and how this transition impacts 

populations in less-developed regions.  

 

5.5 Conclusions  

As the number of people over the age of 60 is growing globally due to increased life expectancies 

[1], the number of people in retirement is also growing. To address these increasing life expectancies 

and more people in retirement, both high- and low-income countries are increasing the legislated age of 

retirement [58]. As literature had identified that individuals who remain in the workforce until the 

legislated age or later had higher cognitive function [8-12], these policy changes could be supported. 

However, these studies have all analyzed higher-income populations from England, United States, and 

eleven other countries in Europe. Two studies in Canada have also reported contrasting results: one 

reported a positive, but not significant effect of retirement on self-perceived general health [200], and 

the other a negative but insignificant effect on mental health [201]. However, these studies also did not 

account for different retirement characteristics, such as the impact of voluntary versus involuntary 

retirement, or early versus late retirement, thus the impact of policies such as age of retirement, and 

forced labour exit were not examined. In addition, to our knowledge, no studies have been conducted in 

middle-income populations.  

This study provides important insight into the effects of different retirement characteristics and 

how they can impact cognitive function in a diverse, older population. It includes analyses of the effects 

of duration, timing, and voluntariness of retirement on cognitive function. It also applied an 

instrumental variable approach to address the potential endogeneity of retirement, and the potential for 

reverse causality or unmeasured confounding to attenuate the association between the duration and 
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timing of retirement and cognitive function. While approaching results with caution, this study found 

that a longer duration of retirement were associated with lower cognitive function. However, this was 

only found among men, and when accounting for the potential endogeneity of retirement and controlling 

for site. Using a life course perspective, this study took into account almost all potential determinants of 

cognitive function pre- and post-retirement, in order to limit potential confounding. Our results 

suggested that higher education, greater engagement, and socioeconomic stability are all associated with 

greater cognitive function during the retirement period. However, this study was underpowered to 

provide supporting evidence for gaps in the literature. 

Prevention measures in the future should be an important public health goal, to reduce the 

prevalence of these cognitive impairments in retirement. Population-level prevention measures can 

include policy changes to the legislated ages of retirement, taking into account different occupational 

stressors, as well as providing individuals with health benefits in retirement to maximize health and the 

ability of individuals to maintain active engagement. Individuals should be aware of ways to remain 

physically, mentally, and socially engaged in retirement, and programs should be accessible to all 

individuals regardless of socioeconomic status. 
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Appendix B: Bivariate linear regression of post-retirement variables and 

duration of retirement 

Appendix Table 1 Bivariate linear regression: Post-retirement variables and duration of retirement  

(N=1,275) 

Variable Men 

 
 

Women 

 β 

  

 

SE p-value β 

 

SE p-value 

Social Variables        

Income to meet needs       

Suitably vs. Very well 0.024  0.60 0.97 0.97 0.66 0.14 

Not/Not very well vs. Very well 1.03 0.60 0.086 1.67 0.65 0.0099* 

Social engagement (0-4) 

 

 

-0.20 0.21 0.34 -0.71 0.21 0.0010* 

 Living arrangements 

 

      

Alone vs. With spouse 0.011 0.49 0.98 0.26 0.60 0.67 

Spouse, child and others vs. With spouse 

 

 

-0.034 0.89 0.97 -1.12 0.64 0.084 

Working in retirement 

Yes vs. No 

 

 

-1.18 

 

0.62 

 

0.057 

 

-2.13 

 

 

0.86 

 

0.013* 

 Health Variables       

Mobility (SPPB) 2012 

 

-0.43 0.13 0.0008* -0.35 0.11 0.0017* 

Number of chronic conditions 

 

0.46 0.20 0.020* 0.42 0.19 0.029* 

Depression (CESD) 2012 

 

0.027 0.032 0.39 0.085 0.024 0.0005* 

* Significant at p<0.05  



 

 

98 

Appendix C: Secondary Analysis of LCT Change  

The LCT score in 2014, adjusted for baseline LCT 2012 score was assessed to act as a 

comparison to the bivariate linear regression analyses with LCT 2012 (Table 4.5) and change in 

LCT score from 2012 to 2014 (Section 5.5).  

Appendix Table 2 Bivariate linear regression: Covariates and LCT 2014, adjusted for baseline LCT 

2012 (N=1,275) 

Variable β 

 
 

SE β p-value  Interaction 

with sex 

(p-value) 

Interaction 

with site 

(p-value) 

Exposure      

Duration of retirement 

 

0.0028 0.011 0.79 0.065 0.72 

Timing of retirement       

On time and late vs. Early 

 

-0.25 0.13 0.057 0.075 0.80 

Population Demographics       

Site      0.25 - 

St-Hyacinthe vs. Kingston -1.65 0.19 <0.0001*   

Tirana vs. Kingston -0.65 0.20 0.0011*   

Manizales vs. Kingston -1.35 0.24 <0.0001*   

Natal vs. Kingston  

 

-1.67 0.21 <0.0001*   

Age 

 

-0.064 0.023 0.0050* 0.42 0.62 

Sex 

Women vs. Men 

 

 

0.31 

 

0.13 

 

0.015* 

- 0.25 

Pre-Retirement Variables      

Years of education 

 

0.32 0.027 <0.0001* 0.46 0.096 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual  

 

-0.68 

-1.74 

 

0.21 

0.30 

 

0.0016* 

<0.0001* 

0.54 0.0025 

Agriculture vs. Non Manual -0.65 0.15 <0.0001*   

Post-Retirement Variables      

Social Variables      

Income to meet needs    0.95 0.24 

Suitably vs. Very well -0.17 0.17 0.30   

Not/Not very well vs. Very well 

 

-0.50 0.18 0.0050*   

Social engagement (0-4) 

 

0.10 0.058 0.082* 0.25 0.0088 

Living arrangements    0.074 0.58 

Alone vs. With spouse 0.11 0.14 0.44   

Spouse, child and others vs. With spouse 

 

0.058 0.19 0.76   

Working in retirement 

Yes vs. No 

 

 

0.015 

 

0.19 

 

0.94 

0.37 0.24 

Health Variables      

Mobility (SPPB) 2014 

 

0.13 0.026 <0.0001* 0.56 0.0042 

Number of chronic conditions 

 

0.41 0.026 <0.0001* 0.014 0.18 

Depression (CESD) 2014 

 

-0.050 0.0075 <0.0001* 0.0069 0.016 

* Significant at p<0.20  

** Bonferonni adjustment for 22 comparisons: /22=0.05/24=0.0021. Interactions were significant at p<0.0021 
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Appendix Table 3 Multivariable linear regression with LCT 2014, adjusted for baseline LCT 2012  

Exposures 
Model A Model B Model C Model D Model E 

Men  Women Men  Women Men  Women Men  Women Men  Women 

Duration of retirement                     

, (SE) -0.023 (0.019) -0.0054 (0.017) 0.016 (0.025) 0.0088 (0.020) 0.0090 (0.025) - 0.19 (0.025) - 0.012 (0.025) - 

95% CI (-0.061, 0.015) (-0.039, 0.029) (-0.033, 0.065) (-0.031, 0.048) (-0.040, 0.058) - (-0.030, 0.067) - (-0.037, 0.060) - 

p-value 0.23 0.75 0.52 0.66  0.72 - 0.46 - 0.64 - 

 

Timing of retirement* 

                 

On time and late vs. Early           

, (SE) -0.23 (0.24) -0.51 (0.22) 0.21 (0.28) -0.20 (0.25) 0.11 (0.28) - 0.26 (0.29) - 0.16 (0.28) - 

95% CI (-0.71, 0.24) (-0.95, 0.071) (-0.34, 0.75) (-0.68, 0.28) (-0.44, 0.66) - (-0.29, 0.80) - (-0.38, 0.71) - 

p-value 0.33 0.023  0.46  0.42 0.69 - 0.36 - 0.56 - 

Model A – Exposure and outcome 

Model B – Exposure and outcome, adjusted for age, and education 

Model C – Exposure and outcome, adjusted for age, education, and social variables; men: living arrangement; women: no significant social variables  

Model D – Exposure and outcome, adjusted for age, education, and health variables; men: chronic conditions; women: no significant health variables 

Model E – Exposure and outcome, adjusted for age, education, social variables and health variables; men: living arrangements and chronic conditions; women: no significant social or health variables (i.e. final model is 

Model B) 
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Appendix D: Bivariate Linear Regression with MoCA 2012 

Appendix Table 4 Bivariate linear regression: LCT and MoCA scores from 2012 (Canada only, N=544) 

Variable 

LCT MoCA 

β 

 
 

SE β p-value* Interaction 

with gender 

(p-value)** 

β 

 
 

SE β p-value* Interaction 

with gender 

(p-value)** 

Exposure         

Duration of retirement, continuous 

 

-0.0097 0.013 0.46 0.82 -0.013 0.019 0.50 0.27 

Duration of retirement, quartiles    0.45    0.022 

Retired 8-12 years vs. Retired 0-7 years 0.0028 0.19 0.99  -0.14 0.29 0.63  

Retired 13-17 years vs. Retired 0-7 years -0.18 0.19 0.36  -0.097 0.29 0.74  

Retired more than 18 years vs. Retired 0-7 years -0.22 0.24 0.36  -0.28 0.36 0.44  

Timing of retirement        0.15 

On time and late vs. Early retirement -0.0031 0.15 0.98  -0.21 0.22 0.34  

 

Population Demographics  

        

Age 

 

-0.053 0.027 0.047* 0.71 -0.13 0.039 0.0007* 0.72 

Sex 

Women vs. Men 

 

 

0.39 

 

0.14 

 

0.0067 

  

0.77 

 

0.21 

 

0.0003 

- 

Pre-Retirement Variables         

Years of education 

 

0.14 0.016 <0.0001

* 

0.78 0.13 0.024 <0.0001* 0.071 

Occupation 

Manual vs. Non Manual 

Services vs. Non Manual 

 

-0.68 

-0.97 

 

0.23 

0.39 

 

0.0026* 

0.014* 

0.43  

-0.49 

-2.64 

 

0.34 

0.59 

 

0.15 

<0.0001* 

0.29 

Agriculture vs. Non Manual  -1.20 0.19 <0.0001

* 

 -1.25 0.29 <0.0001*  

Post-Retirement Variables         

Social Variables         

Income to meet needs    0.98    0.15 

Suitably vs. Very well -0.40 0.15 0.0081*  -0.0059 0.22 0.98  

Not/Not very well vs. Very well 

 

-0.72 0.32 0.0023*  -1.58 0.47 0.0008*  

Social engagement (0-4) 

 

0.16 0.065 0.011* 0.79 -0.043 0.097 0.66 0.97 

Living arrangements    0.62    0.10 

Alone vs. With spouse -0.13 0.17 0.43  -0.13 0.25 0.62  

Spouse, child and others vs. With spouse 

 

0.19 0.23 0.40  -0.15 0.34 0.65  

Working in retirement 

Yes vs. No 

 

 

0.14 

 

0.19 

 

0.47 

0.38  

0.41 

 

0.29 

 

0.16 

0.89 

Health Variables         

Mobility (SPPB) 2012 

 

0.043 0.046 0.35 0.49 0.17 0.068 0.012* 0.21 

Number of chronic conditions 

 

0.012 0.056 0.83 0.80 -0.11 0.084 0.18* 0.61 

Depression (CESD) 2012 

 

-0.034 0.010 0.0009* 0.16 -0.038 0.015 0.012* 0.18 

* p-value significant at p<0.20  

** Bonferonni correction: 0.05/18=0.0028; significant interactions at p<0.0028. No significant interactions with gender for either LCT or MoCA  

  



 

 

101 

Appendix E: Outcome and Exposure Distributions  

 

Appendix Figure 1 Distribution of LCT in 2012  
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Appendix Figure 2 Distribution of LCT in 2014 
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Appendix Figure 3 Distribution of LCT change (2014-2012) 
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Appendix Figure 4 Distribution of duration of retirement   
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Appendix F: IMIAS 2014 Questionnaire Section 7 ‘Work History’ 

Appendix Table 5 Work and retirement questions from IMIAS 2014 

 

1. During the last week, you… 

Read all the options until you obtain an  

affirmative response 

1    worked 

2    worked helping in a family business, estate or ranch without receiving payment 

3    did not work 
 

 

2. If you did not work, you... 1    had a job 

2    look for a job 
3    primarily did housework 

4    were retired or pensioned 

5    were temporarily disabled and could not work 
6    were permanently disabled and could not work 

 

 

3. Have you retired? (are you formally retired 

from work or do you receive a pension)? 

1    Yes, I’m retired and receive a pension 
2    Yes, I’m retired but do not receive a pension 

3    No 

 

 

4. If you are retired or pensioned (answer 1 & 

2 in previous question):  

At what age did you retire?  ___________ 

 

What was your occupation in the year before retirement? ___________________________________________ 

 
Why did you retire? 

               1    I had the legal age for retirement and I wanted to do 

         something else 
2    I had the legal age for retirement and I was obliged to retire 

3    I had to retire for other reasons 

 
Did you make specific arrangements or plans for what to do after retirement? (new activities, hobbies, 

volunteering, taking care of your family)  

               1   Yes 
2   No 

3   I do not know, I cannot answer 

 
Are you still working for money? 

               1   Full time 

2   Part time 

3   Not at all 

 
If you are not working, would you like to continue working for money? 

1 Yes I would, but I have not searched for a job 

2 Yes I would, but I do not find a job 
3 No, I would not. 

 

  

5. If you are not retired or pensioned  Why are you still working? 

1 I am working because I need the money to cover basic needs 
2 I am working because I like to work to keep active  

3 For other reasons  

      Specify: ________________________. 
 

What is your current occupation:   

 


