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1 Abstract 

Multimorbidity is often considered a health problem of older people, but recent research 

shows that it is also prevalent among younger people. This thesis aimed to examine various 

aspects of multimorbidity among middle-aged people (45–64 years) using Canadian 

Longitudinal Study on Aging baseline data. 

In the first manuscript, the prevalence of multimorbidity and its association with 

sociodemographic and lifestyle factors were examined. The prevalence of multimorbidity, 

defined as the coexisting three or more chronic conditions, was high among middle-aged people 

(39.59%). Multivariate logistic regression showed that being older, female and low income were 

associated with multimorbidity. Alcohol intake was found to be protective against 

multimorbidity. 

In the second manuscript, the association between multimorbidity and labour force 

participation was examined. Multivariate logistic regression showed that multimorbidity was 

associated with being retired and unemployed, but not the number of hours worked.  

This thesis showed that multimorbidity is prevalent among middle-aged people. 

Preventive strategies targeted at this age group may prevent the negative consequences of 

multimorbidity. 
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3 Chapter 1: Examining multimorbidity among middle-aged 

Canadians  

 Introduction 

Management of chronic disease has been recognized as one of the major health system 

concerns because of the growing prevalence and burden of chronic illnesses (1). Because of 

improved medical care, innovative public health policies and technological advancement, many 

people currently survive some medical conditions that were fatal several decades ago (2). As a 

result of increasing survival, coupled with aging of the population, an increasingly large number 

of people present with two or more chronic health conditions in primary care, which is also 

referred to as multimorbidity  (2, 3). Oliver (4) has identified proactive care of seniors, living 

with multiple coexisting chronic conditions, as one of the major challenges for general practice 

in the 21st century. Fortin and colleagues (5) have mentioned that “Patients with multimorbidity 

seen in family practice represent the rule rather than the exception” (p.223). 

Recent studies have shown that though the prevalence of multimorbidity is extremely 

high among older people, a large number of middle-aged people also live with multimorbidity 

(6-9).  Despite this fact, very few studies have been conducted to describe multimorbidity among 

middle-aged people. As they are potentially working-age people, multimorbidity could have 

grave consequence for this age group because multimorbidity greatly reduces functional 

capability (10, 11), and could lead to discontinuation of labour force participation. Furthermore, 

multimorbidity in early age means living longer with chronic conditions and, therefore, could 

prolong poor quality of life. The purpose of this thesis was to estimate the prevalence of 

multimorbidity among middle-aged Canadians, examine the relationship between multimorbidity 

and socio-demographic and lifestyle factors among middle-aged Canadians, and determine the 

association between multimorbidity and labour force participation. 
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 Literature Review 

 Defining Multimorbidity 

Multimorbidity has been varyingly defined in the literature, with there being no single 

conceptual definition. The European General Practice Research Network (12) has presented a 

comprehensive definition of multimorbidity as “any combination of chronic disease with at least 

one other disease (acute or chronic) or biopsychosocial factor (associated or not) or somatic risk 

factor” (p.3). However, most studies have used a simplified definition of multimorbidity for 

research purposes. In the medical literature, multimorbidity is most commonly defined as the co-

existence of two or more chronic conditions in an individual (6, 13, 14), where one is not 

necessarily more central than the others (15, 16). Some studies have defined multimorbidity as 

the co-existence of three or more chronic conditions in an individual (1, 6).  

 Multimorbidity versus Comorbidity 

The terms “multimorbidity” and “comorbidity” are often used interchangeably in the 

medical literature to indicate individuals who live with multiple coexisting chronic conditions 

(17). However, some authors have distinguished between these two terms (see Figure 1). The 

term comorbidity was first introduced by Dr. Alvan R. Feinstein in 1970 in his research paper 

“The Pre-therapeutic Classification of Co-morbidity in Chronic Disease” (18). Feinstein (18) 

defined comorbidity as “any distinct additional clinical entity that has existed or may occur 

during the clinical course of a patient who has the index disease under study” (p.456). 

As indicated, the term comorbidity was used formerly to refer a certain index condition 

that is accompanied by one or more other diseases (see Figure 1). The definition of comorbidity 

indicates that the index condition is the disease of primary interest which may coexist with other 

conditions that have influence on the index disease (19). On the other hand, multimorbidity is a 

relatively newer term introduced in the chronic disease epidemiology to characterize any co-
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occurrence of multiple chronic conditions in an individual (20). Unlike comorbidity, 

multimorbidity is a patient-centered concept which shifts the interest from a given index 

condition to the individuals who have multiple co-occurring medical conditions (6, 19, 20). This 

concept is important because it has commenced a paradigm shift in the approach to patients with 

multiple chronic conditions by focusing on the complex issues and challenges that occur in 

patients with multimorbidity (21). In sum, no index condition is used in studies related to 

multimorbidity, but such an entity is mandatory in studies related to comorbidities (see Figure 1). 

 

 

 

 

 

 

 

 

Figure 1: Conceptual diagram of (a) comorbidity and (b) multimorbidity (21). 

 

 

 Demographic and epidemiologic transitions 

 The epidemic of chronic diseases and multimorbidity is primarily due to the demographic 

and epidemiologic transition that has happened over the last few decades. Demographic 

transition can be defined as the transition from high birth and death rates to lower birth rate and 

death rate at higher ages in a region (22). As a result, the number of seniors increases, whereas 

the number of youth declines. Thus, most of the developed countries are currently experiencing a 

higher number of seniors who are dependent on a relatively lower number of working-age people 
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(23). Epidemiologic transition, on the other hand, refers the changes in population age 

distributions as a result of changing patterns in mortality, fertility, life expectancy, and leading 

causes of death, as defined by McKeown (24). As regions progress from less developed to more 

developed, there is a general shift from acute infectious and deficiency diseases to chronic 

noncommunicable diseases due to advanced health care, health promotion and disease prevention 

(25). Thus, epidemiological transition replaces the cause of mortality from acute infectious 

diseases to chronic diseases over time. In combination, these transitions increase the number of 

older people as well as the number of chronic diseases and multimorbidity in a region. 

 Current scenario and projections for demographic change 

The older population, often defined as those aged 60 years or over in the global context, 

is the fastest growing age group in most regions of the world, and its growth rate is much faster 

than that of the total population (23, 26, 27). It was estimated that there were around 901 million 

older people aged 60 years or over in 2015 (23). It is projected that the number of older people 

will grow extensively in coming decades and reach 1.4 billion in 2030, which would be a 56 

percent increase from 2015. By 2050, the number of seniors would be double its size compared 

to 2015 and will reach nearly 2.1 billion (23). Whereas one in every eight people worldwide was 

aged 60 years or over in 2015, it is projected that this proportion will be one in every six and one 

in every five by 2030 and 2050 respectively (23). It is projected that the number of older people 

will exceed the number of children aged 0-9 years by 2030 (1.4 billion versus 1.3 billion) (23). In 

2050, there will be more older people aged 60 years or over in the world compared to 

adolescents and young adults aged 10-24 years (2.1 billion versus 2.0 billion) (23). 

The aging process is much more advanced in developed, compared to developing 

countries; therefore, these regions have higher burden of older people than the developing 
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regions. For example, the proportion of older people aged 60 years or over, in 2015, was highest 

in Japan (33 percent), followed by Germany (28 percent), Italy (28 percent) and Finland (27 

percent) (23). According to the population projections, this trend will persist in the coming 

decades. To illustrate, older persons will account for more than 25 percent of the populations in 

Europe and in Northern America, 20 percent in Oceania, 17 percent in Asia and in Latin America 

and the Caribbean, and 6 percent in Africa by 2030 (23). However, it should be noted that many 

developing countries are experiencing considerably faster population aging compared to what 

happened in the past in developed countries (23). 

Like other developed countries, Canada is also experiencing a similar demographic 

change. In 1971, the median age of Canadians was 26.2 years, which has increased to 41 years in 

2016 (28, 29). It was reported that the working-age Canadians aged 15-64 years represented 

68.5% of the Canadian population in 2011 (30). However, the proportion of the working-age 

population will most likely decline in coming years due to population aging (30). According to 

Statistics Canada's population projections, the proportion of working-age people is expected to 

drop to 61% by 2031, which could result in a substantial reduction in the number of working-age 

people in Canada (30).  

Among working-age Canadians, 42.4% were in the age group 45 to 64 which was a 

record high proportion (30). This age group was composed mostly of baby boomers (30). The 

aging of the baby boomers is rapidly increasing the number of seniors in Canada, typically 

defined as those aged 65 years or older(31). Currently, seniors constitute the fastest-growing age 

group in Canada. It was estimated that about 14% (4.8 million) of Canadians were at aged 65 

years or over in 2010 (32). This proportion will rise to about 25% (10.4 million) by 2036 (32). It 

was happened for the first time in Canada that older people aged 65 years or over outnumbered 
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the children aged under 15 years in 2015 (33). This aging population will dramatically increase 

the burden of chronic diseases and multimorbidity in Canada and provide a substantial effect on 

the health care system and economy of Canada in future. 

 Prevalence of chronic disease and multimorbidity 

Chronic diseases are now an epidemic in most regions of the world, according to the 

World Health Organization (WHO), and currently constitute the major causes of mortality (34). 

For example, it was reported that around 38 million people died in 2012 due to a chronic disease, 

which constituted 68% of all deaths of that year (1). Furthermore, according to the projections of 

WHO, annual mortality due to chronic illnesses will rise to about 52 million by 2030 (34). A 

similar scenario has been observed in Canada. For instance, five major chronic conditions (e.g.,  

cardiovascular disease, cerebrovascular disease, diabetes, chronic respiratory diseases, and 

malignancy) accounted for 62.7% of all deaths in Canada in 2011 (1). With the increasing 

prevalence of chronic diseases, the number of people living with multimorbidity is increasing 

very rapidly.  

According to the analysis of WHO World Health Survey (WHS) data, which included 28 

countries from different regions of the world, the prevalence of multimorbidity for developing 

countries was 7.8 % (35). However, the developed countries have a higher prevalence of 

multimorbidity due to the higher proportion of older people. Current studies on multimorbidity 

have found the prevalence of multimorbidity so high among primary care patients that some 

authors mentioned it as the norm rather than the exception (5, 36). The prevalence estimates vary 

widely across studies. A systematic literature review of multimorbidity studies reported that the 

prevalence of multimorbidity varies around 20–30% when the whole population was considered 

(6). Studies that included only older people reported a very high prevalence, ranging from 55 to 
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98% (6). These variations are primarily due to differences in case definitions (2+ vs. 3+ chronic 

conditions), study populations (all age vs. older population), data sources (survey data vs. 

administrative data), study setting (general population vs. hospital patients, different countries or 

regions) and other sample characteristics (1, 37).  

Like other developed countries, Canada is also experiencing a major increase in the 

number of chronic conditions and multimorbidity. An analysis of the Canadian Community 

Health Survey (CCHS) 2009-2010 data reported that almost 14.8% of the adult Canadians (aged 

20 years or over) lived with two or more concurrent chronic conditions (38). The prevalence of 

multimorbidity increases gradually with age among Canadians. For example, around 17% of 

Canadians aged 35 years or over had multimorbidity, and almost half of Canadians (46%) aged 

65 years or over reported that they had two or more chronic conditions (38). Around 12% of 

working-aged Canadians (aged 35-64 years) live with multimorbidity, which was roughly 1.6 

million Canadians (38). The burden of chronic diseases in Canada can be illustrated by a 

research study carried out in Quebec, Canada in 2003, which found that 9 out of 10 patients who 

visited family physicians had two or more chronic conditions (5). This high prevalence of 

multimorbidity is a major concern for the health care system in Canada. 

 Clusters and patterns of multimorbidity 

Chronic diseases tend to occur in clusters. Although clusters can occur randomly by 

chance, often chronic diseases that share common pathophysiological mechanism tend to 

aggregate together (39). This non-random association between diseases is often referred to as 

associative multimorbidity (40). As it often indicates a causal association, it has the potential for 

secondary disease prevention. Another important consideration is that the impact of the clustered 
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diseases can be greater than the sum of the impact of the individual diseases (39, 41). Hence, 

researchers often study chronic disease clusters. 

Research on multimorbidity clusters has identified many disease pairs and triads. A 

recent systematic review summarized 23 studies on chronic diseases cluster and identified 165 

combinations of two chronic conditions (42). Depression was identified as the most commonly 

clustered disease which was paired with 8 different conditions (42). Similarly. hypertension and 

diabetes mellitus also showed a higher tendency to occur in a cluster, both clustering with 6 

different conditions (42). In addition, some study findings have revealed that some conditions are 

more likely than others to be in combination with other diseases. For example, the South 

Somerset’s Symphony Project reported that almost 50% of patients with asthma have no other 

condition whereas 90% of patients who have either COPD (chronic obstructive pulmonary 

disease) or stroke usually have an additional condition (43). Moreover, greater than 50% of these 

patients with COPD or stroke reported of having three or more conditions (43). 

A systematic literature review of multimorbidity patterns has identified a total of 97 

patterns composed of two or more diseases (40). They were grouped into three main patterns: 

cardiovascular and metabolic disorders, conditions including at least one mental health disorder, 

and conditions including at least one musculoskeletal disorder (40). Multimorbidity patterns are 

also influenced by the sex of the people. For example, women showed a lower prevalence of the 

cardiovascular and metabolic pattern (55% in women vs. 80% in men), and a higher prevalence 

of ADS (anxiety, depression and somatoform disorder) and pain pattern (66% vs. 46%) 

compared to men (44) (see Figure 2). 
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Figure 2: Influence of sex on multimorbidity pattern (44). 

 Risk factors and determinants of multimorbidity 

Identifying the determinants and risk factors of diseases is the key to prevention and 

establishment of effective policy. Though multimorbidity has become a public health concern, its 

epidemiology is not well understood. Increased longevity and population aging have been 

identified as the key factors for the increasing prevalence of multimorbidity (15, 37). Some 

lifestyle factors are also considered as important contributors to the occurrence of 

multimorbidity, such as the use of tobacco, harmful use of alcohol, leading a sedentary life and 

consuming unhealthy diets (37, 45). Fortin and colleagues (45) reported that the likelihood of 

multimorbidity was associated with the number of unhealthy lifestyle factors. Commonly found 

risk factors of multimorbidity were: increasing age, female sex, poor socioeconomic status 

(SES), lower education, and a higher number of previous diseases (6, 7). 
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 Aging and multimorbidity 

Increasing age is the strongest risk factor of multimorbidity (46). The prevalence of 

multimorbidity increases with age and is extremely high among older people (15). It should be 

noted, however, that multimorbidity is not limited to older adults only. A large number of people 

aged less than 65 years also live with multiple chronic conditions (15). Barnett and colleagues 

(7) reported that though the proportion of people who experience multimorbidity was higher 

among those aged 65 years or over, the absolute number of people with multimorbidity was 

higher among those aged less than 65 years.  

An age-related increasing pattern of multimorbidity has been revealed by many studies, 

which is often referred to as a dose-response relationship. For instance, a Canadian study 

conducted on the patients of family physicians reported that the prevalence of multimorbidity 

(2+ chronic conditions) in the 18-44 years, 45-64 years, and 65 years or over age groups was 

68%, 95% and 99% among women, and 72%, 89%, and 97% among men respectively (5). 

Though the prevalence increases with age, this increasing pattern is nonlinear and significantly 

accelerates at older ages (46). Age-related proinflammatory state, the decline in 

dehydroepiandrosterone sulfate (DHEAS) with age, higher baseline IL-6, and a steeper increase 

in IL-6 are thought to be associated with this age-related increasing trend (46). 

 Influence of sex on multimorbidity 

Evidence also demonstrates sex differences; notably, the prevalence of multimorbidity is 

higher among women than men (6, 8, 14, 36, 47, 48). However, this finding is not conclusive and 

some studies found no significant sex differences (36, 49). As most of the multimorbidity studies 

were limited to older populations, the estimates for men could have lacked precision because 

fewer men survive into old age than women. It can also be the fact that the men who survive into 
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old ages are a select group of healthier persons (14). It is, therefore, important to assess the 

possible sex differences in younger age groups where selective survival would not be a 

confounding factor. For example, as mentioned above, women have a higher tendency to have 

mental health-related multimorbidities whereas men are prone to have cardiovascular and 

metabolic disorder related multimorbidities (44) (see Figure 2). 

 Influence of socioeconomic status (SES) on multimorbidity 

Multimorbidity is strongly related to socioeconomic deprivation. Consistently, most of 

the studies have found an inverse relationship between SES and multimorbidity (7, 13, 47, 48) 

(see Figure 3). Barnett and colleagues (7) reported that the onset of multimorbidity can occur 10-

15 years earlier if people live in the most deprived areas compared to those who live in the most 

affluent areas. Low socioeconomic status is primarily associated with mental health-related 

multimorbidity (7). 

 

Figure 3: Influence of age and SES on multimorbidity (1 = most affluent, 10=most 

deprived) (7). 
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 Influence of education on multimorbidity 

Lower education level has also been identified as an important determinant of 

multimorbidity (14, 47, 50).  It was reported that a high occupation-based SES could not 

compensate for the increased risk of multimorbidity associated with low education level (14). 

This may indicate that education is independently associated with multimorbidity. It is believed 

that education influences lifestyle behaviours by increasing health-related knowledge, and is 

strongly associated with family SES (14), which might be responsible for the protective effects 

of education. 

 Influence of lifestyle factors on multimorbidity 

Most of the previous studies have examined the association between lifestyle factors and 

individual chronic conditions. The few studies that assessed the influence of lifestyle factors on 

multimorbidity showed inconsistent results (45, 46, 51). For example, a cross-sectional analysis 

conducted in Quebec, Canada among adults aged 45 years or over reported that multimorbidity 

was not associated with physical activity and alcohol consumption (45). On the other hand, a 

cross-sectional study involving Spanish population showed an inverse association between 

physical activity and multimorbidity, but only among older men and young women aged 16–24 

years (52). Similarly, Autenrieth and colleagues (53) found that physical activity is inversely 

associated with multimorbidity in older males. 

The association between multimorbidity and smoking is also controversial. For instance, 

Fortin and colleagues (45) reported that current or past smoking was associated with a higher 

likelihood of multimorbidity among men, but not in women. In contrast, a cross-sectional study 

conducted in South Africa reported a negative association between multimorbidity and smoking 

(54). These limited and inconsistent findings indicate the need for further research on this topic.  
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 Impact of multimorbidity on people’s lives and healthcare system  

The consequences of multimorbidity could be grave not only for people who have 

multiple chronic conditions, but also for the overall health care system. Multimorbidity increases 

the risk of premature death and hospitalizations, and is associated with longer hospital stays, 

more postoperative complications, polypharmacy, impaired physical function, and poor quality 

of life, which eventually translate into a substantial economic burden for the health care system 

(7, 15, 36, 40, 55, 56). 

An inverse relationship has been observed between the number of chronic conditions and 

quality of life (QoL) (2). The WHOQOL group (57) defines QoL as “individuals' perception of 

their position in life in the context of the culture and value systems in which they live and in 

relation to their goals, expectations, standards and concerns” (p.1405). The QoL is a subjective 

and multidimensional concept organized into six broad domains of life: physical domain, 

psychological domain, level of independence, social relationships, environment, and 

spirituality/religion/personal beliefs (57). An increasing number of chronic conditions (i.e., 

multimorbidity) can reduce the QoL in several related domains, i.e., physical, social and 

psychological domains (2). The QoL can also be impaired even if a person has stable chronic 

conditions, and shows no functional limitations, pain or complications, as reported by Nóbrega 

and colleagues (17). It has been hypothesized that individuals’ knowledge about their clinical 

conditions can alter the subjective assessment of the QoL in the related domains (17).  

An increasing number of chronic conditions is also associated with a higher risk of 

disability (58). St John and colleagues (59), for example, reported that a strong relationship 

exists between multimorbidity and disability. Marengoni and colleagues (58) found that the odds 

of disability increased 30% for each additional chronic condition. Major chronic conditions and 
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multimorbidity are also considered important determinants of all-cause mortality (60). However, 

the effect of multimorbidity on mortality is not conclusive in the literature  (6). 

Multimorbidity greatly complicates the treatment process. For example, multimorbid 

patients usually require interventions by multiple specialists, which can result in multiple 

prescriptions and polypharmacy leading to an increased risk of adverse drug events (ADE) (56). 

The increasing number of physicians involved in the care process is also considered as an 

independent risk factor for ADE (61). For instance, Calderón-Larrañaga and colleagues (56) 

have reported that the risk of ADE can increase by 12-28% if a new specialty is involved in the 

care process. Furthermore, such treatment of the same patient by multiple physicians increases 

the risk of fragmented care because it frequently results in communication gaps among 

professionals with improper evaluation and monitoring of the patient’s therapeutic regimen (56, 

61). 

It has been reported that multimorbidity is associated with a greatly increased healthcare 

utilization and costs both in primary and secondary care (13). Glynn and colleagues (13) have 

reported that the addition of each chronic condition increases the health care costs by increasing 

the number of primary care consultations, hospital outpatient visits and hospital admissions. 

Treatment of chronic diseases in Canada accounts for 42% of direct medical care expenditures 

(62). It has been reported that chronic diseases cost the Canadian economy $190 billion annually, 

$90 billion of which is attributed to treatment and the remainder to lost productivity (63, 64). 

 Effect of multimorbidity on labour force participation 

Multimorbidity also has the potential to limit people’s ability to participate in the labour 

force. This is a great concern because many developed countries are already facing a shortage of 

working age people. Having working-age people drop out of the labour force due to 
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multimorbidity would lead to many dependent-age people who rely on a fewer working-age 

people. This slows economic growth and could be devastating for the overall economy of the 

country.  

Very few studies have been conducted so far to address the potential health-related 

barriers faced by people with multimorbidity to stay at work. Schofield and colleagues (65) 

reported that people with arthritis and comorbidities paid less in tax and received more in 

government transfer payments which may indicate their limited ability to participate in the 

labour force. An analysis of the CCHS data shows that heart disease was one of the main reasons 

for not working due to health problems (66). When chronic diseases coexist together, it may 

produce greater effects in impairing labour force activity compared to individual diseases. For 

example, Smith and colleagues (66) reported that some combinations of chronic conditions (e.g., 

diabetes and cardiovascular disease; arthritis and back pain) were associated with a higher risk of 

discontinuing a job than the separate effects of each condition independently. Likewise, 

Schofield and colleagues (65) reported that people with back problems and heart disease were 10 

times more likely to be out of the labour force than those with back problems alone. These 

results indicate that multimorbidity is associated with labour force participation to various 

extents. Hence, further studies should be conducted to better understand the association between 

multimorbidity and labour force activity.  

 In sum, although most of the multimorbidity studies have been focused on older 

populations, it is not a condition of old age only. Many people aged less than 65 years also have 

multiple chronic conditions. As these individuals face multimorbidity early in their life when 

they are still expected to be in the labour force, the effects of multimorbidity could be 

substantial. For instance, multimorbidity can impair labour force participation and result in early 
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retirement. Therefore, further research to understand the epidemiology of multimorbidity in 

younger age group should be considered.  

 Objectives and/or Hypotheses 

This thesis had following three objectives: (1) To examine the prevalence of 

multimorbidity among middle-aged Canadians; (2) To describe the socio-demographic (e.g., age, 

sex, education and income) and lifestyle factors (smoking, alcohol use) associated with 

multimorbidity among middle-aged Canadians; and, (3) To examine the association between 

multimorbidity and labour force participation among middle-aged Canadians. 

As the prevalence of multimorbidity increases with age, for prevalence estimates, it was 

hypothesized that an age-related increasing pattern in prevalence will be observed from early 

middle-aged to late middle-aged people. Regarding the association between multimorbidity and 

socio-demographic and lifestyle factors, it was hypothesized that female sex, lower level of 

education, low income, smoking, and alcohol intake are associated with a significantly increased 

likelihood of having multimorbidity. A dose-response relation was also tested for the level of 

education, income and alcohol intake. It was hypothesized that alcohol consumption, income, 

and education are associated with dose-response effects on multimorbidity after adjusting for 

covariates. For labour force participation, it was hypothesized that after controlling for the 

effects of socio-demographic variables and covariates, multimorbidity is associated with a 

significantly reduced likelihood of participating in the labour force, and that as the number of 

chronic condition increases, the likelihood of participating in the labour force decreases.  
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 Overview of Thesis  

 Outline 

In this paper-based thesis, I have presented two manuscripts. The first manuscript has 

examined the prevalence and risk factors of multimorbidity among middle-aged Canadians (aged 

45-64 years). Multimorbidity was defined as the presence of three or more chronic conditions in 

an individual. The prevalence of multimorbidity was estimated for 3+ to 5+ chronic conditions 

and for different subgroups of the population. In addition, the relationship between 

multimorbidity and a range of sociodemographic and lifestyle factors (e.g., age, sex, education, 

income, smoking, and alcohol intake) was examined.  

The second manuscript examined the association between multimorbidity and labour 

force participation. The objective was to assess the relationship between multimorbidity and 

three key labour force variables (e.g., retirement status, employment status and working hours) 

among middle-aged Canadians. 

 Research Design 

 This thesis is based on cross-sectional analysis of the Canadian Longitudinal Study on 

Aging (CLSA) baseline survey data. 

 Dataset 

The CLSA is a national longitudinal study which consists of a sample of 51,338 

Canadian women and men aged 45 to 85 years when recruited (67). It consists of two cohorts: 

tracking cohort and comprehensive cohort. Between 2010 and 2015, the CLSA recruited and 

collected baseline information from these participants. The tracking cohort has a total of 21,241 

participants who were interviewed over the telephone for about 60-70 minutes (68). As the 

tracking cohort participants have been recruited from national sampling frames, they are 
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distributed across 10 provinces of Canada (67). A “60-min. Questionnaire” was used to collect 

baseline information about participants (69).  

The comprehensive cohort has a total of 30,079 participants who were interviewed at 

home for about 90 minutes and visited a Data Collection Site (DCS) for a comprehensive 

assessment (68). During the home interview, informed consent was also obtained (67). In DCS, 

participants underwent a range of physical assessments and provided biological samples (i.e., 

blood, urine) (68). To facilitate the visit to DCS, the comprehensive cohort participants were 

recruited only from 7 major provinces of Canada and from within 25-50 km of one of 11 DCS 

located in 10 cities (Vancouver, Victoria, Calgary, Winnipeg, Hamilton, Ottawa, Montréal, 

Sherbrooke, Halifax, and St. John’s) (67). The “In-Home Questionnaire” and “Data Collection 

Site Questionnaires” were used to collect information from the comprehensive cohort 

participants (69). The questionnaires were standard and comprehensive and consisted mostly of 

close-ended questions.  

The data collected using the CLSA questionnaire include information about major 

domains of life, such as demographics, psychosocial and lifestyle measures, activities of daily 

living (ADL), institutional care, pain, health status, mental health, biomedical measures (e.g., 

vision, hearing, height, weight, and chronic conditions), etc. (67). The CLSA is a long-term 

study expected to continue for 20 years. The participants recruited at baseline will be followed 

up every three years for at least 20 years, or until death (67). The study has now entered its next 

phase where each individual recruited between 2010 and 2015 (baseline) are re-contacted for the 

first follow-up. The first follow-up is currently underway and will be completed by summer 2018 

(69). The same type of information that was collected at baseline is being collected again, along 

with several new measures that have been introduced.  
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The CLSA baseline data and biological samples are currently available to approved 

Canadian public-sector researchers, graduate students and postdoctoral fellows based at 

Canadian institutions. The researchers need to apply formally to CLSA by using the Data and 

Biospecimen Request form (70). All data access requests are reviewed by the Data and Sample 

Access Committee (DSAC) (70). Approved projects require researchers to sign a CLSA Access 

Agreement which is between McMaster University and the researchers’ institution (70). Data are 

provided to researchers in a comma-separated values (.csv) file due to its compatibility with most 

statistical platforms. A personalized data dictionary in excel format (.xlsx) is provided along with 

each dataset (70). 

For this study, two csv files were provided, one for each cohort. Data dictionaries were 

provided in excel format. Survey weights for the combined sample were provided separately in a 

csv file. The data for both cohorts were used to address the study objectives.  

 Ethical Consideration 

Ethical approval for the use of CLSA data in this thesis was obtained from the Health 

Research Ethics Board (HREB) on the University of Manitoba Bannatyne campus [REB 

Registry Number: H2017:130 (HS20730)]. I had completed TCPS 2: CORE (Course on 

Research Ethics) and online PHIA (Personal Health Information Act) training before starting the 

study, which are the requirements for all researchers. To ensure security of information, data 

were stored on a password protected computer housed in a secure environment (door locked 

always, alarmed door), with access limited to the principal investigator and thesis supervisor. 

Data obtained were completely anonymized and de-identified. There was no risk of any 

direct or indirect harm to the participants from this study. As researchers did not have any direct 

contact with the participants, no further consent was needed from the CLSA participants. To 
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further ensure confidentiality, data will be kept for 2 years following the end-date of the study 

and will then be destroyed. As per the data sharing agreement with McMaster, derived variables 

and documentation will be provided to McMaster within 6 months of publication, or 12 months 

of the end-date of the research project. 
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4 Chapter 2: Examining the prevalence and risk factors of 

multimorbidity among middle-aged Canadians: A cross-sectional 

analysis of Canadian Longitudinal Study on Aging data 

 Abstract  

 

Background: Multimorbidity can be defined as the presence of three or more chronic 

conditions in an individual. The research on multimorbidity has predominantly focused on older 

people, but many middle-aged people also live with multimorbidity. There are very few studies 

that describe the extent of multimorbidity in middle-aged people. We examined the prevalence 

and risk factors of multimorbidity among middle-aged Canadians to better understand the status 

of multimorbidity in this age group. 

Methods: In this cross-sectional analysis of the Canadian Longitudinal Study on Aging 

(CLSA) data, we extracted data from 29,841 participants aged 45-64 years, representing 

9,055,213 Canadians from a database of 51,338 people aged 45-85 years, representing 

13,232,651 Canadians. Self-reported data on 27 chronic conditions were used to derive different 

multimorbidity definitions. We estimated the prevalence of 3+ to 5+ chronic conditions in 

different subgroups using survey weights. Univariate and multivariable logistic regression 

analyses were performed to determine the association between a range of socio-demographic and 

lifestyle factors, and multimorbidity. 

Result: We found that 39.59% (99% CI 38.44 – 40.74) of participants had three or more 

chronic conditions with a mean number of chronic condition of 2.41 (99% CI 2.37 – 2.46). The 

prevalence of multimorbidity increased with age from 29.70% in the 45–49-year-old age group 

to 52% in individuals aged 60-64-year. The prevalence of 4+ and 5+ chronic conditions were 

24.53% and 14.17% respectively. The most common chronic conditions were allergy (40.23%), 

hypertension (26.21%), and back problem (24.72%). Increasing age, female sex, low income, 
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low education, and smoking were significantly associated with multimorbidity. However, when 

adjusted for the covariates, the effects of education and smoking were not found significant. 

Alcohol intake exerted a protective effect which persisted even in adjusted analysis.  

Conclusion: Multimorbidity is a common phenomenon among middle-aged people and is 

not limited to the older people only. To ensure healthy aging and better quality of life, future 

strategies need to focus on supporting healthier health-related behaviours to prevent early-onset 

multimorbidity.  

Keywords: Multimorbidity, Chronic disease, Chronic condition, Prevalence, Socio-

demographic factors, Lifestyle factors. 
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 Introduction: 

Multimorbidity, the co-existence of multiple chronic conditions in an individual (1-3), 

has been identified as one of the major health system concerns of the twenty-first century (4, 5). 

The aging of the large baby boomer cohort coupled with increased survival from previously fatal 

medical conditions due to advancement of medical sciences, means that a growing number of 

adult population presents with multiple coexisting chronic conditions. Although multimorbidity 

has been considered as a health problem of older people, a substantial number of young and 

middle-aged people also have multimorbidity (6-8). Despite this fact, there are very few studies 

that have examined multimorbidity among younger people, and to our knowledge, no study has 

been conducted exclusively on middle-aged people. 

Multimorbidity has a major impact on individuals and health care system. Multimorbidity 

negatively affects the quality of life even if individuals have stable chronic conditions (9, 10), 

and it significantly increases the risk of disability and mortality (11-14). Multimorbidity also 

complicates the treatment process because multiple specialties are involved. Thus, a multimorbid 

patient frequently suffers repeated hospitalization, longer hospital stays, polypharmacy, and 

adverse drug events (6, 15-20). Overall, multimorbidity increases health care utilization and 

costs, creating a substantial economic burden for the healthcare system. Early-onset 

multimorbidity can further complicate this scenario as it prolongs the period of time spent in 

poor health as people age.  

The prevalence of multimorbidity has been estimated in many studies. However, it varies 

widely across studies, from around 20–30% when the whole population is considered, but from 

55 to 98% when only older persons were included (2). This variation is primarily due to 

differences in data source, case definition, study population and number of chronic conditions 

counted to define multimorbidity (7, 21-23). Prevalence estimates in Canadian studies also differ 
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widely (7, 8, 21, 23). According to an analysis of Canadian Community Health Survey (CCHS) 

2011/12 data, around 12.9% of Canadians aged 20 years over had two or more chronic 

conditions (23), whereas another study based on the Health Quality Council of Alberta (HQCA) 

2010 Patient Experience Survey showed a prevalence of 19% for those aged 18 years or over (7). 

However, a study that recruited participants from patients of family practitioners showed a much 

higher prevalence of multimorbidity, ranging from 68-99% (8). The prevalence of 

multimorbidity has not been examined in Canada exclusively among middle-aged people using a 

nationally representative sample. 

Multimorbidity is strongly associated with several sociodemographic factors. Increasing 

age and living in poor socioeconomic condition are established risk factors of multimorbidity (1, 

6, 17, 22, 24, 25). In addition, some research showed that women are at higher risk of having 

multimorbidity than men, though there are arguments that the greater longevity in women is 

responsible for this higher prevalence (2, 3, 15, 22, 24, 26, 27). Similarly, some studies reported 

an inverse relationship between education and multimorbidity (3, 22, 28). However, the effect of 

lifestyle factors (e.g., smoking and alcohol intake) on the occurrence of multimorbidity is 

controversial and needs further investigation (25, 29-32). 

Therefore, the aim of this study was to estimate the prevalence of multimorbidity in 

different subgroups of middle-aged Canadians, as well as determine the association between 

socio-demographic and lifestyle factors and multimorbidity in middle-aged people.  

 Methods: 

 Data source 

This study is based on an analysis of the Canadian Longitudinal Study on Aging (CLSA) 

baseline survey data (33). The CLSA is a large, national, long-term, longitudinal study which is 

expected to continue for at least 20 years (33, 34). The CLSA started the recruitment process in 



EXAMINING MULTIMORBIDITY  42 
 

2010 and completed baseline data collection in 2015. The sample was obtained from the 

following sampling frames: Canadian Community Health Survey – Healthy Aging (CCHS), 

Provincial Health Registries (HR), Telephone Sampling-Random Digit Dial (RDD) and Quebec 

Longitudinal Study on Nutrition and Aging (NuAge) (33, 34). The CLSA has a total sample of 

51,338 Canadian women and men aged 45 to 85 years when recruited and is comprised of a 

Tracking and a Comprehensive cohort (33, 34). The Tracking cohort includes 21,241 participants 

from across the 10 Canadian provinces (33). This cohort responded to a survey only that is 

administered using computer-assisted telephone interview (CATI) software (35). The 

Comprehensive cohort is comprised of 30,097 participants who underwent an in-home interview. 

In addition, participants visited one of 11 Data Collection Sites (DCAs) in 7 provinces 

(Vancouver, Victoria, Calgary, Winnipeg, Hamilton, Ottawa, Montréal, Sherbrooke, Halifax, and 

St. John’s) for physical assessments and providing biological samples (i.e., Blood, urine) (36). 

To facilitate the visit to DCAs, the participants were recruited from within a 25-kilometer radius 

to the DCSs (or 50 km radius in the case of smaller cities) (33). The CLSA sample was restricted 

to those between the ages of 45 to 85 years at baseline (33). The residents of the three territories 

of Canada, persons living on federal First Nations reserves or other First Nations settlements in 

the provinces, full-time members of the Canadian Armed Forces, individuals living in long-term 

care institution, and respondents manifest cognitive impairment were excluded at baseline (33, 

34).  

Study sample 

We found 12,390 and 17,541 participants from the tracking and comprehensive cohort 

respectively who were aged 45-64 years at baseline. Thus, this study included 29,841 

respondents aged 45-64 years. 
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Study variables 

Multimorbidity. To determine the occurrence of chronic conditions, respondents were 

asked whether a doctor ever told them that they have any one of the study chronic conditions. 

From the chronic condition questionnaire module we included the following chronic conditions: 

osteoarthritis, rheumatoid arthritis, other arthritis, asthma, other chronic lung diseases 

(emphysema, chronic bronchitis, chronic obstructive pulmonary disease, and chronic changes in 

lungs due to smoking), hypertension, diabetes, chronic heart disease (congestive heart failure), 

ischemic heart disease, peripheral vascular disease, cerebrovascular disease, Parkinson’s disease, 

multiple sclerosis, epilepsy, migraine, intestinal or stomach ulcers, chronic bowel disorders 

(Crohn’s Disease, ulcerative colitis, or Irritable Bowel Syndrome), cataract, glaucoma, macular 

degeneration, cancer, allergy, osteoporosis, back problem, hypothyroidism or myxedema, 

hyperthyroidism or Graves’ disease, and kidney disease or kidney failure.  

We included those conditions in the study that either fit in the definition of a chronic 

condition or had been included in previous multimorbidity studies. A few chronic conditions, 

however, were not included in the study (e.g., dementia, depression, bowel incontinence and 

bladder incontinence) after careful consideration of certain facts. First, dementia was not 

included because CLSA excluded those individuals at baseline who had cognitive impairment to 

ensure respondents’ capability to provide informed consent. It also ensured that participants were 

able to provide reliable and valid responses to the survey questions. Second, this study focused 

primarily on physical chronic conditions. Hence, depression was not included as a chronic 

condition rather used as a covariate in the analyses. Third, the age group (45-64 year) we 

included in the study was found too young to develop incontinence. Furthermore, incontinence 

could be a presentation or symptom of some of the chronic conditions included in the study such 
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as multiple sclerosis. Finally, we also collapsed some of the overlapping chronic conditions to 

bring them under same headings. For example, angina and myocardial infarction were collapsed 

into ischaemic heart diseases; transient ischemic attack and cerebrovascular accident were 

collapsed as cerebrovascular diseases. At last, this study included a total of 27 chronic 

conditions.  

Multimorbidity was defined in the study as the presence of three or more chronic 

conditions in an individual. We also estimated the prevalence of 4+ and 5+ chronic conditions to 

better understand the chronic disease burden among middle-aged people.  

Socio-demographic and lifestyle variables. Socio-demographic and lifestyle factors 

related data were based on self-report, and included respondents’ age, sex, educational level, 

annual household income, smoking habit and alcohol intake.  

Age. Participants’ age was calculated from their date of birth and was provided in the 

dataset as an integer number. It was converted into an ordinal variable with the following age 

groups: 45-49, 50-54, 55-59 and 60-64. 

Sex. Participants were asked about their sex and was provided as a dichotomous variable 

in the dataset, with males coded as 1 and females coded as 2.  

Income. The socioeconomic status of the participants was assessed with household 

income. Participants were asked: “What is your best estimate of the total household income 

received by all household members, from all sources, before taxes and deductions, in the past 12 

months?” (37). This variable was categorized as follows: 1 = Less than $20,000; 2 = $20,000 or 

more, but less than $50,000; 3 = $50,000 or more, but less than $100,000; 4 = $100,000 or more, 

but less than $150,000; and 5 = $150,000 or more. There were some missing values (n = 1393) 

which were coded as 6 = "No Response". 



EXAMINING MULTIMORBIDITY  45 
 

Education. The level of education was obtained from two variables. After first 

responding to whether they had graduated from high school, participants were asked: “Have you 

received any other education that could be counted towards a degree, certificate, or diploma from 

an educational institution?” (37). Respondents who said “No” were considered as having an 

education which was “high school or less”. Participants who said “Yes” were further asked the 

following question to know the level of education achieved: “What is the highest degree, 

certificate, or diploma you have obtained?”: no post-secondary degree, certificate, or diploma; 

trade certificate or diploma from a vocational school or apprenticeship training, non-university 

certificate or diploma from a community college, CEGEP, school of nursing, etc.; university 

certificate below bachelor’s level; Bachelor’s degree; and University degree or certificate above 

bachelor’s degree (37). An ordinal variable was derived from these questions with the following 

categories: high school or less; non-college or non-university degree; and college or university 

degree. 

Smoking. Participants were asked: “At the present time, do you smoke cigarettes daily, 

occasionally or not at all?” with the following response options: Daily (at least one cigarette 

every day for the past 30 days), Occasionally (at least one cigarette in the past 30 days, but not 

every day), Not at all (you did not smoke at all in the past 30 days), Don’t know/No answer, and 

Refused (37). This variable was recoded as 0 = non-smoker, 1 = smoker and 2 = no response. 

Alcohol. Participants were asked: “About how often during the past 12 months did you 

drink alcohol?” with following response options: Almost every day (incl. 6 times a week), 4-5 

times a week, 2-3 times a week, Once a week, 2-3 times a month, About once a month, Less than 

once a month, Never, Don’t know/No answer, and Refused (37). This variable was recoded as 

follows: 0 = No drinker, 1 = Occasional drinker, 2 = Weekly drinker, 3 = Daily drinker. 
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 Covariates 

We used depression, functional status, the area of residence and province of residence as 

covariates in the multivariate analysis. Several factors were considered while choosing covariates 

in the analyses. Depression was used as a covariate to control for the possible confounding effect 

of mental health problems in the relationship between sociodemographic and lifestyle factors and 

multimorbidity. Functional status was controlled for as it was expected that controlling for this 

variable would provide a better estimate of the relationship between sociodemographic and 

lifestyle variables and multimorbidity. To offset the effect of any regional variation, we 

controlled for the area of residence and province of residence. 

Depression was assessed using the Center for Epidemiologic Studies Short Depression 

Scale (CES-D10) (34, 38). Depression scores were calculated by asking 10 questions regarding 

feelings of depression, loneliness, hopefulness for the future, and restless sleep where each 

question have four response options (all of the time, occasionally, some of the time, rarely or 

never) (34, 38). The total score may range from 0 to 30 where a score of 10 or more indicates 

depression. We further recoded this scale as no depression (score 0-9) and some depression 

(score 10 or more) to use in the analysis. 

A modified version of the Older Americans Resources and Services (OARS) 

Multidimensional Assessment Questionnaire was used to assess functional status (34, 39). 

Functional impairments were categorized as no, mild, moderate, severe and total functional 

impairment. Considering the comparatively younger cohort of our study, we collapsed functional 

impairment as no functional impairment and some functional impairment.  

Area of residence was defined as rural or urban. This variable was provided in the dataset 

as Rural; Urban core; Urban fringe; Urban population centre outside CMA and CA; Secondary 
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core; and Postal code link to dissemination area (37). It was recoded as 0 = rural and 1 = urban, 

with the latter including all non-rural categories. 

Participants were recruited from all 10 provinces through a stratified random sampling 

procedure: Alberta, British Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, 

Nova Scotia, Ontario, Prince Edward Island, Quebec, and Saskatchewan. 

 Statistical analyses 

The prevalence of multimorbidity for the middle-aged population, and stratified by age 

group (45-49, 50-54, 55-59, 60-64 years), sex, education, income, the area of residence, province 

of residence, smoking and drinking status, were estimated. In addition, the mean number of 

chronic conditions was calculated for each subgroup. We were also interested to measure the 

most common chronic conditions occurring in middle-aged people. We, therefore, estimated the 

prevalence of all 27 chronic conditions, which we further stratified by sex to observe the 

difference in men and women.  

Univariate logistic regression models were used to examine the relationship between 

socio-demographic (e.g., age group, sex, education, income) and lifestyle (smoking habit and 

alcohol intake) variables, and multimorbidity. To find the factors independently associated with 

multimorbidity, we performed multivariable logistic regression analysis where we included the 

important variables related to multimorbidity (age group, sex, income, education, smoking, and 

alcohol intake) and controlled for covariates (provinces, the area of residence, depression, and 

functional impairment). For univariate and multivariate analysis, we used 3+ chronic conditions 

as a case definition. 

To make the estimates representative of the Canadian population and address the 

complexity of the CLSA survey design, we used inflation/trimmed weights in the descriptive 
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analyses and analytic weights in regression analyses (40). Statistical analyses and data 

management were performed using SAS software package (Version 9.4, SAS Institute Inc., 

Cary, North Carolina, USA). 

 Results: 

 Sample description 

Men (49.40%) and women (50.60%) were equally represented in the sample with an 

average age of 54.57 years (99% CI 54.44 – 54.69) (Table 1). Most of the respondents (78.69%) 

resided in urban areas and had either a college or university degree (63.90%) (Table 1). A 

substantial proportion of respondents 25,550 (84.34%, 99% CI 83.47 – 85.21) reported at least 

one of the chronic conditions included in this study, with an overall average of 2.41 (99% CI 

2.37 – 2.46) chronic conditions per person (Table 1). 

 

 Prevalence of multimorbidity  

The crude prevalence of multimorbidity, defined as three or more chronic conditions in 

an individual, for the full study sample was 39.59% (99% CI 38.44 – 40.74). We also estimated 

the prevalence of 4+ and 5+ chronic conditions (Table 2). The prevalence of 4+ and 5+ chronic 

conditions were 24.53% (99% CI 23.52 – 25.54) and 14.17% (99% CI 13.37 – 14.96) 

respectively. The prevalence of multimorbidity increased steadily with age, being 29.70% in 

those aged 45-49 years, 33.65 % in those aged 50-54 years, 44.81 % in those aged 55-59 years 

and 52% in those aged 60-64 years (Table 2). This pattern was evident in all multimorbidity 

definitions from 3+ to 5+ chronic conditions (Figure 1). The prevalence of multimorbidity was 

higher in women (44.97%, 99% CI 43.32 – 46.62) than in men (34.09%, 99% CI 32.50 – 35.67). 

The prevalence of multimorbidity was slightly lower in individuals reporting higher education 

and who resided in an urban area (Table 2). We found an inverse relationship between 
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multimorbidity and income. The prevalence of multimorbidity decreased steadily as income 

increased (Table 2, Figure 2). Among the provinces, Quebec (36.73%, 99% CI 34.58 – 38.88) 

had the lowest prevalence of multimorbidity whereas Newfoundland and Labrador (44.81%, 

99% CI 40.84 – 48.77) had the highest prevalence (Table 2). The prevalence of multimorbidity 

showed similar patterns across sociodemographic and lifestyle factors irrespective of the 

multimorbidity definition used (3+ to 5+) (Table 2). 

We also estimated the mean number of chronic conditions in different subgroups of the 

sample. Consistent with the prevalence estimates, the mean number of chronic conditions 

increased with age and was higher in women (2.68, 99% CI 2.61 – 2.75) than men (2.14, 99% CI 

2.08 – 2.20) (Table 1). The mean number of chronic conditions was much higher among people 

in the lowest income group (3.83, 99% CI 3.54 – 4.13) compared to people with the highest 

income (1.96, 99% CI 1.87 – 2.06) (Table 1).  

 Common chronic conditions  

Among the 27 chronic conditions included in the study, allergy was the most prevalent 

chronic condition (40.23%, 99% CI 39.07 – 41.40) (Table 3). Hypertension 26.21% (99% CI 

25.19 – 27.23) and back problem 24.72 (99% CI 23.71 – 25.73) were the second and third most 

common conditions (Table 3). Some other common chronic conditions were osteoarthritis 

(18.88%), diabetes (12.90%), migraine (15.59%), asthma (12.48%) and other arthritis (11.43%) 

(Table 3). When chronic conditions were stratified by sex, males were found to have higher 

prevalence of hypertension (28.47% vs. 24%), back problem (26.17% vs. 23.30%), diabetes 

(13.65 vs. 12.17), stomach/intestinal ulcer (6.40 vs. 6.07), heart disease (CHF) (6.95 vs. 4.01), 

ischemic heart disease (5.82 vs.2.66), cerebrovascular disease (2.41 vs. 1.80), kidney disease 

(2.12 vs. 1.53), and Parkinson disease (0.28 vs. 0.11) (Table 3). For the other conditions, women 

had a higher prevalence than men (Table 3). 
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 Regression results 

Univariate logistic models showed that multimorbidity was significantly different across 

several socio-demographic factors (Table 4). In unadjusted analyses, we found that late middle-

age (60-64 years) (OR 2.84, 99% CI 2.56 – 3.14), female sex (OR 1.60, 99% CI 1.50 – 1.71), 

lowest income (OR 3.33, 99% CI 2.80 – 3.95), lower education (OR 1.36, 99% CI 1.24 – 1.49), 

and smoking habit (OR 1.15, 99% CI 1.04 – 1.28) significantly increased the odds of 3+ chronic 

conditions (Table 4). However, when analyses were adjusted for covariates in the multivariate 

regression model, the effects of education (adjusted OR 1.04, 99% CI 0.93 – 1.15) and smoking 

(adjusted OR 0.97, 99% CI 0.87 – 1.09) were no longer significant (Table 5). Interestingly, we 

found daily alcohol intake (4-6 times a week) was associated with decreased odds of having 

multimorbidity in both unadjusted (OR 0.54, 99% CI 0.48 – 0.60) and adjusted (adjusted OR 

0.68, 99% CI 0.61 – 0.77) analysis (Table 4; Figure 3).   

 

 Discussion 

This study describes the epidemiology of multimorbidity among middle-aged people 

based on a national sample of the Canadian population. Our analysis showed that 

multimorbidity, defined as having 3 or more chronic conditions, is a very common occurrence 

among middle-aged Canadians with a prevalence of 39.59 % in our study population, and 

ranging from 29.70% in the 45–49-year-old age group to 52% in participants aged 60-64 years. 

Our finding is consistent with the arguments made by several previous authors that a substantial 

number of younger people live with multimorbidity. For example, Agborsangaya and colleagues 

(7)  reported that 70% of people with multimorbidity were less than 65 years of age. Similarly, 

Barnett and colleagues (6) reported that the absolute number of people with multimorbidity was 
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higher in those younger than 65 years. In addition, we found that 14.17% of middle-aged people 

live with 5+ chronic condition which is very alarming.  

Unlike our study, most other previous research has reported a comparatively lower 

prevalence (6, 7, 22, 23), which can be explained by several factors. One major difference was 

the study population. Most of the studies estimating the prevalence of multimorbidity were 

conducted with general population samples and included all age groups. No studies have to date 

focused only middle-aged people. Agborsangaya and colleagues (7) included participants aged 

18 years and over and reported the prevalence of multimorbidity for middle-aged people at 

25.5%, which was much lower than our estimates. It should be noted that their prevalence 

estimates were based on the Health Quality Council of Alberta (HQCA) 2012 Patient Experience 

Survey, thus, included only the residents of Alberta. In contrast, our study included a nationally 

stratified sample from Canada, which is more representative of the Canadian population.  

Fortin and colleagues (8) reported the prevalence of multimorbidity for 45-64 years old 

age group people and found a higher overall prevalence of multimorbidity (92.8%) than our 

estimates. The setting of that research, however, was not comparable to ours, because 

participants included patients visiting family physicians for consultation. Patients consulting a 

family physician are more likely to have multiple chronic conditions. Comparing the prevalence 

of these two studies, our prevalence estimates were somewhere in between. It should be noted 

that the characteristics of the study population are an important consideration while interpreting 

the prevalence estimates. For example, Fortin and colleagues (21) conducted a study on the 

practice-based and general population samples in Quebec and compared the prevalence of 

multimorbidity in both of the samples. According to their findings, the overall prevalence of 



EXAMINING MULTIMORBIDITY  52 
 

multimorbidity was significantly higher for the primary care sample (32.3%) than in the general 

population (11.6%).  

Another important consideration is the number and type of chronic conditions counted to 

define multimorbidity, which varies considerably from study to study, and influences prevalence 

estimates. For instance, Roberts and colleagues (23) defined multimorbidity based on 9 chronic 

conditions in adults aged 20 years or over and reported a prevalence of 12.9% only. In contrast, 

Agborsangaya and colleagues (7) defined multimorbidity based on 16 chronic conditions in 

adults aged 18 years and over and reported a prevalence of 19%. Thus, the lower prevalence 

reported in some studies (7, 21, 27) may be partly due to the limited number of chronic 

conditions included in the studies. In this respect, our study had some advantage as we were able 

to capture 27 chronic conditions.  

Risk factors for morbidity, in general, have been studied extensively in previous studies, 

but some key findings from our study merit attention. First, consistent with previous studies, we 

found increased odds of multimorbidity among women. Although an association of 

multimorbidity with female sex was consistently reported in previous studies (2, 3, 15, 22, 24, 

26), an argument has been frequently made that this could be due to the shorter life expectancy 

of men (3). Given that selective survival could not be at play in the present study, our finding 

that the risk of multimorbidity is higher among women than men across all age group is a real 

effect. Additionally, among the 27 chronic conditions we studied, women showed a higher 

prevalence of 18 chronic conditions.  

Second, like previous studies, we found that low income was strongly associated with 

multimorbidity (1, 6, 22, 24). In the present study, individuals in the lowest income group had 

1.62 times the odds of having multimorbidity compared to those in the highest income group. 
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Barnett and colleagues (6), for example, reported that the onset of multimorbidity can occur 10 

to 15 years earlier if an individual lives in the lowest socioeconomic conditions. Education was 

not related to multimorbidity in the present study, however. 

Finally, we analyzed the association between multimorbidity and lifestyle factors, an 

issue that has, to date, received little attention in previous research. Smoking was not found 

associated with multimorbidity. However, we found that alcohol consumption may exert some 

protective effects against multimorbidity. People who reported drinking daily or weekly had 

significantly lower odds (adjusted odds ratio of 0.68 and 0.75, respectively) of having 

multimorbidity than those who reported never drinking. This finding is interesting because some 

studies previously showed that alcohol may have protective effects against some chronic 

diseases, such as dementia and stroke (41-43). Hence, our finding warrants more research, 

especially which amount and what kind of alcohol exerts protective effects against 

multimorbidity.  

 Strength and limitations 

Our study has several strengths that are worth mentioning. The sample of our study is a 

national selected, generalizable sample of the Canadian population. The prevalence and 

associated determinants we found are therefore largely representative of the overall middle-aged 

Canadian population. An important consideration is also that we were able to capture 27 chronic 

conditions while estimating the prevalence of multimorbidity. In contrast, most of the previous 

studies were based on only limited number of chronic conditions. Despite these strengths, several 

limitations must also be acknowledged. First, our results may be subject to recall bias since the 

data are based on self-reports of clinical diagnosis. Second, as this study is a cross-sectional 

analysis of the CLSA data, it can merely predict the associations and causation cannot be 
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inferred. Third, though all the multivariate analyses were controlled for potential covariates, we 

did not include other potentially important variables in the multivariate model such as ethnic 

background. Finally, some measures like alcohol intake are broad and did not differentiate 

between what people are drinking. Furthermore, we did not know about the temporal relationship 

because of the cross-sectional nature of the study. It could also be possible that people who were 

not drinking did so because of their health problems. 

 Conclusions 

As the prevalence of multimorbidity is increasing rapidly, it is important to understand 

the prevalence and risk factors of multimorbidity to guide clinical care and preventive strategies 

(44). In this study, we have described the prevalence and common risk factors of multimorbidity 

in a national sample of middle-aged Canadians. The finding that multimorbidity has a high 

prevalence in this age group suggests the need to focus on prevention, as well as appropriate care 

and treatment of people with multimorbidity. Additionally, this study identified some areas that 

require further research, especially regarding the potentially protective effects of alcohol intake. 
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 Tables and Figures 

 Table 1: Characteristics of the respondents to the CLSA baseline survey 

Variables Percentage 

(%) 

Mean chronic conditions 

(99% CI) 

Total 100 2.41 (2.37, 2.46) 

Sex   

Male 49.40 2.14 (2.08, 2.20) 

Female 50.60 2.68 (2.61, 2.75) 

Age group   

45-49 20.50 1.95 (1.85, 2.05) 

50-54 34.38 2.14 (2.06, 2.22) 

55-59 21.23 2.64 (2.54, 2.74) 

60-64 23.89 3.00 (2.91, 3.10) 

Education   

Either college or 

university degree 

63.90 2.27 (2.21, 2.32) 

No college or university 

degree 

19.23 2.59 (2.48, 2.71) 

High school or less 16.87 2.77 (2.63, 2.90) 

Household income   

< $20,000 4.00 3.83 (3.54, 4.13) 

$20,000 to < $50,00 15.58 2.92 (2.78, 3.05) 

$50,000 to < $100,000 33.73 2.39 (2.31, 2.47) 

$100,000 to < $150,000 22.64 2.18 (2.09, 2.27) 

< $150,000 or more 20.10 1.96 (1.87, 2.06) 

No response 3.95 2.86 (2.60, 3.12) 

Smoking status   

Non-smoker 55.22 2.46 (2.39, 2.52) 

Smoker 12.65 2.71 (2.55, 2.86) 

No response 31.13 2.23 (2.17, 2.29) 

Alcohol intake   

Never 10.32 3.13 (2.96, 3.30) 

Occasional 20.93 2.78 (2.66, 2.90) 

Weekly 23.89 2.25 (2.16, 2.35) 

Daily 44.87 2.16 (2.10, 2.23) 

Area of residence   

Urban 78.69 2.41 (2.36, 2.47) 

Rural 21.31 2.42 (2.30, 2.53) 

Province of residence   

Alberta 9.86 2.37 (2.26, 2.48) 

British Columbia 13.85 2.47 (2.39, 2.55) 

Manitoba 3.34 2.31 (2.20, 2.42) 
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New Brunswick 2.40 2.68 (2.46, 2.90) 

Newfoundland and 

Labrador 

1.74 2.58 (2.42, 2.74) 

Nova Scotia 3.03 2.47 (2.32, 2.63) 

Ontario 38.02 2.47 (2.37, 2.57) 

Prince Edward Island 0.44 2.41 (2.20, 2.61) 

Quebec 24.57 2.29 (2.20, 2.38) 

Saskatchewan 2.76 2.39 (2.19, 2.58) 

Depression   

No depression 83.35 2.24 (2.19, 2.29) 

Some depression 16.65 3.25 (3.10, 3.39) 

Functional impairment   

No impairment 93.50 2.25 (2.21, 2.30) 

Some impairment 6.50 4.60 (4.35, 4.85) 
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 Table 2: Prevalence of multimorbidity across socio-demographic characteristics 

 

Variables Multimorbidity prevalence (%, 99% CI) 

3+ chronic conditions 4+ chronic conditions 5+ chronic conditions   

Crude 39.59 (38.44, 40.74) 24.53 (23.52, 25.54) 14.17 (13.37, 14.96) 

Sex    

Male 34.09 (32.50, 35.67) 19.65 (18.33, 20.97) 10.65 (9.66, 11.65) 

Female 44.97 (43.32, 46.62) 29.30 (27.79, 30.80) 17.61 (16.36, 18.87) 

Age group    

45-49 29.70 (27.10, 32.30) 15.89 (13.75, 18.02) 8.62 (6.97, 10.27) 

50-54 33.65 (31.64, 35.66) 19.69 (17.98, 21.40) 10.99 (9.66, 12.32) 

55-59 44.81 (42.40, 47.22) 28.81 (26.62, 31.00) 16.33 (14.57, 18.10) 

60-64 52.00 (49.84, 54.16) 35.11 (33.04, 37.18) 21.60 (19.82, 23.38) 

Education    

College/university degree 37.08 (35.67, 38.50) 21.72 (20.52, 22.91) 11.94 (11.01, 12.87) 

No college/university degree 41.94 (39.33, 44.55) 27.73 (25.37, 30.09) 17.02 (15.07, 18.97) 

High school or less 46.43 (43.48, 49.37) 31.54 (28.76, 34.32) 19.40 (17.06, 21.73) 

Household income    

< $20,000 60.31 (55.18, 65.43) 46.58 (41.38, 51.79) 36.50 (31.47, 41.53) 

$20,000 to < $50,00 49.54 (46.67, 52.40) 33.86 (31.09, 36.64) 21.08 (18.68, 23.47) 

$50,000 to < $100,000 39.96 (37.97, 41.95) 24.64 (22.91, 26.38) 13.60 (12.22, 14.97) 

$100,000 to < $150,000 35.03 (32.61, 37.44) 19.92 (17.88, 21.96) 10.49 (8.96, 12.03) 

< $150,000 or more 30.49 (28.00, 32.99) 16.05 (14.08, 18.03) 8.03 (6.63, 9.44) 

No response 48.71 (43.40, 54.02) 33.97 (28.88, 39.07) 21.61 (16.98, 26.24) 

Smoking status    

Non-smoker 40.46 (38.91, 42.00) 25.14 (23.78, 26.51) 14.57 (13.48, 15.67) 

Smoker 43.98 (40.69, 47.27) 29.40 (26.40, 32.39) 18.86 (16.29, 21.43) 

No response 36.38 (34.85, 37.92) 21.56 (20.25, 22.88) 11.64 (10.65, 12.64) 

Alcohol intake    

Never 50.57 (46.99, 54.15) 35.95 (32.53, 39.36) 24.96 (21.86, 28.06) 

Occasional 46.48 (43.88, 49.07) 31.11 (28.73, 33.49) 18.73 (16.74, 20.72) 

Weekly 36.81 (33.53, 36.96) 21.86 (19.84, 23.89) 12.28 (10.68, 13.89) 
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Daily 35.24 (33.53, 36.96) 20.18 (18.73, 21.63) 10.41 (9.33, 11.49) 

Area of residence    

Urban 39.57 (38.32, 40.83) 24.26 (23.16, 25.36) 14.10 (13.22, 14.98) 

Rural 39.67 (36.92, 42.43) 25.52 (23.07, 27.96) 14.45 (12.51, 16.40) 

Province of residence    

Alberta 39.22 (36.47, 41.98) 24.20 (21.77, 26.62) 14.31 (12.32, 16.30) 

British Columbia 41.28 (39.25, 43.32) 25.28 (23.51, 27.06) 15.10 (13.66, 16.54) 

Manitoba 37.43 (34.71, 40.16) 22.74 (20.38, 25.09) 13.03 (11.17, 14.89) 

New Brunswick 43.30 (38.64, 47.96) 28.70 (24.47, 32.92) 18.66 (15.01, 22.31) 

Newfoundland and Labrador 44.81 (40.84, 48.77) 27.18 (23.67, 30.70) 15.95 (13.07, 18.83) 

Nova Scotia 41.25 (37.58, 44.92) 25.01 (21.82, 28.20) 14.43 (11.84, 17.01) 

Ontario 40.53 (38.13, 42.94) 25.84 (23.71, 27.97) 14.64 (12.94, 16.34) 

Prince Edward Island 40.63 (35.42, 45.84) 24.73 (20.18, 29.29) 13.94 (10.28, 17.60) 

Quebec 36.73 (34.58, 38.88) 21.94 (20.09, 23.80) 12.49 (11.03, 13.94) 

Saskatchewan 39.19 (34.66, 43.71) 23.27 (19.41, 27.13) 13.79 (10.63, 16.94) 

Depression    

No depression 36.33 (35.08, 37.58) 21.49 (20.42, 22.56) 11.75 (10.92, 12.58) 

Some depression 55.05 (52.17, 57.94) 38.76 (35.97, 41.55) 25.77 (23.28, 28.27) 

Functional impairment    

No impairment 36.90 (35.73, 38.08) 21.81 (20.81, 22.82) 11.87 (11.09, 12.65) 

Some impairment 75.79 (72.04, 79.53) 61.03 (56.65, 65.41) 45.20 (40.69, 49.72) 
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 Table 3: Prevalence of chronic conditions included in the study 

 

 

 

Name of chronic condition 

Overall population Male Female 

Chronic condition  

% (99% CI) 

Chronic condition  

% (99% CI) 

Chronic condition 

% (99% CI) 

Allergy 40.23 (39.07, 41.40) 34.38 (32.77, 35.98) 54.06 (52.40, 55.72) 

Hypertension 26.21 (25.19, 27.23) 28.47 (26.99, 29.96) 24.00 (22.59, 25.40) 

Back problem 24.72 (23.71, 25.73) 26.17 (24.71, 27.63) 23.30 (21.91, 24.70) 

Osteoarthritis 18.88 (17.96, 19.81) 15.07 (13.85, 16.28) 22.60 (21.22, 23.98) 

Migraine 15.59 (14.71, 16.46) 8.92 (7.92, 9.91) 22.09 (20.69, 23.50) 

Diabetes 12.90 (12.11, 13.68) 13.65 (12.53, 14.76) 12.17 (11.07, 13.26) 

Asthma 12.48 (11.71, 13.26) 11.07 (10.01, 12.13) 13.86 (12.73, 14.99) 

Other arthritis 11.43 (10.65, 12.21) 9.70 (8.69, 10.72) 13.12 (11.94, 14.30) 

Cancer 9.20 (8.52, 9.88) 7.49 (6.62, 8.35) 10.87 (9.83. 11.92) 

Chronic bowel disease (IBS, IBD) 7.96 (7.32, 8.59) 5.33 (4.58, 6.08) 10.51 (9.51, 11.52) 

Cataract 7.88 (7.28, 8.48) 7.00 (6.19, 7.82)  8.74 (7.87, 9.62) 

Hypothyroidism 7.07 (6.43, 7.71) 3.19 (2.54, 3.84) 10.86 (9.79, 11.94) 

Stomach/intestinal ulcer 6.24 (5.67, 6.81) 6.40 (5.56, 7.24) 6.07 (5.30, 6.85) 

Heart disease/CHF 5.46 (4.95, 5.97) 6.95 (6.14, 7.75) 4.01 (3.38, 4.64) 

Osteoporosis 5.24 (4.72, 5.75) 1.77 (1.34, 2.21) 8.62 (7.70, 9.54) 

Peripheral vascular disease 4.67 (4.18, 5.16) 4.29 (3.62, 4.96) 5.04 (4.32, 5.75) 

Emphysema/chronic bronchitis/COPD 4.46 (4.00, 4.93) 4.17 (3.54, 4.80) 4.74 (4.07, 5.42) 

Ischemic heart disease 4.22 (3.75, 4.70) 5.82 (5.05, 6.59) 2.66 (2.11, 3.22) 

Hyperthyroidism 4.04 (3.69, 4.40) 2.02 (1.62, 2.42) 6.03 (5.44, 6.61) 

Rheumatoid arthritis 3.81 (3.34, 4.28) 3.42 (2.79, 4.05) 4.19 (3.49, 4.90) 

Glaucoma 2.11 (1.79, 2.43) 1.93 (1.50, 2.36) 2.28 (1.81, 2.75) 

Cerebrovascular disease 2.10 (1.77, 2.44) 2.41 (1.88, 2.94)  1.80 (1.39, 2.22) 

Kidney disease 1.82 (1.53, 2.11) 2.12 (1.65, 2.59) 1.53 (1.18, 1.87) 

Macular degeneration 1.51 (1.23, 1.79) 1.40 (1.03, 1.76) 1.61 (1.19, 2.03) 
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Epilepsy 0.97 (0.74, 1.19) 0.89 (0.59, 1.18) 1.05 (0.71, 1.39) 

Multiple sclerosis 0.66 (0.51, 0.82) 0.41 (0.24, 0.57) 0.92 (0.65, 1.18) 

Parkinson disease 0.19 (0.09, 0.30) 0.28 (0.08, 0.47) 0.11 (0.02, 0.19) 
 

 

GI = Gastrointestinal  

IBS = Irritable Bowel Syndrome 

IBD = Inflammatory Bowel Disease 

CHF = Congestive Heart Failure 

COPD = Chronic Obstructive Pulmonary Disease 
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 Table 4: Univariate and multivariate analyses of the association between 

sociodemographic and lifestyle characteristics, and multimorbidity 

 

Variables 3+ chronic conditions 

(unadjusted OR, 99% CI) 

3+ chronic conditions 

(adjusted OR, 99% CI) 

Sex   

Male 1 1 

Female 1.60 (1.50, 1.71) 1.49 (1.39, 1.60) 

Age group   

45-49 1 1 

50-54 1.29 (1.16, 1.43) 1.29 (1.16, 1.44) 

55-59 2.02 (1.82, 2.25) 1.98 (1.77, 2.21) 

60-64 2.84 (2.56, 3.14) 2.78 (2.49, 3.10) 

Education   

College/university degree 1 1 

No college/university 

degree 

1.23 (1.13, 1.33) 1.08 (0.98, 1.18) 

High school or less 1.36 (1.24, 1.49) 1.04 (0.93, 1.15) 

Household income   

≥ $150,000  1 1 

$100,000 to < $150,000 1.16 (1.04, 1.28) 1.03 (0.92, 1.15) 

$50,000 to < $100,000 1.50 (1.36, 1.64) 1.13 (1.02, 1.25) 

$20,000 to < $50,00 2.12 (1.90, 2.37) 1.26 (1.11, 1.43) 

< $20,000 3.33 (2.80, 3.95) 1.62 (1.33, 1.99) 

No response 1.85 (1.56, 2.19) 1.20 (1.00, 1.45) 

Smoking status   

Non-smoker 1 1 

Smoker 1.15 (1.04, 1.28) 0.97 (0.87, 1.09) 

No response 0.83 (0.78, 0.90) 0.84 (0.78, 0.91) 

Alcohol intake   

Never 1 1 

Occasional 0.91 (0.81, 1.03) 0.99 (0.87, 1.13) 

Weekly 0.61 (0.54, 0.69) 0.75 (0.66, 0.85) 

Daily 0.54 (0.48, 0.60) 0.68 (0.61, 0.77) 

Area of residence   

Urban 1 1 

Rural 0.99 (0.90, 1.08) 0.94 (0.85, 1.04) 

Province of residence   

Quebec 1 1 

Alberta 1.05 (0.92, 1.19) 1.16 (1.00, 1.34) 

British Columbia 1.23 (1.10, 1.37) 1.28 (1.14, 1.45) 

Manitoba 1.08 (0.94, 1.23) 1.08 (0.93, 1.25) 

New Brunswick 1.36 (1.10, 1.66) 1.22 (0.98, 1.52) 

Newfoundland and 

Labrador 

1.31 (1.14, 1.52) 1.32 (1.13, 1.54) 
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Nova Scotia 1.19 (1.04, 1.36) 1.22 (1.05, 1.40) 

Ontario 1.28 (1.16, 1.42) 1.41 (1.26, 1.58) 

Prince Edward Island 1.21 (0.97, 1.53) 1.12 (0.87, 1.44) 

Saskatchewan 1.14 (0.93, 1.40) 1.04 (0.83, 1.31) 

Depression   

No depression 1 1 

Some depression 2.16 (1.98, 2.35) 1.77 (1.60, 1.95) 

Functional impairment   

No impairment 1 1 

Some impairment 4.54 (3.92, 5.26) 2.92 (2.48, 3.42) 
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 Figure 1: The prevalence of 3+ to 5+ chronic conditions increases with age  
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 Figure 2: The prevalence of 3+ to 5+ chronic conditions decreases with increasing 

income 
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 Figure 3: The prevalence of 3+ to 5+ chronic conditions decreases with the 

increasing frequency of alcohol intake 

 

 
 

 

0

10

20

30

40

50

60

Never Occasional Weekly Daily

P
re

va
le

n
ce

 (
%

)

Drinking habit

3+ chronic diseases

4+ chronic diseases

5+ chronic diseases



EXAMINING MULTIMORBIDITY  72 
 

 

 

 

 

 

 

 

 

 

Chapter 3: Examining the association between multimorbidity and 

labour force participation among middle-aged Canadians: A cross-

sectional analysis of Canadian Longitudinal Study on Aging data 

 

  



EXAMINING MULTIMORBIDITY  73 
 

5 Chapter 3: Examining the association between multimorbidity 

and labour force participation among middle-aged Canadians: A 

cross-sectional analysis of Canadian Longitudinal Study on 

Aging data  

 Abstract  

 

Background: Although multimorbidity has become a common phenomenon among 

working-age adults, little attention has been given to the association between multimorbidity and 

labour force participation. We examined the association between multimorbidity and 

employment characteristics among middle-aged people.  

Methods: From the Canadian Longitudinal Study on Aging (CLSA) baseline survey, the 

data for middle-aged people (45–64 years) were extracted (n=29,841). Multimorbidity was 

defined as the coexistence of 3+ chronic conditions in an individual and estimated based on a 

self-report of 27 chronic conditions. Univariate and multivariate logistic regression models were 

used to estimate the association between multimorbidity and labour force outcomes (retirement 

status, current job status, and job hours). 

Result: People who had 3+ chronic conditions were more likely to report being retired 

(37.87% vs. 22.10%), currently unemployed (13.42% vs. 7.62%) and not working full time 

(25.53% vs. 20.23%) compared to those with less than 3 chronic conditions. Multivariate logistic 

regression showed that having multimorbidity significantly increased the odds of early 

retirement (adjusted OR 1.35, 99% CI 1.23 – 1.47) and being unemployment (adjusted OR 1.35, 

99% CI 1.17 – 1.57), but not hours worked (adjusted OR 0.96, 99% CI 0.86 – 1.07).  

Conclusion: A significant association exists between multimorbidity and labour force 

characteristics in middle-aged people beyond what can be explained by socio-demographic 

factors. Multimorbidity is an important barrier to employment which can put the affected 
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individuals at financial risk. Further research is needed to explore other possible effects of 

multimorbidity on labour force activities.  

Keywords: Multimorbidity, Chronic disease, Chronic condition, labour force, 

employment, retirement, unemployment, working hours. 
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 Introduction: 

The coexistence of multiple chronic conditions – i.e., multimorbidity – frequently occurs, 

especially in the older population (1, 2). During recent years, the number of young and middle-

aged people living with multimorbidity has increased greatly (3-5). Multimorbidity is associated 

with many negative health outcomes, such as a poorer quality of life, impaired functional ability, 

psychological distress, repeated hospitalizations, increased mortality, excessive use of healthcare 

services, and so on (3, 6-10). However, the association of multimorbidity with non-health related 

outcomes has received little attention in previous research to date.  

The working-age population (those aged 15 to 64) represented 68.5% of the Canadian 

population (11). Among the working-age population, 42.4% were in the age group 45 to 64 

years; most of these individuals were baby boomers (11). According to the projection of 

Statistics Canada, the proportion of the population that are working-age will most likely decline 

in coming years (11). Because of the increasing number of chronic conditions among middle-

aged individuals (3-5), the proportion of workers with poor health is growing.  It has been 

reported that three out of five Canadians aged 20 and older have a chronic condition and four out 

of five people are at risk of developing a chronic condition (12).  

Despite these facts, limited attention has been given to the association between 

multimorbidity and labor force participation. Research that exists shows that having a chronic 

condition can negatively affect labor force participation (13). A lower employment rate has been 

observed among people with a chronic condition compared with healthy individuals (14, 15). A 

few studies have been conducted on individual chronic diseases, which were found to be 

associated with adverse labour force outcomes. For example, individuals living with certain 

chronic conditions (e.g., asthma, diabetes, hepatitis, and rheumatoid arthritis) showed an increase 

in the likelihood of unemployment or adverse work-related outcomes (e.g., work missed for 



EXAMINING MULTIMORBIDITY  76 
 

illness) (16-20). The few studies that have examined the influence of having multiple chronic 

conditions on people’s labor force activity reported that the presence of a large number of 

chronic conditions was associated with an increased odds of being out of the labor force (13, 21).  

These findings demonstrate that labor force participation can be affected by both the 

number and type of chronic condition. There is, however, a lack of nationally representative 

studies on the relationship between multimorbidity and labour force activity. The present study 

aimed to examine the association between multimorbidity and labor force activity among 

middle-aged Canadian adults.  

 

 Methods: 

 Data and Sample  

This study was based on data from the Canadian Longitudinal Study on Aging (CLSA) 

baseline survey (22, 23). The CLSA is a large, national, long-term, longitudinal study that aims 

to collect information on the changing biological, medical, psychological, social, lifestyle and 

economic aspects of people’s lives (22). The CLSA is composed of a stratified random sample of 

51,338 Canadian people aged 45–85 years across the 10 provinces in Canada (Alberta, British 

Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario, 

Prince Edward Island, Quebec, and Saskatchewan). The CLSA participants were recruited 

primarily from the Canadian Community Health Survey – Healthy Aging (CCHS). Additional 

participants were obtained through Provincial Health Registries (HR), Telephone Sampling-

Random Digit Dial (RDD) and Quebec Longitudinal Study on Nutrition and Aging (NuAge) (22, 

23). The baseline CLSA survey was conducted between 2010 to 2015. CLSA has two 

components: a Tracking cohort and a Comprehensive cohort. The Tracking cohort participants 

(n=21,241) were interviewed over the telephone using computer-assisted telephone interview 
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(CATI) software (24). The comprehensive cohort participants (n=30,079) were interviewed face-

to-face and they also visited a data collection site for clinical, physical and biological 

assessments (25).  

For this study, we extracted data for middle-aged people (45–64 years) from both cohorts 

and combined them to create a single analytic sample (n=29,841). As most people normally 

retire from work when they age 65, we excluded those individuals aged 65 or over from the 

analyses. Though the definition of retirement can vary widely at the individual level, the cut-off 

for 65 years was considered as the ideal definition of retirement when analyzing a national 

sample. This study was approved by the University of Manitoba Health Research Ethics Board 

(HREB). 

 Measures 

Labor Force Participation 

Three variables from the survey were selected to derive labor force participation 

variables. To determine retirement status, respondents were asked: “At this time, do you consider 

yourself to be completely retired, partly retired or not retired?” (26). This variable was recoded 

as 0 = partly/completely retired and 1 = not retired. To understand the current employment 

status, participants were asked: “Are you currently working at a job or business? This includes 

part-time jobs, seasonal work, contract work, self-employment, or any other paid work regardless 

of the number of hours worked” (26) This variable was recoded as 0 = currently unemployed and 

1 = currently employed. To determine the current work hours, respondents were asked: “What is 

your current working status?” with the response options: Employed all of the time (that is, 30+ 

hours/week); Employed most of the time (that is, less than 30 but more than 20 hours/week); and 

Employed some of the time (that is, less than 20 hours/week) (26). This variable was recoded as 

0 = not working full time (< 30 hours/week) and 1 = working full time (30+ hours/week). There 
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were some missing values associated with the variables. The retirement status had 113 missing 

values and the final analyses, therefore, included 29,728 participants. As the employment status 

and working hours included only non-retired people, analyses for these variables were based on a 

smaller sample (20,552 and 20,458 respectively). 

Multimorbidity Status 

The coexistence of three or more (3+) chronic conditions in an individual was used as a 

case definition of multimorbidity in the analyses. Respondents were asked to respond to a list of 

chronic conditions and asked whether a doctor ever told them that they have those chronic 

conditions. This study included 27 chronic conditions, e.g., osteoarthritis, rheumatoid arthritis, 

other arthritis, asthma, other chronic lung diseases (emphysema, chronic bronchitis, chronic 

obstructive pulmonary disease, and chronic changes in lungs due to smoking), hypertension, 

diabetes, chronic heart disease (congestive heart failure), ischemic heart disease, peripheral 

vascular disease, cerebrovascular disease, Parkinson’s disease, multiple sclerosis, epilepsy, 

migraine, intestinal or stomach ulcers, chronic bowel disorders (Crohn’s disease, ulcerative 

colitis, or Irritable Bowel Syndrome), cataract, glaucoma, macular degeneration, cancer, allergy, 

osteoporosis, back problem, hypothyroidism or myxedema, hyperthyroidism or Graves’ disease, 

and kidney disease or kidney failure. Other definitions of multimorbidity from 1+ to 10+ chronic 

conditions were also derived for descriptive analyses.  

 Covariates 

Socio-demographic covariates included in the multivariate regression analyses were the 

respondent’s age (45–49; 50–54; 55–59; 60–64 years), sex (female; male); educational level 

(high school or less; non-college or university degree; college or university degree); place of 

residence (urban; rural); income (< $20,000; $20,000 to < $50,000; $50,000 to < $100,000; 

$100,000 to < $150,000; and ≥$150,000); and province of residence (Alberta;, British 
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Columbia; Manitoba; New Brunswick; Newfoundland and Labrador; Nova Scotia; Ontario; 

Prince Edward Island; Quebec; and Saskatchewan). In addition, all multivariate analyses were 

adjusted for depression and functional impairment. Depression was assessed using the Center for 

Epidemiologic Studies Short Depression Scale (CES-D10) where a score of 0–9 indicates no 

depression and a score ≥ 10 indicates some depression (23, 27). Functional impairments were 

assessed using the Older Americans Resources and Services (OARS) Multidimensional 

Assessment Questionnaire (23, 28) which was further recoded as no functional impairment and 

some functional impairment.  

 Statistical Analyses 

Data management and analyses were performed using SAS version 9.4 (SAS Institute, 

Cary, NC, USA). Descriptive analyses were performed using PROC SURVEYFREQ procedure 

using trimmed weights. The prevalence of labour force characteristics was estimated across a 

range of sociodemographic variables. Logistic regression analyses were used to estimate the 

association between 3+ chronic conditions and the occurrence of retirement, unemployment, and 

working < 30 hours controlling for the covariates. In the first step, univariate logistic regressions 

were performed with labour force variables as a dichotomous response variable and the status of 

multimorbidity (yes/no) as an explanatory variable. Using the PROC SURVEYLOGISTIC 

procedure, maximum likelihood estimates and the odds ratio with 99% confidence interval (CI) 

were calculated. Analytic weights were used to correct for the complex sample selection design 

of the CLSA. In the second step, multivariate logistic regressions were performed for each labour 

force outcomes. All the multivariable regression analyses were controlled for the potential 

covariates (e.g., age group, sex, education, income, place of residence, province of residence, 

depression, and functional impairment). Adjusted odd ratios with 99% CI were reported from the 

final model. 



EXAMINING MULTIMORBIDITY  80 
 

 Results: 

 Sample characteristics 

This study included 29,841 respondents (12,390 from tracking cohort and 17,451 from 

comprehensive cohort) aged 45-64 years. Men (49.40%) and women (50.60%) were equally 

represented in the sample with an average age of 54.57 years (99% CI 54.44 – 54.69) (Table 1). 

Most of the respondents (78.69%) resided in urban areas and had either a college or university 

degree (63.90%) (Table 1). 

 Labour force outcomes and its association with multimorbidity – descriptive 

analyses 

Descriptive analyses showed that women were more likely to have negative labour force 

outcomes compared to men, e.g., they were more likely to report retired (30.79% vs. 25.83%), 

unemployed (11.32% vs. 7.13%) and working < 30 hours (30.95% vs. 13.90%) (Table 2). 

Labour force outcomes, particularly retirement status, was strongly related to age. Whereas only 

4.90% of participants aged 45–49 years reported being retired, 67.63% of 60–64 years aged 

people reported being retired (Table 2). Participants who had low levels of education, low 

income and resided in a rural area were more likely to report negative labour force outcomes 

(Table 2). Conversely, participants with high education, high income and who resided in urban 

areas were more likely to report positive labour force outcomes (Table 2). Among the provinces, 

New Brunswick had the highest percentage of retired people (34.11, 99% CI 29.70 – 38.52), and 

Newfoundland and Labrador had the highest percentage of unemployment (13.30%, 99% CI 

9.64 – 16.95) (Table 2). 

The relationship between the number of chronic conditions and negative labour force 

outcomes was examined next. Having a larger number of chronic conditions was related to 

current retirement status (Table 3; Figure 1, 3). There was also a dose-response effect between 

the number of chronic conditions and retirement status. As the number of chronic conditions 
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increases, the percentage of retired people increases, and the percentage of not-retired people 

decrease (Table 3; Figure 1, 2).  

There was also a strong, positive relationship between the number of chronic conditions 

and unemployment (Table 3; Figure 1, 3). The percentage of unemployed people increased 

steadily with the increasing number of chronic conditions (Table 3; Figure 1). Working hours 

showed similar patterns like other labour force outcomes, i.e., the percentage of people who 

worked < 30 hours increases with the number of chronic conditions and vice versa (Table 3; 

Figure 1, 2). 

 Labour force outcomes and its association with multimorbidity – regression 

analyses 

Univariate regression analysis showed that having multimorbidity (3+ chronic 

conditions) increased the odds of being retired 2.13 times (99% CI 1.99 – 2.29) compared to 

those without multimorbidity (Appendix Table 1). Similar results were found in the multivariate 

analysis where the analysis was adjusted for socio-demographic variables (adjusted OR 1.35, 

99% CI 1.23 – 1.47) (Table 4). 

People with multimorbidity had 1.98 times higher odds (99% CI 1.74 – 2.25) of being 

unemployed compared to those without multimorbidity in the univariate analysis (Appendix 

Table 1). In the multivariate analysis, when socio-demographic covariates were included in the 

model, this association persisted (adjusted OR 1.35, 99% CI 1.17 – 1.57) (Table 4). 

The univariate analysis further showed that having multimorbidity (3+ chronic 

conditions) increased the odds of working < 30 hours by 1.32 times (99% CI 1.20 – 1.46) 

(Appendix Table 1). However, when adjusted for socio-demographic variables in multivariate 

analysis, this effect was not found significant (adjusted OR 0.96, 99% CI 0.86 – 1.07) (Table 4). 
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We considered the fact that people experiencing adverse labour force outcome were in 

the low-income group by default. Therefore, sensitivity analyses were performed excluding 

income from the multivariate regression models. We found the changes in odd ratios were 

minimal for all labour force outcomes and did not change the conclusion of the study 

(retirement: adjusted OR 1.38, 99% CI 1.27 - 1.51; unemployment: adjusted OR 1.44, 99% CI 

1.25 - 1.67; working hours: adjusted OR 1.01, 99% CI 0.92 - 1.12) 

 Individual chronic conditions and labor force outcomes 

The prevalence of each of the 27 chronic conditions was estimated for the selected labour 

force variables (Table 5). The prevalence of chronic conditions varied considerably across labour 

force variables, which suggest some of the chronic conditions might have greater effects in 

impairing labour force activity. Hence, the effects of individual chronic conditions were further 

explored by multivariable logistic regression adjusting for the socio-demographic covariates 

(Table 6). Only hypertension (adjusted OR 1.17, 99% CI 1.06 – 1.29), osteoarthritis (adjusted 

OR 1.17, 99% CI 1.05 – 1.30), cancer (adjusted OR 1.17, 99% CI 1.02 – 1.34) and multiple 

sclerosis (adjusted OR 2.60, 99% CI 1.56 – 4.34) were found to significantly increase the odds of 

retirement. Back problems (adjusted OR 1.21 (1.02, 1.43), cataract (adjusted OR 1.37, 99% CI 

1.05 – 1.80), chronic lung disease (emphysema, chronic bronchitis and COPD) (adjusted OR 

1.45, 99% CI 1.06 – 1.97) and multiple sclerosis (adjusted OR 2.19, 99% CI 1.13 – 4.25) were 

found independently associated with unemployment. However, none of the chronic conditions 

were significantly associated with hours worked at a job.  

 Discussion 

Using cross-sectional data from the baseline CLSA survey, this research examined the 

association between multimorbidity and labor force outcomes. One of the key labour force 
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outcomes of this study was retirement status. This study found that advancing age, female sex, 

low education, low socioeconomic status and residing in a rural area were all related to early 

retirement. Part of their effects on retirement status could be explained by multimorbidity 

because higher age, female, low income and low education are also associated with 

multimorbidity (1, 3). Regression analysis showed that multimorbidity was a significant barrier 

to employment which may consequently lead to early retirement. Several previous studies also 

reported such effects of chronic health conditions on retirement status (13). This study also 

demonstrated that the number of coexisting conditions had a dose-response effect, as increasing 

number of chronic conditions increased the odds of being retired steadily. Type of chronic 

condition was also an important consideration because only a few chronic conditions were found 

significantly associated with retirement. For example, only hypertension, osteoarthritis, cancer 

and multiple sclerosis significantly increased the odds of retirement. 

Being female, low education and low income were associated with unemployment. Like 

retirement status, multimorbidity was also independently associated with unemployment. 

Compared to Canadian adults aged 45–64 years without multimorbidity, adults with 

multimorbidity had an increased probability of being unemployed. The magnitude of the 

probability increased further for people who had a larger number of chronic conditions. These 

findings were similar to results from previous Australian and US studies (13, 21, 29). However, 

when considering chronic conditions individually, only back problems, cataracts, COPD and 

multiple sclerosis were found significantly related to unemployment. It should be noted that most 

of the chronic conditions were not significantly associated with unemployment but the 

multimorbidity had a significant association with unemployment even when examining 3+ 

chronic conditions. This demonstrates that the effect of coexisting conditions is an important 
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consideration because when chronic conditions add up it can potentially be a barrier to 

employment. Among employed Canadians, the relationship between multimorbidity and the 

hours worked was also examined. The effects of multimorbidity on working hours was not 

significant in multivariate analysis. In addition, none of the chronic condition was found to be 

significantly associated with working hours. 

There are limitations to this study worth noting. Firstly, the association of multimorbidity 

and labour force participation was examined based on respondents’ self-reported chronic 

conditions. Although self-reported health is regarded as a valid measure (30), a possible bias in 

the results may exist. Secondly, as the data are cross-sectional, it is possible to identify 

associations, but not causal relationships. Thirdly, as the CLSA survey only asks about chronic 

conditions identified by a doctor, this could result in underreporting of undiagnosed chronic 

conditions. Furthermore, this underreporting can be magnified because of recall bias. As self-

reported measures are prone to recall bias, it is also possible that respondents did not recall 

properly the diagnosis of specific conditions. Finally, among the study participants, only three 

specific labor force outcomes were examined, but there may be others. To address these 

limitations, future research may include additional chronic conditions in their research. 

Additional labor force outcomes and covariates should also be considered.  

 Conclusion 

This study demonstrates that having a chronic condition is associated with labour force 

participation. This association is even greater when more chronic conditions are present, 

regardless of the specific condition present. Early retirement of people from labour force 

participation reduces the overall proportion of working people. Thus, multimorbidity can 

negatively affect the economic growth of a country. Future research should explore in more 

detail why multimorbidity affects labor force participation and how individuals might be retained 
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in the labor force. Moreover, the study suggests that strategies are needed to prevent 

multimorbidity among middle-aged Canadians.  
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 Tables and Figures 

 Table 1: Characteristics of the respondents to the CLSA baseline survey. 

Variables Percentage 

(%) 

Mean chronic conditions 

(99% CI) 

Total 100 2.41 (2.37, 2.46) 

Sex   

Male 49.40 2.14 (2.08, 2.20) 

Female 50.60 2.68 (2.61, 2.75) 

Age group   

45-49 20.50 1.95 (1.85, 2.05) 

50-54 34.38 2.14 (2.06, 2.22) 

55-59 21.23 2.64 (2.54, 2.74) 

60-64 23.89 3.00 (2.91, 3.10) 

Education   

Either college or 

university degree 

63.90 2.27 (2.21, 2.32) 

No college or university 

degree 

19.23 2.59 (2.48, 2.71) 

High school or less 16.87 2.77 (2.63, 2.90) 

Household income   

< $20,000 4.00 3.83 (3.54, 4.13) 

$20,000 to < $50,00 15.58 2.92 (2.78, 3.05) 

$50,000 to < $100,000 33.73 2.39 (2.31, 2.47) 

$100,000 to < $150,000 22.64 2.18 (2.09, 2.27) 

< $150,000 or more 20.10 1.96 (1.87, 2.06) 

No response 3.95 2.86 (2.60, 3.12) 

Area of residence   

Urban 78.69 2.41 (2.36, 2.47) 

Rural 21.31 2.42 (2.30, 2.53) 

Province of residence   

Alberta 9.86 2.37 (2.26, 2.48) 

British Columbia 13.85 2.47 (2.39, 2.55) 

Manitoba 3.34 2.31 (2.20, 2.42) 

New Brunswick 2.40 2.68 (2.46, 2.90) 

Newfoundland and 

Labrador 

1.74 2.58 (2.42, 2.74) 

Nova Scotia 3.03 2.47 (2.32, 2.63) 

Ontario 38.02 2.47 (2.37, 2.57) 

Prince Edward Island 0.44 2.41 (2.20, 2.61) 

Quebec 24.57 2.29 (2.20, 2.38) 

Saskatchewan 2.76 2.39 (2.19, 2.58) 

Depression   
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No depression 83.35 2.24 (2.19, 2.29) 

Some depression 16.65 3.25 (3.10, 3.39) 

Functional impairment   

No impairment 93.50 2.25 (2.21, 2.30) 

Some impairment 6.50 4.60 (4.35, 4.85) 
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 Table 2: Prevalence of labour force outcomes across socio-demographic characteristics of the respondents 

 

Variables Currently retired  

(%, 99%CI) 

Currently employed  

(%, 99%CI) 

Working hours  

(%, 99%CI) 

Yes No Yes No ≥ 30 hr < 30 hr 

Total 28.33 (27.30, 

29.37) 

71.67 (70.63, 

72.70) 

90.39 (89.58, 

91.20) 

9.61 (8.80, 

10.42) 

77.96 (76.81, 

79.11) 

22.04 (20.89, 

23.19) 

Sex       

Male 25.83 (24.42, 

27.25) 

74.17 (72.75, 

75.58) 

92.01 (90.97, 

93.06) 

7.99 (6.94, 

9.03) 

86.10 (84.80, 

87.40) 

13.90 (12.60, 

15.20) 

Female 30.79 (29.28, 

32.29) 

69.21 (67.71, 

70.72) 

88.68 (87.45, 

89.92) 

11.32 (10.09, 

12.55) 

69.05 (67.17, 

70.94) 

30.95 (29.06, 

32.83) 

Age group       

45-49 4.90 (3.62, 

6.18) 

95.10 (93.82, 

96.38) 

89.61 (87.87, 

91.34) 

10.39 (8.66, 

12.13) 

85.73 (83.69, 

87.77) 

14.27 (12.23, 

16.31) 

50-54 11.32 (9.91, 

12.73) 

88.68 (87.27, 

90.09) 

90.99 (89.76, 

92.22) 

9.01 (7.78, 

10.24) 

81.99 (80.19, 

83.78) 

18.01 (16.22, 

19.81) 

55-59 34.21 (31.94, 

36.49) 

65.79 (63.51, 

68.06) 

89.69 (87.93, 

91.45) 

10.31 (8.55, 

12.07) 

75.62 (73.11, 

78.14) 

24.38 (21.86, 

26.89) 

60-64 67.63 (65.64, 

69.62) 

32.37 (30.39, 

34.36) 

91.27 (89.44, 

93.10) 

8.73 (6.90, 

10.56) 

57.42 (54.21, 

60.63) 

42.58 (39.37, 

45.79) 

Education       

Either college or university 

degree 

25.83 (24.59, 

27.06) 

74.17 (72.94, 

75.41) 

92.33 (91.42, 

93.23) 

7.67 (6.77, 

8.58) 

78.39 (76.99, 

79.79) 

21.61 (20.21, 

23.01) 

No college or university 

degree 

30.33 (27.93, 

32.73) 

69.67 (67.27, 

72.07) 

88.03 (85.98, 

90.08) 

11.97 (9.91, 

14.02) 

77.84 (75.21, 

80.47) 

22.16 (19.53, 

24.79) 

High school or less 35.60 (32.79, 

38.40) 

64.40 (61.60, 

67.21) 

84.78 (82.27, 

87.28) 

15.22 (12.72, 

17.73) 

76.07 (72.87, 

79.26) 

23.93 (20.74, 

27.13) 

Household income       

< $20,000 48.79 (43.51, 

54.06) 

51.21 (45.94, 

56.49) 

46.10 (38.87, 

53.32) 

53.90 (46.68, 

61.13) 

40.24 (30.65, 

49.83) 

59.76 (50.17, 

69.35) 
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$20,000 to < $50,00 44.24 (41.39, 

47.09) 

55.76 (52.91, 

58.61) 

83.10 (80.28, 

85.91) 

16.90 (14.09, 

19.72) 

66.18 (62.52, 

69.84) 

33.82 (30.16, 

37.48) 

$50,000 to < $100,000 31.33 (29.48, 

33.19) 

68.67 (66.81, 

70.52) 

90.63 (89.13, 

92.14) 

9.37 (7.86, 

10.87) 

75.85 (73.75, 

77.94) 

24.15 (22.06, 

26.25) 

$100,000 to < $150,000 20.12 (18.18, 

22.05) 

79.88 (77.95, 

81.82) 

94.85 (93.63, 

96.07) 

5.15 (3.93, 

6.37) 

81.75 (79.58, 

83.92) 

18.25 (16.09, 

20.42) 

< $150,000 or more 14.96 (13.11, 

16.82) 

85.04 (83.18, 

86.89) 

95.40 (94.22, 

96.58) 

4.60 (3.42, 

5.78) 

85.81 (83.78, 

87.83) 

14.19 (12.17, 

16.22) 

No response 35.07 (30.03, 

40.10) 

64.93 (59.90, 

69.97) 

82.74 (77.74, 

87.75) 

17.26 (12.25, 

22.26) 

71.50 (65.15, 

77.84) 

28.50 (22.16, 

34.85) 

Area of residence       

Urban 27.04 (25.92, 

28.15) 

72.97 (71.85, 

74.08) 

90.54 (89.68, 

91.40) 

9.46 (8.60, 

10.32) 

78.96 (77.73, 

80.18) 

21.04 (19.82, 

22.27) 

Rural 33.13 (30.53, 

35.72) 

66.87 (64.28, 

69.47) 

89.77 (87.65, 

91.90) 

10.23 (8.10, 

12.35) 

74.05 (71.02, 

77.07) 

25.95 (22.93, 

28.98) 

Province of residence       

Alberta 25.57 (23.17, 

27.97) 

74.43 (72.03, 

76.83) 

90.89 (89.05, 

92.72) 

9.11 (7.28, 

10.95) 

75.92 (73.11, 

78.72) 

24.08 (21.28, 

26.89) 

British Columbia 26.09 (24.32, 

27.86) 

73.91 (72.14, 

75.68) 

88.72 (87.17, 

90.28) 

11.28 (9.72, 

12.83) 

71.94 (69.74, 

74.14) 

28.06 (25.86, 

30.26) 

Manitoba 24.82 (22.47, 

27.18) 

75.18 (72.82, 

77.53) 

91.96 (90.14, 

93.79) 

8.04 (6.21, 

9.86) 

78.64 (75.90, 

81.38) 

21.36 (18.62, 

24.10 

New Brunswick 34.11 (29.70, 

38.52) 

65.89 (61.48, 

70.30) 

88.57 (84.74, 

92.40) 

11.43 (7.60, 

15.26) 

78.90 (74.14, 

83.67) 

21.10 (16.33, 

25.86) 

Newfoundland and 

Labrador 

32.22 (28.44, 

35.99) 

67.78 (64.01, 

71.56) 

86.70 (83.05, 

90.36) 

13.30 (9.64, 

16.95) 

85.55 (82.11, 

89.00) 

14.45 (11.00, 

17.89) 

Nova Scotia 31.11 (27.64, 

34.59) 

68.89 (65.41, 

72.36) 

92.58 (90.28, 

94.88) 

7.42 (5.12, 

9.72) 

82.24 (78.80, 

85.69) 

17.76 (14.31, 

21.20) 

Ontario 27.88 (25.74, 

30.01) 

72.12 (69.99, 

74.26) 

91.42 (89.78, 

93.06) 

8.58 (6.94, 

10.22) 

78.16 (75.78, 

80.54) 

21.84 (19.46, 

24.22) 

Prince Edward Island 27.07 (22.39, 

31.74) 

72.93 (68.26, 

77.61) 

89.79 (86.07, 

93.51) 

10.21 (6.49, 

13.93) 

81.75 (77.05, 

86.46) 

18.25 (13.54, 

22.95) 
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Quebec 

 

30.86 (28.82, 

32.90) 

69.14 (67.10, 

71.18) 

89.12 (87.50, 

90.74) 

10.88 (9.26, 

12.50) 

81.17 (79.04, 

83.30) 

18.83 (16.70, 

20.96) 

Saskatchewan 27.26 (23.26, 

31.27) 

72.74 (68.73, 

76.74) 

93.15 (90.33, 

95.97) 

6.85 (4.03, 

9.67) 

75.94 (71.53, 

80.34) 

24.06 (19.66, 

28.47) 

Depression       

No depression 27.52 (26.39, 

28.65) 

72.48 (71.35, 

73.61) 

92.43 (91.62, 

93.24) 

7.57 (6.76, 

8.38) 

78.78 (77.56, 

80.01) 

21.22 (19.99, 

22.45) 

Some depression 32.12 (29.43, 

34.82) 

67.88 (65.18, 

70.57) 

80.25 (77.60, 

82.90) 

19.75 (17.10, 

22.40) 

73.78 (70.40, 

77.17) 

26.22 (22.83, 

29.60) 

Functional impairment       

No impairment 26.64 (25.59, 

27.69) 

73.36 (72.31, 

74.41) 

91.67 (90.88, 

92.45) 

8.33 (7.55, 

9.12) 

78.35 (77.18, 

79.52) 

21.65 (20.48, 

22.82) 

Some impairment 52.11 (47.54, 

56.67) 

47.89 (43.33, 

52.46) 

64.94 (58.98, 

70.90) 

35.06 (29.10, 

41.02) 

67.92 (61.18, 

74.66) 

32.08 (25.34, 

38.82) 
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 Table 3: Prevalence of labour force outcomes by the number of chronic conditions 

 

Number of chronic 

condition 

Currently retired 

(%, 99% CI) 

Currently unemployed 

(%, 99% CI) 

Worked <30 hours/week 

(%, 99% CI) 

0 18.43 (16.17, 20.70) 6.92 (5.09, 8.74) 18.91 (16.31, 21.51) 

1+ 30.18 (29.03, 31.33) 10.20 (9.30, 11.09) 22.73 (21.44, 24.01) 

2+ 33.17 (31.78, 34.55) 11.36 (10.23, 12.48) 24.35 (22.77, 25.93) 

3+ 37.87 (36.10, 39.65) 13.42 (11.87, 14.97) 25.53 (23.47, 27.59) 

4+ 42.10 (39.78, 44.42) 15.45 (13.26, 17.65) 27.85 (25.02, 30.68) 

5+ 46.60 (43.54, 49.67) 18.85 (15.58, 22.13) 28.04 (24.19, 31.88) 

6+ 51.38 (47.26, 55.50) 22.78 (17.94, 27.61) 32.06 (26.44, 37.69) 

7+ 52.91 (47.28, 58.53) 24.03 (17.56, 30.49) 32.96 (24.77, 41.14) 

8+ 57.50 (49.99, 65.00) 28.56 (18.73, 38.38) 35.70 (24.00, 47.41) 

9+ 63.24 (53.56, 72.93) 36.29 (21.83, 50.75) 36.10 (18.39, 53.82) 

10+ 65.57 (52.96, 78.17) 48.84 (27.10, 70.57) 43.54 (16.79, 70.28) 
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 Table 4: Multivariate analyses of the association between multimorbidity (defined as 3+ chronic conditions) and labour 

force outcomes 

 

Variables Retired  

(adjusted OR, 99% 

CI) 

Unemployed 

(adjusted OR, 99% 

CI) 

Working < 30 hr 

(adjusted OR, 99% 

CI) 

Multimorbidity 3+    

Chronic conditions < 3 1 1 1 

3+ chronic conditions 1.35 (1.23, 1.47) 1.35 (1.17, 1.57) 0.96 (0.86, 1.07) 

Sex    

Male 1 1 1 

Female 1.23 (1.13, 1.35) 1.25 (1.08, 1.46) 2.96 (2.66, 3.29) 

Age group    

45-49 1 1 1 

50-54 2.87 (2.30, 3.58) 0.84 (0.70, 1.01) 1.13 (0.98, 1.32) 

55-59 12.13 (9.84, 14.95) 0.80 (0.66, 0.98) 1.68 (1.44, 1.96) 

60-64 42.29 (34.37, 52.02) 0.72 (0.57, 0.91) 3.90 (3.33, 4.57) 

Education    

College/university degree 1 1 1 

No college/university degree 0.99 (0.89, 1.11) 1.30 (1.08, 1.56) 0.90 (0.78, 1.03) 

High school or less 1.05 (0.92, 1.19) 1.57 (1.30, 1.91) 0.84 (0.72, 0.98) 

Household income    

≥ $150,000  1 1 1 

$100,000 to < $150,000 1.38 (1.20, 1.60) 1.01 (0.78, 1.31) 1.33 (1.14, 1.56) 

$50,000 to < $100,000 1.80 (1.57, 2.05) 1.55 (1.23, 1.95) 1.71 (1.47, 1.98) 

$20,000 to < $50,00 2.24 (1.92, 2.62) 2.81 (2.18, 3.62) 2.65 (2.20, 3.18) 

< $20,000 3.28 (2.56, 4.21) 13.22 (9.69, 18.05) 10.51 (7.30, 15.13) 

No response 1.78 (1.42, 2.22) 2.89 (2.06, 4.06) 1.75 (1.33, 2.30) 

Area of residence    

Urban 1 1 1 

Rural 1.39 (1.23, 1.56) 0.97 (0.78, 1.21) 1.35 (1.17, 1.56) 

Province of residence    
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Quebec 1 1 1 

Alberta 1.16 (0.97, 1.38) 1.20 (0.91, 1.59) 1.83 (1.49, 2.24) 

British Columbia 0.88 (0.77, 1.02) 1.16 (0.93, 1.45) 1.93 (1.63, 2.29) 

Manitoba 0.87 (0.73, 1.02) 0.84 (0.63, 1.13) 1.29 (1.05, 1.58) 

New Brunswick 1.19 (0.92, 1.53) 0.87 (0.55, 1.38) 1.13 (0.81, 1.57) 

Newfoundland and Labrador 1.24 (1.04, 1.48) 0.83 (0.59, 1.15) 0.71 (0.55, 0.92) 

Nova Scotia 0.96 (0.82, 1.14) 0.69 (0.51, 0.94) 0.85 (0.68, 1.07) 

Ontario 1.02 (0.89, 1.16) 0.99 (0.79, 1.24) 1.34 (1.13, 1.58) 

Prince Edward Island 0.74 (0.55, 1.00) 1.10 (0.69, 1.74) 0.87 (0.61, 1.26) 

Saskatchewan 0.97 (0.74, 1.27) 0.53 (0.32, 0.90) 1.52 (1.14, 2.03) 

Depression    

No depression 1 1 1 

Some depression 0.96 (0.85, 1.08) 1.87 (1.59, 2.20) 1.01 (0.88, 1.17) 

Functional impairment    

No impairment 1 1 1 

Some impairment 1.89 (1.57, 2.28) 3.97 (3.16, 5.00) 1.15 (0.89, 1.49) 
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 Table 5: Prevalence of chronic conditions included in the study across labour force outcomes 

 

Variables Currently retired  

(%, 99% CI) 

Currently unemployed  

(%, 99% CI) 

Worked <30 hours/week  

(%, 99% CI) 

Allergy 41.24 (39.15, 43.33) 44.95 (40.56, 49.35) 40.33 (37.45, 43.21) 

Hypertension 35.56 (33.55, 37.57) 27.44 (23.59, 31.29) 24.31 (21.79, 26.82) 

Back problem 27.19 (25.32, 29.07) 31.39 (27.33, 35.44) 22.52 (20.09, 24.96) 

Osteoarthritis 27.62 (25.70, 29.54) 21.09 (17.66, 24.53) 18.78 (16.51, 21.06) 

Migraine 16.60 (14.98, 18.22) 19.36 (15.90, 22.81) 16.76 (14.48, 19.03) 

Diabetes 17.80 (16.20, 19.40) 14.41 (11.61, 17.22) 12.74 (10.79, 14.69) 

Asthma 12.85 (11.42, 14.28) 15.47 (12.36, 18.57) 12.71 (10.79, 14.63) 

Other arthritis 14.74 (13.18, 16.31) 12.37 (9.36, 15.38) 11.12 (9.28, 12.97) 

Cancer 12.75 (11.36, 14.14) 9.98 (7.38, 12.59) 10.81 (8.94, 12.68) 

Chronic bowel disease  

(IBS, IBD) 

9.24 (8.00, 10.47) 10.52 (8.03, 13.01) 8.59 (6.94, 10.24) 

Cataract 13.41 (12.04, 14.78) 8.60 (6.34, 10.87) 8.15 (6.67, 9.63) 

Hypothyroidism 8.39 (7.19, 9.58) 6.71 (4.66, 8.75) 7.99 (6.31, 9.67) 

Stomach/intestinal ulcer 7.73 (6.59, 8.87) 9.89 (7.19, 12.58) 5.68 (4.35, 7.01) 

Heart disease/CHF 8.27 (7.14, 9.39) 7.35 (4.91, 9.79) 4.99 (3.71, 6.26) 

Osteoporosis 9.08 (7.85, 10.31) 5.57 (3.58, 7.56) 5.63 (4.30, 6.95) 

Peripheral vascular disease 6.66 (5.59, 7.73) 6.16 (4.11, 8.21) 4.02 (2.92, 5.12) 

Emphysema/chronic 

bronchitis/COPD 

7.04 (5.95, 8.12) 7.84 (5.62, 10.05) 3.81 (2.77, 4.85) 

Ischemic heart disease 7.00 (5.92, 8.08) 5.36 (3.31, 7.41) 4.32 (3.04, 5.59) 

Hyperthyroidism 4.64 (3.95, 5.33) 5.80 (4.07, 7.52) 4.40 (3.51, 5.29) 

Rheumatoid arthritis 5.62 (4.56, 6.69) 4.77 (2.97, 6.58) 3.60 (2.44, 4.75) 

Glaucoma 3.30 (.54, 4.06) 1.96 (0.96, 2.96) 2.43 (1.56, 3.31) 

Cerebrovascular disease 3.68 (2.86, 4.50) 3.40 (1.88, 4.92) 1.28 (0.92, 1.64 

Kidney disease 2.42 (1.80, 3.03) 2.38 (1.39, 3.38) 1.56 (0.80, 2.32) 

Macular degeneration 2.31 (1.70, 2.91) 0.83 (0.16, 1.49) 1.80 (1.02, 2.58) 
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Epilepsy 1.22 (0.76, 1.69) 1.41 (0.39, 2.42) 1.11 (0.44, 1.79) 

Multiple sclerosis 1.08 (0.70, 1.47) 1.55 (0.67, 2.43) 0.47 (0.19, 0.75) 

Parkinson disease 0.41 (0.09, 0.73) 0.26 (0.00, 0.53) 0.47 (0.19, 0.75) 
 

% = Percentage 

GI = Gastrointestinal  

IBS = Irritable Bowel Syndrome 

IBD = Inflammatory Bowel Disease 

CHF = Congestive Heart Failure 

COPD = Chronic Obstructive Pulmonary Disease 
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 Table 6: Multivariate analyses of the association between labour force characteristics and individual chronic conditions 

 

Variables Retired  

(OR, 99% CI) 

 

Unemployed  

(OR, 99% CI) 

Working < 30 hours  

(OR, 99% CI) 

Allergy 1.03 (0.94, 1.13) 1.14 (0.96, 1.36) 0.96 (0.86, 1.07) 

Hypertension 1.17 (1.06, 1.29) 0.99 (0.84, 1.16) 0.91 (0.80, 1.03) 

Back problem 1.09 (0.98, 1.21) 1.21 (1.02, 1.43) 0.99 (0.87, 1.12) 

Osteoarthritis 1.17 (1.05, 1.30) 1.15 (0.94, 1.39) 1.02 (0.88, 1.17) 

Migraine 1.06 (0.93, 1.20) 0.99 (0.80, 1.22) 0.99 (0.85, 1.15) 

Diabetes 1.11 (0.98, 1.26) 1.05 (0.85, 1.30) 1.01 (0.86, 1.19) 

Asthma 0.92 (0.81, 1.06) 0.88 (0.70, 1.10) 0.96 (0.82, 1.13) 

Other arthritis 1.10 (0.96, 1.27) 0.87 (0.69, 1.10) 0.98 (0.82, 1.16) 

Cancer 1.17 (1.02, 1.34) 1.14 (0.88, 1.49) 1.04 (0.88, 1.25) 

Chronic bowel diseases (IBS, 

IBD) 

1.08 (0.92, 1.27) 1.15 (0.90, 1.47) 1.11 (0.92, 1.34) 

Cataract 1.11 (0.96, 1.28) 1.37 (1.05, 1.80) 0.95 (0.78, 1.15) 

Hypothyroidism 1.06 (0.88, 1.27) 1.06 (0.77, 1.46) 1.06 (0.85, 1.32) 

Stomach/intestinal ulcer 1.05 (0.88, 1.25) 1.27 (0.97, 1.67) 0.96 (0.76, 1.21) 

Heart disease/CHF 1.07 (0.87, 1.32) 1.11 (0.77, 1.59) 1.01 (0.76, 1.34) 

Osteoporosis 1.18 (0.98, 1.43) 0.81 (0.57, 1.14) 1.02 (0.79, 1.31) 

Peripheral vascular disease 1.09 (0.88, 1.36) 1.09 (0.76, 1.56) 1.15 (0.87, 1.53) 

Emphysema/chronic 

bronchitis/COPD 

1.20 (0.97, 1.47) 1.45 (1.06, 1.97) 1.06 (0.80, 1.40) 

Ischemic heart disease 1.12 (0.88, 1.43) 1.30 (0.85, 1.99) 1.12 (0.80, 1.56) 

Hyperthyroidism 1.04 (0.87, 1.24) 1.20 (0.92, 1.59) 1.06 (0.86, 1.31) 

Rheumatoid arthritis 1.08 (0.84, 1.39) 1.24 (0.86, 1.78) 0.96 (0.70, 1.32) 

Glaucoma 1.17 (0.89, 1.53) 0.92 (0.55, 1.54) 1.30 (0.91, 1.87) 

Cerebrovascular disease 1.30 (0.94, 1.80) 1.58 (0.99, 2.53) 1.01 (0.68, 1.50) 
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Kidney disease 1.07 (0.77, 1.49) 1.36 (0.83, 2.21) 1.13 (0.72, 1.78) 

Macular degeneration 0.99 (0.72, 1.37) 0.71 (0.35, 1.41) 1.22 (0.81, 1.84) 

Epilepsy 0.85 (0.54, 1.33) 0.92 (0.51, 1.68) 1.10 (0.65, 1.85) 

Multiple sclerosis 2.60 (1.56, 4.34) 2.19 (1.13, 4.25) 1.19 (0.61, 2.34) 

Parkinson disease 1.96 (0.64, 5.96) 3.56 (0.71, 17.85) 1.20 (0.25, 5.86) 
 

GI = Gastrointestinal  

IBS = Irritable Bowel Syndrome 

IBD = Inflammatory Bowel Disease 

CHF = Congestive Heart Failure 

COPD = Chronic Obstructive Pulmonary Disease 
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 Figure 1: The prevalence of negative labour force outcome increases with the 

increasing number of chronic conditions 
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 Figure 2: The prevalence of positive labour force outcome decreases with the 

increasing number of chronic conditions 

 

 
 

 

 

 

 

 

  

0

10

20

30

40

50

60

70

80

90

100

0 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 10+

La
b

o
u

r 
fo

rc
e

 o
u

tc
o

m
e

s 
(%

)

Number of chronic diseases

Not-retired Employed Work ≥ 30
hours



EXAMINING MULTIMORBIDITY  104 
 

 Figure 3: The odds of negative labour force outcome increases with the increasing 

number of chronic conditions 
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 Appendix 

 Table 1: Univariate analyses of the association between multimorbidity and labour force outcomes 
 

Variables Retired  

(OR, 99% CI) 

Unemployed 

(OR, 99% CI) 

Working < 30 hr 

(OR, 99% CI) 

Multimorbidity 2+    

Chronic conditions < 2 1 1 1 

2+ chronic conditions 1.94 (1.80, 2.09) 1.72 (1.50, 1.98) 1.31 (1.19, 1.45) 

Multimorbidity 3+    

Chronic conditions < 3 1 1 1 

3+ chronic conditions 2.13 (1.99, 2.29) 1.98 (1.74, 2.25) 1.32 (1.20, 1.46) 

Multimorbidity 4+    

Chronic conditions < 4 1 1 1 

4+ chronic conditions 2.23 (2.07, 2.41) 2.17 (1.89, 2.49) 1.42 (1.27, 1.58) 

Multimorbidity 5+    

Chronic conditions < 5 1 1 1 

5+ chronic conditions 2.45 (2.24, 2.68) 2.52 (2.15, 2.95) 1.48 (1.29, 1.70) 

Multimorbidity 6+    

Chronic conditions < 6 1 1 1 

6+ chronic conditions 2.77 (2.47, 3.10) 3.18 (2.63, 3.85) 1.81 (1.51, 2.16) 

Multimorbidity 7+    

Chronic conditions < 7 1 1 1 

7+ chronic conditions 2.98 (2.56, 3.47) 3.75 (2.93, 4.78) 2.01 (1.57, 2.57) 

Multimorbidity 8+    

Chronic conditions < 8 1 1 1 

8+ chronic conditions 3.46 (2.82, 4.24) 4.73 (3.44, 6.50) 2.20 (1.55, 3.11) 

Multimorbidity 9+    

Chronic conditions < 9 1 1 1 

9+ chronic conditions 4.50 (3.38, 5.99) 7.90 (5.04, 12.37) 2.49 (1.45, 4.30) 

Multimorbidity 10+    

Chronic conditions < 10 1 1 1 
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10+ chronic conditions 5.14 (3.50, 7.55) 12.90 (6.93, 24.02) 3.19 (1.45, 7.01) 

Sex    

Male 1 1 1 

Female 1.23 (1.15, 1.32) 1.69 (1.57, 1.82) 2.77 (2.52, 3.06) 

Age group    

45-49 1 1 1 

50-54 2.85 (2.29, 3.55) 0.89 (0.75, 1.05) 1.12 (0.97, 1.30) 

55-59 12.93 (10.52, 15.89) 1.04 (0.87, 1.24) 1.69 (1.46, 1.96) 

60-64 46.38 (37.81, 56.89) 1.05 (0.85, 1.28) 3.64 (3.15, 4.20) 

Education    

College/university degree 1 1 1 

No college/university degree 1.27 (1.16, 1.38) 1.63 (1.39, 1.91) 1.03 (0.91, 1.16) 

High school or less 1.57 (1.43, 1.73) 2.28 (1.93, 2.70) 1.14 (0.99, 1.31) 

Household income    

≥ $150,000  1 1 1 

$100,000 to < $150,000 1.53 (1.35, 1.73) 1.12 (0.87, 1.44) 1.35 (1.16, 1.57) 

$50,000 to < $100,000 2.71 (2.42, 3.02) 1.93 (1.55, 2.40) 1.90 (1.65, 2.18) 

$20,000 to < $50,00 4.24 (3.75, 4.80) 4.20 (3.33, 5.28) 3.14 (2.67, 3.69) 

< $20,000 4.76 (3.98, 5.68) 23.57 (17.87, 31.09) 11.33 (8.30, 15.48) 

No response 2.95 (2.46, 3.53) 4.35 (3.19, 5.92) 2.29 (1.79, 2.94) 

Area of residence    

Urban 1 1 1 

Rural 1.35 (1.23, 1.48) 1.03 (0.85, 1.24) 1.23 (1.08, 1.39) 

Province of residence    

Quebec 1 1 1 

Alberta 0.83 (0.73, 0.96) 0.88 (0.68, 1.13) 1.40 (1.17, 1.68) 

British Columbia 0.85 (0.76, 0.95) 1.01 (0.83, 1.23) 1.72 (1.47, 2.01) 

Manitoba 0.83 (0.72, 0.95) 0.73 (0.55, 0.95) 1.17 (0.97, 1.41) 

New Brunswick 1.34 (1.09, 1.65) 1.05 (0.70, 1.57) 1.25 (0.92, 1.70) 

Newfoundland and Labrador 1.07 (0.92, 1.24) 0.73 (0.54, 0.98) 0.66 (0.52, 0.84) 

Nova Scotia 0.93 (0.81, 1.07) 0.66 (0.50, 0.88) 0.89 (0.73, 1.10) 

Ontario 0.89 (0.80, 0.99) 0.80 (0.65, 0.97 1.17 (1.00, 1.36) 
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Prince Edward Island 0.96 (0.75, 1.23) 0.92 (0.60, 1.42) 1.04 (0.74, 1.46) 

Saskatchewan 0.97 (0.78, 1.20) 0.60 (0.38, 0.95) 1.48 (1.13, 1.93) 

Depression    

No depression 1 1 1 

Some depression 1.16 (1.06, 1.27) 3.22 (2.80, 3.71) 1.24 (1.09, 1.41) 

Functional impairment    

No impairment 1 1 1 

Some impairment 2.62 (2.30, 2.99) 6.94 (5.72, 8.43) 1.96 (1.57, 2.44) 
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6 Chapter 4: Thesis discussion 

 Discussion 

Multimorbidity is a major health concern worldwide and is responsible for not only 

adverse health outcomes but also has serious economic consequences. Multimorbidity in early 

age may further complicate this scenario, as people who have multimorbidity in early age may 

have even more chronic condition as they age. This study aimed to examine multimorbidity 

among middle-aged people and, hence, provide a better picture of early-onset multimorbidity in 

the population. Some key findings of this study are worth mentioning. 

First, the prevalence of multimorbidity is very high among middle-aged people and has 

become a common phenomenon among the people of this age group.  This fact should be given 

more consideration in research and preventive strategies. 

Second, age is strongly related to multimorbidity among middle-aged people. A strong 

dose-response relationship was observed from 45-49 to 60-64 years. As we cannot stop aging, 

more focus should be given to the modifiable socio-demographic and lifestyle factors to ensure 

healthy aging and facilitate the prevention of multimorbidity. 

Third, women are at higher risk of having multimorbidity. As this study was conducted 

solely on middle-aged people, a higher longevity in women was not a confounding factor in this 

study. Our findings indicate that gender effect on the occurrence multimorbidity is a true effect. 

However, further studies are needed to know the predisposing factors in women which make 

them susceptible to certain chronic conditions. 

Fourth, previous studies showed low socioeconomic status increases the risk of 

multimorbidity in general and older population (1-4). Our study found the same effects in 



EXAMINING MULTIMORBIDITY  110 
 

middle-aged people. This indicates that poor socioeconomic status is an important determinant of 

multimorbidity across the life course. 

Fifth, this study found that alcohol intake was associated with reduced odds of 

multimorbidity. However, this finding merits further research and should be interpreted with 

caution. In this study, only the overall intake (i.e., regular, weekly or monthly) was assessed. One 

issue to explore is whether this protective effect persists in binge drinkers or not. In addition, the 

association of multimorbidity with the type of alcohol should also be explored, because 

protective effects may vary by the type of alcohol consumed. For example, it has been reported 

that a low level of consumption of alcohol exerts some protective effects against dementia 

relative to abstention or moderate to heavy drinking (5). However, it was also reported that all 

types of alcohol might not provide the protective effects, and some alcoholic beverages could 

increase the risk even with light-to-moderate drinking. With a light-to-moderate intake, wine was 

reported to lower the risk of dementia, but beer was found to increase the risk (5, 6). Such 

association may also exist for multimorbidity. Furthermore, because of the cross-sectional nature 

of the study, we did not have an understanding about the temporal relationship. It could also be a 

possibility that people who were not drinking actually involved a group of people who stopped 

drinking because of their health problems, as CLSA only asked about the drinking history of the 

past 12 months. 

Sixth, some chronic conditions were very prevalent among adults. The top ten common 

chronic conditions we identified were allergy, hypertension, back problem, osteoarthritis, 

migraine, diabetes, asthma, other arthritis, cancer, and gastrointestinal diseases (IBS, IBD). 

Among the top ten chronic conditions, three were joint related. These conditions need more 

attention in terms of preventive strategies.  
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Seventh, multimorbidity is an important barrier for labour force participation. It may 

result in early retirement and unemployment. It should be noted that retirement itself can 

increase the risk of certain chronic diseases. Retirement is associated with changes in social 

networks, health behaviours or socio-economic status, which are potential risk factors for the 

occurrence of chronic diseases. It has been reported that retirement raises the risk of severe 

cardiovascular diseases and cancers (7). Thus, multimorbidity itself can increase the risk of 

certain chronic diseases indirectly. 

Finally, the effects of coexisting chronic conditions (i.e., multimorbidity) are more 

important than the effect of individual diseases. It was frequently reported in previous studies 

that coexisting diseases act synergistically and exert effect which is more than the sum of the 

individual diseases (8). This study findings also support this argument. We found that most of 

the individual diseases were not significant to increase the odds of adverse labour force 

outcomes. However, all the multimorbidity definitions (2+ to 10+ chronic condition) 

significantly increased the odds of adverse labour force outcomes. 

 Strengths and Limitations of the Study 

This study has several strengths that should be noted. Firstly, the CLSA consisted of a 

national stratified (by sex and age groups) random sample of Canadian women and men aged 45 

to 85 years. Thus, the study population and the finding are largely representative of the 

Canadians. Secondly, the CLSA survey was rich in terms of the chronic disease questionnaire 

module which allowed us to include more chronic conditions in the study compared to previous 

studies. Thirdly, though we included only middle-aged people in the study, the sample size was 

large and included 29,841 participants. This allowed segmentation of data and examination of 

association in subgroups.  To offset the effect of large sample size, the probability of type I error 

(𝛼) was set to .01 in all the analyses. Fourthly, a major issue in survey studies is that the low 
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response rate which can nullify the prevalence estimates. The CLSA study has an advantage in 

this regard because it had high overall response rate (9). Finally, the quality of survey data used 

in the study was excellent. The data were collected with a standardized, comprehensive and high-

quality questionnaire. Additionally, all the comprehensive cohort participants were interviewed 

face-to-face. It is likely that the quality of this survey data would be better than any other data 

used previously in similar studies. 

Despite several strengths, this study had limitations that must be considered. Firstly, this 

study is cross-sectional in nature. We had data for each participant that were recorded only once. 

So, it is not possible to infer a temporal association between a risk factor and an outcome. 

Therefore, only an association, and not causation, can be inferred from this study. For example, it 

is not possible to infer that poor socioeconomic status causes multimorbidity rather it can be 

inferred only that poor socioeconomic status is associated with a higher risk of multimorbidity.  

Secondly, a survey study may be prone to non-response bias (10). A non-response bias can 

generate a non-representative sample if participants who agreed to take part in the study differ 

significantly from those who do not. Finally, survey studies may also exhibit recall bias (11), 

because disease or assessment of disease may influence subjects’ responses to questionnaires and 

may even affect biomarkers (12). It is possible that the participant answering cannot answer 

questions involving past events accurately. It can influence the result of survey studies by 

altering the effects of certain variables. 

 Implications of the research and future directions 

Several findings of this study have potential implications not only for future research but 

also for policy making. First, a wide discrepancy has been observed when comparing prevalence 

estimates. This indicates the need of a universal research definition of multimorbidity. As the 



EXAMINING MULTIMORBIDITY  113 
 

prevalence estimates largely depend on the number and type of chronic condition, there should 

be a clear-cut definition and inclusion/exclusion criteria for chronic conditions to be included in 

multimorbidity studies. Thus, public health researchers should place emphasis on establishing a 

universally acceptable research definition of multimorbidity. This will make future 

multimorbidity studies more homogenous and generalizable.  

Second, our adjusted model showed that living in some provinces (e.g., Ontario, British 

Columbia, Newfoundland and Labrador, and Nova Scotia) may increase the odds of 

multimorbidity. This finding indicates that some provinces need to emphasise chronic disease 

surveillance and prevention more than others. Third, this study identified some common chronic 

health conditions among middle-aged Canadians. Three types of joint problems (back problems, 

osteoarthritis, and other arthritis) were found among the top ten chronic conditions. Targeted 

intervention focusing on these common chronic conditions are needed which could be the first 

step in preventing multimorbidity.  

Fourth, the potential protective effects of alcohol need further investigation and 

clarification in future research, especially whether protective effects persist with different types 

of alcohol. The association with binge drinking also needs to be explored. Fifth, this study 

included only smoking and alcohol as lifestyle variables. Future studies should focus on 

additional variables that might be related to multimorbidity, such as physical activity, dietary 

habits, nutrition, obesity, social support, etc. Finding other modifiable risk factors could provide 

valuable information in developing preventive strategies. Finally, as multimorbidity is an 

important barrier to participation in the labour force, policymakers should address this issue. 

Arrangement for alternate jobs to keep them in labour force is very important. It will prevent 

further adverse health consequences following retirement and keep the national workforce in a 
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good state. Financial compensation also needs to be considered for those who are unable to 

continue working because of chronic health problems.  
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