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Abstract 

 

              The association between multimorbidity and mortality was well established 

based on the previous studies. However, there is limited evidence of excess mortality in 

people with multimorbidity among the Canadian population, and a study with a larger 

sample size is recommended. Furthermore, it has been recommended to examine 

multimorbidity mortality among individuals under the age of 65, as some research 

demonstrated that it has become a serious issue for the middle-aged population as well. 

Therefore, this thesis examined the association between multimorbidity and mortality 

based on the linked database of CCHS (Canadian Community Health Survey)-CVSD 

(Canadian Vital Statistics Death Database) which included a study sample representative 

of the general population of Canada. The results of the study suggest that people with 

multimorbidity had a significant lower cumulative survival probability in comparison to 

those without multimorbidity during the 14-year follow up period, after adjusting for all 

confounding effects. The effects of multimorbidity on mortality increased from the oldest 

(65 years old and above) to the youngest age group (35 to 49 years old). Additionally, 

when the interactions between different chronic diseases were considered, it was found 

that subjects with COPD and without diabetes had a significantly higher risk of death in 

comparison to those without COPD and diabetes. This risk was further increased in 

subjects with both COPD and diabetes. In summary, our study results contributed to the 

body of knowledge showing multimorbidity was associated with excess mortality and it 

also provided evidence describing the joint effects of comorbidity on mortality in the 

middle-aged and senior Canadian population. Further studies focusing on investigating 
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multimorbidity and mortality in the middle-aged Canadian population, as well as 

exploring other potential comorbidities associated with excess mortality, are necessary to 

the management of multimorbidity. More public health programs should be initiated to 

prevent chronic diseases and multimorbidity, which in turn, would save lives, improve 

quality of life, and save healthcare dollars.  
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Chapter 1 

Introduction 
 

1.1.   Background of the problem 

 

          Multimorbidity, defined as one person having two or more chronic diseases 

concurrently, has been a rising public health issue in recent years in developed and developing 

countries.1,2 Many studies have shown that multimorbidity is associated with increased 

hospitalization, the need for health care resources, and health care costs.3,4 Furthermore, 

multimorbidity was found to be associated with excess mortality,5 and several factors have 

been shown to modify the effect of multimorbidity on mortality.6 For example, a study based 

on the UK biobank found that being physically active lowered the risk of all-cause mortality 

in people with multimorbidity compared to being inactive.7 Additionally, older adults with 

multimorbidity were found to have an elevated risk of death.8 However, there has been a 

debate about whether the middle-aged population, rather than the elderly, is more likely to die 

after developing multimorbidity.9  

                  Evidence showed that there was an additive effect associated with specific 

comorbidity combinations in patients with multimorbidity, which was related with a higher 

risk of all-cause death than the presence of only one condition.10 For instance, patients with 

COPD and diabetes had a 50% increased risk of death in comparison to COPD patients 

without diabetes.11 While the underlying biological mechanism is still unknown, several 

hypotheses have been proposed in studies on commodities.12 As a result, comorbidity has 

been increasingly examined and regarded as one of the determinants of multimorbidity. 

 1.2     Study objectives  
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             The primary study objective of this thesis is to examine the overall and age-group 

specific effect of multimorbidity on mortality in the middle-aged and older Canadian 

populations. The secondary objective of this thesis is to examine the overall and age-group 

specific effect of specific chronic disease combinations on morality in the middle-aged and 

older Canadian populations.   

 1.3   Thesis submitted for partial fulfillment of MSc 

 

 The thesis follows the format of a paper-based thesis. The thesis begins with a review of 

the literature on multimorbidity, the association of multimorbidity with mortality, and the risk 

factors for multimorbidity as well as comorbidity (Chapter 2). The study results are presented 

in Chapter 3, which addressed the two objectives outlined in Section 1.2. The final chapter 

(Chapter 4) includes a summary of the findings in the study, limitations, and the study 

conclusions. 

          Chapter 2 includes a literature review of multimorbidity in general with a focus on the 

association between multimorbidity and mortality. The review begins with the definition and 

burden of multimorbidity, the epidemiology of multimorbidity, disease combinations in 

multimorbidity, and the biological mechanism of multimorbidity. This is followed by a 

review of the effect of multimorbidity on mortality, potential confounders for the association 

between multimorbidity and mortality, associations between the nine chronic diseases that 

were used to define multimorbidity and mortality, and associations between combinations of 

specific chronic diseases and mortality. Finally, the review is concluded with a summary and 

the rationale for the proposed objectives in the thesis. 

          Chapter 3 provides the results of the study, which was based on data obtained from 
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linking CCHS Annual Components (2.1, 3.1, 2007-2014) with the Canadian Vital Statistics 

Death Database (CVSD) 2003-2017. In the first part of Chapter 3, results from the study 

examining the association between multimorbidity and mortality in middle-aged and older 

Canadians (objective 1) are provided. In the second part of Chapter 3, results from the study 

examining the effect of the nine chronic diseases, which were used to define multimorbidity, 

on mortality (objective 2) are provided. The specific interactions between different chronic 

diseases were also reported in the second part of Chapter 3.  

          Chapter 4 provides a summary and discussion of the findings from the study. Finally, 

the thesis concluded with a description of the limitations and strength of the study, and future 

recommendations for research. 
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Chapter 2 

Literature Review 
 

 

       2.1     Methods 

 

                  Chapter 2 includes the literature review of epidemiology of multimorbidity and the 

effect of multimorbidity on mortality. The first part of the review consists of definitions, 

burden, and epidemiology of multimorbidity, common disease patterns and combinations 

and biological mechanisms, and management of multimorbidity. The literature review was 

conducted using PubMed, literature databases. Only articles, abstracts and reports written in 

English were considered for the literature review.  

2.2     Definition of multimorbidity 

               

          The concept of multimorbidity was first brought up by German researchers.1 

However, there was continued confusion between comorbidity and multimorbidity, and the 

two terms were often used interchangeably in researches articles.1 The creation of a MeSH 

in January 2018 which distinguished comorbidity from multimorbidity provided a clear 

guidance to the researchers.2 Despite two terms focused on one person having several 

chronic diseases concurrently, the emphasis of comorbidity is on the presence of one or 

more other chronic diseases, in addition to the index chronic disease whereas there is no 

index chronic disease in multimorbidity and none of the chronic diseases is given priority 

over the others.1 

          Although a distinction between comorbidity and multimorbidity has been made, there 

is still a lack of consensus on the definition of multimorbidity.3 The definition of 

multimorbidity has varied across studies including outcomes of interest, number of chronic 

diseases considered and disease severity.4 The heterogeneity in the definition of 



 

 

 

 

 6 

multimorbidity between studies has made the comparison and interpretation of the reported 

prevalence difficult. A recent systematic review found that the diverse perspectives (e.g., 

epidemiology, primary care, or clinical practice) contributed to the inconsistency of the 

multimorbidity definition.5 From an epidemiological perspective, multimorbidity was 

described as “The co-occurrence of two or more chronic medical conditions in one person” 

according to the World Health Organization's 2015 global report on ageing and health.6 In 

contrast, Willesden and colleagues defined multimorbidity from a clinical perspective. In 

order to classify and define multimorbidity, they suggested that multiple factors such as 

the effect of disease and its severity should be incorporated into the definition.4 Lastly, in the 

context of primary care, Le Reste and colleagues defined multimorbidity as “any 

combination of chronic disease with at least one other disease (acute or chronic) or 

biophysical factor (associated or not) or somatic risk”.7  

           Even though there is great heterogeneity in definitions, the co-occurrence of two or 

more chronic medical conditions in one person was defined as multimorbidity by the World 

Health Organization. The WHO definition of multimorbidity has been broadly accepted and 

used widely. A recent systematic review by Johnson and colleagues suggested that 

definitions of multimorbidity should be carefully chosen according to the research outcomes 

and the target population. They also emphasized that the cut off of the number of diseases 

should be stated explicitly and consistent with other studies.8 

2.3       Burden of multimorbidity  

 

            Multimorbidity has been a rising public health concern over the past twenty years in  

the developed and developing countries.9, 10 The growing number of people with  

multimorbidity has posed a significant social, health and economic burden on several 
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levels.3,11,12 As the prevalence of multimorbidity increases substantially with age, it has 

posed a great health burden on older adults and resulted in lower quality of life, and a greater 

risk of mortality or disability in older adults.13-15 Apart from the impact of multimorbidity on 

older adults, researchers have also shown that it has an adverse influence on the working 

population including lower work productivity, and increased absenteeism.16,17 Furthermore, 

the growing prevalence of multimorbidity has led to increasing healthcare costs for people 

with multimorbidity.18 A retrospective cohort study of older adults aged 66 years and above 

with diabetes in Ontario, Canada reported that there was a significant increase in average 

cost per patient from $1,275 (adjusted for 2010 dollars) for those without comorbid 

conditions to $7,318 (adjusted for 2010 dollars) for those with three or more chronic 

diseases.19  

         In addition to the burden of multimorbidity at the individual level, it has increased the 

pressure on health care systems.20 There is a growing need for healthcare utilization for 

people with more than one chronic disease, including greater outpatient visits and 

hospitalizations.21,19 In a study conducted on older adults aged 65 years and above in 

Switzerland, there was an increase of approximately four fold in consultations per year 

compared to those without multimorbidity.22 A cross-sectional survey on adults aged 18 

years and above in Alberta, Canada reported that people with multimorbidity had twice the 

odds of hospitalization compared to those without multimorbidity.23 Moreover, the results 

also showed that people with five or more chronic conditions had three times the odds of 

hospitalization compared to those free of multimorbidity.  

2.4  Epidemiology of Multimorbidity 

  

           The prevalence of multimorbidity has increased over recent years in developed 
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countries.24,25 Recent studies have also reported that the prevalence of multimorbidity is 

increasing in low- and middle-income countries and is getting closer to that reported in 

developed countries.9,26,27 These changes indicate that multimorbidity is becoming a public 

health issue globally.27 Due to variations in study designs, study populations and definitions 

of multimorbidity, the reported prevalence of multimorbidity has varied widely between 

countries. Multimorbidity is more likely to be prevalent in older adults.25,28 The prevalence 

of multimorbidity varied from 14.0% among those 12 years and older to 81.3% among those 

60 years and older.29,30 Furthermore, several studies have examined the prevalence of 

multimobidities in different countries and found an S-shaped pattern in prevalence as people 

get older. The prevalence of multimorbidity remained low, and nearly constant before 40 

years of age followed by a sharp increase from 40 years old to 70 years old and levelling off 

around the ages of 70.31-33  

            Sex is an important factor associated with multimorbidity. The results of multiple 

studies investigating sex differences showed that multimorbidity was more prevalent in 

females than in males.34,35,32 However, in contrast, some studies have reported that there was 

no significant difference in the prevalence of multimorbidity between males and 

females.36,37,31 While the reasons for sex disparities in the prevalence of multimorbidity are 

unknown, one of the hypotheses, known as the “male-female health-survival paradox”, 

suggests that the greater prevalence of multimorbidity in females is due to the longer 

survival of females compared to males.38 A recent study of the Scottish population reported 

that the greater prevalence in women was the result of the greater frequency of physical and 

mental disease problems in females compared to males.39   

          In Canada, an increase in the prevalence of multimorbidity has been observed over 
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recent years, similar to what has been reported in other developed countries.40,41 The 

prevalence of multimorbidity was 14.0% in subjects aged 12 years and older in a study using 

the data from CCHS 2013/2014.29 Another Canadian study examining sociodemographic 

factors associated with multimorbidity reported that the prevalence of multimorbidity was 

greater in those of female sex, and in subjects with lower income and education.42    

2.5  Common disease patterns and combinations in multimorbidity 

 

                     The WHO definition of multimorbidity as having at least two chronic diseases is 

commonly used by researchers. However, some chronic diseases trend to cluster together 

rather than occurring independently.43 Several articles have examined multimorbidity 

patterns, or combinations of chronic diseases in multimorbidity, 44-46 while standard criteria 

to determine multimorbidity patterns have not yet been established. Based on Schellevis and 

colleagues’ statements, multimorbidity could be classified according to the relationship 

between individual chronic disease conditions, including concurrent, cluster, casual, and 

complicated comorbidity.47  

                     A recent systematic review has shown that there are three main multimorbidity 

patterns: (i) cardiovascular and metabolic disorders; (ii) mental health related problems; and  

(iii) musculoskeletal disorders.5 The category “cardiovascular and metabolic disorders” was 

found to be one of the prevalent multimorbidity patterns in females and males aged 65 year 

and older in another study.48 Furthermore, Sinnige and colleagues found similar results 

suggesting that depression was the most common condition found in clustered combination 

among 165 combinations of comorbidity based on European and North American 

populations.49 People with mental health problems are likely to have other conditions which 

could exacerbate or precipitate chronic illness.50 For example, a diagnoses of chronic 
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obstructive pulmonary disease (COPD) has been associated with a greater likelihood of 

having mental health disorders.51,52 However, due to the complexity of the relationship 

between chronic disease and various types of co-occurrence of chronic conditions, 

multimorbidity patterns are not well defined. There is no agreement among researchers on 

the third most common multimorbidity pattern. Some researchers concluded that the third 

most common multimorbidity pattern is musculoskeletal disorders.53,54 However, others 

argued that neuropsychiatric disorders are the third most common multimorbidity pattern.48  

                     Although general patterns of multimorbidity have been examined and reported by a 

number of researchers, the effect of specific combinations of chronic diseases cannot be 

ignored. A study of patients in the United States has shown that certain combinations of 

chronic diseases had a higher risk of decline in physical function than other combinations.55 

For example, people with chronic respiratory disease, congestive heart failure, and diabetes 

had higher odds of experiencing decline in health compared to other chronic disease 

combinations.56 It has been suggested that the interaction between the patterns should be 

investigated in future research.48 

2.6 Biological mechanism of multimorbidity 

  

            The biological mechanism of multimorbidity has been hypothesized as the result of 

sustained low level chronic inflammation and various hormone imbalances, which are the 

mediators for developing chronic disease.57 It has been discovered that chronic inflammation 

is frequently present as an underlying factor in the development of specific comorbidities.58 

The hypothesis of inflammation as a risk factor for multimorbidity was examined in a recent 

cohort study from Italy.59 A higher level of Interleukin (IL-6), an inflammatory marker, at 

the baseline and an increasing level of IL-6 as the result of ageing were associated with the 



 

 

 

 

 11 

development of multimorbidity in older adults, providing evidence for the biological 

changes related to ageing as a contributing factor for the development of multimorbidity.59 

Similar results were found in another longitudinal study conducted by the same 

investigators, providing further evidence to support the hypothesis that inflammation 

associated with ageing increases the risk of multimorbidity.10 Other studies also showed that 

ageing of the immune system, caused by natural processes, is associated with the 

development of multiple chronic diseases.60,61 In summary, the mechanism for development 

of multimorbidity is not fully understood and future research is needed.57           

2.7 Management of multimorbidity 

                    

            Managing multimorbidity has always been a difficult topic for both physicians and 

patients because standard clinical guidelines are primarily developed for single diseases.62 

Patient-orientated and self-management approaches have been frequently mentioned as the 

strategy to cope with multimorbidity.63 A summary of clinical guidance for multimorbidity 

from the National Institute for Health and Care Excellence (NICE) emphasized the 

importance of an individualized treatment strategy to maximize benefits while reducing 

damage.64 Several studies have indicated that a patient-centered approach is effective in the 

management of multimorbidity.65-67 A randomized control trial using a self-management 

program as the intervention in patients with multimorbidity showed a significant 

improvement in frequency of visits, self-efficacy, and quality of life.68 However, pragmatic 

cluster-randomized trials conducted in England and Scotland showed that a patient-centered 

strategy improved the patient’s perceptions of the quality of care rather than increasing the 

survival of patients.63 Despite the fact that the findings on the relationship between patient-

centered healthcare approaches were inconclusive, a Cochrane review conducted in 2016 
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suggested that future investigation is needed, and the intervention should be structured in 

terms of allowing comprehensive tests to be carried out that add to the available evidence.69          

2.8 Multimorbidity and mortality  

 

                        Previous studies have demonstrated a positive association between multimorbidity 

and mortality.30,70-72 It has been suggested that the association between multimorbidity and 

mortality is analogous to physiologic mechanisms that an individual with a single disease 

has an increased risk of death.30 In addition, the presence of multimorbidity may be more 

likely to have an impact on physiological systems as a result of the interaction between 

multimobidities and disease treatments.73,74 A systematic review on the relationship between 

multimorbidity and mortality found 20 out of 26 studies showed a significant positive 

relationship.30 Moreover, a study of Austrian women aged 73 to 78 years have demonstrated 

an increasing linear relationship between both weighted and unweighted multimorbidity 

indices, and mortality.75 A longitudinal study of 16,091 adults from the United States 

reported that the mortality rate increased by 23% per additional increase in the number of 

chronic diseases after adjusting for all the covariates (HR=1.23; 95% CI:1.19, 1.28).76 A 

study of older adults aged 65 and above in Hong Kong also reported that individuals with 

multimorbidity had higher mortality rates than those without multimorbidity.77 Other studies 

did not find a negative impact of multimorbidity on mortality,78-80 and it has been suggested 

that factors such as disease severity, disability, and comorbidity, rather than multimorbidity, 

better predict mortality.81 

                       Increased mortality has been found with certain combinations of chronic diseases. A 

prospective cohort study of the Danish adult population reported that a more than six-fold 

increase in mortality was observed in individuals diagnosed with a neurological–cancer as 



 

 

 

 

 13 

part of a comorbidity (OR=6.35; 95% CI: 5.71, 7.06) compared to the subjects without any 

combinations of the 10 selected disease groups.82 In addition, a prospective cohort study of 

Australian adults aged 65 years and above showed that cardiovascular disease combined 

with gastrointestinal disease had resulted in a reduction of 50% in the survival times in 

comparison to those without chronic diseases. 83  

2.9 Factors related with the association between multimorbidity and mortality 
 

2.9.1 Socioeconomic status  

        

                   Several studies have examined how socioeconomic status modifies the association 

between multimorbidity and mortality.34,84-86 For example, a study based on the Danish 

National Health Survey 2010 with 239,547 individuals aged 25 to 89 years found that people 

with multimorbidity who had a higher education level had lower 1-year cumulative mortality 

than those who had a lower education level.87 However, similar results were not observed in 

a study based on British civil servants aged 35 to 55 years which reported that education 

levels did not affect mortality among those with multimorbidity. Their findings, however, 

are likely to be limited to individuals living in high-income regions and with relatively stable 

employment.88 

                  Another socioeconomic factor related to the association between multimorbidity and 

mortality is deprivation. It has been shown that individuals who lived in the poorest area  

with deprivation decile of 10 in Scotland suffered from multimorbidity years earlier 

compared to those who lived in the most affluent area.34 Moreover, multimorbidity was also 

associated with more severe health conditions for the population who lived in poor areas.89 

For example, a recent follow-up study of older adults in primary care in Quebec reported a 

substantial increase in all-cause mortality rates was only found among people with a 
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physical and mental health comorbidity in the least deprived areas, and not among the 

people who were living in moderately or most deprived areas.90 A cohort study of 

approximately a million individuals in England reported similar results and concluded that 

the discrepancy in life expectancy between people with different socioeconomic status was 

attributed to both delayed onset of multimorbidity and better survival after being diagnosed 

with multimorbidity.91 In addition, income is also a confounder in the association between 

multimorbidity and mortality. For example, a longitudinal follow-up study of adults in 

Ontario from 1994 to 2013 reported that greater mortality was found in areas with the lowest 

income.92 The study also reported that the impact of economic disparities on the association 

between multimorbidity and mortality varied depending on the type of chronic disease, with 

the impact being greatest among those having chronic respiratory disorders.92 

2.9.2 Health behaviors  

 

            Healthy lifestyle is one of the known confounders in the relationship between 

multimorbidity and mortality. Adherence to a healthy lifestyle has been reported to result in 

a significant reduction of all-cause mortality in people with multimorbidity.93 For example, a 

study based on the UK biobank with people aged 8 to 73 years reported that the highest risk 

of death was found to be in the people who were inactive compared to those who were 

active, after adjusting for confounders.94 In the presence of multimorbidity, individuals with 

moderate physical activity had a 51% lower risk of deaths (HR= 0.49; 95% CI:0.29–0.80) 

than those with low physical activity. Individuals with the highest level of physical activity 

had a 71% lower risk of death than those with the lowest level of physical activity (HR= 

0.29; 95% CI: 0.13, 0.61).94 Similar results were found in a study of older adults in Spain 

examining leisure time physical activity.95After controlling for age, sex, education, smoking 
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status, alcohol consumption, body mass index, and waist circumference, the study found that 

physically active older adults had a 35% lower risk of death than those who were not 

physically active (95% CI:0.50-0.84).95  

           The effect of alcohol consumption on the association between multimorbidity and 

mortality has also been examined in previous studies. For example, a longitudinal study 

based on the UK biobank with a sample of 500,769 participants aged 37 to 73 years 

demonstrated that drinking alcohol 1 to 3 times/month and 1 to 4 times/week was associated 

with a reduction of 19% (95% CI: 0.76-0.86) and 22% (95% CI: 0.74-0.81) risk of all-cause 

mortality, respectively, in comparison to never drinking or on special occasions only.96 

Abstaining or quitting from drinking among people with health problems has been suggested 

as a possible reason for the protective effect of alcohol on mortality.97 The modification 

effect of smoking on the association between multimorbidity and mortality has been 

examined in a study based on three prospective cohorts of community-dwelling adults in the 

United States. In this study, tobacco use was shown to have a negative effect on the 

relationship between multimorbidity and mortality.98 Similar results were reported in 

another follow-up study of 6,287 South Asian adults aged greater than 20 years.99 The 

results showed that smokers had a higher risk of deaths associated with multimorbidity in 

comparisons to those who never smoked after adjusting for potential confounders (HR=1.27; 

95% CI: 0.93,1.73).99 A U-shaped relationship was observed between body mass index and 

all-cause mortality after adjusting for multimorbidity and other potential confounders in a 

longitudinal study based on the UK biobank.96 In this study underweight participants had a 

1.04 times greater risk of death and,  obese and overweight participants had a 1.12 times 

greater risk of death in comparison to those who were normal weight after controlling 
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multimorbidity and potential confounders in the Cox’s regression of all-cause mortality.96 A 

possible explanation for the association between underweight and mortality is that those who 

are underweight may have poorer health, which may result in an increased risk of death.100  

2.9.3 Individual factors  

        

Age is one of the most well-known factors which has an effect on the association 

between multimorbidity and mortality.99,101,102 A Canadian retrospective study examining 

whether multimorbidity has an impact on all-cause mortality reported that a higher risk of 

death was observed in people with multimorbidity after adjusting for potential confounders 

(RR=14.7; 95% CI: 14.48,14.91).103 Moreover, this study also reported that the effect of 

multimorbidity on mortality decreased from older adults to children.103 Similar results were 

observed in a study using data from the UK biobank.96 However, another study of older 

adults in Manitoba did not find a significant association between multimorbidity and 

mortality after adjusting for functional status.104 One possible explanation which has been 

suggested is that disability, instead of multimorbidity, has a greater impact on mortality in 

the elderly population.105,106  

Sex has been shown to modify the association between multimorbidity and 

mortality.103 In a longitudinal study of older adults in Latin America conducted from 2000 to 

2015, females with hypertension or musculoskeletal disorders/diabetes mellitus/mental 

disorders had a higher risk of death compared to males, after adjusting for potential 

confounders (HR=6.15 95% CI :2.32, 16.32 vs. HR= 2.94; 95% CI: 2.02, 4.29).107 It has 

been suggested that disease combinations and their related fatality rates may explain sex 

disparities in survival following the onset of multimorbidity.107 However, the role of sex in 

the association between multimorbidity and mortality has remained controversial. A 
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longitudinal study based on the national survey of older adults in Spain has reported that 

among people with multimorbidity females had greater survival probability compared to 

males (p<0.001).108 In contrast, results of another cohort study based on senior patients with 

multimorbidity in a dedicated residential unit for complex needs did not find a significant 

difference in the 1-year mortality between males and females.109 In addition to sex 

differences in the association between multimorbidity and mortality, a study based on the 

2010 Danish National Health Survey of subjects aged 25 years and older reported that stress 

levels showed a dose-response association with mortality among people with 

multimorbidity.110 Similar results were reported in another follow-up study of a matched 

cohort in Denmark conducted between 1997 to 2014.111 In this study, people with one or 

more physical diseases had an increase in excess mortality related to bereavement which is 

associated with stress.111 

  There has been a debate on whether marital status modifies the association between 

mortality and multimorbidity. A study has shown that participants who were widowed or 

divorced had a greater risk of all-cause mortality in comparison to those who were married 

after adjusting for multimorbidity and other confounders.112 However, a study based on 

elderly adults in the community aged 65 and older in Manitoba found no association 

between marital status and mortality associated with multimorbidity.22 

2.10 Association between specific chronic diseases and mortality 

2.10.1 Asthma and mortality 

            Asthma is a common, chronic respiratory condition that can present with episodic 

wheezing, coughing, and difficulty breathing due to increased airway responsiveness and 

inflammation.113 According to the Public Health Agency of Canada, it affects more than 3.8 
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million Canadians.114 Children are more likely to be affected by asthma than adults and it is the 

primary cause of hospitalization in children.115 Asthma was found to be associated with a 

higher risk of death among people with asthma than that in healthy subjects. For example, a 

study based on Copenhagen City Heart Study showed that subjects with asthma had poor 

survival probability compared to subjects without asthma, particularly in women with asthma 

having a 1.7 increased risk of deaths than women without asthma (95% CI: 1.3, 2.2).116 Similar 

results were also found in another study.117 However, there has been a debate about whether 

asthma itself or other respiratory diseases and smoking were the underlying causes of the 

reduction in survival in people with asthma. In a longitudinal study of the United States 

population, it was reported that subjects with asthma who were not exposed to other factors, 

including smoking, were not found to have worse survival in comparison to age matched 

controls.118 Previous studies have also reported that subjects with asthma who had 

comorbidities including COPD had an increased risk of death.119,120 Whereas, recent studies 

have reported that death from asthma itself is preventable with better diagnosis, improved 

management, and treatment during asthma exacerbations.121Asthma mortality rates declined 

substantially at the beginning of the 1990s when regular use of inhaled corticosteroids (ICS) 

was introduced for the control of asthma episodes.122 The recent report of the Canadian Chronic 

Disease Surveillance System reported that asthma mortality declined from 11.2 per 1,000 in 

2000-2001 to 8.4 per 1,000 in 2011-2012.114 Although the asthma mortality rate continues to 

decrease, a study of asthma deaths in England has shown that socioeconomic status can modify 

the association between asthma and death.123 In addition, the study also indicated that excessive 

use of inhaled β2-agonists resulted in an increase in asthma mortality.  

2.10.2 Arthritis and mortality 
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   One of the most prevalent forms of autoimmune joint disease is rheumatoid arthritis, 

which accounts for a significant percentage of worldwide disability.124 The presence of 

persistent inflammation and increasing joint damage are key characteristics of patients with 

rheumatoid arthritis.125 Studies have reported that subjects with rheumatoid arthritis had a 

roughly 50% increased risk of early death and a reduction of a maximum 10 years in average 

lifespan in comparison to the general population.126 The higher mortality of rheumatoid 

arthritis has been reported only among older males.127 Inflammatory markers, such as C-

reactive protein, that indicate disease activity are also thought to be a significant predictor of 

rheumatoid arthritis mortality.128 Studies have also shown that comorbidity in patients with 

arthritis, especially cardiovascular disease, has a significant impact on the survival of 

patients with rheumatoid arthritis.129,130 In an American study based on a cohort of patients 

with rheumatoid arthritis, it was reported that individuals with rheumatoid arthritis were 

more likely to die from heart-related diseases than community controls of the same age and 

sex.131 It has been hypothesized that an unexplained risk of cardiovascular disease deaths 

among subjects with rheumatoid arthritis was possibly related to systemic inflammation.132  

Despite the evidence that rheumatoid arthritis was associated with greater risk of all-

cause mortality (HR=1.56, 95% CI: 1.44, 1.69) than the general population, mortality rates 

associated with rheumatoid arthritis appear to be decreasing over time.133 In a recent report 

from the Canadian Chronic Disease Surveillance System, there was a decline in the age-

standardized mortality rates of rheumatoid arthritis over the past decades among both males 

and females with rheumatoid arthritis.134 A systematic review also reported that there was a 

decline in mortality associated with rheumatoid arthritis in recent years, but the mortality 

among those with rheumatoid arthritis is still greater than that in the general population.135  



 

 

 

 

 20 

2.10.3 Diabetes and mortality 

            Diabetes mellitus, commonly known as diabetes, is a common chronic metabolic 

disease caused by insufficient production or improper use of insulin.136 There are two major 

types of diabetes mellitus. Patients with type 1 diabetes typically produce insufficient insulin 

to control their blood sugar.137 Patients with type 2 diabetes cannot properly use the insulin 

they produce may also have an insulin deficiency.138 It is recognized that diabetes is 

associated with excess mortality.139 Various risk factors such as sex and race have been 

found to modify the association between mortality and diabetes.140 For example, a study 

based on the vital statistics database of the Canadian population showed that mortality rates 

increased with age, despite whether diabetes was an underlying or contributing cause of 

death.141  

           However, there is an argument that the complications associated with diabetes rather 

than diabetes itself contribute to the worse survival among diabetic patients.142 A systematic 

review has shown that the presence of diabetic foot ulceration in diabetes patients was a 

significant determinant of mortality with approximately a two-times increased risk of death 

than those diabetes patients without foot ulceration.143 Despite the excess mortality 

associated with diabetes, studies have shown that diabetes mortality rates have decreased 

over the past decades.144 Based on a report of Statistics Canada, there was an average 2.1% 

reduction per year in the all-cause mortality rates among diabetic patients from 2000 to 

2016, which was likely due to better treatment and care.145 However, diabetic patients still 

have a higher risk of death than those without diabetes. Recognizing the multifactorial 

nature of diabetes mortality enables us to intervene more effectively in the death of diabetic 

patients. 
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2.10.4 High blood pressure and mortality 

            High blood pressure (HBP or hypertension) is a disease where one’s blood flow 

characterised by increases in mean systolic and/or diastolic blood pressure such that it 

constantly imposes a higher pressure against the wall of blood vessels.146 According to the 

American Heart Association, people with HBP or hypertension are characterised by having a 

systolic pressure of 140 mmHg or higher, or a diastolic pressure of 90 mmHg or higher over 

time.147 HBP is well-known as a “silent killer” because and many people present no 

symptoms or signs that are usually hard to notice. Only a few people experience symptoms 

such as headaches or shortness of breath.148 According to the World Health Organization 

(WHO), an estimated 1.13 billion people worldwide suffer from hypertension, with the 

condition being more prevalent in middle- or lower-income countries.149 Hypertension is 

associated with a risk of cardiovascular disease.150 Studies have shown that people with 

hypertension are more likely to die of cardiovascular disease. 151,152 One study reported the 

risk of cardiovascular deaths was two times higher for every 20 mm Hg increase in systolic 

blood pressure (BP) to > 115 mm Hg.153  

               Unlike for some other chronic diseases, the mortality of hypertension can be 

modified by targeting risk factors. There are several factors associated with the mortality of 

HBP, such as lifestyle factors.154 For example, a study has shown that physically active 

people with HBP have a lower risk of mortality than physically inactive ones.155 Healthy 

diet pattern was also suggested as being associated with lowering blood pressure.156 

Moreover, a prospective cohort study based on preterm infants has shown that having a 

genetic background of elevated adult blood pressure was associated with lower mortality 

among preterm infants.157 Despite the negative impact of hypertension on mortality, the 
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impact of hypertension on age standardized mortality has decreased over recent years in 

Canada, based on data from the Canadian Chronic Disease Surveillance System due to 

outstanding hypertension awareness, treatment, and control among developed countries.158 

However, the relative risk of death continues to increase, and people with hypertension had 

about a 60% higher risk of death than those without hypertension151  

2.10.5 COPD and mortality 

            The chronic disease that induces airflow obstruction and breathing-related issues is 

referred to as chronic obstructive pulmonary disease (COPD).159 People with COPD usually 

experience symptoms such as frequent coughing or wheezing, shortness of breath, and 

difficulty taking a deep breath,159 but may be asymptomatic in people younger than 55 years 

old.160 Like other chronic diseases, the slow progression of COPD often occurs over many 

years. The presence of additional exacerbations, an extension in airflow, and a shortened life 

span are associated with increasing disease severity.160 According to Statistics Canada, 

COPD was the fourth leading cause of death in 2019 161 and is estimated to be the third most 

common cause of mortality globally.162 It is worth mentioning that the impact of COPD on 

mortality depends on the severity of the disease.163 For example, a global multi-center study 

based on the Towards a Revolution in COPD Health (TORCH) trial has shown that 

respiratory disease contributed to 40% of death in patients with severe COPD, followed by 

35% of those with cardiovascular disease.164 Another study based on the European 

Respiratory Society Study on Chronic Obstructive Pulmonary Disease (EUROSCOP) and 

Inhaled Steroids in Obstructive Lung Disease (ISOLDE) showed similar results, that benign 

(i.e. non-cancer) respiratory disease became the major cause of deaths as COPD severity 

increased. Moreover, patients with cancer and cardiovascular disease contributed largely to 
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the deaths of patients with mild COPD.163  

           There are other risk factors associated with COPD mortality as well. For example, 

lower survival probability was associated with a reduction of airflow.165 A national cohort 

study of Americans has found that for every 50% reduction in forced expiratory volume in 

one second (FEV1), there was a 92% increased risk of death for those with COPD, 

regardless of smoking status and sex.165 Furthermore, smoking has been shown to be 

associated with COPD mortality based on the Lung Health Study (LHS) in the United 

States. The study results have shown a significant decline in all-cause mortality rates among 

people with mild to moderate COPD and assigned to a smoking cessation program 

compared to those people who received usual care.166 COPD mortality has also been 

reported to be higher in the elderly population and in males.167  

            The mortality of COPD was reported to be decreased from 1996 to 2012 for men 

only based on a study of Ontario population.168 However, there has been discussion that the 

COPD mortality rate is likely to be underestimated due to underdiagnosis and 

misidentification of the cause of death in the presence of comorbidity.169 For example, 

instead of listing COPD as the primary cause of death, there was a greater likelihood that it 

was treated as the contributory cause of death or even completely ignored on the death 

certificate.170 Moreover, since COPD patients are also more likely to die from cardiovascular 

disease or lung cancer, COPD is likely to be underestimated as the cause of death. 

Therefore, applying all-cause mortality rates is suggested for further study, and it is 

important to standardize reporting of the underlying causes of death in COPD.169 

2.10.6 Heart disease and mortality 

            Heart disease consists of various types of disorders that either impair the structure or 
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function of the heart.171 In ischemic heart disease, plaque accumulates on the inside walls of 

coronary arteries, finally hardening or rupturing, causing a heart attack or death.172 In 

addition, heart failure is a common type of heart disease and is characterized by an 

insufficient blood supply to the body.173 Heart disease is widely acknowledged as a major 

cause of death on a global scale 174 and the second most common cause of death in 

Canada.175 According to a 2015 report, the number of people who died due to heart disease 

was increased to 9.1 million globally from 2005 to 2015.174  

            There are several risk factors associated with heart disease mortality. For example, a 

report on heart disease in Canada showed that people with heart failure had an increased risk 

of death compared to those without it among the middle-aged population. Lower mortality 

rate ratios were found to be in people aged 85 years old and above.172 Females with heart 

disease had a greater likelihood of dying than their male counterparts due to differences in 

physiology and pathophysiology of the heart.176 Studies on sex difference in survival after a 

myocardial infarction showed that younger women had a greater death rate than men.177,178 

Other risk factors, such as cigarette smoking and hypertension, were associated with heart 

disease death as well.179 Fortunately, due to changes in lifestyle factors and improvement in 

treatment, the mortality rate of heart disease has significantly decreased in Canada and has 

become the second most common cause of death since 2007. The continuous monitoring of 

known risk factors is essential for preventing deaths from heart disease.180 

2.10.7 Cancer and mortality 

            Cancer is a major cause of mortality, and contributes to reducing lifespan around the 

world.181 It is often a fatal disease characterised by the human body’s cells’ uncontrollable 

proliferation and spread throughout the body.182 As a consequence, either cancerous or not 
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cancerous (benign) tumors are formed. The majority of cancerous tumours are malignant 

and life-threatening. A cancer can move to adjacent tissue as well as propagate throughout 

the body. Unlike cancerous tumors, benign tumors do not typically spread throughout the 

body; therefore they are less likely to result in death.182 Research has shown that cancer is 

responsible for 30% of all deaths in Canada, with 83,300 people expected to die from cancer 

in 2020.183 A study based on the UK biobank has shown that among older patients with one 

long-term condition was more likely to die from cancer than those patients without any long-

term conditions after adjusting for confounders (HR=1.50, 95% CI: 1.41-1.60).96  

            Due to the complexity and variety types of cancer, a number of determinants are 

associated with cancer mortality. For example, the risk of death varies depending on the type 

of cancer.184 According to the most recent study on global cancer, 18.0% of people 

diagnosed with lung cancer died in 2020, which ranked among the leading cause of cancer 

deaths. More than 9.4% of cancer deaths were people with colorectal cancer, followed by 

8.3% due to liver cancer.185 Additionally, females and males have a different survival rates 

when diagnosed with cancer. A global study found that males with lung cancer had around 

twice the risk of death as females.185 Lower education levels are associated with a higher 

risk of cancer mortality.186 The study reported that men with less than secondary education 

had a 68% higher risk of death than those with a college degree.186 The argument that the 

disparities in cancer mortality may be due to differences in smoking patterns or dietary 

habits was hypothesized.187  

            Additionally, based on a report from research on the Canadian population, people 

aged 85 years old and above were found to have a higher frequency of cancer deaths than 

those younger than 85 years old.188 Cancer may not be the most important cause of death in 
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older age groups. A study on an American population has shown that people aged 80 years 

old and above had a two-fold greater the risk of mortality due to heart disease in comparison 

to cancer.189 Despite the excess mortality from cancer, there was a decline in cancer 

mortality over time based on the most recent report on Canada cancer statistics.190 It showed 

that mortality rates of leading types of cancers decreased in 2020 for both sexes.190 Measures 

such as screening to reduce cancer mortality rates will be required in order to maintain the 

current low cancer death rate.191  

2.10.8 Stroke and mortality 

            Stroke is a disease that occurs when a blood vessel supplying the brain is blocked 

(ischemic stroke) or ruptured (hemorrhagic stroke), leading often to an immediate loss of 

brain function. Weakness, numbness, headaches, and coordination and balance problems are 

some of the possible symptoms of a stroke.192 Stroke is a major cause of disability 

globally.192 People who have had a stroke may continue to suffer from the symptoms, 

permanently and their quality of life is likely to worsen.193 The report of the Global Burden 

of Diseases, Injuries, and Risk Factors Study (GBD) in 2017 reported that stroke resulted in 

the loss of 132.1 million DALYs worldwide.194   

There are several determinants of stroke mortality. According to a study based on the 

Canadian Chronic Disease Surveillance System, the overall mortality rate for men with 

strokes was greater than for women at all ages.195 Stroke mortality also increased with age, 

and the majority of stroke-related deaths occurred in the elderly population aged 65 years 

and above.194 Lower socioeconomic status is one of the determinants of stroke mortality.196 

A study following a group of stroke survivors in the United States has shown that people in 

lower socioeconomic groups, such as those with a lower level of education and lower 
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income, had higher long-term stroke mortality rates than those in higher socioeconomic 

groups.194 Another study on hospitalized stroke patients in Canada has shown that patients in 

rural hospitals had higher 30-day in-hospital mortality than those in urban hospitals, and the 

availability of CT scanners may explain the discrepancy.192 Moreover, hypertension is well-

known to be a primary cause of stroke mortality.194 

            Fortunately, stroke mortality has declined in many countries around the world.197 For 

example, a recent study on the Brazilian population has shown that stroke mortality was 

reduced by 50% (IRR=0.50; 95% CI 0.31–0.94).198 There is evidence that Canada and the 

United States experienced a decline in stroke mortality as well.199 There are several 

hypothesized reasons for the reduction in stroke mortality, such as more healthy lifestyles, 

physical activity, and smoking patterns.200 For example, a study of the English population 

found that reducing case fatality through improved stroke treatment was significantly related 

to lower stroke mortality.201 Thus, it is believed that stroke deaths could be drastically reduced 

by modifying risk factors and improving access to health care for people who have had a 

stroke. 

2.10.9  Mood disorders and mortality 

            Mood disorders refer to the group of mental diseases that directly impair one’s mood, 

energy, and motivation. Major depressive disorder and bipolar disorder are the most well-

known examples within the category of mood disorder.202 The age of onset of mood disorder 

varies between different types of mental diseases. For example, like other chronic diseases, 

depressive disorders generally first appear at the median age of 32 years, while bipolar 

disorders typically develop around 20 years.203,204  

            Furthermore, there is an association between the presence of a mood disorder and 
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poorer quality of life 205,206 and increased mortality.207 A systematic review on mood 

disorders and mortality has shown that people with depression had an overall 1.81(95% CI: 

1.58,2.07) relative risk of death in compassion to those without depression,207 whereas other 

studies did not find a significant impact of a mood disorder on mortality. For example, a 

study of a cohort with a 20-year follow-up showed no significant differences in mortality 

between those having 1 or 2 mood disorders and those having none of the conditions, after 

adjusting for other confounding variables.208 Another follow-up study of  four epidemiologic 

catchment areas in the United States reported similar findings.209 There was also evidence of 

a protective impact on mortality in older patients with severe depression, although the effect 

was not statistically significant.210  

            Several risk factors are associated with mood disorder and mortality. Suicide has 

been shown to primarily contribute to the increased death rate of those with mental 

disorders.211 Additionally, people with mood disorders who were hospitalised had a much 

higher suicide rate than those who were in the community or outpatients.212 Comorbidity 

such as respiratory disease has also been shown to result in elevated mortality in people with 

a mood disorder.213 It has been hypothesised that somatic illness contributed far more to the 

excess mortality rates than mental disorders did; therefore, it is likely to act as a confounding 

or mediating factor.214 Comorbid alcohol and drug use were also suggested to be associated 

with a higher risk of death in people with a mood disorder.215 Depression has been 

associated with an increased death rate that is unequally distributed between women and 

men. Men patients with mood disorders were more likely to die than women patients with 

mood disorders. 216 Although there are several hypothesized associations between mood 

disorder and mortality, the current knowledge of mood disorder and mortality is still limited; 
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and the underlying mechanism still remains unknown. Further research is needed to guide 

the prevention and management of mood disorders.   

2.11 Association between comorbidity and mortality  

2.11.1  COPD and diabetes  

             

Comorbidities are prevalent among patients with COPD.217-219 The overall health 

status of COPD patients with comorbidities is usually lower, along with increased utilisation 

of medical services and higher mortality than COPD patients without comorbidities.217,220 

Several comorbidities have been reported among COPD patients.221 Diabetes is a common 

comorbidity in COPD patients.104 The prevalence of diabetes in COPD patients was 10.3% 

in a rehibition center population222 and 14.5% in stage 3 or 4 COPD patients.223 In addition, 

COPD patients with diabetes have an increased risk of death.224 In a population-based cohort 

study of subjects with airway obstruction in North Sweden (OLIN), there was a 50 % 

increase in the risk of death (HR=1.50; 95% CI: 1.07, 2.10) than COPD subjects without 

diabetes after adjusting for potential confounders.225 A cross-sectional study of patients 

hospitalized for COPD exacerbation found that patients with diabetes had nearly double the 

risk of death (OR=1.93; 95% CI: 0.43, 8.64) than patients without diabetes.226 Another 

cohort study using the Taiwan Longitudinal Health Insurance Database reported a similar 

association.227 They reported that COPD patients with pre-existing diabetes had a 24.4% 

greater risk of death (HR=1.24; 95% CI: 1.010, 1.532) in comparison to COPD patients 

without pre-existing diabetes during the 10-year follow-up period.227 

There are various hypothesized mechanisms for diabetes to occur as a comorbidity of 

COPD. A cohort study in Sweden has shown that poor lung function is associated with a 

higher likelihood of developing diabetes.228  However, they only included subjects with 
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impaired lung function rather than subjects with diagnosed with COPD.229 While the most 

prevalent symptoms of COPD are predominantly in the lungs, it is often referred to as a 

complicated, multicomponent illness that has long-term systemic inflammation as one of its 

components.230 Some studies have shown that the increased levels of pro-inflammatory 

cytokines such as TNF-α, IL-6, and IL-8 in COPD patients231 are also relevant as risk factors 

for type 2 diabetes.232 Moreover, this could be a possible mechanism contributing to the 

excess mortality in COPD patients with diabetes. In their study, the proliferation of 

respiratory infections has been shown to rise when blood glucose levels increase. In turn, 

this caused patients to be vulnerable to bacterial lung infection and resulted in a significant 

increase in mortality.233 

       2.11.2 Asthma and mental health problems       

 

Mental health problems such as anxiety and depression have been reported in asthma 

patients.234,235 A community-based study of 2,168 participants in the Dallas Health Study has 

shown that asthma patients were more likely to have a prior diagnosed mental health disorder 

after controlling for potential confounders (OR=1.810; 95% CI 1.280, 2.559).236 In addition, 

an analysis of data from 54 countries from a World Health Survey by the WHO reported that 

diagnosed depression was significantly associated with the diagnosis of asthma after 

controlling for age and sex, which confirms that the morbidity of asthma and mental health 

problems is a global public health issue.237 The prevalence of asthma, and mental health 

problems among asthma patients has varied across various studies. A cross-sectional study of 

20,272 American adults aged 20-79 years from the 2007-2012 National Health and Nutrition 

Examination Survey reported that 8.9% of asthma subjects had major depression and 44.1% 

felt anxious for more than five days in the past 30 days. Another population household 
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interview of Australian adults aged 18 years old and above reported that there were 16.2% of 

subjects diagnosed with a mental health condition in the last 12 months among 834 subjects 

with asthma.238 

In addition, asthma patients with mental health disorders were more likely to have 

frequent healthcare utilization, such as asthma-related emergency department visits,239,240 

and higher risk of mortality.241,242 The biological mechanism underlying the link between 

asthma and mental health problems is not fully understood. A systematic review of the 

possible hypothesis about the association of asthma and major depression suggested that 

dysregulation of the hypothalamic pituitary adrenal axis is likely to result in a higher risk of 

developing both asthma and major depression as well as other pathologic factors such as 

obesity and oxidative stress.243 A genetic study of Finnish twins reported that common 

genetic factors and shared familial vulnerability could contribute to the association between 

atopic illness such as asthma and depressive symptoms.244 However, the specific genes still 

remain unknown.  

2.12 Summary of literature review 

  

     The literature review in this chapter provided a general overview of multimorbidity 

based on existing research papers and systematic reviews. It is worth noting that the 

literature review did not apply a systematic framework; one can only refer to the review as a 

general overview of relevant literature since there is a relatively large sample of research 

papers and reviews included in the reviews. The first part of the literature review mainly 

focused on the epidemiology and factors associated with multimorbidity and mortality. This 

review found literature is relatively consistent in terms of risk factors. However, the effect of 

a few factors on the association between multimorbidity and multimorbidity mortality varied 
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between studies. It has been suggested that possible confounding variables such as 

characteristics of the study population need to be considered when comparing any new data 

with the existing literature. The second part of the literature review focused on the 

relationship between mortality and multimorbidity and chronic disease combinations, which 

corresponds to the primary objective of the study. The findings of the literature 

review provided strong evidence to support the association between mortality and 

multimorbidity across the different studies. There were many possible hypotheses suggested 

by research and reviews. However, the biological mechanisms underlying this association 

have not been fully understood yet. 

2.13 Rationale of the study   

  

           The primary objective of this thesis is to examine whether or not the presence of 

multimorbidity in middle-aged and older Canadians is associated with a greater risk of 

mortality. To the best of the author’s knowledge, no study of mortality and multimorbidity 

has been conducted to date based on the general Canadian population using a national 

database. Therefore, the findings of this study will contribute to the body of knowledge 

about the effect of mortality on multimorbidity in the Canadian population using the linked 

databases of CCHS and CVSD. 
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Chapter 3 

Mortality among the Canadian population with multimorbidity: a retrospective cohort 

study  

 

3.1 Introduction 

 

  The increasing age and prevalence of multimorbidity in Canada and worldwide has 

attracted public health attention during recent years.1 Studies have demonstrated that 

multimorbidity is more prevalent in older adults.2,3 It has also been reported that 

multimorbidity is associated with a greater risk of disability, frailty and reduction in quality of 

life with consequent costs to society as a whole.4,5 Additionally, multimorbidity is positively 

related to the mortality rate when comparing subjects with and without multimorbidity.6 A 

longitudinal study, the National Health and Nutrition Examination Survey (NHANES) from 

the USA reported that participants had a 23% increased risk of death for each additional 

morbidity after adjusting for potential confounders (HR=1.23; 95% CI: 1.19, 1.28; p<0.001).7 

A Canadian longitudinal study conducted in Ontario reported that people with multimorbidity 

had a higher risk of death than those without which was independent of their age.8 However, 

increased risk of death associated with multimorbidity was not observed in some studies.9,10 

Multimorbidity in the elderly population appears to be multifactorial and is associated with 

sociodemographic characteristics,11 health behavior7 and frailty.12 In a population-based 

cohort study from Denmark,  subjects with lower levels of education had a greater risk of 

mortality in comparison to those with higher levels of education.13 Studies have also reported 

that the risk of mortality associated with multimorbidity decreased with ageing.14 

  Although most of the published studies have considered all comorbidities to have 
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similar risk associated for mortality, it is likely that certain comorbidities have a greater risk 

of mortality than others. For example, it has been reported that COPD patients with diabetes 

have a higher risk of mortality in comparison to COPD patients without diabetes.15 Subjects 

with asthma and mental health problems were reported to have an increased risk of death in 

comparison to those who had only asthma.16 Thus, considering the most prevalent or 

harmful combination of comorbidities rather than treating them individually may allow 

health professionals to intervene and prevent death. However, studies on multimorbidity and 

its effect on mortality are limited, especially in the Canadian population. Additionally, only 

a limited number of studies have examined the joint effect of chronic diseases on mortality.  

            The primary objective of this study was to examine the relationship between 

multimorbidity and all-cause mortality in the middle-aged Canadian population. The 

secondary objective was to examine the independent and interaction effects of chronic 

diseases on mortality. A population-based inception cohort study was conducted by linking 

Canadian Community Health Survey (CCHS) data with Canadian Vital Statistics Death 

(CVSD) data.     

3.2       Methods 

            Data Source 

 

               The Canadian Community Health Survey (CCHS) is a cross-sectional survey 

including the population aged 12 years and above administrated by Statistics Canada.17 The 

information collected in CCHS included demographic characteristics, health status, health 

care utilization, and health determinates. The CCHS target population includes people living 

in ten provinces and three territories, excluding those living on reserves and aboriginal 

settlements, those full-time in the Canadian forces, the institutionalized population, 12-17 



 

 

 

 

 54 

years old children living in foster care, and persons living in the health regions of Région du 

Nunavik and Région des Terres-Cries-la-Baie-James in Quebec. A multi-stage sampling 

allocation strategy was used to provide a representative sampling distribution to the health 

regions and the provinces. The first CCHS was conducted in 2000/2001 (Cycle 1.1) and was 

followed by Cycle 2.1 in 2003/2004, and Cycle 3.1 in 2005/2006 with a total sample size of 

approximately 13,000. Starting in 2007, the sample size was increased to approximately 

65,000 in each cycle and conducted annually instead of every two years. The data from the 

ten CCHS cycles (2003/2004, 2005/2006, 2007-2014) are considered in this study. As the 

age-standardized mortality rates of the participants in CCHS conducted in 2000/2001 was 

lower than the other CCHS years, the data from this survey were excluded from this study 

because of the potential to introduce healthy respondent bias.18  

              The Canadian Vital Statistics Death Database (CVSD) included information of all 

deaths registered in Canada annually and monthly from 1921 onwards.19 Reports of deaths 

were submitted to Statistics Canada through the province and territorial vital statistics 

registries. The information related to each death included age, sex, marital status, place of 

residence, birthplace of the deceased, date of death, cause of death as classified by 

International Classification of Diseases (ICD) (using the version in effect at the time of 

death), province or territory of occurrence of death, place of accident (for most non-transport 

accidental deaths) and results of autopsy if one was held. If the autopsy was held, the results 

of the autopsy were taken into account in establishing the cause of death.19 

           Data linkage  

           The linkage of CCHS to CVSD was given approval by the Chief Statistician of 

Canada.20 The subjects from CCHS (2003/3004, 2005/2006, 2007-2014) who 
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granted permission to share and link their survey answers were included in the linkage 

process. The cohort files were created by a probabilistic linkage of  

CCHS subjects to Derived Record Depository (DRD) in the Social Data Linkage 

Environment (SDLE) to enhance data quality. In the interest of creating more accurate 

results, probabilistic record linkage employed several non-unique identifiers, such as name, 

sex, date of birth, and postal code, to determine the likelihood of records referring to the 

same individual.18 An adjustment was made to account for records that were not captured in 

the DRD and those who did not provide permission for their survey answers to be shared 

and linked.21 The same linkage methodology was used with CVSD (January 1, 2000 to 

December 31, 2017) to create analytical files. For the CCHS and CVSD data examined in 

the linkage, the merging keys produced from the SDLE were utilized to link cohort and 

analytical files.  

            Study sample 

            CCHS cohort files were linked to the CVSD to identify those who died from January 1, 2000 to 

December 31, 2017. A linking key (Stc_id) in the cohort files and analytical files was used for 

the linkage.  In total, 629,835 (80.82%) CCHS subjects were successfully linked to death 

records held with CVSD from January 2003 to December 2017. Twenty individuals were 

removed due to logical inconsistency (i.e., death date prior to interview date), and 194,925 

CCHS-CVSD subjects aged less than 35 years old were also excluded from the study, which 

resulted in 434,885 subjects for the final analyses with a maximum follow-up of 14 years. The 

details of exclusion and inclusion during the follow up are shown in the flow chart (Figure 3.1). 

Participants were excluded if the recorded death date was before the CCHS interview date in 

the CVSD database. In total 64,725 respondents died between the year of CCHS interview, and 
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the end of follow-up (December 31, 2017) and 370,160 respondents were censored. 

            Outcomes  

                        The outcomes for this study were death during the period of follow-up or remaining 

alive at the end of follow-up (December 31, 2017), and the time (survival time) to death or 

end of follow-up (censored). The survival time as the period was determined from the CCHS 

interview date (baseline) to the date of death or end of follow-up.  

            Main exposure variable  

            The main exposure (independent) variable was multimorbidity which was defined from 

the responses to the question which had an opening statement “Now I’d like to ask about certain 

chronic health conditions which you may have. We are interested in "long-term conditions" 

which are expected to last or have already lasted 6 months or more and that have been 

diagnosed by a health professional. Do you have <conditions>?” Wordings of the questions 

remained similar in all the CCHS cycles considered in this study. Instead of including all the 

chronic illnesses, this study focused on nine chronic diseases that have a high prevalence and a 

significant effect on health care utilization. The nine chronic diseases were asthma, arthritis, 

cancer, hypertension, diabetes, heart disease, stroke, mood disorder, and COPD. These chronic 

diseases were also considered in several previous studies on multimorbidity.22,23,24 

Multimorbidity was defined by the respondent’s self-report of having two or more chronic 

diseases.25 The respondents who did not report any of the nine selected chronic diseases were 

defined as those “without multimorbidity”. Thus, the reference group was those without any 

morbidity, but it is not the entire group without multimorbidity. A dichotomous variable was 

defined to indicate multimorbidity with “1” indicating presence of multimorbidity and “0” 

indicating absence of morbidity. The respondents who reported a single chronic disease were 
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excluded in this study. 

Independent variables   

Socio-demographic characteristics and health behaviors considered in this study were 

identified based on existing literature focusing on multimorbidity and mortality and were 

obtained from each cycle of CCHS. These factors were considered as potential confounders for 

the association between multimorbidity and mortality in this study. All the baseline factors were 

categorized as follows in the analysis: age (35-49, 50-64, 65 years and above), sex (female and 

male), cultural background (white, non-white), body weight (underweight, normal weight, 

overweight, obese), marital status (single, widowed/divorced/separated, common-law/married), 

provinces of residence (Births Columbia, Prairies, Ontario, Quebec, Atlantic, Territories), 

household income (less than $39,999,  $40,000 to $59,000, $60,000 to $79,999, $80,000 or 

more), highest household education (less than secondary school graduation education, secondary 

school graduation no post-secondary, some post-secondary education, and post-secondary and 

above), smoking status (non-smoker, smoker at time of CCHS interview), alcohol (no, moderate, 

heavy), physical activity (inactive, moderate, active), stress (not and not very stressful, 

somewhat, extreme) and year of entry into the cohort. 

              Statistical analysis  

            For each CCHS cycle, the follow up was described using the frequency and 

proportion of deaths, mean and total follow-up time. Smoothed Kaplan-Meier curves were 

used to describe the overall survival distribution of subjects with and without 

multimorbidity. The association of multimorbidity and the nine individual chronic diseases 

with mortality was described by the unadjusted hazard ratios with 95% confidence intervals 

using Cox’s proportional hazards models. The unadjusted hazard ratio of multimorbidity 
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was also obtained for each CCHS cycle to examine the consistency of association of 

multimorbidity with mortality between CCHS cycles. Cox’s proportional hazard regression 

was used to determine the adjusted hazard ratio of multimorbidity after controlling for the 

significant baseline factors. Smoothed Kaplan-Meier curves were also used to describe 

survival distribution of subjects with and without multimorbidity in the three age groups (35 

to 49, 50 to 64 and 65 years and above). The distribution of incidence of death for the 

categories of the baseline factors were obtained and an unadjusted hazard ratio was used to 

describe the strength of the association between the baseline factors and mortality for the 

whole sample and three age groups. Hazard ratios for multimorbidity were obtained for the 

three age groups after adjusting for the significant baseline factors. The assumptions of the 

proportional hazards model were validated visually by plots of log[log(survival time)] vs. 

log(time). Although the proportional hazard assumption was violated in people aged 65 

years and above, since the sample size in this study is very large, results would be robust to 

any violation of the model assumptions. Plausible interactions between multimorbidity and 

baseline factors were also examined.  

            The independent association between the nine chronic diseases and mortality was 

determined by replacing multimorbidity with nine binary variables representing each of the 

nine chronic diseases in the Cox proportional hazards models. Adjusted hazard ratios for the 

nine chronic diseases were also estimated, along with plausible interactions between chronic 

diseases. To account for survey design, non-response and refusal to link, design weights 

provided by Statistics Canada were used in all the analyses. Bootstrap weights (with 500 

iterations) were applied to estimate variances and 95% confidence intervals as suggested by 

Statistics Canada to adjust for the complex survey design.25 Stata/MP 16 (StataCorp LP, 
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College Station, TX) and SAS 9.4 (SAS Institute Inc., Gary, North Carolina, USA) were 

used for statistical analyses. 

       3.3       Results 

                Table 3.1 shows information by CCHS cohort on the number of deaths. Number of 

deaths and total follow-up time decreased from CCHS 2003/2004 to CCHS 2014 which was 

expected since subjects interviewed in earlier survey years were older and had a higher risk 

of death during the follow-up compared to those interviewed in the latter surveys.             

                       Figure 3.2 shows Kaplan-Meier survival curves for multimorbidity of the whole 

study population with and without multimorbidity. There was a notable difference in the 

survival distribution between the two groups in the smoothed Kaplan-Meier curves. At the 

end of follow up, roughly 87% of people without multimorbidity remained alive, while 

nearly half of those with multimorbidity died during follow-up. These differences in the 

survival distribution are also evident from unadjusted hazard ratios of multimorbidity with 

the overall risk of death being significantly greater for subjects with multimorbidity in 

comparison to those without multimorbidity (HR=6.15; 95 % CI: 5.91, 6.41; p<0.001) 

(Table 3.2). When each of the nine chronic diseases that were used to define multimorbidity 

were considered one at a time simultaneously, and unadjusted for other chronic diseases and 

potential confounders, each chronic disease was associated with increased risk of death, with 

the lowest and highest risk being in subjects with mood disorder and stroke respectively. 

The increased risk of death associated with multimorbidity was also observed for each 

CCHS cycle and hazard ratios were comparable between the CCHS cycles except for a 

slightly increased hazard ratio for the last CCHS cycle (Table 3.3).  

    The incidence of death and unadjusted hazard ratio for the baseline factors are shown 
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in Table 3.4. The incidence of death was greater for males than females with the overall risk 

of death being significantly greater for males than for females (HR=1.19; 95 % CI: 1.16, 

1.23). Overall risk of death was greater for subjects who were white (in comparison to non-

white), underweight, widowed or divorced (in comparison to those who were single), living 

in Atlantic provinces (in comparison to British Columbia), household income less than 

$39,999, less than secondary school education, smokers (in comparison to non-smokers), 

non-alcohol drinkers, those who reported being physically inactive, and those who reported 

a lower stress level (Table 3.4). 

   A positive association between multimorbidity and mortality was also found when 

stratified by age groups, and the difference in the survival distribution between subjects with 

and without multimorbidity decreased from the younger age group to the older age groups 

(Figure 3.3). As shown in Table 3.5, these differences were further evident in the unadjusted 

hazard ratios of multimorbidity with the hazard ratio being the highest in the youngest age 

group (HR= 4.77; 95% CI: 3.94, 5.77) and lowest in the oldest age group (HR=1.52; 95% 

CI:1.74,1.90).  

  When each of nine chronic disease was considered separately in the Cox’s 

proportional hazards model, all the nine chronic diseases were significantly associated with 

a higher risk of death regardless of the age groups. Subjects with cancer had the highest risk 

of death in the two younger age groups, while subjects with stroke had the highest risk of 

death in the oldest age group. The lowest risk of mortality was observed in subjects having 

asthma and arthritis in the youngest and middle age groups, respectively. Subjects with 

arthritis and high blood pressure had the lowest mortality risk in the oldest age group.  

Age-specific incidence of death and unadjusted hazard ratios are shown for the 
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baseline factors in Table 3.5. Male subjects had a higher incidence of deaths than female in 

all the three age groups. In all the age groups, subjects who were married or in a common-

law relationship had a lower risk of death than those who were single. Moderate and heavy 

drinkers had a significantly lower risk of death in comparison to non-drinkers in all the age-

groups except that a lower risk for heavy drinkers in the youngest age group was not 

statistically significant. 

In multivariable analysis, the hazard ratios between multimorbidity and mortality 

were adjusted for significant baseline factors in the three age groups (Table 3.6). In all three 

age groups, multimorbidity was associated with an increased risk of mortality after adjusting 

for significant baseline factors. Adjusted hazard ratios for multimorbidity decreased from the 

youngest age group (HR= 3.77; 95% CI: 3.04, 4.67) to the oldest age group (HR= 1.71; 95% 

CI: 1.63, 1.80). The adjusted hazard ratios for sex, household income, education, and 

smoking were similar in the three age groups. Moderate and heavy drinkers had a 

significantly lower risk of death in comparison to non-drinkers in the three age groups 

except that for the heavy drinkers in the youngest age group. However, the difference was 

not significant. Physical activity and stress level were significantly associated with risk of 

death in the middle-aged and oldest age groups. Race and province of residence were 

significantly associated with risk of death only in the oldest age group.   

Interactions between multimorbidity and the baseline factors that were significant in 

the Cox’s proportional hazards models for the three age groups were further examined. In 

the multivariable proportional hazards model for 35 to 49 years, interactions of alcohol 

drinking and education with multimorbidity were significant (Table 3.7). In subjects with 

multimorbidity, there was a 48% significant reduction in the risk of death in the moderate 
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drinkers (HR=0.52; 95% CI: 0.36, 0.73; p<0.001) and a non-significant 38% reduction in the 

heavy drinkers (HR=0.72; 95% CI:0.41,1.27; p=0.26) in comparison to non-drinkers. 

Whereas, in subjects without multimorbidity, there was a non-significant increased risk of 

death in moderate drinkers and a significant increased risk of death in heavy drinkers (HR= 

2.05; 95% CI: 1.37,3.07; p=0.001) in comparison to non-drinkers (Table 3.7). In subjects 

with multimorbidity, a significant protective effect was only observed for some post-

secondary education. In the subjects without multimorbidity, a significant protective effect 

was observed only for post-secondary education and above. 

                               In the multivariable proportional hazards model for 65 years and above, interactions 

of obesity and marital status with multimorbidity were significant. In this age group, there 

was a significant reduction in the risk of death for all the body weight categories in both 

subjects with and without multimorbidity (Table 3.8). However, the reduction in the risk of 

death associated with body weight categories was greater in subject with multimorbidity 

than in those without multimorbidity. The protective effect of the common-law and married 

categories and increased the risk of death for widowed, divorced and separated categories (in 

comparison to the single category) were observed in both subjects with multimorbidity and 

without multimorbidity. The effects of appeared stronger in subjects without multimorbidity 

than those with multimorbidity (Table 3.8).  

                            In a further multivariable analysis, multimorbidity was replaced with binary variables 

indicating each of the nine chronic diseases considered simultaneously in the proportional 

hazards model for the three age groups. In these models, race, physical activity, stress and 

year of entry into the cohort were not significant for the younger age group (Table 3.9). 

Physical activity and year of entry into the cohort were significant in the model for the 
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middle age group (50 to 64 years). All the baseline factors were significant in the oldest 

age group. After adjusting for the significant baseline factors, all the nine chronic diseases 

except asthma and heart disease, were significantly associated with risk of death in the 

youngest age group, all the chronic diseases except asthma, arthritis, and mood disorder 

were significantly associated with risk of death in the middle age group and all the chronic 

diseases except for asthma and arthritis were significantly associated with risk of death in 

the oldest age group (Table 3.9). As indicated by these results, asthma was not associated 

with death in any of the three age groups after adjusting for the effect of other chronic 

diseases and significant baseline factors. Subjects with cancer had the highest risk of death 

among the nine chronic diseases in the younger and middle-aged groups. In the oldest age 

group, subjects with COPD and cancer had the highest risk of death. It is also worth noting 

that mood disorders had a marginally significant protective effect against death risk in the 

oldest age group (HR=0.92; 95% CI: 0.86, 0.99).  

  The significance of plausible interactions between the nine chronic diseases and 

baseline factors were examined in the Cox’s proportional hazards models for the three age 

groups. Interactions between asthma and mood disorder, and COPD and diabetes were 

significant in the older age group (Table 3.10). In this age group, among subjects with 

asthma and without mood disorder, there was an increased risk of death (HR= 1.19; 95 % 

CI: 1.04, 1.36). Subjects with mood disorder were less likely to die among subjects with 

asthma (HR=0.91; 95 % CI:0.72, 1.15) with the differences not being significant. As 

indicated in Table 3.10, subjects with COPD and without diabetes had a greater risk of 

death (HR= 1.93; 95% CI:1.66, 2.24) and this risk increased among subjects with both 

COPD and diabetes (HR=2.59; 95% CI:2.01, 3.34).  
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3.4 Discussion 

 

            In this retrospective cohort study, the relationship between multimorbidity and all-

cause mortality among CCHS participants aged 35 years and above was examined. In 

addition, age-group specific relationships between mortality and each of the nine chronic 

diseases that were used to define multimorbidity were determined.  

             A positive association between multimorbidity and risk of death after adjusting for 

potential confounders was found in this study. A similar result has been observed in 

previous studies examining the relationship between multimorbidity and mortality.26,27 In a 

meta-analysis based on 26 studies, it was reported that people aged 65 years old and above 

with multimorbidity had a 1.73 times higher risk of all-cause mortality (HR=1.73; 95% CI: 

1.41, 2.13),28 which was very similar to the findings in this study for subjects aged 65 years 

and above (HR=1.71;95% CI:1.63, 1.80). In a 9-year follow-up study based on the data from 

the 1999 Large Health Survey of Veteran Enrollees in the United States, it was reported  that 

an increase in the number of comorbid medical disorders was associated with a higher risk 

of all-cause mortality after correcting for confounding effects.29 In a study examining the 

underlying biological mechanism for the relationship between multimorbidity and mortality,  

it was reported that the impact of multimorbidity on mortality is probably similar to the 

physiological mechanisms of increasing mortality risk in individuals with a single disease.28  

In this study, the effect of multimorbidity on the risk of deaths decreased from the 

youngest age group to the older. Subjects in the youngest age group (35 to 49 years) had 

3.77 times (95 % CI: 3.04, 4.67) greater the risk of death in comparison to the two older age 

groups, 50 to 64 years and 65 years and above (HR=2.64; 95 % CI: 2.36, 2.95 and HR=1.71; 

95% CI:1.63,1.80, respectively). Evidence for a lower risk of mortality in people with 
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multimorbidity while ageing can be found in other studies.8,30,26 For example, a study based 

on a UK biobank reported that all-cause mortality was greater in the middle-aged subjects 

than the older subjects, particularly in males.14 A prospective cohort study of older adults in 

central Italy has shown that disability, rather than multimorbidity, had a greater impact on 

mortality in the elderly aged over 80 years and above.31 In another study, it was reported that 

a survival effect could be a possible explanation, with the hypothesis being that subjects 

with life-threatening multimobidities die before they could age.32  

                       In this study, significant interactions were observed between demographic and 

socioeconomic characteristics and multimorbidity when stratified by age groups. Some post-

secondary education had a protective against the risk of death in comparison to less than 

secondary education in subjects with multimorbidity in the 35 to 49 years age group. This is 

in agreement with a study based on a Danish population which reported that a lower level of 

education was associated with a higher risk of overall mortality adjusting for the effect of 

multimorbidity, life factors, and quality of life.13,33  

     Among subjects aged 35 to 49 years with multimorbidity, a significant reduction in the 

risk of death was found among moderate drinkers (HR=0.52; 95% CI: 0.36, 0.73; p<0.001) 

and a non-significant reduction in the heavy drinkers (HR=0.72; 95% CI:0.41,1.27; p=0.26) in 

comparison to non-drinkers. Similar results were reported in a study based on the UK biobank 

with alcohol consumption having a protective effect against the risk of all-cause mortality 

across all drinking categories (1-3 times/month,1-4 times/week, and daily or almost daily) 

when compared to never drinkers or special occasion drinkers.14 The finding in the present 

study of a protective effect of multimorbidity with mortality observed among moderate 

drinkers in comparison to that of the non-drinkers in the age group 35 to 49 years was 
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unexpected. A healthy response bias or abstainer bias 34 among non-drinkers may be a 

possible explanation with possibly some of the non-drinkers being advised to quit drinking 

because of their poor health status by their healthcare professionals.35  

     In subjects aged 65 and above, there was a significant reduction in the risk of death in 

all the body weight categories in comparison to underweight among both subjects with and 

without multimorbidity. Similar to the finding in this study, a study based on the UK biobank 

including subjects aged 37 to 73 years old reported that subjects who were underweight had a 

higher risk of death in comparison to those who were normal weight after adjusting for 

confounding effects (HR=1.04; 95% CI: 1.037, 1.048).14 Subjects who are underweight 

generally have worse health than the general population, which could explain the disparity in 

mortality risk between underweight and the other categories of obesity.36 Low weight may 

also be a consequence of poor health. We also found that a lower risk of death in subjects who 

were in the common-law and married category and an increased risk of death was found in 

subjects who were in the widowed, divorced and separated category in comparison to those 

who were single. This was present in both subjects with multimorbidity and without 

multimorbidity. Similar results were found in a study based on self-reported data from the 

2008 and 2010 Health and Retirement Study of Americans aged 50 years old and older, which 

reported that people who were married had the lowest odds of mortality across all the 

categories (i.e., widowed, divorced, never married) after adjusting the potential confounders.33 

In contrast, a study of community-dwellers who aged 65 years old and above from the 

Manitoba Study of Health and Ageing did not find marital status to have an effect on the 

association between multimorbidity and mortality.10  

          When the separate effect of each chronic disease that was used to define 
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multimorbidity, was examined jointly in this study, all the chronic diseases except asthma 

were associated with an increased risk of death after adjusting the potential confounders. In 

this study, subjects aged 35 to 49 years old were found to have a higher risk of death for 

the majority of the nine chronic diseases than subjects who were in the older age group. 

This finding was in agreement with the results when we considered multimorbidity. 

Subjects with cancer had the highest risk of death among the nine chronic disease for each 

age group in this study, which was expected since cancer is a leading cause of death in 

Canada and worldwide.37 The report of a mood disorder was also associated with excess 

mortality among the younger age group. A meta-analysis has similarly reported that excess 

mortality was found in depressed subjects compared to non-depressed subjects (overall 

RR=1.81; 95% CI: 1.58, 2.07).38 A marginal protective effect of a mood disorder on 

mortality in older adults was observed in this study. Similar results were found in a study 

based on older adults aged 60 years old and above in five contiguous central North 

Carolina counties with depression measured using symptom counts having  a non-

significant protective effect on mortality in both unadjusted (RR=0.96; 95% CI: 0.40, 2.34) 

and adjusted models (RR adjusted model1= 0.88; 95% CI: 0.35, 2.21; RR adjusted mode2=0.62; 95% 

CI: 0.24,1.57).39 Lower suicide rates in older populations may be one possible explanation, 

since it has been suggested that suicide is the major cause of death among people with a 

mood disorder.40  

  Among the nine chronic diseases considered in this study, arthritis had the relatively 

low but insignificant risk of death in all the age groups. It was expected since arthritis 

mortality was reported to decline over recent years due to better control of inflammation 

associated with arthritis.41 Some studies have shown that subject with arthritis had an 
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increased risk of death42 and the risk increased with ageing.43 In this study, an increased 

risk of death was not observed for arthritis in the older age group. One possible 

explanations is that other chronic diseases such as heart-related disease, rather than 

arthritis, contribute largely to the death in the older age groups.44 We also found that 

asthma had a lower risk of death than the other chronic diseases in all age groups but the 

differences were insignificant. However, other studies have reported the opposite 

relationship.45 The significantly lower risk of death in patients with asthma compared to 

many other chronic diseases may be due to better diagnosis and control at an early stage of 

the disease.46 

         In this study, significant interactions between asthma and mood disorder and diabetes 

and COPD, with risk of death were found in subjects aged 45 to 64 years. The coexistence 

of mood disorder in patients with asthma has previously been reported to be associated 

with increased mortality.47 For example, a cohort study of asthma patients in the United 

States based on data from the National Veterans Affairs and Centers for Medicare and 

Medicaid Services Encounter databases, found that among veterans with asthma aged 46 to 

64 years old, coexisting mental disorder was associated with increased all-cause mortality 

in comparison to those with asthma only, after adjusting the confounding effects (adjusted 

OR=1.48, 95% CI: 1.03, 2.10).48 Although there have been a few studies focusing on the 

association of asthma-mental illness comorbidity with mortality, one such study reported  

that patients with depression had a greater number of emergency room visits due to 

asthma-related complications.49 However, in this study, there was a non-significant 

protective effect of mood disorder on all-cause mortality among subjects with asthma. The 

contrasting difference in the results between this study and the previous studies may be 
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related to several factors including the population studied, the definition of a mood 

disorder, and the length of the follow up. In this study, among subjects with COPD, those 

without diabetes was associated with an increased risk of death compared to those without 

diabetes and COPD after adjusting other confounding effects. This risk was elevated even 

more in subjects with both COPD and diabetes. The joint effect of diabetes and COPD on 

mortality has also been investigated in other studies. In a multicenter cohort study of 2,164 

COPD patients, COPD patients with diabetes had an increased risk of death in comparison 

to those COPD patients without diabetes. (HR=1.7; 95% CI:1.2, 2.4).50 In another cohort 

study based on the Taiwan Longitudinal Health Insurance Database, similar results were 

reported in that COPD patients with pre-existing diabetes had a 24.4% greater risk of death 

(HR=1.24; 95% CI: 1.010, 1.532) compared to COPD patients without pre-existing 

diabetes.51 The underlying biological mechani.sm is still unknown and possibly 

multifactorial. It has been suggested that the increased the glucose concentration in the 

airway in diabetes may stimulate or maintain the development of airways bacteria. As a 

consequence, patients with diabetes are more susceptible to bacterial lung infection, which 

may result in more severe symptoms related to COPD and an increased risk of mortality.52  

            This study has both strengths and limitations. Firstly, the majority of the previous 

studies on multimorbidity and mortality were based on provincial databases, whereas this 

study was based on a nationwide health survey representing the entire Canadian population. 

The large sample size potentially reduced selection bias and sampling errors. To the best of 

the author’s knowledge, it is the first study using a linked database of CCHS-CVSD data to 

examine the relationship between multimorbidity and mortality among the Canadian 

population. Recognizing multimorbidity associated mortality is multifactorial, this study 
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included a wide range of confounders in the analysis to adjust for possible confounding. 

Furthermore, this study examined the joint effects between chronic diseases among subjects 

with multimorbidity. These results may guide the healthcare professional to intervene, 

provide appropriate treatment and manage comorbidity. There are some limitations in the 

study as well. Unlike other studies where chronic diseases were weighted according to the 

severity of the diseases and the effects of disease-related functional impairment,53 the effect 

of each chronic disease was weighted the same in this study. Additionally, the presence of 

chronic disease was identified by self-report of a health professional diagnosis, which could 

lead to potential underestimation of multimorbidity.  

In conclusion, multimorbidity was associated with increased all-cause mortality after 

adjusting for health behaviours, demographic factors, and socioeconomic status in the 

middle-aged to older Canadians. The association between multimorbidity and mortality was 

significant across all age groups with decreasing proportional risk from the younger to older 

age groups. Similar results were observed while examining each chronic disease that was 

used to define multimorbidity. All the chronic diseases except asthma were found to be 

associated with excess mortality regardless of the age groups after adjusting for the potential 

confounders. Moreover, the effect of each chronic disease except asthma on mortality 

decreased from the younger to older population. In this study, diabetes had an increased risk 

of mortality among subjects with COPD. Given that multimorbidity had a proportionately 

greater effect on mortality among middle-aged subjects than older subjects in this study, 

prevention goals should target middle-aged subjects in order to reduce excess mortality 

associated with multimorbidity. Additional information on the causes of death is required to 

delineate the mortality associated with multimorbidity from other causes and establish 
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causal relationships between multimorbidity and mortality.  
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   Table 3.1 Description of follow-up from the linkage of the Canadian Community Health Surveys (2003–2014) with the Canadian Vital Statistics—Death database.   
 

  

Description of respondents who died during the follow-up 

 

Description of respondents who were censored during the follow-up 

Year of entry Number of people 

included in analysis 

Number of 

deaths 

Total survival 

time (days) 

Mean Proportion of 

deaths (%) 

Number 

censored 

Total survival 

time (days) 

Mean Proportion of 

censored (%) 

2003/2004 71650 17505 49981490 2855.27 24.43 54145 287048205 5301.47 75.57 

2005/2006 73085 15125 37330265 2468.12 20.70 57960 264652080 4566.12 79.30 

2007 38725 6580 13771840 2092.98 16.99 32145 123540730 3843.23 83.01 

2008 37495 5720 10724955 1874.99 15.26 31775 110604045 3480.85 84.74 

2009 35190 4675 7974535 1705.78 13.29 30515 95018670 3113.83 86.71 

2010 34935 4255 6347420 1491.76 12.18 30680 84360925 2749.70 87.82 

2011 35400 3535 4584620 1296.92 9.99 31865 75935835 2383.05 90.01 

2012 34995 2940 3306575 1124.69 8.40 32055 64703080 2018.50 91.60 

2013 36930 2600 2341075 900.41 7.04 34330 56825425 1655.27 92.96 

2014 36480 1795 1276625 711.21 4.92 34685 44855700 1293.23 95.08 

Total 434885 64730 137639400 16522.13  370155 1207544695   30405.26  

   Note: Figures in the table were rounded off using base-five rounding rules. 
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            Table 3.2 The distribution of incidence of death and unadjusted hazard ratios for the 

                 nine chronic diseases and multimorbidity. 

Disease group Incidence (%) Hazard ratio (95% CI)  p-value 

Asthma    

    No 0.09 1.00 
 

    Yes 0.11 1.29 (1.23, 1.36) <0.001 

Arthritis 
   

    No 0.07 1.00 
 

    Yes 0.16 2.41 (2.35, 2.48) <0.001 

High Blood Pressure 
   

    No 0.07 1.00 
 

    Yes 0.16 2.65 (2.57, 2.73) <0.001 

Diabetes 
   

    No 0.08 1.00 
 

    Yes 0.20 2.97 (2.86, 3.08) <0.001 

Heart Disease 
   

   No 0.08 1.00 
 

   Yes 0.28 4.34 (4.19, 4.50) <0.001 

Cancer 
   

   No 0.08 1.00 
 

    Yes 0.31 4.68 (4.43, 4.94) <0.001 

Stroke 
   

    No 0.09 1.00 
 

    Yes 0.36 5.24 (4.94, 5.56) <0.001 

Mood Disorder 
 

  

    No 0.09 1.00 
 

    Yes 0.10 1.21 (1.15, 1.28) <0.001 

COPD 
 

  

    No 0.09 1.00 
 

    Yes 0.25 4.22 (4.01, 4.44) <0.001 

Multimorbidity    

    No 0.04 1.00  

    Yes 0.20 6.15 (5.91, 6.41) <0.001 
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Table 3.3 Cumulative incidence of death and unadjusted hazard ratio of multimorbidity by CCHS cycle. 

Year of entry Incidence (%) Unadjusted hazard ratio of multimorbidity Lower 95% CI Upper 95% CI 

2003/2004 24.43 5.80 5.44 6.18 

2005/2006 20.70 6.10 5.71 6.52 

2007 16.70 5.80 5.18 6.50 

2008 15.26 6.61 5.84 7.47 

2009 13.29 5.91 5.16 6.77 

2010 12.18 5.82 4.98 6.80 

2011  9.99 6.56 5.08 8.45 

2012  8.40 6.95 5.90 8.20 

2013  7.04 6.48 5.33 7.88 

2014  4.92 7.50 5.33 10.44 
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Table 3.4 Incidence of death and unadjusted hazard ratios for the baseline factors. 

 Baseline factors Incidence Hazard ratio (95% CI)  p-value 

Sex 
   

    Female 0.08 1.00 
 

    Male 0.10 1.19 (1.16, 1.23) <0.001 

Racial Background 
   

    Non-white 0.04 1.00 
 

    White 0.10 2.43 (2.20, 2.69) <0.001 

Body weight  
   

    Under weight 0.19 1.00 
 

    Normal weight 0.09 0.42 (0.39, 0.46) <0.001 

    Overweight 0.08 0.38 (0.35, 0.41) <0.001 

    Obese 0.11 0.54 (0.50, 0.59) <0.001 

Marital status 
   

    Single 0.07 1.00 
 

    Widowed/Divorced/Separated 0.18 2.57 (2.42, 2.73) <0.001 

    Common-law/Married 0.07 0.93 (0.87, 0.98) 0.009 

Province of residence 
   

    British Columbia 0.10 1.00 
 

    Prairies 0.09 0.95 (0.91,1.00) 0.05 

    Quebec 0.09 0.93 (0.88, 0.97) 0.003 

    Ontario 0.09 0.90 (0.86, 0.95) <0.001 

    Atlantic 0.11 1.11 (1.06, 1.16) <0.001 

    Territories 0.07 0.77 (0.68, 0.86) <0.001 

Household income 
   

    less than $39,999 0.16 1.00 
 

    $40,000 to $59,999 0.09 0.51 (0.49, 0.54) <0.001 

    $60,000 to $79,999 0.06 0.33 (0.31, 0.35) <0.001 

    $80,000 or more 0.07  0.37 (0.36, 0.39) <0.001 

Highest household education 
   

    Less than secondary school graduation 0.20 1.00 
 

    Secondary school graduation, no post-secondary education 0.08 0.41 (0.39, 0.42) <0.001 

    Some post-secondary education 0.09 0.42 (0.39, 0.46) <0.001 

    Post-secondary and above 0.06 0.29 (0.28, 0.30) <0.001 

Smoking status 
   

    Non-Smoker 0.09 1.00 
 

    Smoker 0.10 1.10 (1.06, 1.14) <0.001 

Alcohol 
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    No 0.15 1.00 
 

    Moderate 0.07 0.41 (0.40, 0.42) <0.001 

    Heavy 0.12 0.78 (0.74, 0.81) <0.001 

Physical activity 
   

    Inactive 0.11 1.00 
 

    Moderate 0.06 0.59 (0.57, 0.61) <0.001 

    Active 0.05 0.50 (0.47, 0.52) <0.001 

Stress 
   

    Not and not very stressful 0.13 1.00 
 

    Somewhat 0.07 0.53 (0.51, 0.54) <0.001 

    Extreme 0.08 0.62 (0.57, 0.67) <0.001 
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                 Table 3.5 Incidence of death and unadjusted hazard ratios for the nine chronic diseases and baseline factors by age groups.  

 35 to 49 years 50 to 64 years 65 years and above 

Disease group/baseline factors Incidence                           Hazard ratio (95% CI)                                             Incidence Hazard ratio (95% CI) Incidence Hazard ratio (95% CI) 

Cancer    

   No 0.02 1.00 0.05 1.00 0.26 1.00 

   Yes 0.16 12.77 (9.10,17.93) 0.21 4.90 (4.36, 5.51) 0.40 1.94 (1.82, 2.07) 

COPD       

    No 0.02 1.00  0.05 1.00 0.26 1.00 

    Yes 0.07 6.35 (3.91, 10.32) 0.13 3.50 (3.13, 3.92) 0.31 2.30 (2.18, 2,44) 

Stroke       

    No 0.02 1.00 0.05 1.00 0.26 1.00 

    Yes 0.09 6.09 (4.13, 8.98) 0.17 3.49 (2.92, 4.17) 0.49 2.37 (2.23, 2.53) 

Diabetes       

    No 0.02 1.00 0.05 1.00 0.25 1.00 

    Yes 0.04 3.10 (2.48, 3.86) 0.11 2.51 (2.30, 2.74) 0.33 1.50 (1.45, 1.56) 

Heart Disease       

   No 0.02 1.00 0.05 1.00 0.24 1.00 

   Yes 0.05 3.00 (2.40, 3.75) 0.13 2.77 (2.50, 3.05) 0.39 1.85 (1.79, 1.92) 

Mood Disorder       

    No 0.01 1.00 0.05 1.00 0.26 1.00 

    Yes 0.03 2.49 (2.05, 3.03) 0.08 1.78 (1.61, 1.97) 0.30 1.29 (1.21, 1.37) 

High Blood Pressure 
 

 
 

 
 

 

    No 0.01 1.00 0.63 1.00 0.26 1.00 

    Yes 0.08 2.20 (1.87, 2.60) 0.37 1.63 (1.53, 1.75) 0.08 1.12 (1.09, 1.16) 

Arthritis       

    No 0.01 1.00 0.05 1.00 0.25 1.00 

    Yes 0.03 2.08 (1.76, 2.46) 0.07 1.34 (1.25, 1.44) 0.29 1.12 (1.09, 1.17) 

Asthma       
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    No 0.02 1.00 0.05 1.00 0.26 1.00 

    Yes 0.02 1.58 (1.24, 2.02) 0.08 1.47 (1.32, 1.64) 0.31 1.24 (1.18, 1.31) 

Multimorbidity       

    No 0.01 1.00 0.03 1.00 0.20 1.00 

    Yes 0.05 4.77 (3.94, 5.77) 0.10 3.16 (2.87, 3.48) 0.32 1.52 (1.74,1.90) 

Sex       

    Female 0.01 1.00 0.04 1.00 0.25 1.00 

    Male 0.02 1.56 (1.35, 1.81) 0.07 1.56 (1.45, 1.67) 0.29 1.28 (1.22,1.32) 

Racial Background 
 

 
 

 
 

 

    Non-white 0.01 1.00 0.03 1.00 0.17 1.00 

    White 0.02 1.44 (1.07, 1.94) 0.06 1.81 (1.46, 2.25) 0.28 1.66 (1.48, 1.86) 

Body weight  
 

 
 

 
 

 

    Under weight 0.04 1.00 0.11 1.00 0.46 1.00 

    Normal weight 0.02 0.42 (0.30, 0.59) 0.05 0.42 (0.34, 0.51) 0.28 0.51 (0.46, 0.56) 

    Overweight 0.01 0.37 (0.26, 0.53) 0.05 0.41 (0.33, 0.50) 0.23 0.40 (0.37, 0.44) 

    Obese 0.02 0.62 (0.44, 0.88) 0.07 0.60 (0.49, 0.74) 0.29 0.59 (0.53, 0.65) 

Marital status 
 

 
 

 
 

 

    Single 0.03 1.00 0.08 1.00 0.28 1.00 

    Widowed/Divorced/Separated 0.02 0.81 (0.65, 1.00) 0.08 0.99 (0.87, 1.13)  0.34 1.17 (1.09, 1.26) 

    Common-law/Married 0.01 0.40 (0.34, 0.47) 0.05 0.55 (0.49, 0.61) 0.23 0.74 (0.69, 0.80) 

Province of residence 
 

 
 

 
 

 

    British Columbia 0.02 1.00 0.05 1.00 0.28 1.00 

    Prairies 0.02 0.82 (0.64, 1.05) 0.06 1.15 (1.02, 1.31) 0.28 1.02 (0.97, 1.07) 

    Quebec 0.01 0.69 (0.52, 0.89) 0.06 1.12 (0.99, 1.26) 0.25 0.89 (0.84, 0.94) 

    Ontario 0.02 0.80 (0.64, 1.00) 0.05 1.04 (0.93, 1.17) 0.26 0.92 (0.87, 0.97) 

    Atlantic 0.02 0.88 (0.70, 1.13) 0.07 1.36 (1.21, 1.53) 0.29 1.08 (1.02, 1.14) 

    Territories 0.02 1.06 (0.72, 1.55) 0.07 1.40 (1.12, 1.75) 0.30 1.16 (0.99, 1.35) 

Household income 
 

 
 

 
 

 

    less than $39,999 0.03 1.00  0.09 1.00 0.30 1.00 

    $40,000 to $59,999 0.02 0.62 (0.59, 0.76) 0.06 0.60 (0.53, 0.69) 0.21 0.73 (0.69, 0.76) 
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    $60,000 to $79,999 0.02 0.45 (0.38, 0.62) 0.04 0.45 (0.40, 0.51) 0.18 0.65 (0.61, 0.70) 

    $80,000 or more 0.01 0.37 (0.31, 0.43) 0.04 0.41 (0.37, 0.44) 0.29 0.82 (0.79, 0.85) 

Highest household education 
 

 
 

 
 

 

    Less than secondary school 

    graduation 

0.04 1.00 0.09 1.00 0.34 1.00 

    Secondary school graduation,  
    no post-secondary education 

0.02 0.60 (0.48, 0.75) 0.05 0.54 (0.49, 0.59) 0.25 0.78 (0.74, 0.81) 

    Some post-secondary education 0.02 0.55 (0.42, 0.70) 0.07 0.70 (0.59, 0.83) 0.28 0.81 (0.74, 0.89) 

    Post-secondary and above 0.01 0.38 (0.33, 0.45) 0.05 0.53 (0.49, 0.57) 0.21 0.66 (0.63, 0.68) 

Smoking status 
 

 
 

 
 

 

    Non-Smoker 0.01 1.00 0.04 1.00 0.26 1.00 

    Smoker 0.02 3.72 (2.38, 3.12) 0.10 2.55 (2.27, 2.74) 0.37 1.56 (1.50, 1.63) 

Alcohol 
 

 
 

 
 

 

    No 0.02 1.00 0.08 1.00 0.34 1.00 

    Moderate 0.01 0.68 (0.57,0.82) 0.05 0.57 (0.52, 0.63)  0.23 0.63 (0.61, 0.65) 

    Heavy 0.03 1.28 (0.99, 1.66) 0.06 0.71 (0.62, 0.81) 0.26 0.70 (0.67, 0.74) 

Physical activity 
 

 
 

 
 

 

    Inactive 0.02 1.00 0.07 1.00 0.31 1.00 

    Moderate 0.01 0.74 (0.62, 0.88) 0.04 0.64 (0.59, 0.70) 0.19 0.58 (0.56, 0.61) 

    Active 0.01 0.73 (0.61, 0.87) 0.04 0.59 (0.54, 0.65) 0.16 0.50 (0.48, 0.53) 

Stress 
 

 
 

 
 

 

    Not and not very stressful 0.02 1.00 0.06 1.00 0.27 1.00 

    Somewhat 0.01 0.88 (0.76, 1.03) 0.05 0.92 (0.85, 0.99) 0.26 1.01 (0.97, 1.04) 

    Extreme 0.03 1.61(1.18, 2.22) 0.07 1.31 (1.14, 1.51) 0.34 1.29 (1.22, 1.58) 

Year of entry 
 

 
 

 
 

 

    2003/2004 0.04 1.00 0.13 1.00 0.54 1.00 

    2005/2006 0.03 0.90 (0.76, 1.06) 0.01 0.95 (0.88, 1.04) 0.46 0.98 (0.94, 1.03) 

    2007 0.03 1.34 (1.10, 1.67) 0.01 0.88 (0.79, 0.99) 0.36 0.94 (0.88, 0.99) 

    2008 0.01 0.76 (0.60, 0.96) 0.05 0.95 (0.84, 1.07) 0.32 0.92 (0.87, 0.98) 

    2009 0.01 0.76 (0.58, 1.27) 0.05 0.78 (0.67, 0.91) 0.28 0.91 (0.85, 0.96) 

    2010 0.01 0.90 (0.64, 1.26) 0.04 0.83 (0.72, 0.95) 0.25 0.93 (0.87. 0.99) 
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    2011 0.01 0.89 (0.62, 1.37) 0.04 0.97 (0.77, 1.21) 0.21 0.94 (0.87, 1.03) 

    2012 0.01 0.92 (0.63, 1.87) 0.03 0.84 (0.69, 1.04) 0.17 0.90 (0.83, 0.97) 

    2013 0.01 1.09 (0.61, 2.79) 0.02 0.81 (0.67, 0.95) 0.13 0.90 (0.82, 0.98) 

    2014 0.01 1.31 (0.61, 1.14) 0.02 0.89 (0.69, 1.15) 0.09 0.81 (0.74, 0.89) 
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   Table 3.6 Adjusted hazard ratios of multimorbidity and baseline factors without interactions by age groups.  
35 to 49 years 50 to 64 years 65 years and above 

Disease group/baseline factors Hazard ratio (95% CI) Hazard ratio (95% CI) Hazard ratio (95% CI) 

Multimorbidity 
  

 

    No  1.00 1.00 1.00 

    Yes  3.77 (3.04, 4.67) 2.64 (2.36, 2.95) 1.71 (1.63, 1.80) 

Sex 
  

 

    Female 1.00 1.00 1.00 

    Male 1.83 (1.50, 2.23) 1.81 (1.65, 1.99) 1.77 (1.68, 1.85) 

Racial Background 
  

 

    Non-white 
  

1.00 

    White -  - 1.97 (1.71, 2.26) 

Body weight  
  

 

    Under weight 1.00 1.00 1.00 

    Normal weight 0.42 (0.27, 0.65) 0.53 (0.41, 0.70) 0.51 (0.45, 0.58) 

    Overweight 0.33 (0.21, 0.52) 0.50 (0.38, 0.67) 0.36 (0.31, 0.40) 

    Obese 0.47 (0.30, 0.74) 0.57 (0.43, 0.75) 0.35 (0.31, 0.40) 

Marital status  
  

 

    Single 1.00 1.00 1.00 

    Widowed/Divorced/Separated 0.81 (0.63, 1.04) 1.07 (0.91, 1.26) 1.21 (1.11, 1.32) 

    Common-law/Married 0.66 (0.53, 0.82) 0.70 (0.61, 0.80) 0.75 (0.69, 0.82) 

Province of residence  
  

 

    British Columbia 
  

1.00 

    Prairies 
  

0.90 (0.84, 0.96) 

    Quebec - - 0.76 (0.70, 0.82) 

    Ontario 
  

0.81 (0.76, 0.87) 

    Atlantic 
  

0.80 (0.75, 0.87) 

    Territories 
  

0.83 (0.64, 1.08) 

Household income  
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    less than $39,999 1.00 1.00 1.00 

    $40,000 to $59,999 0.78 (0.60, 1.02) 0.84 (0.70, 1.00) 0.84 (0.79, 0.90) 

    $60,000 to $79,999 0.78 (0.56, 1.07) 0.74 (0.63, 0.86) 0.83 (0.75, 0.91) 

    $80,000 or more 0.61 (0.48, 0.79) 0.66 (0.59, 0.74) 0.94 (0.89, 0.98) 

Highest household education  
  

 

    Less than secondary school graduation 1.00 1.00 1.00 

    Secondary school graduation, no post-secondary education 0.91 (0.68, 1.21) 0.72 (0.64, 0.80) 0.89 (0.84, 0.94) 

    Some post-secondary education 0.68 (0.50, 0.92)  0.82 (0.69, 0.97) 0.86 (0.78, 0.95) 

    Post-secondary and above 0.67 (0.55, 0.82) 0.81 (0.73. 0.89) 0.77 (0.73, 0.80) 

Smoking status  
  

 

    Non-Smoker 1.00 1.00 1.00 

    Smoker 1.79 (1.50, 2.14) 1.99 (1.81, 2.18) 1.30 (1.23, 1.38) 

Alcohol 
  

 

    No 1.00 1.00 1.00 

    Moderate 0.82 (0.66, 1.03) 0.72 (0.63, 0.82) 0.72 (0.69, 0.76) 

    Heavy 1.28 (0.92, 1.78) 0.85 (0.73, 1.00) 0.82 (0.76, 0.88) 

Physical activity  
  

 

    Inactive 
 

1.00 1.00 

    Moderately - 0.79 (0.71, 0.88) 0.62 (0.59, 0.65) 

    Active 
 

0.73 (0.64, 0.82) 0.53 (0.49, 0.56) 

Stress 
  

 

    Not and not very stressful 
 

1.00 1.00 

    Somewhat - 0.82 (0.75, 0.91) 0.93 (0.90, 0.97) 

    Extreme 
 

0.88 (0.74, 1.05) 0.96 (0.81, 1.14) 

*Only significant variables were adjusted in the proportional hazards models.  
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Table 3.7 Adjusted hazard ratios for significant interactions from the multivariable proportional hazards model for 35 

to 49 years. 

Baseline factors Hazard ratio (95% CI) p-value 

Alcohol (With multimorbidity)   

    No 1.00  

    Moderate 0.52 (0.36, 0.73) <0.001 

    Heavy 0.72 (0.41, 1.27) 0.26 

Alcohol (Without multimorbidity) 
 

 

    No 1.00  

    Moderate 1.27 (0.96, 1.67) 0.11 

    Heavy 2.05 (1.37, 3.07) 0.001 

Education (With multimorbidity) 
 

 

    Less than secondary school graduation 1.00  

    Secondary school graduation, no post-secondary education 0.96 (0.59, 1.58) 0.88 

    Some post-secondary education 0.41 (0.25, 0.65) <0.001 

    Post-secondary and above 0.83 (0.59, 1.17) 0.29 

Education (Without multimorbidity)   
    Less than secondary school graduation 1.00  

    Secondary school graduation, no post-secondary education 0.85 (0.60, 1.19) 0.34 
    Some post-secondary education 0.83 (0.56, 1.23) 0.35 

    Post-secondary and above 0.58 (0.45, 0.76) <0.001 
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           Table 3.8 Adjusted hazard ratios for significant interactions from the multivariable proportional hazards 

           model for 65 years and above. 
Baseline factors Hazard ratio (95% 

CI) 

p-value 

Body weight (With multimorbidity)   

    Under weight 1.00  

    Normal weight 0.50 (0.43, 0.60) <0.001 

    Overweight 0.35 (0.30, 0.41) <0.001 

    Obese 0.33 (0.28, 0.39) <0.001 

Body weight (Without multimorbidity) 
 

 

    Under weight 1.00  

    Normal weight 0.54 (0.44, 0.66) <0.001 

    Overweight 0.36 (0.29, 0.44) <0.001 

    Obese 0.49 (0.38, 0.61) <0.001 

Marital status (With multimorbidity) 
 

 

    Single 1.00  

    Widowed/Divorced/Separated 1.19 (1.07, 1.32)   0.001 

    Common-law/Married 0.78 (0.71, 0.87) <0.001 

Marital status (Without multimorbidity)   

    Single 1.00  

    Widowed/Divorced/Separated 1.28 (1.10, 1.50)  0.002 

    Common-law/Married 0.68 (0.58, 0.79) <0.001 
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Table 3.9 Adjusted hazard ratios of nine chronic diseases without interactions by age groups. 

 35 to 49 years 50 to 64 years 65 years and above 

Disease group/baseline factors Hazard ratio (95% CI) Hazard ratio (95% CI) Hazard ratio (95% CI) 

Cancer    

    No 1.00 1.00 1.00 

    Yes   10.72 (7.61, 15.09) 4.23 (3.73, 4.79) 1.75 (1.63, 1.87) 

COPD    

    No 1.00 1.00 1.00 

    Yes  2.61 (1.55, 4.40) 1.75 (1.53, 2.01) 1.75 (1.64, 1.88) 

Diabetes    

    No 1.00 1.00 1.00 

    Yes  1.94 (1.54, 2.44) 1.76 (1.59, 1.96) 1.39 (1.33, 1.45) 

Stroke     

    No 1.00 1.00 1.00 

    Yes  1.65 (1.04, 2.62) 1.61 (1.32, 1.97) 1.49 (1.39, 1.60) 

High Blood Pressure     

    No 1.00 1.00 1.00 

    Yes  1.48 (1.23, 1.78) 1.26 (1.15,1.37) 1.06 (1.02, 1.10) 

Heart Disease    

    No 1.00 1.00 1.00 

    Yes  1.32 (0.99, 1.77) 1.65 (1.47, 1.85) 1.53 (1.47, 1.59) 

Mood Disorder    

    No 1.00 1.00 1.00 

    Yes  1.38 (1.10, 1.73) 1.09 (0.97, 1.22) 0.92 (0.86, 0.99) 

Arthritis    

    No 1.00 1.00 1.00 

    Yes  1.27 (1.05, 1.52) 1.04 (0.97, 1.22) 1.02 (0.99, 1.06) 

Asthma     

     No 1.00 1.00 1.00 

     Yes 1.10 (0.84, 1.43) 1.09 (0.96, 1.23) 1.02 (0.96, 1.08) 

    

Highest household education     

    Less than secondary school graduation 1.00 1.00 1.00 
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*Only significant variables were included in the model. The cell highlighted in grey indicates it were insignificant.

    Secondary school graduation, no post-secondary education 0.85 (0.68, 1.06) 0.74 (0.67, 0.81) 0.90 (0.86, 0.95) 

    Some post-secondary education 0.65 (0.50, 0.85) 0.93 (0.78, 1.12) 0.90 (0.81, 1.00) 

    Post-secondary and above 0.65 (0.54, 0.77) 0.80 (0.74. 0.88) 0.78 (0.75, 0.81) 

Smoking status     

    Non-Smoker 1.00 1.00 1.00 

    Smoker 1.99 (1.71, 2.32) 2.05 (1.88, 2.23) 1.30 (1.24, 1.37) 

Alcohol     

    No 1.00 1.00 1.00 

    Moderate 0.84 (0.70, 1.00) 0.76 (0.68, 0.84) 0.73 (0.71, 0.76) 

    Heavy 1.41 (1.08, 1.83) 0.88 (0.77, 1.01) 0.81 (0.77, 0.86) 

Physical activity     

    Inactive  1.00 1.00 

    Moderately - 0.81 (0.74, 0.88) 0.63 (0.60, 0.66) 

    Active  0.76 (0.69, 0.83) 0.54 (0.51, 0.57) 

Stress    

    Not and not very stressful   1.00 

    Somewhat - - 0.90 (0.87, 0.93) 

    Extreme   0.95 (0.80, 1.12) 

The year of entry    

    2003/2004  1.00 1.00 

    2005/2006  1.03 (0.95, 1.12) 1.03 (0.98, 1.08) 

    2007 -  0.91 (0.81, 1.03) 1.00 (0.94, 1.06) 

    2008   0.97 (0.85, 1.11) 0.97 (0.91, 1.03) 

    2009   0.80 (0.68, 0.93) 0.94 (0.88, 1.01) 

    2010   0.82 (0.71, 0.95) 0.95 (0.88, 1.02) 

    2011   0.93 (0.73, 1.19) 0.96 (0.87, 1.05) 

    2012   0.80 (0.64, 1.00) 0.92 (0.85, 1.01) 

    2013   0.79 (0.66, 0.95) 0.96 (0.87, 1.06) 

    2014   0.78 (0.58, 1.04) 0.88 (0.78, 0.98) 
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              Table 3.10 Adjusted hazard ratios for significant interactions between comorbidities 

               from the multivariable proportional hazards model for 50 to 64 years. 

Disease groups Hazard ratio (95% CI) p-value 

Asthma    Mood disorder   

No               No 1.00  

Yes              No 1.19 (1.04, 1.36) 0.01 

No               Yes 1.17 (1.04, 1.33)  0.01 

Yes              Yes 0.91 (0.72, 1.15) 0.44 

Diabetes      COPD   

No               No 1.00  

Yes              No 1.83 (1.64, 2.04) <0.001 

No               Yes 1.93 (1.66, 2.24) <0.001 

Yes              Yes 2.59 (2.01, 3.34) <0.001 
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                         Figure 3.1 Description of inclusion and exclusion during follow-up and linkage.   
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       Figure 3.2 Smoothed Kaplan-Meier curves of cumulative survival probability for subjects with and 

       without multimorbidity.  
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     Figure 3.3 Smoothed Kaplan-Meier curves of cumulative survival probability for subjects with and without 

      multimorbidity by age groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 91 

References: 

 
1.  Lee JT, Hamid F, Pati S, Atun R, Millett C. Impact of Noncommunicable Disease Multimorbidity on 

Healthcare Utilisation and Out-Of-Pocket Expenditures in Middle-Income Countries: Cross 

Sectional Analysis. PLoS One. 2015;10(7). doi:10.1371/journal.pone.0127199. 

2.  Fortin M, Stewart M, Poitras M-E, Almirall J, Maddocks H. A Systematic Review of Prevalence 

Studies on Multimorbidity: Toward a More Uniform Methodology. Ann Fam Med. 2012;10(2):142-

151. doi:10.1370/afm.1337. 

3.  Brink AMA van den, Gerritsen DL, Voshaar RCO, Koopmans RTCM. Residents with mental–

physical multimorbidity living in long-term care facilities: prevalence and characteristics. A 

systematic review. International Psychogeriatrics. 2013;25(4):531-548. 

doi:10.1017/S1041610212002025. 

4.  Marengoni A, Angleman S, Melis R, et al. Ageing with multimorbidity: A systematic review of the 

literature. Ageing Research Reviews. 2011;10(4):430-439. doi:10.1016/j.arr.2011.03.003. 

5.  Menotti A, Mulder I, Nissinen A, Giampaoli S, Feskens EJM, Kromhout D. Prevalence of morbidity 

and multimorbidity in elderly male populations and their impact on 10-year all-cause mortality: The 

FINE study (Finland, Italy, Netherlands, Elderly). Journal of Clinical Epidemiology. 

2001;54(7):680-686. doi:10.1016/S0895-4356(00)00368-1. 

6.  Ryan BL, Bray Jenkyn K, Shariff SZ, et al. Beyond the grey tsunami: a cross-sectional population-

based study of multimorbidity in Ontario. Can J Public Health. 2018;109(5-6):845-854. 

doi:10.17269/s41997-018-0103-0. 

7.  Loprinzi PD, Addoh O, Joyner C. Multimorbidity, mortality, and physical activity. Chronic Illness. 

2016;12(4):272-280. doi:10.1177/1742395316644306. 

8.  Ryan B, Allen B, Zwarenstein M, et al. Multimorbidity and mortality in Ontario, Canada: A 
population-based retrospective cohort study. J Comorb. 2020;10:2235042X20950598. 

doi:10.1177/2235042X20950598. 

9.  Woo J, Leung J. Multi-morbidity, dependency, and frailty singly or in combination have different 

impact on health outcomes. Age (Dordr). 2014;36(2):923-931. doi:10.1007/s11357-013-9590-3. 

10.  St John PD, Tyas SL, Menec V, Tate R. Multimorbidity, disability, and mortality in community-

dwelling older adults. Can Fam Physician. 2014;60(5):e272-280. 

11.  Silva V de L, Cesse EÂP, Albuquerque M de FPM de. Social determinants of death among the 
elderly: a systematic literature review. Rev bras epidemiol. 2014;17(suppl 2):178-193. 

doi:10.1590/1809-4503201400060015. 

12.  Veras RP, Caldas CP, Motta LB da, et al. Integration and continuity of Care in health care network 
models for frail older adults. Rev Saúde Pública. 2014;48(2):357-365. doi:10.1590/S0034-

8910.2014048004941. 

13.  Lund Jensen N, Pedersen HS, Vestergaard M, Mercer SW, Glümer C, Prior A. The impact of 

socioeconomic status and multimorbidity on mortality: a population-based cohort study. Clin 

Epidemiol. 2017;9:279-289. doi:10.2147/CLEP.S129415. 



 

 

 

 

 92 

14.  Jani BD, Hanlon P, Nicholl BI, et al. Relationship between multimorbidity, demographic factors and 
mortality: findings from the UK Biobank cohort. BMC Medicine. 2019;17(1):74. 

doi:10.1186/s12916-019-1305-x. 

15.  Sawalha S, Hedman L, Backman H, et al. The impact of comorbidities on mortality among men and 

women with COPD: report from the OLIN COPD study. Ther Adv Respir Dis. 2019;13. 

doi:10.1177/1753466619860058. 

16.  Akula M, Kulikova A, Khan DA, Brown ES. The relationship between asthma and depression in a 

community-based sample. J Asthma. 2018;55(12):1271-1277. doi:10.1080/02770903.2017.1418885. 

17.  Canadian Community Health Survey – Annual component (CCHS). Statistics Canada. Published 

January 7, 2014. Accessed June 8, 2021. http://www.statcan.gc.ca/eng/survey/household/3226. 

18.  Sanmartin C. Linking the Canadian Community Health Survey and the Canadian Mortality 

Database: An enhanced data source for the study of mortality. Health Reports. 2016;27(12):11. 

19.  Canadian Vital Statistics - Death database (CVSD). Statistics Canada. Published May 21, 2021. 

Accessed June 8, 2021. 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233. 

20.  2018 submissions. Statistics Canada. Published May 31, 2018. Accessed June 29, 2021. 

http://www.statcan.gc.ca/eng/record/2018. 

21.  Canadian population health survey data (CCHS Annual and Focus Content) integrated with mortality 
(CVSD), hospitalization (DAD, NACRS, OMHRS), historical postal codes (HIST-PC), cancer 

(CCR), tax data (T1FF) and Census short form (CEN). Statistics Canada. December 2020. 

22.  Roberts KC, Rao DP, Bennett TL, Loukine L, Jayaraman GC. Prevalence and patterns of chronic 
disease multimorbidity and associated determinants in Canada. Health Promot Chronic Dis Prev 

Can. 2015;35(6):87-94. 

23.  Basham CA, Karim ME. Multimorbidity prevalence in Canada: a comparison of Northern Territories 

with Provinces, 2013/14. Int J Circumpolar Health. 2019;78(1):1607703. 

doi:10.1080/22423982.2019.1607703. 

24.  Sakib MN, Shooshtari S, St. John P, Menec V. The prevalence of multimorbidity and associations 

with lifestyle factors among middle-aged Canadians: an analysis of Canadian Longitudinal Study on 

Ageing data. BMC Public Health. 2019;19(1):243. doi:10.1186/s12889-019-6567-x. 

25.  Canadian Community Health Survey - Annual Component (CCHS). Statistics Canada. Published 

November 22, 2019. Accessed June 16, 2021. 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226. 

26.  Singh K, Patel SA, Biswas S, et al. Multimorbidity in South Asian adults: prevalence, risk factors 

and mortality. J Public Health (Oxf). 2019;41(1):80-89. doi:10.1093/pubmed/fdy017. 

27.  Wei MY, Mukamal KJ. Multimorbidity, Mortality, and Long-Term Physical Functioning in 3 
Prospective Cohorts of Community-Dwelling Adults. Am J Epidemiol. 2018;187(1):103-112. 

doi:10.1093/aje/kwx198. 



 

 

 

 

 93 

28.  Nunes BP, Flores TR, Mielke GI, Thumé E, Facchini LA. Multimorbidity and mortality in older 
adults: A systematic review and meta-analysis. Archives of Gerontology and Geriatrics. 

2016;67:130-138. doi:10.1016/j.archger.2016.07.008. 

29.  Chwastiak LA, Rosenheck RA, Desai R, Kazis LE. Association of psychiatric illness and all-cause 

mortality in the national Department of Veterans Affairs health care system. Psychosomatic 

Medicine. 2010;72(8):817-822. doi:10.1097/PSY.0b013e3181eb33e9. 

30.  Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty and pre-frailty in middle-aged 

and older adults and its association with multimorbidity and mortality: a prospective analysis of 
493 737 UK Biobank participants. Lancet Public Health. 2018;3(7):e323-e332. doi:10.1016/S2468-

2667(18)30091-4. 

31.  Landi F, Liperoti R, Russo A, et al. Disability, more than multimorbidity, was predictive of mortality 
among older persons aged 80 years and older. J Clin Epidemiol. 2010;63(7):752-759. 

doi:10.1016/j.jclinepi.2009.09.007. 

32.  Zhu Y, Edwards D, Mant J, Payne RA, Kiddle S. Characteristics, service use and mortality of 

clusters of multimorbid patients in England: a population-based study. BMC Medicine. 

2020;18(1):78. doi:10.1186/s12916-020-01543-8. 

33.  Koroukian SM, Warner DF, Owusu C, Given CW. Multimorbidity Redefined: Prospective Health 

Outcomes and the Cumulative Effect of Co-Occurring Conditions. Prev Chronic Dis. 2015;12:E55. 

doi:10.5888/pcd12.140478. 

34.  Stockwell T, Zhao J, Panwar S, Roemer A, Naimi T, Chikritzhs T. Do “Moderate” Drinkers Have 

Reduced Mortality Risk? A Systematic Review and Meta-Analysis of Alcohol Consumption and All-

Cause Mortality. J Stud Alcohol Drugs. 2016;77(2):185-198. doi:10.15288/jsad.2016.77.185. 

35.  Hassing LB. Light Alcohol Consumption Does Not Protect Cognitive Function: A Longitudinal 

Prospective Study. Front Ageing Neurosci. 2018;0. doi:10.3389/fnagi.2018.00081. 

36.  Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated with underweight, 

overweight, and obesity. JAMA. 2005;293(15):1861-1867. doi:10.1001/jama.293.15.1861. 

37.  Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The ever‐increasing importance of cancer as 

a leading cause of premature death worldwide. Cancer. Published online June 4, 2021:cncr.33587. 

doi:10.1002/cncr.33587. 

38.  Cuijpers P, Smit F. Excess mortality in depression: a meta-analysis of community studies. Journal of 

Affective Disorders. 2002;72(3):227-236. doi:10.1016/S0165-0327(01)00413-X. 

39.  Fredman L, Schoenbach VJ, Kaplan BH, et al. The association between depressive symptoms and 
mortality among older participants in the Epidemiologic Catchment Area-Piedmont Health Survey. J 

Gerontol. 1989;44(4):S149-156. doi:10.1093/geronj/44.4.s149. 

40.  Berglund M, Nilsson K. Mortality in severe depression. A prospective study including 103 suicides. 

Acta Psychiatr Scand. 1987;76(4):372-380. doi:10.1111/j.1600-0447.1987.tb05621.x. 

41.  Dadoun S, Zeboulon-Ktorza N, Combescure C, et al. Mortality in rheumatoid arthritis over the last 

fifty years: Systematic review and meta-analysis. Joint Bone Spine. 2013;80(1):29-33. 



 

 

 

 

 94 

doi:10.1016/j.jbspin.2012.02.005. 

42.  Myasoedova E, Davis JM, Crowson CS, Gabriel SE. Epidemiology of Rheumatoid Arthritis: 

Rheumatoid Arthritis and Mortality. Curr Rheumatol Rep. 2010;12(5):379-385. doi:10.1007/s11926-

010-0117-y. 

43.  Bj R, J F, S AS, Am E, Pl  van R, Rf L. Excess mortality emerges after 10 years in an inception 

cohort of early rheumatoid arthritis. Arthritis care & research. 2010;62(3). doi:10.1002/acr.20105. 

44.  Gabriel SE. Cardiovascular Morbidity and Mortality in Rheumatoid Arthritis. Am J Med. 

2008;121(10 Suppl 1):S9-14. doi:10.1016/j.amjmed.2008.06.011. 

45.  Silverstein MD, Reed CE, O’Connell EJ, Melton LJ, O’Fallon WM, Yunginger JW. Long-term 

survival of a cohort of community residents with asthma. N Engl J Med. 1994;331(23):1537-1541. 

doi:10.1056/NEJM199412083312301. 

46.  Braman SS. The global burden of asthma. Chest. 2006;130(1 Suppl):4S-12S. 

doi:10.1378/chest.130.1_suppl.4S. 

47.  Goeman DP, Abramson MJ, McCarthy EA, Zubrinich CM, Douglass JA. Asthma mortality in 

Australia in the 21st century: a case series analysis. BMJ Open. 2013;3(5):e002539. 

doi:10.1136/bmjopen-2012-002539. 

48.  Sumino K, O’Brian K, Bartle B, Au DH, Castro M, Lee TA. Coexisting chronic conditions 

associated with mortality and morbidity in adult patients with asthma. J Asthma. 2014;51(3):306-

314. doi:10.3109/02770903.2013.879881. 

49.  Ahmedani BK, Peterson EL, Wells KE, Williams LK. Examining the relationship between 

depression and asthma exacerbations in a prospective follow-up study. Psychosom Med. 

2013;75(3):305-310. doi:10.1097/PSY.0b013e3182864ee3. 

50.  Miller J, Edwards LD, Agustí A, et al. Comorbidity, systemic inflammation and outcomes in the 

ECLIPSE cohort. Respir Med. 2013;107(9):1376-1384. doi:10.1016/j.rmed.2013.05.001. 

51.  Ho T-W, Huang C-T, Ruan S-Y, Tsai Y-J, Lai F, Yu C-J. Diabetes mellitus in patients with chronic 
obstructive pulmonary disease-The impact on mortality. PLoS ONE. 2017;12(4):e0175794. 

doi:10.1371/journal.pone.0175794. 

52.  Brennan AL, Gyi KM, Wood DM, et al. Airway glucose concentrations and effect on growth of 
respiratory pathogens in cystic fibrosis. J Cyst Fibros. 2007;6(2):101-109. 

doi:10.1016/j.jcf.2006.03.009. 

53.  Brilleman SL, Salisbury C. Comparing measures of multimorbidity to predict outcomes in primary 

care: a cross sectional study. Fam Pract. 2013;30(2):172-178. doi:10.1093/fampra/cms060. 

 
  

 

 



 

 

 

 

 95 

Chapter 4 

Discussion and conclusions 

4.1   Summary of findings 

                  In this thesis, the association between multimorbidity and all-cause mortality was 

examined in the middle-aged and senior Canadian population after adjusting for all 

confounding effects based on the linked database of CCHS-CVSD. Cox’s proportional 

hazards models were used to estimate the hazard ratio of multimorbidity for the whole study 

sample and each age group.  

          Chapter 2 provided a narrative review of multimorbidity epidemiology and the effect 

of multimorbidity on mortality. In general, literature reviews suggested various factors as the 

link between multimorbidity and mortality. Specifically, a positive association was found 

between mortality and multimorbidity regardless of age group. Moreover, recent research on 

comorbidity concluded that patients with specific combinations have a higher risk of death 

than patients with other combinations or only one chronic disease.  

         In Chapter 3, CCHS-CVSD data with a maximum of 14 years follow-up was used to 

examine the association between multimorbidity and all-cause mortality in the middle-aged 

and senior Canadian population. Cox’s proportional hazards models stratified by three age 

groups (35 to 49 years old, 50 to 64 years old, 65 years old and above) were used to estimate 

the hazard ratio of multimorbidity after adjusting for all confounding effects. The findings 

suggested that multimorbidity was positively associated with the risk of death and the 

proportionate effect decreased with ageing. In addition, the results of the revised Cox’s 

models substituting multimorbidity with nine chronic diseases have shown that COPD and 

diabetes combined was associated with a higher risk of death (HR=2.59; 95% CI: 2.01, 3.34) 
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in comparison with those who were without diabetes and COPD after adjusting for potential 

confounders during the follow up. Other factors related to the association between 

multimorbidity and mortality were sex, racial background, body weight, marital status, 

province of residence, household income, education, smoking status, alcohol, physical 

activity and stress.  

4.2    Importance of the study 

          Multimorbidity has become a rising concern since the number of people with more than 

one chronic disease has increased due to ageing.1 Multimorbidity not only imposes a burden 

on the healthcare system by increasing the frequency of hospitalization and healthcare 

utilization,2 but it also reduces life expectancy.3 Many studies have focused on examining the 

association between multimorbidity and mortality around the world.4-6 However, information 

was limited, in the Canadian population. As a consequence, the focus of this study was to use 

CCHS-CVSD record linkage to examine the association between multimorbidity and 

mortality in the middle-aged and older Canadian population. The results of Chapter 3 

provided evidence showing that people with multimorbidity had higher all-cause mortality 

than those without it.  

         While previous studies have shown that multimorbidity is a common problem among the 

elderly that is associated with higher mortality, there is some debate about whether it also has  

an impact on those under the age of 65.7 The findings of Chapter 3 demonstrated that, among 

those with multimorbidity, the middle-aged population had the highest risk of death when 

compared to the older age group. This supports prior studies and raises awareness of 

multimorbidity prevention in the middle-aged population. Similar results were also found in 
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another study based on the UK biobank.8 The results may help develop public health policy 

aimed at the middle-aged population to reduce excess mortality associated with multimorbidity. 

It is also worth noting that this study was one of the first such longitudinal studies in Canada 

with a large sample size. It likely, therefore, provided more representative and relatively strong 

evidence of the association between multimorbidity and mortality than most of the previous 

studies summarized in Chapter 2, especially those based on the Canadian population.  

         The significant joint effect of diabetes and COPD in Chapter 3 provided evidence 

highlighting the harmful effect of comorbidity on mortality compared to those without 

comorbidity. This increased risk of death was also observed between comorbidity and single 

disease. Similar results was reported in the previous studies.9-11 The underlying mechanism 

remains unknown, but there have been several hypotheses.12,13 The study results confirmed 

the negative effect of comorbidity on mortality and highlighted the need to develop 

specialized treatment for patients with comorbidity.  

4.3    Limitations 

          In this study, similar limitations may be present as in the other studies which depend 

on survey data. They have already largely been considered in the discussion of Chapter 3. 

Study outcomes of this thesis were based on self-reported assessment. Therefore, the results 

may be prone to recall bias. Although several determinants were considered in our analysis, 

residual confounding may be another limitation to consider. While the nature of CCHS was 

cross-sectional, there was the possibility that individuals could be represented more than 

once across the CCHS cycles. The respondents were not removed and would likely have 

been linked to the same death records. However, it is unlikely to be problematic since the 
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unique linking ID was provided for each linked CCHS respondent.  

4.4    Conclusions 

          We examined the association between multimorbidity and mortality by using a linked 

database of CCHS-CVSD among the middle-aged and senior Canadian population. The 

results showed that a higher risk of death was found in people with multimorbidity than 

those without multimorbidity after adjusting for all confounders. Furthermore, the negative 

effect of multimorbidity on mortality decreased from the oldest age group to the youngest 

age group, which demonstrated that the proportionate risk for the middle-age group was 

greater than for those who were older. One possible explanation is that disability, rather than 

multimorbidity, contributed significantly to mortality in older adults. Comorbidity was 

shown to be one of the predictors of all-cause mortality, and the findings of our study 

confirmed previous research on the association between comorbidity and mortality.  

        Recognizing that multimorbidity increases the risk of death is important in prioritizing 

and hence allocations resources for the effective management and prevention of 

multimorbidity in Canada. It is also important to raise awareness that the negative effect of 

multimorbidity on mortality is a problem that affects not just the elderly, but also impacts the 

middle-aged population. Furthermore, the presence of morbidity should be treated with 

considerable caution and specialized treatment should be provided. Future study adopting a 

comprehensive multimorbidity index that weighted each chronic illness individually is 

needed, as each chronic disease is likely to have a different impact on mortality. More public 

health programs should be initiated to prevent chronic diseases and multimorbidity, which in 

turn, would save lives, improve quality of life, and save healthcare dollars. 



 

 

 

 

 99 

References: 

 
1.  Barnes PJ. Mechanisms of development of multimorbidity in the elderly. Eur Respir J. 

2015;45(3):790-806. doi:10.1183/09031936.00229714. 

2.  Griffith LE, Gruneir A, Fisher K, et al. Insights on multimorbidity and associated health service use 

and costs from three population-based studies of older adults in Ontario with diabetes, dementia and 

stroke. BMC Health Serv Res. 2019;19(1):313. doi:10.1186/s12913-019-4149-3. 

3.  Picco L, Achilla E, Abdin E, et al. Economic burden of multimorbidity among older adults: impact 
on healthcare and societal costs. BMC Health Serv Res. 2016;16(1):173. doi:10.1186/s12913-016-

1421-7. 

4.  Schäfer I, Kaduszkiewicz H, Nguyen TS, van den Bussche H, Scherer M, Schön G. Multimorbidity 
patterns and 5-year overall mortality: Results from a claims databased observational study. J 

Comorb. 2018;8(1):2235042X18816588. doi:10.1177/2235042X18816588. 

5.  Nunes BP, Flores TR, Mielke GI, Thumé E, Facchini LA. Multimorbidity and mortality in older 
adults: A systematic review and meta-analysis. Archives of Gerontology and Geriatrics. 

2016;67:130-138. doi:10.1016/j.archger.2016.07.008. 

6.  Singh K, Patel SA, Biswas S, et al. Multimorbidity in South Asian adults: prevalence, risk factors 

and mortality. J Public Health (Oxf). 2019;41(1):80-89. doi:10.1093/pubmed/fdy017. 

7.  Ryan B, Allen B, Zwarenstein M, et al. multimorbidity and mortality in Ontario, Canada: A 

population-based retrospective cohort study. J Comorb. 2020;10:2235042X20950598. 

doi:10.1177/2235042X20950598. 

8.  Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty and pre-frailty in middle-aged 

and older adults and its association with multimorbidity and mortality: a prospective analysis of 

493 737 UK Biobank participants. Lancet Public Health. 2018;3(7):e323-e332. doi:10.1016/S2468-

2667(18)30091-4. 

9.  Barr RG, Celli BR, Mannino DM, et al. Comorbidities, Patient Knowledge, and Disease 

Management in a National Sample of Patients with Chronic Obstructive Pulmonary Disease. Am J 

Med. 2009;122(4):348-355. doi:10.1016/j.amjmed.2008.09.042. 

10.  Caughey GE, Ramsay EN, Vitry AI, et al. Comorbid chronic diseases, discordant impact on 

mortality in older people: a 14-year longitudinal population study. Journal of Epidemiology & 

Community Health. 2010;64(12):1036-1042. doi:10.1136/jech.2009.088260. 

11.  Parappil A, Depczynski B, Collett P, Marks GB. Effect of comorbid diabetes on length of stay and 

risk of death in patients admitted with acute exacerbations of COPD. Respirology. 2010;15(6):918-

922. doi:10.1111/j.1440-1843.2010.01781.x. 

12.  Brennan AL, Gyi KM, Wood DM, et al. Airway glucose concentrations and effect on growth of 
respiratory pathogens in cystic fibrosis. J Cyst Fibros. 2007;6(2):101-109. 

doi:10.1016/j.jcf.2006.03.009. 

13.  Geerlings SE, Hoepelman AI. Immune dysfunction in patients with diabetes mellitus (DM). FEMS 



 

 

 

 

 100 

Immunol Med Microbiol. 1999;26(3-4):259-265. doi:10.1111/j.1574-695X.1999.tb01397.x. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 101 

Bibliography  

 
 

 Adams RJ. Psychological factors and asthma quality of life: a population based study. Thorax. 

2004;59(11):930-935. doi:10.1136/thx.2003.010256. 

   

 Agborsangaya CB, Lau D, Lahtinen M, Cooke T, Johnson JA. Health-related quality of life and 
healthcare utilization in multimorbidity: results of a cross-sectional survey. Qual Life Res. 

2013;22(4):791-799. doi:10.1007/s11136-012-0214-7. 

 
 Agur K, McLean G, Hunt K, Guthrie B, Mercer SW. How Does Sex Influence Multimorbidity? 

Secondary Analysis of a Large Nationally Representative Dataset. Int J Environ Res Public Health. 

2016;13(4). doi:10.3390/ijerph13040391. 
 

 Ahmedani BK, Peterson EL, Wells KE, Williams LK. Examining the relationship between depression and 

asthma exacerbations in a prospective follow-up study. Psychosom Med. 2013;75(3):305-310. 

doi:10.1097/PSY.0b013e3182864ee3. 
 

 Akula M, Kulikova A, Khan DA, Brown ES. The relationship between asthma and depression in a 

community-based sample. J Asthma. 2018;55(12):1271-1277. doi:10.1080/02770903.2017.1418885. 
 

 Alimohammadian M, Majidi A, Yaseri M, et al. Multimorbidity as an important issue among women: 

results of a gender difference investigation in a large population-based cross-sectional study in West Asia. 
BMJ Open. 2017;7(5):e013548. doi:10.1136/bmjopen-2016-013548. 

 

 Almagro P, Ponce A, Komal S, et al. Multimorbidity gender patterns in hospitalized elderly patients. 

PLoS One. 2020;15(1). doi:10.1371/journal.pone.0227252. 
 

 Ananth P, Melvin P, Feudtner C, Wolfe J, Berry JG. Hospital Use in the Last Year of Life for Children 

With Life-Threatening Complex Chronic Conditions. Pediatrics. 2015;136(5):938-946. 
doi:10.1542/peds.2015-0260. 

 

 Asthma Hospitalizations Among Children and Youth in Canada: Trends and Inequalities. Canadian 

Institute for Health Information. Published April, 2018. Accessed September 16, 2021. 
https://www.cihi.ca/sites/default/files/document/asthma-hospitalization-children-2018-chartbook-en-

web.pdf. 

 
 Avan A, Digaleh H, Di Napoli M, et al. Socioeconomic status and stroke incidence, prevalence, mortality, 

and worldwide burden: an ecological analysis from the Global Burden of Disease Study 2017. BMC Med. 

2019;17:191. doi:10.1186/s12916-019-1397-3. 
 

 Bähler C, Huber CA, Brüngger B, Reich O. Multimorbidity, health care utilization and costs in an elderly 

community-dwelling population: a claims data based observational study. BMC Health Serv Res. 

2015;15(1):23. doi:10.1186/s12913-015-0698-2. 
 

 Bang KM, Gergen PJ, Kramer R, Cohen B. The effect of pulmonary impairment on all-cause mortality in 

a national cohort. Chest. 1993;103(2):536-540. doi:10.1378/chest.103.2.536. 
 

 Barnes PJ. Mechanisms of development of multimorbidity in the elderly. Eur Respir J. 2015;45(3):790-

806. doi:10.1183/09031936.00229714. 
 

https://www.cihi.ca/sites/default/files/document/asthma-hospitalization-children-2018-chartbook-en-web.pdf
https://www.cihi.ca/sites/default/files/document/asthma-hospitalization-children-2018-chartbook-en-web.pdf


 

 

 

 

 102 

 Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and 
implications for health care, research, and medical education: a cross-sectional study. The Lancet. 

2012;380(9836):37-43. doi:10.1016/S0140-6736(12)60240-2. 

 

 Barr RG, Celli BR, Mannino DM, et al. Comorbidities, Patient Knowledge, and Disease Management in a 
National Sample of Patients with Chronic Obstructive Pulmonary Disease. Am J Med. 2009;122(4):348-

355. doi:10.1016/j.amjmed.2008.09.042. 

 
 Basham CA, Karim ME. Multimorbidity prevalence in Canada: a comparison of Northern Territories with 

Provinces, 2013/14. Int J Circumpolar Health. 2019;78(1):1607703. 

doi:10.1080/22423982.2019.1607703. 
 

 Basics About COPD. Centers for Disease Control and Prevention. Published June 9, 2021. Accessed July 

21, 2021. https://www.cdc.gov/copd/basics-about.html. 

 
 Batty GD, Hamer M, Der G. Does somatic illness explain the association between common mental 

disorder and elevated mortality? Findings from extended follow-up of study members in the UK Health 

and Lifestyle Survey. J Epidemiol Community Health. 2012;66(7):647-649. doi:10.1136/jech-2011-
200270. 

 

 Bayliss EA, Bayliss MS, Ware JE, Steiner JF. Predicting declines in physical function in persons with 
multiple chronic medical conditions: What we can learn from the medical problem list. Health Qual Life 

Outcomes. 2004;2:47. doi:10.1186/1477-7525-2-47. 

 

 Berglund M, Nilsson K. Mortality in severe depression. A prospective study including 103 suicides. Acta 
Psychiatr Scand. 1987;76(4):372-380. doi:10.1111/j.1600-0447.1987.tb05621.x. 

 

 Berry CE, Wise RA. Mortality in COPD: causes, risk factors, and prevention. COPD. 2010;7(5):375-382. 
doi:10.3109/15412555.2010.510160. 

 

 Bj R, J F, S AS, Am E, Pl  van R, Rf L. Excess mortality emerges after 10 years in an inception cohort of 

early rheumatoid arthritis. Arthritis care & research. 2010;62(3). doi:10.1002/acr.20105. 
 

 Boyd CM, Fortin M. Future of Multimorbidity Research: How Should Understanding of Multimorbidity 

Inform Health System Design? Public Health Rev. 2010;32(2):451-474. doi:10.1007/BF03391611. 
  

 Braman SS. The global burden of asthma. Chest. 2006;130(1 Suppl):4S-12S. 

doi:10.1378/chest.130.1_suppl.4S. 
  

 Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The ever‐increasing importance of cancer as a 

leading cause of premature death worldwide. Cancer. Published online June 4, 2021:cncr.33587. 

doi:10.1002/cncr.33587. 
 

 Brennan AL, Gyi KM, Wood DM, et al. Airway glucose concentrations and effect on growth of 

respiratory pathogens in cystic fibrosis. J Cyst Fibros. 2007;6(2):101-109. doi:10.1016/j.jcf.2006.03.009. 
 

 Brenner DR, Weir HK, Demers AA, et al. Projected estimates of cancer in Canada in 2020. CMAJ. 

2020;192(9):E199-E205. doi:10.1503/cmaj.191292. 
 

 Brilleman SL, Salisbury C. Comparing measures of multimorbidity to predict outcomes in primary care: a 

cross sectional study. Fam Pract. 2013;30(2):172-178. doi:10.1093/fampra/cms060. 

https://www.cdc.gov/copd/basics-about.html


 

 

 

 

 103 

  
 Brink AMA van den, Gerritsen DL, Voshaar RCO, Koopmans RTCM. Residents with mental–physical 

multimorbidity living in long-term care facilities: prevalence and characteristics. A systematic review. 

International Psychogeriatrics. 2013;25(4):531-548. doi:10.1017/S1041610212002025. 

 
 Britt HC, Harrison CM, Miller GC, Knox SA. Prevalence and patterns of multimorbidity in Australia. 

Med J Aust. 2008;189(2):72-77. 

 
 Buja A, Claus M, Perin L, et al. Multimorbidity patterns in high-need, high-cost elderly patients. PLoS 

ONE. 2018;13(12):e0208875. doi:10.1371/journal.pone.0208875. 

 
 Cabral GG, Dantas de Souza AC, Barbosa IR, Jerez-Roig J, Souza DLB. Multimorbidity and Its Impact 

on Workers: A Review of Longitudinal Studies. Safety and Health at Work. 2019;10(4):393-399. 

doi:10.1016/j.shaw.2019.08.004. 

 
 Cai W, Mueller C, Li Y-J, Shen W-D, Stewart R. Post stroke depression and risk of stroke recurrence and 

mortality: A systematic review and meta-analysis. Ageing Research Reviews. 2019;50:102-109. 

doi:10.1016/j.arr.2019.01.013. 
 

 Calverley PMA, Anderson JA, Celli B, et al. Salmeterol and fluticasone propionate and survival in 

chronic obstructive pulmonary disease. N Engl J Med. 2007;356(8):775-789. 
doi:10.1056/NEJMoa063070. 

 

 Canadian Cancer Statistics Advisory Committee. Canadian Cancer Statistics 2019. Canadian Cancer 

Society. Published September 2019. Accessed July 19, 2021. https://cdn.cancer.ca/-
/media/files/research/cancer-statistics/2019-statistics/canadian-cancer-statistics-2019-en.pdf. 

 

 Canadian population health survey data (CCHS Annual and Focus Content) integrated with mortality 
(CVSD), hospitalization (DAD, NACRS, OMHRS), historical postal codes (HIST-PC), cancer (CCR), tax 

data (T1FF) and Census short form (CEN). Statistics Canada. December 2020. 

 

 Cancer specific statistics 2020. Canadian Cancer Society. Accessed July 19, 2021. https://cdn.cancer.ca/-
/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-

cancerstatistics-canadiancancerstatistics-2020_cancer-specific-

stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5
E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214. 

 

 Cancer statistics at a glance. Canadian Cancer Society. Accessed July 17, 2021. 
https://action.cancer.ca/en/research/cancer-statistics/cancer-statistics-at-a-glance. 

 

 Caughey GE, Ramsay EN, Vitry AI, et al. Comorbid chronic diseases, discordant impact on mortality in 

older people: a 14-year longitudinal population study. Journal of Epidemiology & Community Health. 
2010;64(12):1036-1042. doi:10.1136/jech.2009.088260. 

 

 Cavailles A, Brinchault-Rabin G, Dixmier A, et al. Comorbidities of COPD. European Respiratory 
Review. 2013;22(130):454-475. doi:10.1183/09059180.00008612. 

 

 Champney KP, Frederick PD, Bueno H, et al. The joint contribution of sex, age and type of myocardial 
infarction on hospital mortality following acute myocardial infarction. Heart. 2009;95(11):895-899. 

doi:10.1136/hrt.2008.155804. 

 

https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2019-statistics/canadian-cancer-statistics-2019-en.pdf
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2019-statistics/canadian-cancer-statistics-2019-en.pdf
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-cancerstatistics-canadiancancerstatistics-2020_cancer-specific-stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-cancerstatistics-canadiancancerstatistics-2020_cancer-specific-stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-cancerstatistics-canadiancancerstatistics-2020_cancer-specific-stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-cancerstatistics-canadiancancerstatistics-2020_cancer-specific-stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214
https://cdn.cancer.ca/-/media/files/research/cancer-statistics/2020-statistics/canadian-cancer-statistics/2020-resources/res-cancerstatistics-canadiancancerstatistics-2020_cancer-specific-stats.pdf?rev=a672053690e9493d921fe73453a749b4&hash=4F194657DA83EFC15ADB92A8E5ACBC5E&_ga=2.225167066.1105687320.1630428214-1396629587.1630428214
https://action.cancer.ca/en/research/cancer-statistics/cancer-statistics-at-a-glance


 

 

 

 

 104 

 Chan MS, van den Hout A, Pujades-Rodriguez M, et al. Socio-economic inequalities in life expectancy of 
older adults with and without multimorbidity: a record linkage study of 1.1 million people in England. Int 

J Epidemiol. 2019;48(4):1340-1351. doi:10.1093/ije/dyz052. 

 

 Chatila WM, Thomashow BM, Minai OA, Criner GJ, Make BJ. Comorbidities in Chronic Obstructive 
Pulmonary Disease. Proc Am Thorac Soc. 2008;5(4):549-555. doi:10.1513/pats.200709-148ET. 

 

 Chen C, Chan H-Y, Yeh L-L, Pan Y-J. Longitudinal factors associated with mortality in older patients 
with mood disorders. J Affect Disord. 2021;278:607-613. doi:10.1016/j.jad.2020.09.097. 

 

 Chronic Obstructive Pulmonary Disease (COPD). Public Health Agency of Canada. Published July 10, 
2008. Accessed July 23, 2021. https://www.canada.ca/en/public-health/services/chronic-diseases/chronic-

respiratory-diseases/chronic-obstructive-pulmonary-disease-copd.html. 

 

 Chudasama YV, Khunti K, Gillies CL, et al. Healthy lifestyle and life expectancy in people with 
multimorbidity in the UK Biobank: A longitudinal cohort study. PLoS Med. 2020;17(9):e1003332. 

doi:10.1371/journal.pmed.1003332. 

  
 Chudasama YV, Khunti KK, Zaccardi F, et al. Physical activity, multimorbidity, and life expectancy: a 

UK Biobank longitudinal study. BMC Med. 2019;17(1):108. doi:10.1186/s12916-019-1339-0. 

 
 Chung KF. Cytokines in chronic obstructive pulmonary disease. European Respiratory Journal. 

2001;18(34 suppl):50s-59s. doi:10.1183/09031936.01.00229701. 

 

 Chwastiak LA, Rosenheck RA, Desai R, Kazis LE. Association of psychiatric illness and all-cause 
mortality in the national Department of Veterans Affairs health care system. Psychosomatic Medicine. 

2010;72(8):817-822. doi:10.1097/PSY.0b013e3181eb33e9. 

 
  Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. The Lancet. 

2013;381(9868):752-762. doi:10.1016/S0140-6736(12)62167-9. 

 

 Cookson H, Granell R, Joinson C, Ben-Shlomo Y, Henderson AJ. Mothers’ anxiety during pregnancy is 
associated with asthma in their children. J Allergy Clin Immunol. 2009;123(4):847-853.e11. 

doi:10.1016/j.jaci.2009.01.042. 

 
 Crisafulli E, Costi S, Luppi F, et al. Role of comorbidities in a cohort of patients with COPD undergoing 

pulmonary rehabilitation. Thorax. 2008;63(6):487-492. doi:10.1136/thx.2007.086371. 

  
 Cuijpers P, Smit F. Excess mortality in depression: a meta-analysis of community studies. Journal of 

Affective Disorders. 2002;72(3):227-236. doi:10.1016/S0165-0327(01)00413-X. 

 

 Dadoun S, Zeboulon-Ktorza N, Combescure C, et al. Mortality in rheumatoid arthritis over the last fifty 
years: Systematic review and meta-analysis. Joint Bone Spine. 2013;80(1):29-33. 

doi:10.1016/j.jbspin.2012.02.005. 

 
 Decramer M, Janssens W. Chronic obstructive pulmonary disease and comorbidities. The Lancet 

Respiratory Medicine. 2013;1(1):73-83. doi:10.1016/S2213-2600(12)70060-7. 

 
 Dhamoon MS, Moon YP, Paik MC, et al. Long-term functional recovery after first ischemic stroke: the 

Northern Manhattan Study. Stroke. 2009;40(8):2805-2811. doi:10.1161/STROKEAHA.109.549576. 

 

https://www.canada.ca/en/public-health/services/chronic-diseases/chronic-respiratory-diseases/chronic-obstructive-pulmonary-disease-copd.html
https://www.canada.ca/en/public-health/services/chronic-diseases/chronic-respiratory-diseases/chronic-obstructive-pulmonary-disease-copd.html


 

 

 

 

 105 

 Di Bari M, Virgillo A, Matteuzzi D, et al. Predictive validity of measures of comorbidity in older 
community dwellers: the Insufficienza Cardiaca negli Anziani Residenti a Dicomano Study. J Am Geriatr 

Soc. 2006;54(2):210-216. doi:10.1111/j.1532-5415.2005.00572.x. 

 

 Diabetes in Canada: Facts and figures from a public health perspective. Public Health Agency of Canada. 
Published December 15, 2011. Accessed July 15, 2021. https://www.canada.ca/en/public-

health/services/chronic-diseases/reports-publications/diabetes/diabetes-canada-facts-figures-a-public-

health-perspective.html. 
 

 Diabetes in Canada. Public Health Agency of Canada. Published November 14, 2019. Accessed July 15, 

2021. https://health-infobase.canada.ca/datalab/diabetes-blog.html. 
 

 Diaz-Guzman E, Khosravi M, Mannino DM. Asthma, chronic obstructive pulmonary disease, and 

mortality in the U.S. population. COPD. 2011;8(6):400-407. doi:10.3109/15412555.2011.611200. 

 
 Dugravot A, Fayosse A, Dumurgier J, et al. Social inequalities in multimorbidity, frailty, disability, and 

transitions to mortality: a 24-year follow-up of the Whitehall II cohort study. The Lancet Public Health. 

2020;5(1):e42-e50. doi:10.1016/S2468-2667(19)30226-9. 
 

 Eakin EG, Bull SS, Riley KM, Reeves MM, McLaughlin P, Gutierrez S. Resources for health: a primary-

care-based diet and physical activity intervention targeting urban Latinos with multiple chronic 
conditions. Health Psychol. 2007;26(4):392-400. doi:10.1037/0278-6133.26.4.392. 

 

 Eaton WW, Roth KB, Bruce M, et al. The Relationship of Mental and Behavioral Disorders to All-Cause 

Mortality in a 27-Year Follow-up of 4 Epidemiologic Catchment Area Samples. Am J Epidemiol. 
2013;178(9):1366-1377. doi:10.1093/aje/kwt219. 

 

 Egede LE. Effect of comorbid chronic diseases on prevalence and odds of depression in adults with 
diabetes. Psychosom Med. 2005;67(1):46-51. doi:10.1097/01.psy.0000149260.82006.fb. 

 

 Engström G, Janzon L. Risk of developing diabetes is inversely related to lung function: a population-

based cohort study. Diabet Med. 2002;19(2):167-170. doi:10.1046/j.1464-5491.2002.00652.x. 
 

 Fabbri E, An Y, Zoli M, et al. Ageing and the burden of multimorbidity: associations with inflammatory 

and anabolic hormonal biomarkers. J Gerontol A Biol Sci Med Sci. 2015;70(1):63-70. 
doi:10.1093/gerona/glu127. 

 

 Fabbri E, Zoli M, Gonzalez-Freire M, Salive ME, Studenski SA, Ferrucci L. Ageing and Multimorbidity: 
New Tasks, Priorities, and Frontiers for Integrated Gerontological and Clinical Research. J Am Med Dir 

Assoc. 2015;16(8):640-647. doi:10.1016/j.jamda.2015.03.013. 

 

 Farmer C, Fenu E, O’Flynn N, Guthrie B. Clinical assessment and management of multimorbidity: 
summary of NICE guidance. BMJ. Published online September 21, 2016:i4843. doi:10.1136/bmj.i4843. 

 

 Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global and regional burden of stroke during 1990-
2010: findings from the Global Burden of Disease Study 2010. Lancet. 2014;383(9913):245-254. 

doi:10.1016/s0140-6736(13)61953-4. 

 
 Ferrucci L, Guralnik JM, Baroni A, Tesi G, Antonini E, Marchionni N. Value of combined assessment of 

physical health and functional status in community-dwelling aged: a prospective study in Florence, Italy. 

J Gerontol. 1991;46(2):M52-56. doi:10.1093/geronj/46.2.m52. 

https://www.canada.ca/en/public-health/services/chronic-diseases/reports-publications/diabetes/diabetes-canada-facts-figures-a-public-health-perspective.html
https://www.canada.ca/en/public-health/services/chronic-diseases/reports-publications/diabetes/diabetes-canada-facts-figures-a-public-health-perspective.html
https://www.canada.ca/en/public-health/services/chronic-diseases/reports-publications/diabetes/diabetes-canada-facts-figures-a-public-health-perspective.html
https://health-infobase.canada.ca/datalab/diabetes-blog.html


 

 

 

 

 106 

 
 FIRESTEIN GS. PATHOGENESIS OF RHEUMATOID ARTHRITIS: THE INTERSECTION OF 

GENETICS AND EPIGENETICS. Trans Am Clin Climatol Assoc. 2018;129:171-182. 

 

 Fisher K, Griffith L, Gruneir A, et al. Comorbidity and its relationship with health service use and cost in 
community-living older adults with diabetes: A population-based study in Ontario, Canada. Diabetes 

Research and Clinical Practice. 2016;122:113-123. doi:10.1016/j.diabres.2016.10.009. 

  
 Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated with underweight, 

overweight, and obesity. JAMA. 2005;293(15):1861-1867. doi:10.1001/jama.293.15.1861. 

 
 Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths from coronary disease, 1980-

2000. N Engl J Med. 2007;356(23):2388-2398. doi:10.1056/NEJMsa053935. 

 

 Fortin M, Bravo G, Hudon C, Vanasse A, Lapointe L. Prevalence of Multimorbidity Among Adults Seen 
in Family Practice. Ann Fam Med. 2005;3(3):223-228. doi:10.1370/afm.272. 

 

 Fortin M, Stewart M, Poitras M-E, Almirall J, Maddocks H. A Systematic Review of Prevalence Studies 
on Multimorbidity: Toward a More Uniform Methodology. Ann Fam Med. 2012;10(2):142-151. 

doi:10.1370/afm.1337. 

 
 Fortin M, Stewart M, Poitras M-E, Almirall J, Maddocks H. A Systematic Review of Prevalence Studies 

on Multimorbidity: Toward a More Uniform Methodology. Ann Fam Med. 2012;10(2):142-151. 

doi:10.1370/afm.1337. 

 
 France EF, Wyke S, Gunn JM, Mair FS, McLean G, Mercer SW. Multimorbidity in primary care: a 

systematic review of prospective cohort studies. Br J Gen Pract. 2012;62(597):e297-307. 

doi:10.3399/bjgp12X636146. 
 

 Franceschi C, Campisi J. Chronic inflammation (inflammageing) and its potential contribution to age-

associated diseases. J Gerontol A Biol Sci Med Sci. 2014;69 Suppl 1:S4-9. doi:10.1093/gerona/glu057. 

 
 Fredman L, Schoenbach VJ, Kaplan BH, et al. The association between depressive symptoms and 

mortality among older participants in the Epidemiologic Catchment Area-Piedmont Health Survey. J 

Gerontol. 1989;44(4):S149-156. doi:10.1093/geronj/44.4.s149. 
 

 Fülöp T, Dupuis G, Witkowski JM, Larbi A. The Role of Immunosenescence in the Development of Age-

Related Diseases. :8. 
 

 Gabriel SE. Cardiovascular Morbidity and Mortality in Rheumatoid Arthritis. Am J Med. 2008;121(10 

Suppl 1):S9-14. doi:10.1016/j.amjmed.2008.06.011. 

 
 Garin N, Koyanagi A, Chatterji S, et al. Global Multimorbidity Patterns: A Cross-Sectional, Population-

Based, Multi-Country Study. J Gerontol A Biol Sci Med Sci. 2016;71(2):205-214. 

doi:10.1093/gerona/glv128. 
 

 Garvey J, Connolly D, Boland F, Smith SM. OPTIMAL, an occupational therapy led self-management 

support programme for people with multimorbidity in primary care: a randomized controlled trial. BMC 
Fam Pract. 2015;16. doi:10.1186/s12875-015-0267-0. 

 



 

 

 

 

 107 

 Geerlings SE, Hoepelman AI. Immune dysfunction in patients with diabetes mellitus (DM). FEMS 
Immunol Med Microbiol. 1999;26(3-4):259-265. doi:10.1111/j.1574-695X.1999.tb01397.x. 

 

 Gershon A, Hwee J, Victor JC, et al. Mortality trends in women and men with COPD in Ontario, Canada, 

1996–2012. Thorax. 2015;70(2):121-126. doi:10.1136/thoraxjnl-2014-205956. 
 

 Gitlin LN, Hauck WW, Dennis MP, Winter L, Hodgson N, Schinfeld S. Long-term effect on mortality of 

a home intervention that reduces functional difficulties in older adults: results from a randomized trial. J 
Am Geriatr Soc. 2009;57(3):476-481. doi:10.1111/j.1532-5415.2008.02147.x. 

 

 Global Strategy for asthma management and prevention, 2021. Global Initiative for Asthma. Published 
2021. Accessed August 26, 2021. https://ginasthma.org/reports/. 

 

 Glynn LG, Valderas JM, Healy P, et al. The prevalence of multimorbidity in primary care and its effect 

on health care utilization and cost. Fam Pract. 2011;28(5):516-523. doi:10.1093/fampra/cmr013. 
 

 Goeman DP, Abramson MJ, McCarthy EA, Zubrinich CM, Douglass JA. Asthma mortality in Australia 

in the 21st century: a case series analysis. BMJ Open. 2013;3(5):e002539. doi:10.1136/bmjopen-2012-
002539. 

 

 Gonzalez-Gay MA, Gonzalez-Juanatey C, Miranda-Filloy JA, Garcia-Porrua C, Llorca J, Martin J. 
Cardiovascular disease in rheumatoid arthritis. Biomed Pharmacother. 2006;60(10):673-677. 

doi:10.1016/j.biopha.2006.09.006. 

 

 Göpel W, Müller M, Rabe H, et al. Genetic background of high blood pressure is associated with reduced 
mortality in premature neonates. Arch Dis Child Fetal Neonatal Ed. 2020;105(2):184-189. 

doi:10.1136/archdischild-2019-317131. 

 
 Gordon EH, Peel NM, Hubbard RE. The male-female health-survival paradox in hospitalised older adults. 

Maturitas. 2018;107:13-18. doi:10.1016/j.maturitas.2017.09.011. 

 

 Gordon-Dseagu VLZ, Shelton N, Mindell J. Diabetes mellitus and mortality from all-causes, cancer, 
cardiovascular and respiratory disease: evidence from the Health Survey for England and Scottish Health 

Survey cohorts. J Diabetes Complications. 2014;28(6):791-797. doi:10.1016/j.jdiacomp.2014.06.016. 

 
 2018 submissions. Statistics Canada. Published May 31, 2018. Accessed June 29, 2021. 

http://www.statcan.gc.ca/eng/record/2018. 

 
 Canadian Community Health Survey - Annual Component (CCHS). Statistics Canada. Published 

November 22, 2019. Accessed June 16, 2021. 

http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226. 

 
 Canadian Community Health Survey – Annual component (CCHS). Statistics Canada. Published January 

7, 2014. Accessed June 8, 2021. http://www.statcan.gc.ca/eng/survey/household/3226. 

 
 Canadian Vital Statistics - Death database (CVSD). Statistics Canada. Published May 21, 2021. Accessed 

June 8, 2021. 

   http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233. 
 

https://ginasthma.org/reports/
http://www.statcan.gc.ca/eng/record/2018
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
http://www.statcan.gc.ca/eng/survey/household/3226
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233


 

 

 

 

 108 

 Griffith LE, Gruneir A, Fisher K, et al. Insights on multimorbidity and associated health service use and 
costs from three population-based studies of older adults in Ontario with diabetes, dementia and stroke. 

BMC Health Serv Res. 2019;19(1):313. doi:10.1186/s12913-019-4149-3. 

 

 Grimble RF. Inflammatory status and insulin resistance. Curr Opin Clin Nutr Metab Care. 
2002;5(5):551-559. doi:10.1097/00075197-200209000-00015. 

 

 Guisado-Clavero M, Roso-Llorach A, López-Jimenez T, et al. Multimorbidity patterns in the elderly: a 
prospective cohort study with cluster analysis. BMC Geriatr. 2018;18(1):16. doi:10.1186/s12877-018-

0705-7. 

 
 Gupta RP, Mukherjee M, Sheikh A, Strachan DP. Persistent variations in national asthma mortality, 

hospital admissions and prevalence by socioeconomic status and region in England. Thorax. 

2018;73(8):706-712. doi:10.1136/thoraxjnl-2017-210714. 

 
 Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty and pre-frailty in middle-aged and 

older adults and its association with multimorbidity and mortality: a prospective analysis of 493 737 UK 

Biobank participants. Lancet Public Health. 2018;3(7):e323-e332. doi:10.1016/S2468-2667(18)30091-4. 
 

 Hassing LB. Light Alcohol Consumption Does Not Protect Cognitive Function: A Longitudinal 

Prospective Study. Front Ageing Neurosci. 2018;0. doi:10.3389/fnagi.2018.00081. 
 

 Heart Disease in Canada. Public Health Agency of Canada. Published February 10, 2017. Accessed July 

17, 2021. https://www.canada.ca/en/public-health/services/publications/diseases-conditions/heart-disease-

canada.html. 
 

 Heart failure - Symptoms and causes. Mayo Clinic. Accessed July 17, 2021. 

https://www.mayoclinic.org/diseases-conditions/heart-failure/symptoms-causes/syc-20373142. 
 

 High blood pressure (hypertension) - Symptoms and causes. Mayo Clinic. Accessed July 20, 2021. 

https://www.mayoclinic.org/diseases-conditions/high-blood-pressure/symptoms-causes/syc-20373410. 

 
 Ho SC, Woo J, Yuen YK, Sham A, Chan SG. Predictors of mobility decline: the Hong Kong old-old 

study. J Gerontol A Biol Sci Med Sci. 1997;52(6):M356-362. doi:10.1093/gerona/52a.6.m356. 

 
          Ho T-W, Huang C-T, Ruan S-Y, Tsai Y-J, Lai F, Yu C-J. Diabetes mellitus in patients with chronic 

obstructive pulmonary disease-The impact on mortality. PLoS ONE. 2017;12(4):e0175794. 

doi:10.1371/journal.pone.0175794. 
 

 Hopman P, Heins MJ, Rijken M, Schellevis FG. Health care utilization of patients with multiple chronic 

diseases in The Netherlands: Differences and underlying factors. Eur J Intern Med. 2015;26(3):190-196. 

doi:10.1016/j.ejim.2015.02.006. 
 

 Huntley AL, Johnson R, Purdy S, Valderas JM, Salisbury C. Measures of Multimorbidity and Morbidity 

Burden for Use in Primary Care and Community Settings: A Systematic Review and Guide. The Annals 
of Family Medicine. 2012;10(2):134-141. doi:10.1370/afm.1363. 

 

 Hypertension. World Health Organization. Published August 25, 2021. Accessed July 20, 2021. 
https://www.who.int/news-room/fact-sheets/detail/hypertension. 

 

https://www.canada.ca/en/public-health/services/publications/diseases-conditions/heart-disease-canada.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/heart-disease-canada.html
https://www.mayoclinic.org/diseases-conditions/heart-failure/symptoms-causes/syc-20373142
https://www.mayoclinic.org/diseases-conditions/high-blood-pressure/symptoms-causes/syc-20373410
https://www.who.int/news-room/fact-sheets/detail/hypertension


 

 

 

 

 109 

 Islas-Granillo H, Medina-Solís CE, de Lourdes Márquez-Corona M, et al. Prevalence of multimorbidity 
in subjects aged ≥60 years in a developing country. Clin Interv Ageing. 2018;13:1129-1133. 

doi:10.2147/CIA.S154418. 

 

 Jani BD, Hanlon P, Nicholl BI, et al. Relationship between multimorbidity, demographic factors and 
mortality: findings from the UK Biobank cohort. BMC Medicine. 2019;17(1):74. doi:10.1186/s12916-

019-1305-x. 

 
 Jensen HH, Godtfredsen NS, Lange P, Vestbo J. Potential misclassification of causes of death from 

COPD. Eur Respir J. 2006;28(4):781-785. doi:10.1183/09031936.06.00152205. 

 
 Jeong H-G, Lee JJ, Lee SB, et al. Role of severity and gender in the association between late-life 

depression and all-cause mortality. Int Psychogeriatr. 2013;25(4):677-684. 

doi:10.1017/S1041610212002190. 

 
 John U, Rumpf H-J, Hanke M, Meyer C. Mental disorders and total mortality after 20 years in an adult 

general population sample. Eur Psychiatry. 63(1):e30. doi:10.1192/j.eurpsy.2020.27. 

 
 Johnston MC, Crilly M, Black C, Prescott GJ, Mercer SW. Defining and measuring multimorbidity: a 

systematic review of systematic reviews. Eur J Public Health. 2019;29(1):182-189. 

doi:10.1093/eurpub/cky098. 
 

 Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-of-

onset distributions of DSM-IV disorders in the National Comorbidity Survey Replication. Arch Gen 

Psychiatry. 2005;62(6):593-602. doi:10.1001/archpsyc.62.6.593. 
 

 Kewalramani A, Bollinger ME, Postolache TT. Asthma and Mood Disorders. Int J Child Health Hum 

Dev. 2008;1(2):115-123. 
 

 Koné Pefoyo AJ, Bronskill SE, Gruneir A, et al. The increasing burden and complexity of 

multimorbidity. BMC Public Health. 2015;15(1):415. doi:10.1186/s12889-015-1733-2. 

 
 Koroukian SM, Warner DF, Owusu C, Given CW. Multimorbidity Redefined: Prospective Health 

Outcomes and the Cumulative Effect of Co-Occurring Conditions. Prev Chronic Dis. 2015;12:E55. 

doi:10.5888/pcd12.140478. 
 

 Kunik ME, Roundy K, Veazey C, et al. Surprisingly High Prevalence of Anxiety and Depression in 

Chronic Breathing Disorders. Chest. 2005;127(4):1205-1211. doi:10.1016/S0012-3692(15)34468-8. 
 

 Landi F, Liperoti R, Russo A, et al. Disability, more than multimorbidity, was predictive of mortality 

among older persons aged 80 years and older. J Clin Epidemiol. 2010;63(7):752-759. 

doi:10.1016/j.jclinepi.2009.09.007. 
 

 Lange P, Ulrik CS, Vestbo J. Mortality in adults with self-reported asthma. Copenhagen City Heart Study 

Group. Lancet. 1996;347(9011):1285-1289. doi:10.1016/s0140-6736(96)90937-x. 
 

 Laux G, Kuehlein T, Rosemann T, Szecsenyi J. Co- and multimorbidity patterns in primary care based on 

episodes of care: results from the German CONTENT project. BMC Health Serv Res. 2008;8:14. 
doi:10.1186/1472-6963-8-14. 

 



 

 

 

 

 110 

 Lazarus R, Sparrow D, Weiss ST. Baseline ventilatory function predicts the development of higher levels 
of fasting insulin and fasting insulin resistance index: the Normative Ageing Study. European 

Respiratory Journal. 1998;12(3):641-645. 

 

 Le Reste JY, Nabbe P, Manceau B, et al. The European General Practice Research Network presents a 
comprehensive definition of multimorbidity in family medicine and long term care, following a 

systematic review of relevant literature. J Am Med Dir Assoc. 2013;14(5):319-325. 

doi:10.1016/j.jamda.2013.01.001. 
 

 Leading causes of death, total population, by age group. Statistics Canada. Published November 26, 2020. 

Accessed July 21, 2021. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401. 
 

 Lebenbaum M, Zaric GS, Thind A, Sarma S. Trends in obesity and multimorbidity in Canada. Prev Med. 

2018;116:173-179. doi:10.1016/j.ypmed.2018.08.025. 

 
 Lee JT, Hamid F, Pati S, Atun R, Millett C. Impact of Noncommunicable Disease Multimorbidity on 

Healthcare Utilisation and Out-Of-Pocket Expenditures in Middle-Income Countries: Cross Sectional 

Analysis. PLoS One. 2015;10(7). doi:10.1371/journal.pone.0127199. 
 

 Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective Studies Collaboration. Age-specific 

relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million 
adults in 61 prospective studies. Lancet. 2002;360(9349):1903-1913. doi:10.1016/s0140-6736(02)11911-

8. 

 

  Long-term monitoring of health inequalities: January 2020 report. Scottish Government. Published 
January 28, 2020. Accessed September 22, 2021. https://www.gov.scot/publications/long-term-

monitoring-health-inequalities-january-2020-report/. 

 
 Loprinzi PD, Addoh O, Joyner C. Multimorbidity, mortality, and physical activity. Chronic Illness. 

2016;12(4):272-280. doi:10.1177/1742395316644306. 

 

 Lund Jensen N, Pedersen HS, Vestergaard M, Mercer SW, Glümer C, Prior A. The impact of 
socioeconomic status and multimorbidity on mortality: a population-based cohort study. Clin Epidemiol. 

2017;9:279-289. doi:10.2147/CLEP.S129415. 

 
 Lynch EB, Liebman R, Ventrelle J, Avery EF, Richardson D. A self-management intervention for African 

Americans with comorbid diabetes and hypertension: a pilot randomized controlled trial. Prev Chronic 

Dis. 2014;11:E90. doi:10.5888/pcd11.130349. 
 

 M D, C C, Jp de T, et al. Comorbidities and Risk of Mortality in Patients With Chronic Obstructive 

Pulmonary Disease. American journal of respiratory and critical care medicine. 

doi:10.1164/rccm.201201-0034OC. 
 

 Mallet L, Spinewine A, Huang A. The challenge of manageing drug interactions in elderly people. 

Lancet. 2007;370(9582):185-191. doi:10.1016/S0140-6736(07)61092-7. 
 

 Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and outcomes of diabetes, hypertension and 

cardiovascular disease in COPD. Eur Respir J. 2008;32(4):962-969. doi:10.1183/09031936.00012408. 
 

 Mansour O, Golden SH, Yeh H-C. Disparities in mortality among adults with and without diabetes by sex 

and race. J Diabetes Complications. 2020;34(3):107496. doi:10.1016/j.jdiacomp.2019.107496. 

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310039401
https://www.gov.scot/publications/long-term-monitoring-health-inequalities-january-2020-report/
https://www.gov.scot/publications/long-term-monitoring-health-inequalities-january-2020-report/


 

 

 

 

 111 

 
 Maradit-Kremers H, Crowson CS, Nicola PJ, et al. Increased unrecognized coronary heart disease and 

sudden deaths in rheumatoid arthritis: a population-based cohort study. Arthritis Rheum. 2005;52(2):402-

411. doi:10.1002/art.20853. 

 
 Maradit-Kremers H, Nicola PJ, Crowson CS, et al. Raised erythrocyte sedimentation rate signals heart 

failure in patients with rheumatoid arthritis. Ann Rheum Dis. 2007;66(1):76-80. 

doi:10.1136/ard.2006.053710. 
 

 Marengoni A, Angleman S, Melis R, et al. Ageing with multimorbidity: A systematic review of the 

literature. Ageing Research Reviews. 2011;10(4):430-439. doi:10.1016/j.arr.2011.03.003. 
 

 Markowe HL, Bulpitt CJ, Shipley MJ, Rose G, Crombie DL, Fleming DM. Prognosis in adult asthma: a 

national study. Br Med J (Clin Res Ed). 1987;295(6604):949-952. doi:10.1136/bmj.295.6604.949. 

 
 Martinez-Gomez D, Guallar-Castillon P, Garcia-Esquinas E, Bandinelli S, Rodríguez-Artalejo F. Physical 

Activity and the Effect of Multimorbidity on All-Cause Mortality in Older Adults. Mayo Clinic 

Proceedings. 2017;92(3):376-382. doi:10.1016/j.mayocp.2016.12.004. 
 

 Mattisson C, Bogren M, Horstmann V, Munk-Jörgensen P, Nettelbladt P. The long-term course of 

depressive disorders in the Lundby Study. Psychol Med. 2007;37(6):883-891. 
doi:10.1017/S0033291707000074. 

 

 Mattiuzzi C, Lippi G. Current Cancer Epidemiology. J Epidemiol Glob Health. 2019;9(4):217-222. 

doi:10.2991/jegh.k.191008.001. 
 

 McLean G, Gunn J, Wyke S, et al. The influence of socioeconomic deprivation on multimorbidity at 

different ages: a cross-sectional study. Br J Gen Pract. 2014;64(624):e440-447. 
doi:10.3399/bjgp14X680545. 

 

 McPhail SM. Multimorbidity in chronic disease: impact on health care resources and costs. Risk Manag 

Healthc Policy. 2016;9:143-156. doi:10.2147/RMHP.S97248. 
 

 Menotti A, Mulder I, Nissinen A, Giampaoli S, Feskens EJM, Kromhout D. Prevalence of morbidity and 

multimorbidity in elderly male populations and their impact on 10-year all-cause mortality: The FINE 
study (Finland, Italy, Netherlands, Elderly). Journal of Clinical Epidemiology. 2001;54(7):680-686. 

doi:10.1016/S0895-4356(00)00368-1. 

 
 Menvielle G, Kunst AE, Stirbu I, et al. Educational differences in cancer mortality among women and 

men: a gender pattern that differs across Europe. Br J Cancer. 2008;98(5):1012-1019. 

doi:10.1038/sj.bjc.6604274. 

 
 Merikangas KR, Akiskal HS, Angst J, et al. Lifetime and 12-month prevalence of bipolar spectrum 

disorder in the National Comorbidity Survey replication. Arch Gen Psychiatry. 2007;64(5):543-552. 

doi:10.1001/archpsyc.64.5.543. 
 

 Michalak EE, Yatham LN, Lam RW. Quality of life in bipolar disorder: a review of the literature. Health 

Qual Life Outcomes. 2005;3:72. doi:10.1186/1477-7525-3-72. 
 

 Miller J, Edwards LD, Agustí A, et al. Comorbidity, systemic inflammation and outcomes in the 

ECLIPSE cohort. Respir Med. 2013;107(9):1376-1384. doi:10.1016/j.rmed.2013.05.001. 



 

 

 

 

 112 

  
          Minas M, Koukosias N, Zintzaras E, Kostikas K, Gourgoulianis KI. Prevalence of chronic diseases and 

morbidity in primary health care in central Greece: An epidemiological study. BMC Health Serv Res. 

2010;10(1):252. doi:10.1186/1472-6963-10-252. 

 
 Minelli C, Cabral NL, Ujikawa LT, et al. Trends in the Incidence and Mortality of Stroke in Matão, 

Brazil: The Matão Preventing Stroke (MAPS) Study. NED. 2020;54(1):75-82. doi:10.1159/000503005. 

 
 Morovatdar N, Thrift AG, Stranges S, et al. Socioeconomic Status and Long-Term Stroke Mortality, 

Recurrence and Disability in Iran: The Mashhad Stroke Incidence Study. Neuroepidemiology. 2019;53(1-

2):27-31. doi:10.1159/000494885. 
 

 Mortality, Summary List of Causes. Statistics Canada. Published July 25, 2012. Accessed July 17, 2021. 

https://www150.statcan.gc.ca/n1/en/catalogue/84F0209X. 

 
 Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990-2020: Global 

Burden of Disease Study. Lancet. 1997;349(9064):1498-1504. doi:10.1016/S0140-6736(96)07492-2. 

 
 Myasoedova E, Davis JM, Crowson CS, Gabriel SE. Epidemiology of Rheumatoid Arthritis: Rheumatoid 

Arthritis and Mortality. Curr Rheumatol Rep. 2010;12(5):379-385. doi:10.1007/s11926-010-0117-y. 

 
 NCD Risk Factor Collaboration (NCD-RisC). Long-term and recent trends in hypertension awareness, 

treatment, and control in 12 high-income countries: an analysis of 123 nationally representative surveys. 

Lancet. 2019;394(10199):639-651. doi:10.1016/S0140-6736(19)31145-6. 

 
 Negewo NA, Gibson PG, McDonald VM. COPD and its comorbidities: Impact, measurement and 

mechanisms. Respirology. 2015;20(8):1160-1171. doi:10.1111/resp.12642. 

 
   Nicholson K, Makovski TT, Griffith LE, Raina P, Stranges S, van den Akker M. Multimorbidity and 

comorbidity revisited: refining the concepts for international health research. Journal of Clinical 

Epidemiology. 2019;105:142-146. doi:10.1016/j.jclinepi.2018.09.008. 

 
 Nie JX, Wang L, Upshur RE. Mortality of elderly patients in Ontario after hospital admission for chronic 

obstructive pulmonary disease. Can Respir J. 2007;14(8):485-489. 

 Norwood R. Prevalence and impact of depression in chronic obstructive pulmonary disease patients. Curr 
Opin Pulm Med. 2006;12(2):113-117. doi:10.1097/01.mcp.0000208450.50231.c6. 

 

 Nunes BP, Flores TR, Mielke GI, Thumé E, Facchini LA. Multimorbidity and mortality in older adults: A 
systematic review and meta-analysis. Arch Gerontol Geriatr. 2016;67:130-138. 

doi:10.1016/j.archger.2016.07.008. 

 

 Olaya B, Domènech-Abella J, Moneta MV, et al. All-cause mortality and multimorbidity in older adults: 
The role of social support and loneliness. Experimental Gerontology. 2017;99:120-126. 

doi:10.1016/j.exger.2017.10.001. 

 
 Padwal RS, Bienek A, McAlister FA, Campbell NRC. Epidemiology of Hypertension in Canada: An 

Update. Canadian Journal of Cardiology. 2016;32(5):687-694. doi:10.1016/j.cjca.2015.07.734. 

 
 Papakostas GI, Petersen T, Mahal Y, Mischoulon D, Nierenberg AA, Fava M. Quality of life assessments 

in major depressive disorder: a review of the literature. Gen Hosp Psychiatry. 2004;26(1):13-17. 

doi:10.1016/j.genhosppsych.2003.07.004. 

https://www150.statcan.gc.ca/n1/en/catalogue/84F0209X


 

 

 

 

 113 

 
 Parappil A, Depczynski B, Collett P, Marks GB. Effect of comorbid diabetes on length of stay and risk of 

death in patients admitted with acute exacerbations of COPD. Respirology. 2010;15(6):918-922. 

doi:10.1111/j.1440-1843.2010.01781.x. 

 
 Park J, Peters PA. Mortality from diabetes mellitus, 2004 to 2008: A multiple-cause- of-death analysis. 

Health Matters. Published online 2004:7. 

 
  Patel ARC, Hurst JR. Extrapulmonary comorbidities in chronic obstructive pulmonary disease: state of 

the art. Expert Rev Respir Med. 2011;5(5):647-662. doi:10.1586/ers.11.62. 

 
 Pathirana TI, Jackson CA. Socioeconomic status and multimorbidity: a systematic review and meta-

analysis. Australian and New Zealand Journal of Public Health. 2018;42(2):186-194. doi:10.1111/1753-

6405.12762. 

 
 Patnode CD, Evans CV, Senger CA, Redmond N, Lin JS. Behavioral Counseling to Promote a Healthful 

Diet and Physical Activity for Cardiovascular Disease Prevention in Adults Without Known 

Cardiovascular Disease Risk Factors: Updated Evidence Report and Systematic Review for the US 
Preventive Services Task Force. JAMA. 2017;318(2):175-193. doi:10.1001/jama.2017.3303. 

 

 Picco L, Achilla E, Abdin E, et al. Economic burden of multimorbidity among older adults: impact on 
healthcare and societal costs. BMC Health Serv Res. 2016;16(1):173. doi:10.1186/s12913-016-1421-7. 

 

 Poole CD, Conway P, Currie CJ. An evaluation of the association between C-reactive protein, the change 

in C-reactive protein over one year, and all-cause mortality in chronic immune-mediated inflammatory 
disease managed in UK general practice. Rheumatology (Oxford). 2009;48(1):78-82. 

doi:10.1093/rheumatology/ken415. 

 
 Prados-Torres A, Calderón-Larrañaga A, Hancco-Saavedra J, Poblador-Plou B, van den Akker M. 

Multimorbidity patterns: a systematic review. J Clin Epidemiol. 2014;67(3):254-266. 

doi:10.1016/j.jclinepi.2013.09.021. 

 
 Prior A, Fenger-Grøn M, Davydow DS, et al. Bereavement, multimorbidity and mortality: a population-

based study using bereavement as an indicator of mental stress. Psychol Med. 2018;48(9):1437-1443. 

doi:10.1017/S0033291717002380. 
 

 Prior A, Fenger-Grøn M, Larsen KK, et al. The Association Between Perceived Stress and Mortality 

Among People With Multimorbidity: A Prospective Population-Based Cohort Study. American Journal 
of Epidemiology. 2016;184(3):199-210. doi:10.1093/aje/kwv324. 

 Public Health Agency of Canada. Report from the Canadian Chronic Disease Surveillance System: Heart 

Disease in Canada, 2018.; 2018. 

 
 Rakofsky J, Rapaport M. Mood Disorders. CONTINUUM: Lifelong Learning in Neurology. 

2018;24(3):804. doi:10.1212/CON.0000000000000604. 

 
 Rapsomaniki E, Timmis A, George J, et al. Blood pressure and incidence of twelve cardiovascular 

diseases: lifetime risks, healthy life-years lost, and age-specific associations in 1·25 million people. 

Lancet. 2014;383(9932):1899-1911. doi:10.1016/S0140-6736(14)60685-1. 
 

 Report from the Canadian Chronic Disease Surveillance System: Asthma and Chronic Obstructive 

Pulmonary Disease (COPD) in Canada, 2018. Public Health Agency of Canada. Published March, 2018. 



 

 

 

 

 114 

Accessed July 13, 2021. https://publications.gc.ca/collections/collection_2018/aspc-phac/HP35-90-2018-
eng.pdf. 

 

 Rheumatoid arthritis in Canada. Public Health Agency of Canada. September 29, 2020. Published 

September 2020. Accessed July 14, 2021. https://www.canada.ca/en/public-
health/services/publications/diseases-conditions/rheumatoid-arthritis.html. 

 

 Rizza A, Kaplan V, Senn O, et al. Age- and gender-related prevalence of multimorbidity in primary care: 
the Swiss FIRE project. BMC Fam Pract. 2012;13:113. doi:10.1186/1471-2296-13-113. 

 

 Roberts KC, Rao DP, Bennett TL, Loukine L, Jayaraman GC. Prevalence and patterns of chronic disease 
multimorbidity and associated determinants in Canada. Health Promot Chronic Dis Prev Can. 

2015;35(6):87-94. 

 

 Roman Lay AA, Ferreira do Nascimento C, Caba Burgos F, et al. Gender Differences between 
Multimorbidity and All-Cause Mortality among Older Adults. Curr Gerontol Geriatr Res. 

2020;2020:7816785. doi:10.1155/2020/7816785. 

 
 Rosella L, Kornas K, Huang A, Bornbaum C, Henry D, Wodchis WP. Accumulation Of Chronic 

Conditions At The Time Of Death Increased In Ontario From 1994 To 2013. Health Affairs. 

2018;37(3):464-472. doi:10.1377/hlthaff.2017.1150. 
 

  Rossi A, Dikareva A, Bacon SL, Daskalopoulou SS. The impact of physical activity on mortality in 

patients with high blood pressure: a systematic review. Journal of Hypertension. 2012;30(7):1277-1288. 

doi:10.1097/HJH.0b013e3283544669. 
 

 Ryan B, Allen B, Zwarenstein M, et al. Multimorbidity and mortality in Ontario, Canada: A population-

based retrospective cohort study. J Comorb. 2020;10:2235042X20950598. 
doi:10.1177/2235042X20950598. 

 

 Ryan BL, Bray Jenkyn K, Shariff SZ, et al. Beyond the grey tsunami: a cross-sectional population-based 

study of multimorbidity in Ontario. Can J Public Health. 2018;109(5-6):845-854. doi:10.17269/s41997-
018-0103-0. 

 

 Sakib MN, Shooshtari S, St. John P, Menec V. The prevalence of multimorbidity and associations with 
lifestyle factors among middle-aged Canadians: an analysis of Canadian Longitudinal Study on Ageing 

data. BMC Public Health. 2019;19(1):243. doi:10.1186/s12889-019-6567-x. 

 
 Salisbury C, Man M-S, Bower P, et al. Management of multimorbidity using a patient-centred care 

model: a pragmatic cluster-randomised trial of the 3D approach. Lancet. 2018;392(10141):41-50. 

doi:10.1016/S0140-6736(18)31308-4. 

 
 Saluja S, Anderson SG, Hambleton I, et al. Foot ulceration and its association with mortality in diabetes 

mellitus: a meta-analysis. Diabet Med. 2020;37(2):211-218. doi:10.1111/dme.14151. 

 
 Samadian F, Dalili N, Jamalian A. Lifestyle Modifications to Prevent and Control Hypertension. Iran J 

Kidney Dis. 2016;10(5):237-263. 

 
 Sanmartin C. Linking the Canadian Community Health Survey and the Canadian Mortality Database: An 

enhanced data source for the study of mortality. Health Reports. 2016;27(12):11. 

 

https://publications.gc.ca/collections/collection_2018/aspc-phac/HP35-90-2018-eng.pdf
https://publications.gc.ca/collections/collection_2018/aspc-phac/HP35-90-2018-eng.pdf
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/rheumatoid-arthritis.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/rheumatoid-arthritis.html


 

 

 

 

 115 

 Savage JH, Matsui EC, McCormack M, Litonjua AA, Wood RA, Keet CA. The association between 
asthma and allergic disease and mortality: a 30-year follow-up study. J Allergy Clin Immunol. 

2014;133(5):1484-1487, 1487.e1-5. doi:10.1016/j.jaci.2014.01.028. 

 

 Sawalha S, Hedman L, Backman H, et al. The impact of comorbidities on mortality among men and 
women with COPD: report from the OLIN COPD study. Ther Adv Respir Dis. 2019;13. 

doi:10.1177/1753466619860058. 

 
 Scanlon PD, Connett JE, Waller LA, et al. Smoking cessation and lung function in mild-to-moderate 

chronic obstructive pulmonary disease. The Lung Health Study. Am J Respir Crit Care Med. 2000;161(2 

Pt 1):381-390. doi:10.1164/ajrccm.161.2.9901044. 
 

 Schäfer I, Hansen H, Schön G, et al. The influence of age, gender and socio-economic status on 

multimorbidity patterns in primary care. First results from the multicare cohort study. BMC Health Serv 

Res. 2012;12:89. doi:10.1186/1472-6963-12-89. 
 

 Schäfer I, Kaduszkiewicz H, Nguyen TS, van den Bussche H, Scherer M, Schön G. Multimorbidity 

patterns and 5-year overall mortality: Results from a claims databased observational study. J Comorb. 
2018;8(1):2235042X18816588. doi:10.1177/2235042X18816588. 

 

 Schäfer I, Leitner E-C von, Schön G, et al. Multimorbidity Patterns in the Elderly: A New Approach of 
Disease Clustering Identifies Complex Interrelations between Chronic Conditions. PLOS ONE. 

2010;5(12):e15941. doi:10.1371/journal.pone.0015941. 

 

 Schellevis FG, van der Velden J, van de Lisdonk E, van Eijk JT, van Weel C. Comorbidity of chronic 
diseases in general practice. J Clin Epidemiol. 1993;46(5):469-473. doi:10.1016/0895-4356(93)90024-u. 

 

 Schoen C, Osborn R, Squires D, Doty MM, Pierson R, Applebaum S. How Health Insurance Design 
Affects Access To Care And Costs, By Income, In Eleven Countries. Health Affairs. 2010;29(12):2323-

2334. doi:10.1377/hlthaff.2010.0862. 

 

 Schram MT, Frijters D, van de Lisdonk EH, et al. Setting and registry characteristics affect the prevalence 
and nature of multimorbidity in the elderly. J Clin Epidemiol. 2008;61(11):1104-1112. 

doi:10.1016/j.jclinepi.2007.11.021. 

 
 Seminog OO, Scarborough P, Wright FL, Rayner M, Goldacre MJ. Determinants of the decline in 

mortality from acute stroke in England: linked national database study of 795 869 adults. BMJ. 

2019;365:l1778. doi:10.1136/bmj.l1778. 
 

 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA: A Cancer Journal for Clinicians. 

2019;69(1):7-34. doi:10.3322/caac.21551. 

 
 Silva V de L, Cesse EÂP, Albuquerque M de FPM de. Social determinants of death among the elderly: a 

systematic literature review. Rev bras epidemiol. 2014;17(suppl 2):178-193. doi:10.1590/1809-

4503201400060015. 
 

 Silverstein MD, Reed CE, O’Connell EJ, Melton LJ, O’Fallon WM, Yunginger JW. Long-term survival 

of a cohort of community residents with asthma. N Engl J Med. 1994;331(23):1537-1541. 
doi:10.1056/NEJM199412083312301. 

 



 

 

 

 

 116 

 Sin DD, Anthonisen NR, Soriano JB, Agusti AG. Mortality in COPD: Role of comorbidities. Eur Respir 
J. 2006;28(6):1245-1257. doi:10.1183/09031936.00133805. 

 Sinclair AJ, Robert IE, Croxson SC. Mortality in older people with diabetes mellitus. Diabet Med. 

1997;14(8):639-647. doi:10.1002/(SICI)1096-9136(199708)14:8<639::AID-DIA433>3.0.CO;2-C. 

  
          Singh GK, Williams SD, Siahpush M, Mulhollen A. Socioeconomic, Rural-Urban, and Racial Inequalities 

in US Cancer Mortality: Part I-All Cancers and Lung Cancer and Part II-Colorectal, Prostate, Breast, and 

Cervical Cancers. J Cancer Epidemiol. 2011;2011:107497. doi:10.1155/2011/107497. 
 

 Singh K, Patel SA, Biswas S, et al. Multimorbidity in South Asian adults: prevalence, risk factors and 

mortality. J Public Health (Oxf). 2019;41(1):80-89. doi:10.1093/pubmed/fdy017. 
 

 Sinnige J, Braspenning J, Schellevis F, Stirbu-Wagner I, Westert G, Korevaar J. The prevalence of 

disease clusters in older adults with multiple chronic diseases--a systematic literature review. PLoS One. 

2013;8(11):e79641. doi:10.1371/journal.pone.0079641. 
 

 Smith SM, Wallace E, O’Dowd T, Fortin M. Interventions for improving outcomes in patients with 

multimorbidity in primary care and community settings. Cochrane Database Syst Rev. 
2016;3:CD006560. doi:10.1002/14651858.CD006560.pub3. 

 

 St John PD, Tyas SL, Menec V, Tate R. Multimorbidity, disability, and mortality in community-dwelling 
older adults. Can Fam Physician. 2014;60(5):e272-280. 

 

 Stockwell T, Zhao J, Panwar S, Roemer A, Naimi T, Chikritzhs T. Do “Moderate” Drinkers Have 

Reduced Mortality Risk? A Systematic Review and Meta-Analysis of Alcohol Consumption and All-
Cause Mortality. J Stud Alcohol Drugs. 2016;77(2):185-198. doi:10.15288/jsad.2016.77.185. 

 

 Strine TW, Mokdad AH, Balluz LS, et al. Depression and Anxiety in the United States: Findings From 
the 2006 Behavioral Risk Factor Surveillance System. PS. 2008;59(12):1383-1390. 

doi:10.1176/ps.2008.59.12.1383. 

 

 Stroke in Canada: Highlights from the Canadian Chronic Disease Surveillance System. Public Health 
Agency of Canada. Published September 25, 2017. Accessed July 21, 2021. 

https://www.canada.ca/en/public-health/services/publications/diseases-conditions/stroke-canada-fact-

sheet.html. 
 

 Sumino K, O’Brian K, Bartle B, Au DH, Castro M, Lee TA. Coexisting chronic conditions associated 

with mortality and morbidity in adult patients with asthma. J Asthma. 2014;51(3):306-314. 
doi:10.3109/02770903.2013.879881. 

 

 Sundstrup E, Jakobsen MD, Mortensen OS, Andersen LL. Joint association of multimorbidity and work 

ability with risk of long-term sickness absence: a prospective cohort study with register follow-up. Scand 
J Work Environ Health. 2017;43(2):146-154. doi:10.5271/sjweh.3620. 

 

 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians. 

2021;71(3):209-249. doi:10.3322/caac.21660. 

 
 Tooth L, Hockey R, Byles J, Dobson A. Weighted multimorbidity indexes predicted mortality, health 

service use, and health-related quality of life in older women. J Clin Epidemiol. 2008;61(2):151-159. 

doi:10.1016/j.jclinepi.2007.05.015. 

https://www.canada.ca/en/public-health/services/publications/diseases-conditions/stroke-canada-fact-sheet.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/stroke-canada-fact-sheet.html


 

 

 

 

 117 

 
 Tugwell P, Knottnerus JA. Multimorbidity and Comorbidity are now separate MESH headings. Journal 

of Clinical Epidemiology. 2019;105:vi-viii. doi:10.1016/j.jclinepi.2018.11.019. 

 

 Type 1 diabetes. DiabetesCanadaWebsite. Accessed July 15, 2021. https://www.diabetes.ca/about-
diabetes/type-1. 

 

 Type 2 diabetes. DiabetesCanadaWebsite. Accessed July 15, 2021. https://www.diabetes.ca/about-
diabetes/type-2. 

 

 Types of heart disease. Heart and Stroke Foundation of Canada. Accessed July 16, 2021. 
https://www.heartandstroke.ca/en/heart-disease/what-is-heart-disease/types-of-heart-disease/. 

 

 Uijen AA, van de Lisdonk EH. Multimorbidity in primary care: prevalence and trend over the last 20 

years. Eur J Gen Pract. 2008;14 Suppl 1:28-32. doi:10.1080/13814780802436093. 
 

 Underlying Cause of Death, 1999-2019 Request. Centers for Disease Control and Prevention. Accessed 

July 20, 2021. https://wonder.cdc.gov/ucd-icd10.html. 
 

 Understanding Blood Pressure Readings. American Heart Association. Accessed August 27, 2021. 

https://www.heart.org/en/health-topics/high-blood-pressure/understanding-blood-pressure-readings. 
 

 Vaccarino V, Krumholz HM, Yarzebski J, Gore JM, Goldberg RJ. Sex differences in 2-year mortality 

after hospital discharge for myocardial infarction. Ann Intern Med. 2001;134(3):173-181. 

doi:10.7326/0003-4819-134-3-200102060-00007. 
 

 Van Lieshout RJ, Bienenstock J, MacQueen GM. A Review of Candidate Pathways Underlying the 

Association Between Asthma and Major Depressive Disorder. Psychosomatic Medicine. 2009;71(2):187-
195. doi:10.1097/PSY.0b013e3181907012. 

 

 Vanfleteren LEGW, Spruit MA, Franssen FME. Tailoring the approach to multimorbidity in adults with 

respiratory disease: the NICE guideline. Eur Respir J. 2017;49(2):1601696. 
doi:10.1183/13993003.01696-2016. 

 

 Vanfleteren LEGW, Spruit MA, Groenen M, et al. Clusters of comorbidities based on validated objective 
measurements and systemic inflammation in patients with chronic obstructive pulmonary disease. Am J 

Respir Crit Care Med. 2013;187(7):728-735. doi:10.1164/rccm.201209-1665OC. 

 
 Vasiliadis H-M, Gontijo Guerra S, Berbiche D, Pitrou IE. The Factors Associated with 3-Year Mortality 

Stratified by Physical and Mental Multimorbidity and Area of Residence Deprivation in Primary Care 

Community-Living Older Adults. J Ageing Health. 2021;33(7-8):545-556. 

doi:10.1177/0898264321997715. 
 

 Veras RP, Caldas CP, Motta LB da, et al. Integration and continuity of Care in health care network 

models for frail older adults. Rev Saúde Pública. 2014;48(2):357-365. doi:10.1590/S0034-
8910.2014048004941. 

 

 Violán C, Roso-Llorach A, Foguet-Boreu Q, et al. Multimorbidity patterns with K-means nonhierarchical 
cluster analysis. BMC Fam Pract. 2018;19(1):108. doi:10.1186/s12875-018-0790-x. 

 

https://www.diabetes.ca/about-diabetes/type-1
https://www.diabetes.ca/about-diabetes/type-1
https://www.diabetes.ca/about-diabetes/type-2
https://www.diabetes.ca/about-diabetes/type-2
https://www.heartandstroke.ca/en/heart-disease/what-is-heart-disease/types-of-heart-disease/
https://wonder.cdc.gov/ucd-icd10.html
https://www.heart.org/en/health-topics/high-blood-pressure/understanding-blood-pressure-readings


 

 

 

 

 118 

 Wamboldt MZ, Hewitt JK, Schmitz S, et al. Familial association between allergic disorders and 
depression in adult Finnish twins. American Journal of Medical Genetics. 2000;96(2):146-153. 

doi:10.1002/(SICI)1096-8628(20000403)96:2<146::AID-AJMG4>3.0.CO;2-J. 

 

 Wang H, Naghavi M, Allen C, et al. Global, regional, and national life expectancy, all-cause mortality, 
and cause-specific mortality for 249 causes of death, 1980–2015: a systematic analysis for the Global 

Burden of Disease Study 2015. The Lancet. 2016;388(10053):1459-1544. doi:10.1016/S0140-

6736(16)31012-1. 
 

 Wang L, Palmer AJ, Cocker F, Sanderson K. Multimorbidity and health-related quality of life (HRQoL) 

in a nationally representative population sample: implications of count versus cluster method for defining 
multimorbidity on HRQoL. Health Qual Life Outcomes. 2017;15. doi:10.1186/s12955-016-0580-x. 

 

 Wang L, Si L, Cocker F, Palmer AJ, Sanderson K. A Systematic Review of Cost-of-Illness Studies of 

Multimorbidity. Appl Health Econ Health Policy. 2018;16(1):15-29. doi:10.1007/s40258-017-0346-6. 
 

 Wei MY, Mukamal KJ. Multimorbidity, Mortality, and Long-Term Physical Functioning in 3 Prospective 

Cohorts of Community-Dwelling Adults. Am J Epidemiol. 2018;187(1):103-112. 
doi:10.1093/aje/kwx198. 

 

 Westerman S, Wenger NK. Women and heart disease, the underrecognized burden: sex differences, 
biases, and unmet clinical and research challenges. Clin Sci (Lond). 2016;130(8):551-563. 

doi:10.1042/CS20150586. 

 

 What Is Cancer? National Cancer Institute. Published September 17, 2007. Accessed July 17, 2021. 
https://www.cancer.gov/about-cancer/understanding/what-is-cancer. 

 

 What is diabetes? DiabetesCanadaWebsite. Accessed July 15, 2021. https://www.diabetes.ca/about-
diabetes/what-is-diabetes. 

 

 What is High Blood Pressure? American Heart Association. Accessed July 20, 2021. 

https://www.heart.org/en/health-topics/high-blood-pressure/the-facts-about-high-blood-pressure/what-is-
high-blood-pressure. 

 

 Widdifield J, Bernatsky S, Paterson CB and M. Rheumatoid Arthritis Surveillance in Ontario: Monitoring 
the Burden, Quality of Care and Patient Outcomes through Linkage of Administrative Health Data. 

Healthcare Quarterly. 2015;18(3).  

 
 Willadsen T, Siersma V, Nicolaisdóttir D, et al. Multimorbidity and mortality: A 15-year longitudinal 

registry-based nationwide Danish population study. J Comorb. 2018;8(1):2235042X18804063. 

doi:10.1177/2235042X18804063. 

 
 Willadsen TG, Bebe A, Køster-Rasmussen R, et al. The role of diseases, risk factors and symptoms in the 

definition of multimorbidity – a systematic review. Scand J Prim Health Care. 2016;34(2):112-121. 

doi:10.3109/02813432.2016.1153242. 
 

 Wong KO, Hunter Rowe B, Douwes J, Senthilselvan A. Asthma and Wheezing Are Associated with 

Depression and Anxiety in Adults: An Analysis from 54 Countries. Pulmonary Medicine. 
doi:https://doi.org/10.1155/2013/929028. 

 

https://www.cancer.gov/about-cancer/understanding/what-is-cancer
https://www.diabetes.ca/about-diabetes/what-is-diabetes
https://www.diabetes.ca/about-diabetes/what-is-diabetes
https://www.heart.org/en/health-topics/high-blood-pressure/the-facts-about-high-blood-pressure/what-is-high-blood-pressure
https://www.heart.org/en/health-topics/high-blood-pressure/the-facts-about-high-blood-pressure/what-is-high-blood-pressure


 

 

 

 

 119 

 Woo J, Leung J. Multi-morbidity, dependency, and frailty singly or in combination have different impact 
on health outcomes. Age (Dordr). 2014;36(2):923-931. doi:10.1007/s11357-013-9590-3. 

 

 World report on ageing and health. World Health Organization. Accessed May 17, 2020. 

https://www.who.int/life-course/publications/2015-ageing-report/en/. 
 

 Wu TD, Brigham EP, McCormack MC. Asthma in the Primary Care Setting. Med Clin North Am. 

2019;103(3):435-452. doi:10.1016/j.mcna.2018.12.004. 
 

 Xu X, Mishra GD, Jones M. Evidence on multimorbidity from definition to intervention: An overview of 

systematic reviews. Ageing Res Rev. 2017;37:53-68. doi:10.1016/j.arr.2017.05.003. 
 

 Yang Q, Botto LD, Erickson JD, et al. Improvement in stroke mortality in Canada and the United States, 

1990 to 2002. Circulation. 2006;113(10):1335-1343. doi:10.1161/CIRCULATIONAHA.105.570846 

 
 Yoon Y-H, Chen CM, Yi H-Y, Moss HB. Effect of comorbid alcohol and drug use disorders on 

premature death among unipolar and bipolar disorder decedents in the United States, 1999 to 2006. 

Compr Psychiatry. 2011;52(5):453-464. doi:10.1016/j.comppsych.2010.10.005. 
 

 Zhang Y, Lu N, Peloquin C, et al. Improved survival in rheumatoid arthritis: a general population-based 

cohort study. Annals of the Rheumatic Diseases. 2017;76(2):408-413. doi:10.1136/annrheumdis-2015-
209058. 

 

 Zhu Y, Edwards D, Mant J, Payne RA, Kiddle S. Characteristics, service use and mortality of clusters of 

multimorbid patients in England: a population-based study. BMC Medicine. 2020;18(1):78. 
doi:10.1186/s12916-020-01543-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.who.int/life-course/publications/2015-ageing-report/en/


 

 

 

 

 120 

Ethics approval for the study from the University of Alberta 

 

 

9/25/21, 1:04 PM https://arise.ualberta.ca/ARISE/sd/Doc/0/SLD5NB24TL9KV38IGB2K4BLK9A/fromString.html

https://arise.ualberta.ca/ARISE/sd/Doc/0/SLD5NB24TL9KV38IGB2K4BLK9A/fromString.html 1/1

 

 

Notification of Approval (Renewal)
 

Date: April 8, 2021

Amendment ID: Pro00100947_REN1

Principal Investigator: Ambikaipakan Senthilselvan

Study ID: MS1_Pro00100947

Study Title:
The prevalence and determinants of multimorbidity and the effect of
multimorbidity on mortality in the Canadian population.

Approval Expiry Date: Thursday, April 7, 2022

 

Thank you for submitting this renewal application. Your application has been reviewed and approved.

This re-approval is valid for another year. If your study continues past the expiration date as noted above, you will be
required to complete another renewal request. Beginning at 30 days prior to the expiration date, you will receive notices
that the study is about to expire. If you do not renew on or before the renewal expiry date, you will have to re-submit an
ethics application.

All study related documents should be retained so as to be available to the Health REB upon request. They should be
kept for the duration of the project and for at least 5 years following study completion.

Approval by the Research Ethics Board does not encompass authorization to recruit and/or interact with human
participants at this time. Researchers still require operational approval as applicable (eg AHS, Covenant Health, ECSD
etc) and where in-person interactions are proposed, institutional and operational requirements as outlined in the
Resumption of Human Participant Research - June 24, 2020 must be met.

Sincerely,

Charmaine Kabatoff, REB Consultant, for

Anthony S. Joyce, PhD.
 Chair, Health Research Ethics Board - Health Panel

Note: This correspondence includes an electronic signature (validation and approval via an online system).

 
 


