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Abstract

Multimorbidity, which is defined as having at least two or more chronic diseases concur-
rently, has been a rising public health issue in recent years in Canada and worldwide. The
increasing prevalence of multimorbidity has posed a burden on the current health care sys-
tem and quality of life for the Canadian population. There is a lack of up-to-date research on
determinants of multimorbidity in the Canadian population, which is necessary to better
understand and prevent multimorbidity. This study aims to determine the prevalence and
risk factors of multimorbidity in the middle-aged and older Canadian adult population. Multi-
variable logistic regression analyses incorporating survey weights and biologically plausible
interactions were conducted to examine the determinants of multimorbidity using data from
the 2017/2018 Canadian Community Health Survey (CCHS). Of the 113,290 CCHS partici-
pants, 82,508 subjects who were aged 35 years and above were included in the study. The
prevalence of multimorbidity was 22.20% (95% Cl: 21.74%, 22.67%) and was greater for
females. Multimorbidity was more likely in subjects who were obese, abstaining from alco-
hol, inactive, had a lower education level, widowed, divorced, or separated and was less
likely among subjects living in Quebec. The protective effect of household income on multi-
morbidity decreased with age. Current smokers who reported extreme stress were more
likely to have multimorbidity. Multimorbidity is associated with various determinants that
need to be considered in chronic disease control and prevention. These results suggest that
future research should focus not only on these determinants but also on the relationships
between them. A future longitudinal study is required to provide causal evidence for the
study findings.

Introduction

Multimorbidity, which is defined as having at least two or more chronic diseases concurrently,
has been a rising public health issue in recent years in Canada and worldwide [1,2]. One in
three Canadians has at least one chronic disease [3]. According to Statistics Canada, cardiovas-
cular disease, diabetes, and chronic lower respiratory disease accounted for 25.7% of all-cause
deaths in 2018 [4]. Multimorbidity poses a further layer of complexity to the treatment of
patients with these conditions. Based on the Canadian Chronic Disease Surveillance System,
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the prevalence of multimorbidity in middle-aged and older Canadians continued to increase
linearly from 20.5% in 2001 to 26.5% in 2011 [5]. The increasing prevalence of multimorbidity
has resulted in a burden on the current health care system, as well as on the quantity and qual-
ity of life for the Canadian population [6]. Multimorbidity is associated with an increase in
hospitalization and health care resource needs, reduced health-related quality of life, and
increased health care costs [7,8].

In a systematic review, current known factors associated with multimorbidity were grouped
into individual and biomedical factors, socioeconomic characteristics, health behavior and
social and environmental factors [9]. A study of older adults showed that higher wealth was
associated with lower odds of multimorbidity [10]. In addition, women were found to have a
higher risk of multimorbidity than men [11]. Several studies have examined the determinants
associated with multimorbidity in the Canadian population [2,12]. However, overall, there
appeared to be relatively sparse up-to-date research on determinants of multimorbidity in the
Canadian population, which is necessary for a better understanding and prevention of multi-
morbidity. In addition, while prior research has investigated the risk factors associated with
multimorbidity, there exists a need to explore biologically plausible interactions among deter-
minants within individuals with multimorbidity. For example, Barnett and colleagues
highlighted differences in changes in the prevalence of multimorbidity with socio-economic
disparities among distinct local income clusters in their early study [13]. A more recent longi-
tudinal study that investigated social determinants and the likelihood of multimorbidity, also
acknowledged the necessity to incorporate the concept of effect modification noting the influ-
ence of social support on perceived stress levels, varied between individuals with differing
social status [14]. Therefore, our study aimed to determine the prevalence of multimorbidity
in the middle-aged and older Canadian population, and particularly to identify associated
determinants using data from a recent Canadian Community Health Survey (CCHS), and
after allowing for plausible biological interactions between risk factors in the analysis.

Materials and methods
Data source

This study is based on an analysis of the Public Use Microdata File (PUMF) of the Canadian
Community Health Survey (CCHS) conducted in 2017/2018, including Canadians aged 35
years and above [15]. The CCHS is a cross-sectional survey that collects information related to
health status, health care utilization, and health determinants in the Canadian population aged
12 years and above, living in ten provinces and three territories, excluding people living on the
reserves and aboriginal settlements, full-time Canadian forces, the institutionalized popula-
tion, children living in foster care, and people living in the health regions of Région du Nuna-
vik 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. First, the sample was allocated among the provinces based on their respective
population sizes. Secondly, the sample was allocated according to the number of people in
those health regions. The collection of data was conducted through telephone interviews or
personal interviews from January 2017 to December 2018. Design weights (WTS_M) were
provided by the Statistics Canada to each individual in PUMF and were applied to derive
meaningful estimates. The survey results were based on the self-reported data. The PUMF was
generated without collecting any personally identifiable information from the participants,
and was made freely accessible to the public without any charges. For privacy reasons, boot-
strap weights are not available in CCHS PUMF. The PUMF from CCHS used in this study was
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accessed online through ODESI (Ontario Data Documentation, Extraction Service and Infra-
structure) data portal via the University of Alberta Library.

Study variables

Of the 113,290 participants in the CCHS 2017/2018, 82,508 who were 35 years and above were
included in this study. The primary outcome was the presence of multimorbidity or not,
which was defined as a report of at least two or more diseases from the list of eight chronic dis-
eases, including asthma, arthritis, COPD, diabetes, heart disease, high blood pressure, mood
disorder, and stroke. These chronic diseases have been previously considered in several studies
on multimorbidity and are the most prevalent diseases in Canada [2,3,11]. To identify the
presence of chronic diseases, each participant was asked “We are interested in "long-term condi-
tions" 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>?” The response to this question
by the participants was used to determine the presence of each of the chronic diseases. A
binary indicator variable was defined to indicate the presence of multimorbidity (two or more
chronic diseases) with “1” for having multimorbidity and “0” for not having multimorbidity.
Variables expected to have an association with multimorbidity were identified from previous
studies on multimorbidity [2,3,5]. The body mass index (BMI) was determined by dividing the
weight in kilograms by the square of the height in meters. The variables were categorized as
follows: age (35-49, 50-64, 65+), sex (female or male), cultural background (white, non-
white), obesity (underweight BMI < 18.5 kg/m?, normal weight 18.5kg/m” < BMI < 25kg/m”,
overweight 25kg/m” < BMI < 30kg/m?, obese BMI > 30 kg/m?), marital status (single, wid-
owed/divorced/separated, common-law/married), province [British Columbia, Prairies
(Alberta, Saskatchewan, Manitoba), Ontario, Quebec, Atlantic (Newfoundland and Labrador,
Nova Scotia, New Brunswick, Prince Edward Island), territories], household income (less than
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, post-secondary certificate diploma or university), smoking status (non-
smoker, former smoker, current smoker), alcohol (no, occasionally, weekly), physical activity
(inactive: PAADVVOL = 0, moderate: 0<PAADVVOL<900, active: PAADVVOL = > 900)
and stress (not and not very stressful, somewhat, extreme). Physical activity level was catego-
rized based on the guideline by the World Health Organization (WHO), which was derived by
volume of weekly activity done in the past 7 days (PAADVVOL, unit: METs*minutes/week)
[15]. A MET stands for a theoretical measurement that symbolizes the energy used during a
physical endeavor. The extent of the effort is computed by multiplying the duration of the
activity (at a specific intensity level) by the corresponding MET score linked to that level of
intensity. Listwise deletion was used to exclude subjects with missing data for the outcome or
independent variables in the logistic regression analysis.

Statistical analysis

The design weights provided by Statistics Canada were used in all the analyses. The distribu-
tion of characteristics of the study sample was described using proportions, and the prevalence
of multimorbidity was described for the total sample and within each category of the charac-
teristics using proportions and 95% confidence intervals. The prevalence of each of the eight
chronic diseases was stratified by sex and described with proportions and 95% confidence
intervals. Survey-weighted univariate logistic regression was conducted to examine the associ-
ation between sociodemographic characteristics and health behaviour risk factors and multi-
morbidity. The unadjusted odds ratios, 95% confidence intervals and level of significance were

PLOS ONE | https://doi.org/10.1371/journal.pone.0297221 January 30, 2024 3/13


https://doi.org/10.1371/journal.pone.0297221

PLOS ONE

Prevalence and determinants of multimorbidity

used to describe the strength of any association identified. All independent variables were ini-
tially included in the logistic regression and a purposeful selection method, instead of stepwise
procedures, was used to determine the final model. During the model building, all indepen-
dent variables were considered for inclusion in the logistic regression. To overcome the limita-
tions of stepwise procedures, a purposeful selection method was used, which allowed for
inclusion of biologically and clinically important variables in addition to statistically significant
variables. This method involves a sequence of steps as outlined by Hosmer and Lemeshow
[16]. Initially, the variables that are significant one at a time at less than 0.20 level of signifi-
cance are identified, secondly these significant variables are included in a multivariable logistic
regression and finally, the variables that are significant at a 0.05 level of significance, and rele-
vant confounders, are kept in the final main effects model. The statistical significance of all
plausible interactions was examined between each independent variables in the final main
effects model. Only the first-order interaction was considered, and no high-level interactions
were included in the analysis. The goodness of fit of the final model was evaluated by the Hos-
mer-Lemeshow test. Statistical analysis was performed using Stata version 15.0 and SAS ver-
sion 9.4. A p-value of < 0.05 was considered statistically significant.

Results

As shown in Table 1, the prevalence of multimorbidity in the middle-aged and older adults
was 22.20% (95% CI: 21.74%, 22.67%). Multimorbidity was significantly more prevalent in
females than in males (22.82% vs. 21.55%, p = 0.01) which was consistent across all age groups
(Fig 1).

The distribution of sociodemographic factors, proportion of multimorbidity by socio-
demographic factors, and unadjusted odds ratios for the association of each factor with multi-
morbidity are shown in Table 1. Individuals in an older age group, of a white background,
with obesity, who were not single, were living in any province except British Columbia, or
were smoking, or having a stress level of ‘extreme’ were all more likely to have multimorbidity.
In contrast, males, individuals with normal weight, individuals who reported higher household
income, higher education level, drinking alcohol, undertaking physical activity, or having a
stress level of ‘somewhat’ were all less likely to have multimorbidity.

As shown in Table 2, among the eight chronic diseases included in the definition of multi-
morbidity, the three most common chronic diseases were arthritis (26.67%), high blood pres-
sure (25.35%), and diabetes (10.38%). When the distribution of chronic diseases was stratified
by sex, females had a greater prevalence of arthritis (30.83% vs. 22.29%; p<0.001), mood disor-
der (10.96% vs. 6.76%; p<0.0001), asthma (9.24% vs. 6.18%; p<0.0001), and chronic obstruc-
tive pulmonary disease (4.39% vs. 3.98%; p = 0.03), whereas males had a greater prevalence of
diabetes (12.09% vs. 8.87%; p<0.001) and heart disease (7.72% vs. 5.42%; p<0.001). A higher
prevalence of high blood pressure was identified for males, and stroke was also observed in
males more than females, although this last difference was not statistically significant.

The results of the final logistic regression model are shown in Table 3. Significant interac-
tions were observed between age group and household income, and smoking habit and stress,
and these were included in the final model. Subjects who were widowed, divorced, or sepa-
rated were more likely to have multimorbidity in comparison to those who were single
(p =0.03). In comparison to subjects living in British Columbia, only those living in Quebec
were significantly less likely to have multimorbidity (p = 0.02). Subjects with a household
income of $80,000 or more, regardless of their age group, were less likely to have multimorbid-
ity in comparison to those with a household income of less than $39,999. Interestingly, the pro-
tective effect of household income on having multimorbidity decreased with age, with the
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Table 1. Characteristics of the study sample, distribution of multimorbidity by factors, and odds ratio for the association between sociodemographic and lifestyle
characteristics and multimorbidity.

Prevalence for multimorbidity

% population (%, 95% CI) Unadjusted OR (95% CI) p-value*®
Total sample 82,508 22.20 (21.74, 22.67)
Sex 0.01
Female 51.29 22.82(22.18, 23.48) 1.00
Male 48.71 21.55 (20.89, 22.21) 0.93 (0.88, 0.98)
Age group (years) <0.001
35-49 34.50 6.14 (5.66, 6.65) 1.00
50-64 36.49 21.05 (20.54, 22.22) 4.08 (3.69, 4.50)
> =65 29.01 42.75 (41.88, 43.64) 11.41 (10.41, 12.53)
Culture background <0.001
Non-white 20.29 15.99 (14.68, 17.39) 1.00
White 79.71 23.43 (22.95, 23.91) 1.60 (1.45, 1.78)
Body Mass Index <0.001
Under weight 0.80 25.36 (19.64, 32.08) 1.00
Normal weight 30.81 13.64 (12.97, 14.33) 0.46 (0.33,0.65)
Overweight 38.49 19.55 (18.81, 20.32) 0.72 (0.51, 1.00)
Obese 29.89 31.23 (30.29, 32.20) 1.34 (0.96, 1.86)
Marital Status <0.001
Single 11.49 19.02 (17.84, 20.25) 1.00
Widowed/Divorced/ 17.13 33.81 (32.76, 34.87) 2.17 (1.98, 2.38)
Separated
Common-law/Married 71.37 19.93 (19.37, 20.49) 1.06 (0.97, 1.16)
Province <0.001
British Columbia 13.41 20.06 (18.96, 21.21) 1.00
Prairies 16.87 22.05(21.11, 23.01) 1.12 (1.03, 1.23)
Ontario 23.82 20.74 (19.93, 21.58) 1.04 (0.96, 1.14)
Quebec 38.63 22.74 (21.85, 23.65) 1.17 (1.07, 1.28)
Atlantic 7.00 28.73 (27.54, 29.96) 1.60 (1.47, 1.76)
Territories 0.27 20.16 (17.68, 22.89) 1.01 (0.84, 1.20)
Household income <0.001
less than $39,999 19.44 34.42 (33.36, 35.49) 1.00
$40,000 to $59,000 14.78 27.32(25.70, 28.15) 0.72 (0.66, 0.74)
$60,000 to $79,999 12.79 23.99 (22.71, 25.33) 0.60 (0.55, 0.66)
$80,000 or more 52.99 15.85 (15.25, 16.48) 0.36 (0.34, 0.38)
Highest household <0.001
education
Less than secondary 13.29 39.38 (37.97, 40.81) 1.00
school graduation
education
Secondary school 21.69 24.41 (23.41, 25.45) 0.50 (0.46, 0.54)
graduation,
no post-secondary
Post-secondary 65.02 17.62 (17.09, 18.17) 0.33 (0.31, 0.35)
certificate
diploma or university
Smoking status <0.001
Non-smoker 51.36 18.36 (17.70, 19.03) 1.00
Former smoker 32.51 28.03 (27.23, 28.85) 1.73 (1.63, 1.84)
Current smoker 16.13 22.53(21.43, 23.66) 1.29 (1.20, 1.40)
(Continued)
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Table 1. (Continued)

Prevalence for multimorbidity
% population (%, 95% CI) Unadjusted OR (95% CI) p-value*
Alcohol <0.001
No 22.04 30.78 (29.58, 32.00) 1.00
Occasionally 23.79 24.32 (23.32, 25.34) 0.72 (0.67, 0.78)
Weekly 21.33 16.94 (16.11, 17.79) 0.46 (0.42, 0.50)
Daily 32.84 18.27 (17.58, 18.98) 0.50 (0.47, 0.54)
Physical activity <0.001
Inactive 25.00 33.38 (32.29, 34.48) 1.00
Moderate 38.12 20.97 (20.24, 21.72) 0.53 (0.50, 0.57)
Active 36.87 15.25 (14.63, 15.88) 0.36 (0.34, 0.38)
Stress <0.001
Not and not very 38.88 23.70 (22.98, 24.43) 1.00
stressful
Somewhat 57.55 20.57 (19.96, 21.19) 0.83 (0.80, 0.88)
Extreme 3.57 30.11 (27.25, 33.14) 1.39 (1.20, 1.60)

*p value is from the univariate logistic regression.

https://doi.org/10.1371/journal.pone.0297221.t1001
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Fig 1. Prevalence of multimorbidity by age group and sex. Error bars indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0297221.9001
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Table 2. Prevalence of chronic diseases in the overall, male and female populations.

Chronic disease

Arthritis

High blood pressure

Diabetes
Mood disorder
Asthma

Heart disease
COPD

Stroke

Overall population Males Females
Proportion Proportion Proportion p-value*
(%, 95% CI) (%, 95% CI) (%, 95% CI)
26.67 (26.16,27.17) 22.29 (21.61, 22.98) 30.83 (30.10, 31.56) <0.001
25.35(24.83, 25.87) 26.27 (25.51, 27.04) 24.47 (23.77,25.18) <0.001
10.38 (10.04, 10.74) 12.09 (11.55, 12.65) 8.87(8.32,9.23) <0.001
8.91 (8.58,9.25) 6.76 (6.33, 7.20) 10.96 (10.47, 11.48) <0.001
7.75 (7.44, 8.07) 6.18 (5.79, 6.61) 9.24(8.78,9.72) <0.001
6.54 (6.29, 6.80) 7.72(7.32, 8.14) 5.42 (5.11, 5.75) <0.001
4.19 (4.01, 4.39) 3.98 (3.73, 4.26) 4.39 (4.14, 4.66) 0.03
1.78 (1.64, 1.93) 1.90 (1.70, 2.12) 1.67 (1.48, 1.88) 0.12

*p-value indicates the significance of the differences in the prevalence between males and females.

https://doi.org/10.1371/journal.pone.0297221.t002

older age group having higher odds of multimorbidity than those for the other two age groups.
Subjects who reported being extremely stressed were more likely to have multimorbidity,
regardless of smoking status, in comparison to those who reported being stressed or not very
stressed. Among current smokers, subjects who reported being extremely stressed had a three-
fold increase in the odds of having multimorbidity compared with those who reported being
stressed or not very stressed (adjusted OR = 3.84, 95% CI:2.67, 5.52). Among non-smokers
and former smokers, a significant association was also observed between the level of stress and
multimorbidity, with the odds of multimorbidity being lower than that observed for current
smokers.

Discussion

This study described the prevalence of multimorbidity, defined as having at least two or more
chronic diseases concurrently among the middle-aged and older Canadian population based
on cross-sectional data from the CCHS. In this study, the prevalence of multimorbidity was
22.20% in the Canadian population aged 35 years and above. Prior studies have used a variable
definition of ‘middle-aged and older’ for estimation of the prevalence of multimorbidity. How-
ever, we found one newly published study based on 11,304 people from a 2018 National Health
Service Survey in Yunnan, China which using a similar cut off and which reported a somewhat
lower prevalence (10.12%) of multimorbidity, having two or more chronic conditions, among
people aged 35 and above [17]. In another report based on the Canadian Chronic Disease Sur-
veillance System, the prevalence of multimorbidity was 26.5%, slightly higher than the 22.20%
reported here, and in an older population aged 40 years and above [5]. Many prior studies
either included data from only one province, included differing proportions of older partici-
pants than this study, or identified fewer chronic diseases, all of which could contribute to the
variability seen in the reported prevalence of multimorbidity across studies. Study population
and data sources are other possible reasons that could contribute to the difference in the
reported prevalence of multimorbidity.

Similar to the results observed in this study, a number of previous studies have suggested
females were at greater risk of multimorbidity than males [2,11]. We also found that subjects
who were widowed, divorced, or separated had higher odds of multimorbidity compared to
those who were single. A recent longitudinal study based on multiple countries examining the
martial status and prevalence of multimorbidity showed that the likelihood of multimorbidity
increased with widowhood, which is in line with our study results [18]. Increased mental stress
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Table 3. Results from the logistic regression of multimorbidity for adults aged 35 and above allowing significant

interactions.
Characteristics Main effects +interactions model
Adjusted OR
(95% CI) p-value

Total sample
Sex

Female 1.00

Male 1.04(0.98, 1.12) 0.21
Age group (years)

35-49 1.00

50-64 4.21(3.49, 5.08) <0.001

> =65 8.72(7.29,10.42) <0.001
Culture background -

Non-white

White
Obesity

Underweight 1.00

Normal weight 0.57 (0.37, 0.89) 0.01

Overweight 0.91 (0.59, 1.42) 0.69

Obese 1.86 (1.19, 2.90) 0.01
Marital Status

Single 1.00

Widowed/Divorced/Separated 1.13 (1.01, 1.27) 0.03

Common-law/Married 0.99 (0.89, 1.10) 0.81
Provinces

British Columbia 1.00

Prairies 0.88 (0.70, 1.09) 0.24

Ontario 0.99 (0.80, 1.22) 0.92

Quebec 0.77 (0.62, 0.95) 0.02

Atlantic 0.95 (0.77, 1.18) 0.66

Territories 1.10 (0.89, 1.37) 0.38
Highest household education

Less than secondary school 1.00
graduation education

Secondary school graduation, 0.80(0.73, 0.88) <0.001
no post-secondary

Post-secondary certificate 0.75(0.69, 0.82) <0.001
diploma or university
Smoking status

Non-smoker 1.00

Former smoker 1.35(1.22, 1.49) <0.001

Current smoker 1.19 (1.03, 1.39) 0.02
Alcohol

No 1.00

Occasionally 0.87 (0.79, 0.96) 0.01

Weekly 0.66 (0.60, 0.73) <0.001

Daily 0.67 (0.61, 0.73) <0.001
Physical activity

Inactive 1.00

(Continued)

PLOS ONE | https://doi.org/10.1371/journal.pone.0297221 January 30, 2024

8/13


https://doi.org/10.1371/journal.pone.0297221

PLOS ONE

Prevalence and determinants of multimorbidity

Table 3. (Continued)

Characteristics Main effects +interactions model
Adjusted OR
(95% CI) p-value
Moderate 0.80 (0.74, 0.86) <0.001
Active 0.64 (0.59, 0.70) <0.001
Household income
(with people 35-49 years old)
less than $39,999 1.00
$40,000 to $59,000 0.75 (0.56, 0.99) 0.05
$60,000 to $79,999 0.56 (0.40, 0.79) 0.001
$80,000 or more 0.55 (0.45, 0.68) <0.001
Household income
(with people 50-64 years old)
less than $39,999 1.00
$40,000 to $59,000 0.72 (0.60, 0.85) <0.001
$60,000 to $79,999 0.65 (0.55, 0.77) <0.001
$80,000 or more 0.51 (0.45, 0.59) <0.001
Household income
(with people 65 years old+)
less than $39,999 1.00
$40,000 to $59,000 0.96 (0.85, 1.07) 0.43
$60,000 to $79,999 0.93 (0.81, 1.06) 0.28
$80,000 or more 0.80 (0.72, 0.90) <0.001
Stress (with non-smokers)
Not and not very stressful 1.00
Somewhat 1.34 (1.21, 1.50) <0.001
Extreme 2.06 (1.53,2.77) <0.001
Stress (with former smokers)
Not and not very stressful 1.00
Somewhat 1.41 (1.28, 1.55) <0.001
Extreme 1.75(1.31, 2.33) <0.001
Stress (with current smokers)
Not and not very stressful 1.00
Somewhat 1.64 (1.40, 1.93) <0.001
Extreme 3.84 (2.67,5.52) <0.001

https://doi.org/10.1371/journal.pone.0297221.t1003

caused by losing a partner through death, divorce, or separation has been shown to have worse
health outcome (e.g., increased number of physical diseases), and could be one of the possible
explanations for the increase of multimorbidity in subjects who are widowed, divorced, or sep-
arated in this study [19,20]. However, the association between marital status and multimorbid-
ity has remained controversial. A study of community-dwelling older adults aged 65 and older
in Manitoba, Canada that showed no association between marital status and the prevalence of
multimorbidity [10].

Previous research has given little attention to the association between lifestyle factors and
multimorbidity. In this study, subjects who drank occasionally, weekly, or daily were less likely
to have multimorbidity in comparison to non-drinkers, which was similar to the findings
from the cross-sectional analysis of the Canadian Longitudinal Study on Aging [12]. Some
studies have shown that moderate levels of alcohol consumption were likely to reduce the risk
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of the development of some chronic diseases such as dementia and stroke [21]. The reasons
for the inverse association between alcohol intake and multimorbidity are unknown but may
be related to selection bias, with subjects having conditions associated with drinking being less
likely to participate in the study than healthy individuals, or possibly subjects with multimor-
bidity stopping alcohol use because of advice from their health care providers [22]. In this
study, participants who were physically active had lower odds of multimorbidity in compari-
son to those who were inactive. Similar findings were found in a cross-sectional study of the
Canadian population aged 20 years and older, which also showed that being inactive was asso-
ciated with a higher prevalence of multimorbidity [2]. An inverse relationship between multi-
morbidity and physical activity for both younger and older participants has been reported
[23]. In this study, individuals with the highest education levels had lower odds of multimor-
bidity in comparison to those with the lowest education levels. Similar findings were found in
Scottish patients, which argued that there was a strong graded association between social posi-
tion and multimorbidity [24]. A recent meta-analysis also showed that lower education levels
were associated with a 64% increase in odds of multimorbidity in comparison to higher educa-
tion levels [25].

A number of important interactions were identified in this study. Firstly, we found a signifi-
cant interaction between income and age. Canada has a universal health care system which
provides free health care to all its citizens and differences in the age-based health coverage or
insurance could not be considered as a possible reason for the interaction between income and
age on multimorbidity. Higher household income had a protective effect on multimorbidity in
all age groups, but the protective effect appeared less strong in the older age group. Similar
results were also demonstrated of a ‘buffering’ effect of age on the positive relationship
between household income and the average number of conditions comprising multimorbidity,
especially in patients aged 65 and older, in other reports [12]. The association between older
age and multimorbidity could be a plausible explanation for the reduced protective effect of
household income on multimorbidity. This association is extremely strong that it could poten-
tially overshadow the effect of other contributing factors, in this case, household income. It is
important to note that although the effect of household income on multimorbidity decreased
with age, the absolute prevalence of multimorbidity was significantly higher among elderly
patients in comparison to their younger counterparts in all income groups. The significant
interaction between income and age suggests that addressing income disparities is crucial for
reducing the risk of multimorbidity. Further public health policies should focus on narrowing
socioeconomic gaps to ensure equitable access to healthcare resources. Moreover, it may be
beneficial to develop targeted interventions for middle-aged patients as they are most likely to
be affected by the effect of household income on multimorbidity.

Another significant interaction, between stress and smoking status, was also identified.
While those who reported having extreme stress had a higher risk of multimorbidity than
those who reported being not very stressed regardless of smoking status, a stronger association
between stress and multimorbidity was observed among current smokers. Although an inter-
action between stress and smoking among patients with multimorbidity has not been reported
in previous studies, it has been shown that higher level of stress was significantly associated
with having more than three chronic conditions [26] and smoking has been shown to be pre-
disposing factor for multimorbidity in initially disease-free population in a cohort study from
Finland [27]. A cross-sectional study based on patients with multimorbidity aged 50 years and
older living in six low- and middle-income countries showed that patients with higher levels of
multimorbidity were more likely to report higher levels of stress than those without multimor-
bidity [28]. It is also well-known that smoking is associated with the development of chronic
diseases such as cardiovascular disease [29]. Thus, it has been shown in the previous studies
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that both smoking and stress are independent risk factors for multimorbidity. Our finding of a
stronger association between stress and multimorbidity among both former and current
smokers is potentially interesting but needs further elucidation. Smokers may be at risk of
multimorbidity due to a direct influence of smoking, and smoking may also be used by some
as a mechanism for managing a greater stress level. A prospective study of Danish adults
found that increased stress was associated with a higher likelihood of continuing to smoke,
supporting the notion that the relationship between smoking and stress is not simple [30].
Thus, it is possible to argue that smoking status may mediate the relationship between stress
and multimorbidity. However, given the nature of a cross-sectional study, such as this, it is
impossible to ascertain causality. Therefore, one must exercise caution when interpreting the
interaction between smoking status and perceived stress in patients with multimorbidity.
Future longitudinal studies are required to have a better understanding of the underlying
directionality of the relationship between smoking status, perceived stress and multimorbidity.

Our study has a number of strengths and limitations. Firstly, the data used for this study
were obtained from a national population-based health survey utilizing validated survey
designs. Therefore, the results were representative of the overall Canadian population. Sec-
ondly, two plausible interactions were identified in the study which has provided a better
understanding of factors associated with multimorbidity. Unlike a number of prior studies,
this study included mental health-related problems in the definition of multimorbidity, which
was suggested by the 2019 Canadian Chronic Disease Indicators report [31]. Due to the nature
of cross-sectional study design, causal relationships cannot be established from the results
from this study. A limited number of independent variables was considered in the multivari-
able logistic model, therefore, residual confounding is likely to exist in at least some of the
reported results. The self-reported clinical diagnosis of chronic disease in this study potentially
makes the results prone to recall bias. Moreover, differential in access to healthcare providers
may result in under diagnosis of chronic diseases in some parts of Canada with consequent
potential for causing errors and biases in the findings in this study. A stepwise selection was
used to identify the interactions between the variables in the final model. Significant interac-
tions between the variables were identified one at a time and were included in the logistic
regression, and non-significant interactions were then removed from the final model. It is pos-
sible that using this stepwise approach might result in missing some biologically important or
clinically important interactions.

Conclusions

Our study found that the prevalence of multimorbidity in the middle-aged and older Cana-
dian population was greater in females than males, and was increased among those with
obesity, those with no alcohol intake, those who were inactive, those with lower education
levels, or who were widowed, divorced or separated, and was decreased among those living
in Quebec. The relative protective effect of household income on having multimorbidity
decreased with aging. Current smokers who reported being extremely stressed had an
increased likelihood of multimorbidity. The findings in this study illustrate the importance
of examining the interactions between risk factors rather than considering them only inde-
pendently. The outcomes of our study will enhance comprehension regarding the determi-
nants associated with multimorbidity, facilitating the identification of sub-populations that
were most vulnerable to developing multimorbidity. A deep understanding of underlying
mechanisms is necessary among patients living in low and middle household income to
allow better prevention and management of multimorbidity. Future longitudinal studies are
required to provide causal evidence.

PLOS ONE | https://doi.org/10.1371/journal.pone.0297221 January 30, 2024 11/13


https://doi.org/10.1371/journal.pone.0297221

PLOS ONE

Prevalence and determinants of multimorbidity

Author Contributions

Conceptualization: Jeremy Beach, Ambikaipakan Senthilselvan.

Formal analysis: Xiang Xiao.

Investigation: Xiang Xiao.

Methodology: Ambikaipakan Senthilselvan.

Supervision: Jeremy Beach, Ambikaipakan Senthilselvan.

Writing - original draft: Xiang Xiao.

Writing - review & editing: Xiang Xiao, Jeremy Beach, Ambikaipakan Senthilselvan.

References

1.

10.

11.

12.

13.

14.

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. https://doi.org/10.1371/journal.pone.0127199 PMID: 26154083

Roberts KC, Rao DP, Bennett TL, Loukine L, Jayaraman GC. Prevalence and patterns of chronic dis-
ease multimorbidity and associated determinants in Canada. Health Promot Chronic Dis Prev Can.
2015; 35: 87-94. https://doi.org/10.24095/hpcdp.35.6.01 PMID: 26302227

Basham CA, Karim ME. Multimorbidity prevalence in Canada: a comparison of Northern Territories with
Provinces, 2013/14. Int J Circumpolar Health. 2019; 78: 1607703. https://doi.org/10.1080/22423982.
2019.1607703 PMID: 31043136

Government of Canada SC. Leading causes of death, total population, by age group. 24 Jan 2022
[cited 30 Nov Mar 2023]. Available from: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=
1310039401.

Feely A, Lix LM, Reimer K. Estimating multimorbidity prevalence with the Canadian Chronic Disease
Surveillance System. Health Promot Chronic Dis Prev Can. 2017; 37: 215-222. https://doi.org/10.
24095/hpcdp.37.7.02 PMID: 28703703

Mondor L, Cohen D, Khan Al, Wodchis WP. Income inequalities in multimorbidity prevalence in Ontario,
Canada: a decomposition analysis of linked survey and health administrative data. Int J Equity Health.
2018; 17: 90. https://doi.org/10.1186/s12939-018-0800-6 PMID: 29941034

Agborsangaya CB, Lau D, Lahtinen M, Cooke T, Johnson JA. Health-related quality of life and health-
care utilization in multimorbidity: results of a cross-sectional survey. Qual Life Res. 2013; 22: 791-799.
https://doi.org/10.1007/s11136-012-0214-7 PMID: 22684529

ChenQ, Che Y, Xiao Y, Jiang F, Chen Y, Zhou J, et al. Impact of Multimorbidity Subgroups on the
Health Care Use and Clinical Outcomes of Patients With Tuberculosis: A Population-Based Cohort
Analysis. Front Public Health. 2021; 9: 756717 . https://doi.org/10.3389/fpubh.2021.756717 PMID:
34692632

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. https://doi.org/10.1016/j.arr.2017.05.003 PMID:
28511964

StJohn PD, Tyas SL, Menec V, Tate R. Multimorbidity, disability, and mortality in community-dwelling
older adults. Can Fam Physician. 2014; 60: e272—280. PMID: 24829022

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 Aging
data. BMC Public Health. 2019; 19: 243. https://doi.org/10.1186/512889-019-6567-x PMID: 30819126

St John PD, Menec V, Tyas SL, Tate R, Griffith L. Multimorbidity in Canadians living in the community:
Results from the Canadian Longitudinal Study of Aging. Can Fam Physician. 2021; 67: 187—197.
https://doi.org/10.46747/cfp.6703187 PMID: 33727380

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. Lancet. 2012;
380: 37—43. https://doi.org/10.1016/S0140-6736(12)60240-2 PMID: 22579043

Singer L, Green M, Rowe F, Ben-Shlomo Y, Morrissey K. Social determinants of multimorbidity and
multiple functional limitations among the ageing population of England, 2002—2015. SSM Popul Health.
2019;8. https://doi.org/10.1016/j.ssmph.2019.100413 PMID: 31194123

PLOS ONE | https://doi.org/10.1371/journal.pone.0297221 January 30, 2024 12/13


https://doi.org/10.1371/journal.pone.0127199
http://www.ncbi.nlm.nih.gov/pubmed/26154083
https://doi.org/10.24095/hpcdp.35.6.01
http://www.ncbi.nlm.nih.gov/pubmed/26302227
https://doi.org/10.1080/22423982.2019.1607703
https://doi.org/10.1080/22423982.2019.1607703
http://www.ncbi.nlm.nih.gov/pubmed/31043136
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1310039401
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1310039401
https://doi.org/10.24095/hpcdp.37.7.02
https://doi.org/10.24095/hpcdp.37.7.02
http://www.ncbi.nlm.nih.gov/pubmed/28703703
https://doi.org/10.1186/s12939-018-0800-6
http://www.ncbi.nlm.nih.gov/pubmed/29941034
https://doi.org/10.1007/s11136-012-0214-7
http://www.ncbi.nlm.nih.gov/pubmed/22684529
https://doi.org/10.3389/fpubh.2021.756717
http://www.ncbi.nlm.nih.gov/pubmed/34692632
https://doi.org/10.1016/j.arr.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28511964
http://www.ncbi.nlm.nih.gov/pubmed/24829022
https://doi.org/10.1186/s12889-019-6567-x
http://www.ncbi.nlm.nih.gov/pubmed/30819126
https://doi.org/10.46747/cfp.6703187
http://www.ncbi.nlm.nih.gov/pubmed/33727380
https://doi.org/10.1016/S0140-6736%2812%2960240-2
http://www.ncbi.nlm.nih.gov/pubmed/22579043
https://doi.org/10.1016/j.ssmph.2019.100413
http://www.ncbi.nlm.nih.gov/pubmed/31194123
https://doi.org/10.1371/journal.pone.0297221

PLOS ONE

Prevalence and determinants of multimorbidity

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Government of Canada SC. Canadian Community Health Survey—Annual Component (CCHS). 22
Nov 2019 [cited 30 Nov 2023]. Available from: http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=
getSurvey&SDDS=3226.

Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression. Third edition. Hoboken, New
Jersey: Wiley; 2013.

Peng P, LiJ, Wang L, Ai Z, Tang C, Tang S. An analysis of socioeconomic factors on multiple chronic
conditions and its economic burden: evidence from the National Health Service Survey in Yunnan Prov-
ince, China. Front Public Health. 2023; 11: 1114969. https://doi.org/10.3389/fpubh.2023.1114969
PMID: 37206862

Wang D, Li D, Mishra SR, Lim C, Dai X, Chen S, et al. Association between marital relationship and mul-
timorbidity in middle-aged adults: a longitudinal study across the US, UK, Europe, and China. Maturitas.
2022; 155: 32—39. https://doi.org/10.1016/j.maturitas.2021.09.011 PMID: 34876247

Prior A, Fenger-Grgn M, Davydow DS, Olsen J, Li J, Guldin M-B, et al. Bereavement, multimorbidity
and mortality: a population-based study using bereavement as an indicator of mental stress. Psycholog-
ical Medicine. 2018; 48: 1437—-1443. https://doi.org/10.1017/S0033291717002380 PMID: 28851470

Sbarra DA. Divorce and health: current trends and future directions. Psychosom Med. 2015; 77: 227—
236. https://doi.org/10.1097/PSY.0000000000000168 PMID: 25829240

Sabia S, Fayosse A, Dumurgier J, Dugravot A, Akbaraly T, Britton A, et al. Alcohol consumption and
risk of dementia: 23 year follow-up of Whitehall Il cohort study. BMJ. 2018; 362: k2927. https://doi.org/
10.1136/bmj.k2927 PMID: 30068508

Hassing LB. Light Alcohol Consumption Does Not Protect Cognitive Function: A Longitudinal Prospec-
tive Study. Front Aging Neurosci. 2018; 10: 81. https://doi.org/10.3389/fnagi.2018.00081 PMID:
29632484

Cimarras-Otal C, Calderon-Larrafiaga A, Poblador-Plou B, Gonzalez-Rubio F, Gimeno-Feliu LA, Arjol-
Serrano JL, et al. Association between physical activity, multimorbidity, self-rated health and functional
limitation in the Spanish population. BMC Public Health. 2014; 14: 1170. https://doi.org/10.1186/1471-
2458-14-1170 PMID: 25404039

Chudasama YV, Khunti KK, Zaccardi F, Rowlands AV, Yates T, Gillies CL, et al. Physical activity, multi-
morbidity, and life expectancy: a UK Biobank longitudinal study. BMC Med. 2019; 17: 108. https://doi.
org/10.1186/s12916-019-1339-0 PMID: 31186007

Pathirana Tl, Jackson CA. Socioeconomic status and multimorbidity: a systematic review and meta-
analysis. Aust N Z J Public Health. 2018; 42: 186—194. https://doi.org/10.1111/1753-6405.12762 PMID:
29442409

Roberts KC, Rao DP, Bennett TL, Loukine L, Jayaraman GC. Prevalence and patterns of chronic dis-
ease multimorbidity and associated determinants in Canada. Health Promot Chronic Dis Prev Can.
2015; 35: 87-94. https://doi.org/10.24095/hpcdp.35.6.01 PMID: 26302227

Wikstrom K, Lindstrém J, Harald K, Peltonen M, Laatikainen T. Clinical and lifestyle-related risk factors
for incident multimorbidity: 10-year follow-up of Finnish population-based cohorts 1982—-2012. Eur J
Intern Med. 2015; 26: 211-216. https://doi.org/10.1016/j.ejim.2015.02.012 PMID: 25747490

Stubbs B, Vancampfort D, Veronese N, Schofield P, Lin P-Y, Tseng P-T, et al. Multimorbidity and per-
ceived stress: a population-based cross-sectional study among older adults across six low- and middle-
income countries. Maturitas. 2018; 107: 84—91. https://doi.org/10.1016/j.maturitas.2017.10.007 PMID:
29169587

Booth J, Connelly L, Lawrence M, Chalmers C, Joice S, Becker C, et al. Evidence of perceived psycho-
social stress as a risk factor for stroke in adults: a meta-analysis. BMC Neurology. 2015; 15: 233.
https://doi.org/10.1186/s12883-015-0456-4 PMID: 26563170

Willadsen T, Siersma V, Nicolaisdéttir D, Kester-Rasmussen R, Jarbgl D, Reventlow S, et al. Multimor-
bidity and mortality: A 15-year longitudinal registry-based nationwide Danish population study. J
Comorb. 2018;8: 2235042X18804063. https://doi.org/10.1177/2235042X18804063 PMID: 30364387

Varin M, Baker M, Palladino E, Lary T. At-a-glance—Canadian Chronic Disease Indicators, 2019 —
Updating the data and taking into account mental health. Health Promot Chronic Dis Prev Can. 2019;
39: 281-288. https://doi.org/10.24095/hpcdp.39.10.02 PMID: 31600041

PLOS ONE | https://doi.org/10.1371/journal.pone.0297221 January 30, 2024 13/13


http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
https://doi.org/10.3389/fpubh.2023.1114969
http://www.ncbi.nlm.nih.gov/pubmed/37206862
https://doi.org/10.1016/j.maturitas.2021.09.011
http://www.ncbi.nlm.nih.gov/pubmed/34876247
https://doi.org/10.1017/S0033291717002380
http://www.ncbi.nlm.nih.gov/pubmed/28851470
https://doi.org/10.1097/PSY.0000000000000168
http://www.ncbi.nlm.nih.gov/pubmed/25829240
https://doi.org/10.1136/bmj.k2927
https://doi.org/10.1136/bmj.k2927
http://www.ncbi.nlm.nih.gov/pubmed/30068508
https://doi.org/10.3389/fnagi.2018.00081
http://www.ncbi.nlm.nih.gov/pubmed/29632484
https://doi.org/10.1186/1471-2458-14-1170
https://doi.org/10.1186/1471-2458-14-1170
http://www.ncbi.nlm.nih.gov/pubmed/25404039
https://doi.org/10.1186/s12916-019-1339-0
https://doi.org/10.1186/s12916-019-1339-0
http://www.ncbi.nlm.nih.gov/pubmed/31186007
https://doi.org/10.1111/1753-6405.12762
http://www.ncbi.nlm.nih.gov/pubmed/29442409
https://doi.org/10.24095/hpcdp.35.6.01
http://www.ncbi.nlm.nih.gov/pubmed/26302227
https://doi.org/10.1016/j.ejim.2015.02.012
http://www.ncbi.nlm.nih.gov/pubmed/25747490
https://doi.org/10.1016/j.maturitas.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/29169587
https://doi.org/10.1186/s12883-015-0456-4
http://www.ncbi.nlm.nih.gov/pubmed/26563170
https://doi.org/10.1177/2235042X18804063
http://www.ncbi.nlm.nih.gov/pubmed/30364387
https://doi.org/10.24095/hpcdp.39.10.02
http://www.ncbi.nlm.nih.gov/pubmed/31600041
https://doi.org/10.1371/journal.pone.0297221

