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Abstract 

Objective Multimorbidity is recognized as a serious health condition faced by a majority of older adults. Research 
investigating adaptive responses to multimorbidity, termed multimorbidity resilience, has been growing. This paper 
examines protective and risk factors, with a focus on health behaviours, socio-economic resources, and social support 
using an established measure of resilience (Connor-Davidson Resilience Scale) among older adults, focusing on older 
persons with two or more concurrent chronic conditions.

Methods Using Baseline (2011–2015), Follow-up One (2015–2018), and Follow-up Two (2018–2021) data 
from the Comprehensive Cohort of the Canadian Longitudinal Study on Aging, we tested hypotheses using 13,064 
participants aged 65 years and older, who completed all waves and reported two or more of 27 chronic conditions, 
for the full sample of multimorbid individuals and three multimorbidity clusters: Cardiovascular/Metabolic, Muscu-
loskeletal, and Mental Health. Associations between protective and risk factors and resilience were examined using 
linear regression to model the Connor-Davidson resilience scale, adjusting for illness context and social determinants 
of health.

Results Among all multimorbid individuals, the strongest associations with resilience were found for higher self-
rated health, greater sleep satisfaction, better appetite, higher household income, more relatives and friends, being 
overweight (compared to normal weight), fewer housing problems, and fewer skipped meals. Weaker associations 
were found for non-smokers, less alcohol consumption, less pain, sedentary behaviour, being non-married (compared 
to married), and among Canadian born (compared to foreign). The analyses for the three multimorbidity clusters were 
largely replicated for the three multimorbidity clusters, but with some nuances depending on the cluster.

Discussion This research provides confirmatory evidence for several protective and risk factors affecting the ability 
to cope and recover from multimorbidity adversity among older adults. There are consistent patterns for the mul-
timorbidity disease clusters, but some distinct relationships arise that are worthy of attention. The implications 
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Introduction
Among higher-income countries, approximately two-
thirds of older adults have multimorbidity (two or more 
concurrent chronic conditions) and these rates increase 
with advanced age [27, 53, 66]. Multimorbidity, often 
defined as the co-occurrence of two or more chronic 
illnesses, can have potential compounding deleterious 
effects that shape symptom burden, functional ability, 
quality of life, and result in higher health care costs [1, 
26, 27, 33, 54]. Yet, research is only beginning to recog-
nize strength-based responses among individuals (e.g., 
enhancing health behaviours, fostering social participa-
tion, and developing a more positive attitude) who may 
have been considered as not maximizing their health 
due to multimorbidity [57, 83]. The ability to respond 
positively to adversities of any kind, based on internal 
and external resources needed to cope with and navigate 
stress-inducing experiences, is termed resilience [31, 85, 
95].  Multimorbidity resilience  (MR) specifically refers 
to the ability to bounce back from multiple mental and/
or physical chronic illness-related challenges [70, 93, 94, 
103]. However, there remains a gap in research knowl-
edge pertaining to predictors of MR, in particular, analy-
ses of protective and risk factors, in particular modifiable 
health behaviours, socio-economic and social support 
resources or deficits [64, 71, 92]. Extending our under-
standing of prevention entails combining research that 
identifies specific predictors of multimorbidity with those 
that shape resilience processes such that individuals can 
live well with complex illness profiles. Confirmatory 
studies that examine predictors of resilience among older 
persons with multimorbidity are particularly important 
since modifiable predictors of coping and forms of posi-
tive adaptation to, and recovery from, multimorbidity 
can have significant public health implications, as well 
as potentially lower healthcare costs [23, 25]. This study 
addresses the question: what are the modifiable (behav-
ioural lifestyle, socio-economic, and social support) pro-
tective/risk factors that are associated with resilience 
among persons with multimorbidity?

Examination of resilience processes of adaptation and 
recovery have been connected to a comprehensive num-
ber of factors embedded in socio-environmental sys-
tems [15, 28, 39, 42, 43, 73, 94, 99]. The present research 
is framed by the Lifecourse Model of Multimorbid-
ity Resilience (LMMR), which views MR as a response 
to adversity that transitions from adverse life events, to 

disruption, to activation of resources embedded in the 
individual, social and physical environment, leading 
to the final process of wellness-recovery/growth [99]. 
One important component of this model is the role that 
health behaviours, socio-economic and social support 
resources play in fostering resilience among persons with 
multimorbidity, which comprise the focus of this study. 
This model was selected because it incorporates other 
common models, such as the social-ecological, social 
determinants, and related models, and has been used in 
several other studies of multimorbidity resilience [71, 
103].

Social determinants of health (SDoH) are the circum-
stances and non-medical factors in the environment—
such as where individuals are born, live, learn, work, play, 
worship, and age—that influence health, functioning, and 
quality-of-life outcomes and risks [87, 105]. These SDoHs 
can enhance healthy-aging and in turn affect the resil-
ience of individuals in later life. Applied to the current 
study, it is well-known in gerontology that some individ-
uals are more likely to exhibit various protective factors, 
such as healthy lifestyle routines, economic resources, 
and social support systems that may enable them to cope 
better than others with similar multimorbidity challenges 
or deficits [45, 46, 50, 62]. Protective and risk factors of 
resilience include a range of known of multimorbidity 
predictors (e.g., health behaviours, social, environmen-
tal, cultural, age, sex, gender, etc.), some of which are 
modifiable (health behaviours, socio-economic status, 
living/housing environment, assistive technology), and 
some of which are not (age, ethnicity, genetics) [4, 31, 53, 
65]. Among studied health behaviours, smoking, physi-
cal activity, obesity, eating habits, nutrition and alcohol 
consumption are associated with multimorbidity [2, 5, 
12, 20, 53, 65, 98]. Canizares et al. [12] demonstrated that 
multimorbidity risk was associated with being obese, a 
smoker, and engaging in a sedentary lifestyle. Other stud-
ies found associations between smoking and multimor-
bidity [18, 24, 52, 81], as well as poor eating habits and 
obesity and multimorbidity [2, 44]. While obesity is not 
a health behaviour per se, we consider it a marker of life-
style factors affecting multimorbidity and resilience, such 
as eating habits and physical activity. The research sup-
port for associations between physical activity and multi-
morbidity is less clear [5, 12, 20, 30], as well as for alcohol 
consumption [65]. However, these behaviours, especially 
sedentary behaviour, may be important for resilience 

of the findings for modifiable health behaviours and socio-economic factors are discussed for their public health 
and clinical relevance.
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among persons with multimorbidity. A positive influ-
ence of sleep patterns has been found for multimorbidity 
recovery [23, 103], and research indicates that individuals 
with sleep disturbances progress to multimorbidity more 
rapidly [74]. Taken together, health behaviours assist in 
the management and adaptation to illness-related stress-
ors, foster stronger social connections and support, and 
enhance well-being ([12, 36, 56].

Another primary SDoH, socio-economic status (SES), 
includes income, education, employment status—
coupled with aspects of housing and neighbourhood 
contexts, factors that have been associated with multi-
morbidity among older adults in multiple studies [13, 
32, 45, 47, 53]. SES is a critical SDoH to consider since 
it affects the risk of multimorbidity, frailty, and disability 
[21]. Additionally, housing insecurity is an indicator of 
socio-economic deprivation among the elderly, and this 
factor is estimated to grow over the next decade, par-
ticularly with the increasing affordable housing crisis in 
North America and Europe [7, 11, 22]. Initial research 
demonstrates that these SES resources or deficits can 
act as protective or risk factors for resilience among per-
sons with multimorbidity [103]. Furthermore, social sup-
port, social participation and social networks have been 
linked to better health outcomes, including coping with 
multiple chronic illnesses since a supportive network can 
buffer stressors embedded in multimorbidity experiences 
[35, 46, 62, 70].

The multimorbidity literature has incorporated a num-
ber of demographic covariates that have also been been 
framed by a SDoH model, and include age, sex, marital 
status, immigration status, and urban/rural residence [12, 
53, 62, 65, 70, 75, 86]. However, not all research findings 
have been consistent in the prediction of multimorbidity 
based on socio-demographic factors. Studies have shown 
that differences in health outcomes and multimorbidity 
vary according to immigration status (native-born, immi-
grant). However, these findings have been mixed with 
researchers noting both a positive health paradox among 
immigrants despite lower SES, possibly due to health 
selection effects or convergence towards native-born 
populations [8]. We therefore hypothesize that the above 
health behaviours, socio-economic status and social sup-
port will be positively (protective factors) or negatively 
(risk factors) associated with levels of resilience among 
older adults with multimorbidity.

Methods
Data and sample
Our study was conducted based on the Comprehensive 
cohort of the Canadian Longitudinal Study on Aging 
(CLSA). The CLSA is a national population panel study 

that contains a various series of information related to 
aging Canadians regarding their social aspects of life, 
and psychological, biological, and clinical health and 
wellbeing. Currently, three waves of CLSA data were 
available: Baseline data on 51,338 participants (2011 to 
2015) aged 45–85, Follow-up One (FUP1) with 44,817 
participants (2015 to 2018), and Follow-up Two (FUP2) 
with 40,305 participants (2018 to 2021), separated by 
approximately three years within each wave of data 
collection. The CLSA is comprised of two cohorts of 
participants, the Comprehensive cohort who were ran-
domly selected among the population residing within 
25  km (or 50  km in a lower population density area) 
of the 11 data collection sites across Canada, and the 
Tracking cohort who were randomly selected from the 
ten provinces by the computer-assisted interview sys-
tem. Detailed information about the CLSA has been 
published elsewhere [38, 59, 60]. Researchers can access 
the de-identified data, and information on weighting 
through the CLSA website (www. clsa- elcv. ca).

This cross-sectional study was performed based on 
the most recent data from FUP2 for participants who 
completed all three waves. At the Baseline wave, there 
were 30,097 Comprehensive cohort participants, 27,765 
further attended the FUP1 survey, and 25,493 then fin-
ished the FUP2 survey. This study focuses on older 
adults with multimorbidity, defined as self-reported 
diagnoses of two or more following 27 types of chronic 
conditions, including Alzheimer’s disease, back prob-
lems, bowel incontinence, cancer, cataracts, diabetes, 
epilepsy, glaucoma, heart attack, heart disease, high 
blood pressure, irritable bowel syndrome, kidney dis-
ease, Parkinson’s disease, peripheral vascular disease, 
lung disease, macular degeneration, multiple sclero-
sis, osteoarthritis, osteoporosis, migraine headaches, 
rheumatoid arthritis, stroke, thyroid problem, transient 
ischemic attack, ulcer, and urinary incontinence. We 
only used the Comprehensive Cohort data, given avail-
ability of the dependent measure. Thus, there are 15,266 
participants aged 65 years and older at the FUP2, which 
leads to 13,064 older adults with multimorbidity as the 
target sub-sample for this study. Figure 1 provides the 
flow chart of CLSA participants used in this study.

We further analyzed the data based on three separate 
groups of participants (65 +) with two or more chronic 
conditions that cluster together based on priori fac-
tors. These include only highly prevalent illness types 
found to co-occur in the multimorbidity literature 
[101]. These grouping were based on review of the clus-
ter literature and the likely co-occurrence of particular 
chronic illness groupings, rather than a data-driven 
approach used by some researchers often with incon-
sistent clustering identified in the data [76].

http://www.clsa-elcv.ca
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The three clusters are: 1) Cardiovascular/Metabolic 
cluster (heart disease, diabetes, and high blood pressure) 
(n = 3,828), 2) Musculoskeletal cluster (osteoarthritis, 
osteoporosis, and lower back problem) (n = 3,691), and 3) 
Mental Health cluster (mood disorder, anxiety disorder, 
and migraine headache) (n= 1,158). The three chronic ill-
nesses within each cluster have been found to frequently 
co-occur [17, 29, 37, 40, 56, 68, 76], and share similar 
symptoms and behavioural/environmental risk profiles 
[6, 10, 49, 55, 61, 106]. We did not include an ‘Other’ 
category with all remaining illness grouping, since inter-
pretation of this highly heterogenous group would be 
difficult.

Measurement
We use Follow-up Two data for all analyses since CD-
RISC 10 is only available in the most recent wave (except 
immigration and education, which are only available in 
Baseline).

Dependent variable
We employ the Connor-Davidson Resilience Scale 10 
item scale (CD-RISC 10) [16] that measures the degree to 
which individuals perceive that they can overcome stress 
and adversity in life through a set of 10 questions, each 
of which is scored using a five-point scale (1–5), result-
ing in an interval scale with a range between 5 and 50. 
This measure is only available in FUP2 of the Compre-
hensive Cohort of the CLSA. Questions items include: 1) 

I am able to adapt when changes occur,2) I can deal with 
whatever comes my way; 3) I try to see the humorous 
side of things when I am faced with problems; 4) Hav-
ing to cope with stress can make me stronger; 5) I tend to 
bounce back after illness, injury or other hardships; 6) I 
believe I can achieve my goals, even if there are obstacles; 
7) Under pressure, I stay focused and think clearly; 8) I 
am not easily discouraged by failure; 9) I think of myself 
as a strong person when dealing with life’s challenges 
and difficulties; and 10) I am able to handle unpleasant 
or painful feelings like sadness, fear, and anger. Several of 
the scale items are relevant to disease/illness and the oth-
ers to adversity in general. The CD-RISC_10 has excellent 
psychometric properties and has been used extensively 
in epidemiological studies, including adult and older 
adult populations (Scali et al. [67]; , Tourunen et al. [84]). 
Within the studied sample, the CD-RISC_10 has a high 
level of internal consistency (Cronbach’s Alpha = 0.88).

Independent variables

Socio‑demographic variables A total of six socio-
demographic covariates were included: age, sex, educa-
tion, household income, marital status, and immigra-
tion status. Age, sex, education and immigration status 
were extracted from the Baseline, and others were from 
FUP1. Participants’ age was measured in single years 
and ranged from 65 to 93. Sex was measured as “male” 
and “female.” The highest educational attainment was 

Fig. 1 Flow Chart of CLSA Sample
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coded at four levels from “no post-secondary education”, 
“trade certificate or diploma or equivalent,” “bachelor’s 
degree,” to “university degree above bachelor’s degree,” 
and dichotomized into no post-secondary and post-
secondary education due to small numbers in some cat-
egories. The annual household income was categorized 
into five groups, including “less than $20,000,” “$20,000 
to $49,999,” “$50,000 to $99,999,” “$100,000 to $149,000, 
and “$150,000 and over.” Marital status was originally 
collected based on five categories, and further recoded 
into two groups as “not married” (single, never married, 
widowed, divorced, separated) and “married/common-
law.” Immigration status was based on participants’ coun-
try of birth and grouped into “immigrants” and “born in 
Canada.”

Social and environmental variables
Four social and environmental covariates were included: 
number of friends, number of relatives, housing prob-
lems, and residential area. In the CLSA, participants 
were asked about the number of people they considered 
as close friends with whom they shared personal matters 
(ranging from 0 to 90), and the number of living rela-
tives (ranging from 0 to 100). Participants who reported 
at least one of the seven housing-related problems (noise, 
leaking, condensation, electrical wiring or plumbing, 
heating, maintenance or repairs, and infestations) were 
grouped into “with housing problem(s),” and others into 
“no housing problem.” Residential areas were coded 
dichotomously as “rural area” and “urban area” based on 
Statistics Canada definitions.

Behavioural and lifestyle variables
We also incorporated six health behaviour variables, 
including sedentary behaviour, alcohol consumption, 
smoking, sleep, appetite, and skipped meals. A measure 
of sedentary behaviour from the Physical Activity Scale 
for the Elderly (PASE) [78, 89]. Participants were asked 
about the daily amount of time for sitting activities, 
ranging from “less than 1 h,” “1 h but less than 2 h,” “2 h 
but less than 4 h,” and “4 h or more.” Alcohol consump-
tion is an aggregated variable based on a series of vari-
ables capturing participants’ consumption (by drinks) of 
beer, wine, liquor, and other types of alcohol during both 
weekdays and weekends. The National Institute on Alco-
hol Abuse and Alcoholism [51] guidelines were used to 
group the variable at two levels: “14 or less drinks per 
week” and “15 or more drinks per week,” since this cut-
off reflects potentially problematic alcohol consumption. 
Smoking was measured based on participants’ smoking 
activities during the past 30  days before taking the sur-
vey. A dichotomous variable was created as “smoked” and 
“not smoked in the last 30 days.” Participants were asked 

to evaluate their sleeping quality at five levels: “very dis-
satisfied,” “dissatisfied,” “neutral,” “satisfied,” and “very sat-
isfied.” Appetite was similarly self-reported and measured 
as “poor,” “fair,” “good,” and “very good.” An additional 
variable was available capturing frequency of skipped 
meals. This variable was recoded as: “all the time to 
sometimes,” and “rarely or never.” All the variables were 
extracted from the FUP2 in the data analysis.

Health context variables
Finally, three health-related variables were examined, 
including Body Mass Index (BMI), self-rated health and 
pain. BMI was categorized into four levels: “underweight” 
(18.49 or below), “normal” (18.5 to 24.9), “overweight” 
(25 to 29.9), to “obese” (30 or higher). Self-rated health 
was measured using a single ordinal scale categorized 
as “poor,” “fair,” “good,” “very good,” and “excellent.” Pain 
was measured based on responses to the usual intensity 
of pain or discomfort: “none,” “mild,” “moderate,” and 
“severe.” All the variables were extracted from the FUP1 
in the data analysis.

Data analytic procedure
Quantitative analytic approaches to the study of MR have 
examined differences in resilience among persons with 
and without multimorbidity, or they have focused on 
predictors of resilience among populations with multi-
morbidity only [71, 103]. To date, there are no measures 
of multimorbidity resilience anchored to the presence 
of chronic conditions (ie., items asking about resilience 
connected specifically to multimorbidity). In a recent 
scoping review of multimorbidity resilience, Seong et al. 
[71] identified 14 studies, of which eight were quantita-
tive. In the eight quantitative studies, the measures used 
included one of the versions (10 or 25 items) of the Con-
nor-Davidson Resilience scales [16], the short Resilience 
Scale [62], the Multimorbidity Resilience Index [100], 
the Simplifies Resilience Score [34], a life satisfaction 
scale [97, 101], and shorter variations of these established 
scales (see (Seong et al. [71])for full description). We have 
employed an analytic approach in which we examine 
modifiable predictors of resilience using the CD-RISC 10 
[16] as the outcome variable and include only older per-
sons with multimorbidity to narrow the focus to older 
people facing this specific adversity (multimorbidity). 
This approach is consistent with the conceptual defi-
nition and modeling of resilience and has been used in 
prior studies of MR predictors [28, 101, 103].

The Connor-Davidson resilience scales (including the 
CD-RISC10) are the most used measures of resilience 
that have been translated with approval in 90 countries 
and have been used in hundreds of publications (https:// 
www. conno rdavi dson- resil ience scale. com/ about. php). 

https://www.connordavidson-resiliencescale.com/about.php
https://www.connordavidson-resiliencescale.com/about.php
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The current paper produces results that can: a) be com-
pared to other measures of resilience used in multi-
morbidity research; and b) compared to the use of the 
CD-RISC 10 in other areas of resilience adversity focus-
ing on health behaviours and resilience outcomes.

First, descriptive analysis was conducted to show the 
characteristics of participants, as illustrated in Table  1. 
Linear regression analyses of the CD-RISC_10 score 
measured at FUP2 was performed using predictors meas-
ured at FUP1 (3  years prior) or Baseline (6  years prior) 
if an attribute such as age or sex was used. Regressions 
were conducted for the full sample of multimorbid par-
ticipants (Table 2), followed by the three chronic health 
clusters (Table  3). The linear regression adjusted the 
socio-demographic factors, social and environmental 
factors, behavioural and lifestyle factors, and the health 
context factors. As recommended by the CLSA meth-
ods group (https:// www. clsa- elcv. ca/), the trimmed 
weights were applied for descriptive analysis, and the 
analytic weights were applied for multivariate analyses 
(i.e., regression). All the variables contain limited miss-
ing values, except the household income variable, which 
contains 8.6 percent missing values (over the 5% thresh-
old), and therefore, missing cases were replaced with “not 
stated.” Data analyses were conducted using SPSS version 
29.

Finally, since the FUP2 data that included the CD-
RISC_10 outcome measure were collected during the 
COVID-19 pandemic, we performed a supplementary 
analysis (not shown in the results). We re-ran all of the 
analyses controlling for a dichotomous variable measur-
ing whether the CD-RISC_10 score was collected prior to 
March 16th, 2020 or from that date onward. None of the 
substantive findings were affected, and we only report the 
results without this control variable.

Results
The mean age for participants is 73.75 (standard devia-
tion (SD) = 6.7). Among all the participants, the major-
ity were female (57%), highly educated (55%), receiving 
moderate level household income between $20,000 to 
$100,000 (66%), married (65%), born in Canada (79%), 
living in urban areas (96%), having no housing issue 
(80%). Participants reported an average of 5 close friends 
and 30 relatives. Roughly 3 out of 5 participants have 
more than 4 h sitting activities daily. Most of participants 
have 14 or less drink per week (93%) or did not smoke in 
the past 30 days before survey (95%). More than half of 
the participants were satisfied with their sleeping quality 
(61%), had good to very good appetite (69%), and never 
or rarely skipped meal (72%). About 70% of participants 
were overweigh (39%) or obese (31%). Almost 85 percent 
of participants rated their health as good to excellent, 

Table 1 Social demographic information of participants 
(N = 13,064)

Variables Mean (SD)/percentage

Age 73.75 (6.73)

Gender
 Male 42.90

 Female (ref.) 57.10

Education level
 No post-secondary education 44.67

 Post-secondary education 55.33

Household income
 Less than $20,000 per year (ref.) 6.06

 $20,000 to $49,999 per year 30.28

 $50,000 to $99,999 per year 36.11

 $100,000 to $149,000 per year 12.17

 $150,000 and over per year 6.82

 Not stated 8.57

Marital status
 Not Married 34.64

 Married/Common low (ref.) 65.36

Immigration status
 Born in Canada 79.07

 Immigrants (ref.) 20.93

Number of friends 5.18 (6.25)

Number of relatives 29.53 (25.26)

Housing problem
 No 79.71

 Yes 20.29

Urban/Rural status
 Rural area 3.86

 Urban area (ref.) 96.14

BMI
 Underweight 1.21

 Normal (ref.) 28.62

 Overweight 39.42

 Obese 30.75

Sedentary
 Siting less than 1 h 0.88

 1 h to less than 2 h 7.14

 2 h to less than 4 h 28.50

 4 h and more 63.48

Alcohol consumption
 14 drinks or less per week 93.02

 15 drinks or more per week 6.98

Smoking
 Not in the last 30 days 94.71

 Smoked (ref.) 5.29

Sleep
 Very satisfied 22.56

 Satisfied 38.65

 Neutral 15.37

 Dissatisfied 17.04

https://www.clsa-elcv.ca/
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and most of them did not experience any pain (62%). 
The average resilience score for selected participants was 
42.14 (SD = 5.79). More detailed information of partici-
pants characteristics is illustrated in Table 1.

Table  2 shows the results of the linear regression for 
resilience score among our sub-sample of multimorbid 
older adults. Standardized coefficients (β) can be inter-
preted as the change in the dependent variable (CD-RISC 
10 scale, with a range of between 10 and 50) measured 
in standard deviation units for a one standard deviation 
change in each independent variable category, holding all 
other independent variables constant. This affords direct 
comparability of the strength of independent variables.

Household income is significantly related to resilience, 
where higher income groups (compared to less than 
$20,000) were associated with higher scores (β = 0.07** 
for $50,000 to $99,999 per year, β = 0.08*** for $100,000 
to $149,000 per year, and β = 0.06*** for $150,000 and 
over per year). Married or partner participants reported 
a lower resilience scores than those without a spouse or 
partner (β = -0.03*). Participants born in Canada had a 
higher resilience score (β = 0.03**) than foreign-born. 
Both the number of close friend and relatives are posi-
tively related to resilience (β = 0.07*** and β = 0.06*** 
respectively). Participants with housing problems tend 
to report a lower resilience (β = -0.06***) than those 
without problems. Unexpectedly, participants who were 

Table 1 (continued)

Variables Mean (SD)/percentage

 Very dissatisfied (ref.) 6.37

Appetite
 Very good 50.82

 Good 38.36

 Fair 8.59

 Poor (ref.) 1.97

Skipped meals
 Rarely or never 71.92

 All the time to sometimes (ref.) 28.08

Self-rated health
 Excellent 12.94

 Very good 37.41

 Good 34.10

 Fair 13.19

 Poor (ref.) 2.36

Pain
 None (ref.) 62.32

 Mild 12.45

 Moderate 20.04

 Severe 5.19

Resilience score 42.14 (5.79)

Table 2 Linear regression for resilience score among older 
adults with multimorbidity (N = 13,064)

Variables Beta

Age -0.01

Gender
 Female -0.01

 Male (ref.)

Education level
 Post-secondary education 0.02

 No post-secondary education (ref.)

Household income
 $20,000 to $49,999 per year 0.02

 $50,000 to $99,999 per year 0.07**

 $100,000 to $149,000 per year 0.08***

 $150,000 and over per year 0.06***

 Less than $20,000 per year (ref.)

 Not stated 0.02

Marital status
 Married/Common low -0.03*

 Not Married (ref.)

Immigration status
 Born in Canada 0.03**

 Immigrants (ref.)

Number of friends 0.07***

Number of relatives 0.06***

Housing problem
 Yes -0.06***

 No (ref.)

Urban/Rural status
 Urban area -0.01

 Rural area (ref.)

BMI
 Underweight 0.02

 Overweight 0.06***

 Obese 0.07***

 Normal (ref.)

Sedentary
 Siting less than 1 h -0.04***

 1 h to less than 2 h -0.01

 2 h to less than 4 h -0.01

 4 h and more (ref.)

Alcohol consumption
 14 drinks or less per week 0.03*

 15 drinks or more per week (ref.)

Smoking
 Not in the last 30 days 0.03**

 Smoked (ref.)

Sleep
 Very satisfied 0.19***

 Satisfied 0.13***

 Neutral 0.06***

 Dissatisfied 0.05**
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overweight (β = 0.06***), or obese (β = 0.07***) reported 
higher scores than participants with normal weight. Also, 
participants with fewer sitting activities (less than 1 h of 
inactivity per day) had lower resilience than those with 
4 h or more sitting activities (β = -0.04 *** for less than 1 h 
of siting activities). Participants who drank 14 drinks or 
less per week reported higher resilience scores than those 
with 15 or more drinks per week (β = 0.03*). In addition, 
the participants who did not smoke in the past 30  days 
(compared to those who did smoke) had slightly higher 
resilience scores (β = 0.03**). Compared to being very 
dissatisfied, participants with higher levels of satisfac-
tion with sleeping quality all reported greater resilience 
(β = 0.19*** for very satisfied; β = 0.13*** for satisfied; 
β = 0.06*** for neutral; β = 0.05** for dissatisfied). Par-
ticipants with very good (β = 0.16***) or good (β = 0.11**) 
appetite both had higher resilience scores than those 
rated their appetite as poor. Participants never or rarely 
skipped meals also reported higher resilience than 
those who skipped meals sometimes to all of the time 
(β = 0.04**). Participants who rated their health as good 
to excellent (β = 0.23*** for excellent, β = 0.22*** for very 
good, β = 0.14*** for good) also reported higher levels of 
resilience than those with poor self-rated health. Lastly, 

participants with mild pain reported slightly lower resil-
ience scores than those without any pain (β = -0.03**).

The results for three chronic health condition clus-
ters are listed in Table  3. The relationships between 
socio-demographic factors, social and environmental 
factors, behavioural and lifestyle factors, and the health 
context factors and resilience scores are quite similar 
to the analysis with all participants (older adults with 
multimorbidity). High income, more friends, more rela-
tives, not having housing problems, being overweight or 
obese, greater satisfaction with sleeping, better appetite, 
and higher perceived health were associated with resil-
ience across all multimorbidity clusters (see Table  3 for 
coefficients). Education level, immigration status, mari-
tal status, urban/rural status, alcohol consumption and 
smoking did not result in statistically significant relation-
ships with resilience for the three multimorbidity clus-
ters. A few differences across clusters were found. Age 
is inversely associated with resilience among those with 
a Mental Health cluster, but not for the Cardiovascular/
Metabolic and Musculoskeletal clusters. In addition, less 
sedentary behaviour is weakly associated with resilience 
for the Cardiovascular/Metabolic and Musculoskeletal 
clusters, but not for mental health. Rarely or never skip-
ping meals (compared to sometimes or always) is weakly 
associated with resilience only for the Cardio-Meta clus-
ter only.

Discussion
Summary
Among older adults with multimorbidity, higher resil-
ience scores were associated (in order of magnitude) 
with higher self-rated health, greater sleep satisfaction, 
better appetite, higher household income, more rela-
tives and friends, being overweight (compared to nor-
mal weight), fewer housing problems, and fewer skipped 
meals. Weaker but statistically significant associations 
were found for non-smokers, less alcohol consumption, 
being more sedentary, less pain, non-married (compared 
to married), and among Canadian-born (compared to 
foreign). The statistically significant associations range 
from small (β = 0.03*) to moderate (β = 0.28***) for these 
analyses.

The analyses for the three multimorbidity clusters are 
similar to the analysis with the full sample of partici-
pants (older adults with multimorbidity). High income, 
more friends, more relatives, not having housing prob-
lems, being overweight or obese, greater satisfaction with 
sleeping, better appetite, and higher perceived health 
were associated with resilience across all multimorbid-
ity clusters; however, resilience associations with edu-
cation level, immigration status, marital status, urban/
rural status, alcohol consumption and smoking were not 

*p < .05

**p < .01 

***p < .001

Table 2 (continued)

Variables Beta

 Very dissatisfied (ref.)

Appetite
 Very good 0.16***

 Good 0.11**

 Fair 0.02

 Poor (ref.)

Skipped meals
 Rarely or never 0.04**

 All the time to sometimes (ref.)

Self-rated health
 Excellent 0.23***

 Very good 0.22***

 Good 0.14***

 Fair 0.03

 Poor (ref.)

Pain
 Mild -0.03**

 Moderate -0.02

 Severe 0.01

 None (ref.)

Adjusted R2 0.112***
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Table 3 Linear regression for resilience score among older adults with multimorbidity for three clusters of chronic health conditions

Variables Cardiovascular/Metabolic cluster
n = 3,828

Musculoskeletal cluster
n = 3,691

Mental 
Health 
cluster
n = 1,158

Beta Beta Beta

Age -0.02 -0.03 -0.09*

Gender
 Female 0.04* -0.02 -0.04

 Male (ref.)

Education level
 Post-secondary education 0.01 0.02 -0.04

 No post-secondary education (ref.)

Household income
 $20,000 to $49,999 per year 0.04 -0.01 0.12

 $50,000 to $99,999 per year 0.12** 0.05 0.15

 $100,000 to $149,000 per year 0.07* 0.06 0.09

 $150,000 and over per year 0.09** 0.04 0.12*

 Less than $20,000 per year (ref.) 0.01 -0.01 -0.04

 Not stated

Marital status
 Married/Common low -0.03 -0.05 -0.08

 Not Married (ref.)

Immigration status
 Born in Canada 0.01 0.01 0.01

 Immigrants (ref.)

Number of friends 0.05* 0.08* 0.03

Number of relatives 0.07*** 0.08*** 0.12**

Housing problem
 Yes -0.09*** -0.08*** -0.06

 No (ref.)

Urban/Rural status
 Urban area -0.02 -0.03 -0.05

 Rural area (ref.)

BMI
 Underweight 0.03 0.04* 0.04

 Overweight 0.03 0.10*** 0.10*

 Obese 0.07* 0.09*** 0.12**

 Normal (ref.)

Sedentary
 Siting less than 1 h -0.06** -0.06** -0.02

 1 h to less than 2 h 0.01 -0.01 -0.03

 2 h to less than 4 h 0.01 -0.01 0.03

 4 h and more (ref.)

Alcohol consumption
 14 drinks or less per week 0.01 0.02 0.05

 15 drinks or more per week (ref.)

Smoking
 Not in the last 30 days 0.01 0.01 0.03

 Smoked (ref.)

Sleep
 Very satisfied 0.13*** 0.16*** 0.20**
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supported. Variations across the clusters include: age is 
inversely associated with resilience among those with a 
Mental Health cluster, but not for the Cardiovascular/
Metabolic and Musculoskeletal clusters. Being sedentary 
is associated with resilience for the Cardiovascular/Met-
abolic and Musculoskeletal clusters, but not for Mental 
Health. Finally, rarely or never skipping meals (compared 
to sometimes or always) is weakly associated with resil-
ience only for the Cardiovascular/Metabolic cluster.

Contribution to Resilience Literature
We have witnessed a proliferation of resilience models 
applied to older adults, including applications to under-
standing the ability to adapt and recover from multimor-
bidity adversity [28, 43, 62, 70, 73, 93, 94, 96, 101, 103]. 
While many different measurements of multimorbidity 
resilience (MR) have been employed in this literature (see 
[71], no studies to date have used the Connor-Davidson 

[16] resilience scale for older persons with multiple con-
current chronic conditions. In addition, it is the most 
utilized measure in the broader resilience literature; it 
has been used in other multimorbidity research; and 
it includes several items related to bouncing back from 
disease/illness (see Measurement). The present study 
afforded an opportunity to compare findings associated 
with multimorbidity using this measure to confirm prior 
research using other measures of resilience. Indeed, our 
study is the first to examine predictors of resilience using 
the Connor-Davidson scale (CD-RISC 10) among older 
adults with multimorbidity, including sub-analyses using 
selected illness clusters.

The weak to moderate statistically significant associa-
tions between resilience among persons with multimor-
bidity and a spectrum of health behaviours and other 
SDoH, many of which entail modifiable risk factors, are 
consistent with a large body of literature in public health 

*p < .05

**p < .01 

***p < .001

Table 3 (continued)

Variables Cardiovascular/Metabolic cluster
n = 3,828

Musculoskeletal cluster
n = 3,691

Mental 
Health 
cluster
n = 1,158

Beta Beta Beta

 Satisfied 0.07 0.14*** 0.20**

 Neutral 0.05 0.07* 0.09

 Dissatisfied 0.02 0.07* 0.09

 Very dissatisfied (ref.)

Appetite
 Very good 0.15* 0.28*** 0.27*

 Good 0.07 0.20** 0.23*

 Fair -0.02 0.10* 0.01

 Poor (ref.)

Skipped meals
 Rarely or never 0.04* 0.04 0.02

 All the time to sometimes (ref.)

Self-rated health
 Excellent 0.14*** 0.19*** 0.07

 Very good 0.16*** 0.20*** -0.04

 Good 0.08 0.12* -0.11

 Fair -0.02 0.01 -0.07

 Poor (ref.)

Pain
 Mild -0.04* 0.01 0.05

 Moderate -0.06** 0.01 0.01

 Severe 0.01 0.05 0.05

 None (ref.)

Adjusted R2 0.131*** 0.126*** 0.193***
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and health promotion (for example, [12, 20, 24, 53, 75, 
77, 102]. Importantly, our study results parallel many of 
those uncovered for predictors of multimorbidity per se. 
For instance, Skivington et al.’s [77] Scottish longitudinal 
study of multimorbidity found support for a similar set 
of behavioural and lifestyle factors. Multimorbidity risk 
was higher among smokers compared to non-smokers,, 
for those with BMI 30–35, and > 35, compared to BMI 
20–25; and for those with poor diet, after controlling for 
socio-demographic variables.

Turning to initial longitudinal research examining 
multimorbidity resilience among older adults, Wister 
et  al. [100] developed and validated a multidimensional 
(functional, social and psychological) multimorbid-
ity resilience index (MRI), and supported many of the 
same associations reported in the present study using the 
Connor-Davidson Resilience [16] CD-RISC 10 measure. 
These findings are important since both studies use the 
same CLSA data, a national Canadian longitudinal study, 
which thus provides confirmatory research on resilience 
among older persons with multimorbidity [71, 103]. The 
MRI used in prior research was shown to have good cri-
terion validity (Wister et  al. [100]), capturing multiple 
ways in which older adults can bounce back from adver-
sity associated with having multiple concurrent chronic 
illnesses, although not used as extensively as the Connor-
Davidson scale. The MRI was found to be associated with 
higher income, being married, fewer housing problems, 
more friends and relatives, higher perceived health, less 
pain and fewer medications [101, 103]. Among lifestyle 
behavioural factors, their index was associated with not 
smoking, greater sleep satisfaction, better appetite and 
not skipping meals. The similarity in predictors across 
the MRI resilience index measure and the Connor-David-
son resilience scale offers confirmatory evidence of sev-
eral key modifiable lifestyle behavioural factors, as well 
as several indicators of socio-economic status, as well as 
housing problems.

Furthermore, our results are also consistent with a 
number of targeted studies on behavioural and lifestyle 
predictors of multimorbidity. Recently, researchers have 
begun to expand the more traditional list of health behav-
iours to include a wider range of lifestyle patterns, such 
as sleep quality and food security have received attention 
[72, 74, 77, 101]. Our findings provide supplementary 
knowledge for the salience of sleep quality in lowering 
health care utilization and enhancing illness treatment,in 
this case, as a positive health behaviour for illness cop-
ing and recovery in the face of multimorbidity, as well as 
role and identity reintegration [23, 69, 74]. We also found 
that having a good appetite and not skipping meals as 
forms of food security promote levels of resilience among 
those with multiple concurrent chronic illnesses, which 

coincides with prior research demonstrating the impor-
tance of food security for older adults more broadly [72, 
77].

Additionally, being overweight or obese compared to 
normal weight (a marker for unhealthy lifestyles) nega-
tively affects resilience among all multimorbid older 
adults, and among the three illness clusters. This aligns 
with prior research on the influence of obesity on multi-
morbidity [12, 77]. Its inverse association with resilience 
in our study implies that this health indicator may also 
be a risk factor for adapting to multimorbidity, and is 
consistent with findings associated with eating habits as 
found in earlier research (e.g., [3, 12, 101]). In addition, 
smoking status has been shown to be associated with 
multimorbidity risk in numerous studies (for example, 
[12, 20, 24, 53, 77]),and furthermore, appears to compro-
mise resilience among older persons with multimorbidity 
due to its adverse effect on quality of life and psycho-
logical well-being associated with its addictive properties  
[82]. The present study contributes only supports a weak 
effect of not smoking for resilience fortitude, and only for 
the full sample, not the three illness clusters. Our study 
also showed a weak positive association between being 
sedentary and resilience, but only for the full sample of 
all multimorbid persons. Whether this is reflective of the 
importance of rest for individuals experiencing complex 
health problems, greater stress among working individu-
als who may be more sedentary, or whether physical inac-
tivity is a weak measure of a full range of physical activity 
levels and types require further research [9, 14, 19, 48]. 
Indeed, the inconsistent findings in the multimorbid-
ity and aging literature for being sedentary and physical 
inactivity may be the result of differences in design, age 
of the target population, and measurement. And while 
a positive association between lower levels of drinking 
and resilience was found, the effect is very weak. These 
finding parallels equivocal results found in other stud-
ies of healthy aging and multimorbidity, including some 
cross-sectional studies showing that drinking protects 
against multimorbidity (e.g., [65]), which may be a causal 
directional issue, since some people quit drinking due to 
illness.

Another set of analyses were conducted on the asso-
ciations of all health behaviours and covariates for the 
three multimorbidity clusters: Cardiovascular/Metabolic, 
Musculoskeletal and Mental Health. For the two physical 
multimorbidity clusters (Cardiovascular/metabolic, and 
Musculoskeletal), most of the findings reported for the 
full multimorbidity sample. The exception is the Mental-
health cluster, where only sleep satisfaction was found to 
be associated with resilience. Another notable exception 
was that obesity was related to MRI in the Musculoskel-
etal cluster only, which may reflect the additional loading 
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demands of obesity on the musculoskeletal system [90]. 
Furthermore, being underweight related to lower resil-
ience in the cardiovascular/metabolic disease cluster 
only, both at baseline and over time. Underweight BMI 
has previously been associated with increased mortal-
ity in Canadian seniors [88]. It is possible that trajecto-
ries of body weight changes may have disease-specific 
impacts on health outcomes and resiliency. However, 
these results should be interpreted with caution. Finally, 
females reported higher resilience than males in the Car-
diovascular/Metabolic cluster, but there were no signifi-
cant sex differences in resilience in the Musculoskeletal 
and Mental Health clusters, suggesting more work in this 
area to extend our understanding of potential gendered 
aspects of coping with multimorbidity.

Several other SDoH also appear to be important in 
enhancing resilience, in particular, income level and an 
absence of housing problems. These determinants of 
health are consistent with studies on multimorbidity 
as well as early research on forms of resilience among 
older adults [12, 15, 47, 53, 70, 77, 96, 101]. Turning to 
the health context measures, higher multimorbidity resil-
ience was associated with better perceived health and less 
perceived pain, although the latter association was very 
weak. Again, these findings concur with other research 
establishing that subjective illness dimensions that may 
affect perceptions of illness resilience [26, 41, 79, 91].

The findings from this study support several pro-
cesses comprising the Lifecourse Model of Multimor-
bidity Resilience (LMMR). The model contends that the 
ability to bounce back from multimorbidity adversity is 
influenced by the nexus of individual, social and environ-
mental-level resources or deficits. The salience of several 
health behaviours, socio-economic status, and housing 
problems supports the model. Social support factors 
were less important. Future research needs to explicate 
the ways in which these domains interact, as well as life 
course trajectories affecting resilience among persons 
with multimorbidity.

Limitations
Several limitations of these analyses are notable. First, 
we employed a cross-sectional design given that the 
outcome variable was only available in the FUP2 wave. 
Future waves of the CLSA will allow employing longi-
tudinal analyses of the CD-RISC 10 resilience measure. 
Second, since multimorbidity is variable due to differing 
symptom presentation and illness severity (e.g., hyper-
tension, cancer, diabetes, etc.), research that incorporates 
additional illness context factors, such as onset, severity, 
and duration, is needed [71]. The lack of severity meas-
urement could have contributed to the weak-moderate 
effects identified in this research. There are also other 

independent variables not included in this study that 
could improve the specification of the model and its 
overall explanatory ability. Since we did not include 
severity, we combined persons with significant variations 
in multimorbidity, which can dilute some of the find-
ings. Third, chronic illnesses are self-reported and may 
be influenced by individual memory and health literacy. 
Fourth, similar to multimorbidity, there may be clusters 
of health behaviours that generate cumulative effects of 
modifiable health behaviours over time, which has been 
useful in the broader multimorbidity risk literature [20, 
24, 80]. This could include combinations of not smoking, 
sedentary behaviour, maintaining positive eating habits 
and a healthy weight, and quality sleep, as well as varia-
tions in risk levels for each condition [80], which may in 
conjunction help to specify the treatable, or modifiable 
moments in illness trajectories to develop more effec-
tive public health strategies. It should also be noted that 
obesity is a marker of other health behaviours, such as 
eating habits and sedentary behaviour or physical inac-
tivity. Fifth, this work needs to be extended to a variety of 
diverse groups that may have unique behavioural and ill-
ness contexts, such as racial/ethnic groups [58, 71], those 
without health care insurance [15, 86], as well as during 
other forms of adversity such as the COVID-19 pan-
demic [39, 43, 63, 104]. Finally, other analytic approaches 
are worthy of attention, in particular, incorporating non-
multimorbid individuals for comparisons, longitudinal 
analyses, and using multiplicative interaction terms for 
the cluster-risk factor analysis.

Conclusion
The ability to adapt, bounce back or reintegrate from 
multiple chronic illnesses, termed multimorbidity resil-
ience, is fundamental to healthy aging and is receiving 
increasing attention in the literature [15, 46, 57, 62, 71, 73, 
101], including pandemic research [63, 104]. Our findings 
indicate that there are several mutable health behaviours 
that are associated with resilience among older persons 
with multimorbidity worthy of considering for interven-
tion development and public policy. The health behav-
iours found to be important in this study can be used 
to tailor and target health promotion and public health 
programs and policies. In particular, some of these have 
not received the attention that they deserve, such as sleep 
quality. New public health initiatives could also investi-
gate strategies to improve multiple health behaviours that 
affect persons with multimorbidity, rather than single 
ones; however, more work is needed in this area. Inno-
vations in the delivery of interventions for older adults 
with multimorbidity may utilize a multipronged set of 
health promotion approaches (e.g., multifactor telehealth 
counselling, digital behavioural monitoring devices, 
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community support programs, peer support groups, tai-
lored cognitive therapy, etc.). Indeed, proactive, strength-
based approaches to enhance resilience may prove to be 
valuable in enhancing perceptions of resilience and more 
positive health outcomes. Finally, several known social 
determinants of multimorbidity also have been found 
to be important, including age, gender, socio-economic 
status/deprivation factors and social support, which may 
also be low hanging fruit in the development of inter-
ventions targeting resilience. The present study serves 
to advance important findings for other studies to build 
upon regarding the complex ways in which resilience can 
be elucidated and enhanced among persons experiencing 
multimorbidity over the life course.

Abbreviations
MR  Multimorbidity resilience
LMMR  Lifecourse Model of Multimorbidity Resilience
SDoH  Social determinants of health
CLSA  Canadian Longitudinal Study on Aging
CD-RISC 10  Connor-Davidson Resilience Scale 10 item scale

Acknowledgements
The opinions expressed in this manuscript are the author’s own and do not 
reflect the views of the Canadian Longitudinal Study on Aging.

Authors’ contributions
AW – Main writer of manuscript; LL- Conducted analyses of data, and drafted 
methods and results sections. CW, JF, BK, KK & IL reviewed and edited manu-
script. All authors have read and approved the final version of the manuscript, 
and have agreed to be accountable for all parts.

Funding
This research was made possible using the data/biospecimens collected by 
the Canadian Longitudinal Study on Aging (CLSA). Funding for the Canadian 
Longitudinal Study on Aging (CLSA) is provided by the Government of Canada 
through the Canadian Institutes of Health Research (CIHR) under grant refer-
ence: LSA 94473 and the Canada Foundation for Innovation, as well as the 
following provinces, Newfoundland, Nova Scotia, Quebec, Ontario, Manitoba, 
Alberta, and British Columbia. This research has been conducted using the 
Baseline Comprehensive dataset version 7.0 and Follow-up 1 Comprehensive 
dataset version 4.0, under Application Number [#2206017]. The CLSA is led by 
Drs. Parminder Raina, Christina Wolfson and Susan Kirkland.

Availability of data and materials
The CLSA data are available at (https:// www. clsa- elcv. ca/).

Declarations

Ethics approval and consent to participate
This current project received ethics approval at two levels. Consent to partici-
pate was obtained for all participants under the CLSA harmonized multi-
university ethics process approved by the Hamilton Integrated Research Ethics 
Board (HiREB), Hamilton Health Sciences/McMaster University. Written consent 
was obtained from all CLSA participants prior to enrollment. Individuals who 
were not deemed to be cognitively functional were excluded from the CLSA 
study. Simon Fraser University (SFU) was a participating institution in the CLSA 
data collection, and the SFU Office of Research Services Ethics Committee 
reviewed all consent material prior to data collection (SFU ORS #2010s0281).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Gerontology Research Centre & Department of Gerontology, Simon Fraser 
University, 2800-515 Hastings Street, Vancouver, BC V6B 5K3, Canada. 2 School 
of Social Work, MacEwan University, 9-510A2, 10700 104 Ave NW, Edmonton, 
AB T5J 4S2, Canada. 3 Gerontology Research Centre, Simon Fraser University, 
Vancouver, BC V6B 5K3, Canada. 4 BC Observatory for Population & Public 
Health, BC Centre for Disease Control, Vancouver, BC V5Z 4R4, Canada. 
5 Department of Gerontology, Simon Fraser University, Vancouver, BC V6B 5K3, 
Canada. 6 Department of Health Management and Policy, School of Public 
Health, University of Michigan, Ann Arbor, USA. 7 Engineering Research 
and Development Center, Army Corps of Engineers, Vicksburg, USA. 

Received: 12 December 2023   Accepted: 4 September 2024

References
 1.  Agborsangaya C, Lau D, Lahtinen M, Cooke T, Johnson J. Health-related 

quality of life and healthcare utilization in multimorbidity: Results of a 
cross-sectional survey. Qual Life Res. 2013;22(4):791–9. https:// doi. org/ 
10. 1007/ s11136- 012- 0214-7.

 2.  Agborsangaya CB, Ngwakongnwi E, Lahtinen M, Cooke T, Johnson 
J. Multimorbidity prevalence in the general population: The role of 
obesity in illness clustering. BMC Public Health. 2013b;13:1161. https:// 
doi. org/ 10. 1186/ 1471- 2458- 13- 1161.

 3.  Al-Hazzaa H, Abahussain N, Al-Sobayel H, Qahwaji D, Musaiger A. 
Lifestyle factors associated with overweight and obesity among Saudi 
adolescents. BMC Public Health. 2012;16(12):354. https:// doi. org/ 10. 
1186/ 1471- 2458- 12- 354. PMID: 22591 544; PMCID: PMC34 33359.

 4.  American Geriatric Society Expert Panel on the Care of Older Adults 
with Multimorbidity. Guiding principles for the care of older adults 
with multimorbidity: An approach for clinicians. J Anim Physiol Nutr. 
2012;60(10):E1-25. https:// doi. org/ 10. 1111/j. 1532- 5415. 2012. 04188.x.

 5.  Autenrieth C, et al. Physical activity is inversely associated with multi-
morbidity in elderly men: Results from the KORA-Age Augsburg Study. 
Prev Med. 2013;57(1):17–9. https:// doi. org/ 10. 1016/j. ypmed. 2013. 02. 
014.

 6.  Bergman S. Public health perspective - how to improve the muscu-
loskeletal health of the population. Best Pract Res Clin Rheumatol. 
2007;21(1):191–204. https:// doi. org/ 10. 1016/j. berh. 2006. 08. 012.

 7.  Bhat AC, Almeida DM, Fenelon A, Santos-Lozada AR. A longitudinal 
analysis of the relationship between housing insecurity and physical 
health among midlife and aging adults in the United States. SSM-
Population Health. 2022;18: 101128. https:// doi. org/ 10. 1016/j. ssmph. 
2022. 101128.

 8.  Bishop N, Haas S, Quiñones A. Cohort effects in multimorbidity among 
older US adults: Differences by race/ethnicity and nativity. Innov Aging. 
2022;6(1):13. https:// doi. org/ 10. 1093/ geroni/ igac0 59. 045.

 9.  Bouchard C, Blair S, Katzmarzyk P. Less sitting, more physical activity, or 
higher fitness? Mayo Clin Proc. 2015;90(11):1533–40. https:// doi. org/ 10. 
1016/j. mayocp. 2015. 08. 005.

 10.  Burr J, Shephard R, Cornish S, Vatanparast H, Chilibeck P. Arthritis, 
osteoporosis, and low back pain: Evidence-based clinical risk assess-
ment for physical activity and exercise clearance. Can Fam Physician. 
2012;58(1):59–62.

 11.  Canham SL, Weldrick R, Sussman T, Walsh CA, Mahmood A. Aging in 
the right place: A conceptual framework of indicators for older persons 
experiencing homelessness. Gerontologist. 2022;62(9):1251–7. https:// 
doi. org/ 10. 1093/ geront/ gnac0 23.

 12.  Canizares M, Hogg-Johnson M, Gignac M, Glazier R, Badley E. Increasing 
trajectories of multimorbidity over time: birth cohort differences and 
the role of changes in obesity and income. J Gerontol. 2017;73(3):1303–
14. https:// doi. org/ 10. 1093/ geronb/ gbx004.

 13.  Chamberlain, A. M., Finney Rutten, L. J., Wilson, P. M., Fan, C., Boyd, C. M., 
Jacobson, D. J., ... & St. Sauver, J. L. Neighborhood socioeconomic disad-
vantage is associated with multimorbidity in a geographically-defined 
community. BMC public health. 2020;20:1-10. https:// doi. org/ 10. 1186/ 
s12889- 019- 8123-0.

https://www.clsa-elcv.ca/
https://doi.org/10.1007/s11136-012-0214-7
https://doi.org/10.1007/s11136-012-0214-7
https://doi.org/10.1186/1471-2458-13-1161
https://doi.org/10.1186/1471-2458-13-1161
https://doi.org/10.1186/1471-2458-12-354.PMID:22591544;PMCID:PMC3433359
https://doi.org/10.1186/1471-2458-12-354.PMID:22591544;PMCID:PMC3433359
https://doi.org/10.1111/j.1532-5415.2012.04188.x
https://doi.org/10.1016/j.ypmed.2013.02.014
https://doi.org/10.1016/j.ypmed.2013.02.014
https://doi.org/10.1016/j.berh.2006.08.012
https://doi.org/10.1016/j.ssmph.2022.101128
https://doi.org/10.1016/j.ssmph.2022.101128
https://doi.org/10.1093/geroni/igac059.045
https://doi.org/10.1016/j.mayocp.2015.08.005
https://doi.org/10.1016/j.mayocp.2015.08.005
https://doi.org/10.1093/geront/gnac023
https://doi.org/10.1093/geront/gnac023
https://doi.org/10.1093/geronb/gbx004
https://doi.org/10.1186/s12889-019-8123-0
https://doi.org/10.1186/s12889-019-8123-0


Page 14 of 16Wister et al. BMC Public Health         (2024) 24:2567 

 14.  Chudasama Y, Khunti K, Zaccardi,F, et al. Physical activity, multimorbid-
ity, and life expectancy: A UK Biobank longitudinal study. BMC Med. 
2019;17(1):1–13. https:// doi. org/ 10. 1186/ s12916- 019- 1339-0.

 15.  Connelly E, Allen C, Hatfield K, Palma-Oliveira J, Woods D, Linkov 
I. Features of resilience. Environmental Systems and Decisions. 
2017;37(1):46–50. https:// doi. org/ 10. 1007/ s10669- 017- 9634-9.

 16.  Connor K, Davidson J. Development of a new resilience scale: 
the Connor-Davidson resilience scale (CD-RISC). Depress Anxiety. 
2003;18:76–82. https:// doi. org/ 10. 1002/ da. 10113.

 17.  Cornell J, Pugh J, Williams JW. Multimorbidity clusters: Clustering binary 
data from multimorbidity clusters; clustering binary data from a large 
administrative medical database. J Gen Intern Med. 2008;12(3):419–24. 
https:// doi. org/ 10. 22329/ amr. v12i3. 658.

 18.  de Almeida MGN, Nascimento-Souza MA, Lima-Costa MF, Pei-
xoto SV. Lifestyle factors and multimorbidity among older adults 
(ELSI-Brazil). Eur J Ageing. 2020;17:521–9. https:// doi. org/ 10. 1007/ 
s10433- 020- 00560-z.

 19.  Dhalwani N, O’Donovan G, Zaccardi F, et al. Long-term trends of 
multimorbidity and association with physical activity in older English 
population. Int J Behav Nutr Phys Act. 2016;13(1):1–9. https:// doi. org/ 
10. 1186/ s12966- 016- 0330-9.

 20.  Dhalwani N, Zaccardi F, O’Donovan G, Carter P, Hamer M, Yates T, Davies 
M, Khunti K. Association between lifestyle factors and the incidence 
of multimorbidity in an older English population. J Gerontol A Biol Sci 
Med Sci. 2017;72(4):528–34. https:// doi. org/ 10. 1093/ gerona/ glw146.

 21.  Dugravot, A., Fayosse, A., Dumurgier, J., Bouillon, K., Rayana, T. B., 
Schnitzler, A., ... & Singh-Manoux, A. Social inequalities in multimorbid-
ity, 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.  https:// doi. org/ 10. 1016/ S2468- 2667(19) 30226-9.

 22.  Elkins, M., Farrell, L., & Fry, J. Investigating the relationship between 
housing insecurity and wellbeing. Measuring, Understanding and 
Improving Wellbeing Among Older People. 2020;41–73. https:// doi. org/ 
10. 1007/ 978- 981- 15- 2353-3_3

 23.  Ezeamama A, Elkins J, Simpson C, Smith S, Allegra J, Miles T. Indicators 
of resilience and healthcare outcomes: Findings from the 2010 health 
and retirement survey. Qual Life Res. 2016;25:1007–15. https:// doi. org/ 
10. 1007/ s11136- 015- 1144-y.

 24.  Fortin, M., Haggerty, J., Almirall, J., Bouhali, T., Sasseville, M., & Lemieux, 
M. Lifestyle factors and multimorbidity: a cross sectional study. BMC 
Public Health. 2014;(1):686. https:// doi. org/ 10. 1186/ 1471- 2458- 14- 686.

 25.  Freund T, Kuna CU, Ose D, Szecsenyi J, Peters-Klimm F. Patterns of multi-
morbidity in primary care patients at high risk of future hospitalization. 
Popul Health Manag. 2012;15(20):1–6.

 26.  Galenkamp H, Braam A, Huisman M, Deeg D. Somatic multimor-
bidity and self-rated health in the older population. J Gerontol. 
2011;66B(3):380–6. https:// doi. org/ 10. 1093/ geronb/ gbr032.

 27.  Garin, N., Koyanagi, A., Chatterji, S., Tyrovolas, S., Olaya, B., Leonardi, 
M., ... & Haro, J. M. Global multimorbidity patterns: a cross-sectional, 
population-based, multi-country study. Journals of Gerontology Series 
A: Biomedical Sciences and Medical Sciences. 2016;71(2):205-214. 
https:// doi. org/ 10. 1093/ gerona/ glv128.

 28.  Guo, J.; Wister, A.; Wang, J.; Li, S. (2023). Early and later life-course risk 
and protective factors of multimorbidity resilience among older adults 
in rural China: A study based on Longitudinal Study of Older People in 
Anhui Province. J Gerontol: Soc Sci. 2023;gbad196, https:// doi. org/ 10. 
1093/ geronb/ gbad1 96.

 29.  Holden L, Scuffham PA, Hilton MF, Muspratt A, Ng SK, Whiteford HA. 
Patterns of multimorbidity in working Australians. Popul Health Metr. 
2011;9(1):1–5. http:// www. pophe althm etrics. com/ conte nt/9/ 1/ 15.

 30.  Hudon C, Soubhi H, Fortin M. Relationship between multimorbid-
ity and physical activity: Secondary analysis from the Quebec health 
survey. BMC Public Health. 2008;8:304. https:// doi. org/ 10. 1186/ 
1471- 2458-8- 304.

 31.  Infurna F. Utilizing principles of life-span developmental psychology to 
study the complexities of resilience across the adult life span. Geron-
tologist. 2021;61(6):807–18. https:// doi. org/ 10. 1093/ geront/ gnab0 86.

 32.  Ingram, E., Ledden, S., Beardon, S., Gomes, M., Hogarth, S., McDonald, 
H., ... & Sheringham, J. Household and area-level social determinants of 
multimorbidity: a systematic review. J Epidemiol Community Health. 
2021;75(3):232-241. https:// doi. org/ 10. 1136/ jech- 2020- 214691.

 33.  Islam M, Valderas J, Yen L, Dawda P, Jowsey T, McRae IS. Multimorbid-
ity and comorbidity of chronic diseases among the senior Australians: 
Prevalence and patterns. PLoS ONE. 2014;9(1): e83783. https:// doi. org/ 
10. 1371/ journ al. pone. 00837 83.

 34.  Jason KJ, Carr DC, Washington TR, Hilliard TS, Mingo CA. Multiple 
Chronic Conditions, Resilience, and Workforce Transitions in Later Life: A 
Socio-Ecological Model. Gerontologist. 2017;57:269–81. https:// doi. org/ 
10. 1093/ geront/ gnv101.

 35.  Jiao, D., Watanabe, K., Sawada, Y., Tanaka, E., Watanabe, T., Tomisaki, E., ... 
& Anme, T. (2021). Multimorbidity and functional limitation: the role of 
social relationships. Archives of Gerontology and Geriatrics, 92, 104249. 
https:// doi. org/ 10. 1016/j. archg er. 2020. 104249.

 36.  Kendig, H., Browning, C., Thomas, S., & Wells, Y. Health, lifestyle and 
gender influences on aging well: An Australian longitudinal analysis to 
guide health promotion. Front Public Health. 2014;2(70). https:// doi. 
org/ 10. 3389/ fpubh. 2014. 00070.

 37.  Kirchberger I, Meisinger C, Heier M, Zimmermann AK, Thorand B, Aut-
enrieth C, Döring A. Patterns of multimorbidity in the aged population: 
Results from the KORA-Age study. PLoS ONE. 2012;7(1): e30556.

 38.  Kirkland SA, Griffith LE, Menec V, Wister A, Payette H, Wolfson C, Raina 
PS. Mining a unique Canadian resource: The Canadian longitudinal 
study on aging. Canadian Journal on Aging/La Revue canadienne du 
vieillissement. 2015;34(3):366–77. https:// doi. org/ 10. 1017/ S0714 98081 
50002 9X.

 39.  Klasa K, Galaitsi S, Wister A, Linkov I. System models for resilience in 
gerontology: Application to the COVID-19 pandemic. BMC Geriatr. 
2021;21:51. https:// doi. org/ 10. 1186/ s12877- 020- 01965-2.

 40.  Kuan, V., Denaxas, S., Patalay, P., Nitsch, D., Mathur, R., Gonzalez-Izqui-
erdo, A., Sofat, R., Partridge, L., Roberts, A., Wong, I. C. K., Hingorani, 
M., Chaturvedi, N., Hemingway, H., Hingorani, A. D., Alexander, D. C., 
Asiimwe, I. G., Ball, S., Bennett, F., Borges, M. C., … Zwierzyna, M. Identify-
ing and visualising multimorbidity and comorbidity patterns in patients 
in the English National Health Service: a population-based study. The 
Lancet Digital Health. 2023;5(1):e16–e27. https:// doi. org/ 10. 1016/ 
S2589- 7500(22) 00187-X.

 41.  Lau SYZ, Guerra RO, de Souza F, Barbosa J, Phillips SP. Impact of 
resilience on health in older adults: A cross-sectional analysis from the 
International Mobility on Aging Study (IMIAS). BMJ Open. 2018;8(1): 
e023779. https:// doi. org/ 10. 1136/ bmjop en- 2018- 023779.

 42.  Linkov I, Trump BD. The Science and Practice of Resilience. Amsterdam: 
Springer; 2019.

 43.  Linkov I, Keenan J, Trump BD. COVID-19: Systemic Risk and Resilience. 
Amsterdam: Springer; 2021.

 44.  Lynch DH, Petersen CL, Fanous MM, Spangler HB, Kahkoska AR, Jimenez 
D, Batsis JA. The relationship between multimorbidity, obesity and func-
tional impairment in older adults. J Am Geriatr Soc. 2022;70(5):1442–9. 
https:// doi. org/ 10. 1111/ jgs. 17683.

 45.  Marengoni, A., Angleman, S., Melis, R., Mangialasche, F., Karp, A., Gar-
men, A., ... & Fratiglioni, L. Aging with multimorbidity: a systematic 
review of the literature. Ageing Research Reviews. 2011;10(4):430-439. 
https:// doi. org/ 10. 1016/j. arr. 2011. 03. 003.

 46.  Masten A. Ordinary Magic: Resilience in Development. New York, NY: 
Gilford Press; 2015.

 47.  McCrory C, et al. Social disadvantage and social isolation are associated 
with a higher resting heart rate: Evidence from the Irish Longitudinal 
Study on Ageing. J Gerontol. 2016;71(3):463–73. https:// doi. org/ 10. 
1093/ geronb/ gbu163.

 48.  McPhee J, French D, Jackson D, Nazroo J, Pendleton N, Degens H. 
Physical activity in older age: perspectives for healthy ageing and 
frailty. Biogerontology. 2016;17(3):567–80. https:// doi. org/ 10. 1007/ 
s10522- 016- 9641-0.

 49.  Minen MT, De Dhaem OB, Van Diest AK, Powers S, Schwedt TJ, Lipton R, 
Silbersweig D. Migraine and its psychiatric comorbidities. In Journal of 
Neurology, Neurosurgery and Psychiatry. 2016;87(7):741–9. https:// doi. 
org/ 10. 1136/ jnnp- 2015- 312233.

 50.  National Academies of Sciences, Engineering, and Medicine. Social iso-
lation and loneliness in older adults: Opportunities for the health care 
system. Washington, DC: The National Academies Press; 2020. https:// 
doi. org/ 10. 17226/ 25663.

 51.  National Institute on Alcohol Abuse and Alcoholism. Dietary Guide-
lines for Americans 2015–2020. U.S. Department of Health and Human 

https://doi.org/10.1186/s12916-019-1339-0
https://doi.org/10.1007/s10669-017-9634-9
https://doi.org/10.1002/da.10113
https://doi.org/10.22329/amr.v12i3.658
https://doi.org/10.1007/s10433-020-00560-z
https://doi.org/10.1007/s10433-020-00560-z
https://doi.org/10.1186/s12966-016-0330-9
https://doi.org/10.1186/s12966-016-0330-9
https://doi.org/10.1093/gerona/glw146
https://doi.org/10.1016/S2468-2667(19)30226-9
https://doi.org/10.1007/978-981-15-2353-3_3
https://doi.org/10.1007/978-981-15-2353-3_3
https://doi.org/10.1007/s11136-015-1144-y
https://doi.org/10.1007/s11136-015-1144-y
https://doi.org/10.1186/1471-2458-14-686
https://doi.org/10.1093/geronb/gbr032
https://doi.org/10.1093/gerona/glv128
https://doi.org/10.1093/geronb/gbad196
https://doi.org/10.1093/geronb/gbad196
http://www.pophealthmetrics.com/content/9/1/15
https://doi.org/10.1186/1471-2458-8-304
https://doi.org/10.1186/1471-2458-8-304
https://doi.org/10.1093/geront/gnab086
https://doi.org/10.1136/jech-2020-214691
https://doi.org/10.1371/journal.pone.0083783
https://doi.org/10.1371/journal.pone.0083783
https://doi.org/10.1093/geront/gnv101
https://doi.org/10.1093/geront/gnv101
https://doi.org/10.1016/j.archger.2020.104249
https://doi.org/10.3389/fpubh.2014.00070
https://doi.org/10.3389/fpubh.2014.00070
https://doi.org/10.1017/S071498081500029X
https://doi.org/10.1017/S071498081500029X
https://doi.org/10.1186/s12877-020-01965-2
https://doi.org/10.1016/S2589-7500(22)00187-X
https://doi.org/10.1016/S2589-7500(22)00187-X
https://doi.org/10.1136/bmjopen-2018-023779
https://doi.org/10.1111/jgs.17683
https://doi.org/10.1016/j.arr.2011.03.003
https://doi.org/10.1093/geronb/gbu163
https://doi.org/10.1093/geronb/gbu163
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1136/jnnp-2015-312233
https://doi.org/10.1136/jnnp-2015-312233
https://doi.org/10.17226/25663
https://doi.org/10.17226/25663


Page 15 of 16Wister et al. BMC Public Health         (2024) 24:2567  

Services and U.S. Department of Agriculture. 2015. Retrieved from 
https:// health. gov/ dieta rygui delin es/ 2015/ guide lines/ appen dix-9/.

 52.  Ni W, Yuan X, Zhang Y, Zhang H, Zheng Y, Xu J. Sociodemographic 
and lifestyle determinants of multimorbidity among community-
dwelling older adults: findings from 346,760 SHARE participants. BMC 
Geriatr. 2023;23(1):419. https:// doi. org/ 10. 1186/ s12877- 023- 04128-1.

 53.  Northwood M, Ploeg J, Markle-Reid M, Sherifali D. Integrative review 
of the social determinants of health in older adults with multimor-
bidity. J Adv Nurs. 2018;74(1):45–60. https:// doi. org/ 10. 1111/ jan. 
13408.

 54.  Ofori-Asenso R, Chin KL, Curtis AJ, Zomer E, Zoungas S, Liew D. 
Recent patterns of multimorbidity among older adults in high-
income countries. Popul Health Manag. 2019;22(2):127–37. https:// 
doi. org/ 10. 1089/ pop. 2018. 0069.

 55.  Petrie JR, Guzik TJ, Touyz RM. Diabetes, Hypertension, and Cardio-
vascular Disease: Clinical Insights and Vascular Mechanisms. Can J 
Cardiol. 2018;34(5):575–84. https:// doi. org/ 10. 1016/j. cjca. 2017. 12. 005.

 56.  Prados-Torres A, Poblador-Plou B, Calderón-Larrañaga A, Gimeno-
Feliu LA, González-Pruchno R, Wilson-Genderson M. Adherence to 
clusters of health behaviors and successful aging. J Aging Health. 
2012;24(8):1279–97. https:// doi. org/ 10. 1177/ 08982 64312 457412.

 57.  Pruchno R, Carr D. Successful aging Resilience and beyond. J Ger-
ontol: Series B. 2017;72(2):201–3. https:// doi. org/ 10. 1093/ geronb/ 
gbw214.

 58.  Quiñones AR, Liang J, Bennett JM, Xu X, Ye W. How does the trajectory 
of multimorbidity vary across Black, White, and Mexican Americans in 
middle and old age? J Gerontol. 2011;66:739–49. https:// doi. org/ 10. 
1093/ geronb/ gbr106.

 59.  Raina PS, Wolfson C, Kirkland SA, Griffith LE, Oremus M, Patterson C, 
Tuokko H, Penning M, Balion CM, Hogan D, Wister A, Payette H, Shan-
non H, Brazil K. The Canadian Longitudinal Study on Aging (CLSA). 
Canadian Journal on Aging /La Revue Canadienne du Vieillissement. 
2009;28(3):221–9. https:// doi. org/ 10. 1017/ S0714 98080 99900 55.

 60.  Raina PS, Wolfson C, Kirkland SA, Griffith LE, Balion C, Cossette B, et al. 
Cohort Profile: The Canadian Longitudinal Study on Aging (CLSA). Int J 
Epidemiol. 2019;48(6):1752–3. https:// doi. org/ 10. 1093/ ije/ dyz173.

 61.  Ratcliffe GE, Enns MW, Jacobi F, Belik SL, Sareen J. The relationship 
between migraine and mental disorders in a population-based sample. 
Gen Hosp Psychiatry. 2009;31(1):14–9. https:// doi. org/ 10. 1016/j. genho 
sppsy ch. 2008. 09. 006.

 62.  Resnick B, Gwyther LP, Roberto KA. Resilience in Aging: Concepts, 
Research, and Outcomes (Second). Cham: Springer International Pub-
lishing AG. 2019.

 63.  Riehm, K. E., Brenneke, S. G., Adams, L. B., Gilan, D., Lieb, K., Kunzler, A. M., 
... & Thrul, J. Association between psychological resilience and changes 
in mental distress during the COVID-19 pandemic. Journal of Affective 
Disorders. 2021;282:381-385. https:// doi. org/ 10. 1016/j. jad. 2020. 12. 071.

 64.  Sakaniwa R, Noguchi M, Imano H, Shirai K, Tamakoshi A, Iso H, JACC 
Study Group. Impact of modifiable healthy lifestyle adoption on 
lifetime gain from middle to older age. Age Ageing. 2022;51(5):afac080. 
https:// doi. org/ 10. 1093/ ageing/ afac0 80.

 65.  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;19:1–13. https:// doi. org/ 10. 1186/ 
s12889- 019- 6567-x.

 66.  Salive ME. Multimorbidity in older adults Epidemiologic reviews. 
2013;35(1):75–83. https:// doi. org/ 10. 1093/ epirev/ mxs009.

 67.  Scali J, Gandubert C, Ritchie K, Soulier M, Ancelin M-L, Chaudieu I. Meas-
uring resilience in adult women using the 10-Items Connor-Davidson 
Resilience Scale (CD-RISC): Role of trauma exposure and anxiety 
disorders. PLoS ONE. 2012;7(6): e39879. https:// doi. org/ 10. 1371/ journ al. 
pone. 00398 79.

 68.  Schafer I, et al. Multimorbidity patterns in the elderly: a new approach 
of disease clustering identifies complex interrelations between chronic 
conditions. PLoS ONE. 2010;5: e15941. https:// doi. org/ 10. 1371/ journ al. 
pone. 00159 41.

 69.  Segovia L, Moore J, Lhnville S, Hoyt R, Hain R. Sleep and resilience: 
A longitudinal 37-year follow-up study of Vietnam repatriated 
prisoners of war. Mil Med. 2013;78(2):196. https:// doi. org/ 10. 7205/ 
MILMED- D- 12- 00227.

 70.  Sells D, et al. Cascading crises, resilience, and social support within the 
onset and development of multiple chronic conditions. Chronic Illn. 
2009;5(2):92–102. https:// doi. org/ 10. 1177/ 17423 95309 104166.

 71.  Seong H, Lashley H, Bowers K, Holmes S, Fortinsky RH, Zhu S, Corazzini 
KN. Resilience in relation to older adults with multimorbidity: A scoping 
review. Geriatr Nurs. 2022;48:85–93. https:// doi. org/ 10. 1016/j. gerin urse. 
2022. 08. 017.

 72.  Sharkey J. Risk and presence of food insufficiency are associated with 
low nutrient intakes and multimorbidity among homebound older 
women who receive home-delivered meals. J Nutr. 2003;133(11):3485–
91. https:// doi. org/ 10. 1093/ jn/ 133. 11. 3485.

 73.  Silverman A, Molton I, Alschuler K, Ehde D, Jensen M. Resilience predicts 
functional outcomes in people aging with disabilities: A longitudinal 
investigation. Arch Phys Med Rehabil. 2015;96:1262–8. https:// doi. org/ 
10. 1016/j. apmr. 2015. 02. 023.

 74.  Sindi S, Pérez LM, Vetrano D, et al. Sleep disturbances and the speed 
of multimorbidity development in old age: results from a longitudinal 
population-based study. BMC Med. 2020;18(1):1–10. https:// doi. org/ 10. 
1186/ s12916- 020- 01846-w.

 75.  Singer L, Green M, Rowe F, Ben-Shlomo Y, Morrissey K. Social determi-
nants of multimorbidity and multiple functional limitations among 
the ageing population of England, 2002–2015. SSM Population Health. 
2019;30(8): 100413. https:// doi. org/ 10. 1016/j. ssmph. 2019. 100413. PMID: 
31194 123; PMCID: PMC65 51564.

 76.  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. https:// doi. org/ 10. 1371/ journ al. pone. 00796 41.

 77.  Skivington K, Katikireddi S, Leyland A, Hunt K, Mercer S. Risk factors 
for multimorbidity. Eur J Public Health. 2015;25(suppl_3):ckv167.020. 
https:// doi. org/ 10. 1093/ eurpub/ ckv167. 020.

 78.   Smith, K. W. PASE Journal of GerontologyAdministration and Scoring 
Instruction Manual. Watertown, MA: New England Research Institutes. 
1991.

 79.  Stewart D, Yuen T. A systematic review of resilience in the physically ill. 
Psychosomatics. 2011;52(3):199–209. https:// doi. org/ 10. 1016/j. psym. 
2011. 01. 036.

 80.  Suhag A, Webb T, Holmes J. Longitudinal clustering of health behav-
iours and their association with multimorbidity in older adults in 
England: A latent class analysis. PLoS ONE. 2024;19(1): e0297422.

 81.  Taylor A, Price K, Gill T, Adams R, Pilkington R, Carrangis N, et al. 
Multimorbidity-not just an older person’s issue: results from an Austral-
ian biomedical study. BMC Public Health. 2010;10:718. https:// doi. org/ 
10. 1186/ 1471- 2458- 10- 718.

 82.  Taylor G, McNeill A, Girling A, Farley A, Lindson-Hawley N, Aveyard P. 
Change in mental health after smoking cessation: systematic review 
and meta-analysis. BMJ : British Medical Journal. 2014;348:g1151–
g1151. https:// doi. org/ 10. 1136/ bmj. g1151.

 83.  Tkatch R, Musich S, MacLeod S, Kraemer S, Hawkins K, Wicker ER, 
Armstrong DG. A qualitative study to examine older adults’ perceptions 
of health: Keys to aging successfully. Geriatr Nurs. 2017;38(6):485–90. 
https:// doi. org/ 10. 1016/j. gerin urse. 2017. 02. 009.

 84.  Tourunen A, Siltanen S, Saajanaho M, Koivunen K, Kokko K, Rantanen 
T. Psychometric properties of the 10-item Connor-Davidson resilience 
scale among Finnish older adults. Aging Ment Health. 2019;25(1):99–
106. https:// doi. org/ 10. 1080/ 13607 863. 2019. 16838 12.

 85.  Ungar M. Resilience across cultures. The British Journal of Social Work. 
2008;38(2):218–35. https:// doi. org/ 10. 1093/ bjsw. bcl343.

 86.  Ungar M. The social ecology of resilience: Addressing contextual and 
cultural ambiguity of a nascent construct. Am J Orthopsychiatry. 
2011;81(1):1–17. https:// doi. org/ 10. 1111/j. 1939- 0025. 2010. 01067.x.

 87.  U.S. Department of Health and Human Services (HHS). 2023. Healthy 
People 2030. Office of Disease Prevention and Health Promotion. 
Retrieved October 20, 2023, from https:// health. gov/ healt hypeo ple/ 
prior ity- areas/ social- deter minan ts- health.

 88.  Wang M, Yi Y, Roebothan B, et al. Trajectories of body mass index 
among Canadian seniors and associated mortality risk. BMC Public 
Health. 2017;17(1):1–11. https:// doi. org/ 10. 1186/ s12889- 017- 4917-0.

 89.  Washburn RA, Smith KW, Jette AM, et al. The Physical Activity Scale 
for the Elderly (PASE): development and evaluation. J Clin Epidemiol. 
1993;46(2):153–62.

https://health.gov/dietaryguidelines/2015/guidelines/appendix-9/
https://doi.org/10.1186/s12877-023-04128-1
https://doi.org/10.1111/jan.13408
https://doi.org/10.1111/jan.13408
https://doi.org/10.1089/pop.2018.0069
https://doi.org/10.1089/pop.2018.0069
https://doi.org/10.1016/j.cjca.2017.12.005
https://doi.org/10.1177/0898264312457412
https://doi.org/10.1093/geronb/gbw214
https://doi.org/10.1093/geronb/gbw214
https://doi.org/10.1093/geronb/gbr106
https://doi.org/10.1093/geronb/gbr106
https://doi.org/10.1017/S0714980809990055
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1016/j.genhosppsych.2008.09.006
https://doi.org/10.1016/j.genhosppsych.2008.09.006
https://doi.org/10.1016/j.jad.2020.12.071
https://doi.org/10.1093/ageing/afac080
https://doi.org/10.1186/s12889-019-6567-x
https://doi.org/10.1186/s12889-019-6567-x
https://doi.org/10.1093/epirev/mxs009
https://doi.org/10.1371/journal.pone.0039879
https://doi.org/10.1371/journal.pone.0039879
https://doi.org/10.1371/journal.pone.0015941
https://doi.org/10.1371/journal.pone.0015941
https://doi.org/10.7205/MILMED-D-12-00227
https://doi.org/10.7205/MILMED-D-12-00227
https://doi.org/10.1177/1742395309104166
https://doi.org/10.1016/j.gerinurse.2022.08.017
https://doi.org/10.1016/j.gerinurse.2022.08.017
https://doi.org/10.1093/jn/133.11.3485
https://doi.org/10.1016/j.apmr.2015.02.023
https://doi.org/10.1016/j.apmr.2015.02.023
https://doi.org/10.1186/s12916-020-01846-w
https://doi.org/10.1186/s12916-020-01846-w
https://doi.org/10.1016/j.ssmph.2019.100413.PMID:31194123;PMCID:PMC6551564
https://doi.org/10.1016/j.ssmph.2019.100413.PMID:31194123;PMCID:PMC6551564
https://doi.org/10.1371/journal.pone.0079641
https://doi.org/10.1093/eurpub/ckv167.020
https://doi.org/10.1016/j.psym.2011.01.036
https://doi.org/10.1016/j.psym.2011.01.036
https://doi.org/10.1186/1471-2458-10-718
https://doi.org/10.1186/1471-2458-10-718
https://doi.org/10.1136/bmj.g1151
https://doi.org/10.1016/j.gerinurse.2017.02.009
https://doi.org/10.1080/13607863.2019.1683812
https://doi.org/10.1093/bjsw.bcl343
https://doi.org/10.1111/j.1939-0025.2010.01067.x
https://health.gov/healthypeople/priority-areas/social-determinants-health
https://health.gov/healthypeople/priority-areas/social-determinants-health
https://doi.org/10.1186/s12889-017-4917-0


Page 16 of 16Wister et al. BMC Public Health         (2024) 24:2567 

 90.  Wearing S, Hennig E, Byrne N, Steele J, Hills A. Musculoskeletal disorders 
associated with obesity: A biomechanical perspective. Obes Rev. 
2006;7(3):239–50. https:// doi. org/ 10. 1111/j. 1467- 789X. 2006. 00251.x.

 91.  Whitmore, C., Markle-Reid, M., Fisher, K., Ploeg, J., McAiney, C., Griffith, 
L., Phillips, S., & Wister, A. The relationship between multimorbidity and 
self-reported health among community-dwelling older adults and the 
factors that shape this relationship: A mixed methods study protocol 
using CLSA baseline data. International Journal of Qualitative Methods. 
2021;20:1-10. https:// doi. org/ 10. 1177/ 16094 06921 10501 66.

 92.  Whitmore C, Markle-Reid M, McAiney C, Fisher K, Ploeg J. How do 
individual, social, environmental, and resilience factors shape self-
reported health among community-dwelling older adults: a qualitative 
case study. BMC Geriatr. 2023;23(1):1–14. https:// doi. org/ 10. 1186/ 
s12877- 023- 03726-3.

 93.  Wild K, Wiles JL, Allen RES. Resilience: thoughts on the value of the 
concept for critical gerontology. Aging & Society. 2011;33(1):137–58. 
https:// doi. org/ 10. 1017/ S0144 686X1 10010 73.

 94.  Wiles J, Wild K, Kerse N, Allen R. Resilience from the point of view of 
older people: “There’s still life beyond the funny knee.” Soc Sci Med. 
2012;74:416–24. https:// doi. org/ 10. 1016/j. socsc imed. 2011. 11. 005.

 95.  Windle G. What is resilience? A review and concept analysis. Rev Clin 
Gerontol. 2011;21(2):152–69. https:// doi. org/ 10. 1017/ S0959 25981 00004 
20.

 96.  Windle G. The contribution of resilience to healthy ageing. Perspect 
Public Health. 2012;132(4):159–60. https:// doi. org/ 10. 1177/ 17579 13912 
449572.

 97.  Windle G, Bennett KM, MacLeod C. The influence of life experiences 
on the development of resilience in older people with co-morbid 
health. Front Med. 2020;7:502314.

 98.  Wister AV. Baby Boomer Health Dynamics: How Are We Aging? Toronto 
ON: University of Toronto Press; 2005.

 99.  Wister A, Coatta K, Schuurman N, Lear S, Rosin M, MacKey D. A Life-
course model of resilience applied to aging with multimorbidity. Int J 
Aging Hum Dev. 2016. https:// doi. org/ 10. 1177/ 00914 15016 641686.

 100.  Wister A, Lear S, Schuurman N, MacKey D, Mitchell B, Cosco T, Fyffe I. 
Development and validation of a multi-domain multimorbidity resil-
ience index for an older population: results from the baseline Canadian 
Longitudinal Study on Aging. BMC Geriatr. 2018;18(1):1–13. https:// doi. 
org/ 10. 1186/ s12877- 018- 0851-y.

 101.  Wister A, Cosco T, Mitchell B, Fyffe I. Health behaviours and multimor-
bidity resilience among older adults using the Canadian Longitudinal 
Study on Aging. Int Psychogeriatr. 2020;32(1):119–33. https:// doi. org/ 
10. 1017/ S1041 61021 90004 86.

 102.  Wister A. Social determinants and health behaviours among older 
adults experiencing multimorbidity using the Canadian Longitudinal 
Study on Aging. Can J Aging/La Revue canadienne du vieillissement. 
2021;1-21. https:// doi. org/ 10. 1017/ S0714 98082 10005 44.

 103.  Wister A, Li L, Whitmore C, Ferris J, Klasa K, Linkov I. A longitudinal 
analysis of health behaviors and multimorbidity resilience using the 
Canadian Longitudinal Study on Aging. Front Public Health. 2022;1–18. 
https:// doi. org/ 10. 3389/ fpubh. 2022. 896312.

 104.  Wister, A., Li, L., Cosco, T., McMillan, J., Griffith, L., & on behalf of the 
Canadian Longitudinal Study on Aging (CLSA) Team. Multimorbidity 
resilience and COVID-19 pandemic self-reported impact and worry 
among older adults: A study based on the Canadian Longitudinal Study 
on Aging (CLSA). BMC Geriatr. 2022;22(1):92. https:// doi. org/ 10. 1186/ 
s12877- 022- 02769-2.

 105.  WHO Commission on Social Determinants of Health. Closing the gap in 
a generation : health equity through action on the social determinants 
of health : Commission on Social Determinants of Health final report. 
World Health Organization, Commission on Social Determinants of 
Health. 2008.

 106.  Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, Brauer M, 
Kutty VR, Gupta R, Wielgosz A, AlHabib KF, Dans A, Lopez-Jaramillo P, 
Avezum A, Lanas F, Oguz A, Kruger IM, Diaz R, Yusoff K, Dagenais G. 
Modifiable risk factors, cardiovascular disease, and mortality in 155 
722 individuals from 21 high-income, middle-income, and low-
income countries (PURE): a prospective cohort study. The Lancet. 
2020;395(10226):795–808. https:// doi. org/ 10. 1016/ S0140- 6736(19) 
32008-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1467-789X.2006.00251.x
https://doi.org/10.1177/16094069211050166
https://doi.org/10.1186/s12877-023-03726-3
https://doi.org/10.1186/s12877-023-03726-3
https://doi.org/10.1017/S0144686X11001073
https://doi.org/10.1016/j.socscimed.2011.11.005
https://doi.org/10.1017/S0959259810000420
https://doi.org/10.1017/S0959259810000420
https://doi.org/10.1177/1757913912449572
https://doi.org/10.1177/1757913912449572
https://doi.org/10.1177/0091415016641686
https://doi.org/10.1186/s12877-018-0851-y
https://doi.org/10.1186/s12877-018-0851-y
https://doi.org/10.1017/S1041610219000486
https://doi.org/10.1017/S1041610219000486
https://doi.org/10.1017/S0714980821000544
https://doi.org/10.3389/fpubh.2022.896312
https://doi.org/10.1186/s12877-022-02769-2
https://doi.org/10.1186/s12877-022-02769-2
https://doi.org/10.1016/S0140-6736(19)32008-2
https://doi.org/10.1016/S0140-6736(19)32008-2

	Resilience among older adults with multimorbidity using the Connor-Davidson scale in the Canadian Longitudinal Study on Aging: health behaviour, socio-economic, and social support predictors
	Abstract 
	Objective 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Data and sample
	Measurement
	Dependent variable
	Independent variables
	Social and environmental variables
	Behavioural and lifestyle variables
	Health context variables

	Data analytic procedure

	Results
	Discussion
	Summary
	Contribution to Resilience Literature

	Limitations

	Conclusion
	Acknowledgements
	References


