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H I G H L I G H T S  

• This review examined the impact of social isolation and loneliness on memory in middle- and older-aged adults. 
• The interaction between loneliness and social isolation had the largest adverse effect on memory, followed by social isolation alone, and loneliness alone. 
• Interventions should account for individuals who are lonely and socially isolated, instead of just one or the other.  
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A B S T R A C T   

Memory plays a crucial role in cognitive health. Social isolation (SI) and loneliness (LON) are recognized risk 
factors for global cognition, although their combined effects on memory have been understudied in the literature. 
This study used three waves of data over six years from the Canadian Longitudinal Study on Aging to examine 
whether SI and LON are individually and jointly associated with memory in community-dwelling middle-aged 
and older adults (n = 14,208). LON was assessed with the question: "In the last week, how often did you feel 
lonely?". SI was measured using an index based on marital/cohabiting status, retirement status, social activity 
participation, and social network contacts. Memory was evaluated with combined z-scores from two adminis
trations of the Rey Auditory Verbal Learning Test (immediate-recall, delayed-recall). We conducted our analyses 
using all available data across the three timepoints and retained participants with missing covariate data. Linear 
mixed models were used to regress combined memory scores onto SI and LON, adjusting for sociodemographic, 
health, functional ability, and lifestyle variables. Experiencing both SI and LON had the greatest inverse effect on 
memory (least-squares mean: -0.80 [95 % confidence-interval: -1.22, -0.39]), followed by LON alone (-0.73 
[-1.13, -0.34]), then SI alone (-0.69 [-1.09, -0.29]), and lastly by being neither lonely nor isolated (-0.65 [-1.05, 
-0.25]). Sensitivity analyses confirmed this hierarchy of effects. Policies developed to enhance memory in 
middle-aged and older adults might achieve greater benefits when targeting the alleviation of both SI and LON 
rather than one or the other individually.   

1. Introduction 

Memory is a domain of cognitive function that governs the processes 
of: (1) encoding, or transforming internal emotions and external infor
mation (e.g., sensory input) into neural representations; (2) storing, or 
organizing these representations in the brain based on storage location, 
type of information, and duration (i.e., short-term or long-term); and (3) 

retrieving/recalling past information from storage by replicating the 
initial encoding operations (Craik & Rose, 2012). Memory declines can 
hinder a person’s ability to engage in daily activities, including basic 
tasks like dressing and bathing, or more complex tasks like managing 
finances and participating in social activities (Boss et al., 2015). 

Memory changes linked to aging are often viewed as a normal part of 
growing older, but these changes frequently signify major 
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neurocognitive disorders such as Alzheimer’s disease, vascular demen
tia, and Lewy body dementia (Boss et al., 2015). Currently, over 55 
million individuals globally are living with major neurocognitive dis
orders and this number is expected to rise to 139 million by 2050 
(Brunier & Muchnik, 2021). These disorders have emerged as leading 
contributors to mortality and morbidity among aging populations (Park 
& Festini, 2017). 

Age-related memory loss can be aggravated by preventable social 
factors like social isolation (SI) and loneliness (LON) (Fung et al., 2019; 
Kuiper et al., 2020). According to the discrepancy theory (Lara et al., 
2019; Menec et al., 2020; Newall & Menec, 2019; Shankar et al., 2013), 
SI indicates deficiencies in structural social support. This type of support 
includes quantifiable and objective measures of social network size, 
frequency of social activity participation, and diversity in network 
composition or types of activities. No single gap in structural social 
support can adequately capture the depth or breadth of SI. For instance, 
a person with a small social network may not be considered socially 
isolated if they actively participate in numerous social events, are 
married or living common-law, and not retired (Menec et al., 2020; 
Shankar et al., 2011). To reflect the multidimensional nature of SI, re
searchers advocate measuring the construct by aggregating the impact 
of many deficiencies in structural social support, rather than by using a 
single deficiency (e.g., small social network size) to mark SI (Menec 
et al., 2020; Shankar et al., 2011). In contrast, LON is the negative 
emotional state emerging from one’s subjective perception of incon
gruence between their actual and desired levels of structural support 
(Menec et al., 2020; Newall & Menec, 2019). LON is associated with 
higher depressive symptoms, greater withdrawal from social in
teractions, reduced environmental mastery, and diminished physical or 
cognitive capabilities (e.g., problem-solving, decision-making, and 
memory functions) (Kaldenberg, 2019; Papadopoulos et al., 2014; 
Pollard et al., 2003; Reinhardt, 2001). Previous research suggests SI and 
LON exhibit only small to moderate correlations, reinforcing the notion 
that they are distinct constructs according to the discrepancy theory 
(Lara et al., 2019; Menec et al., 2020; Newall & Menec, 2019; Shankar 
et al., 2013). 

Various social and biological frameworks have explored the 
connection between SI, LON, and memory, including the ‘use it or lose it’ 
theory and neuroendocrinology of stress. The ’use it or lose it’ theory 
suggests reduced interactions with social networks can contribute to 
memory loss because engagement in the physical, mental, and social 
activities essential for stimulating mental faculties declines (Hultsch 
et al., 1999; Yu et al., 2021). Moreover, evidence indicates that being 
socially isolated or lonely, coupled with the resulting psychological 
stress of being in such a state, can extend the activation of the 
hypothalamus-pituitary-adrenal axis, leading to hypercortisolism 
(Cacioppo et al., 2014). This hormonal imbalance can result in damage 
to synapses, neurons, and dendritic branching in the medial prefrontal 
cortex and hippocampus, all of which are regions closely tied to memory 
function and Alzheimer’s disease (Adam et al., 2006; Boss et al., 2015; 
Gorelick, 2010). 

SI and LON are increasingly acknowledged as important risk factors 
influencing cognitive function. However, several studies investigating 
their relationship with cognitive function have predominantly examined 
composite measures of global cognition or other cognitive domains such 
as language, abstract reasoning, perceptual-motor skills, and executive 
function (Jang et al., 2021; Luo et al., 2021; Power et al., 2019; Windsor 
et al., 2020), rather than focusing on memory. Thus, our study aimed to 
bridge the knowledge gap by specifically investigating SI and LON’s 
association with memory, recognizing the latter domain’s close relation 
with major neurocognitive disorders (Boss et al., 2015). 

To date, most research examining the association between SI/LON 
with memory has not explored the combined impact of SI and LON, but 
instead, treated each construct as an independent risk factor for memory 
(Estrella et al., 2021; Gilmour, 2011; Goldberg et al., 2021; Gow et al., 
2013; Hülür, 2022; Hülür et al., 2022; Kang & Oremus, 2023; Kuiper 

et al., 2020; Lara et al., 2019; Pugh et al., 2021; Yu et al., 2021). 
However, combinations of SI and LON create unique health risk profiles 
that cannot be investigated in studies focusing on only one of these two 
deficiencies. Barnes et al. (2022), Menec et al. (2020), and Newal and 
Menec (2019) report individuals experiencing both SI and LON are 
characterized by older age, female gender, widowhood, and elevated 
risks of cardiovascular disease, depression, lower income, and increased 
medical costs, compared to those who are either socially isolated or 
lonely. Additionally, many studies on SI/LON and memory have used 
cross-sectional or short-term longitudinal designs (≤ 3 years) (Gilmour, 
2011; Gow et al., 2013; Lara et al., 2019; Kuiper et al., 2020), and have 
primarily focused on older adults aged 60 and above, neglecting 
middle-aged populations who may experience higher prevalence rates of 
SI and LON (Fung et al., 2019; Gilmour, 2011; Goldberg et al., 2021). 

To address the knowledge gaps described above, the present study 
examined the association between four combinations of SI and LON (i.e., 
socially isolated and lonely, only socially isolated, only lonely, neither) 
and memory in middle-aged and older (45 to 85 years), community- 
dwelling adults in Canada, over six years of follow-up, with and 
without adjustment by sociodemographic factors, health comorbidities, 
functional ability, and lifestyle variables. We hypothesized that relative 
to the ‘neither socially isolated nor lonely’ group, individuals who were 
socially isolated and lonely would have the greatest declines in memory, 
followed in order by persons who were only lonely, and then by those 
who were only socially isolated. This hierarchy was proposed given that 
individuals’ feelings and perceptions (LON) about a situation often have 
a more profound impact on their health than objective reality (SI) 
(Cimarolli & Boerner, 2005; Cimarolli & Boerner, 2005). 

2. Methods 

2.1. Data source 

This research utilized data from the Tracking Cohort of the Canadian 
Longitudinal Study on Aging (CLSA). The initial sample recruited at 
baseline was 21,241 adults (Raina et al., 2019). Currently, baseline (BA), 
three-year follow-up (FUP1), and six-year follow-up (FUP2) data are 
available to researchers, covering the periods 2011–2015, 2015–2018, 
and 2018–2021, respectively. 

The CLSA initially enrolled participants from the Canadian Com
munity Health Survey 4.1 on Healthy Aging (Statistics Canada, 2008). 
Additional recruitment efforts involved mailouts to the rolls of provin
cial healthcare registration databases and random digit dialing of 
landline telephone numbers (CLSA, 2023). To be eligible, persons had to 
be aged between 45 and 85 years and fluent in English or French. In
dividuals were excluded if they lived in First Nations reserves/settle
ments, the three territories, or long-term care institutions (except 
independent living retirement homes and transitional living in
stitutions). Full-time members of the Canadian military and 
non-permanent residents of Canada were also ineligible, as were persons 
judged to be cognitively impaired by CLSA staff during the recruitment 
interview. Further details about the CLSA and its recruitment strategy 
can be found elsewhere (Raina et al., 2009). 

The Tracking Cohort was recruited from all ten provinces using a 
stratified random sampling procedure. The CLSA created 136 sampling 
strata based on age groups (45–54, 55–64, 65–74, and 75–85 years), sex 
(male or female), province of residence, education (less than post- 
secondary versus post-secondary education), and distance from study 
centres (CLSA, 2023). Participants recruited into the Tracking Cohort 
provided data through computer-assisted telephone interviews (CATI) 
that were conducted by trained interviewers (Raina et al., 2019). 

The present study obtained ethics approval from the University of 
Waterloo’s Office of Research Ethics (file # 43985); the CLSA’s Data and 
Sample Access Committee approved access to the Tracking Cohort 
dataset. We reported our study in conjunction with the STROBE guide
lines (von ELM et al., 2007) and included the reporting checklist in 
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Supplementary Material 1. 

2.2. Study measures 

2.2.1. Social isolation and loneliness 
To measure SI, we utilized Menec et al.’s (2020) approach, which 

amalgamated CLSA questions pertaining to five commonly cited SI in
dicators into a 5-point scale: marital/cohabiting status, retirement sta
tus, living arrangement, frequency of social activity participation in the 
past year, and contact with social network members in the last six 
months. Menec et al.’s (2020) 5-point scale builds upon the widely used 
Berkman-Syme Social Network Index (Berman & Syme, 1979) and the 
Social Isolation Index (Steptoe et al., 2013), which are robust measures 
of structural social support (Valtorta et al., 2016). However, Menec 
et al.’s scale includes two additional sources of social isolation (i.e., 
living arrangements and retirement status) (Donovan & Blazer, 2020; 
Newall & Menec, 2020; Valtorta et al., 2016) and it was constructed 
specifically for assessing SI in the CLSA. Menec et al.’s scale awards one 
point for each of the following criteria: (1) both living alone and sin
gle/widowed/divorced/separated; (2) completely retired and reporting 
participation in one or less social activities per month; (3) reporting no 
visit or less than monthly visits with friends and neighbors; (4) reporting 
no visit or less than monthly visits with children; and (5) reporting no 
visit or less than monthly visits with family (relatives, siblings). 

The breakdown of the 5-point scale showed that 60.9 % of our 
baseline participants were non-isolated (score 0), 29.7 % were mildly 
isolated (score 1), 9 % were moderately isolated (scores 2–3), and <1 % 
were severely isolated (scores 4–5). To ensure statistical power for each 
sub-level of social isolation, we followed Menec et al.’s (2020) guidance 
and dichotomized the index into non-isolated (scores 0–1) and socially 
isolated (scores 2–5). This 2+ cutoff was also employed in the Social 
Isolation Index (Steptoe et al., 2013) to capture a broader range and 
severity of social isolation, avoiding exclusive focus on the most severe 
cases (Newall & Menec, 2020; Valtorta et al., 2016). Additionally, the 
dichotomization method facilitated a systematic combination of social 
isolation and loneliness variables into four groups: only socially isolated, 
only lonely, both, and neither. 

Turning to loneliness, the baseline CLSA questionnaire lacked an 
independent measure of loneliness. Therefore, we used a question from 
the 10-item Centre for Epidemiological Studies Depression Scale (CES-D- 
10): “In the last week, how often did you feel lonely?”, which was the 
sole measure of LON in CLSA at baseline. Responses were scored on a 4- 
point Likert scale, with lower scores indicating higher loneliness levels 
(1= lonely all of the time [5–7 days]; 2= occasionally lonely [3–4 days]; 
3= lonely some of the time [1–2 days]; 4= rarely or never lonely [less 
than 1 day]). Item scores of 1–2 were classified as being lonely and 3–4 
were classified as not lonely, following other studies (Dahlberg et al., 
2022; Newall & Menec, 2019) where this CES-D-10 question was 
employed to examine the combined effects of loneliness and social 
isolation. 

To create the four exposure groups for SI/LON, we combined the 
separately dichotomized SI and LON measures as follows:  

• Only socially isolated: scores 2–5 on the social isolation index and 
3–4 on the loneliness measure;  

• Only lonely: scores 0–1 on the social isolation index and 1–2 on the 
loneliness measure;  

• Both isolated and lonely: scores 2–5 on the social isolation index and 
1–2 on the loneliness measure; and  

• Neither isolated nor lonely: scores 0–1 on the social isolation index 
and 3–4 on the loneliness measure. 

2.2.2. Memory 
The CLSA assessed the memory domain of cognition using a modified 

version of the Rey Auditory Verbal Learning Test (RAVLT). The modi
fication (tailored to keep within the time constraints of the Tracking 

Cohort interview) omitted an interference test and reduced the number 
of recall administrations from five to two (Tuokko et al., 2017). The 
modified RAVLT gauged episodic and working memory by generating 
two memory measures: (1) immediate recall memory (RAVLT I), for 
which participants were presented with a recorded list of 15 words and 
asked to recall as many of these words as possible within 90 s; and (2) 
delayed recall memory (RAVLT II), where participants were given 60 s 
to recall as many of the same 15 words as possible, after a 5-minute 
interval, without hearing the list again CLSA (2014). 

The CATI software recorded responses to both RAVLT administra
tions and two trained CLSA staff members independently scored the 
responses, with a supervisor resolving any disagreements. The staff 
summed the number of correctly recalled words at each administration 
into raw test scores ranging from 0 to 15 for RAVLT I and II, respectively. 
Further details on the administration and scoring of RAVLT I and II are 
available elsewhere (CLSA, 2019). To standardize raw test scores into 
z-scores (μ= 0, σ= 1), we identified a cognitively healthy subset of the 
Tracking Cohort (i.e., those without self-reported memory problems, 
dementia/Alzheimer’s disease, epilepsy, cerebrovascular accident, 
stroke, multiple sclerosis, Parkinson’s disease, and transient ischemic 
attack) and divided these participants into French and English sub
groups. The sample sizes for the cognitively healthy subset were 12,233 
at BA, 12,760 at FUP1, and 10,768 at FUP2. Mean and standard devi
ation values for RAVLT I and II raw scores were then calculated for each 
cognitively healthy subgroup, excluding participants who switched 
languages during testing. These calculated values were then used in Eq. 
(1) below to compute z-scores separately for all participants in each 
language subgroup (Yoo et al., 2023): 

z =
x − μ

σ (1)  

where x= participant’s raw score, µ= mean raw score in the healthy 
subsample, and σ= standard deviation of the mean raw score in the 
healthy subsample. After calculating the z-scores, the language sub
groups were recombined into one sample for subsequent analyses. 
Lastly, the z-scores for RAVLT I and II were combined additively to 
derive a single combined memory score for each participant at each 
timepoint. 

2.2.3. Covariates 
Based on Kang and Oremus’s (2023) recent systematic review, which 

identified 12 published articles exploring associations between SI/LON 
and memory (Estrella et al., 2021; Fung et al., 2019; Gilmour, 2011; 
Goldberg et al., 2021; Gow et al., 2013; Hülür, 2022; Hülür et al., 2022; 
Kuiper et al., 2020; Lara et al., 2019; Pugh et al., 2021; Shankar et al., 
2013; Yu et al., 2021) and other source material (Evans et al., 2019; Jang 
et al., 2021; Newall & Menec, 2019; Read et al., 2020), the present study 
included four groups of covariates: (1) sociodemographic attributes (i.e., 
age, sex, education, province, area of residence, annual household in
come), (2) functional ability (i.e., 14 ADLs and IADLs), (3) lifestyle 
variables (i.e., alcohol consumption, smoking status), and (4) chronic 
health conditions (i.e., clinical depression and 37 other chronic condi
tions). Supplementary Material 2 contains a complete list of these 
covariates. 

2.3. Data analysis 

The analytical samples were drawn from the 14,658 participants 
who provided data at all three time periods. We conducted three sets of 
analysis: a primary analysis employing a modified ’all available data’ 
approach, followed by two sensitivity analyses – one using non-modified 
’all available data’ and another using multiple-imputed data. All ana
lyses were conducted using R v4.3.2 (The R Project for Statistical 
Computing, Vienna, Austria), with statistical significance set to α= 0.05. 
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2.3.1. Analytical sample for primary analysis 
From the 14,658 participants, we obtained ‘all available data’ on the 

main exposure and outcome variables, but not for the covariates, 
meaning those with at least one timepoint of complete data on SI, LON, 
and immediate-/delayed-recall memory were included in the analysis. 
An ‘all available data’ approach (AADA) can maximize the sample size 
and enhance statistical power by including information from partially 
observed cases, such as those with data at BA, but not at FUP1 and FUP2. 

Since we included an extensive list of covariates (Supplementary 
Material 2) to adequately adjust for known confounders, 4611 partici
pants had missing data on one or more of these covariates, although the 
proportion of missing data on most individual covariates was below 5 %. 
Rather than analyzing participants with complete covariate data only, 
we undertook a ‘modified covariate approach’ (MCA) and retained 
participants with missing covariate data in the analysis by substituting 
missing values with an additional response category labeled ’missing’. 
For instance, the ’annual household income’ covariate, initially 
comprising four income categories, was adjusted to a five-level variable, 
with four levels directly related to income and a fifth category 
(’missing’) assigned to participants with missing values on income. 

Then, we combined the MCA and AADA approaches to derive the 
primary analytical sample, which included all available data for the SI, 
LON, and memory variables, along with the missing category for cova
riates. This resulted in 14,208 participants for the primary analysis. The 
procedure for obtaining the primary analytical sample is detailed in 
Fig. 1. 

2.3.2. Sample for sensitivity analysis 
Sensitivity analysis 1: To explore how missing covariate values might 

affect the results of regression modeling, we excluded participants with 
missing covariate data from the ‘AADA + MCA’ subgroup described in 
Section 3.3.1 above and undertook a sensitivity analysis with this 
sample. Participants included in the sensitivity analysis were required to 
have at least one wave of complete data for all main exposure variables 
(SI and LON), outcome variables (immediate- and delayed-recall mem
ory), and confounding variables. The process for obtaining this ‘AADA 
alone’ sample (n = 12,234) is described in Fig. 1. 

Sensitivity analysis 2: We undertook another sensitivity analysis to 
perform multiple imputation on the main exposure/outcome variables 
and covariates across the three time periods. The specific multiple 
imputation strategy we employed is detailed in Supplementary Material 
3. 

2.3.3. Descriptive assessments 
We conducted descriptive univariate analyses with the primary 

analytical sample (i.e., ‘AADA + MCA’ sample; n = 14,208) to compare 
the distribution of the four SI/LON groups in relation to memory out
comes and covariates. Additionally, we compared the mean memory 
scores across levels of each covariate. For the purposes of descriptive 
analyses only, memory responses were categorized into three levels: 
’average memory’ (scores within 1.5 standard deviations below or 
above the mean for combined memory [RAVLT I + II z-scores], 
excluding those exactly 1.5 standard deviations away), ’high memory’ 
(combined z-scores ≥ 1.5 standard deviations above the mean), and ‘low 
memory’ (combined z-scores ≥ 1.5 standard deviations below the 
mean). The means and standard deviations for the combination exercise 
were extracted from the healthy subset of participants, and all univariate 
analyses were undertaken with the Pearson chi-square test. 

2.3.4. Regression analyses 
We conducted multivariable, mixed effects regression analyses with 

R’s lme procedure (within the nlme package), utilizing random intercept 
and time slope for our models, along with an autoregressive (AR1) 
within-participant correlation structure, the latter which assumes an 
exponential decline in within-participant correlation as the longitudinal 
time points get further apart. For our model selection procedure, we 
considered various candidate models, which explored different specifi
cations for random effects, such as testing for random intercept only, 
random time slope only, and random intercept and slope together. From 
these candidate models, we identified the optimal model by assessing 
both the Akaike Information Criterion (AIC) and the Bayesian Infor
mation Criterion (BIC), opting for the model with the lowest AIC/BIC 
values. Additionally, we examined various within-subject error struc
tures, including conditional independence (the default correlation ma
trix of most mixed effects model procedures/functions), compound 
symmetry, exchangeable, unstructured, and AR1 correlation matrix 
types. We chose to utilize AR1 given its popularity in time series data or 
longitudinal studies where one finds a natural ordering of observations 
based on time, such as in our study with memory data. 

Other correlation structures were not ideal for our data. For instance, 
compound symmetry and exchangeable structures assume uniform 
variances/correlations across all time points, while conditional inde
pendence assumes zero correlations within groups after considering 
other variables. Also, unstructured permits each observation to have its 
own correlation, providing excessive flexibility without imposing any 
constraint on the covariance structure. 

Fig. 1. Analytical sample extraction process 
Notes. 
Abbreviations: SI= social isolation; LON= loneliness; BA= baseline; FUP1= follow-up 1; FUP2= follow-up 2. 
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We formed a base model by regressing the combined memory scores 
onto SI/LON, age group, sex, educational level, province, follow-up 
time, and SI/LON*time interaction. The base model included cova
riates needed to account for the CLSA’s complex survey design (CLSA, 
2023). 

To address possible confounding, we followed Yoo et al.’s (2023) 
approach and added four groups of covariates to the base model, in 
separate chunks, resulting in five adjusted models:  

• Model 0 (base model) = SI/LON groups and age, sex, education, 
province, follow-up time, and SI/LON*time interaction  

• Model 1= Model 0 + adjusting for other sociodemographic factors  
• Model 2= Model 0 + adjusting for functional ability  
• Model 3= Model 0 + adjusting for lifestyle variables  
• Model 4= Model 0 + adjusting for health comorbidities  
• Model 5 (full model)= Model 0+ adjusting for all above-mentioned 

covariates 

The least-squares means (LSMEANS) option in lme was used in all 
models. LSMEANS are typically employed to calculate the means of 
fixed effects and compare the levels of dependent variables while con
trolling for the effects of covariates and interactions (Kiernan et al., 
2011). In the context of our research, it allowed us to obtain the esti
mated marginal mean combined memory scores at each level of the 
SI/LON variable, while accounting for the effects of sex, age, education, 
province, follow-up time, and SI/LON*time. The LSMEANS option also 
computed the differences in means between levels, which represented 
the average estimated change in combined memory score between any 
two levels of the SI/LON variable (Kiernan et al., 2011; Menec et al., 
2020). To control for family-wise errors that might occur during mul
tiple comparisons, we applied the Benjamini-Hochberg (BH) correction 
(Benjamini & Hochberg, 1995). Detailed application of the BH method is 
shown in Table 3. The same regression analysis methods were applied to 
the primary and sensitivity analyses. For multiple imputation, separate 
regression analyses were performed on each of the 20-imputed datasets 
and Rubin’s rules (Rubin, 1987) were used to combine the results into a 
single set of regression coefficients. 

2.3.5. Clinical significance 
To determine the clinical significance of our study results, we con

verted the LSMEANS estimates from our fully adjusted model (Model 5) 
to Cohen’s d using Higgins et al.’s (2022) and Nakagawa and Cuthill’s 
(2007) formulas. Then, the effect sizes were classified as clinically 
non-significant (<0.1) or significant (≥0.1) based on an average value of 
effect sizes (Cohen’s d = 0.1) found in previous related systematic re
views on SI/LON, social support, memory, mild cognitive impairment, 
and global cognition (Evans et al., 2019; Kang & Oremus, 2023; Piolatto 
et al., 2022; Smith et al., 2021). 

3. Results 

3.1. Descriptive analyses 

The results of the descriptive analyses for the ‘AADA+ MCA’ sample 
are shown in Tables 1 and 2. In this sample, 82.90 % of participants were 
neither socially isolated nor lonely; 7.88 % were only socially isolated; 
7.98 % were only lonely; and 1.23 % were both isolated and lonely at 
BA. Similar patterns were observed at FUP1 and FUP2 (Table 1). 
Regarding memory, 87.59 % (BA), 86.38 % (FUP1), and 86.71 % (FUP2) 
of participants had average memory; 8.43 % (BA), 8.16 % (FUP1), and 
7.25 % (FUP2) had high memory; and 3.98 % (BA), 5.47 % (FUP1), and 
6.04 % (FUP2) had low memory (Table 2). Over follow-up, most par
ticipants either remained within the same SI/LON and memory response 
categories as at BA or they transitioned into a reference category (i.e., 
neither isolated nor lonely; average memory) (Fig. 2A – B, Fig. 3A – B). 

Overall, SI and LON were significantly and inversely associated (p <

0.001) with memory across BA, FUP1, and FUP2 (Table 1). For instance, 
the prevalence of low memory was approximately two times higher in 
the isolated and lonely group (‘both’) compared to the neither isolated 
nor lonely group (‘neither’) at BA (‘neither’= 3.58 %; ‘both’= 6.51 %) 
and FUP1 (‘neither’= 5.08 %; ‘both’= 10.69 %), and three times higher 
at FUP2 (‘neither’= 5.24 %; ‘both’= 16.04 %) (Table 1). Moreover, the 
‘both’ group exhibited a higher prevalence of low memory compared to 
those experiencing SI alone or LON alone at FUP1 (‘only SI’= 7.50 %; 
‘only LON’= 6.84 %; ‘both’= 10.69 %) and FUP2 (‘only SI’= 8.58 %; 
‘only LON’= 8.48 %; ‘both’= 16.04 %). However, the three SI/LON 
groups had a similar prevalence of low memory at BA (‘only SI’= 6.04 %; 
‘only LON’= 5.28 %; ‘both’= 6.51 %) (Table 1). 

The descriptive analyses examining the four SI/LON groups and 
memory also revealed notable differences in the distribution of cova
riates. For example, the ‘neither’ SI/LON group was characterized by 
being younger, having higher educational attainment, greater annual 
household income, lower functional impairment, no clinical depression, 
and fewer chronic health conditions (not related to depression) 
compared to the groups who were socially isolated, lonely, or both 
(Table 1). Similarly, memory scores tended to be higher in younger in
dividuals with higher education; greater annual household income; and 
lower levels of functional impairment, depressive symptoms, and other 
health comorbidities (Table 2). 

3.2. Regression analyses 

The regression analyses for the primary analytical sample (Table 3) 
found a consistent hierarchical pattern of inverse associations between 
the SI/LON groups and memory across the base model and all five 
adjusted models. The ‘neither’ group had the highest memory scores, 
followed by the ‘only SI’ group and the ‘only LON’ group. The ‘both’ 
group had the lowest memory scores. For instance, in the base model, 
the memory LSMEANS estimates were as follows: ‘neither’= -0.26; ‘only 
SI’= -0.31; ‘only LON’= -0.41; and ‘both’= -0.51. These memory 
LSMEANS estimates showed statistically significant differences in the 
following pairwise comparisons of SI/LON groups: (1) ‘neither’ versus 
‘only LON’ (difference= -0.15 [BH-corrected p-value= 0.00]); (2) 
‘neither’ versus ‘both’ (difference= -0.25 [BH-corrected p-value=
0.00]); (3) ‘only SI’ versus ‘only LON’ (difference= 0.10 [BH-corrected 
p-value= 0.02]); and (4) ‘only SI’ versus ‘both’ (difference= 0.20 [BH- 
corrected p-value= 0.01]) (Table 3). 

Figs. 4A and 4B illustrate how memory changed over time in each of 
the four SI/LON groups. Memory scores worsened in the ‘both’ group 
over 6 years of follow-up but improved in the other three groups. These 
patterns remained consistent across all unadjusted and adjusted models 
(Table 3). 

Turning to the covariate chunks, the negative effects of all SI/LON 
groups on memory were amplified after adjusting for functional 
impairment (memory LSMEANS for ‘neither’ [LSMEANSneither]= -0.51; 
LSMEANSonly SI= -0.56; LSMEANSonly LON= -0.65; LSMEANSboth= -0.74) 
(Model 2) and in the full model (LSMEANSneither= -0.65; LSMEANSonly 

SI= − 0.69; LSMEANSonly LON= -0.73; LSMEANSboth= -0.80) (Model 5, 
Table 3). In contrast, adjusting for lifestyle variables (Model 3) resulted 
in nearly the same memory LSMEANS as the base model. The statisti
cally significant memory differences between the ‘only SI’ and ‘only 
LON’ groups as well as between the ‘only SI’ and ‘both’ groups in the 
base model became non-significant when adjusting for sociodemo
graphic (Model 1) or health factors (Model 4), and in the full model 
(Model 5). Across all six models, we did not find statistically significant 
differences in memory between the ‘neither’ versus ‘only SI’ groups and 
between the ‘only LON’ versus ‘both’ groups (Table 3). 

When comparing the results of the primary analysis to the sensitivity 
analyses described above, the memory differences between the ’only SI’ 
and ’only LON’ groups weakened and became non-significant in the 
’AADA alone’ sensitivity analysis. In the multiple-imputed sensitivity 
analysis, only the memory difference between the ‘neither’ and ‘only 
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Table 1 
Distribution of combined memory and covariates by social isolation/loneliness groups.   

Baseline 
(n ¼ 12,090) 

Follow-up 1 
(n ¼ 12,617) 

Follow-up 2 
(n ¼ 10,578)  

Neither 
(82.9 %) 

Only 
SI 
(7.9 
%) 

Only 
LON 
(8.0 
%) 

Both 
(1.2 
%) 

Total Neither 
(83.0 %) 

Only 
SI 
(6.7 
%) 

Only 
LON 
(9.0 
%) 

Both 
(1.3 
%) 

Total Neither 
(79.6 %) 

Only 
SI 
(9.8 
%) 

Only 
LON 
(8.8 
%) 

Both 
(1.8 
%) 

Total 

Combined 
memory score 
(%) 
Average 
High 
Low  

87.71*** 
8.71 
3.58  

86.46 
7.03 
6.04  

87.98 
6.74 
5.28  

84.56 
9.40 
6.51  

87.59 
8.43 
3.98  

86.63*** 
8.29 
5.08  

85.60 
6.90 
7.50  

85.45 
7.71 
6.84  

80.50 
8.81 
10.69  

86.38 
8.16 
5.47  

87.19*** 
7.58 
5.24  

84.86 
6.56 
8.58  

85.41 
6.12 
8.48  

81.82 
2.14 
16.04  

86.71 
7.25 
6.04 

Age groups (%)                
45–54 31.63*** 21.09 27.67 24.83 30.40 14.62*** 11.19 11.57 11.32 14.08 5.12*** 3.38 3.54 4.28 4.79 
55–64 33.52 31.58 34.30 30.20 33.39 35.95 29.40 34.09 36.48 35.35 33.53 33.17 31.65 30.48 33.28 
65–74 21.20 27.49 20.73 21.48 21.66 30.12 36.67 28.13 29.56 30.37 36.21 33.17 29.08 33.69 35.24 
75–85 

Missing 
13.49 
0.16 

19.62 
0.21 

17.10 
0.21 

23.49 
0.00 

14.38 
0.17 

17.20 
2.11 

19.40 
3.33 

22.26 
3.94 

19.50 
3.14 

17.83 
2.37 

20.21 
4.93 

23.14 
7.14 

24.46 
11.27 

20.86 
10.70 

20.88 
5.80 

Sex (%)                
Male 47.81** 54.98 41.45 46.98 47.86 47.48*** 55.95 38.48 50.31 47.26 45.68** 51.98 38.84 43.32 45.65 
Female 

Missing 
52.19 
0.00 

45.02 
0.00 

58.55 
0.00 

53.02 
0.00 

52.14 
0.00 

52.46 
0.07 

43.93 
0.12 

61.35 
0.18 

49.69 
0.00 

52.66 
0.08 

54.32 
0.00 

48.02 
0.00 

61.16 
0.00 

56.68 
0.00 

54.35 
0.00 

Education (%)                
Less than post- 

secondary 
28.02*** 34.42 33.99 38.93 29.13 26.08*** 29.64 32.25 32.70 26.96 24.27** 27.10 29.29 23.53 24.98 

Post-secondary 
Missing 

70.92 
1.07 

64.74 
0.84 

65.39 
0.62 

61.07 
0.00 

69.87 
1.00 

72.97 
0.95 

69.76 
0.60 

66.52 
1.23 

66.67 
0.63 

72.09 
0.95 

74.70 
1.03 

72.13 
0.77 

69.21 
1.50 

75.40 
1.07 

73.97 
1.05 

Annual household 
income (%)                

< $20k 3.26*** 5.56 9.64 16.11 4.11 3.03*** 4.40 9.64 13.21 3.84 2.98*** 3.76 7.73 12.30 3.64 
$20k to < $50k 22.37 31.27 32.12 32.21 23.97 21.82 30.60 32.34 35.85 23.53 22.52 28.64 37.02 40.64 24.72 
$50k to < $100k 36.73 34.10 33.68 26.17 36.15 36.81 33.81 29.89 23.90 35.82 35.61 33.56 27.68 24.06 34.51 
≥ $100k 

Missing 
32.55 
5.10 

22.88 
6.19 

18.13 
6.42 

15.44 
10.07 

30.42 
5.35 

32.80 
5.55 

26.19 
5.00 

19.72 
8.41 

17.61 
9.43 

30.98 
5.82 

30.92 
7.97 

26.81 
7.23 

16.52 
11.05 

12.83 
10.16 

28.93 
8.21 

Province (%)                
Ontario 25.12** 17.31 21.24 14.77 24.07 23.46*** 18.10 20.60 14.47 22.73 23.75** 16.68 19.85 20.86 22.66 
Alberta 9.41 7.45 10.26 6.71 9.29 10.35 8.57 9.82 10.69 10.18 10.44 9.45 11.27 9.09 10.39 
British Columbia 10.86 13.42 10.16 14.09 11.04 12.71 22.50 14.37 14.47 13.54 12.86 16.39 13.63 12.30 13.26 
Manitoba 6.89 5.77 5.70 5.37 6.69 6.61 3.33 6.22 5.03 6.34 5.90 3.57 6.44 3.74 5.68 
New Brunswick 6.21 7.87 6.74 4.70 6.36 5.96 7.98 5.70 8.81 6.10 5.92 6.56 6.44 5.88 6.03 
Newfoundland 5.46 6.19 5.39 6.04 5.52 5.14 5.48 4.38 4.40 5.08 4.74 4.82 5.26 4.81 4.79 
Nova Scotia 7.63 9.44 6.22 8.72 7.68 7.41 8.21 6.66 11.95 7.45 7.65 8.68 5.90 8.02 7.60 
Prince Edward 

Island 
5.44 5.88 4.35 6.04 5.39 4.81 6.55 4.29 8.18 4.92 5.34 4.82 4.40 2.67 5.16 

Quebec 16.97 19.94 24.46 28.19 17.94 17.70 14.76 22.17 14.47 17.86 17.85 25.65 21.14 29.41 19.11 
Saskatchewan 

Missing 
6.02 
0.00 

6.72 
0.00 

5.49 
0.00 

5.37 
0.00 

6.02 
0.00 

5.84 
0.02 

4.52 
0.00 

5.78 
0.00 

7.55 
0.00 

5.77 
0.02 

5.56 
0.00 

3.38 
0.00 

5.69 
0.00 

3.21 
0.00 

5.31 
0.00 

Area of residence 
(%)                

Rural 23.02 25.81 21.55 23.49 23.13 17.95 19.40 16.13 17.61 17.88 17.47* 20.93 14.48 16.58 17.53 
Urban 66.26 63.59 67.36 65.77 66.13 73.50 71.19 75.02 71.07 73.46 74.77 70.97 76.82 76.47 74.61 
Missing 10.73 10.60 11.09 10.74 10.74 8.54 9.40 8.85 11.32 8.66 7.77 8.10 8.69 6.95 7.87 
Functional Ability 

(%)                
No ADL/IADL 

impairment 
7.73*** 8.08 11.09 9.40 8.05 9.30*** 10.00 14.81 16.35 9.93 12.09*** 12.44 16.42 10.70 12.48 

Mild impairment 
Moderate 
impairment 
Severe/total 
impairment 
Missing 

91.16 
0.70 
0.24 
0.17 

89.51 
1.57 
0.52 
0.31 

86.53 
1.66 
0.31 
0.41 

83.22 
6.04 
1.34 
0.00 

90.56 
0.91 
0.28 
0.20 

86.98 
1.49 
0.54 
1.69 

84.29 
3.10 
0.83 
1.79 

79.40 
2.63 
1.14 
2.02 

77.36 
3.14 
1.26 
1.89 

86.00 
1.72 
0.63 
1.73 

84.45 
1.95 
0.96 
0.56 

82.35 
2.41 
1.64 
1.16 

73.61 
6.22 
3.11 
0.64 

73.80 
10.16 
3.74 
1.60 

83.10 
2.51 
1.27 
0.64 

Alcohol 
consumption 
(in past 12 
months) (%)                

Never 12.25*** 15.63 16.79 16.78 12.94 12.25*** 15.36 15.16 20.13 12.82 15.23*** 17.74 20.92 29.41 16.23 
≤ 1 time per month 14.29 17.73 18.55 22.82 15.00 13.09 15.48 17.88 20.75 13.78 12.74 14.46 17.70 16.58 13.41 
1 to 3 times per 

month 
18.34 16.16 18.34 18.79 18.17 18.14 16.07 20.16 20.75 18.22 17.35 17.16 17.60 18.72 17.38 

≥ 1 time(s) a week 
Missing 

55.06 
0.06 

50.37 
0.10 

46.32 
0.00 

41.61 
0.00 

53.83 
0.06 

56.31 
0.21 

52.98 
0.12 

46.63 
0.18 

37.74 
0.63 

54.98 
0.21 

54.31 
0.37 

50.24 
0.39 

43.24 
0.54 

35.29 
0.00 

52.60 
0.38 

Smoking status 
(for past 30 
days) (%)                

(continued on next page) 
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LON’ groups remained statistically significant. Multiple imputation 
approach imputes variables with uncertainty, resulting in somewhat 
variable imputed values (i.e., opposite of mean imputation). This can 
lead to wider confidence intervals compared to analyses using all 
available data, despite the sample size increasing (though not by much 
in this paper). Despite these changes in statistical significance across the 
primary and sensitivity analyses, all three analyses consistently 
demonstrated that the SI/LON groups followed the same pattern of best 
to worst memory scores across all six regression models: ‘neither’ → 
‘only SI’ → ‘only LON’ → ‘both’. This underscores the robustness of the 
hierarchy across different covariate sets and diverse analytical 
approaches. 

Finally, after applying the Cohen’s d = 0.1 threshold in the primary 
analysis Model 5 to evaluate the clinical relevance of our study findings, 
we found clinically significant negative associations between memory 
and the ’both SI and LON’ group (Cohen’s d= -0.31 [95 % CI: -1.22, 
-0.39]) and the ’only LON’ group (Cohen’s d= -0.12 [95 % CI: -1.13, 
-0.33]), but not with the ’only SI’ group (Cohen’s d= -0.03 [95 % CI: 
-1.09, -0.29]). 

4. Discussion 

We investigated the association between SI and LON, both inde
pendently and in combination, and memory over six years of follow-up 
in middle-aged and older adults. Our study’s descriptive results mirror 
the findings from other studies, such as Menec et al. (2020), Hülür 
(2022), and Smith and Victor (2019). For instance, aligning with Menec 
et al.’s (2020) findings, our study showed that the ’only LON’ category 
had a higher proportion of women compared to the other SI/LON 
groups. In terms of age, educational levels, and health comorbidities 
(excluding depression), the ‘neither’ group was the youngest, most 
highly educated, and had the lowest number of chronic conditions; 
however, these variables did not exhibit patterns or hierarchies across 
the other three SI/LON groups, which was also observed in Menec 
et al.’s (2020) research. Regarding functional impairment, the ‘neither’ 
group and ‘both’ group, respectively, displayed the least and the most 
severe functional impairment, but no significant differences existed 

between the ‘only SI’ and ‘only LON’ groups. 
In addition, similar to the findings in Hülür (2022) and Smith and 

Victor’s (2019) research, our study showed that the ‘neither’ group had 
the most favorable outcomes for annual household income and clinical 
depression, followed by the ’only SI’ group, then the ’only LON’ group, 
and lastly the ’both’ group. The above-mentioned patterns for age, sex, 
income, functional ability, clinical depression, and other health 
comorbidities were consistent across BA, FUP1, and FUP2 (Table 1). 
Overall, the present study’s descriptive analyses indicated that partici
pants exhibited distinct socio-demographic and health characteristics 
based on the specific combinations of SI and LON they experienced. 

Turning to memory, our regression analyses suggested that being 
socially isolated, lonely, or both were linked to lower memory scores 
relative to being neither isolated nor lonely. However, as illustrated in 
Fig. 4A and B, the strength of the inverse impact on memory appears to 
diminish over time in the ’neither’, ’only SI’, and ’only LON’ groups 
(Fig. 4A and B). In fact, mean memory scores in the ’neither’ and ’only 
SI’ groups were higher at FUP2 compared to BA and FUP1 (refer to 
Fig. 5). 

The observed pattern of increasing memory scores occurred along
side changes in participant age distribution, with a higher proportion of 
participants aged 65–74 and 75–85 years in FUP2 compared to both 
FUP1 and BA assessments (35.24 % and 20.88 % in FUP2; 30.37 % and 
17.83 % in FUP1; 21.66 % and 14.38 % in BA) (Table 1). Considering the 
well-documented association between advancing age and memory 
decline, it is important to address the potential factors contributing to 
the widening increases in memory scores over time. One possible 
explanation for these increases in memory scores, despite the aging of 
the participant cohort, could be related to an attrition bias in the 
memory outcome, where a higher dropout rate was observed in the 
lowest memory group compared to those with better memory at base
line. This discrepancy in dropout rates was seen at both FUP1 (attrition 
rate for high memory [ARHM]= 6.5 %; attrition rate for average 
memory [ARAM]= 8.1 %; attrition rate for low memory [ARLM]= 14.8 
%) and FUP2 (ARHM= 20.3 %; ARAM= 23.3 %; ARLM= 34.7 %). 
Therefore, the observed “improvements” in memory over six years were 
likely due to the fact that fewer individuals with low memory scores at 

Table 1 (continued )  

Baseline 
(n ¼ 12,090) 

Follow-up 1 
(n ¼ 12,617) 

Follow-up 2 
(n ¼ 10,578)  

Neither 
(82.9 %) 

Only 
SI 
(7.9 
%) 

Only 
LON 
(8.0 
%) 

Both 
(1.2 
%) 

Total Neither 
(83.0 %) 

Only 
SI 
(6.7 
%) 

Only 
LON 
(9.0 
%) 

Both 
(1.3 
%) 

Total Neither 
(79.6 %) 

Only 
SI 
(9.8 
%) 

Only 
LON 
(8.8 
%) 

Both 
(1.8 
%) 

Total 

Never 60.45*** 62.43 57.51 53.02 60.28 93.55*** 92.02 90.97 84.28 93.10 94.63*** 93.54 91.09 88.24 94.10 
≥ 1 cigarette in the 

past 30 days 
1.57 1.47 1.76 3.36 1.60 1.73 1.07 2.45 0.63 1.74 1.23 1.16 2.25 1.60 1.32 

≥ 1 cigarette every 
day 
Missing 

5.96 
32.03 

8.81 
27.28 

10.47 
30.26 

16.78 
26.85 

6.67 
31.45 

4.71 
0.02 

6.90 
0.00 

6.57 
0.00 

15.09 
0.00 

5.15 
0.02 

4.10 
0.04 

5.30 
0.00 

6.65 
0.00 

10.16 
0.00 

4.55 
0.03 

Clinical 
depression (%)                

No 92.24*** 88.25 65.91 57.72 89.40 92.73*** 90.83 65.38 61.01 89.73 95.06*** 92.57 71.14 64.71 92.17 
Yes 5.80 7.97 32.54 40.94 8.54 7.12 9.05 34.18 46.66 10.1 4.93 7.43 28.75 35.29 7.81 
Missing 1.97 3.78 1.55 1.34 2.07 0.15 0.12 0.44 0.00 0.17 0.01 0.00 0.11 0.00 0.02 
Chronic health 

conditions (%)                
None 10.81*** 7.87 7.67 6.04 10.26 7.08*** 4.88 4.47 3.14 6.65 4.77*** 3.57 1.39 3.21 4.33 
≥ 1 chronic 

conditions 
Missing 

85.43 
3.76 

87.30 
4.83 

87.05 
5.28 

87.25 
6.71 

85.73 
4.00 

92.78 
0.13 

94.76 
0.36 

95.18 
0.35 

96.86 
0.00 

93.18 
0.17 

95.21 
0.01 

96.34 
0.10 

98.28 
0.32 

96.79 
0.00 

95.62 
0.05 

Note. For descriptive analyses, memory responses are categorized into three levels: ‘average’, ‘high’, and ‘low’ memory. The cut-offs for high and low memory were 
established as having scores that are ≥1.5 standard deviations above versus below the mean for combined memory (RAVLT I + II), respectfully. 
Abbreviations: SI= social isolation; LON= loneliness; ADL= activities of daily living; IADL= instrumental activities of daily living. 
*p < 0.05; **p < 0.01; ***p < 0.001. The p-values are obtained from a series of Chi-square tests, which assessed whether there are significant associations between SI/ 
LON and combined memory, and between SI/LON and covariates, controlling for follow-up time, by comparing the observed frequencies with the expected frequencies 
under the assumption of independence. 
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Table 2 
Distribution of covariates by combined memory.   

Baseline 
n ¼ 12,090) 

Follow-up 1 
(n ¼ 12,617) 

Follow-up 2 
(n ¼ 10,578)  

Combined memory scores  

Average (87.6 
%) 

High 
(8.4 
%) 

Low 
(4.0 
%) 

Total Average 
(86.4 %) 

High 
(8.2 
%) 

Low 
(5.5 
%) 

Total Average 
(86.7 %) 

High 
(7.3 
%) 

Low 
(6.0 
%) 

Total 

Age groups (%)             
45–54 30.93*** 32.88 13.31 30.40 14.49*** 17.01 3.19 14.08 4.80*** 8.34 0.47 4.79 
55–64 33.86 34.35 21.00 33.39 36.05 42.37 13.77 35.35 34.02 43.29 10.64 33.28 
65–74 21.24 23.36 27.44 21.66 30.78 28.77 26.38 30.37 36.18 33.51 23.94 35.24 
75–85 

Missing 
13.83 
0.13 

9.32 
0.10 

37.21 
1.04 

14.38 
0.17 

16.66 
2.02 

11.18 
0.68 

46.23 
10.43 

17.83 
2.37 

20.12 
4.90 

13.95 
0.91 

40.22 
24.73 

20.88 
5.80 

Sex (%)             
Male 48.51** 28.46 74.62 47.86 48.05*** 22.93 71.01 47.26 46.13** 21.90 67.29 45.65 
Female 

Missing 
51.49 
0.00 

71.54 
0.00 

25.36 
0.00 

52.14 
0.00 

51.88 
0.06 

76.77 
0.29 

28.99 
0.00 

52.66 
0.08 

53.87 
0.00 

78.10 
0.00 

32.71 
0.00 

54.35 
0.00 

Education (%)             
Less than post-secondary 29.05*** 21.30 47.61 29.13 26.74*** 17.59 44.35 26.96 24.91*** 15.38 37.40 24.98 
Post-secondary 

Missing 
69.89 
1.07 

78.12 
0.59 

51.98 
0.42 

69.87 
1.00 

72.32 
0.95 

81.73 
0.68 

54.20 
1.45 

72.09 
0.95 

74.05 
1.04 

83.31 
1.30 

61.66 
0.94 

73.97 
1.05 

Annual household income (%)             
< $20k 3.99*** 3.24 8.52 4.11 3.76*** 2.92 6.52 3.84 3.38*** 2.87 8.29 3.64 
$20k to < $50k 23.79 20.61 35.14 23.97 23.17 17.78 37.83 23.53 24.52 17.73 35.99 24.72 
$50k to < $100k 36.35 34.35 35.55 36.15 36.09 34.99 32.90 35.82 34.81 35.98 28.33 34.51 
≥ $100k 

Missing 
30.66 
5.21 

35.03 
6.77 

15.38 
5.41 

30.42 
5.35 

31.32 
5.66 

38.58 
5.73 

14.35 
8.41 

30.98 
5.82 

29.36 
7.93 

36.51 
6.91 

13.62 
13.77 

28.93 
8.21 

Province (%)             
Ontario 24.25 21.10 26.40 24.07 22.48* 24.39 24.20 22.73 22.93 21.90 19.72 22.66 
Alberta 9.34 9.42 7.90 9.29 10.14 11.86 8.41 10.18 10.50 10.30 8.92 10.39 
British Columbia 10.84 13.94 9.36 11.04 13.86 13.22 8.99 13.54 13.27 13.04 13.46 13.26 
Manitoba 6.68 6.87 6.65 6.69 6.38 5.25 7.39 6.34 5.69 6.13 5.01 5.68 
New Brunswick 6.38 5.40 7.90 6.36 6.15 5.34 6.52 6.10 6.04 5.22 6.89 6.03 
Newfoundland 5.30 5.89 9.56 5.52 4.94 5.83 6.23 5.08 4.83 4.56 4.54 4.79 
Nova Scotia 7.68 7.26 8.52 7.68 7.50 6.41 8.26 7.45 7.60 7.82 7.36 7.60 
Prince Edward Island 5.36 5.50 5.82 5.39 5.00 3.79 5.36 4.92 5.17 4.43 5.95 5.16 
Quebec 18.22 18.25 11.23 17.94 17.87 18.08 17.54 17.86 18.80 21.12 21.13 19.11 
Saskatchewan 

Missing 
5.96 
0.00 

6.38 
0.00 

6.65 
0.00 

6.02 
0.00 

5.68 
0.02 

5.83 
0.00 

7.10 
0.00 

5.77 
0.02 

5.18 
0.00 

5.48 
0.00 

7.04 
0.00 

5.31 
0.00 

Area of residence (%)             
Rural 23.23 22.28 22.66 23.13 17.99 16.03 18.84 17.88 17.73 17.08 15.18 17.53 
Urban 

Missing 
66.12 
10.65 

66.83 
10.89 

64.86 
12.47 

66.13 
10.74 

73.34 
8.66 

75.90 
8.07 

71.59 
9.57 

73.46 
8.66 

74.45 
7.82 

74.45 
8.47 

77.00 
7.82 

74.61 
7.87 

Functional Ability (%)             
No ADL/IADL impairment 8.17** 6.97 7.90 8.05 9.87*** 9.43 11.59 9.93 12.52*** 11.34 13.30 12.48 
Mild impairment 90.48 91.95 89.40 90.56 86.14 87.46 81.59 86.00 83.37 86.70 74.80 83.10 
Moderate impairment 0.91 0.69 1.46 0.91 1.67 1.17 3.33 1.72 2.31 1.17 7.04 2.51 
Severe/total impairment 0.25 0.19 0.83 0.28 0.56 0.29 2.17 0.63 1.22 0.39 2.97 1.27 
Missing 0.19 0.20 0.42 0.20 1.76 1.65 1.30 1.73 0.58 0.39 1.88 0.64 
Alcohol consumption (in past 12 

months) (%)             
Never 12.46*** 13.05 23.08 12.94 12.61** 10.30 19.86 12.82 15.81*** 15.25 23.47 16.23 
≤ 1 time per month 14.83 15.60 17.67 15.00 13.61 14.29 15.65 13.78 13.17 14.34 15.81 13.41 
1 to 3 times per month 18.13 21.20 12.68 18.17 18.00 21.48 16.81 18.22 17.31 18.12 17.37 17.38 
≥ 1 time(s) a week 

Missing 
54.51 
0.07 

50.15 
0.00 

46.57 
0.00 

53.83 
0.06 

55.59 
0.19 

53.64 
0.29 

47.39 
0.29 

54.98 
0.21 

53.36 
0.35 

52.15 
0.13 

42.25 
1.10 

52.60 
0.38 

Smoking status (for past 30 days) 
(%)             

Never 60.84*** 53.29 62.79 60.28 93.10* 92.61 93.77 93.10 94.08* 93.61 94.99 94.10 
≥ 1 cigarette in the past 30 days 1.57 2.06 1.25 1.60 1.75 1.85 1.30 1.74 1.45 0.65 0.31 1.32 
≥ 1 cigarette every day 

Missing 
6.52 
31.08 

7.46 
37.19 

8.52 
27.44 

6.67 
31.45 

5.13 
0.02 

5.54 
0.00 

4.93 
0.00 

5.15 
0.02 

4.44 
0.03 

5.74 
0.00 

4.69 
0.00 

4.55 
0.03 

Clinical depression (%)             
No 

Yes 
Missing 

89.52*** 
8.47 
2.01 

91.17 
7.36 
1.47 

82.95 
12.48 
4.57 

89.40 
8.54 
2.07 

89.91*** 
10.04 
0.16 

91.25 
8.75 
0.00 

86.23 
13.04 
0.72 

89.73 
10.10 
0.17 

92.38*** 
7.61 
0.01 

93.22 
6.78 
0.00 

87.95 
11.90 
0.16 

92.17 
7.81 
0.02 

Chronic health conditions (%)             
None 10.27** 11.68 7.07 10.26 6.63*** 9.14 3.33 6.65 4.31* 5.87 2.82 4.33 
≥ 1 chronic conditions 

Missing 
85.70 
4.02 

85.38 
2.94 

87.11 
5.82 

85.73 
4.00 

93.24 
0.14 

90.86 
0.00 

95.80 
0.87 

93.18 
0.17 

95.64 
0.05 

94.13 
0.00 

97.18 
0.00 

95.62 
0.05 

Note. For descriptive analyses, memory responses will be categorized into three levels: ‘average’, ‘high’, and ‘low’ memory. The cut-offs for high and low memory were 
established as having scores that are ≥1.5 standard deviations above versus below the mean for combined memory (RAVLT I + II), respectfully. 
Abbreviations: ADL= activities of daily living; IADL= instrumental activities of daily living. 
*p < 0.05; **p < 0.01; ***p < 0.001. The p-values are obtained from a series of Chi-square tests, which assessed whether there are significant associations between 
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baseline remained in the Tracking Cohort by FUP2. 
Another factor to consider is that the proportion of participants who 

smoke declined over time, with 94.10 % reporting never having smoked 
at FUP2, while only 4.55 % reported smoking one or more cigarettes 
daily. This compares to FUP1, where 93.10 % reported never smoking, 
and 5.15 % reported daily smoking, and at BA, where 60.28 % reported 
never smoking, and 6.67 % reported daily smoking (Table 1). Smoking 
has been closely associated with brain volume reduction and diminished 
memory performance, particularly in women compared to men (Gallinat 
et al., 2006; Lewis et al., 2021). Within the CLSA, the number of female 
participants exceeded male participants, with the proportion of females 
increasing slightly over time (BA= 52.14 %; FUP1= 52.66 %; FUP2=
54.35 %) (Table 1). These shifts in participants’ demographic charac
teristics, coupled with attrition bias, may explain the broadening in
creases in memory scores over time. 

On the other hand, the negative impact of being both isolated and 
lonely intensified over six years. Despite the attrition bias, we still 
observed a worsening of memory over time in those who started out in 
the ‘both’ group at BA. Had the attrition bias been smaller, the observed 
impact on memory of being isolated and lonely could well have been 
much greater. Thus, attrition biased our findings in the ‘both’ group 
toward the null. Notwithstanding the bias, our results show that expe
riencing both SI and LON has a more pronounced negative impact on 
memory than experiencing either factor alone, even in cognitively 
healthier samples. 

Among the 12 articles included in Kang and Oremus’s (2023) sys
tematic review, only Fung et al. (2019) – a cross-sectional study of 497 
adults aged ≥ 60 years – examined the combined impact of SI and LON, 
while the others treated each construct as an independent risk factor for 
memory. In contrast to our results, Fung et al. (2019) reported that SI 
(measured by the total size of one’s social network) had no significant 
interaction effect with LON on memory (β= 0.083 [p = 0.062]), and the 
combined effect of SI and LON on memory was weaker than the indi
vidual effects of SI or LON. However, having large numbers of non-close 
family members in one’s social network was associated with higher 
LON, compared to SI, and lower memory scores (β= 0.119 [p = 0.006]). 
This finding could be explained by the fact that Fung et al. (2019) 
focused on a single indicator of SI (i.e., social network size only) that did 
not include other crucial aspects of social isolation. Two other articles 
from Kang and Oremus’s (2023) review also employed single-item 
measures of SI (Estrella et al., 2021; Kuiper et al., 2020), and none 
explored more than three indicators of SI. These measures overlook the 
multiplicity of different elements of SI; their incompleteness can lead to 
biased assessments of the true strength and direction of the association 
between SI and memory. Previous research in other areas of cognition 
(language, perceptual-motor skills, and executive function) (Jang et al., 
2021; Luo et al., 2021; Power et al., 2019; Windsor et al., 2020) supports 
our finding of utmost vulnerability in the socially isolated and lonely 
group. 

The second most vulnerable group in our study was the ‘only LON’ 
group, followed by the ‘only SI’ group. Here, the literature presents 
conflicting evidence on whether SI or LON has a greater impact on 
memory. For instance, Shankar et al. (2011) proposed that SI could be 
more harmful because socially isolated individuals have less opportu
nities for social learning and social bonding, which are crucial for 
strengthening neural connections that promote memory, compared to 
those who are lonely yet well connected. Conversely, other memory 
studies, including those by Estrella et al. (2021) and Fung et al. (2019), 
found that LON had a greater impact on memory than SI. Estrella et al. 
(2021) and Fung et al. (2019) reported positive regression coefficients 
for SI (βSI= 0.126 [p = 0.005] and βLON= − 0.165 [p = 0.002], respec
tively) and inverse regression coefficients for LON (βSI= 0.35 [95 % CI: 
0.09, 0.60] and βLON= -0.48 [95 % CI: -0.65, -0.32]). In addition, some 

studies showed that LON may be a stronger predictor of clinical out
comes involving a memory component. For example, Akhter-Khan et al. 
(2021), Holwerda et al. (2014), and Rafnsson et al. (2020) found that 
LON, rather than SI, predicted an elevated risk of Alzheimer’s disease 
and all-cause dementia. These researchers believed that individuals with 
active social lives who still felt lonely might have faced greater psy
chological stress compared to those who found solace in solitude. 
Heightened psychological stress is strongly linked to hypercortisolism, 
reduced cognitive activity (e.g., hippocampal and prefrontal dendritic 
arborisation), and decreased neurotrophic factors, all of which 
contribute to impaired memory. 

4.1. Strengths and limitations 

The present study examined both the separate and combined impacts 
of SI and LON on memory, diverging from earlier memory studies 
(except Fung et al. (2019)) that kept these constructs apart and focused 
solely on their individual effects. Additionally, we utilized a 4-level 
exposure group for SI/LON to facilitate a more systematic method of 
identifying crucial differences in memory across combinations of SI and 
LON. Unlike most studies of SI, our research employed a multi-modal 
measure of SI, which provided a more accurate depiction of the asso
ciation between social isolation and memory. Moreover, we utilized 
longitudinal data to explore changes in memory scores over a six-year 
follow-up period, which provided more time to observe changes in 
memory outcomes compared to cross-sectional or shorter longitudinal 
designs. Additionally, the six-year follow-up period gave us a deeper 
understanding of how memory scores change as individuals transition 
into more vulnerable SI and LON groups. Among the 12 published 
studies from Kang and Oremus’s (2023) review, eight were either 
cross-sectional (Estrella et al., 2021; Fung et al., 2019; Gilmour, 2011; 
Gow et al., 2013) or had shorter follow-up times than our findings 
(Kuiper et al., 2020; Lara et al., 2019; Shankar et al., 2013; Yu et al., 
2020). 

Another notable strength of this study lies in the inclusion of both 
middle-aged and older adults, a departure from the predominantly 
exclusive focus on older adults in previous research. The inclusion of the 
middle-aged population allowed us to explore the association in a 
broader sample, which is important given that SI and LON tend to in
crease over time. Furthermore, our study accounted for a more 
comprehensive set of covariates compared to other similar research, 
thereby minimizing the potential for residual confounding. Other 
studies, on average, investigated seven covariates, with age, sex, edu
cation, and depressive symptoms being the most frequently adjusted 
variables (present in 8 out of 12 published memory studies). 

The present study had some limitations. The participants might not 
represent an unbiased sample of the target population. CLSA partici
pants at baseline were healthier, had higher incomes, and possessed 
greater education than the average Canadian in the 45- to 85-year age 
group (Rutter, 2019). In addition, the subgroup of CLSA participants 
who were older, depressed, had greater functional limitations, elevated 
SI/LON, and lower memory performance were more likely to drop out. 
Both factors led to an analytical sample that was cognitively healthy and 
experiencing low levels of SI/LON, which might have underestimated 
the true associations under investigation. Therefore, our findings are 
only applicable to persons who share similar characteristics with our 
analytical sample. 

Another limitation of this study is the use of a single-item measure 
for assessing LON, which can be vulnerable to recency/response biases 
(Dahlberg et al., 2022; Valtorta et al., 2016). Nonetheless, many re
searchers have used single-item measures of LON in their studies and 
still produced results comparable to those using valid and reliable 
multi-item instruments of LON, such as the De Jong-Gierveld Loneliness 

combined memory and covariates, controlling for follow-up time, by comparing the observed frequencies with the expected frequencies under the assumption of 
independence. 
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Fig. 2. State transition probabilities for combined memory groups across six years of follow-up 
Notes. 
A= Combined memory state transition probability: baseline to follow-up 1 
B= Combined memory state transition probability: follow-up 1 to follow-up 2. 
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Fig. 3. State transition probabilities for social isolation/loneliness groups across six years of follow-up 
Notes. 
A= Social isolation/loneliness state transition probability: baseline to follow-up 1 
B= Social isolation/loneliness state transition probability: follow-up 1 to follow-up 2 
Abbreviations: SI= only socially isolated; LON= only lonely. 
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Scale (Gierveld & Tilburg, 2006) and the University of California, Los 
Angeles (UCLA) Loneliness Scale (Russell, 1996) (Goldberg et al., 2021; 
Kuiper et al., 2020; Lara et al., 2019; Shankar et al., 2013; Yu et al., 
2020). Pinquart (2001) even posited that single-item measures are most 
commonly used in research examining LON, and attributed their 
popularity to their simplicity and strong face validity. Mund et al. (2019) 
discussed how single-item direct and indirect measures (i.e., asking 
about the availability of confiding relationships rather than directly 
questioning about LON) demonstrate convergent validity, particularly at 
the extreme levels of LON. Victor et al. (2005) conducted a direct 
comparison between single-item and multidimensional measures of 
LON, and noted the similarity in estimates. This stands in contrast to SI, 
which inherently comprises numerous objective elements of social re
lationships, and measures of SI must be careful not to overlook certain 
types of structural support. Therefore, using a single-item measure may 
pose greater concerns for SI than for LON. 

Most single-item measures of LON typically assess the frequency of 
feeling lonely within a timeframe of 7 days, usually using four response 
choices (Dahlberg et al., 2022; Newall & Menec, 2019; Yu et al., 2020), 
similar to the CES-D question (Andresen et al., 1994) used for the CLSA 
baseline data. Among these single-item measures, the CES-D has been a 
popular choice of instrument in many studies as it is proven to be a valid 
and reliable instrument in middle-aged and older populations from 
multiple ethnicities (Dahlberg et al., 2022; Newall & Menec, 2019; Yu 
et al., 2020). In Kang and Oremus’s (2023) review, 11 of 12 studies 
assessed LON using either the De Jong-Gierveld Loneliness Scale, UCLA 
Loneliness Scale, or CES-D Scale, and all of these studies produced 

validated results. Only Gow et al.’s (2013) assessment of LON, which 
inquired about participants’ current feelings of LON at the present 
moment, was considered to be unreliable. 

Finally, despite the many benefits of dichotomizing the SI and LON 
measures in our study, this approach may not have fully captured the 
subtleties of the ordinal scale. While introducing bias through dichoto
mization is more of a concern for continuous variables than for ordinal 
ones (Altman & Royston, 2006), it is still crucial to conduct further 
research to verify that this method does not result in a biased interpre
tation of SI and LON. 

4.2. Future implications and conclusions 

The findings of this research underscore the critical need for targeted 
interventions, particularly for the combined SI and LON group, which 
faces the highest risk of memory impairment. Despite representing a 
smaller proportion of the population, this group’s high prevalence of 
health issues and low income (Table 1) suggests the existence of struc
tural barriers to social engagement that should demand attention. 
Addressing these barriers may involve making affordable transportation 
options available and implementing social programs designed to pro
mote memory (e.g., group-based arts and craft projects, group-based 
social outings such as visits to museums or public parks) (Cohen-
Mansfield & Perach, 2015; Menec et al., 2020; Poscia et al., 2018). These 
social engagement programs can be tailored for various memory levels 
within specific SI/LON groups. 

The ’only LON’ group emerges as the next priority. Given that 

Table 3 
Regression analysis results - comparisons of social isolation/loneliness groups for combined memory.  

Least squares means for combined memory scores 

SI/LON groups Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 

Neither socially isolated nor lonely -0.26 
(-0.63, 
0.12) 

-0.31 
(-0.68, 
0.07) 

-0.51 
(-0.89, 
-0.13) 

-0.27 
(-0.65, 
0.12) 

-0.44 
(-0.82, 
-0.05) 

-0.65 
(-1.05, 
-0.25) 

Only socially isolated -0.31 
(-0.69, 
0.07) 

-0.35 
(-0.73, 
0.03) 

-0.56 
(-0.94, 
-0.17) 

-0.31 
(-0.70, 
0.07) 

-0.49 
(-0.88, 
-0.10) 

-0.69 
(-1.09, 
-0.29) 

Only lonely -0.41 
(-0.79, 
-0.03) 

-0.43 
(-0.81, 
-0.05) 

-0.65 
(-1.03, 
-0.27) 

-0.41 
(-0.80, 
-0.02) 

-0.55 
(-0.94, 
-0.17) 

-0.73 
(-1.13, 
-0.34) 

Both socially isolated and lonely -0.51 
(-0.91, 
-0.11) 

-0.51 
(-0.91, 
-0.11) 

-0.74 
(-1.15, 
-0.34) 

-0.50 
(-0.91, 
-0.09) 

-0.64 
(-1.05, 
-0.23) 

-0.80 
(-1.22, 
-0.39) 

Differences of Least Squares Means (for Combined Memory Scores) 
SI/LON groups Benjamini-Hochberg Critical 

Value ((k/m) α) 
Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 

Neither socially isolated nor lonely vs. only 
socially isolated 

5/6 × 0.05 = 0.04 -0.05 
(0.08) 

-0.05 
(0.14) 

-0.05 
(0.11) 

-0.05 
(0.12) 

-0.05 
(0.11) 

-0.04 
(0.26) 

Neither socially isolated nor lonely vs. only 
lonely 

1/6 × 0.05 = 0.01 -0.15 
(0.00) 

-0.12 
(0.00) 

-0.14 
(0.00) 

-0.15 
(0.00) 

-0.12 
(0.00) 

-0.09 
(0.00) 

Neither socially isolated nor lonely vs. socially 
isolated and lonely 

2/6 × 0.05 = 0.02 -0.25 
(0.00) 

-0.20 
(0.00) 

-0.23 
(0.00) 

-0.24 
(0.00) 

-0.21 
(0.00) 

-0.16 
(0.03) 

Only socially isolated vs. only lonely 4/6 × 0.05 = 0.03 0.10 
(0.02) 

0.08 
(0.07) 

0.09 
(0.03) 

0.10 
(0.02) 

0.07 
(0.11) 

0.05 
(0.24) 

Only socially isolated vs. socially isolated and 
lonely 

3/6 × 0.05 = 0.03 0.20 
(0.01) 

0.16 
(0.04) 

0.18 
(0.02) 

0.19 
(0.01) 

0.16 
(0.04) 

0.12 
(0.12) 

Only lonely vs. socially isolated and lonely 6/6 × 0.05 = 0.05 0.10 
(0.20) 

0.08 
(0.28) 

0.09 
(0.22) 

0.09 
(0.23) 

0.09 
(0.24) 

0.07 
(0.35) 

Note. Least squares means estimates are shown, with their 95 % confidence intervals in brackets. For differences of least squares means, p-values are presented instead 
of 95 % confidence intervals to facilitate comparisons with the Benjamini-Hochberg (BH) critical values. BH method sorts the p-values from all conducted tests in 

ascending order (i.e., from the smallest to the largest values) and then computes the BH critical value using the formula: 
k
m
(α), where k= rank of each p-value, m= total 

number of tests, and α= significance level. The subsequent step identifies the highest k rank for which the sorted p-value is less than the corresponding BH critical 
value, and all p-values up to this k rank are deemed statistically significant. 
Model 0= controls for age, sex, education, province, follow-up time, and SI/LON*time interaction. Model 1= Model 0+ area of residence+ annual household income. 
Model 2= Model 0+ basic and instrumental activities of daily living. Model 3= Model 0+ alcohol consumption+ smoking status. Model 4= Model 0+ clinical 
depression+ other chronic conditions. Model 5= Model 0+ all other sociodemographic, functional ability, lifestyle, and health-related covariates. 
Statistically significant values are bolded (p < 0.05 or p < BH critical value).  
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Fig. 4. Multivariable, mixed effects regression analyses between combined memory and social isolation/loneliness groups 
Notes. 
A= This graph represents the base model, adjusted for age, sex, education, and province. 
B= This graph represents the full model, adjusted for age, sex, education, province, area of residence, annual household income, 14 basic and instrumental activities 
of daily living, alcohol consumption, smoking status, clinical depression, and 37 other chronic conditions. 
Parameter estimates are derived from least squares regression of the combined memory scores. 
Abbreviations: SI= social isolation; LON= loneliness; BA= baseline; FUP1= follow-up 1; FUP2= follow-up 2. 

J.W. Kang et al.                                                                                                                                                                                                                                 



Archives of Gerontology and Geriatrics 125 (2024) 105483

14

individuals in this category, despite possibly having large social net
works, struggle with unmet social needs, traditional social/group in
terventions solely focused on increasing the frequency of social 
interactions may not yield optimal benefits for them. Instead, in
terventions focused on conducting needs assessment (i.e., collaborating 
with social workers or other professionals to identify individual goals, 
needs, and challenges) and providing counseling to navigate existing 
relationships may prove effective (Hoang et al., 2022; Kiecolt-Glaser & 
Wilson, 2017). For instance, despite having a spouse, individuals in this 
category might experience strained marital relationships, significantly 
impacting their well-being. Indeed, addressing the negative perceptions 
individuals may hold about their social relationships (e.g., how others 
perceive them, how supportive their relationships are, or how they fit 
into their social circles) could be crucial for the ‘only LON’ group. 

The ‘only SI’ group poses a slight risk of memory impairment, 
showing no significant difference from the ‘neither’ group, especially 
after adjusting for covariates. Considering that these individuals may 
find contentment in isolation and do not want more social interaction, 
reaching out to them for interventions promoting social participation 
might be challenging. For this group, an effective intervention may 
involve providing practical strategies for coping with memory changes, 
coupled with education on the cognitive health risks of social isolation 
(Newall & Menec, 2019). Moreover, it is important to recognize the 

potential for these individuals to experience LON as they age and 
encounter more functional limitations, chronic conditions, or income 
decline (Newall & Menec, 2019). Therefore, monitoring their transitions 
into other SI/LON categories is crucial for identifying factors contrib
uting to experiencing both SI and LON. 

In conclusion, this research emphasized the importance of SI and 
LON in understanding memory outcomes in middle-aged and older 
adults over a six-year period. The study found that LON had a more 
pronounced impact on memory than SI. Furthermore, experiencing both 
SI and LON together had a more severe impact on memory than expe
riencing either SI or LON alone. These associations remained after 
adjusting for various covariates, including sociodemographic factors, 
functional limitations, lifestyle variables, and health comorbidities. 
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Fig. 5. Mean memory score by social isolation/loneliness groups at baseline, Follow-up 1, and Follow-up 2 
Notes. 
Social isolation/loneliness group 0= neither isolated nor lonely; group 1= only socially isolated; group 2= only lonely; group 3= both isolated and lonely. 
Abbreviations: N= number of subjects; Std Dev= standard deviation. 
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