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There is a consensus that loneliness correlates with an increased risk of cognitive impairment and rapid cognitive decline. However, it has yet to be determined how loneliness influences cognitively healthy aging. This study makes use of the large, nationally representative Canadian Longitudinal Study of Aging (CLSA) to address this question. Based on the baseline and first follow-up datasets collected 3 years apart (n > 20,000 healthy individuals), we found that higher perceived loneliness predicted decreased scores in the immediate recall test at baseline and in two tests of prospective memory at first follow-up 3 years after baseline. We also examined whether a single-item measurement of loneliness widely used in the field of gerontology, including CLSA, has predictive validity, i.e., can contribute to the prognosis of a future level of cognitive functioning. We found low predictive validity and low test-retest (baseline to follow-up) reliability of this measurement type. These findings impose constraints on proposed accounts of loneliness as a risk factor and methods of examining its relation to cognitive aging.

Keywords: aging, cognitive functioning, loneliness, memory, CLSA


1. INTRODUCTION

Maintaining satisfactory cognitive functioning is a critical part of healthy aging. One of the oft-proposed clinically significant risk factors for cognitive abilities in the aging population is loneliness (de Jong-Gierveld and Havens, 2004; Heinrich and Gullone, 2006; Menec et al., 2019). Loneliness is defined as a subjective feeling of dissatisfaction with the extent or intensity of one's social interactions relative to one's social desires (Shankar et al., 2013; Lara et al., 2019). Several longitudinal studies of aging (Shankar et al., 2013; Boss et al., 2015; Kuiper et al., 2016; Lara et al., 2019) have indeed demonstrated that an increased risk of low cognitive functioning and rapid cognitive decline over time is associated with higher subjective levels of loneliness. During the current COVID-19 pandemic, international reports indicate both a higher incidence of perceived loneliness due to social distancing and exacerbation of the effects that loneliness has on mental health (Groarke et al., 2020; Killgore et al., 2020; Luchetti et al., 2020). These correlations led researchers to suggest routine screening or interventions targeting the unmet social needs and perceived loneliness (Dickens et al., 2011; Lara et al., 2019) in mature adults.

Despite the apparent consensus on the existence of the loneliness effect, it is presently unclear how strong the effect of loneliness is and what facets of cognitive abilities it influences. For instance, a recent meta-analysis (Kuiper et al., 2016) reports very high heterogeneity (I2 = 0.88, p < 0.01) in the presence and magnitude of observed correlations between loneliness and declining cognitive functioning in mature adults. Another systematic review (Boss et al., 2015) indicates that some of the reported harmful effects of loneliness on cognitive abilities disappear when controlling for demographic, psychological, and social risk factors. Finally, the loneliness effect is strongly modulated and in some circumstances canceled out by measures of “cognitive reserve” defined as the degree of an individual's resilience to a pathological decline in cognitive functioning determined by the lifetime accumulation of and current participation in cognitively stimulating activities (e.g., education, occupation, physical exercise, and social interactions) (Conroy et al., 2010; Evans et al., 2018; Farina et al., 2018). This suggests that while loneliness is pervasive in mature adulthood (Hawkley and Cacioppo, 2010), the magnitude and the prevalence of the impact that it has on cognitive functioning are presently undetermined.

Not only is the existing evidence on loneliness effects of cognitive aging mixed, but it is also limited relative to research on other types of social relationships. This is despite multiple demonstrations that loneliness is an independent and stronger predictor of the incidence of cognitive impairment than a related construct of social isolation (de Jong-Gierveld and Havens, 2004; Ellwardt et al., 2013; Holwerda et al., 2014). Also, with only a few exceptions, including Lara et al. (2019) and select studies reviewed in Boss et al. (2015), prior work concentrates on loneliness in the context of clinical depression or pathological cognitive deterioration, including dementia and mild cognitive impairment (e.g., Lobo et al., 2008). Yet perceived loneliness is also prevalent in healthy aging and has been argued to have a detrimental effect on individual life satisfaction and psychological and social well-being even in individuals not meeting diagnostic criteria for cognitive impairments (Heinrich and Gullone, 2006). Given the clinical, societal, and economic importance of healthy aging, research on loneliness and cognitive functioning can benefit from new, comprehensive evidence. The first goal of this paper is to provide longitudinal evidence on what cognitive abilities are affected by loneliness the most.

An additional goal of this paper is methodological. It stems from the fact that the most commonly used way of measuring the construct of perceived loneliness in gerontological research and mental state diagnostics is to ask a single-item question on how lonely an individual has felt recently (see details below). As is evident from references above, this measurement of loneliness has concurrent validity, i.e., when measured at the same time, loneliness correlates with the cognitive and psychological performance of an individual (see references above). A less explored issue is whether loneliness can also be used predictively—to predict one's future cognitive functioning and its change over time, as advocated by Shankar et al. (2013). If measurements of loneliness have this predictive validity, they can be used to forecast the likely temporal course of cognitive functioning for a given person, which is knowledge of primary importance for medical practitioners and caretakers. If not, perceived loneliness can still be used for a concurrent diagnosis of cognitive state, as is indeed done in the Geriatric Mental State test GMS-AGECAT (Copeland et al., 1986), but not for the prognosis of future cognitive impairment or decline. To our knowledge, the determination regarding predictive validity of loneliness has not yet been made, and this study addresses it using longitudinal data on mature adults.

This study examines the link between feelings of loneliness and cognitive functioning in healthy mid- and late-adulthood using data from the Canadian Longitudinal Study of Aging (CLSA) (Raina et al., 2009, 2019; Menec et al., 2019), a large, nationally representative sample of 45+ year olds. The goal of the CLSA is to provide a national longitudinal research platform covering adults from all 10 Canadian provinces while simultaneously collecting comprehensive data and biological samples. The design of the CLSA comprises two cohorts: the Tracking (21,241 individuals [unweighted]) and the Comprehensive one (30,097 [unweighted]). The individuals in the Comprehensive cohort were randomly selected from within 25–50 km of 11 data collection sites (DCSs) in seven provinces. The details of the recruitment process are described in Raina et al. (2009) and in Raina et al. (2019). In this study, we make use of the data available in the Comprehensive cohort.

The CLSA data provide access both to a larger sample than those available in earlier longitudinal studies reviewed above (by factor of 2–8 after applying exclusion criteria) and a larger selection of cognitive functioning tests as well as variables tapping into cognitive reserve (Farina et al., 2018) and other factors of relevance. Furthermore, CLSA uses census-based sampling weights that remove inaccuracies due to sampling error or an imbalanced representation of the Canadian population. In this study, we made use of CLSA Sample Weights Version 1.2. This coverage and accuracy support our first goal: to pinpoint the facets of cognitive functioning that are particularly impeded by loneliness in healthy mature and older adults over time. This determination is important for explaining the nature of the link between loneliness and aging.

To reiterate, our second goal is to establish whether perceived loneliness has predictive validity, i.e., whether the baseline level of perceived loneliness can predict cognitive performance at follow-up. As part of estimating the predictive power of loneliness for the future cognitive functioning we compute the test-retest (baseline to follow-up) reliability of the loneliness measurements in CLSA data: if this reliability is low, predictive validity is unlikely. This paper focuses on the most common of several existing operationalizations of loneliness. Specifically, the decisive majority of cross-sectional and longitudinal research on loneliness operationalizes this critical concept as a single-item question either in a yes-no format (e.g., “Do you feel lonely at the present time?”) or using a Likert scale (e.g., “How often do you experience loneliness?,” see Boss et al., 2015). As an example of how prevalent this approach is, a recent meta-analysis (Boss et al., 2015) lists ten studies examining loneliness in the aging population: seven of those made use of single-item questions to measure loneliness while the remaining three used either the 3-item, short form of the Revised-UCLA Loneliness Scale (Shankar et al., 2013) or the six-item De Jong-Gierveld Loneliness Scale (Wilson et al., 2007; Schnittger et al., 2012). Moreover, the single-item approach to measuring loneliness is adopted in the influential diagnostic test of the Geriatric Mental State GMS-AGECAT: (Copeland et al., 1986, i.e., “Do you feel lonely?” with three response options “no/mildly/severely”), see also Tan et al. (2019). The CLSA sides with the majority in this regard and also makes use of a single-item question (“How often did you feel lonely in the past week?”) to measure the construct of loneliness (see Newall and Menec, 2020, for discussion about relevant single-item indicators in CLSA in general). Even though these measurements clearly interrogate one's feelings of loneliness in the present or very recent past, several longitudinal studies use at-baseline loneliness measurements as predictors of cognitive performance at follow-ups (see Wilson et al., 2007; Shankar et al., 2013; Holwerda et al., 2014, for relevant proposals or analyses). Thus, we expect our examination of predictive validity and test-retest reliability in longitudinal CLSA data to shed light on potential methodological constraints associated with the widely accepted use of the single-item measurement of loneliness in the field of gerontology.



2. METHOD


2.1. Participants

We used data from the Comprehensive cohort of 30,097 participants (unweighted) in the Canadian Longitudinal Study of Aging (CLSA). This cohort (age range 45–86 y.o., Mdn = 62 years; 51% female at baseline) used the Canadian national census as a sampling frame to create a representative sample of middle-age and mature Canadian adults. The following exclusion criteria were used: inability to complete the survey either in English or French; cognitive impairment at the time of contact; resident of the three territories; full-time member of the Canadian Armed Forces; resident in a long-term care institution; and living on Federal First Nations reserves or other First Nations settlements. All CLSA participants provided written consent before participating in the study.

The participants are to be observed at regular 3-year intervals for 20 years. Beyond the baseline data, this study includes data from the first available follow-up of the Comprehensive cohort that was administered 3 years after baseline and obtained within-participant data from nearly 28,000 individuals (unweighted).

Since our focus is on healthy aging, we removed from consideration those participants who screened positively on the CESD-10 depression scale (Radloff, 1977) or who were reported to have received mental or medical professional care during the 12 months prior to baseline testing. Because language background may affect performance in the language-related cognitive tests, we also restricted our sample to individuals born in Canada and speaking an official language of Canada as their first language. This led to a data pool of 20,355 individuals at baseline (unweighted). We further removed data points with missing or invalid responses for cognitive test scores or control variables (defined below) at either baseline or follow-up. The resulting pool with complete baseline and follow-up data contained 12,320 individuals (unweighted) ranging in age from 45 to 86 (Mdn = 60; 48% female).



2.2. Materials and Procedure

At both baseline and follow-up, all participants completed a highly consistent set of questionnaires, psychological tests, and physical assessments. This study focuses on select measurements of psychological functioning, social functioning, lifestyle, and socio-demographic context and their change over time.


2.2.1. Dependent Variables

Psychological tests of memory and executive function provided multiple dependent variables for this study. Our description below follows Tuokko et al. (2017): also, we refer readers to Tuokko et al. (2017) for the rationale for selecting cognitive measures and details on administration procedure and test reliability. The sole memory test in the battery, the Rey Auditory Verbal Learning Test (RAVLT; Rey, 1964) taps into both learning and retention. The test presents participants with a 15-item word learning list read at the rate of one per second, and records the words in the order in which the participant says them, immediately after learning (REY1 score) and after a 5-min delay (REY2 score). The score is the number of correctly named words, regardless of the order.

The tests of executive function included the Mental Alternation Test of mental flexibility and processing speed (Teng, 1995). The test requires a participant to alternate between the numbers 1–26 and the letters of the alphabet (i.e., 1-A, 2-B, 3-C, etc.). The score (MAT) is the number of correct alternations produced within 30 s. Fluency was measured via two tests. The Animal Fluency task (Read, 1987) asked participants to name as many animals as possible in 60 s. Its scores (AFT1 and AFT2) were the number of different existing animals recited while including or excluding breed and scientific taxonomic sub-species, respectively. The Controlled Oral Word Association Test (Lezak et al., 2004) tapped into phonological fluency and knowledge and consisted of three one-minute trials asking participants to name as many words as possible that begin with the letter A, F, or S, respectively. The summed number of correctly produced words is the task score (FAS).

An additional test was the Prospective Memory Task (Loewenstein and Acevedo, 2004), which measures the ability to remember to perform a planned action at or by a particular time or in response to a known event. The CLSA battery contains both event-based and time-based prospective memory tasks using cues after either 15- or 30-min delays. The scoring system is based on three criteria: intention to perform, accuracy of response, and need for reminders. Scores for the event-based (PMT) and time-based (TMT) tasks, respectively, are summed across the criteria. A final cognitive test we consider is the Stroop Test (Troyer et al., 2006; Bayard et al., 2009, 2011; Moroni and Bayard, 2009). It taps into inhibition, attention, mental speed, and mental control, and involves (i) naming the ink color of the dots printed on the card; (ii) naming the ink color of non-color words printed on the card; and (iii) naming the ink color of the color words, without reading aloud those words. The score (STP) is the difference between (iii) and (i). Cognitive test scores were obtained both at baseline and follow-up (see Table 1) and are the dependent variables of this study.


Table 1. Descriptive statistics for cognitive tests and p-values for pairwise baseline–follow-up comparisons.
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Descriptive statistics of all cognitive tests under consideration are reported in Table 1 at baseline and follow-up, along with the p-values of paired t-tests that compared the change in scores over time. A statistically significant (ps < 0.05) improvement in scores at follow-up was observed in five out of nine tests, while the remainder of tests (Animal naming, Mental alternation, and the time-based prospective memory test) showed significantly lower (p < 0.001) scores at follow-up, compared to baseline. The improvement in scores likely indicates the practice effect of repeated testing and may also partly reflect the continuing strengthening of cognitive skills over time in at least a subset of the participant sample.



2.2.2. Independent Variable

The critical independent variable of this study is perceived loneliness. It is assessed through a single-item question “How often did you feel lonely in the past week?,” which is part of the Center for Epidemiological Studies Short Depression Scale (CESD-10). While four options are available as a response to “How often did you feel lonely?,” due to drastic skewness in the response distribution, we re-coded the responses into a binary variable LONELY (see Newall and Menec, 2020) for a similar approach. One level corresponded to option “Never” and accounted for 83% of responses at baseline and another level merged original options “All of the time,” “Occasionally,” and “Some of the time” (17% of responses at baseline). This dichotomization also makes it possible to directly compare results between different studies using the data from CLSA.

We note that the CLSA data contain several measurements pertaining to the individual's social isolation and network, as well as lifestyle and communication practices. Since these measurements tap into constructs that are theoretically and diagnostically distinct from loneliness (Holwerda et al., 2014; Boss et al., 2015; Kuiper et al., 2016), we opted out of combining the loneliness measurement with any of these additional variables into a composite score as this allowed us to focus on the contribution of loneliness to cognitive functioning while maintaining conceptual clarity (Harasemiw et al., 2018; Newall and Menec, 2020). Moreover, this separation provides an opportunity to pinpoint more precisely the potential contribution of loneliness to cognitive functioning. An additional reason for considering a single-item measurement of loneliness stems from our second goal of examining whether this extremely common methodological practice comes with any interpretational or statistical constraints (see section 1).



2.2.3. Covariates

Demographic control variables included age (in years), self-reported sex, rural/urban status (six groups including rural, urban core, and urban fringe) and educational level (coded as 11 levels). Variables related to social network and social support included marital status (single, married or living with a partner, widowed, divorced, separated), number of close friends (outside of family members), and subjective retirement status (retired, semi-retired, not retired). Measures of socio-economic status included total household income in the past 12 months (< $20,000; $20,000 or more but < $50,000; $50,000 or more but < $100,000; $100,000 or more but < $150,000; $150,000 or more) and total value of savings and investments (< $50,000; $50,000 to < $100,000; $100,000 to < $1 million; $1 million or more). Lifestyle variables included type of smoker (six groups ranging from “Daily smoker” to “Never smoked a whole cigarette”) and frequency of alcohol consumption in the past 12 months (eight groups ranging from “6 or more times a week” to “Never”). Most assessments were obtained both at baseline and follow-up, see Table 2. For a detailed description of the variables and their values, readers are referred to the CLSA manual https://www.clsa-elcv.ca/. Jointly, these variables account for major proposed sources of variance in cognitive performance and enable us to determine the unique contribution of loneliness to cognitive functioning and its change due to aging.


Table 2. Descriptive statistics of independent variables given as percentages of total sample size, and p-values for pairwise baseline–follow-up comparisons for each variable.
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In addition to estimating the main effects of the critical variable of loneliness and multiple co-variates, we tested select interactions that were identified as theoretically revealing in prior research. Specifically, we considered an interaction between loneliness and educational level in regression models fitted to cognitive test scores, in line with Shankar et al. (2013). Education is a major predictor of an individual's cognitive reserve and has been repeatedly argued to undermine the harmful influence of multiple threats to cognitive functioning, including loneliness (Evans et al., 2018; Farina et al., 2018).

Table 2 reports descriptive statistics of socio-demographic variables (in percentages of the sample size) at baseline and, where available, follow-up. Also reported are p-values of pairwise comparisons estimated using the chi-squared test for categorical variables and the paired t-test for numeric variables.




2.3. Statistical Considerations

CLSA data include sampling weights designed to correct potential biases and deviations of the CLSA sample from the reference population. Thus, all descriptive and inferential analyses in this study incorporate weights by using the packages survey and srvyr in the statistical software platform R version 3.6.3 (R Core Team, 2020). Specifically, survey-weighted generalized linear models were used. We made use of the R packages interactions and jtools for visualization. Finally, all independent variables were treatment coded for the subsequent survey-weighted regression analyses.

We fitted regression models to each of the dependent variables with loneliness as the critical predictor and a number of control variables, listed above, while taking sampling weights into account. We also tested interactions between loneliness and age and loneliness and education. Two sets of models were fitted to analyze (i) the contribution of loneliness at baseline to indices of cognitive functioning at baseline and (ii) the contribution of loneliness at follow-up to the change in cognitive functioning over time, between baseline and follow-up.

To quantify the amount of change in the dependent variable over two testing sessions in (ii), we used residualized change models (Castro-Schilo and Grimm, 2018). In such models, the dependent variable is represented by values of that variable at follow-up, while its values at baseline serve as a predictor. As a result, contributions of all other predictors in the model are estimated against the residual variance in the dependent variable that cannot be explained by its values at baseline. Effectively, these other predictors are tested for whether they explain the change between baseline and follow-up in the dependent variable. For example, scores in the Stroop test measured at follow-up would be modeled as a function of scores in this test measured at baseline, as well as numerous additional predictors, including loneliness, measured at follow-up. An oft-used alternative approach to quantifying the amount of change through difference scores in dependent and critical independent variables was not practical due to a very low reliability of loneliness measurements (see below).

With the present focus on the contribution of loneliness, we only report in the paper those regression models in which the estimate of loneliness reached statistical significance, either as a main effect or in an interaction. However, all regression models are reported in Supplementary Materials (S1). With nine dependent variables at hand (scores in the cognitive tests defined above), a total of 18 regression models were fitted. In each set of nine models, we applied the Bonferroni family-wise correction for multiple comparisons to results of regression models, requiring statistical significance below the 0.006 (0.05/9) level.




3. RESULTS


3.1. Loneliness as a Predictor of Cognitive Functioning at Baseline

Out of nine models fitted to cognitive test scores, only one—the model fitted to immediate recall scores REY 1 at baseline—has revealed an effect of loneliness at the acceptable Bonferroni-corrected level of statistical significance. Higher levels of education were associated with higher scores in this test across both levels of perceived loneliness. However, immediate recall ability at lower education levels (1–5) was lower in individuals who reported more frequent feelings of loneliness. This finding replicates Shankar et al. (2013) who explain the interaction as a different effect of loneliness on individuals with varying cognitive reserve (see section 4). The results of the survey-weighted regression model is reported as a sequential ANOVA summary table in Table 3 and the corresponding table of coefficients is provided in Supplementary Materials (S1).


Table 3. The sequential ANOVA summary table of the survey-weighted regression for REY1 at baseline.
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Contrary to multiple previous reports (see section 1), we failed to observe a statistically significant effect of perceived loneliness on any other test of memory or executive function in healthy adults at baseline. The results of these models are also reported as sequential ANOVA tables in Supplementary Materials (S1).

The immediate recall in the RAVLT memory test (REY 1) revealed an interaction between loneliness and level of education [F = 77.63, df = 10, denom df = 11,562, p = 0.002, see Figure 1]. Higher levels of perceived loneliness were particularly harmful for the immediate recall skill in less-educated groups of participants. This is in line with earlier reports of education as one of the factors that contribute to an individual's cognitive reserve and increase one's resilience to the harmful influence of loneliness and other social factors (Shankar et al., 2013).


[image: Figure 1]
FIGURE 1. Loneliness × Education interaction as a predictor of immediate recall in the RAVLT memory test (REY 1) at baseline. Education is coded as 11 levels with the following definitions: levels 1–4 (secondary or lower), levels 5–8 (some post-secondary), and levels 9–11 (university degree). Error bars stand for the 95% confidence intervals.




3.2. Loneliness as a Predictor of Cognitive Change

We estimated changes over time in tests of several cognitive functions by using a series of residualized change regression models (see section 2). Perceived loneliness at follow-up was entered into these regression models as a critical predictor of cognitive change.

The results of the weighted regression model of the time-based test of prospective memory (TMT) at follow-up is provided as a sequential ANOVA summary table in Table 4 and the table of coefficients is provided in Supplementary Materials (S2). Importantly, the estimated effect of loneliness was statistically significant and in the expected direction, namely individuals who reported occasional or frequent feelings of loneliness at follow-up showed a greater loss in the time-based test of prospective memory (TMT) (b = −0.078, t = −3.255, p = 0.001).


Table 4. The sequential ANOVA summary table of the survey-weighted regression for TMT at follow-up.
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The sequential ANOVA summary table of the weighted regression model of the event-based test of prospective memory (PMT) at follow-up is provided in Table 5 and Supplementary Materials (S2) contain the table of coefficients of the model. Similar poorer memory performance was observed with individuals who reported an increased perception of loneliness on the event-based test of prospective memory (PMT) at the follow-up (b= −0.068, t= −2.994, p = 0.003).


Table 5. The sequential ANOVA summary table of the survey-weighted regression for PMT at follow-up.

[image: Table 5]

After the Bonferroni correction, no other regression model showed either a main or interactive effect of loneliness on any cognitive test score at follow-up. The sequential ANOVA summary tables of these models are provided in Supplementary Materials (S3).



3.3. Predictive Validity and Reliability of Loneliness

One of our goals was to establish whether perceived loneliness can be used to predict future cognitive functioning. We pursued this goal in two related ways. First, we examined whether loneliness at baseline was predictive of loneliness at follow-up, within participants. We did so by computing the test-retest reliability of the single-item loneliness measurement in CLSA data. Table 6 reports the distribution of values of LONELY over two testing sessions.


Table 6. Distribution of perceived loneliness over two testing sessions: unweighted N, weighted N (weighted SE).
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The test-retest reliability kappa over two sessions was very low: κ = 0.34. This aligns well with the fact that the assessment of loneliness used in this study asked how often one felt lonely in the week prior to testing, while the interval between the baseline and follow-up testing was 3 years. Since reliability of loneliness measurements over time is low, this puts a substantial constraint on how predictive loneliness at baseline can be for a prognosis of cognitive functioning at a follow-up.

Our second test interrogated predictive validity of baseline loneliness directly. We fitted a series of regression models with cognitive test scores at follow-up as dependent variables and loneliness at baseline as a critical predictor. The remainder of covariates were the same as described in the two sections above. Loneliness at baseline was not a significant predictor of the cognitive performance at follow-up in any of the regression models, after the Bonferroni family-wise correction. We conclude that while loneliness explains variance in some facets of the cognitive ability concurrently (as indicated in the two previous sections), it is not a reliable or valid predictor of the future state of that ability. In section 4, we elaborate on methodological and theoretical implications of this finding.




4. GENERAL DISCUSSION

There is an apparent consensus in the literature on aging that perceived loneliness correlates with lower levels of cognitive functioning and more rapid cognitive decline in mature adults. As a risk factor to healthy aging, feelings of loneliness have been extensively studied as a predictor of either current or future cognitive impairments (see section 1). Conversely, the effect of loneliness on healthy aging has been studied much less, even though the prevalence of perceived loneliness is high in both mid- and late-adulthood (Hawkley and Cacioppo, 2010). Understanding the impact of loneliness on one's cognitive abilities is of paramount importance at the time of the pandemic when large numbers of older adults have been physically or socially isolated from their social supports for extended periods of time. This study harnessed the rich, nationally representative data of the Canadian Longitudinal Study on Aging to examine two questions that have not been resolved in prior research on loneliness in healthy aging. We asked (i) how perceived loneliness affects concurrent cognitive functioning and the change in cognitive functioning over time and (ii) whether perceived loneliness at one point can be used in a prognostic manner, to predict cognitive functioning at a future time-point.


4.1. Loneliness Predicts Cognitive Deterioration

We observed that the effect of loneliness on cognitive abilities at baseline was confined to only one test: immediate recall. This negative effect was modulated by education, such that higher incidence of perceived loneliness primarily affected individuals with lower levels of education. This finding replicates results of the English Longitudinal Study of Ageing (Shankar et al., 2013). It also supports the notion that cognitive reserve (of which education is a major predictor) provides compensatory resilience against multiple threats to cognitive functioning, including loneliness (Evans et al., 2018; Farina et al., 2018).

A further analysis of the change in cognitive abilities over time (using residualized scores of CLSA follow-up data) showed that perceived loneliness at follow-up predicted lower levels of time-based and event-based prospective memory, i.e., our capability to remember and execute intentions in the future. The negative impact of loneliness on prospective memory warrants the attention of future studies of cognitive functioning among older adults as the functioning of prospective memory can be linked to successful completion of daily activities in older adulthood (see also Lamichhane et al., 2018). The capability to reliably carry out daily activities is central for maintaining self-sufficiency and allows older individuals to maintain living at home which is connected to increased life satisfaction (Fernández-Portero et al., 2017) and improved mental health status (Muramatsu et al., 2010; Lee et al., 2020).

Taken together, these findings point out that feelings of loneliness correlated with diminished cognitive functioning and a more rapid decrease in functioning over time even in healthy middle-aged and older adults. The magnitude and scope of the loneliness effect on healthy cognitive functioning is more restricted than the prior literature has advocated (Boss et al., 2015; Kuiper et al., 2016). Undoubtedly, a partial explanation of this discrepancy lies with our focus on healthy aging: We removed both clinically depressed individuals and those receiving medical or psychological help at baseline. Another factor may be the precision of measurements and inferential estimates that in our study rely on the superior statistical power and accuracy granted by the CLSA's large sample size, its census-based sampling weights and a comprehensive coverage of cognitive, psychological, social, demographic, and other factors relevant to the study of cognition and aging.

The main contribution of this study is in supplying new longitudinal evidence supporting the view of perceived loneliness as a risk factor for greater and more rapid deterioration of several critical cognitive functions in mid- and late-adulthood. Both the risk of loneliness—a perceived mismatch between one's social needs and affordances—and its harmful effects are exacerbated by the social and physical isolation imposed by the COVID-19 pandemic and related protective measures. As a sizable threat to healthy aging, perceived loneliness is a condition that requires monitoring and intervention in older adults (e.g., Lara et al., 2019). Building up one's cognitive reserve through stimulating mental and social activities and both finding and offering opportunities for individual and group socialization helps “to alleviate the health burden of loneliness” (Hawkley and Cacioppo, 2010, p. 224).



4.2. Low Predictive Validity of Loneliness

Findings above confirm the well-described concurrent validity of loneliness: e.g., loneliness at baseline (follow-up) predicts cognitive performance at baseline (follow-up). Yet this study considered a methodological question of practical importance for medical practitioners and caretakers: can measurements of loneliness be used for prognosis of a future change in cognitive functioning in mature adults, i.e., can loneliness at baseline predict cognitive functioning at follow-up. Our consideration was confined to one most common method of operationalizing loneliness, i.e., a single-item question on how often one feels lonely. With minor fluctuations, a single-item question like this is used for measuring loneliness in the majority of cross-sectional and longitudinal studies, including CLSA, as well as standard diagnostic tools of the geriatric mental state.

Perceived loneliness gauged as a single-item question in CLSA showed a low test-retest reliability (κ = 0.34) when comparing the baseline and follow-up responses within participants 3 years apart. This finding has both methodological and theoretical implications. Low reliability suggests the practice of using perceived loneliness measured at a given time-point to predict cognitive functioning at any other time-point to be statistically unwarranted, contra (e.g., Shankar et al., 2013). Furthermore, an individual's level of perceived loneliness at CLSA baseline did not have a significant effect on any of the cognitive functioning test scores at follow-up. Thus, the main contribution of this paper is to demonstrate that the commonly accepted single-item operationalization of loneliness has concurrent validity but not predictive validity. Additional research is required to test whether other, more temporally stable and prognostically predictive operationalizations of loneliness are possible. We speculate that adoption of a more multi-faceted and rigorous measurement of the construct of loneliness in future studies and diagnostic batteries may improve psychometric properties of relevant measures of loneliness and make them viable both for predicting one's concurrent and future mental state.
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