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Previous studies indicate differences in experiences of loneliness during the COVID-19 pandemic but 
are constricted by limited timeframes and absence of key risk factors. This study explores temporal 
and inter-individual variations of loneliness in Canadians over the pandemic’s first year (April 
2020–2021), by identifying loneliness trajectories. It then seeks to provide information about groups 
overrepresented in high and persistent loneliness trajectories by examining their associations with 
risk factors: social isolation indicators (living alone, adherence to health measures limiting in-person 
contacts, and online contacts), young adultood, and the interactions between these factors. Data 
comes from a large longitudinal study with a representative Canadian sample (n = 1763) and 11 
measurement times. Analyses consist of (1) a group-based modelling approach to identify trajectories 
of loneliness and (2) multinomial logistic regressions to test associations between risk factors and 
trajectory membership. Varied experiences of loneliness during the pandemic were revealed as five 
trajectories were identified: moderate-unstable (38.5%), high-stable (26.7%), low-unstable (20.5%), 
very low-stable (8.6%), and very high-decreasing (5.7%). Individuals living alone associated with higher 
trajectories. Contrary to our expectations, adhering to social distancing measures and having fewer 
online contacts associated with lower trajectories. Age and interactions were not significant in regard 
to loneliness trajectories.
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Loneliness is a significant public health concern associated with numerous physical and mental health problems, 
and increased mortality1. It is defined as the negative subjective experience resulting from a perceived gap 
between desired social contacts and actual social contacts2. As such, loneliness is not directly dependent on the 
quantity and quality of social contact, but rather is related to individuals’ expectations, needs, and desires3.

The COVID-19 pandemic raised concerns about loneliness, as it led to widespread physical isolation due to 
lockdown measures4. During this period, governments around the world put in place country-specific rules and 
unprecedented lockdown measures to slow down the spread of the virus. In Canada, provincial governments 
prohibited, to varying degrees, social gatherings, issued work-from-home mandates, and ordered the closure 
of public spaces like schools and restaurants5. Studies indicated a small but significant overall increase in 
loneliness during the pandemic, and suggested that this trend was not uniform across all groups, highlighting 
the importance of examining variations between individuals and risk factors in longitudinal studies6. While 
experiencing the pandemic concurrently, individuals may have exhibited varying baseline levels and patterns 
of change in their loneliness. For some, loneliness levels may have remained relatively stable, while others may 
have experienced a decrease or increase in their loneliness levels over time. Few studies have examined temporal 
and inter-individual variations in loneliness during the pandemic and how key loneliness risk factors, such as 
isolation and age, may have been associated with such variations. As we move beyond the pandemic, loneliness 
persists as a significant public health concern7. Understanding its dynamics during the acute phase of this crisis, 
considered a dramatic social change, is essential for informing future interventions and strategies to address 
loneliness 8.
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Temporal and inter-individual variations of loneliness
Existing studies on loneliness rely mostly on cross-sectional approaches, but longitudinal research is crucial for 
understanding temporal variations during the COVID-19 pandemic9. Some longitudinal studies report lower 
levels of loneliness in summer months and higher levels in winter months but do not account for inter-individual 
differences in the experience of loneliness over time10. To our knowledge, only three studies derived loneliness 
trajectories during the pandemic, accounting for both temporal and inter-individual variations11–13. Despite 
important strengths, each is limited in some ways. One (n = 641) focused on older adults with chronic conditions 
in one metro area in the U.S., and thus does not provide information about younger people’s experiences of 
loneliness12. Another (n = 681), conducted with a French sample, derived four trajectories of loneliness over 
a year, but relied on a limited number of assessments obtained from a convenience sample over representing 
women and people with higher levels of education and did not include risk factors13. Finally, another study 
conducted in the UK derived four mainly stable loneliness trajectories using a substantial, non-random sample of 
adults (n = 38217) followed during a two-month lockdown period11. Several risk factors were associated with the 
higher loneliness trajectories, including being young, being a woman, having a low income, being unemployed, 
and having a mental health condition. Protective factors associated with lower loneliness trajectories included 
living with others, residing in rural areas, having more close friends, and reporting greater social support. 
Despite providing valuable insights, the generalization of the results is limited due to non-random sampling 
strategy and the assessment period restricted to two months. Considering that in Canada’s strictest provinces, 
isolation-related health measures were implemented intermittently for a period of two years, further research 
with representative samples and longer assessment periods are needed to explore how loneliness evolved over 
the course of the pandemic, as well as associated risk and protective factors.

Risk factors of loneliness
Socially isolated and younger individuals appear particularly vulnerable to the negative psychological 
consequences of lockdown measures, yet, these factors have not been studied sufficiently in relation to loneliness 
trajectories.

Social isolation
Loneliness is conceptually distinct from social isolation, which refers to the objective absence of social contacts14,15. 
In Peplau’s loneliness framework, social isolation is tied to actual social contacts2. Individual responses to social 
isolation vary : some individuals, like natural “loners,” do not feel particularly lonely when having limited 
contacts with others, while others feel lonely even when they have many social interactions and contacts16. 
Despite their conceptual differences, social isolation remains a major risk factor for loneliness17,18. The varying 
intensity of lockdowns and other social distancing measures during the pandemic has presented opportunities 
to deepen our understanding of the association between social isolation and trajectories of loneliness. Social 
isolation is a complex phenomenon that can be captured via a host of measurement strategies and indicators14,15. 
In this article, we look more specifically at social isolation impacted by pandemic-related measures with the help 
of three indicators: household composition, adherence to public health measures limiting in-person contacts, 
and online social contacts.

The first and most traditional indicator of social isolation refers to household composition. Living alone was 
already considered a marker of isolation related to loneliness before the pandemic15. Its impact on loneliness 
might have been amplified in pandemic context, when public gatherings outside one’s household were 
forbidden17. Research focusing on loneliness trajectories during the pandemic suggests that living alone was a 
risk factor for loneliness under pandemic conditions11,12. Further research is needed to determine whether these 
findings hold in representative samples of the general population and for trajectories of loneliness extending 
over longer periods.

One pandemic-specific indicator of social isolation is adherence to public health measures limiting in-person 
contacts (e.g., limitations of outdoor and indoor gathering). Throughout the crisis, in-person social contacts 
with friends and family were restricted by health measures, contingent on individual compliance. The limited 
research that has explored the relationship between loneliness and in-person contact indirectly suggests that 
those following distancing measures more strictly tended to experience increased loneliness17,18. However, the 
relationship between adherence to public health measures limiting in-person contacts and loneliness trajectories 
has not yet been examined.

Another pandemic-specific indicator for examining social isolation is through online social contacts. The 
pandemic accelerated the use of communication technologies as a primary means of interaction during lockdowns, 
of bridging social distance, and of providing social support17,19. Some authors have made recommendations in 
favor of using social media as a way to reach vulnerable and socially isolated young adults17. However, pre-
pandemic studies found that adolescents with both limited in-person interactions and high social media use 
reported higher levels of loneliness18. Nowland et al. propose that Internet use can alleviate loneliness when it is 
employed to strengthen existing relationships20. Though no study has yet examined the relation between online 
social contacts and loneliness trajectories during the pandemic, we can expect that maintaining existing online 
relations could help alleviate loneliness during the pandemic20.

Young adults and loneliness
Age is considered one of the most critical determinants of loneliness21. Pre-pandemic studies have shown that 
young adults experience the highest levels of loneliness2,22,23. Adolescents and young adults are in a critical 
development stage where social interactions are necessary for key developmental tasks18. Recent research 
indicates that young adults were at a heightened risk of experiencing loneliness during the COVID-19 
pandemic10,17,24,25. The pandemic especially affected the youth through reduction of socializing spaces, closure 
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of teaching institutions and online-schooling, and job losses in work sectors employing young adults26. Bu et al. 
reported that young adults aged 18–29 were more likely to experience higher loneliness trajectories during the 
pandemic. To confirm these findings, further investigation into the age-loneliness relationship over an extended 
pandemic period is essential11.

Current research
The current study is part of the project COVID-19 Canada: The end of the world as we know it? and unfolds in two 
main actions. We first aim to extend prior research on pandemic loneliness trajectories using a new representative 
Canadian sample and a one-year timeframe. Given the unique evolution of the pandemic and the lockdown 
measures specific to each government, studying changes in solitude in different countries is important17. Canada 
has been recognized for its effective response and strong public health measures27. We then aim to understand 
the significance of key risk factors for pandemic loneliness trajectories, which, to our knowledge, have not been 
thoroughly explored in existing studies. Our objectives are as follows:

Objective 1
Explore the inter-individual and temporal variations of loneliness in Canadians during the first year of the 
COVID-19 pandemic by identifying trajectories of loneliness that will differ in terms of their initial level of 
loneliness (e.g., low, moderate, high) and their rate of change over time (e.g., stable, increasing, decreasing, 
unstable). Due to the exploratory nature of this objective, we do not develop any specific sub-hypothesis 
regarding the number and shapes of the trajectory groups28. Based on previous studies, we can expect a few 
stable trajectory groups of loneliness11–13.

Objective 2
Understand the association between social isolation and loneliness trajectories using one traditional (household 
composition) and two pandemic-specific indicators (adherence to public health measures and online social 
contacts) measured at a single time point. Regarding loneliness trajectory membership, we expect that (1) 
individuals who lived alone will be more likely to belong to high loneliness groups compared to those who lived 
with others; (2) individuals who followed isolation-related public health measures will be more likely to belong 
to high loneliness groups compared to those who did not and (3) individuals with fewer online contacts will be 
more likely to belong to high loneliness groups compared to those who had more online interactions.

Objective 3
Understand the association between young adulthood and loneliness trajectories. We expect that young adults 
will be more likely to belong to high trajectory groups of loneliness compared to older adults.

Objective 4
Explore the interactions between young adulthood and each social isolation indicator as risk factors of loneliness 
trajectories during the pandemic. To our knowledge, no studies have previously examined the interaction 
between age and isolation indicators for loneliness during the pandemic. Due to its exploratory nature, we do 
not provide any specific sub-hypothesis regarding this objective.

Results
Preliminary and descriptive analysis
Table  1 presents the means, standard deviations, skewness, kurtosis, and correlations between continuous 
variables.

Objective 1: loneliness trajectory groups
Table 2 shows the Bayesian Information Criteria (BIC) for model selection based on the number of trajectory 
groups as provided by PROC TRAJ. Model probability, included in the table, signifies the likelihood of each 
trajectory model being the best fit for the observed data. Our decision was to retain the five-class model, 

Variables n Mean SD

Skewness Kurtosis

1 2 3 4 5 6 7 8 9Stat. SD Stat. SD

1. Loneliness MT2 1325 4.91 2.96 0.16 0.067 − 1.24 0.134 −

2. Loneliness MT3 1418 4.68 2.97 0.29 0.065 − 1.22 0.130 .623** −

3. Loneliness MT4 1397 4.83 2.93 0.16 0.065 − 1.24 0.131 .611** .667** –

4. Loneliness MT5 1334 4.83 2.91 0.20 0.067 − 1.17 0.134 .590** .626** .651** –

5. Loneliness MT6 1307 4.36 2.96 0.39 0.068 − 1.16 0.135 .574** .615** .658** .669** –

6. Loneliness MT7 839 4.05 2.91 0.57 0.084 − 0.93 0.169 .501** .543** .600** .610** .674** –

7. Loneliness MT8 782 4.49 2.97 0.33 0.087 − 1.20 0.175 .497** .563** .536** .557** .613** .689** –

8. Loneliness MT9 755 4.23 2.87 0.41 0.089 − 1.06 0.178 .515** .491** .595** .564** .656** .606** .650** –

9. Loneliness MT10 798 4.79 3.01 0.19 0.087 − 1.26 0.173 .529** .525** .546** .527** .573** .661** .639** .549** –

10. Loneliness MT11 797 4.62 2.92 0.33 0.087 − 1.11 0.173 .492** .522** .471** .499** .561** .574** .640** .603** .613**

Table 1. Means, SD, skewness, kurtosis, and correlation matrix. MT Survey’s measurement time. **p < .01.
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prioritizing meaningfulness of the retained trajectory groups. While a higher number of trajectories might yield 
a lower BIC, the six trajectories model failed to reveal a distinctive pattern within the data. Figure 1 depicts the 
elbow plot showing the BIC stabilizing at around five trajectories, further supporting the decision to retain the 
five-trajectory solution. This aligns with the theoretical adequacy criteria, as existing literature on loneliness 
trajectories mostly focuses on models with three to five groups11–13,29.

The shapes of the trajectories were determined using the BIC. Table 3 presents the parameters of the selected 
final model, which were determined using the BIC and level of significance. The BIC value for all models tested 
when determining the shapes of trajectories can be found in the supplementary materials (Table S1).

Figure 2 presents the five trajectory groups predicted by the model and the observed values. From bottom 
to top, the five trajectories were labelled and classified as follows: “Very low and stable,” “Low and unstable,” 
“Moderate and unstable,” “High and stable,” and “Very high and decreasing,” based on their starting level of 
loneliness and the stability of their evolution over time. Respectively, the first trajectory group had a very low 
loneliness level at the start of the study and remained stable over time (8.6% of the sample). The second trajectory 
group had low levels of loneliness at the start of the study (20.5% of the sample) which showed some variation 
over time (i.e., quadratic order). The modal trajectory group (38.5% of the sample) showed a moderate level of 
loneliness and a slight but significant change over time (i.e., cubic order), with decreasing loneliness in summer 
months and increasing loneliness in winter months and decreasing again in April 2021. The fourth trajectory 
group reported higher levels of loneliness which remained stable over time (26.7% of the sample). Finally, the 
fifth trajectory group reported very high loneliness levels that slightly decreased over time (5.7% of the sample). 
Figure 3 presents the five predicted trajectories with their confidence intervals.

Objective 2 and 3: linking trajectory groups with covariates
Covariates associated with trajectory group membership included household composition, adherence to public 
health measures limiting in-person contacts, online social contacts with friends and family, and age. Our final 
model included all the covariates in the multivariate multinomial regression, the results of which are reported 

Fig. 1. Elbow plot of the BIC variation based on the number of trajectories.

 

No. of trajectory groups BIC Model probability % of participants per trajectory groups

1 − 23983.34 0 100

2 − 22129.33 0 40.6; 59.4

3 − 21448.60 0 24.3; 52.1; 23.6

4 − 21238.63 0 19.3; 37.5; 36.3; 6.8

5 − 21161.97 1 10.6; 20.9; 38.3; 24.7; 5.5

Table 2. BICs and probabilities for the selection of the five-trajectory group model. All trajectories were coded 
in cubic order (3). BIC Bayesian information criterion.
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in Table 4. Initial control variables included gender, education level, work status, student status, working from 
home, and being a parent. However, our final model included only gender, the only significant control variable 
in the preliminary bivariate multinomial regression analysis (see Tables S2-S13). The third trajectory (“moderate 
and unstable”) was used as the reference group when estimating the probabilities of membership for each 
trajectory group.

Fig. 3. Trajectory groups of loneliness with confidence intervals.

 

Fig. 2. Trajectory groups of loneliness with prediction.

 

Trajectory group Parameters Estimate Standard error p-value

1. Never lonely and stable Intercept − 2.34 0.72 .001

2. Rarely lonely and unstable

Intercept 1.95 0.47 < .001

Linear − 0.12 0.03 < .001

Quadratic 0.00 0.00 < .001

3. Sometimes lonely and unstable

Intercept 5.04 0.24 < .001

Linear − 0.19 0.04 < .001

Quadratic 0.01 0.00 < .001

Cubic − 0.00 0.00 < .001

4. Often lonely and stable Intercept 7.05 0.24 < .001

5. Always lonely and decreasing

Intercept 11.32 0.37 < .001

Linear − 0.03 0.01 .011

Sigma 2.47 0.05 < .001

Table 3. Coefficient estimates for the group-based trajectory model.
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Objective 2: social isolation indicators as covariates
As expected, participants living alone were overrepresented in higher loneliness-level trajectories as compared to 
participants living with others. Compared to those in the modal group, participants living alone were more likely 
to belong to the “high and stable” trajectory (OR = 1.61, 95% CI = [1.06–2.45], p = .026) and to the “very high and 
decreasing” trajectory (OR = 3.24, 95% CI = [1.86–5.63], p < .001).

Contrary to our expectations, participants who adhered most to health measures were overrepresented in 
lower loneliness trajectories. Compared to the modal group, participants with low in-person contacts had higher 
odds of belonging to the “very low and stable” trajectory (OR = 3.77, 95% CI = [2.16–6.59], p < .001) and to the 
“low and unstable” one (OR = 1.93, 95% CI = [1.28–2.90], p = .002).

Also contrary to our expectations, participants with comparatively more online social contacts were more 
likely to belong to the “very high and decreasing” loneliness trajectory (OR = 2.43, 95% CI = [1.31–4.50], p = .005) 
and less likely to belong to the “very low and stable” loneliness trajectory (OR = 0.51, 95% CI = [0.28–0.91], 
p = .023), when compared to the same benchmark group.

Objective 3: young adulthood as a covariate
Even if some associations between young adulthood and trajectory membership were significant at p < .05 
in bivariate analyses (see Supplementary Materials, Table S3), in our main multivariate model, none of the 
associations between young adulthood and loneliness trajectories reached the significance level of p < .05.

Control variable
Women were more likely than men to belong to the “high and stable” loneliness-level trajectory group as 
compared to the modal trajectory group (OR = 1.55, 95% CI = [1.05–2.30], p = .029).

Objective 4: interaction between young adulthood and isolation indicators
Table 5 shows descriptive statistics for each social isolation levels in each age group. No significant associations 
were found for interactions between young adulthood and each isolation indicator (Tables 6, 7 and 8). While no 
main effect was significant, exploratory post-hoc analyses to better understand the relation between isolation 
and loneliness can be found in supplementary materials (Tables S14-S16) as it may provide interesting insights 
for other researchers.

Variable Trajectory group (ref group = 3) Estimate SE p OR 95% CI

Constant

1 − 1.85 0.40 < .001 0.16 (0.07–0.34)

2 − 0.76 0.29 .009 0.47 (0.26–0.83)

4 − 1.05 0.36 .004 0.35 (0.17–0.71)

5 − 3.26 0.38 < .001 0.04 (0.02–0.08)

Young adulthood (18–29 vs. 39–99)

1 − 0.48 0.44 .272 0.62 (0.26–1.46)

2 − 0.81 0.42 .053 0.45 (0.20–1.01)

4 0.54 0.30 .072 1.71 (0.95–3.07)

5 0.37 0.40 .359 1.45 (0.66–3.19)

Household composition (Living alone vs. living with others)

1 − 0.58 0.32 .070 0.56 (0.30–1.05)

2 − 0.04 0.23 .847 0.96 (0.61–1.49)

4 0.48 0.21 .026 1.61 (1.06–2.45)

5 1.17 0.28 < .001 3.24 (1.86–5.63)

Adherence to public health measures limiting in-person contacts (high vs. low)

1 1.33 0.28 < .001 3.77 (2.16–6.59)

2 0.66 0.21 .002 1.93 (1.28–2.90)

4 0.11 0.30 .726 1.11 (0.62–2.01)

5 0.45 0.35 .202 1.56 (0.79–3.10)

Online social contacts (high vs. low)

1 − 0.68 0.30 .023 0.51 (0.28–0.91)

2 − 0.14 0.35 .699 0.87 (0.44–1.74)

4 0.40 0.31 .202 1.49 (0.81–2.73)

5 0.89 0.31 .005 2.43 (1.31–4.50)

Gender (woman vs. man)

1 − 0.17 0.27 .526 0.84 (0.50–1.43)

2 − 0.11 0.21 .597 0.89 (0.59–1.35)

4 0.44 0.20 .029 1.55 (1.05–2.30)

5 0.53 0.33 .102 1.70 (0.90–3.23)

Table 4. Covariates of trajectory group membership of loneliness. Trajectory groups: 1 = Very low loneliness 
and stable, 2 = Low loneliness and unstable, 3. = Moderate loneliness and unstable (reference group), 4 = High 
loneliness and stable, 5 = Very high loneliness and decreasing. SE standard error, p p value, OR odds ratio, 
CI confidence interval.
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Discussion
To our knowledge, this is the first study to examine the inter-individual and temporal variations of loneliness 
during the first year of the COVID-19 pandemic in a representative Canadian sample, with social isolation and 
young adulthood as risk factors. Over the first year of the pandemic (April 2020–April 2021, 11 measurement 
times), five profiles of loneliness were identified, which differed in their initial levels and their variation over 
time (Objective 1). With regards to social isolation risk factors (Objective 2), traditional and pandemic-specific 
indicators of isolation were unexpectedly inversely associated with loneliness. By examining young adulthood as 
a risk factor (Objective 3) and interactions between young adulthood and isolation indicators (Objective 4), we 
found no significant associations in regards to loneliness trajectories.

Regarding Objective 1, our results highlight different temporal variations of loneliness during the pandemic. 
For the very high group, loneliness was slowly linearly decreasing. Loneliness was stable for the very low and high 
groups. As for the low and moderate groups, which represent the majority of our sample, such participants were 
unstable and appeared to follow a seasonal variation. For both unstable trajectories, their highest point was at the 
beginning of the pandemic (measurement time 2—April 2020). We then observed a general decrease, with the 
lowest point in summer (measurement times 6 and 8—June to August 2020). Laham et al. also reported loneliness 
trajectories showing a small decrease in loneliness during summer periods and a subsequent increase13. Our 
results do not allow us to discern whether loneliness fluctuated according to seasons or pandemic progression, 
as summer periods coincided with lower infection rates and loosening of health measures in Canada30. As health 

Variable Trajectory group (ref group = 3) Estimate SE p OR 95% CI

Constant

1 − 1.38 0.25 < .001 0.25 (0.15–0.41)

2 − 0.55 0.13 < .001 0.58 (0.45–0.75)

4 − 0.62 0.23 .008 0.54 (0.34–0.85)

5 − 2.39 0.31 < .001 0.09 (0.05–0.17)

Young adult

1 − 0.56 0.44 .201 0.57 (0.24–1.35)

2 − 0.92 0.44 .035 0.40 (0.17–0.94)

4 0.65 0.30 .029 1.91 (1.07–3.42)

5 0.91 0.41 .027 2.49 (1.11–5.59)

Living alone

1 − 0.51 0.32 .113 0.60 (0.32–1.13)

2 − 0.02 0.22 .937 0.98 (0.63–1.52)

4 0.48 0.22 .027 1.62 (1.06–2.50)

5 1.38 0.33 < .001 3.99 (2.11–7.56)

Young × living alone

1 − 9.98 11.36 .380 0.00 (0.00–2.17e5)

2 1.02 0.92 .265 2.78 (0.46–16.70)

4 0.12 0.63 .849 1.13 (0.33–3.91)

5 − 2.04 1.22 .096 0.13 (0.01–1.43)

Table 6. Coefficient estimates for interactions between household composition and young adulthood 
as covariates with trajectory membership. Trajectory groups: 1 = Very low loneliness and stable, 2 = Low 
loneliness and unstable, 3. = Moderate loneliness and unstable (reference group), 4 = High loneliness and 
stable, 5 = Very high loneliness and decreasing. Given the large error associated with the parameters for 
the interaction term in relation to the first trajectory, the resulting confidence interval is extremely wide. 
SE standard error, p p value, OR odds ratio, CI confidence interval.

 

Variables

Young adults (18–29) Older adults (30–99)

n (%) n (%)

Household composition

 Living alone 39 (15.1) 371 (24.7)

 Living with 
others 219 (84.9) 1134 (75.3)

Adherence to public health measures limiting in-person 
contacts

 High 807 (53.6) 130 (50.4)

 Low 698 (46.4) 128 (49.6)

Online social contacts

 High 97 (37.6) 931 (61.9)

 Low 161 (62.4) 574 (38.1)

Table 5. Descriptive statistics for social isolation and young adulthood.
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measures have now ceased, seasonality of loneliness would need to be further assessed, particularly among 
isolated individuals who are more vulnerable to winter-related distress10.

Our findings reveal that while certain groups exhibited some temporal variations, none of the trajectories 
cross over one another. The primary distinction lies in initial levels of loneliness revealing great inter-individual 
heterogeneity in Canadians’ feelings of loneliness, i.e., five distinct trajectories, contrasting with other studies 
of trajectories of loneliness typically identifying four trajectories11–13. This difference might reflect difference in 
sample size and composition, country, loneliness measurement, and analysis type. Our study was the only one 
to follow loneliness over 11 measurement times unevenly spread over 1 year, allowing a better assessment of 
variations than previous studies.

Variable Trajectory group (ref group = 3) Estimate SE p OR 95% CI

Constant

1 − 1.97 0.32 < .001 0.14 (0.07–0.26)

2 − 0.58 0.21 .006 0.56 (0.37–0.85)

4 − 0.10 0.39 .796 0.90 (0.42–1.94)

5 − 1.43 0.34 < .001 0.24 (0.12–0.47)

Young adult

1 − 0.06 0.68 .931 0.94 (0.25–3.56)

2 − 0.61 0.48 .198 0.54 (0.21–1.38)

4 0.38 0.36 .298 1.46 (0.72–2.96)

5 0.11 0.47 .821 1.11 (0.44–2.78)

Low online contacts

1 0.71 0.31 .025 2.03 (1.10–3.75)

2 0.05 0.32 .885 1.05 (0.56–1.98)

4 − 0.57 0.29 .046 0.56 (0.32–0.99)

5 − 1.11 0.33 .001 0.33 (0.17–0.63)

Young × low social contacts

1 − 0.63 0.88 .476 0.53 (0.10–2.99)

2 − 0.80 1.26 .522 0.45 (0.04–5.25)

4 0.26 0.55 .643 1.29 (0.44–3.81)

5 0.75 0.70 .283 2.12 (0.54–8.33)

Table 8. Coefficient estimates for interactions between online social contacts and young adulthood as 
covariates with trajectory membership. Trajectory groups: 1 = Very low loneliness and stable, 2 = Low 
loneliness and unstable, 3. = Moderate loneliness and unstable (reference group), 4 = High loneliness and 
stable, 5 = Very high loneliness and decreasing. SE standard error, p p value, OR odds ratio, CI confidence 
interval.

 

Variable Trajectory group (ref group = 3) Estimate SE p OR 95% CI

Constant

1 − 2.22 0.46 < .001 0.11 (0.04–0.27)

2 − 0.83 0.18 < .001 0.43 (0.31–0.62)

4 − 0.55 0.36 .129 0.58 (0.28–1.17)

5 − 2.36 0.40 < .001 0.09 (0.04–0.21)

Young adult

1 − 0.16 0.76 .837 0.85 (0.19–3.82)

2 − 1.27 0.91 .163 0.28 (0.05–1.67)

4 0.33 0.39 .400 1.39 (0.65–2.98)

5 0.66 0.54 .221 1.94 (0.67–5.62)

High adherence

1 1.32 0.31 < .001 3.73 (2.02–6.87)

2 0.55 0.21 .010 1.74 (1.14–2.65)

4 0.06 0.28 .823 1.07 (0.61–1.85)

5 0.64 0.38 .096 1.90 (0.89–4.03)

Young×high adherence

1 − 0.49 0.97 .614 0.61 (0.09–4.09)

2 0.74 1.05 .484 2.09 (0.27–16.31)

4 0.61 0.52 .246 1.84 (0.66–5.12)

5 − 0.23 0.76 .761 0.79 (0.18–3.54)

Table 7. Coefficient estimates for interactions between adherence to public health measures and young 
adulthood as covariates with trajectory membership. Trajectory groups: 1 = Very low loneliness and stable, 
2 = Low loneliness and unstable, 3. = Moderate loneliness and unstable (reference group), 4 = High loneliness 
and stable, 5 = Very high loneliness and decreasing. SE standard error, p p value, OR odds ratio, CI confidence 
interval.
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Our results also reveal that 26.7% and 5.7% of our sample reported high or very high loneliness. In a cross-
sectional study performed by Statistics Canada in 2021, 13% of respondents reported always or often feeling 
lonely31. Similarly, Bu et al. reported that their highest trajectory (out of four) in the UK sample was very 
high and increasing and represented 14% of their sample11. While it is difficult to compare with other studies 
using different loneliness measurements or number of trajectories, our results reveal high loneliness levels in 
specific groups during the pandemic’s first year, representing a particularly significant portion of the Canadian 
population. The high and stable trajectory indicate that more than 30% of the Canadian population could have 
experienced enduring high levels of loneliness, unaffected by seasons or variations in public health measures32. 
This potentially represent a group vulnerable to chronic loneliness and highlights the need to examine risk 
factors providing insights into the composition of these groups.

Regarding Objective 2, our findings indicate that social isolation indicators have contrasting associations 
with loneliness, shedding light on the complex and seemingly paradoxical relationship between isolation and 
loneliness. When considering household composition, a traditional indicator of social isolation, solo living was 
associated with a higher likelihood of belonging to the highest loneliness trajectories (high stable and very high 
decreasing), consistent with previous studies and our initial hypothesis11. However, when considering pandemic-
specific indicators, i.e., compliance with health measures and online social contact, reversed associations were 
unexpectedly observed.

Those complying with health measures had a comparatively higher probability of belonging to the two lowest 
loneliness trajectories (very low stable and low unstable). One study on adherence to public health measures 
suggests that lower engagement in COVID-19 preventive behaviors can be followed by higher loneliness33. 
Although adherence to public health measures was assessed prior to loneliness in our study, it is possible that 
adherence and loneliness are mutually influencing, which may explain why our findings diverged from what we 
initially anticipated. Shared experiences of isolation may also have strengthened social cohesion and the feeling 
of togetherness34. Some studies suggest a potential increase in resilience, social support, and sense of belonging 
to a community during the pandemic, limiting the rise in loneliness34. This was exemplified by nationwide 
events of residents applauding from windows in Italy and Spain35. Our data lack a direct measure of social 
support to test this hypothesis, which would need to be validated in future longitudinal studies.

Regarding online social contacts, we initially proposed that an absence of online social contacts could isolate 
individuals, and thus increase feelings of loneliness. Our results show the opposite: participants having more 
online contacts with friends and family at the beginning of the pandemic had more chances belonging to the 
highest loneliness trajectory (very high and decreasing) and fewer chances of belonging to the lowest loneliness 
trajectory (very low and stable). Although communication technologies offer alternative ways to connect with 
others, the benefits of their use are mixed. Technologies sometimes represent the only means of contact and 
of exchanging support17,19. During the pandemic, turning to technologies was sometimes recommended to 
maintain social ties, bridge social distance as well as to convey and receive social support during periods of social 
isolation17. One research suggests that online social contacts can be an adaptive strategy, especially for lonely 
individuals during the pandemic, offering a temporary means to stay in touch and receive support36. However, in 
the long term, online contacts cannot be a definitive solution to alleviate loneliness during an extended period of 
isolation and their extensive use could even be associated with increased loneliness36. Boursier et al. mention that 
online social contacts can have certain benefits (well-being, sense of belonging), but especially when combined 
with in-person social contacts36. This should be considered when designing solutions for alleviating loneliness 
during periods of social distancing as well as in the post-COVID era, as online activities continue to replace in-
person ones for the sake of convenience. The association between online social contacts and loneliness still needs 
to be studied, especially regarding the type of technology use and the intention behind its use20.

As for Objective 3, contrary to our expectations, our study did not reveal significant differences between 
young and older adults regarding loneliness levels. This could be explained our use of a self-reported single-
item loneliness measure which fails to capture different dimensions of loneliness. Previous studies distinguish 
emotional from social loneliness, which respectively pertains to close and intimate bonds and broader social 
networks37. Young adults tend to prioritize quantity of social contacts over quality, as evidenced by their efforts 
to expand their friendship networks and spend more time with unfamiliar individuals23,38. They are more prone 
to social forms of loneliness when their needs are not met23. In contrast, midlife and older adults may experience 
emotional loneliness when their needs for social contacts are not met qualitatively23. This idea is consistent 
with the socioemotional selectivity theory, which posits that as we age, we prioritize emotionally meaningful 
relationships over broader social networks39. Other longitudinal studies using multi-item scales of loneliness 
indicate that young adults could be more likely to report loneliness during the pandemic11. We did not examine 
the difference in loneliness dimensions in relation to age, which could explain our non-significant findings. 
Those results do not imply an absence of loneliness for young adults, as results show high levels of loneliness 
across all data set, including youth. Further research should employ a more comprehensive measure of loneliness 
that accounts for its various dimensions and their association with age.

Regarding Objective 4, our exploratory analysis did not reveal a significant interaction with young adulthood 
and compliance with health measures in relation to membership in loneliness trajectories. Similarly to Objective 
2, the results could be explained by the absence of various loneliness dimensions. Larger sample size in 
interactions subgroups could also yield different results. The relationship of isolation indicators and loneliness 
should be further explored and interactions with other variables like gender could be examined.

This study was the first to explore the temporal and inter-individual variations of loneliness during the first 
year of the COVID-19 pandemic in Canada by including different isolation indicators and young adulthood 
as risk factors. Its strengths include its longitudinal design, the representativeness of the Canadian sample, 
the scope of the period under study, and the number of measurement times, increasing the reliability of the 
results. It is still important to interpret the results considering several limitations. Even if single-item measures 
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of loneliness have been validated and used in the literature, they remain limited13,40,41. Future studies should use 
validated loneliness scales that also account for loneliness subtypes42. Second, the COVID-19 Canada: The end 
of the world as we know it? project was put in place as a response to the pandemic and does not provide pre-
pandemic data. Our analysis remains correlational, and we cannot verify if our results are different than they 
would have been before the pandemic. The variability of time-varying covariates, like adherence to public health 
measures and online social contacts, was not included. These behaviors could have been unstable over time and 
their association with loneliness could have changed throughout the course of the pandemic. Future studies 
should account for regional variations in pandemic measures as well as explore underrepresented subgroups, 
such as genderqueer individuals, to better understand how loneliness varies across diverse populations during 
crises like the COVID-19 pandemic.

As loneliness was already an important public health issue, the pandemic has increased concerns about 
loneliness levels in the population. Our results confirm that loneliness is a heterogeneous experience and indicate 
that a significant portion of the population reported high levels of loneliness during the COVID-19 pandemic 
in Canada. Women were more likely to report high levels of loneliness while no significant interaction were 
found between young adults and isolation factors. Unexpectedly, traditional and pandemic-specific indicators of 
isolation were inversely associated with loneliness: individuals living alone—a traditional indicator of isolation—
had greater chances of reporting high levels of loneliness. In contrast, those adhering to health measures were 
more likely to belong to low loneliness trajectories and individuals having more online social interactions were 
more likely to report high loneliness. As we move beyond the pandemic and with loneliness still being a concern, 
this study underscores the need to reassess and diversify indicators when measurement approaches of social 
isolation and loneliness. The findings highlight that loneliness is a complex experience, impacting many and 
deserving further attention.

Methods
Participants and data source
Participants were drawn from a large-scale longitudinal project: COVID-19 Canada: The end of the world as 
we know it?43. The survey consisted of twelve measurement times (MT) spanning from April 2020 to April 
2022, at irregular intervals. At MT 1, the sample included 3617 Canadian adults (Mage = 47.63; 50.5% women) 
recruited by a survey firm and was representative of the Canadian population in terms of gender, age, and region 
of residence43. Owing to attrition the average participation rate was 58% for measurement times two through 
eleven. Table 9 provides information about each assessment period at each MT of the survey. At each wave of the 
study, participants gave their informed consent to take part in this study and completed all the questionnaires 
online in French or in English.

Procedure
The survey was based on a longitudinal rolling design. For the first MT, participants were randomly assigned 
to one of 14 participant pools. Each day of data collection, the survey was opened for a new participant pool. 
Participants had between 7 and 14 days to complete each survey while it was opened for their participant pool 
(for more information, see Table 9). This allowed to record the effects of the pandemic in real time without 
overburdening the participants. Completing each questionnaire took between 15 and 20  min. Participants 
earned approximately 2.50 Canadian dollars per completed questionnaire, redeemable at partner companies43. 
All the procedures in the longitudinal project were reviewed and approved by the University of Montreal’s 
research ethic committee in education and psychology (CEREP) and was conducted in accordance with relevant 
guidelines and regulations.

Participants who completed the first MT were invited to complete all subsequent ones, even if they missed 
one or more MTs. As a result, the number of MTs to which participants responded varied. To reduce the survey’s 
length and cost while including as many items as possible, the COVID-19 Canada project used a planned 
missingness approach (for an overview, see Wu and Jia 2021). In that project, participants were randomly 

MT Survey dates Intervals between surveys Number of weeks since 1st collection Total n (valid n) Response rate %

1 Apr. 6–May 6, 2020 2 weeks 0 3617 (1763) 100.0

2 Apr. 21–May 13, 2020 2 weeks 2 2282 (1325) 63.0

3 May 4–May 25, 2020 2 weeks 4 2369 (1418) 65.5

4 May 18–June 19, 2020 2 weeks 6 2296 (1397) 63.5

5 June 1–June 23, 2020 2 weeks 8 2154 (1334) 59.6

6 June 15–July 13, 2020 2 weeks 10 2116 (1307) 58.5

7 July 13–Aug. 8, 2020 4 weeks 14 2072 (839) 57.6

8 Aug. 17–Sept. 13, 2020 5 weeks 19 1871 (755) 51.7

9 Sept. 21–Oct. 19, 2020 5 weeks 24 1821 (782) 50.3

10 Nov. 26–Dec. 29, 2020 9 weeks 33 1883 (798) 52.5

11 Apr. 13–May 31, 2021 20 weeks 53 2002 (797) 55.4

Table 9. Description of the 11 MTs of the COVID-19: the end of the world as we know it? Project. 
MT = Survey’s measurement time. The sample size for each MT represents the total number of participants for 
that MT (raw number) before data cleaning.
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assigned to one of three groups. Each item under planned missingness was randomly presented to two groups 
out of three. In other words, items under planned missingness have 33% missing data for each MT. It is important 
to note that as missing data coming from planned missingness is random in nature it does not introduce a bias 
in the data collection44. Among the variables used in the current study, only loneliness was under the planned 
missingness protocol from MT 7 to MT 11.

Exclusion criteria
First, within each MT, we excluded participants who completed a questionnaire too quickly (i.e., less than four 
minutes), as recommended by the survey firm. From MT 1 to MT 11, the number of participants who completed 
each survey under 4 minutes varied between 2 and 29 with an average of 11 (SD = 8). No time limit was set 
excluding slow completions: participants could complete the questionnaire over multiple days and in several 
sittings. Then, from the second MT onward, we added two attention check items (“This is a test item. Please select 
‘2’ for this item.”). For each MT, participants who failed the two test items were removed from that MT. From 
MT 2 to MT 11, between 52 and 88 participants failed both test items with an average of 71 (SD = 14). Third, we 
excluded participants who did not answer at least three MTs for the dependent variable (i.e., “loneliness,” starting 
from MTs 2 to 11), as this is the minimum number of MTs required for modelling linear trajectories of change. 
Fourth, we excluded participants identifying themselves as “other” in terms of gender, as they represented a 
negligible proportion of the sample (n = 2, 0.1%). Fifth, we excluded participants who did not answer questions 
about the independent variables (i.e., age, online social contacts) at MT 1. Some variables had missing data 
related to planned missingness at MT 1. As planned missingness is assigned to random participants, our study 
only concerns those who answered these questions. These five exclusion criteria resulted in a final sample 
consisting of 1761 adults at measurement time 1 (Mage =49.5; SDage = 16.7; 50.6% women).

Sample representativeness
Although the sample’s representativeness was established using the first MT of the survey and trajectory analysis 
using FIML, missing data due to attrition may impact the results as well as the sample’s representativeness43. In 
order to increase our sample’s representativeness, a weighting procedure was applied45 to adjust for identifiable 
socio-demographic deviations, based on available data from Statistics Canada. The weighting procedure was 
conducted under the “raking” function from the Icarus package on R46. It was designed to select the best 
combination of calibration variables (among gender, province of residence, number of people in the household, 
number of minors in the household, Canadian born, Aboriginal origin, mother tongue, and education) that 
minimized the average estimation error on a range of 13 external benchmark measurements. In short, the 
weighting procedure tried to find the balance between reducing the bias due to the lack of representativeness 
of the sample and artificially increasing standard errors. The maximum range of the weights was fixed at 2.5. 
The weights ranged between 0.5231 and 3.0231 with a mean of 1. The weighting process reduced bias by 8.67%, 
according to the selected benchmark variables. All of the subsequent analysis were performed with the weights.

Measures
Socio-demographic information was collected during MT 1 (Table 10) and has been recorded in the present study. 
They include age (open question) and gender (coded as 0 = woman, 1 = man, 2 = others), level of education 
(recoded as 0 = no university education and 1 = university education), immigration status (indicated by country 
of birth and recoded as 0 = Canada, 1 = Other countries), having children (recoded as 0 = no or 1 = yes), student 
status (recoded as 0 = not being a student and 1 = being a student), working status (recoded as 0 = unemployed 
and 1 = employed) and working from home (recoded as the number of hours and minutes per day and 
dichotomized at the median).

Self-reported loneliness was assessed at each data MT with a single item question (“In the past week, due to the 
COVID-19 crisis, I have often felt lonely.”) providing information about on their subjective feeling of loneliness. 
Participants rated on a 10-point scale (1 = Never, 10 = Always). In the present trajectory analysis, loneliness data 
was taken from MTs 2 to 11 to make sure the risk factor variables were pre-existent of the trajectories. The 
inclusion of risk factor variables at time 1 was aimed at understanding their association with initial loneliness 
levels and their potential influence on trajectory patterns. This approach explores how preexistent factors predict 
subsequent loneliness experiences and trajectories over time.

Based on other validated scales, like UCLA Loneliness scale and Three-Item loneliness scale, we considered 
scoring 7 or higher out of 10 to be high loneliness and 4 or lower out of 10 to be low loneliness. This question 
was part of a larger question assessing other positive and negative feelings associated with quarantine inspired 
by those found in previous studies47. Considering constraints posed by limited resources and time, we opted to 
employ a single-item measure to assess loneliness in this study. This approach aligns with findings from prior 
research which validated the single-item measure of loneliness40. However, it’s important to acknowledge that 
this measure comes with the drawback of reduced comprehensiveness and that we cannot fully capture the 
complexity of loneliness using this approach.

The young adult group was created with the age variable (0 = adults 30–99 years old; 1 = young adults 18–29 
years old), in accordance with the young adulthood range established by prior research17.

Household composition was assessed at MT 1 with a single item “Counting yourself, how many people currently 
live with you?” The variable was later dichotomized (0 = Living with one or more other person; 1 = Living alone). 
Adherence to public health measures limiting in-person contacts was assessed at MT 1 by averaging two items: 
“Currently I stay at home as much as I can” - which was reverse coded - and “Currently I invite people over for 
dinner or coffee.” Participants rated on a 10-point scale (1 = Never, 10 = Always). The isolation variable was later 
dichotomized according to the median (0 = Low isolation; 1 = High isolation). These items reflected public health 
recommendations48. Online social contact was assessed at MT 1 with a single item: “Indicate the number of 
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hours per day you talk to friends and family using online platforms.” Participants indicated how many hours and 
minutes per day they spoke to significant others. We transformed the time reported to total hours. The ceiling 
value was set at 12 h, so that all answers which took longer than 12 h to complete were set as having taken 12 h. 
The online social contacts variable was inverted to assess isolation as a risk factor and dichotomized according 
to the median (0 = High online social contacts; 1 = Low online social contacts).

For the purpose of this analysis, these risk factors were measured at a single time point (MT 1), and the 
variability of time-varying covariates throughout the study period was not included in the analysis.

Descriptive analyses of dichotomized risk factors are available in supplementary materials (Table S17). While 
recognizing the loss of some information, we chose to dichotomize the risk factors due to their non-normal 
distribution. Dichotomization additionally allowed exploration of interaction analysis. Median rather than 
quartile dichotomization was done to achieve larger sample size.

Statistical analysis
Data preparation including weighting analyses was performed on RStudio. Data cleaning and other manipulations 
were conducted on IBM SPSS Statistics 26. SAS 9.4 was used for all subsequent data analysis. Our analysis was 
inspired by previous studies who examined prejudice and self-compassion trajectories using the same COVID-19 
Canada: The end of the world as we know it? data49,50.

Objective 1
Our statistical analysis involved examining loneliness trajectories through semiparametric group-based 
trajectory modelling as developed by Nagin (1999) using the PROC TRAJ procedure in SAS 9.4 software51,52. 
This analysis works by grouping distinct groups of individuals within a population that reported similar patterns 
of change over time, enabling exploration of both intra-individual (e.g., over time) and inter-individual (e.g., 
between identified subgroups) changes. The grouping of individuals is based on their trajectory shapes, which 

Variable n Percentage (%)

Gender

 Man 871 49.4

 Woman 892 50.6

Education level

 No university education (No diploma, secondary school, college, CEGEP, or other non-university diploma) 847 48.0

 University education (bachelor’s degree, master’s degree, Doctorate) 916 52.0

Birth country

 Canada 1386 78.6

 Other countries 377 21.4

Work status

 Working for pay 993 56.3

 Not working (not employed, retired) 770 43.7

Student status

 Student 97 5.5

 Non-student 1666 94.5

Having children

 Yes 370 27.3

 No 984 72.7

Working from home

 High 725 41.1

 Low 1038 58.9

Household composition

 Living alone 410 23.3

 Living with others 1353 76.7

Adherence to public health measures limiting in-person contacts

 Low 826 46.9

 High 937 53.2

Online social contact

 High 735 41.7

 Low 1028 58.3

Young adulthood status

 Yes (18–29) 258 14.6

 No (30–99) 1505 85.4

Table 10. Descriptive statistics of dependent, independent, and control variables. N = 1763.

 

Scientific Reports |          (2025) 15:239 12| https://doi.org/10.1038/s41598-024-81519-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


are characterized by their loneliness value across different time points. This statistical analysis also provides the 
advantage of allowing for unevenly spaced time intervals. Trajectory groups were modelled with the censored-
normal distribution (CNORM), as the loneliness variable was continuous and followed a relatively normal 
distribution52. The first step of trajectory analysis involves determining the optimal number of trajectory groups. 
This was done by considering three criteria: (1) the substantive meaning (meaningfulness) of the trajectory 
groups (i.e., the trajectories make sense and each additional profile is qualitatively (and not only quantitatively) 
different from the solution with one fewer profile), (2) the theoretical conformity (i.e., the trajectories are sound 
based on theoretical expectations), and (3) the statistical adequacy (i.e., statistical indicators support the retained 
solution)53–56. More specifically we considered several statistical indicators, including the Bayesian Information 
Criterion (BIC) and model probability57,58. The decision is often based on the BIC where the value closest to 
zero indicates a better fit of the model with the data52,59. However, as the BIC often tends to continue getting 
closer to 0 as more trajectory groups are added, some recommend relying on an “elbow plot” to illustrate the 
gains for each additional profile60. In an elbow plot, the point (or number of trajectory groups) after which the 
slope flattens suggest the optimal number of groups. After identifying the optimal number of trajectory groups, 
the second step involves determining the optimal polynomial function of each trajectory (e.g., constant, linear, 
quadratic, cubic) according to the BIC52,59. To determine the polynomial function of each trajectory, an iteration 
is performed sequentially on the trajectory while maintaining other trajectories constant. For example, the shape 
of the first trajectory is fixed at 1 (order 1, linear trend) while the shape of other trajectories remains fixed at 
zero. The BIC is noted after each iteration as well as the p-value of the higher order parameter (i.e., constant, 
linear or quadratic) descripting the shape of the trajectory. That process is repeated for a quadratic trend (order 
2) and cubic trend (order 3). The retained shape of a trajectory is the one with the BIC closest to zero which has 
a significant higher order parameter (p < .05; see Table S1 for parameters value).

Objectives 2 and 3
Preliminary analyses included chi-square analyses using SPSS and bivariate multinomial logistic regression 
using POC TRAJ. There are available in supplementary materials (Tables S2–S13). Main analyses consisted 
in conducting multivariate multinomial regression using the RISK function in PROC TRAJ, to assess the 
covariates of trajectory membership. This function estimates the probability of membership in each trajectory 
group, according to a reference trajectory, based on covariate variables. We selected the modal trajectory as 
our reference—which also represents the average loneliness experience—over choosing the lowest or highest 
trajectory due to their limited representation. Our core aim was to uncover how risk factors are associated with 
deviations from the common loneliness trajectory group.

Objective 4
Finally, we examined the association between loneliness trajectories and the interaction effects involving 
isolation indicators and young adult status. Each isolation indicator was analyzed separately. We introduced an 
interaction variable along with the two original risk factor variables in a logistic multinomial regression model 
using the RISK function of PROC TRAJ.

Data availability
The scripts and databases are available on OSF  ( h t t p s  : / / o s f  . i o / p g  3 w 9 / ? v  i e w _ o n l y = 9 1 a e 6 0 9 3 a 4 2 8 4 b f 7 a 1 8 5 3 e c 5 
4 e c 1 0 b a b ) .  
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