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The coronavirus disease 2019 (COVID-19) pandemic presents 
an unprecedented challenge to public health, with over 233 mil-
lion confirmed cases and over 4.6 million deaths globally as 
of September 20211. Although many studies have reported 
worse mental health outcomes during the early weeks of the 
pandemic, some sources suggest a gradual decrease in anxiety 
and depressive symptoms during the lockdown2. It remains to 
be explained whether mental health continued to deteriorate 
during the initial lockdown or whether there were signs of sta-
bilization or improvement in the mental health of community-
dwelling middle-aged and older adults. Our results showed 
that adults had twice the odds of depressive symptoms during 
the pandemic compared with the prepandemic period, with 
subgroups characterized by lower socioeconomic status and 
poor health-related factors experiencing a greater impact. 
Over 43% of adults showed a pattern of moderate or clinically 
high levels of depressive symptoms at baseline that increased 
over time. Loneliness and COVID-19 stressors were predictors 
of worsening depressive symptom trajectories. The dispari-
ties and patterns in the depressive symptom trajectories sug-
gest that the negative mental health impacts of the pandemic 
persist and may worsen over time. Interventions that address 
the pandemic stressors and alleviate their impact on the men-
tal health of adults are needed.

The rapid spread of the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) virus across the globe resulted in many 
national and local governments implementing drastic health mea-
sures, including isolation, quarantine, lockdowns, physical dis-
tancing, closure of nonessential services and travel restrictions, to 
contain the spread of the virus3. The first complete lockdown began 
in most Canadian provinces in mid-March 2020 and continued 
until June 2020, with large numbers of people across the country 
urged to stay at home for substantial periods of time. The direct 

risks of the virus, uncertainty about disease status and the socioeco-
nomic consequences of the enacted public health measures can have 
a substantial, long-lasting impact on individuals’ mental health and 
well-being, especially for older adults who are disproportionately 
affected by COVID-19, and the pandemic mitigation measures4.

Studies comparing mental health outcomes before the pandemic 
with results obtained during the early weeks of the pandemic have 
shown an increase in clinically significant levels of psychological 
distress5,6. Evidence from previous outbreaks, including the severe 
acute respiratory syndrome (SARS) and Ebola outbreaks, and the 
current COVID-19 pandemic indicates that many individuals have 
experienced a wide range of adversities, including challenges with 
meeting basic needs, increased caregiving responsibilities, difficul-
ties with accessing non-COVID-19-related healthcare, employment 
and financial loss, and disruption of social networks, which may 
increase the risk of mental illness during and after the outbreaks7–9. 
Further, the impact of the COVID-19 pandemic on the older popu-
lation has occurred against the backdrop of existing physical and 
mental health morbidities, social isolation, loneliness and reliance 
of aging individuals on both family and formal caregivers—factors 
that are themselves associated with increased risk, severity and pro-
gression of mental illness10. These findings highlight the importance 
of identifying subgroups of individuals who are most at risk of poor 
mental health and examining how their mental health is changing 
as the pandemic continues.

Most studies examining the mental health impact of the COVID-
19 pandemic have been conducted in younger samples, have 
included specific target populations and have been cross-sectional 
in design. Some longitudinal studies have focused on average change 
in depressive symptoms for the entire sample or lacked depres-
sion measures before the pandemic, which makes it challenging to 
examine changes in mental health and can obscure different pat-
terns of change in mental health over time. Although many studies  
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Table 1 | Depressive symptom prevalence by sociodemographic characteristics and health behaviors before and during the pandemic 
(n = 22,875)a

 Characteristic or behavior CLSA baseline CLSA first follow-up CLSA COVID-19 baseline CLSA COVID-19 exit
Age group

 <55 years 14.47 13.84 26.72 29.39

 55–64 years 13.56 12.44 22.95 23.21

 65–74 years 12.01 11.64 18.52 20.58

 ≥75 years 12.70 15.00 18.66 20.71

Sex

 Female 15.98 15.71 25.08 26.02

 Male 10.15 9.60 14.82 16.82

Ethnicity

 White 12.92 12.61 20.12 21.61

 Nonwhite 18.35 16.06 23.01 23.94

Annual household incomeb

 <$20,000 31.99 31.94 33.96 31.57

 ≥$20,000 to <$50,000 17.86 18.72 23.89 25.73

 ≥$50,000 to <$100,000 12.43 11.87 19.09 21.05

 ≥$100,000 to <$150,000 9.87 9.24 18.16 19.29

 ≥$150,000 7.84 6.77 17.37 17.79

Social participationb

 Low social participation 21.42 21.23 25.49 28.04

 High social participation 11.45 10.93 19.10 20.29

Number of people living in the same householdc

 Living alone 19.69 19.70 26.97 27.71

 Not living alone 11.58 10.80 18.03 19.61

Dwelling typec

 House 12.05 11.43 18.98 20.18

 Apartment or condominium 19.26 18.64 24.28 26.98

 Other 24.48 21.49 28.32 28.43

Living areac

 Rural 12.52 12.44 18.98 18.81

 Urban 13.40 12.91 20.59 22.39

Number of chronic conditionsb

 None 8.57 7.41 14.38 15.59

 One 10.87 7.56 15.69 16.79

 Two 13.71 10.41 18.16 19.47

 Three or more 18.68 17.96 24.96 26.70

Alcohol consumptiond

 Nondrinker during last 12 months 18.18 18.17 22.78 24.41

 Binge drinker 15.98 17.57 23.64 28.02

 Regular drinker 11.40 11.02 19.07 19.84

 Occasional drinker 18.13 17.38 24.31 23.83

Smoking statusc

 Current smoker 21.26 21.92 25.60 28.93

 Former smoker 12.99 12.65 20.52 21.95

 Never smoker 12.00 11.65 18.84 19.97

Physical activityb

 Adequate activity 9.70 8.58 16.82 18.50

 Low activity 14.95 14.86 21.90 23.23

Lonelinesse

 Yes 23.68 24.23 32.35 33.94

 No 6.72 5.71 12.72 6.98

aNumber of participants in the longitudinal data with a depressive symptom score at all time points. bData for annual household income (Canadian dollars), social participation, number of chronic conditions 
and physical activity variables were not collected in the COVID-19 baseline and exit surveys; we used CLSA first follow-up values for the COVID-19 sample. cData for number of people living in the 
same household, dwelling type, living area and smoking status were not collected in the COVID-19 exit questionnaire; we used COVID-19 baseline values for the COVID-19 exit sample. dData for alcohol 
consumption were not collected in the COVID-19 baseline survey; we used CLSA first follow-up values for the COVID-19 sample. eData for loneliness were not collected in the CLSA baseline survey; we 
used CLSA follow-up 1 values for the CLSA baseline and COVID-19 baseline sample. Data are shown as the percentage of participants.
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have reported worse mental health outcomes during the early weeks 
of the pandemic, some sources suggest a gradual decrease in anxiety 
and depressive symptoms during lockdown2. Some evidence also 
suggests that older individuals did not experience poorer psycholog-
ical well-being than comparatively younger individuals11. However, 
social participation and loneliness were identified as important risk 
factors for psychological well-being, and it is these factors that have 
been impacted during the pandemic, especially for older adults. 
Therefore, it remains to be explained whether mental health contin-
ued to deteriorate during the initial lockdown (March–December 
2020) or whether there were signs of stabilization or improvement 
in the mental health of community-dwelling middle-aged and older 
adults. Further, it remains to be clarified whether the risk factors 
had a differential effect on the psychological well-being of older 
adults compared with middle-aged adults or whether the impact 
was consistent across the adult lifespan. The purpose of this study 
was to examine the relationship of social determinants and health-
related factors with changes in the prevalence of depressive symp-
toms during the initial lockdown and after reopening following the 
first wave in Canada and to evaluate the impact of loneliness and 
pandemic-related stressors on the severity and trajectory of depres-
sive symptoms in middle-aged and older adults.

Results
Descriptive statistics. Cross-sectional descriptive characteristics of 
participants in the Canadian Longitudinal Study on Aging (CLSA) 
baseline (n = 51,338), first follow-up (n = 44,817), and COVID-19 
baseline (n = 28,559) and exit (n = 24,114) surveys are provided in 
Supplementary Table 1. Of the total participants recruited at CLSA 
baseline, 50.95% were female, 41.87% were aged 65 years and older, 
and 68.52% had an annual household income of CDN $50,000 or 
more. Of the 28,559 participants recruited into the COVID-19 base-
line survey, 0.34% were confirmed cases, 0.23% were probable cases 
and 9.34% were suspected cases of COVID-19. At the COVID-19 
baseline survey, 21.15% of participants reported health-related 
concerns, 51.58% had difficulties in accessing resources, 7.17% 
experienced verbal or physical conflict, 20.91% reported caregiv-
ing challenges and 71.40% reported separation from family. The 
prevalence of depressive symptoms increased from 16.38% at CLSA 
baseline to 21.14% during the initial lockdown of the pandemic and 
was 21.96% at the time of administering the COVID-19 exit sur-
vey when there was a gradual lifting of the public health restric-
tions. The distributions of the prevalence of depressive symptoms 
by social determinants and health-related factors before and during 
the pandemic are presented in Table 1.

Sociodemographic factors and change in depressive symptoms. 
Results from weighted generalized estimating equation (WGEE) 
models examining the change in prevalence of depressive symp-
toms over time after adjusting for covariates are presented in Table 
2. Overall, participants had approximately two times higher odds 
of depressive symptoms during the initial wave of the COVID-
19 pandemic compared with the pre-COVID-19 period. There 
was also evidence of differential effects by social determinants 
and health-related factors when examining effect modification 
with time period, demonstrating that some subgroups were more 
vulnerable to poor mental health. Our results showed an inverse 
association between annual income and depressive symptoms 
over time, where the lower the income, the greater the increase 
in the odds of depressive symptoms during the pandemic when 
compared with the highest income group before the pandemic. 
The odds of depressive symptoms during the initial lockdown 
increased by 3.35 times (95% confidence interval (CI): 2.81, 3.99) 
for individuals who had an annual household income of less than 
CDN $20,000 and by 3.03 times (95% CI: 2.71, 3.38) for those with 
income of CDN $20,000 or greater and less than CDN $50,000, 

relative to those with an income of CDN $150,000 or more in the 
pre-COVID-19 period.

Health-related risk factors including loneliness, pre-existing 
chronic conditions and low social participation were significant 
determinants of increase in the prevalence of depressive symp-
toms during the pandemic. The odds of depressive symptoms dur-
ing the initial lockdown increased 6.75 times (95% CI: 6.34, 7.18) 
for individuals who reported feelings of loneliness compared with 
those who did not report loneliness before the pandemic and 2.36 
times (95% CI: 2.18, 2.56) for individuals with lower social par-
ticipation before the pandemic compared with those with higher 
social participation before the pandemic. Further, the odds of 
depressive symptoms during the initial lockdown increased for 
individuals living with a greater number of chronic conditions 
(three or more chronic conditions: odds ratio (OR): 3.92, 95% 
CI: 3.58, 4.30; two chronic conditions: OR: 3.18, 95% CI: 2.89, 
3.51; one chronic condition: OR: 2.56, 95% CI: 2.34, 2.81) com-
pared with those with no chronic conditions before the pandemic. 
Overall, the odds of depressive symptoms remained elevated for 
all subgroups at the COVID-19 exit survey when compared with 
reference groups before the pandemic. Our results also showed 
evidence of differential effects by sex, living arrangements and 
health behaviors when interactions were examined with time 
period (Supplementary Table 2). We explored interactions of age 
with risk factors, including number of chronic conditions and 
loneliness, and found the results to be consistent with the trends 
reported for the main effects and time period by risk factor inter-
actions (Supplementary Table 3). As part of a sensitivity analy-
sis, we also examined the association stratified by age groups and 
found the results to be in agreement with those reported for the 
entire sample (Supplementary Table 4).

COVID-19 stressors and depressive symptom trajectories. The 
group-based trajectory model identified three distinct trajectory 
groups: one with a linear term and the other two with a quadratic 
term. The three depressive symptom trajectories were labeled as 
‘high-increasing’, ‘moderate-increasing’ and ‘low-consistent’. As 
depicted in Fig. 1, 8.0% of participants showed high-increasing, 
35.5% showed moderate-increasing and 56.6% showed low-consis-
tent patterns of depressive symptoms over time. The linear change 
estimate was statistically significant for the low-consistent trajectory, 
while both linear and quadratic changes were statistically significant 
for the high-increasing and moderate-increasing trajectories.

Results from multivariable analysis evaluating the impact of 
loneliness and COVID-19 stressors on the severity and trajectory of 
depressive symptoms are presented in Table 3. The odds of a high-
increasing trajectory were greater than for a low-consistent trajec-
tory for adults who had experienced verbal or physical conflict (OR: 
8.34; 95% CI: 6.65, 10.45), reported loss of income or were unable to 
access resources (OR: 2.81; 95% CI: 2.43, 3.25), had health-related 
concerns (OR: 2.47; 95% CI: 2.12, 2.88), were unable to provide care 
or spent more time in caregiving responsibilities (OR: 1.86; 95% CI: 
1.58, 2.18) and were separated from family (OR: 1.49; 95% CI: 1.28, 
1.73) during the pandemic. Further, loneliness was associated with 
membership in the high-increasing and moderate-increasing tra-
jectory groups. Participants who reported being lonely were 15.50 
times (95% CI: 13.17, 18.25) more likely to be in the high-increasing 
trajectory group and 5.41 times (95% CI: 4.94, 5.93) more likely to 
be in the moderate-increasing trajectory group compared with the 
low-consistent group. Social determinants and health-related fac-
tors were also significantly associated with the severity of depressive 
symptom trajectories (Table 3). Using latent class growth modeling 
(LCGM), we also explored the impact of the COVID-19 pandemic 
stressors and loneliness on depression subcomponents, includ-
ing depressed affect, somatic symptoms and positive affect, and 
found the results to be largely consistent with those observed for 

Nature Aging | www.nature.com/nataging

http://www.nature.com/nataging


Letters Nature Aging

Table 2 | Association of sociodemographic and health-related factors with depressive symptoms during the COVID-19 pandemic 
(weighted GEE models) (n = 37,111)a

 Factor Main 
effects

Annual household 
income by period 
interaction

Social participation by 
period interaction

Chronic conditions by 
period interaction

Loneliness by 
period interaction

Period

 COVID-19 baseline versus 
pre-COVID-19

1.84 (1.77, 
1.91)

3.03 (2.74, 3.35) 2.00 (1.91, 2.09) 2.18 (2.00, 2.39) 2.31 (2.18, 2.45)

 COVID-19 exit versus pre-COVID-19 1.99 (1.91, 
2.07)

3.17 (2.85, 3.52) 2.15 (2.05, 2.25) 2.36 (2.15, 2.59) 2.57 (2.42, 2.73)

Age groupb

 <55 years versus ≥75 years 1.79 (1.65, 
1.94)

1.86 (1.71, 2.02) 1.79 (1.65, 1.94) 1.83 (1.69, 1.99) 1.79 (1.65, 1.95)

 55–64 years versus ≥75 years 1.55 (1.45, 
1.65)

1.50 (1.41, 1.60) 1.55 (1.45, 1.66) 1.52 (1.43, 1.63) 1.55 (1.45, 1.65)

 65–74 years versus ≥75 years 1.19 (1.12, 
1.26)

1.15 (1.08, 1.22) 1.19 (1.12, 1.26) 1.17 (1.10, 1.24) 1.19 (1.12, 1.26)

Sex

 Female versus male 1.49 (1.42, 
1.56)

1.49 (1.42, 1.57) 1.49 (1.42, 1.57) 1.49 (1.42, 1.57) 1.49 (1.42, 1.56)

Ethnicity

 Nonwhite versus white 1.05 (0.96, 
1.15)

1.05 (0.96, 1.15) 1.05 (0.96, 1.15) 1.05 (0.96, 1.15) 1.05 (0.96, 1.15)

Annual household income

 <$20,000 versus ≥$150,000 1.56 (1.38, 
1.76)

2.97 (2.62, 3.37) 1.56 (1.38, 1.76) 1.56 (1.38, 1.76) 1.55 (1.37, 1.75)

 �≥$20,000 to <$50,000 versus 
≥$150,000

1.25 (1.15, 
1.36)

1.95 (1.77, 2.14) 1.25 (1.15, 1.36) 1.25 (1.15, 1.36) 1.25 (1.14, 1.36)

 �≥$50,000 to <$100,000 versus 
≥$150,000

1.08 (1.01, 
1.17)

1.46 (1.34, 1.60) 1.08 (1.01, 1.17) 1.08 (1.01, 1.17) 1.08 (1.10, 1.16)

 �≥$100,000 to <$150,000 versus 
≥$150,000

1.02 (0.94, 
1.10)

1.27 (1.16, 1.40) 1.02 (0.94, 1.10) 1.02 (0.94, 1.10) 1.01 (0.94, 1.10)

Social participation

 Low versus high social participation 1.36 (1.29, 
1.44)

1.36 (1.28, 1.44) 1.63 (1.55 1.73) 1.36 (1.28, 1.44) 1.35 (1.28, 1.43)

Number of people living in the same 
household

 Living alone versus not living alone 0.94 (0.89, 
1.01)

0.94 (0.89, 1.01) 0.94 (0.89, 1.01) 0.94 (0.89, 1.00) 0.94 (0.89, 1.01)

Dwelling type

 Apartment or condominium versus 
house

1.16 (1.09, 
1.24)

1.16 (1.08, 1.23) 1.16 (1.09, 1.24) 1.16 (1.09, 1.24) 1.17 (1.09, 1.24)

 Other versus house 1.34 (1.07, 
1.67)

1.34 (1.08, 1.66) 1.34 (1.08, 1.67) 1.34 (1.07, 1.66) 1.34 (1.07, 1.67)

Living area

 Urban versus rural 1.07 (1.01, 
1.14)

1.07 (1.01, 1.14) 1.07 (1.01, 1.14) 1.07 (1.01, 1.14) 1.07 (1.01, 1.14)

Number of chronic conditions

 One versus none 1.22 (1.14, 
1.31)

1.23 (1.14, 1.31) 1.22 (1.14, 1.31) 1.29 (1.19, 1.39) 1.22 (1.14, 1.31)

 Two versus none 1.50 (1.40, 
1.62)

1.51 (1.41, 1.63) 1.50 (1.40, 1.62) 1.72 (1.59, 1.86) 1.50 (1.39, 1.61)

 Three or more versus none 2.01 (1.88, 
2.16)

2.02 (1.88, 2.17) 2.01 (1.87, 2.16) 2.42 (2.23, 2.61) 2.01 (1.87, 2.16)

Alcohol consumption
Continued
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 Factor Main 
effects

Annual household 
income by period 
interaction

Social participation by 
period interaction

Chronic conditions by 
period interaction

Loneliness by 
period interaction

 Binge drinker versus nondrinker 1.06 (0.94, 
1.19)

1.06 (0.94, 1.19)_ 1.06 (0.95, 1.20) 1.06 (0.94, 1.19) 1.07 (0.95, 1.20)

 Regular drinker versus nondrinker 0.85 (0.79, 
0.91)

0.85 (0.79, 0.91) 0.85 (0.79, 0.91) 0.85 (0.79, 0.91) 0.85 (0.80, 0.91)

 Occasional drinker versus nondrinker 0.86 (0.79, 
0.93)

0.86 (0.79, 0.94) 0.86 (0.79, 0.93) 0.86 (0.79, 0.93) 0.86 (0.79, 0.94)

Smoking status

 Current smoker versus never smoker 1.47 (1.35, 
1.61)

1.47 (1.35, 1.61) 1.47 (1.35, 1.60) 1.47 (1.35, 1.61) 1.47 (1.35, 1.60)

 Former smoker versus never smoker 1.14 (1.09, 
1.21)

1.15 (1.09, 1.21) 1.14 (1.09, 1.21) 1.15 (1.09, 1.21) 1.14 (1.09, 1.21)

Physical activity

 Low activity versus adequate activity 1.15 (1.09, 
1.21)

1.15 (1.09, 1.21) 1.15 (1.09, 1.21) 1.15 (1.09, 1.21) 1.15 (1.09, 1.21)

Loneliness

 Yes versus no 3.25 (3.10, 
3.41)

3.25 (3.10, 3.41) 3.25 (3.10, 3.40) 3.24 (3.10, 3.40) 4.21 (3.99, 4.43)

Annual household income × period (period reference = pre-COVID-19/annual household income reference = ≥$150,000)

 �<$20,000 versus ≥$150,000 
at COVID-19 baseline versus 
pre-COVID-19

3.35 (2.81, 3.99)

 �≥$20,000 to <$50,000 versus 
≥$150,000 at COVID-19 baseline 
versus pre-COVID-19

3.03 (2.71, 3.38)

 �≥$50,000 to <$100,000 versus 
≥$150,000 at COVID-19 baseline 
versus pre-COVID-19

2.74 (2.49, 3.02)

 �≥$100,000 to <$150,000 versus 
≥$150,000 at COVID-19 baseline 
versus pre-COVID-19

2.72 (2.44, 3.03)

 �<$20,000 versus ≥$150,000 at 
COVID-19 exit versus pre-COVID-19

3.08 (2.56, 3.72)

 �≥$20,000 to <$50,000 versus 
≥$150,000 at COVID-19 exit versus 
pre-COVID-19

3.16 (2.82, 3.54)

 �≥$50,000 to <$100,000 versus 
≥$150,000 at COVID-19 exit versus 
pre-COVID-19

3.14 (2.85, 3.47)

 �≥$100,000 to <$150,000 versus 
≥$150,000 at COVID-19 exit versus 
pre-COVID-19

3.01 (2.69, 3.37)

Social participation × period (period reference = pre-COVID-19/social participation reference = high social participation)

 �Low social participation versus high 
social participation at COVID-19 
baseline versus pre-COVID-19

2.36 (2.18, 2.56)

 �Low social participation versus high 
social participation at COVID-19 exit 
versus pre-COVID-19

2.59 (2.38, 2.82)

Number of chronic conditions × period (period reference = pre-COVID-19/number of chronic conditions reference = 0)

 �1 versus 0 at COVID-19 baseline 
versus pre-COVID-19

2.56 (2.34, 2.81)

 �2 versus 0 at COVID-19 baseline 
versus pre-COVID-19

3.18 (2.89, 3.51)

Continued

Table 2 | Association of sociodemographic and health-related factors with depressive symptoms during the COVID-19 pandemic 
(weighted GEE models) (n = 37,111)a (continued)
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the overall depressive symptom score (Supplementary Table 5 and 
Supplementary Figs. 1–3).

Discussion
Using longitudinal data from a large, nationally generalizable sam-
ple of community-dwelling middle-aged and older adults, this study 
examined the association of social determinants and health-related 
factors with changes in the prevalence of depressive symptoms dur-
ing the initial lockdown and after reopening following the first wave 
of COVID-19 in Canada and evaluated the impact of loneliness and 
pandemic-related stressors on the severity and trajectory of depres-
sive symptoms. Our results showed that adults had twice the odds 

of depressive symptoms during the pandemic compared with the 
prepandemic period, with subgroups characterized by lower socio-
economic status and poorer health-related factors experiencing a 
greater impact across the age groups. More than four in ten adults 
showed a pattern of moderate or high levels of depressive symptoms 
at baseline that increased over time. Loneliness and COVID-19 
stressors were significant predictors of worsening depressive symp-
tom trajectories.

Social determinants were found to be the key drivers of men-
tal health effects during the pandemic. In comparison with the 
low-consistent depressive symptom trajectory group, subgroups of 
adults with higher and increasing depressive symptoms were more 

 Factor Main 
effects

Annual household 
income by period 
interaction

Social participation by 
period interaction

Chronic conditions by 
period interaction

Loneliness by 
period interaction

 �3+ versus 0 at COVID-19 baseline 
versus pre-COVID-19

3.92 (3.58, 4.30)

 �1 versus 0 at COVID-19 exit versus 
pre-COVID-19

2.85 (2.59, 3.14)

 �2 versus 0 at COVID-19 exit versus 
pre-COVID-19

3.21 (2.90, 3.55)

 �3+ versus 0 at COVID-19 exit versus 
pre-COVID-19

4.35 (3.95, 4.78)

Loneliness × period (period reference = pre-COVID-19/loneliness reference = not feeling lonely)

 �Feeling lonely versus not feeling 
lonely at COVID-19 baseline versus 
pre-COVID-19

6.75 (6.34, 7.18)

 �Feeling lonely versus not feeling lonely 
at COVID-19 exit versus pre-COVID-19

7.11 (6.66, 7.59)

aWe performed WGEE modeling on 39,604 participants, which includes individuals with a monotonic pattern of missing data for the depressive symptom variable. bAge group is included as a time-varying 
variable; loneliness data are from the CLSA first follow-up and all other covariates are from the CLSA baseline data. Data are shown as OR (95% CI).
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Fig. 1 | Average predicted depressive symptom score (dashed lines) with 95% CIs (dotted lines) during the COVID-19 pandemic (n = 20,478). The solid 
horizontal line indicates the threshold value (ten) for clinically significant depressive symptoms.

Table 2 | Association of sociodemographic and health-related factors with depressive symptoms during the COVID-19 pandemic 
(weighted GEE models) (n = 37,111)a (continued)
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Table 3 | Predictors of trajectory group membership associated with depressive symptom trajectory groups during the COVID-19 
pandemic

 Predictor Moderate-increasing group High-increasing group

COVID-19 experiences

 Health-related stressors (yes versus no) 1.50 (1.35, 1.67) 2.47 (2.12, 2.88)

 Difficulties accessing resources (yes versus no) 1.81 (1.66, 1.98) 2.81 (2.43, 3.25)

 Family conflict (yes versus no) 3.94 (3.29, 4.71) 8.34 (6.65, 10.45)

 Caregiving responsibilities (yes versus no) 1.41 (1.27, 1.57) 1.86 (1.58, 2.18)

 Separation from family (yes versus no) 1.34 (1.21, 1.48) 1.49 (1.28, 1.73)

Loneliness (reference = not lonely)

 Lonely 5.41 (4.94, 5.93) 15.50 (13.17, 18.25)

Age (reference = 75+ years)

 <55 years 1.61 (1.36, 1.90) 3.12 (2.40, 4.06)

 55–64 years 1.07 (0.92, 1.24) 1.76 (1.39, 2.23)

 65–74 years 0.90 (0.77, 1.04) 1.00 (0.78, 1.28)

Sex (reference = male)

 Female 1.70 (1.56, 1.86) 2.17 (1.87, 2.52)

Ethnicity (reference = White)

 Nonwhite 0.82 (0.69, 0.98) 1.04 (0.81, 1.32)

Total household income (reference = ≥$150,000)

 <$20,000 1.68 (1.26, 2.24) 3.77 (2.57, 5.52)

 ≥$20,000 to <$50,000 1.36 (1.17, 1.59) 2.39 (1.83, 3.11)

 ≥$50,000 to <$100,000 1.25 (1.10, 1.42) 1.63 (1.28, 2.07)

 ≥$100,000 to <150,000 1.08 (0.94, 1.23) 1.26 (0.97, 1.63)

 Number of people living in the same household (reference = not living alone)

 Living alone 0.96 (0.85, 1.09) 0.98 (0.82, 1.18)

Living area (reference = rural)

 Urban 1.15 (1.03, 1.39) 1.17 (0.97, 1.41)

Dwelling type (reference = house)

 Apartment or condominium 1.17 (1.02, 1.33) 1.27 (1.05, 1.54)

 Other (for example, hotels) 1.21 (0.75, 1.95) 1.40 (0.76, 2.58)

Social participation (reference = high)

 Low participation 1.36 (1.22, 1.53) 2.57 (2.19, 3.01)

No. of chronic conditions (reference = none)

 One 1.25 (1.11, 1.41) 1.72 (1.36, 2.18)

 Two 1.67 (1.46, 1.91) 2.79 (2.19, 3.55)

 Three or more 2.16 (1.88, 2.47) 5.64 (4.46, 7.14)

Alcohol consumption (reference = nondrinker)

 Binge drinker 1.60 (1.27, 2.02) 1.50 (1.08, 2.10)

 Regular drinker 1.18 (1.03, 1.35) 0.70 (0.57, 0.84)

 Occasional drinker 1.03 (0.86, 1.22) 0.76 (0.60, 0.97)

Smoking (reference = never smoker)

 Current smoker 1.56 (1.30, 1.88) 2.14 (1.66, 2.75)

 Former smoker 1.24 (1.13, 1.36) 1.26 (1.08, 1.47)

Physical activity (reference = adequate activity)

 Low activity 1.26 (1.15, 1.39) 1.31 (1.12, 1.54)

COVID-19 status (reference = non-COVID-19)

 Suspected COVID-19 2.74 (2.35, 3.19) 4.75 (3.91, 5.77)

 Probable COVID-19 1.72 (0.69, 4.26) 4.36 (1.45, 13.13)

 Confirmed COVID-19 2.05 (0.99, 4.24) 1.72 (0.57, 5.18)

Data are shown as OR (95% CI).

Nature Aging | www.nature.com/nataging

http://www.nature.com/nataging


Letters Nature Aging

likely to have lower income or report loss of income and difficulties 
in accessing resources including supplies or food, usual healthcare, 
prescription medications and treatments during the pandemic. 
These findings are consistent with previous research reporting 
unemployment, job insecurity, financial instability and food insecu-
rity to be associated with stress, anxiety and depression12–15. Further, 
many individuals have been unable to access a range of healthcare 
services during the pandemic, including regular medical services 
and diagnostic procedures, elective surgical procedures and coun-
seling services16,17. The inability to access healthcare services, espe-
cially for those living with pre-existing mental health conditions, 
frailty or multimorbidity, may lead to new or worsening depressive 
symptoms over time. In fact, our results showed that participants 
who reported health-related concerns during the pandemic and 
participants who had a greater number of pre-existing health condi-
tions were more likely to have membership in the moderate or high 
and increasing depressive symptom trajectory groups compared 
with the low-consistent trajectory group.

Caregiving responsibilities, separation from family and loneli-
ness were associated with a greater likelihood of membership in 
the moderate or high and increasing trajectory groups compared 
with the low-consistent group. Evidence indicates that caregivers 
have worse mental health and are more likely to report fatigue, sleep 
disturbance and anxiety than noncaregivers18,19. Caregiving respon-
sibilities increased or intensified as informal caregivers may feel 
obligated to help care recipients with activities of daily living and 
manage health complications resulting from exposure to COVID-19 
or due to disruptions in regular care access during the pandemic18. 
The pandemic made it physically, emotionally and economically 
more difficult for caregivers to provide care, thereby making them 
particularly more vulnerable to poor mental health19. Separation 
from family members due to the restrictions around social gath-
erings is also an important risk factor for poor mental health as it 
may limit access to informal caregivers and weaken social networks, 
resulting in increased social isolation and feelings of loneliness. 
There is evidence that loneliness and separation from family during 
the pandemic were associated with a higher risk of mood disorders 
and exacerbated pre-existing mental illness20,21. A greater propor-
tion of females reported separation from family, increased time 
caregiving and inability to care for people who required assistance 
due to a health condition or limitation, which may partly explain 
the higher odds of depressive symptoms during the pandemic in 
females compared with males.

Adults who experienced verbal or physical conflict during the 
pandemic were more likely to show patterns of moderate or clini-
cally high and increasing depressive symptoms. Studies have broadly 
demonstrated an increase in family conflict and interpersonal vio-
lence in the aftermath of natural disasters22,23. In the context of the 
COVID-19 pandemic, individual or simultaneous presence of risk 
factors such as unemployment, economic loss, lack of access to basic 
needs, lockdowns and social isolation, reduced healthcare service 
availability and the inability of individuals to temporarily escape 
abusive family members may increase the risk of, or exacerbate, 
emotional and physical family or partner conflict and may, in turn, 
increase the risk of worsening existing mental health problems24,25.

Together, our results suggest several targets for prevention and 
intervention. Responding to COVID-19 pandemic-related stress-
ors and challenges requires a multifaceted approach that includes 
strategies that avoid disruption to healthcare access while following 
physical distancing guidelines (for example, telemedicine), enhance 
unemployment insurance, promote supportive workplace envi-
ronments and policies, ensure adequate access to basic needs and 
resources, enable access to online and telephone support services 
and increase opportunities for safe social participation. Because 
disparities in mental health outcomes have persisted, interventions 
to mitigate the negative impact of the COVID-19 pandemic and  

lockdown on mental health should be targeted at those who are 
most at risk, including individuals with low socioeconomic status, 
those who are lonely and those living with multimorbidity. Our 
findings also indicate the need to identify and address concerns 
early to avoid worsening of depressive symptom trajectories.

The present study has several strengths, including the timing of 
data collection relative to the lockdown restrictions implemented in 
Canada and use of a large population-based sample to longitudinally 
examine social determinants, health-related factors and COVID-19 
pandemic stressors associated with changes in the prevalence of 
depressive symptoms in middle-aged and older adults. However, 
it is important to note that our study sample did not include indi-
viduals residing in long-term care institutions, which may have led 
to underestimates of the prevalence of depressive symptoms and 
limits the generalizability of our findings to community-dwelling 
populations only. Further, a greater proportion of the participants 
who did not take part in the COVID-19 study were older, had lower 
annual income and had depressive symptoms (Supplementary 
Table 6), which may have impacted the validity of our findings. 
Differences in the method of administration of the ten-item Center 
for Epidemiologic Studies Short Depression Scale (CES-D10) ques-
tionnaire may also have impacted the results, as some participants 
completed the questionnaire in person whereas other participants 
completed the questionnaire over the telephone or online. However, 
the CES-D10 scale has been shown to perform well and had high 
internal consistency (range, 0.86–0.88) in a sample of adults who 
completed the survey in person, over the telephone and online26. 
Measurement invariance of the CES-D10 has also been examined in 
the CLSA, and the results support the use of this scale in a heterog-
enous CLSA sample27. Also, information on social connectivity and 
network size during the pandemic was not available and therefore 
not examined in the analysis. We examined age as a time-varying 
covariate; however, other variables such as physical activity, social 
participation and alcohol consumption were not included as time-
varying covariates in the analysis. Finally, the prevalence of depres-
sive symptoms may have differed based on when, and during what 
phase, data collection was conducted during the pandemic.

Overall, the results of this study indicate that the COVID-19 
pandemic has had a substantial negative impact on the mental 
health of middle-aged and older adults. Social determinants, loneli-
ness and COVID-19 stressors were important predictors of increase 
in depressive symptoms during the pandemic. The disparities and 
patterns in the depressive symptom trajectories observed during 
the initial stages of the pandemic indicate that the negative men-
tal health impacts of the pandemic persist and may worsen over 
the long term in the absence of effective interventions. Therefore, 
identifying and implementing intervention strategies, support and 
related public health measures for adults at higher risk of poor men-
tal health trajectories may help alleviate the impact of the pandemic.

Methods
Data source and study participants. The study was approved by the Hamilton 
Integrated Research Ethics Board and by the research ethics boards of all the 
participating institutions across Canada. Written informed consent was obtained 
from the participants. Participants had the study and data collection procedures 
explained to them and had the opportunity to seek clarification before consenting. 
Participants provided separate consent for questionnaire and physical data 
collection, for biological sample collection and for linking their provincial 
health information to information collected by the CLSA. There was no direct 
compensation for the participants. The CLSA is a large, national, longitudinal 
cohort study that recruited 51,338 Canadian residents (25,183 males and 26,155 
females) aged 45–85 years at baseline (2012–2015) to be followed every 3 years, for 
at least 20 years or until death or loss to follow-up, to collect information on the 
changing biological, medical, psychological, social, lifestyle and economic aspects 
of people’s lives. Participants were recruited from across the ten provinces through 
Statistics Canada’s Canadian Community Health Survey, provincial healthcare 
registration databases and random digit dialing. Individuals residing in Canada’s 
three territories, on First Nations reserves, in long-term care facilities, members 
of the armed forces, those who were unable to communicate in English or French 
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and those with severe cognitive deficits were not eligible to participate in the study. 
At each study visit, all participants provided data by questionnaires, but a subset of 
30,097 participants living within 25–50 km of 1 of 11 Data Collection Sites (DCS) 
across seven Canadian provinces were also interviewed in their home and visited 
a DCS to provide a range of physical assessments and biological samples. The first 
follow-up was completed on 48,893 participants (95% retention) in mid-2018, and 
the second follow-up is nearing completion (2018–2021). The CLSA design and 
methods have been described in detail elsewhere28.

The CLSA participants were invited to participate in the CLSA COVID-
19 Questionnaire Study, which was launched on 15 April 2020 with the aim of 
understanding the epidemiology of COVID-19, including its impact on the mental 
health outcomes of middle-aged and older adults. Of the 51,388 CLSA participants, 
8,638 were excluded because of death (n = 2,500), loss to follow-up (n = 3,406), 
requiring a proxy to participate (n = 318) or for other reasons such as unavailability 
of their contact information (n = 2,414). The remaining 42,700 participants were 
invited to participate by email to complete the web-based questionnaire (n = 34,498) 
or by telephone to complete the telephone interview with a trained CLSA interviewer 
(n = 8,202). During the recruitment process, another 189 participants were identified 
as deceased or requiring a proxy and therefore excluded. Of the 42,511 participants 
who were eligible to take part in the COVID-19 study, 28,559 (67.2%) agreed to 
participate. Over the 9-month period, participants completed a 30-min questionnaire 
at baseline (15 April–30 May 2020), 10-min questionnaires weekly (four times by 
web) or biweekly (two times by phone), three monthly questionnaires and a final 
30-min exit questionnaire (29 September–30 December 2020).

Measurement of study variables. Depressive symptoms. Screening for depressive 
symptoms in the CLSA was done using the CES-D10, which assesses depressive 
symptoms in the past week29. It includes three items on depressed affect, five items 
on somatic symptoms and two items on positive affect. Each item is scored from 
zero to three: rarely or never (<1 day), some of the time (1–2 days), occasionally 
(3–4 days) and all of the time (5–7 days). Scores for each participant were summed 
after reversing the positive affect items and can range between 0 and 30 with higher 
scores indicating a greater number of depressive symptoms. A positive screen for 
depressive symptoms was based on a score of ten or higher29. The CES-D10 has 
been shown to be reliable and valid in assessing depressive symptoms in adults, 
with internal consistency of 0.86, test–retest reliability of 0.85, convergent validity 
of 0.91 and divergence of 0.89 (refs. 30,31).

COVID-19 experiences. The COVID-19 pandemic experiences and stressors were 
measured using a self-reported questionnaire administered at the COVID-19 
baseline survey. Health-related stressors were identified by asking participants 
to indicate whether they were ill or if someone close to them was ill or had died 
due to COVID-19 or non-COVID-19-related reasons. Difficulties with accessing 
resources was identified by asking participants to indicate whether they had 
experienced loss of income, and difficulties in accessing necessary supplies, food 
and usual healthcare including prescription medications and treatments. Conflict 
was identified by asking participants to report whether they had experienced 
increased verbal or physical conflict. Separation from family was identified by 
asking participants to report whether they were separated from family during 
the pandemic. Caregiving experience assessed whether participants had spent 
increased time in caregiving or whether they were unable to care for people 
who required assistance due to a health condition or limitation. The pandemic 
experiences were grouped as ‘yes’ if the participant indicated at least one 
experience in the specific category or ‘no’ if the participant did not indicate any of 
the experiences in the specific category.

Covariates. The data from the CLSA baseline and first follow-up surveys were 
considered as being in the ‘pre-COVID-19’ period, and the time period variable for 
both these time points was coded as a zero and considered as the reference group 
in WGEE models. The time period was categorized as ‘pre-COVID-19’, ‘COVID-19 
baseline’ and ‘COVID-19 exit’. The WGEE model was adjusted for age (<55, 55–64, 
65–74 and ≥75 years), sex, ethnicity (white or nonwhite), total annual household 
income (CDN <$20,000, $20,000 to <$50,000, $50,000 to <$100,000, $100,000 to 
<$150,000 and ≥$150,000), dwelling type (house; apartment/condominium; or 
other type of dwelling including senior’s housing, mobile home and hotel), living 
area (urban, rural), household composition (living alone, not living alone), loneliness 
(see definition below), alcohol consumption (never, occasional, binge or regular 
drinker), smoking status (never, former or current smoker), physical activity (see 
definition below), social participation (see definition below) and number of chronic 
conditions (see definition below). Loneliness was assessed using the Revised UCLA 
Loneliness Scale (R-UCLA)32. Participants were asked to indicate how often they 
felt left out, felt isolated from others and lacked companionship. Response options 
included ‘hardly ever’, ‘some of the time’ and ‘often’. The total score may range from 
three to nine, and participants with a score of greater than three were classified as 
lonely32. Physical activity was assessed using the Physical Activity Scale for the Elderly 
(PASE) and dichotomized as meeting the World Health Organization’s age-specific 
guidelines for physical activity of at least 150 min of moderate-intensity or at least 
75 min of vigorous-intensity physical activity per week33,34. Social participation was 
assessed by summing the frequency of involvement in eight categories to represent 

the number of community activities undertaken in a month. The social activities 
included family or friendship activities outside the household; church or religious 
activities; sports/physical activities with other people; educational or cultural activities 
involving other people; service club or fraternal organization activities; neighborhood, 
community or professional association activities; volunteer or charity work and other 
recreational activities involving other people35. The total score for social participation 
was categorized based on age- and sex-specific quintile into ‘low’ and ‘high’ social 
participation. The number of chronic conditions from ten disease categories including 
musculoskeletal, respiratory, cardiovascular, endocrine-metabolic, neurological, 
gastrointestinal, genitourinary, ophthalmologic, renal and cancer was summed up and 
categorized into ‘none’, ‘one’, ‘two’ and ‘three or more’ chronic conditions.

Statistical analysis. Descriptive statistics were reported at each time point. CLSA 
first follow-up data were used to impute a whole variable that was not assessed 
in the COVID-19 baseline and exit surveys, and COVID-19 baseline data were 
used to impute a variable that was not assessed in the COVID-19 exit survey. The 
WGEE was used to examine the change in prevalence of depressive symptoms over 
time. The WGEE can model longitudinal or clustered data and binary outcomes 
and can handle monotonic missing data appropriately when the data are missing 
at random36. We performed WGEE on 37,111 individuals, which includes those 
with a monotonic pattern of missing data for the depressive symptom variable. 
Interaction terms between time period and sociodemographic and health factors 
were assessed to determine how the change in depressive symptom prevalence over 
time depended on these factors. For each risk factor by time period interaction, 
ORs were reported for at-risk groups during the COVID-19 baseline and exit time 
points in comparison with the group that was least at risk before the pandemic. 
The WGEE models were adjusted for all the covariates listed above. Age was 
included as a time-varying covariate, loneliness was assessed at CLSA first follow-
up and all other covariates were assessed at CLSA baseline.

LCGM, a semiparametric, group-based modeling strategy, was used to identify 
distinct classes of individuals who follow a similar pattern of depressive symptoms 
over the four time points and to examine the impact of loneliness and COVID-
19 experiences on the depressive symptoms trajectories37. The censored normal 
distribution was specified as the depressive symptoms score was modeled as a 
continuous variable to more accurately model data where floor and ceiling effects 
may be possible. Model selection involved testing different numbers and shapes of 
trajectory groups using statistical considerations and model parsimony. The best 
fitting model was identified by comparing the Akaike’s information criterion (AIC) 
and Bayesian information criterion (BIC) values, with smaller values indicating a 
good fitting model. Quadratic and cubic terms that were not statistically significant 
were excluded from the model. Trajectories were modeled using the PROC TRAJ 
procedures in SAS37. Missing longitudinal data were handled in the PROC TRAJ 
procedure under the missing-at-random assumption, which permits patterns 
with missing data to borrow parameter information from patterns with more or 
complete data points through the latent variable38. In addition to the covariates 
listed above, the LCGM was adjusted for self-reported COVID-19 status based 
on the criteria adapted from the Public Health Agency of Canada and Centers for 
Disease Control and Prevention that were available during the initial wave of the 
pandemic39,40. Confirmed cases of COVID-19 included participants who reported 
testing positive for SARS-CoV-2 by nucleic acid amplification test. Probable cases 
of COVID-19 included (1) participants who had a laboratory test with fever (over 
38 °C) or new onset or exacerbation of cough or who met the COVID-19 exposure 
criteria and were tested for COVID-19, but the results were inconclusive; or (2) 
participants who did not have a laboratory test but reported fever (over 38 °C) 
or a new onset or exacerbation of cough and had close contact with a confirmed 
COVID-19 case or lived or worked in a closed facility known to be experiencing 
an outbreak of COVID-19; (3) participants who were told by a healthcare provider 
that they had COVID-19 but did not have a confirmatory test. Suspected cases of 
COVID-19 included participants who reported two or more symptoms including 
fever, cough (dry or wet), runny nose, sore/scratchy throat, headache, chills or 
shivering, muscle and/or joint aches/pains, loss of smell or difficulty breathing and 
met the exposure criteria or had a close contact with a probable case of COVID-
19. OR and 95% CI values were reported, statistical significance was set at 0.05 
for a two-tailed test and statistical analysis was conducted using SAS software 
v.9.4. CLSA has developed a core suite of software based on open-source code to 
collect data. The specific software used to collect data include ONYX (v.1.12.0), 
Limesurvey (v.3.7.1 with customizations) and PINE (v.2.7).

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Data are available from the Canadian Longitudinal Study on Aging (www.clsa-elcv.ca) 
for researchers who meet the criteria for access to de-identified CLSA data.

Code availability
Custom code that supports the results of this study can be made available upon 
request from the corresponding author.
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