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Abstract
Purpose We investigated the relationships between physical isolation at home during the period when many US states had 
shelter-in-place orders and subsequent longitudinal trajectories of depression, anxiety, and loneliness in older adults over a 
6 month follow-up.
Methods Data were from monthly online questionnaires with US adults aged ≥ 55 in the nation-wide COVID-19 Coping 
Study (April through October 2020, N = 3978). Physical isolation was defined as not leaving home except for essential pur-
poses (0, 1–3, 4–6, and 7 days in the past week), measured at baseline (April–May). Outcomes were depressive symptoms 
(8-item Center for Epidemiological Studies Depression Scale), anxiety symptoms (5-item Beck Anxiety Inventory), and 
loneliness (3-item UCLA loneliness scale), measured monthly (April–October). Multivariable, population- and attrition-
weighted linear mixed-effects models assessed the relationships between baseline physical isolation with mental health 
symptoms at baseline and over time.
Results Physical isolation (7 days versus 0 days in the past week) was associated with elevated depressive symptoms 
(adjusted β = 0.85; 95% CI 0.10–1.60), anxiety symptoms (adjusted β = 1.22; 95% CI 0.45–1.98), and loneliness (adjusted 
β = 1.06; 95% CI 0.51–1.61) at baseline, but not with meaningful rate of change in these mental health outcomes over time. 
The symptom burden of each mental health outcome increased with increasing past-week frequency of physical isolation.
Conclusion During the early COVID-19 pandemic, physical isolation was associated with elevated depressive symptoms, 
anxiety symptoms, and loneliness, which persisted over time. These findings highlight the unique and persistent mental 
health risks of physical isolation at home under pandemic control measures.
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Introduction

Mental health disorders in middle-to-later life are highly 
prevalent and associated with poor health outcomes, includ-
ing cognitive decline, dementia, and risk of mortality [1, 2]. 
Cross-sectional data from the early months of the COVID-
19 pandemic in the United States have indicated elevated 

prevalence of depression and loneliness across all age 
groups [3–5], and that middle-aged adults were at particu-
larly high risk of poor mental health outcomes [6–8]. Since 
middle-aged and older adults are more likely to have multi-
ple comorbid health conditions, they are at elevated risk for 
severe morbidity and mortality due to COVID-19 [9, 10]. 
Consequentially, they may experience a greater degree of 
physical isolation to reduce their risk of COVID-19 infection 
than younger population groups. However, the longitudinal 
relationships between physical isolation and changes in men-
tal health symptomatology over time among middle-aged 
and older adults over the course of the COVID-19 pandemic 
remain unknown.

Under public health orders and recommendations to limit 
the spread of COVID-19, older adults may be socially iso-
lated, physically isolated, or both. Social isolation, defined as 
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an inadequate quantity and quality of social relationships [11], 
has been associated with a range of adverse health outcomes in 
middle-aged and older adults, including depressive symptoms, 
cognitive decline, cardiovascular disease, and risk of all-cause 
mortality [11–16]. In contrast to social isolation, less is known 
about the health effects of physical isolation for pandemic 
control, defined here as not leaving home except for essential 
purposes, in line with pandemic control policies in the United 
States in Spring 2020 [17]. The pandemic control orders have 
created a need to investigate the potential long-term mental 
health impacts of physical isolation at home, independent of 
social isolation, which may be minimally or greatly altered 
during the pandemic depending on the nature of individuals’ 
pre-pandemic social relationships [18].

Physical isolation may be linked to changes in mental 
health that are distinct from those previously observed with 
social isolation. Humans are intensely social creatures, and 
the task of physical isolation is inherently stressful for many 
people [19]. Prior to the COVID-19 pandemic, homebound 
status had been associated with incident depressive symp-
toms in older adults [20]. Daily variability in physical loca-
tion outside the home has been associated with increased 
positive affect, likely due to hippocampal activity that drives 
dopamine release [21]. Mice chronically housed alone have 
been shown to have reduced activity in serotonergic neu-
rons, which are crucial for mood regulation [22]. Remaining 
at home and having limited opportunities for varied forms 
of in-person interaction may thus directly prime the brain 
for vulnerability to mood dysregulation and mental health 
decline.

The COVID-19 pandemic has created an urgent need to 
understand the longitudinal mental health trajectories of 
middle-aged and older adults, especially with respect to the 
physical isolation uniquely imposed by the pandemic. We 
thus aimed to investigate the relationships between physical 
isolation at home during the period when most US states 
were under shelter-in-place orders (April and May 2020), 
and the subsequent longitudinal trajectories of depressive 
symptoms, anxiety symptoms, and loneliness over a six-
month follow-up. We hypothesized that: (1) physical isola-
tion would be associated with increased depressive symp-
toms, anxiety symptoms, and loneliness at baseline (April 
and May 2020); and (2) physical isolation would be asso-
ciated with worsening depressive, anxiety, and loneliness 
symptoms over time (April through October 2020).

Methods

Study design and population

We used data from the COVID-19 Coping Study, a national 
longitudinal cohort study of US adults aged ≥ 55 years in 

all 50 US states, the District of Columbia, and Puerto Rico 
[23]. Details of the study design, recruitment methods, and 
data collection are available elsewhere [23, 24]. In brief, par-
ticipants were recruited from April 2nd to May 31st, 2020, 
through a non-probability multi-frame sampling strategy, 
which included a “snowball sample” and “panel sample” 
[24]. Data were collected through online questionnaires 
administered via the University of Michigan Qualtrics soft-
ware in English and Spanish. Consenting participants from 
the English-language snowball sampling frame were eligible 
for monthly follow-up questionnaires. The present analy-
sis used data from the English-language snowball sample 
(N = 4401) at baseline (April/May 2020) and five subsequent 
monthly follow-up waves through September/October 2020. 
Participants were excluded if they were missing physical 
isolation data at baseline (136/4,401; 3.1%) or mental health 
outcome data at every wave (36/4,401; 0.8%). Participants 
were further excluded if they were missing covariate data at 
baseline (251/4,401; 5.7%) to give an analytical sample of 
3978 (Fig. 1).

Exposure: physical isolation

Physical isolation at baseline was assessed by the follow-
ing question: “In the past week, how many days have you 
been self-isolating (not left your residence except for essen-
tial purposes such as work, obtaining food, medications, or 
other supplies, outdoor exercise, or taking care of pets)?” 
Response options were 0 days, 1–3 days, 4–6 days, or 7 days.

Outcomes: depression, anxiety, and loneliness

Depressive symptoms were measured at baseline and each 
follow-up wave using the 8-item Center for Epidemiologi-
cal Studies Depression (CES-D) Scale adapted from the 
US Health and Retirement Study [25]. Participants were 
asked if in the past week, much of the time they: (1) felt 
depressed; (2) felt everything they did was an effort; (3) felt 
their sleep was restless; (4) felt they were happy; (5) felt 
lonely; (6) enjoyed life; (7) felt sad; and (8) felt they could 
not get going. Response options were “yes” or “no”. Each 
“yes” was scored as 1 point, with the exception of items 4 
and 6, where answers of “no” were scored as 1 point. The 
total CES-D score was calculated as the sum of the above 
responses, with possible scores ranging from 0 to 8.

Anxiety symptoms were measured at baseline and each 
follow-up wave using the 5-item Beck Anxiety Inventory 
(BAI), adapted from the US Health and Retirement Study 
[26]. Participants were asked how much of the time in the 
past week they: (1) had fear of the worst happening; (2) 
were nervous; (3) felt their hands trembling; (4) had a fear 
of dying; and (5) felt faint. Response options were “never”, 
“hardly ever”, “some of the time,” and “most of the time”, 
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corresponding to scores of 1–4 points, respectively. The 
total anxiety score was calculated as the sum of the above 
responses, with possible scores ranging from 4 to 20.

Loneliness was measured at baseline and each follow-up 
wave using the 3-item UCLA Loneliness Scale [27]. Par-
ticipants were asked how often they felt: (1) they lacked 

Fig. 1  Study flow diagram
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companionship; (2) left out; and (3) isolated from others in 
the past week. Response options were “hardly ever”, “some 
of the time”, and “often”, corresponding to scores of 1–3 
points, respectively. The total loneliness score was calcu-
lated as the sum of the above responses, with possible scores 
ranging from 3 to 9.

Covariates

Potential sociodemographic, health-related, and social con-
founders of the relationships between physical isolation and 
the three mental health outcomes were assessed at baseline. 
Sociodemographic covariates were age (years), sex (male, 
female), race (White, Black, Asian, other), ethnicity (His-
panic/Latinx, non-Hispanic/Latinx), education (high school 
or less, some college, college graduate, graduate school), and 
pre-COVID-19 employment status (retired or in school, self-
employed, full-time, part-time, unable to work due to dis-
ability or health condition, homemaker or family caregiver, 
unemployed and seeking work). Health-related covariates 
were use of mobility aids (yes, no), number of physician-
diagnosed health conditions (0, 1, 2, 3 +) of the follow-
ing conditions: hypertension, diabetes, asthma, chronic 
obstructive pulmonary disease, cancer, or other limiting, 
long-standing health condition, self-rated memory (poor, 
fair, good, very good, excellent), smoking status (never 
smoker, ex-smoker, current smoker), and pre-COVID-19 
moderate-to-vigorous intensity exercise per week (none to 
2.5 + hours, in 30 min increments). Social covariates were 
relationship status (single-never married, single-divorced/
separated, single-widowed, married or in a relationship) and 
pre-COVID-19 social isolation, measured as a 5-point social 
isolation index from the English Longitudinal Study of Age-
ing [28], which captured living alone, membership in social 
organizations or clubs, and frequency of contact with each 
of children, other family, and friends.

Statistical analyses

We generated sampling weights to match the general US 
population aged ≥ 55 based on demographic data from the 
2018 American Community Survey, which were applied 
to all analyses [23]. Population-weighted proportions were 
estimated to describe the characteristics of the sample at 
baseline. We used multivariable linear mixed-effects models 
with random person-specific intercepts and slopes to assess 
the relationships between baseline physical isolation with 
levels of depression, anxiety, and loneliness at baseline 
(intercept), and changes in depression, anxiety, and loneli-
ness over the six-month follow-up (slopes). Separate models 
for each of depression, anxiety, and loneliness were esti-
mated. The models were estimated using maximum likeli-
hood with an unstructured covariance matrix for the random 

effects to allow the correlation between the intercepts and 
the slopes to be estimated. All models adjusted for all covari-
ates described in the previous section and were weighted 
to the general US population aged ≥ 55 and to account for 
potential non-random study attrition over the follow-up, 
using joint population and attrition (inverse probability of 
retention) weights. All analyses were conducted using Stata 
17.0 SE (College Station, TX).

Sensitivity analyses

We ran a series of sensitivity analyses to further assess the 
relationships between physical isolation and mental health. 
First, to evaluate whether the potential impacts of physical 
isolation would be altered by levels of pre-existing social 
contacts both in and outside the home, we examined for 
effect modification by pre-COVID-19 social isolation by 
stratifying each model by score on the 5-point social isola-
tion index (< 2 and ≥ 2, where a score ≥ 2 represented the top 
quartile in the analytical sample) as well as by living alone 
status (yes/no).

Next, we re-ran our models with imputed missing values 
of previous physician diagnosis of depression and anxiety. 
We chose to impute these values because previously diag-
nosed depression and anxiety may be important predictors 
of mental health during the pandemic, but were missing 
for > 5% of the sample [29]. Previous physician diagnoses 
of depression and anxiety were assessed at follow-up months 
2 and 3 and were subsequently missing for individuals who 
did not complete either of these waves (N = 949/3978) or 
who had missing data on previous diagnosis of depression 
and anxiety (N = 338/3978) at these waves. We performed 
multiple imputation by chained equations (MICE) [29] to 
impute 20 datasets with imputed values for each of previous 
physician diagnoses of depression of anxiety, with the fol-
lowing covariates in the imputation models: age, sex, race, 
ethnicity, education, relationship status, pre-COVID-19 
employment status, use of mobility aids, number of other 
physician-diagnosed conditions, self-rated memory, smok-
ing status, pre-COVID-19 moderate to vigorous intensity 
physical activity per week, and pre-COVID-19 social isola-
tion index score.

Results

Median follow-up time of the sample was 6  months 
(IQR = 3–6  months). Characteristics of the sample are 
shown in Table 1. Mean age at baseline was 67.5 years (95% 
CI 66.5, 68.4; range 55–99), and just over half the sample 
was female (53.4%; 95% CI 48.4, 58.3; Table 1). At baseline 
(April–May 2020), approximately two-thirds of participants 
physically isolated at home for seven days in the past week 
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(68.0%; 95% CI 63.0, 72.6), while 7.1% reported no days of 
physical isolation in the past week (95% CI 4.7, 10.5).

In population- and attrition-weighted, multivariable-
adjusted linear mixed effects models, physical isolation for 
7 days in the past week was associated with elevated depres-
sive symptoms at baseline (βisolation 7 days = 0.85; 95% CI 0.10, 
1.60, vs. 0 days), and was associated with a slight increase 
in depressive symptoms over time (βtime × isolation 7 days = 0.09; 
95% CI 0.002, 0.18; Table 2; Fig. 2). There was a statis-
tically significant dose–response relationship between the 
frequency of physical isolation and depressive symptoms 
at baseline, whereby increasing levels of physical isolation 
were associated with increasing magnitude of depressive 
symptoms (ptrend = 0.04; Table 2). All frequencies of physi-
cal isolation were associated with elevated anxiety symp-
toms at baseline in a dose–response fashion (ptrend = 0.03), 
relative to no physical isolation. Physical isolation was not 
associated with rate of change in anxiety symptoms over 
time (Time x Isolation coefficients in Table 2; Fig. 2). Simi-
larly, all frequencies of physical isolation were associated 
with elevated loneliness at baseline in a dose–response fash-
ion (ptrend = 0.002), relative to no physical isolation, but were 
not associated with rate of change in loneliness over time 
(Table 2; Fig. 2).

Pre-COVID-19 social isolation appeared to modify the 
relationship between physical isolation and depressive 
symptoms, but not its relationships with anxiety symp-
toms or loneliness. Experiencing 7 versus 0 days of physi-
cal isolation in the past week was associated with elevated 
depressive symptoms at baseline for those with high but not 
low pre-COVID-19 social isolation (high social isolation: 
β = 1.90; 95% CI 0.90, 2.90; low social isolation: β = 0.23; 
95% CI − 0.72, 1.19; Supplementary Table 1). Living alone 
modified the relationships of physical isolation with anxi-
ety symptoms and loneliness, but not depressive symptoms. 
Physical isolation was associated with elevated anxiety and 
loneliness symptoms at baseline only among those who did 
not live alone (Supplementary Table 2). Results from mod-
els with imputed values for previous diagnoses of depres-
sion and anxiety as covariates were consistent with the 
main results, indicating that these previous diagnoses are 
not meaningful confounders of the relationships between 
physical isolation and mental health symptoms over the 
study period (Supplementary Table 3).

Discussion

In this longitudinal study of US adults aged ≥ 55 throughout 
the first six months of the COVID-19 pandemic, physical 
isolation at home was associated with elevated depressive 
symptoms, anxiety symptoms, and loneliness during the 
early period of the pandemic when most US states were 

under shelter-in-place orders. These elevated symptoms per-
sisted over time. Individuals who isolated 7 days per week 
experienced a slight increase in depressive symptoms over 
time, but anxiety and loneliness did not meaningfully change 
over the 6 month follow-up. The association between physi-
cal isolation and depressive symptoms was the strongest 
among those who were socially isolated prior to the COVID-
19 pandemic. The association between physical isolation and 
anxiety symptoms was strongest among those who lived in 
multi-person households, potentially reflective of COVID-
19 transmission risk within households. The association 
between physical isolation and loneliness was also strongest 
among those who lived in multi-person households, possibly 
reflecting a higher preference for solitude among those living 
alone. These associations were independent of a range of 
demographic, social, and health-related variables, includ-
ing previous diagnoses of depression and anxiety. Overall, 
this study highlights the unique and persistent mental health 
risks of physical isolation at home under pandemic control 
measures among older adults.

Our results are consistent with descriptive longitudinal 
analyses conducted across similar time periods in the US 
and globally. Most studies identified a peak in symptoms 
of anxiety, depression, and loneliness early in the pandemic 
(March–May 2020) [30–33], followed by either no change 
[34] or a decrease [30–33] in symptoms over time. Results 
from this study add critical details to the growing body of 
literature on mental health during the COVID-19 pandemic. 
Our findings suggest that physical isolation, a nearly ubiqui-
tous experience during the pandemic, poses a unique threat 
to mental health over and above social isolation. Previous 
qualitative research has highlighted “the lack of relation-
ship practices in their embodied form” as a major source of 
negative affect [35]. Neuroscience experiments have dem-
onstrated both the benefits of variability in physical location 
[21], as well as the neurobiological consequences of physical 
isolation [22, 36]. As one of the first studies to examine lon-
gitudinal mental health implications of physical isolation at 
home at the population level, our results complement these 
qualitative and neurobiology findings from an epidemiologi-
cal perspective.

While physical isolation was associated with symptoms 
of depression, anxiety, and loneliness at baseline in this 
study, there were no significant changes in these mental 
health symptoms over time, apart from a slight increase 
in depressive symptoms for those who isolated 7 days per 
week. These results may indicate that older adults began 
mentally adapting to the ongoing pandemic restrictions in 
a way that allowed their mental health to remain relatively 
stable over time [30]. Indeed, this finding supports qualita-
tive research and cross-sectional surveys identifying mental 
resiliencies of older adults during the early months of the 
pandemic [24, 37–39].
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Table 1  Population-weighted 
characteristics of the sample, 
COVID-19 Coping Study, 
United States, April–October 
2020 (N = 3978)

Characteristic Proportion 95% CI

Sex
 Male 46.6 (41.6, 51.6)
 Female 53.4 (48.4, 58.3)

Age
 Mean 67.5 (66.5, 68.4)

Race
 White 82.0 (77.5, 85.6)
 Black 9.7 (7.0, 13.4)
 Asian 4.3 (2.4, 7.3)
 Other 4.1 (2.5, 6.5)

Ethnicitya

 Non-hispanic or latinx 94.8 (92.1, 96.6)
 Hispanic or latinx 5.2 (3.4, 7.9)

Highest level of education
 High school or less 37.7 (32.3, 43.4)
 Some college 30.0 (26.0, 34.3)
 College graduate 17.9 (15.6, 20.5)
 Graduate or professional school 14.4 (12.5, 16.5)

Relationship status
 Single, never married 9.3 (6.5, 13.2)
 Single, divorced/separated 17.7 (14.1, 21.9)
 Single, widowed 15.0 (11.5, 19.2)
 Married or in a relationship 58.1 (53.0, 63.0)

Pre-COVID-19 social isolation
 Less than monthly contact with children, or no children 23.6 (19.6, 28.2)
 Less than monthly contact with family, or no family 16.0 (12.8, 19.8)
 Less than monthly contact with friends, or no friends 10.4 (7.4, 14.3)
 Less than monthly participation in a club, or no club 39.8 (35.0, 44.9)
 Lives alone 27.6 (23.3, 32.5)

Use of a mobility aid
 No 90.3 (87.0, 92.8)
 Yes 9.7 (7.1, 13.0)

Number of physician-diagnosed chronic  conditionsb

 0 26.6 (22.6, 31.1)
 1 34.7 (30.0, 39.6)
 2 19.6 (16.0, 23.7)
 3 + 19.1 (15.4, 23.3)

Pre-COVID-19 weekly frequency of physical activity
 None 9.6 (6.7, 13.5)
  < 30 min 15.6 (12.0, 20.1)
 30–60 min 12.2 (9.3, 15.9)
 1–1.5 h 9.3 (6.9, 12.5)
 1.5–2 h 8.7 (6.4, 11.9)
 2–2.5 h 11.0 (8.2, 14.6)
 2.5 + hours 33.6 (29.3, 38.1)

Smoking status
 Never smoker 46.4 (41.6, 51.4)
 Ex-smoker 43.9 (39.0, 48.9)
 Current smoker 9.7 (6.8, 13.5)

Self-rated memory
 Poor 1.9 (0.9, 4.0)
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a Indicates Hispanic/Latinx of any race
b Chronic conditions were physician-diagnosed hypertension, heart disease, diabetes, asthma, chronic 
obstructive pulmonary disease, cancer, and any other limiting, long-standing condition
c N = 2/3978 for “in-school” employment status
d Defined as not leaving home except for essential purposes (work, obtaining food, medications, or other 
supplies, outdoor exercise, or taking care of pets) in the past week

Table 1  (continued) Characteristic Proportion 95% CI

 Fair 12.6 (9.2, 16.9)
 Good 32.3 (27.7, 37.2)
 Very Good 34.7 (30.4, 39.4)
 Excellent 18.5 (15.3, 22.3)

Pre-COVID-19 employment status
 Retired or in  schoolc 48.1 (43.2, 53.0)
 Self employed 8.2 (5.7, 11.7)
 Employed full time 18.1 (14.8, 21.8)
 Employed part time 8.8 (6.5, 11.9)
 Unable to work (disability to health condition) 11.0 (7.8, 15.3)
 Homemaker or family caregiver 3.7 (2.1, 6.5)
 Unemployed and seeking work 2.1 (1.0, 4.4)

Physical isolation at baseline (days/week)d

 0 days 7.1 (4.7, 10.5)
 1–3 days 9.5 (6.9, 12.9)
 4–6 days 15.4 (11.9, 19.6)
 7 days 68.0 (63.0, 72.6)

Table 2  Results from linear 
mixed effects models for the 
associations between physical 
isolation and mental health at 
baseline and over time, COVID-
19 Coping Study, United States, 
April–October 2020 (N = 3978)

All models were adjusted and weighted to the US general population and to account for attrition after base-
line. The intercept represents the mean baseline value of the outcome for an individual in the reference 
category of model covariates: age 55, male, White, Non-Hispanic or Latinx ethnicity, less than high school 
education, single (never married) relationship status, pre-COVID-19 social isolation score of 0, no use of 
mobility aids, no comorbid conditions, no moderate to vigorous physical activity, never smoking, poor self-
rated memory, and retired pre-COVID-19 employment status
a 8-item Center for Epidemiologic Studies Depression Scale (CES-D)
b 5-item Beck Anxiety Inventory (BAI)
c 3-item UCLA Loneliness Scale

Predictor Depressiona Anxietyb Lonelinessc

β 95% CI β 95% CI β 95% CI

Intercept 5.10 (2.08, 8.11) 8.86 (5.56, 12.15) 5.54 (3.56, 7.53)
Physical isolation in past week
 1–3 days 0.48 (− 0.39, 1.35) 1.14 (0.24, 2.03) 0.89 (0.18, 1.60)
 4–6 days 0.81 (− 0.04, 1.66) 1.24 (0.19, 2.28) 0.79 (0.11, 1.48)
 7 days 0.85 (0.10, 1.60) 1.22 (0.45, 1.98) 1.06 (0.51, 1.61)
 p-trend 0.04 0.03 0.002

Time  − 0.04 (− 0.10, 0.02)  − 0.06 (− 0.15, 0.03) 0.04 (− 0.03, 0.11)
Time × isolation
 1–3 days 0.23 (− 0.03, 0.49) 0.09 (-0.13, 0.31)  − 0.03 (− 0.16, 0.11)
 4–6 days  − 0.15 (− 0.37, 0.06)  − 0.01 (-0.16, 0.14)  − 0.08 (− 0.24, 0.07)
 7 days 0.09 (< 0.01, 0.18) 0.06 (-0.06 0.17) 0.02 (− 0.06, 0.11)
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It remains unclear whether the levels of symptoms of 
depression, anxiety, and loneliness observed among older 
adults in this study and others are outside the bounds of 
an appropriate emotional response to living through the 
pandemic [40]. While some have described COVID-19 as a 
“mental health pandemic” [41–43], it is important to recog-
nize that the symptoms measured by depression, anxiety, and 
loneliness scales can represent short-term emotional reac-
tions, and not necessarily pathological syndromes that affect 
an individual’s ability to function over time [44]. However, 
one of the challenges with tracking mental health during the 
pandemic has been delayed diagnosis and underdiagnoses in 

clinical settings [45]. The mental health symptom scales we 
used in this study likely capture both clinically diagnosable 
depression and anxiety, as well as subclinical and undiag-
nosed conditions, overcoming the some of the limitations of 
relying on medical record data.

This study has limitations. The study sample was 
recruited through institutional health research databases, 
such as NIH ResearchMatch, as well as word-of-mouth 
snowball sampling. Snowball sampling has previously 
shown effective in recruiting under-represented individuals 
who may not have heard of the study otherwise, although it 
may over-represent individuals who have social networks 
[46]. Thus, we may have underestimated the magnitude of 
the associations between physical isolation and the mental 
health outcomes, as we may not have captured the most iso-
lated older adults in this study. We dealt with this potential 
bias as best possible by applying population-based weights 
generated using American Community Survey data to our 
analysis. Results may not be generalizable to those who 
do not use the Internet or mobile data if the associations 
under study do not hold in these subpopulations, which may 
include those without financial means to access the Internet 
or a smartphone, or who are experiencing homelessness or 
are institutionalized [47, 48]. Since data collection began 
during the first wave of the COVID-19 pandemic, we did 
not have pre-COVID-19 data on the outcomes measured in 
this sample. While sensitivity analyses indicated that pre-
vious physician diagnoses of depression and anxiety were 
not empirical confounders of the relationships under study, 
we cannot rule out the possibility that the individuals who 
physically isolated the most intensely were also experiencing 
greater undiagnosed mental health symptomatology at the 
pandemic onset. Finally, levels of physical isolation likely 
changed over time for some study participants. Future work 
is needed to assess for potential bidirectional relationships 
between physical isolation and mental health over time.

This study has several key strengths. Its longitudinal 
design included a baseline measurement during a unique 
period when most of the US was under shelter-in-place 
orders [49], and five subsequent follow-up surveys at 
monthly intervals. This study is among the first to report 
longitudinal mental health data in the US during the 
COVID-19 pandemic in relation to physical isolation dur-
ing the early pandemic period. Our recruitment strategy 
allowed us to rapidly enroll a national cohort at low cost 
during the first wave of the COVID-19 pandemic. This 
study had a large sample size covering all 50 US states 
and the District of Columbia, it incorporated population 
sampling and attrition weights to minimize potential bias 
and improve generalizability, and we had rich covariate 
data. We utilized commonly used validated research scales 
capturing depressive symptoms, anxiety symptoms, and 
loneliness, facilitating comparability of our results to those 

(a)

(b)

(c)

Fig. 2  Mental health symptom trajectories for (a) depression, b anxi-
ety, and c loneliness according to baseline level of physical isolation, 
April–October 2020, from population- and attrition- weighted linear 
mixed effects models, N = 3978
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of other studies, such as the US Health and Retirement 
Study and its International Partner Studies of aging.

Conclusion

In this longitudinal study of nearly 4000 older adults in 
the US during the COVID-19 pandemic, we observed 
that physical isolation at home during the early pandemic 
period was associated with elevated depressive symptoms, 
anxiety symptoms, and loneliness at baseline, and these 
elevated symptoms were persistent over time. A remaining 
question is whether the levels of symptoms of depression, 
anxiety, and loneliness observed among older adults in this 
study extend beyond an appropriate emotional response to 
the stress of the pandemic. Physical isolation, a near ubiq-
uitous experience among older adults during the COVID-
19 pandemic, may pose a unique threat to mental health 
independent of a wide range of demographic, health, and 
social factors. This finding supports prior research estab-
lishing a link between physical isolation and challenges to 
mental health. Given the global scale of physical isolation 
during COVID-19, it is critical that additional research 
in other populations and geographic locations continues 
to investigate the longitudinal mental health impacts of 
physical isolation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00127- 022- 02248-4.

Author contributions CAJ and LCK designed the study. CAJ per-
formed data analysis and drafted the manuscript. LCK supervised 
the analyses and the writing of the manuscript. All authors critically 
revised the final manuscript.

Funding LCK was supported by NIA P30AG012846.

 Availability of data and material Data from this study are publicly 
available from the Inter-University Consortium for Political and Social 
Research (ICPSR) at the University of Michigan, at: https:// www. openi 
cpsr. org/ openi cpsr/ proje ct/ 131022/ versi on/ V1/ view. 

Declarations 

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Ethics approval The University of Michigan Health Sciences and 
Behavioral Sciences Institutional Review Board approved the COVID-
19 Coping Study protocol (HUM00179632).

Consent to participate Online informed consent was obtained from 
all participants.

Consent for publication All authors approve of the article for publica-
tion.

References

 1. Schoevers RA, Geerlings MI, Deeg DJH, Holwerda TJ, Jonker 
C, Beekman ATF (2009) Depression and excess mortality: evi-
dence for a dose response relation in community living elderly. 
Int J Geriatr Psychiatry: J Psychiatry Late Life And Allied Sci 
24(2):169–176. https:// doi. org/ 10. 1002/ gps. 2088

 2. Dotson VM, Davatzikos C, Kraut MA, Resnick SM (2009) 
Depressive symptoms and brain volumes in older adults: a 
longitudinal magnetic resonance imaging study. J Psychiatry 
Neurosci: JPN 34(5):367

 3. Gaeta L, Brydges CR (2020) Coronavirus-related anxiety, social 
isolation, and loneliness in older adults in northern california 
during the stay-at-home order. J Aging Soc Policy. https:// doi. 
org/ 10. 1080/ 08959 420. 2020. 18245 41

 4. Kotwal AA, Holt-Lunstad J, Newmark RL, Cenzer I, Smith AK, 
Covinsky KE, Escueta DP, Lee JM, Perissinotto CM (2021) 
Social isolation and loneliness among san francisco bay area 
older adults during the COVID-19 shelter-in-place orders. J Am 
Geriatr Soc 69:20–29. https:// doi. org/ 10. 1111/ jgs. 16865

 5. Krendl AC, Perry BL (2020) The impact of sheltering in 
place during the COVID-19 pandemic on older adults’ social 
and mental well-being. J Gerontol Ser B Psychol Sci Soc Sci. 
https:// doi. org/ 10. 1093/ geronb/ gbaa1 10

 6. Czeisler MÉ, Lane RI, Petrosky E, Wiley JF, Christensen A, 
Njai R, Weaver MD, Robbins R, Facer-Childs ER, Barger LK 
(2020) Mental health, substance use, and suicidal ideation dur-
ing the COVID-19 pandemic—United States, June 24–30, 2020. 
Morb Mortal Wkly Rep 69(32):1049

 7. González-Sanguino C, Ausín B, ÁngelCastellanos M, Saiz J, 
López-Gómez A, Ugidos C, Muñoz M (2020) Mental health 
consequences during the initial stage of the 2020 Coronavirus 
pandemic (COVID-19) in Spain. Brain Behav Immun. https:// 
doi. org/ 10. 1016/j. bbi. 2020. 05. 040

 8. Klaiber P, Wen JH, DeLongis A, Sin NL (2020) The ups and 
downs of daily life during COVID-19: age differences in affect, 
stress, and positive events. J Gerontol: Series B. https:// doi. org/ 
10. 1093/ geronb/ gbaa0 96

 9. Wortham JM (2020) Characteristics of persons who died 
with COVID-19—United States, February 12–May 18, 2020. 
MMWR. Morbidity and mortality weekly report 69. https:// doi. 
org/ 10. 15585/ mmwr. mm692 8e1 

 10. Boersma P, Black LI, Ward BW (2020) Peer reviewed: preva-
lence of multiple chronic conditions among US adults, 2018. 
Prevent Chronic Dis 17:E106. https:// doi. org/ 10. 5888/ pcd17. 
200130

 11. Wang J, Lloyd-Evans B, Giacco D, Forsyth R, Nebo C, Mann F, 
Johnson S (2017) Social isolation in mental health: a conceptual 
and methodological review. Soc Psychiatry Psychiatr Epidemiol 
52(12):1451–1461. https:// doi. org/ 10. 1007/ s00127- 017- 1446-1

 12. Almquist YB, Landstedt E, Hammarström A (2017) Associa-
tions between social support and depressive symptoms: social 
causation or social selection—or both? Eur J Public Health 
27(1):84–89. https:// doi. org/ 10. 1093/ eurpub/ ckw120

 13. Shankar A, Hamer M, McMunn A, Steptoe A (2013) Social 
isolation and loneliness: relationships with cognitive function 
during 4 years of follow-up in the English longitudinal study 
of ageing. Psychosom Med 75(2):161–170. https:// doi. org/ 10. 
1097/ PSY. 0b013 e3182 7f09cd

 14. Holt-Lunstad J, Smith TB (2016) Loneliness and social isolation 
as risk factors for CVD: implications for evidence-based patient 
care and scientific inquiry. Heart 102:987–989. https:// doi. org/ 
10. 1136/ heart jnl- 2015- 309242

 15. The National Academies of Sciences (2020) Social isolation 
and loneliness in older adults: opportunities for the health 

https://doi.org/10.1007/s00127-022-02248-4
https://www.openicpsr.org/openicpsr/project/131022/version/V1/view
https://www.openicpsr.org/openicpsr/project/131022/version/V1/view
https://doi.org/10.1002/gps.2088
https://doi.org/10.1080/08959420.2020.1824541
https://doi.org/10.1080/08959420.2020.1824541
https://doi.org/10.1111/jgs.16865
https://doi.org/10.1093/geronb/gbaa110
https://doi.org/10.1016/j.bbi.2020.05.040
https://doi.org/10.1016/j.bbi.2020.05.040
https://doi.org/10.1093/geronb/gbaa096
https://doi.org/10.1093/geronb/gbaa096
https://doi.org/10.15585/mmwr.mm6928e1
https://doi.org/10.15585/mmwr.mm6928e1
https://doi.org/10.5888/pcd17.200130
https://doi.org/10.5888/pcd17.200130
https://doi.org/10.1007/s00127-017-1446-1
https://doi.org/10.1093/eurpub/ckw120
https://doi.org/10.1097/PSY.0b013e31827f09cd
https://doi.org/10.1097/PSY.0b013e31827f09cd
https://doi.org/10.1136/heartjnl-2015-309242
https://doi.org/10.1136/heartjnl-2015-309242


 Social Psychiatry and Psychiatric Epidemiology

1 3

care system. The National Academies Press, Washington, DC. 
https:// doi. org/ 10. 17226/ 25663 

 16. Steptoe A, Shankar A, Demakakos P, Wardle J (2013) Social isola-
tion, loneliness, and all-cause mortality in older men and women. 
Proc Natl Acad Sci 110(15):5797–5801. https:// doi. org/ 10. 1073/ 
pnas. 12196 86110

 17. Moreland A, Herlihy C, Tynan MA, Sunshine G, McCord RF, 
Hilton C, Poovey J, Werner AK, Jones CD, Fulmer EB (2020) 
Timing of state and territorial COVID-19 stay-at-home orders and 
changes in population movement—United States, March 1–May 
31, 2020. Morb Mortal Wkly Rep 69(35):1198

 18. Brown G, Greenfield PM (2020) Staying connected during stay-at-
home: communication with family and friends and its association 
with well-being. Hum Behav Emerg Technol. https:// doi. org/ 10. 
1002/ hbe2. 246

 19. Bzdok D, Dunbar RIM (2020) The neurobiology of social dis-
tance. Trends Cogn Sci. https:// doi. org/ 10. 1016/j. tics. 2020. 05. 016

 20. Xiang X, An R, Oh H (2020) The bidirectional relationship 
between depressive symptoms and homebound status among older 
adults. J Gerontol: Ser B 75(2):357–366. https:// doi. org/ 10. 1093/ 
geronb/ gbx180

 21. Heller AS, Shi TC, Ezie CEC, Reneau TR, Baez LM, Gibbons 
CJ, Hartley CA (2020) Association between real-world experien-
tial diversity and positive affect relates to hippocampal–striatal 
functional connectivity. Nat Neurosci. https:// doi. org/ 10. 1038/ 
s41593- 020- 0636-4

 22. Sargin D, Oliver DK, Lambe EK (2016) Chronic social isolation 
reduces 5-HT neuronal activity via upregulated SK3 calcium-
activated potassium channels. Elife 5:e21416

 23. Kobayashi LC, O’Shea BQ, Kler JS, Nishimura R, Palavicino-
Maggio CB, Eastman MR, Vinson YR, Finlay JM (2021) Cohort 
profile: the COVID-19 Coping Study, a longitudinal mixed-meth-
ods study of middle-aged and older adults’ mental health and well-
being during the COVID-19 pandemic in the USA. BMJ Open 
11(2):e044965. https:// doi. org/ 10. 1136/ bmjop en- 2020- 044965

 24. Finlay JM, Kler JS, O’shea BQ, Eastman MR, Vinson YR, Kob-
ayashi LC (2021) Coping during the COVID-19 pandemic: a 
qualitative study of older adults across the United States. Front 
Public Health 9:323. https:// doi. org/ 10. 3389/ fpubh. 2021. 643807

 25. Lewinsohn PM, Seeley JR, Roberts RE, Allen NB (1997) Center 
for epidemiologic studies depression Scale (CES-D) as a screen-
ing instrument for depression among community-residing older 
adults. Psychol Aging 12(2):277. https:// doi. org/ 10. 1037/ 0882- 
7974. 12.2. 277

 26. Smith J, Ryan L, Fisher G, Sonnega A, Weir D (2017) HRS psy-
chosocial and lifestyle questionnaire 2006–2016: Documentation 
Rep 2. https:// hrs. isr. umich. edu/ publi catio ns/ biblio/ 9066

 27. Russell DW (1996) UCLA loneliness scale (version 3): reliability, 
validity, and factor structure. J Pers Assess 66(1):20–40

 28. Kobayashi LC, Steptoe A (2018) Social isolation, loneliness, and 
health behaviors at older ages: longitudinal cohort study. Ann 
Behav Med 52(7):582–593. https:// doi. org/ 10. 1093/ abm/ kax033

 29. Azur MJ, Stuart EA, Frangakis C, Leaf PJ (2011) Multiple imputa-
tion by chained equations: what is it and how does it work? Int J 
Methods Psychiatr Res 20(1):40–49

 30. Fancourt D, Steptoe A, Bu F (2021) Trajectories of anxiety and 
depressive symptoms during enforced isolation due to COVID-19 
in England: a longitudinal observational study. Lancet Psychiatry 
8(2):141–149. https:// doi. org/ 10. 1016/ S2215- 0366(20) 30482-X

 31. Riehm KE, Holingue C, Smail EJ, Kapteyn A, Bennett D, Thrul 
J, Kreuter F, McGinty EE, Kalb LG, Veldhuis CB (2021) Trajec-
tories of mental distress among US adults during the COVID-19 
pandemic. Ann Behav Med: Publ Soc Behav Med. https:// doi. org/ 
10. 1093/ abm/ kaaa1 26

 32. Daly M, Sutin AR, Robinson E (2020) Longitudinal changes in 
mental health and the COVID-19 pandemic: evidence from the 

UK household longitudinal Study. Psychol Med. https:// doi. org/ 
10. 1017/ S0033 29172 00044 32

 33. Daly M, Robinson E (2020) Psychological distress and adapta-
tion to the COVID-19 crisis in the United States. J Psychiatr Res. 
https:// doi. org/ 10. 1016/j. jpsyc hires. 2020. 10. 035

 34. O’Connor RC, Wetherall K, Cleare S, McClelland H, Melson AJ, 
Niedzwiedz CL, O’Carroll RE, O’Connor DB, Platt S, Scowcroft 
E (2020) Mental health and well-being during the COVID-19 
pandemic: longitudinal analyses of adults in the UK COVID-19 
Mental Health & Wellbeing study. Br J Psychiatry. https:// doi. org/ 
10. 1192/ bjp. 2020. 212

 35. Kamin T, Perger N, Debevec L, Tivadar B (2021) Alone in a time 
of pandemic: solo-living women coping with physical isolation. 
Qual Health Res 31(2):203–217. https:// doi. org/ 10. 1177/ 10497 
32320 971603

 36. McNeal N, Scotti M-A, Wardwell J, Chandler DL, Bates SL, 
LaRocca M, Trahanas DM, Grippo AJ (2014) Disruption of social 
bonds induces behavioral and physiological dysregulation in male 
and female prairie voles. Auton Neurosci 180:9–16. https:// doi. 
org/ 10. 1016/j. autneu. 2013. 10. 001

 37. Whitehead BR, Torossian E (2021) Older adults’ experience of the 
COVID-19 pandemic: a mixed-methods analysis of stresses and 
joys. Gerontologist 61(1):36–47. https:// doi. org/ 10. 1093/ geront/ 
gnaa1 26

 38. Fuller HR, Huseth-Zosel A (2021) Lessons in resilience: initial 
coping among older adults during the COVID-19 pandemic. Ger-
ontologist 61(1):114–125. https:// doi. org/ 10. 1093/ geront/ gnaa1 70

 39. Pearman A, Hughes ML, Smith EL, Neupert SD (2021) Age dif-
ferences in risk and resilience factors in COVID-19-related stress. 
J Gerontol: Ser B 76(2):e38–e44. https:// doi. org/ 10. 1093/ geronb/ 
gbaa1 20

 40. Johnstone L (2020) Does COVID-19 pose a challenge to the diag-
noses of anxiety and depression? A psychologist’s view. BJPsych 
Bull. https:// doi. org/ 10. 1192/ bjb. 2020. 101

 41. Howard J (2020) CDC study sheds new light on mental health 
crisis linked to coronavirus pandemic. [cited 2021 March 22]; 
Available from: https:// www. cnn. com/ 2020/ 08/ 13/ health/ mental- 
health- coron avirus- pande mic- cdc- study- welln ess/ index. html.

 42. Roxby P (2020) Psychiatrists fear ‘tsunami’ of mental illness after 
lockdown. [cited 2021 March 22]; Available from: https:// www. 
bbc. com/ news/ health- 52676 981.

 43. Choi KR, Heilemann MV, Fauer A, Mead M (2020) A second 
pandemic: mental health spillover from the novel coronavirus 
(COVID-19). J Am Psychiatr Nurses Assoc 26(4):340–343. 
https:// doi. org/ 10. 1177/ 10783 90320 919803

 44. Drummond LM (2020) Does coronavirus pose a challenge to the 
diagnoses of anxiety and depression? A view from psychiatry. 
BJPsych Bull. https:// doi. org/ 10. 1192/ bjb. 2020. 102

 45. Williams R, Jenkins DA, Ashcroft DM, Brown B, Campbell S, 
Carr MJ, Cheraghi-Sohi S, Kapur N, Thomas O, Webb RT (2020) 
Diagnosis of physical and mental health conditions in primary 
care during the COVID-19 pandemic: a retrospective cohort study. 
Lancet Public Health 5(10):e543–e550. https:// doi. org/ 10. 1016/ 
S2468- 2667(20) 30201-2

 46. Shaghaghi A, Bhopal RS, Sheikh A (2011) Approaches to recruit-
ing ‘hard-to-reach’populations into research: a review of the lit-
erature. Health Promot Perspect 1(2):86. https:// doi. org/ 10. 5681/ 
hpp. 2011. 009

 47. Internet/Broadband Fact Sheet. 2019; Available from: https:// 
www. pewre search. org/ inter net/ fact- sheet/ inter net- broad band/.

 48. Hunsaker A, Hargittai E (2018) A review of Internet use among 
older adults. New Media Soc 20(10):3937–3954

 49. Mervosh S, Lu D, Swales V. See which states and cities have told 
residents to stay at home. April 20, 2020; Available from: https:// 
www. nytim es. com/ inter active/ 2020/ us/ coron avirus- stay- at- home- 
order. html.

https://doi.org/10.17226/25663
https://doi.org/10.1073/pnas.1219686110
https://doi.org/10.1073/pnas.1219686110
https://doi.org/10.1002/hbe2.246
https://doi.org/10.1002/hbe2.246
https://doi.org/10.1016/j.tics.2020.05.016
https://doi.org/10.1093/geronb/gbx180
https://doi.org/10.1093/geronb/gbx180
https://doi.org/10.1038/s41593-020-0636-4
https://doi.org/10.1038/s41593-020-0636-4
https://doi.org/10.1136/bmjopen-2020-044965
https://doi.org/10.3389/fpubh.2021.643807
https://doi.org/10.1037/0882-7974.12.2.277
https://doi.org/10.1037/0882-7974.12.2.277
https://hrs.isr.umich.edu/publications/biblio/9066
https://doi.org/10.1093/abm/kax033
https://doi.org/10.1016/S2215-0366(20)30482-X
https://doi.org/10.1093/abm/kaaa126
https://doi.org/10.1093/abm/kaaa126
https://doi.org/10.1017/S0033291720004432
https://doi.org/10.1017/S0033291720004432
https://doi.org/10.1016/j.jpsychires.2020.10.035
https://doi.org/10.1192/bjp.2020.212
https://doi.org/10.1192/bjp.2020.212
https://doi.org/10.1177/1049732320971603
https://doi.org/10.1177/1049732320971603
https://doi.org/10.1016/j.autneu.2013.10.001
https://doi.org/10.1016/j.autneu.2013.10.001
https://doi.org/10.1093/geront/gnaa126
https://doi.org/10.1093/geront/gnaa126
https://doi.org/10.1093/geront/gnaa170
https://doi.org/10.1093/geronb/gbaa120
https://doi.org/10.1093/geronb/gbaa120
https://doi.org/10.1192/bjb.2020.101
https://www.cnn.com/2020/08/13/health/mental-health-coronavirus-pandemic-cdc-study-wellness/index.html
https://www.cnn.com/2020/08/13/health/mental-health-coronavirus-pandemic-cdc-study-wellness/index.html
https://www.bbc.com/news/health-52676981
https://www.bbc.com/news/health-52676981
https://doi.org/10.1177/1078390320919803
https://doi.org/10.1192/bjb.2020.102
https://doi.org/10.1016/S2468-2667(20)30201-2
https://doi.org/10.1016/S2468-2667(20)30201-2
https://doi.org/10.5681/hpp.2011.009
https://doi.org/10.5681/hpp.2011.009
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html
https://www.nytimes.com/interactive/2020/us/coronavirus-stay-at-home-order.html

	Physical isolation and mental health among older US adults during the COVID-19 pandemic: longitudinal findings from the COVID-19 Coping Study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and population
	Exposure: physical isolation
	Outcomes: depression, anxiety, and loneliness
	Covariates
	Statistical analyses
	Sensitivity analyses


	Results
	Discussion
	Conclusion
	References




