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Abstract

Background

Little is known about effects of COVID-19 lockdown on psychosocial factors, health and life-

style in older adults, particularly those aged over 80 years, despite the risks posed by

COVID-19 to this age group.

Methods

Lothian Birth Cohort 1936 members, residing mostly in Edinburgh and the surrounding

Lothians regions in Scotland, mean age 84 years (SD = 0.3), responded to an online ques-

tionnaire in May 2020 (n = 190). We examined responses (experience and knowledge of

COVID-19; adherence to guidance; impact on day-to-day living; social contact; self-reported

physical and mental health; loneliness; and lifestyle) and relationships between previously-

measured characteristics and questionnaire outcomes.

Results

Four respondents experienced COVID-19; most had good COVID-19 knowledge (94.7%)

and found guidance easy to understand (86.3%). There were modest declines in self-

reported physical and mental health, and 48.2% did less physical activity. In multivariable

regression models, adherence to guidance by leaving the house less often associated with

less professional occupational class (OR = 0.71, 95%CI 0.51–0.98) and poorer self-rated

general health (OR = 0.62, 95%CI 0.42–0.92). Increased internet use associated with

female sex (OR = 2.32, 95%CI 1.12–4.86) and higher general cognitive ability (OR = 1.53,

95%CI 1.03–2.33). Loneliness associated with living alone (OR = 0.15, 95%CI 0.07–0.31)

and greater anxiety symptoms (OR = 1.76, 95%CI 0.45–1.24). COVID-19 related stress

associated with lower emotional stability scores (OR = 0.40, 95%CI 0.24–0.62). Decreased
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physical activity associated with less professional occupational class (OR = 1.43, 95%CI

1.04–1.96), and lower general cognitive ability (OR = 0.679, 95%CI 0.491–0.931).

Conclusions

Characteristics including cognitive function, occupational class, self-rated health, anxiety,

and emotional stability, may be related to risk of poorer lockdown-related psychosocial and

physical outcomes.

Introduction

Since the declaration of pandemic on 11th March 2020 [1], public health measures have been

implemented across the globe to suppress the spread of the coronavirus disease 2019 (COVID-

19). In Scotland, lockdown measures introduced on 23rd March 2020 included social and

physical distancing, isolation of symptomatic individuals, and restrictions on leaving the home

(once daily for essential reasons) [2]. The effects of COVID-19 lockdown measures on older

people are yet to be determined, especially in those over the age of 80, who are classed as a

‘high risk’ group in Scotland [3]. The current study aimed to examine the impact of the Scot-

tish COVID-19 lockdown on psychosocial factors, health, and lifestyle in older adults aged

approximately 84-years from the Lothian Birth Cohort 1936 (LBC1936) study.

In Scotland, older people are considered to be at higher risk of severe illness from COVID-

19 [3–6]. He risk increases for individuals with chronic comorbidities, particularly ageing-

related diseases including cardiovascular disease, diabetes, respiratory and chronic pulmonary

disease [5, 6]. Over half of those aged over 80 are estimated to be at high risk due to underlying

health conditions [7]. Older people are also at higher risk of mortality; in Scotland, 77% of all

deaths involving COVID-19 to 14th June 2020 were of people aged 75 and over [8]. A prospec-

tive cohort study of individuals aged between 0 and 104 (median age 73) in UK acute care hos-

pitals found the highest proportion of hospitalisations and mortality among those aged 80 and

over [5]. Because of their increased risk, those in the ‘high risk’ category when lockdown began

in Scotland were asked to ‘shield’, remaining at home and strictly avoiding social contact with

anyone outside of their homes for at least 12 weeks.

Effects of lockdown measures on ‘high risk’ individuals who remain illness-free are unclear.

Social distancing measures inherently limit activities and promote social isolation, potentially

to the detriment of physical and mental health [9]. In middle-aged and older adults, isolation

and loneliness are associated with poor cognitive function, cognitive decline, depression, anxi-

ety, lack of feeling valued, poor physical health including poor cardiovascular function, immu-

nity, and mortality [10–16]. There are physical health risks associated with reduced activity

during lockdown [17], which warrant consideration given the association between declines in

physical fitness and cognitive function [18]. Prior research indicates the relationship between

physical health and psychosocial risk factors is relevant for the COVID-19 pandemic [19, 20].

Recent research examining the same data as in the current study found that levels of physical

activity significantly decline during lockdown, and higher levels of physical activity during

lockdown was associated with greater extraversion and a higher age 11 IQ [21]. Labelling older

people as a homogenous group of vulnerable individuals may result in stereotyping or margin-

alisation [22], and negative consequences of social isolation may be exacerbated by the ‘digital

divide’ [9], since older people may disproportionately face barriers to accessing modern tech-

nology and information sources. That said, it is possible that many older people are more resil-

ient than commonly portrayed, and have adequate resources to cope well.
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Data from older people during the pandemic are surprisingly limited, given that they are

‘high risk’ and any effects of strict lockdown in this group are not clear. The current study is

particularly concerned with those over the age of 80, who are under-represented in the

COVID-19 literature. No study to date has focused solely on adults over the age of 80. Even in

high-quality large-scale studies of COVID-19 with representative samples of hundreds or

thousands of participants, the number of individuals sampled over the age of 80 is low [23–

25], with conclusions drawn from sample sizes fewer than as low as 20 [26], and in some stud-

ies those over 80 are excluded entirely [27]. Given the clear risks of the virus to older adults,

both in terms of health and the wider psychological, social, and lifestyle impacts resulting from

stringent lockdown measures, it is important that the experiences of older adults are well

reported. Findings from the general population and past pandemics suggest negative conse-

quences for older people in terms of anxiety and depression [28, 29], psychological distress

[30–33], and wellbeing [34]. At the beginning of lockdown, survey participants from across

Great Britain rated social isolation and practical concerns as being of greater risk to their men-

tal health and wellbeing than fear of contracting COVID-19 [26]. Individuals aged over 75

were more likely to report high anxiety than any other age group [35]. Physical health may be

adversely affected due to the impact of lockdown on behaviours such as sleep [36] and physical

activity [37]. Furthermore, the experience is likely to vary between individuals based on socio-

demographic differences [38–40], physical ability [40], genetics [41], mood and personality

[28]. One of few studies to report on mostly middle aged and older adults (aged 23–88, with

63% of the sample over age 60) found differences in COVID-19 knowledge, awareness, atti-

tudes, and behaviours across ethnic and socioeconomic groups, and in relation to differing lev-

els of health literacy [23]; being unemployed or retired, having poorer health, and having

lower health literacy were associated with poorer COVID-19 knowledge and fewer changes to

daily routine.

To fully understand the impact of Scotland’s lockdown measures on older people, and

inform future interventions in the event of a ‘second wave’ or other health crises, it is impor-

tant to measure: the ways in which behaviours and routines have been altered; how physical

and mental health have been affected; whether some people have fared better than others; and

whether there are risk and protective factors associated with these differences. Existing

research cohorts are particularly valuable in understanding the impacts of the COVID-19 pan-

demic, particularly by ‘embedding research on COVID-19 into studies where participants’

mental or cognitive health has previously been ascertained’ [9]; this is a key strength of the cur-

rent study. This study is one of few with a reasonably sized sample of older adults; many others

base their findings on the responses of very few older-age participants. We explored the impact

of lockdown measures on community-dwelling older adults from the LBC1936 study by link-

ing responses to a COVID-19 questionnaire at age 84 with rich data on cognitive ability,

demographics, psychosocial, and health factors previously collected at age 82. The study had

two aims. First, to describe responses to the COVID-19 questionnaire. Second, to use bivariate

and multivariate analyses to examine relationships between previously collected participant

characteristics and psychosocial factors, health and lifestyle during lockdown.

Methods

Participants

Participants were members of the LBC1936 study, a longitudinal study principally investigat-

ing non-pathological cognitive and brain ageing. All 1,091 members were born in 1936; most

reside in Edinburgh and the surrounding Lothian region of Scotland and took part in the Scot-

tish Mental Survey 1947 (SMS1947) [42]. Participants were recruited between 2004 and 2007
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at mean age 70 years (wave 1) [43]. To date, they have attended four further waves at mean

ages 73 (2007–2010, n = 866), 76 (2011–2013, n = 697), 79 (2014–2017, n = 550), and 82

(2017–2019, n = 431). At each wave, detailed cognitive ability, health, psychosocial, lifestyle,

and other data are collected. Information on tracing, recruitment and testing of LBC1936

participants can be found elsewhere [44, 45]. The current study is based on a subsample of

participants (n = 190) who completed an online COVID-19 questionnaire at mean age 84 (±
0.3) years; this group is referred to as ‘respondents’. Ethical approval for the Lothian Birth

Cohort 1936 study was obtained from Multi-Centre Research Ethics Committee for Scot-

land (MREC/01/0/56; Wave 1), the Lothian Research Ethics Committee (LREC/2003/2/29;

Wave 1), and the Scotland A Research Ethics Committee (07/MRE00/58; Waves 2–5). Ethi-

cal approval for the LBC1936 COVID questionnaire described in the current study was

granted as an amendment to 07/MRE00/58 (AM18). The study complies with Declaration

of Helsinki guidelines.

LBC1936 COVID-19 questionnaire

All LBC1936 participants registered with the study in May 2020 (n = 454) were invited by

letter to take part in an online COVID-19 questionnaire, designed by the LBC1936 team for

this study. A summary of questionnaire items and measurement can be found in Table 1;

for questionnaire in its entirety, see S1 Appendix. The LBC1936 are a volunteer sample;

inclusion criteria for the present study were defined as any participant who had completed

at least one wave of testing, and who had the means to access and complete the question-

naire online by themselves or with assistance. Participants gave full and informed written

consent by completing an online consent form before taking part in the questionnaire.

Respondents lacking capacity to provide informed consent or unable to complete the ques-

tionnaire themselves (n = 3) were permitted to have assistance (e.g. from guardian or near-

est relative). Instructions were included in the participant information sheet stating that for

any participant requiring assistance with completing the online questionnaire, the person

providing assistance should contact the LBC study team before beginning the questionnaire

to confirm their status as a Welfare Power of Attorney, Guardian, or Nearest Relative. The

LBC study medic specialising in geriatric medicine advised the team on whether this indi-

vidual was suitable for providing consent on behalf of any participant lacking capacity to

provide informed consent. The questionnaire was built using the Qualtrics XM platform,

and was live between May 27th and June 8th 2020. The questionnaire took approximately 30

minutes to complete; it consisted of 145 questions examining experience of COVID-19,

knowledge and adherence to guidance, impact on day-to-day living, social contact, self-

reported physical and mental health, loneliness, and lifestyle factors. Questions were

designed to harmonise with existing COVID-19 surveys including Generation Scotland’s

CovidLife Survey [46], the Chicago COVID-19 Comorbidities (C3) Survey [47], and surveys

from other studies of COVID-19 attitudes and behaviours [23]. Many questions were

adapted from these surveys and had Likert-type response scales [23, 46]; all were optional.

Some questions refer to the period ‘since COVID-19 measures were introduced on 23rd

March 2020’, hereinafter referred to as ‘lockdown’.

Measures

Questionnaire measures. We examined responses to the COVID-19 questionnaire (expe-

rience of COVID-19; knowledge and adherence to guidance; impact on day-to-day living;

social contact; self-reported physical and mental health and loneliness; and lifestyle (see S1–S6

Tables for the wording of individual items and response options).
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Table 1. Description of COVID-19 questionnaire outcome measures and covariates used in correlation and regression analyses.

Measure Item wording/measurement method Responses

Questionnaire outcome measures (at age 84)

Adherence to guidance

Decreased frequency of leaving

home

‘How often have you been leaving your home since COVID-19 measures were

introduced (23rd March 2020)?’

More than once per day/once per day or

less

Impact on day-to-day living

Increased internet usage ‘How has your internet usage changed since COVID-19 measures were introduced

(23rd March 2020)?’

More internet use/same or less internet

use

Gets additional help ‘Have you received any additional help in your daily life with things such as grocery

shopping, errands, or picking up medications since COVID-19 measures were

introduced?’

Yes/No

Greater change in daily routine ‘How much has COVID-19 changed your daily routine?’ A lot/somewhat/a little/not at all

Self-reported physical and mental health and loneliness

Greater COVID-19-related

stress or nervousness

‘In the last two weeks, how often have you felt nervous or stressed because of COVID-

19?’

Sometimes/never

Poorer self-reported physical

health

‘In general, since the COVID-19 measures were introduced, would you say your

physical health is:’ Adapted from the Short Form 36 (SF-36) [48].

Excellent/very good/good/fair/poor

Poorer self-reported mental

health

‘In general, since the COVID-19 measures were introduced, would you say your

emotional and mental health is:’ Adapted from the SF-36 [48].

Excellent/very good/good/fair/poor

Experiencing Loneliness ‘How often have you felt lonely during the past week?’ Sometimes/never

Lifestyle

Decrease in physical activity ‘Compared to before COVID-19 measures were introduced (23rd March 2020), how

much physical activity are you doing now? This includes activities that make you

breathe harder than normal (e.g., brisk walking).’

Much more/slightly more/the same/

slightly less/much less

Returning to or taking up a new

pastime

‘Since COVID-19 measures have been in place (23rd March 2020), have you returned

to or started up a new pastime that you can do from home?’

Yes/No

Covariates

Demographic

Childhood occupational class� Father’s highest obtained occupation reported at wave 1 (mean age 70); scored

according to General Register Office’s Census 1951 Classification of Occupations [49].

1 (professional)– 5 (unskilled)

Adulthood occupational class Participant’s highest occupation reported at wave 1 (mean age 70); scored according to

Office of Population Censuses and Surveys’ Classification of Occupations, 1980 [50].

1 (professional)– 5 (unskilled)

Age Age in days at time of questionnaire (mean age 84) or wave 5 (mean age 82).

Sex Collected at wave 1 (mean age 70). Male/female

Years of education� Self-reported years of full-time education, reported at wave 1 (mean age 70).

Marital status� Marital status reported at time of questionnaire (mean age 84) or wave 5� (mean age

82).

Married/Other

Living alone Living status reported at time of questionnaire (mean age 84) and at wave 5� (mean age

82)

Yes/No

Area of residence� Current area of residence reported at time of questionnaire (mean age 84). Rural/Urban/Suburban

Cognitive

Age 11 cognitive ability� Moray House Test No.12 (MHT) scores from the SMS1947 (39). The MHT is well-

validated test of general cognitive ability which includes questions on: following

directions, same-opposites, word classification, analogies, practical items, reasoning,

proverbs, arithmetic, spatial items, mixed sentences, and cypher decoding.

Sum of correct items out of total of 76†

Mini-mental state examination

score�
Mini-mental state examination (MMSE) [51] scores at wave 5 (age 82). The MMSE is a

widely-used screening instrument for cognitive function, which assesses basic ability in

language, recall memory, attention, and orientation to time and place. MMSE scores,

which range from 0 to 30, can been used to assess the presence of cognitive

impairment. Scores of less than 24 are commonly considered to indicate possible mild

cognitive impairment or dementia.

Sum of correct items out of total of 30

(Continued)
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Covariates. Measures hypothesised to be associated with COVID-19 questionnaire out-

comes were selected a priori based on previous associations between these variables and psy-

chosocial factors, health and lifestyle [54, 58–68]. These included: childhood and adulthood

occupational social class; age; sex; years of formal full-time education; marital status; living

alone; current area of residence; age-11 cognitive ability; Mini-Mental State Examination score

[51]; fluid cognitive ability ‘gf’; general healthy literacy; chronic comorbidities; undiagnosed

diabetes; lung function; grip strength; Townsend Disability Scale Score [55]; Body Mass Index

(BMI); self-rated general health; emotional stability; extraversion; and conscientiousness. Mea-

surement is described in Table 1. Additional covariates were selected solely for analysis of

characteristics of those who responded to the questionnaire compared to non-responders (see

Table 1).

Table 1. (Continued)

Measure Item wording/measurement method Responses

Fluid cognitive ability ‘gf’ Score derived from principal component analysis (PCA) of scores on six subtests from

the Weschler Adult Intelligence Scale [52, 53] designed to assess fluid-type abilities at

wave 5 (age 82; Matrix reasoning, Block Design, Digit symbol coding, Digit Span

Backwards, Letter-number sequencing, and Symbol Search). Fluid-type abilities are

those related to processing and integration of information and novel problem solving

that do no rely on learned or acquired knowledge.

General health literacy Score derived from a PCA of age-73 (wave 2) scores on three functional health literacy

measures (Rapid Estimate of Adult Literacy in Medicine; Shortened Test of Functional

Health Literacy in Adults; Newest Vital Sign) [54]. Health literacy is the capacity to

acquire, process and use health information to successfully navigate all aspects of

health, including the ability to use health documents, interact with healthcare

professionals and undertake health-promoting behaviours to prevent future ill health.

Health and physical fitness

Number of chronic

comorbidities

Sum of conditions based on self-reported history of cardiovascular disease,

hypertension, and diabetes at wave 5 (age 82).

All items: yes/no; total ranges from 0 to 3

Undiagnosed diabetes� Blood glycated haemoglobin at wave 5 (age 82; HbA1c; IFCC units).

Lung function� Forced expiratory volume in 1s at wave 5 (age 82; FEV1).

Grip strength� Best overall grip strength performance of three attempts each in right and left hands at

wave 5 (age 82; kg).

Townsend Disability Scale score

[55]

Townsend Disability Scale score at wave 5 (age 82). Sum of responses out of total of18 (higher

scores indicate poorer ability).

Body Mass Index (BMI)� Weight in kg (electronic SECA scales with digital display) divided by squared height in

metres, (SECA stadiometer) measured by research nurse at wave 5 (age 82; kg/m2).

Self-rated general health At wave 5 (age 82): ‘In general, would you say your health is:’ Question from the SF-36

[48].

Excellent/very good/good/fair/poor

Mood

Anxiety symptoms Summed anxiety item scores from Hospital Anxiety and Depression scale [56] at wave

5 (age 82).

Sum of 7 item scores, scored 0–3; total

score out of 21.

Depression symptoms Summed depression item scores from Hospital Anxiety and Depression scale [56] at

wave 5 (age 82).

Sum of 7 item scores, scored 0–3; total

score out of 21.

Personality

Emotional stability Measured using the 50-item IPIP Big-Five personality inventory [57] at wave 5 (age

82).

Sum of 10 items scored 1–5; total score out

of 50.

Extraversion Measured using the 50-item IPIP Big-Five personality inventory [57] at wave 5 (age

82).

Sum of 10 items scored 1–5; total score out

of 50.

Conscientiousness Measured using the 50-item IPIP Big-Five personality inventory [57] at wave 5 (age

82).

Sum of 10 items scored 1–5; total score out

of 50.

�Covariate measure used only for comparison of respondents versus non-responders; not included in further analysis.

https://doi.org/10.1371/journal.pone.0253153.t001
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Statistical analysis

Statistical analyses were conducted using R v3.6.3 [69] and IBM SPSS Statistics v.25 [70].

Results of the PCA for covariates gf and general health literacy are presented in S7 Table.

Descriptive statistics for questionnaire responses were percentages of response relative to

number of respondents per questionnaire item (S1–S6 Tables). An alpha level of .05 was

employed for all statistical tests. Welch’s 2-sample t-test, chi-squared tests with Yates’ continu-

ity correction, and Fisher’s exact test were used to compare characteristics of respondents ver-

sus non-responders (Table 2). Before undertaking further analysis, respondents who did not

Table 2. Comparison of background characteristics for Lothian Birth Cohort 1936 participants who responded to the COVID-19 questionnaire versus those who

did not respond.

Background characteristic Respondent (N = 190) Non-responder (N = 264) Difference test

Mean/N SD/% Mean/N SD/% t/χ2 p Cohen’s d
Age (years)� 81.98 0.46 82.02 0.48 0.96 0.34 0.09

Sex (n male) 96 52.7 113 45.4 2.00 0.16 -

Childhood occupational class 2.83 0.94 2.88 0.96 0.46 0.65 0.05

Adulthood occupational class 2.00 0.83 2.40 0.92 4.70 < .001 0.46

Years of formal full-time education 11.21 1.17 10.7 1.12 -4.83 < .001 0.47

Marital status� 3.41 0.06 -

Married 110 60.4 127 51.0

Not married 72 39.6 122 49.0

Living alone� (n yes) 60 33.0 114 45.8 6.65 0.01 -

Moray House test (MHT) score at mean age 11† 53.33 10.63 48.65 12.30 -5.99 < .001 0.48

Mini mental state examination (MMSE) score� 28.77 1.82 27.85 2.55 -4.40 < .001 0.42

General cognitive ability� 0.37 0.92 -0.28 0.97 -6.78 < .001 0.69

General health literacy score at mean age 73 0.45 0.82 -0.08 0.97 -5.71 < .001 0.59

Body Mass Index (BMI)� 26.95 3.92 27.29 4.43 0.84 0.40 0.08

Grip strength (kg; max in dominant hand)� 27.82 8.77 25.77 8.62 -2.37 0.02 0.24

Forced expiratory volume in 1s (FEV1)� 2.12 0.64 1.97 0.61 -2.51 0.01 0.25

History of hypertension history (n yes)� 110 60.4 138 56.6 0.50 0.48 -

History of cardiovascular disease (n yes)� 75 41.4 95 38.3 0.31 0.58 -

History of diabetes (n yes)� 19 10.4 32 12.9 0.38 0.54 -

Glycated haemoglobin (HbA1c)� 40.02 7.44 40.58 8.29 0.71 0.48 0.07

Townsend disability scale score� 1.35 2.20 2.36 3.45 3.67 < .001 0.35

Self-reported health� 13.61 0.008 -

Excellent 23 12.6 19 7.6

Very good 86 47.3 91 36.5

Good 61 33.5 102 41.0

Fair 10 5.5 29 11.6

Poor 2 1.1 8 3.2

Anxiety symptoms� 3.66 2.96 4.53 2.94 3.01 0.003 0.29

Depression symptoms� 2.72 2.22 3.43 2.50 3.09 0.002 0.30

Emotional stability � 37.07 7.21 34.64 6.47 -3.54 < .001 0.36

Extraversion� 32.63 7.41 30.64 7.07 -2.75 0.006 0.28

Conscientiousness� 38.50 5.74 36.74 6.13 -2.92 0.003 0.30

For continuous variables, p-values are for differences calculated using Welch’s 2-sample t-test for continuous variables with Cohen’s d for standardised effect size. For

categorical variables, p-values are for Fisher’s exact test or χ2 test with Yates’s continuity correction.

�Measures were recorded at the most recent full wave of data collection when participants were mean age 82 years old.

† Difference test results for Moray House Test scores at mean age 11 are based on age-adjusted values.

https://doi.org/10.1371/journal.pone.0253153.t002
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attend the most recent wave of LBC1936 testing (wave 5; n = 8) were excluded, leaving an ana-

lytic sample of 182 for inclusion in correlations and regression models. Some outcome mea-

sures were recoded from categorical to binary due to low numbers in some response

categories; details of outcome measures for correlations and regressions, some of which were

recoded, are included in Table 1. For raw response frequencies see S1–S6 Tables.

We conducted exploratory bivariate Spearman’s rank correlations to identify relationships

between previously measured characteristics and COVID-19 questionnaire outcomes from the

subthemes: adherence to guidance, impact on day-to-day living, self-reported physical and

mental health and loneliness, and lifestyle. We report significant correlations after adjustment

for multiple comparisons using Holm-Bonferroni correction [71]. Variables that were signifi-

cantly correlated with COVID-19 questionnaire outcomes were included in binary or ordinal

logistic regression models to examine their relative importance and to adjust for potential con-

founding. All models were adjusted for age and sex. Additional covariates for each model were

selected on the basis of significant correlations with COVID-19 questionnaire outcomes.

These were entered consecutively into regression models based on variable subtype in the fol-

lowing order: age and sex, demographics, cognitive ability, health, mood, personality. We

report odds ratios (OR) and confidence intervals (CI) for significant associations in final mod-

els after adjustment for all covariates. Associations with p-values < .005 remained significant

after correction for multiple testing using false discovery rate (FDR) correction [72]. Odds

ratios reported for continuous independent variables relate to a 1SD increase.

In an additional exploratory step, we conducted Wilcoxon signed rank tests to test for sig-

nificant changes between ‘before’ and ‘during’ lockdown ratings for self-reported physical and

mental health (reported as part of the online questionnaire). We derived physical and mental

health change scores by subtracting ‘before’ from ‘during’ scores, then examined possible cor-

relations with previously measured characteristics to explore potential predictors of change.

Results

Comparison of responders and non-responders

Background characteristics of respondents (n = 190) and non-responders (n = 264) are pre-

sented in Table 2. Respondents were less likely to live alone and tended to have had a more

professional occupational status; more years of formal education; higher cognitive ability

scores; better physical fitness and self-rated general health; fewer symptoms of anxiety and

depression; and higher scores for personality traits emotional stability, extraversion, and con-

scientiousness (all p-values�.02; Cohen’s d: 0.25 to 0.69).

Questionnaire responses

Experience of COVID-19. Of 190 respondents, 4 (2.1%) reported a self-diagnosis of

COVID-19 based on symptoms (see S1 Fig); 13.7% were advised to shield due to an underlying

health condition; and 12.6% postponed contacting a medical service or attending a medical

appointment due to anxiety about COVID-19 (S1 Table).

Knowledge and adherence to guidance. The majority (94.7%) rated their COVID-19

knowledge extremely or somewhat good, and 86.3% found Scottish Government COVID-19

guidance extremely or somewhat easy to understand. Almost all followed guidance in relation

to leaving the home once daily or less (97.9%), social distancing (98.9%), staying at home

(96.8%), hand-washing (97.9%), and self-isolating if suffering COVID-19 symptoms (88.6%)

all or most of the time. 70.5% said they were unlikely to accidentally come into close contact

with someone not in their household (i.e. less than 2 metres) when leaving their home
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(S2 Table). Most (94.1%) followed COVID-19-related news daily; the BBC was the most fre-

quently used source and was rated most helpful (S2 and S3 Figs).

Living situation and impact on day-to-day living. Over one-third of respondents

(38.4%) were living alone and 56.3% were living with a partner during lockdown. 60.0% lived

in a suburban area, and almost all had access to a shared or private garden (91.9%). Almost

three-quarters (73.8%) reported change in their daily routine during lockdown. Nearly two-

thirds (62.6%) received help from others during lockdown, and 64.2% changed their prescrip-

tion or method of ordering in order to continue to access prescribed medicines during lock-

down. Half of respondents were aware of local initiatives to help those self-isolating (51.6%),

whereas 42.1% did not know. Nearly two-thirds used more non-cash alternatives during lock-

down, and 35.3% said using cash was important. 54.5% used the internet more often during

lockdown and 37.1% thought they would continue to do so after the COVID-19 emergency

(S3 Table).

Social contact. Compared to before lockdown, respondents had less face-to-face contact

with friends and family members during lockdown, but more regular telephone calls, video

calls, and text or instant messages (S4 and S5 Figs). Over one-third (33.7%) had more contact

with their neighbours during lockdown; 19.5% had less contact; of 101 who reported a change,

62.4% rated this change positively, 31.7% neutral, and 5.9% negatively (S4 Table).

Self-reported physical and mental health and loneliness. In total, 55.8% rated their

physical health before lockdown as being either excellent or very good; this fell to 47.8% during

lockdown (Fig 1). Before lockdown, 85.1% rated their emotional and mental health as being

either excellent or very good; this fell to 68.6% during lockdown (Fig 2). Over one-third

(36.5%) of respondents felt nervous or stressed because of COVID-19, and less than one quar-

ter (23.8%) felt lonely during lockdown (S5 Table).

Lifestyle factors. Of 121 respondents who drink alcohol, 11.7% consumed more alcohol

during lockdown; 24.2% consumed less. There were 75 (39.7%) ex-smokers, 2 (1.1%) current

smokers, and 112 (59.3%) had never smoked. Few reported a change in diet during lockdown:

18.5% had a healthier diet; 7.9% had a less healthy diet; 10.1% were eating more; and 12.7%

were eating less. Almost half of respondents (48.2%) reported doing less physical activity dur-

ing lockdown, whereas 17.5% did more, and 34.4% did the same amount. Over half of respon-

dents (62.6%) returned to an old pastime or started a new one during lockdown (S6 Table). Of

18 pastimes, the most popular were reading (65.3%), watching films or television (63.2%), and

gardening (54.0%; Fig 3).

Fig 1. Change in LBC1936 participants’ self-reported physical health after COVID-19 measures introduced.

https://doi.org/10.1371/journal.pone.0253153.g001
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Correlations between characteristics at age 82 (or earlier) and COVID-19

outcomes at age 84

Spearman’s rank correlations for the analytical sample (n = 182) are presented in Table 3.

Adherence to guidance. Leaving home less frequently during lockdown was correlated

with less professional occupational class, more chronic diseases, higher Townsend Disability

Scale score, poorer self-rated general health, and lower gf at age-82.

Impact on day-to-day living. Using the internet more often during lockdown was corre-

lated with being female, currently living alone, higher age-82 gf, and greater anxiety symptoms.

Change in daily routine was correlated with not living alone and higher age-82 general health

literacy. No variables correlated with getting additional help during lockdown.

Self-reported physical and mental health and loneliness. poorer self-reported physical

health during lockdown was correlated with being older and male, lower gf, more chronic dis-

eases, higher Townsend Disability Scale score, poorer self-rated general health, greater anxiety

and depression symptoms, and lower emotional stability, conscientiousness, and extraversion

at age-82. Poorer self-reported mental health during lockdown was correlated with currently

living alone, more chronic diseases, poorer self-rated general health, greater anxiety and

depression symptoms, and lower emotional stability, and extraversion at age-82. COVID-19

Fig 2. Change in LBC1936 participants’ self-reported emotional and mental health after COVID-19 measures

introduced.

https://doi.org/10.1371/journal.pone.0253153.g002

Fig 3. Pastimes returned to or taken up during lockdown.

https://doi.org/10.1371/journal.pone.0253153.g003
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related stress or nervousness during lockdown was correlated with currently living alone,

greater anxiety symptoms, and lower emotional stability at age-82. Feeling lonely during lock-

down was correlated with living alone, higher Townsend Disability Scale score, poorer self-

rated general health, greater anxiety symptoms, and lower emotional stability at age-82.

Lifestyle. Doing less physical activity during lockdown was correlated with having a less pro-

fessional occupational class and lower age-82 gf. Returning to an old pastime or starting a new

one during lockdown was correlated with being female and higher age-73 general health literacy.

Regression analyses with age-82 (or earlier) characteristics as independent

variables and age-84 COVID-19 questionnaire responses as outcomes

Results of final regression models for each outcome are displayed in Table 4; full results of all

individual regression models are provided in S8–S16 Tables.

Table 3. Spearman’s rank correlations between age-82 (or earlier) characteristics and COVID-19 questionnaire outcomes.

Adherence to

guidance

Impact on day-to-day living Self-reported physical and mental health and loneliness Lifestyle

Frequency of

leaving home

Change in

internet

usage

Gets

additional

help

Change in

daily

routine

Self-

reported

physical

health

Self-

reported

mental

health

COVID-

19-related stress

or nervousness

Loneliness Decrease in

physical

activity

New

pastime

Agea -0.01 0.03 0.00 0.05 0.18� 0.14 -0.02 0.08 0.03 0.06

Sex (n male) -0.12 -0.23�� 0.03 -0.05 -0.20�� 0.03 0.13 0.06 0.00 -0.18�

Demographics

Adulthood

occupational class

-0.18� 0.09 0.14 -0.15 0.10 -0.03 -0.01 0.11 0.22�� -0.02

Living aloneb (n yes) -0.02 0.20� -0.01 0.16� 0.07 -0.16� -0.19� -0.40��� -0.03 0.14

Cognitive

Fluid cognitive

ability ‘gf’

0.19� 0.16� 0.02 -0.13 -0.27��� 0.37 0.07 -0.09 -0.26��� -0.09

General health

literacy

0.13 -0.17 0.01 -0.20� -0.02 -0.10 0.07 -0.03 -0.13 -0.16�

Health

Number of chronic

diseases

-0.15� 0.03 0.03 0.03 0.22�� 0.15� 0.01 0.12 0.12 0.06

Townsend disability

scale score

-0.16� -0.04 0.00 0.11 0.32��� 0.14 0.05 0.17� 0.07 0.05

Self-rated general

health

-0.27��� -0.07 -0.02 0.00 0.52��� 0.32��� 0.10 0.16� 0.09 0.12

Mood

Anxiety symptoms -0.05 -0.20�� 0.13 -0.01 0.17� 0.36��� 0.28��� 0.31��� -0.01 -0.09

Depression

symptoms

-0.07 -0.01 0.09 0.13 0.33��� 0.26��� 0.12 0.11 -0.03 0.09

Personality

Emotional stability 0.04 0.07 -0.10 -0.04 -0.29��� -0.43��� -0.39��� -0.29��� 0.00 0.01

Conscientiousness 0.08 0.11 -0.08 0.05 -0.20�� -0.10 -0.09 -0.04 -0.00 -0.03

Extraversion 0.09 -0.06 0.05 -0.05 -0.25�� -0.22�� -0.03 -0.09 -0.14 -0.12

�p< .05

��p< .01

���p< .001; Independent variables are from age-82 unless otherwise stated. All p-values corrected using Holm-Bonferroni correction [71].
a Age is age in days at time of questionnaire (mean age 84).
b Living alone at time of questionnaire (mean age 84).

https://doi.org/10.1371/journal.pone.0253153.t003
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Table 4. Odds ratios (95% confidence intervals) for final regression models of COVID-19 outcomes predicted by characteristics at age-82 (or earlier).

Adherence to

guidance

Impact on day-to-day living Self-reported physical and mental health and loneliness Lifestyle

Frequency of

leaving home c

Change in

internet usage c

Change in

daily routine d

Self-reported

physical health d

Self-reported

mental health d

COVID-19-related

stress or nervousness c

Loneliness c Decrease in

physical

activityd

New

pastime c

Agea 0.92 (0.69–1.23) 0.97 (0.68–

1.38)

1.16 (0.86–

1.57)

1.45 (1.04–

2.04)�
1.27 (0.94–1.73) 0.94 (0.66–1.33) 1.04 (0.68–

1.62)

1.13 (0.85–1.51) 0.92 (0.66–

1.28)

Sex Male Reference Reference Reference Reference Reference Reference Reference Reference Reference

Female 0.56 (0.30–1.02) 2.32 (1.12–

4.86)�
1.08 (0.55–

2.12)

0.56 (0.28–1.11) 1.11 (0.57–2.16) 1.55 (0.73–3.31) 0.48 (0.17–

1.26)

1.08 (0.61–1.89) 1.89 (0.96–

3.75)

Demographics

Adulthood

occupational class

0.71 (0.51–0.98)� - - - - - - 1.43 (1.04–

1.96)�
-

Living aloneb Alone Reference Reference Reference Reference Reference Reference Reference Reference Reference

Not alone - 0.65 (0.38–

1.10)

1.83 (0.92–

3.68)

- 0.53 (0.28–1.02) 0.65 (0.38–1.11) 0.15 (0.07–

0.31)���†

- -

Cognitive

Fluid cognitive ability

‘gf’

1.24 (0.88–1.74) 1.53 (1.03–

2.33)�
- 0.73 (0.50–1.05) - - - 0.68 (0.49–

0.93)�
-

General health literacy - - 0.69 (0.46–

1.01)

- - - - - 1.36 (0.92–

2.02)

Health

Number of chronic

diseases

0.87 (0.60–1.26) - - 0.98 (0.65–1.47) 1.20 (0.82–1.75) - - - -

Townsend disability

scale score

0.73 (0.46–1.13) - - 1.31 (0.74–2.37) - - 1.67 (0.92–

3.14)

- -

Self-rated general

healthc

0.62 (0.42–0.92)� - - 3.99 (2.31–

7.11)���†

1.48 (0.99–2.24) - - - -

Excellent - - - - - - 0.17 (0.001–

26.69)

- -

Very good - - - - - - 0.64 (0.01–

65.46)

- -

Good - - - - - - 0.34 (0.003–

33.48)

- -

Fair - - - - - - 3.32 (0.03–

399.82)

- -

Poor Reference Reference Reference Reference Reference Reference Reference Reference Reference

Mood

Anxiety symptoms - 1.31 (0.92–

1.90)

- 0.84 (0.54–1.30) 1.15 (0.76–1.73) 0.99 (0.63–1.55) 1.76 (1.01–

3.14)�
- -

Depression symptoms - - - 1.17 (0.77–1.78) 1.03 (0.71–1.50) - - - -

Personality

Emotional stability - - - 0.81 (0.51–1.26) 0.54 (0.35–

0.81)��†

0.40 (0.24–0.62)���† 0.76 (0.45–

1.24)

- -

Conscientiousness - - - 0.83 (0.57–1.20) - - - - -

Extraversion - - - 0.83 (0.58–1.17) 0.89 (0.64–1.24) - - - -

�p< .05

��p< .01

���p< .001; Independent variables are from age-82 unless otherwise stated
a age is age in days at time of questionnaire (mean age 84)
b living alone at time of questionnaire (mean age 84).

†associations remain significant after multiple testing correction via false discovery rate (FDR) estimation.
c models were binary logistic regression models.
d models were ordinal logistic regression models.

https://doi.org/10.1371/journal.pone.0253153.t004
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Adherence to guidance. Leaving home less frequently during lockdown was associated

with a less professional occupational class and poorer age-82 self-rated general health.

Impact on day-to-day living. The odds of using the internet more during lockdown were

greater for women and higher age-82 fluid cognitive ability. No measures were significantly

associated with change in daily routine in the final model.

Self-reported physical and mental health and loneliness. Odds of poorer self-reported

physical health during lockdown were increased for those who were older, and had poorer

age-82 self-rated general health. Odds of poorer self-reported emotional and mental health

during lockdown were lower for those with higher emotional stability. Odds of COVID-

19-related stress or nervousness during lockdown were lower for those with higher emotional

stability trait scores. Odds of being lonely during lockdown were higher for those with greater

age-82 anxiety symptoms and lower for those not living alone.

Lifestyle. Decreased physical activity was associated with less professional occupational

class, and lower general cognitive ability. There were no significant associations with participa-

tion in pastimes in fully adjusted models.

Discussion

In a well-characterised sample of community-dwelling 84-year-olds from the LBC1936, we

conducted a questionnaire examining the impact of Scottish COVID-19 lockdown guidance

on the lives of older people. This is one of the largest studies–exclusively in adults aged over 80

years–of psychosocial factors, health and lifestyle in relation to COVID-19 to-date. This study

offers an important snapshot of the impact on octogenarians following two months of strin-

gent lockdown restrictions. By linking questionnaire responses during lockdown with charac-

teristics measured at least two years earlier (age-82), it highlights possible risk and protective

factors for health and behaviour during lockdown, and adds to what is known about effects of

the COVID-19 lockdown on older people.

Reassuringly, our findings indicate that this group of older adults coped relatively well dur-

ing lockdown. Respondents had little direct experience of the virus and mostly had good self-

reported physical and mental health, but experienced some changes to their routines and activ-

ities. However, the lockdown experience was not universally positive. Some experienced mod-

est declines in self-reported mental and physical health; one-third of respondents experienced

COVID-19-related stress or nervousness, and 25% felt lonely during lockdown. Results of our

regression analyses highlight individual differences that may be associated with increased risk

of, or protection against, negative outcomes during the current and future waves of the

pandemic.

Greater loneliness during lockdown was associated with living alone and greater age-82

anxiety symptoms. Evidence on mental health during lockdown is mixed; some studies suggest

those over age 70 are less likely to feel stressed or anxious or report a negative effect on their

mental health than younger age groups, and others report that odds of reporting high anxiety

during COVID-19 was twice as likely in those over age 75 than those under 24 [7, 35]. Non-

responders in the current study were more likely to be living alone and to have greater age-82

anxiety symptoms; therefore, our results might underestimate the proportion of older people

experiencing loneliness and the magnitude of the associations between loneliness, living alone,

and anxiety in the general population. Given the known negative consequences of loneliness

for older adults [10–16], public health measures to counteract loneliness are likely to be

increasingly important.

Individuals who adhered to guidance by leaving home less frequently during lockdown had

poorer self-rated health and less professional occupational class. This may reflect that those
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with previous health problems, and those who may face greater material disadvantages (such

as having fewer financial resources due to past occupational status) when managing the stress

of the virus [73], may take greater precautions to safeguard their health. Unlike previous

research on adherence to guidelines during the pandemic, we found no association between

adherence to this guideline and sex [74] or marital status [75]. Overall, results complement

findings that the threat of COVID-19 is perceived to be lower for those who are healthier and

have higher income [23], and is broadly in line with previous research showing associations

between socio-economic factors such as level of education and pandemic guideline compliance

[74–77].

Our finding that almost half of respondents reported decreased physical activity builds

upon previous findings of lower levels of vigorous physical activity in adults during lockdown

[37]. This may be particularly important in the context of previous studies showing associa-

tions between physical fitness and cognitive ability [78] and cognitive decline [18] in older age,

and on the mediating effect of physical activity on the relationship between stress levels and

mental health [79]. Healthcare providers considering web-based provision of information and

interventions should consider that online campaigns may not reach all parts of the older adult

population equally; men and those with lower age-82 gf were less likely to report increased

internet usage during lockdown. A more positive outcome is that over 60% of respondents

started or returned to a pastime during lockdown. A previous LBC1936 study found that play-

ing analogue games was associated with less cognitive decline in those aged 70–79 [80], how-

ever cognitive benefits of different types of pastimes may vary across different age groups [78].

Future studies might examine whether there were benefits associated with taking part in spe-

cific types of pastime (e.g active versus passive) during lockdown.

Strengths and limitations

This was one of the first studies to collect data on the impact of the COVID-19 lockdown on

octogenarians. This adds to and strengthens the current COVID-19 literature, specifically in

terms of examining outcomes in older adults. Few studies to date have included large samples

of older adults; where older adults have been included, sample sizes tend to be low. Even

among larger-scale studies, and those which sampled a wider range of older ages (e.g. extend-

ing from age 70 into late 80s), few report equivalent sample sizes to that achieved in the current

study, with others ranging between only 22 participants over age 80 [26] to 237 when adults

aged 60 years and below are included [27]. Additionally, LBC1936 members have a narrow age

range, which reduces the likelihood that results are confounded by variation in age. Due to the

wealth of previously collected data, the current study also had the rare advantage of being able

to link COVID-19 questionnaire outcomes with longitudinal characteristics, thereby avoiding

problems inherent in retrospective data collection, such as results being affected by poor recall

memory or current circumstances. Furthermore, multivariate models were able to include rel-

evant variables to minimise confounding. The questionnaire was distributed at an expedient

time, when lockdown guidance was consistent for all respondents, and respondents completed

it around two months after the onset of lockdown, so responses were unlikely to be affected by

a short-lived peak in anxiety or emotional distress which might have occurred when the pan-

demic first took hold.

This study has limitations. The LBC1936 is a self-selecting sample consisting of mostly

white Scottish participants who are likely to be healthier than the general population, and par-

ticipants who have completed more waves of data collection have higher cognitive ability and

physical fitness, and more professional occupational social class than those lost to attrition [44,

45]. Furthermore, as previously noted, responders to the LBC1936 COVID-19 questionnaire
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tended to have a more professional occupational status, more years of education, and better

physical and cognitive ability than LBC1936 participants who did not respond. Consequently,

the results reported here are likely to be modest underestimations of the true effect size in the

general population, as has been demonstrated previously in this cohort [81–84]. While reasons

for lack of response are unknown, it is possible those who did not respond either did not have

access to the necessary equipment to access the questionnaire online, or had lower computer

literacy, further affecting generalisability of results. For example, if lower computer literacy is

related to the outcomes under investigation in the current study, the results reported here are

likely to be an underestimation of the true effect size in the population as a whole. It could also

be considered a limitation that COVID-19 survey questions referred to a relatively long period

of time from lockdown to survey completion, spanning 2 months, therefore responses may

lack consistency if some participants respond while only reflecting on their most recent behav-

iour and experiences. However, this is likely to have been substantially mitigated by the fact

that questions were explicitly worded in order to control for any variability in the period on

which participants based their answers. In addition, Scottish Government guidance for those

over age 80 did not change at any point while the LBC1936 COVID-19 questionnaire was live,

therefore it in not possible that responses would have been confounded by any change in lock-

down guidance. The questionnaire relied on self-report, without objective measures to gauge

the accuracy of results. In addition, though we have interpreted results as being a consequence

of the COVID-19 lockdown and associated guidance, participants were, on average, 2 years

older than they were at their most recent assessment, therefore we cannot rule out the possibil-

ity that results were somewhat influenced by age-related physical and cognitive declines.

Recently published analyses based on the same cohort as the present study have demonstrated

that while there were small but significant changes in social support and physical activity vari-

ables between wave 5 (age 82) and the beginning of the COVID-19 pandemic (age 84), changes

in social support and physical activity prior to the pandemic (between age 79 and 82), assumed

to reflect ageing-related effects, were not significant [21]. As such, it is likely that results

reported in the current study were not due solely to age-related change.

Conclusions

In this study, we reported on the impact of COVID-19 lockdown in Scotland on psychosocial

factors, health, and lifestyle in members of LBC1936. Results indicated that those with lower

cognitive functioning, less professional occupational social class, lower emotional stability,

greater anxiety symptoms, and living alone may be particularly at risk of negative lockdown-

related outcomes, including loneliness and reduced physical activity, poorer self-reported

mental and physical health, and greater stress and nervousness. Older adults with these charac-

teristics may benefit from additional support to reduce the risk of negative outcomes. Addi-

tionally, policy makers and healthcare providers might focus on outcomes of loneliness and

physical activity, which are widely known to have attendant negative consequences.
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health consequences during the initial stage of the 2020 Coronavirus pandemic (COVID-19) in Spain.

Brain Behav Immun. 2020; S0889159120308126. https://doi.org/10.1016/j.bbi.2020.05.040 PMID:

32405150

28. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and sleep quality during

COVID-19 outbreak in China: a web-based cross-sectional survey. Psychiatry Res. 2020; 288: 112954.

https://doi.org/10.1016/j.psychres.2020.112954 PMID: 32325383

29. Smith L, Jacob L, Yakkundi A, McDermott D, Armstrong NC, Barnett Y, et al. Correlates of symptoms of

anxiety and depression and mental wellbeing associated with COVID-19: a cross-sectional study of UK-

based respondents. Psychiatry Res. 2020; 113138. https://doi.org/10.1016/j.psychres.2020.113138

PMID: 32562931

30. Qiu J, Shen B, Zhao M, Wang Z, Xie B, Xu Y. A nationwide survey of psychological distress among Chi-

nese people in the COVID-19 epidemic: implications and policy recommendations. Gen Psychiatry.

2020; 33: e100213. https://doi.org/10.1136/gpsych-2020-100213 PMID: 32215365

31. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological

impact of quarantine and how to reduce it: rapid review of the evidence. The Lancet. 2020; 395: 912–

920. https://doi.org/10.1016/S0140-6736(20)30460-8 PMID: 32112714

32. Vindegaard N, Eriksen Benros M. COVID-19 pandemic and mental health consequences: Systematic

review of the current evidence. Brain Behav Immun. 2020; S0889159120309545. https://doi.org/10.

1016/j.bbi.2020.05.048 PMID: 32485289

33. Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, et al. Immediate Psychological Responses and Associ-

ated Factors during the Initial Stage of the 2019 Coronavirus Disease (COVID-19) Epidemic among the

General Population in China. Int J Environ Res Public Health. 2020; 17: 1729. https://doi.org/10.3390/

ijerph17051729 PMID: 32155789

34. Lau ALD, Chi I, Cummins RA, Lee TMC, Chou K-L, Chung LWM. The SARS (Severe Acute Respiratory

Syndrome) pandemic in Hong Kong: Effects on the subjective wellbeing of elderly and younger people.

Aging Ment Health. 2008; 12: 746–760. https://doi.org/10.1080/13607860802380607 PMID: 19023726

35. Office for National Statistics. Coronavirus and anxiety, Great Britain: 3 April 2020 to 10 May 2020. Office

for National Statistics; 2020 Jun. Available: www.ons.gov.uk/peoplepopulationandcommunity/

wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020

PLOS ONE Impact of COVID-19 lockdown on psychosocial factors, health, and lifestyle in Scottish octogenarians

PLOS ONE | https://doi.org/10.1371/journal.pone.0253153 June 17, 2021 19 / 22

https://doi.org/10.1093/gerona/glaa023
https://doi.org/10.1093/gerona/glaa023
http://www.ncbi.nlm.nih.gov/pubmed/31957799
https://doi.org/10.3390/ijerph18010210
https://doi.org/10.3390/ijerph18010210
http://www.ncbi.nlm.nih.gov/pubmed/33396611
https://doi.org/10.1111/jpm.12644
http://www.ncbi.nlm.nih.gov/pubmed/32352621
https://doi.org/10.7326/M20-1239
http://www.ncbi.nlm.nih.gov/pubmed/32271861
https://doi.org/10.31234/osf.io/wxe2n
https://doi.org/10.1001/jamainternmed.2020.1369
http://www.ncbi.nlm.nih.gov/pubmed/32259192
http://www.acmedsci.ac.uk/COVIDmentalhealthsurveys
http://www.acmedsci.ac.uk/COVIDmentalhealthsurveys
https://doi.org/10.1016/j.bbi.2020.05.040
http://www.ncbi.nlm.nih.gov/pubmed/32405150
https://doi.org/10.1016/j.psychres.2020.112954
http://www.ncbi.nlm.nih.gov/pubmed/32325383
https://doi.org/10.1016/j.psychres.2020.113138
http://www.ncbi.nlm.nih.gov/pubmed/32562931
https://doi.org/10.1136/gpsych-2020-100213
http://www.ncbi.nlm.nih.gov/pubmed/32215365
https://doi.org/10.1016/S0140-6736%2820%2930460-8
http://www.ncbi.nlm.nih.gov/pubmed/32112714
https://doi.org/10.1016/j.bbi.2020.05.048
https://doi.org/10.1016/j.bbi.2020.05.048
http://www.ncbi.nlm.nih.gov/pubmed/32485289
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.3390/ijerph17051729
http://www.ncbi.nlm.nih.gov/pubmed/32155789
https://doi.org/10.1080/13607860802380607
http://www.ncbi.nlm.nih.gov/pubmed/19023726
http://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020
http://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/coronavirusandanxietygreatbritain/3april2020to10may2020
https://doi.org/10.1371/journal.pone.0253153


36. Cellini N, Canale N, Mioni G, Costa S. Changes in sleep pattern, sense of time and digital media use

during COVID-19 lockdown in Italy. J Sleep Res. 2020 [cited 8 Jul 2020]. https://doi.org/10.1111/jsr.

13074 PMID: 32410272

37. Cheval B, Sivaramakrishnan H, Maltagliati S, Fessler L, Forestier C, Sarrazin P, et al. Relationships

Between Changes in Self-Reported Physical Activity and Sedentary Behaviours and Health During the

Coronavirus (COVID-19) Pandemic in France and Switzerland. SportRxiv; 2020 Apr. https://doi.org/10.

31236/osf.io/ydv84

38. Bacon AM, Corr PJ. Coronavirus (COVID-19) in the United Kingdom: A personality-based perspective

on concerns and intention to self-isolate. Br J Health Psychol. 2020; bjhp.12423. https://doi.org/10.

1111/bjhp.12423 PMID: 32348015

39. Wright L, Steptoe A, Fancourt D. Are we all in this together? Longitudinal assessment of cumulative

adversities by socioeconomic position in the first 3 weeks of lockdown in the UK. J Epidemiol Commu-

nity Health. 2020; jech-2020-214475. https://doi.org/10.1136/jech-2020-214475 PMID: 32503892

40. Gibson Miller J, Hartman TK, Levita L, Martinez AP, Mason L, McBride O, et al. Capability, opportunity,

and motivation to enact hygienic practices in the early stages of the COVID-19 outbreak in the United

Kingdom. Br J Health Psychol. 2020; bjhp.12426. https://doi.org/10.1111/bjhp.12426 PMID: 32415918

41. Rimfeld K, Malancini M, Allegrini A, Packer AE, McMillan A, Ogden R, et al. Genetic correlates of psy-

chological responses to the COVID-19 crisis in young adult twins in Great Britain. 2020 [cited 5 Jun

2020]. https://doi.org/10.21203/rs.3.rs-31853/v1 PMID: 32702738

42. Scottish Council for Research in Education. The trend of Scottish intelligence: A comparison of the

1947 and 1932 surveys of the intelligence of eleven-year-old pupils. London: University of London

Press.; 1949.

43. Deary IJ, Gow AJ, Taylor MD, Corley J, Brett C, Wilson V, et al. The Lothian Birth Cohort 1936: a study

to examine influences on cognitive ageing from age 11 to age 70 and beyond. BMC Geriatr. 2007; 7:

28. https://doi.org/10.1186/1471-2318-7-28 PMID: 18053258

44. Deary IJ, Gow AJ, Pattie A, Starr JM. Cohort profile: the Lothian Birth Cohorts of 1921 and 1936. Int J

Epidemiol. 2012; 41: 1576–1584. https://doi.org/10.1093/ije/dyr197 PMID: 22253310

45. Taylor AM, Pattie A, Deary IJ. Cohort Profile Update: The Lothian Birth Cohorts of 1921 and 1936. Int J

Epidemiol. 2018; 47: 1042–1042r. https://doi.org/10.1093/ije/dyy022 PMID: 29546429

46. Scotland Generation. CovidLife Survey First Report. 2020. Available: www.ed.ac.uk/files/atoms/files/

2020-05-15_covidlifesurvey_report_final_web.pdf

47. O’Conor R, Opsasnick L, Benavente JY, Russell AM, Wismer G, Eifler M, et al. Knowledge and behav-

iors of adults with underlying health conditions during the onset of the COVID-19 US outbreak: The Chi-

cago COVID-19 Comorbidities Survey. J Community Health. 2020; 45: 1149–1157.

48. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36): I. Conceptual frame-

work and item selection. Med Care. 1992; 473–483. PMID: 1593914

49. General Register Office. Analysis of General Practice Records for April 1952—March 1954. London:

HMSO; 1956.

50. Office of Population Censuses and Surveys. Classification of Occupations 1980. London: Her Maj-

esty’s Stationery Office; 1980.

51. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state.” J Psychiatr Res. 1975; 12: 189–198. https://

doi.org/10.1016/0022-3956(75)90026-6 PMID: 1202204

52. Wechsler D. WAIS-IV Administration and Scoring Manual. San Antonio, TX: The Psychological Corpo-

ration.; 2008.

53. Luciano M, Gow AJ, Harris SE, Hayward C, Allerhand M, Starr JM, et al. Cognitive ability at age 11 and

70 years, information processing speed, and APOE variation: The Lothian Birth Cohort 1936 study. Psy-

chol Aging. 2009; 24: 129–138. https://doi.org/10.1037/a0014780 PMID: 19290744

54. Fawns-Ritchie C, Starr JM, Deary IJ. Health literacy, cognitive ability and smoking: a cross-sectional

analysis of the English Longitudinal Study of Ageing. BMJ Open. 2018; 8: e023929. https://doi.org/10.

1136/bmjopen-2018-023929 PMID: 30368451

55. Sainsbury S. Measuring disability. G. Bell; 1973.

56. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983; 67:

361–370. https://doi.org/10.1111/j.1600-0447.1983.tb09716.x PMID: 6880820

57. Goldberg LR. An alternative “description of personality”: The Big-Five factor structure. J Pers Soc Psy-

chol. 1990; 59: 1216–1229. https://doi.org/10.1037//0022-3514.59.6.1216 PMID: 2283588

58. Ritchie SJ, Tucker-Drob EM, Starr JM, Deary IJ. Do Cognitive and Physical Functions Age in Concert

from Age 70 to 76? Evidence from the Lothian Birth Cohort 1936. Span J Psychol. 2016; 19: E90.

https://doi.org/10.1017/sjp.2016.85 PMID: 27917739

PLOS ONE Impact of COVID-19 lockdown on psychosocial factors, health, and lifestyle in Scottish octogenarians

PLOS ONE | https://doi.org/10.1371/journal.pone.0253153 June 17, 2021 20 / 22

https://doi.org/10.1111/jsr.13074
https://doi.org/10.1111/jsr.13074
http://www.ncbi.nlm.nih.gov/pubmed/32410272
https://doi.org/10.31236/osf.io/ydv84
https://doi.org/10.31236/osf.io/ydv84
https://doi.org/10.1111/bjhp.12423
https://doi.org/10.1111/bjhp.12423
http://www.ncbi.nlm.nih.gov/pubmed/32348015
https://doi.org/10.1136/jech-2020-214475
http://www.ncbi.nlm.nih.gov/pubmed/32503892
https://doi.org/10.1111/bjhp.12426
http://www.ncbi.nlm.nih.gov/pubmed/32415918
https://doi.org/10.21203/rs.3.rs-31853/v1
http://www.ncbi.nlm.nih.gov/pubmed/32702738
https://doi.org/10.1186/1471-2318-7-28
http://www.ncbi.nlm.nih.gov/pubmed/18053258
https://doi.org/10.1093/ije/dyr197
http://www.ncbi.nlm.nih.gov/pubmed/22253310
https://doi.org/10.1093/ije/dyy022
http://www.ncbi.nlm.nih.gov/pubmed/29546429
http://www.ed.ac.uk/files/atoms/files/2020-05-15_covidlifesurvey_report_final_web.pdf
http://www.ed.ac.uk/files/atoms/files/2020-05-15_covidlifesurvey_report_final_web.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1593914
https://doi.org/10.1016/0022-3956%2875%2990026-6
https://doi.org/10.1016/0022-3956%2875%2990026-6
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1037/a0014780
http://www.ncbi.nlm.nih.gov/pubmed/19290744
https://doi.org/10.1136/bmjopen-2018-023929
https://doi.org/10.1136/bmjopen-2018-023929
http://www.ncbi.nlm.nih.gov/pubmed/30368451
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6880820
https://doi.org/10.1037//0022-3514.59.6.1216
http://www.ncbi.nlm.nih.gov/pubmed/2283588
https://doi.org/10.1017/sjp.2016.85
http://www.ncbi.nlm.nih.gov/pubmed/27917739
https://doi.org/10.1371/journal.pone.0253153


59. Ritchie SJ, Tucker-Drob EM, Cox SR, Corley J, Dykiert D, Redmond P, et al. Predictors of ageing-

related decline across multiple cognitive functions. Intelligence. 2016; 59: 115–126. https://doi.org/10.

1016/j.intell.2016.08.007 PMID: 27932854

60. Case A, Paxson C. Height, Health, and Cognitive Function at Older Ages. Am Econ Rev. 2008; 98:

463–467. https://doi.org/10.1257/aer.98.2.463 PMID: 25152537

61. Corley J, Cox SR, Deary IJ. Healthy cognitive ageing in the Lothian Birth Cohort studies: marginal gains

not magic bullet. Psychol Med. 2018; 48: 187–207. https://doi.org/10.1017/S0033291717001489

PMID: 28595670

62. Samson M. Relationships between physical performance measures, age, height and body weight in

healthy adults. Age Ageing. 2000; 29: 235–242. https://doi.org/10.1093/ageing/29.3.235 PMID:

10855906

63. Snyder HM, Corriveau RA, Craft S, Faber JE, Greenberg SM, Knopman D, et al. Vascular contributions

to cognitive impairment and dementia including Alzheimer’s disease. Alzheimers Dement. 2015; 11:

710–717. https://doi.org/10.1016/j.jalz.2014.10.008 PMID: 25510382

64. Kriegsman DMW, Deeg DJH, Stalman WAB. Comorbidity of somatic chronic diseases and decline in

physical functioning: J Clin Epidemiol. 2004; 57: 55–65. https://doi.org/10.1016/S0895-4356(03)00258-

0 PMID: 15019011

65. Gale CR, Booth T, Starr JM, Deary IJ. Intelligence and socioeconomic position in childhood in relation

to frailty and cumulative allostatic load in later life: the Lothian Birth Cohort 1936. J Epidemiol Commu-

nity Health. 2016; 70: 576–582. https://doi.org/10.1136/jech-2015-205789 PMID: 26700299

66. Schaie KW, Willis SL, Caskie GI. The Seattle longitudinal study: Relationship between personality and

cognition. Aging Neuropsychol Cogn. 2004; 11: 304–324. https://doi.org/10.1080/13825580490511134

PMID: 16755303

67. Altschul D, Iveson M, Deary IJ. Generational differences in loneliness and its psychological and socio-

demographic predictors: an exploratory and confirmatory machine learning study. Psychol Med. 2020;

1–10. https://doi.org/10.1017/S0033291719003933 PMID: 32146913

68. Shenkin SD, Starr JM, Dunn JM, Carter S, Deary IJ. Is there information contained within the sentence-

writing component of the mini mental state examination? A retrospective study of community dwelling

older people. Int J Geriatr Psychiatry. 2008; 23: 1283–1289. https://doi.org/10.1002/gps.2066 PMID:

18563868

69. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Founda-

tion for Statistical Computing; 2019. Available: https://www.R-project.org/

70. IBM Corp. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp; 2017.

71. Holm S. A simple sequentially rejective multiple test procedure. Scand J Stat. 1979; 65–70.

72. Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to

Multiple Testing. J R Stat Soc Ser B Methodol. 1995; 57: 289–300. https://doi.org/10.1111/j.2517-6161.

1995.tb02031.x

73. Hamilton R. Scarcity and Coronavirus. J Public Policy Mark. 2020; 074391562092811. https://doi.org/

10.1177/0743915620928110

74. Bish A, Michie S. Demographic and attitudinal determinants of protective behaviours during a pan-

demic: A review. Br J Health Psychol. 2010; 15: 797–824. https://doi.org/10.1348/135910710X485826

PMID: 20109274

75. Almutairi AF, BaniMustafa A, Alessa YM, Almutairi SB, Almaleh Y. Public trust and compliance with the

precautionary measures against COVID-19 employed by authorities in Saudi Arabia. Risk Manag

Healthc Policy. 2020; 13: 753. https://doi.org/10.2147/RMHP.S257287 PMID: 32753988

76. Roma P, Monaro M, Muzi L, Colasanti M, Ricci E, Biondi S, et al. How to Improve Compliance with Pro-

tective Health Measures during the COVID-19 Outbreak: Testing a Moderated Mediation Model and

Machine Learning Algorithms. Int J Environ Res Public Health. 2020; 17: 7252. https://doi.org/10.3390/

ijerph17197252 PMID: 33020395

77. Nivette A, Ribeaud D, Murray A, Steinhoff A, Bechtiger L, Hepp U, et al. Non-compliance with COVID-

19-related public health measures among young adults in Switzerland: Insights from a longitudinal

cohort study. Soc Sci Med. 2021; 268: 113370. https://doi.org/10.1016/j.socscimed.2020.113370

PMID: 32980677

78. Gow AJ, Corley J, Starr JM, Deary IJ. Reverse causation in activity-cognitive ability associations: The

Lothian Birth Cohort 1936. Psychol Aging. 2012; 27: 250–255. https://doi.org/10.1037/a0024144 PMID:

21644808

79. Kwag KH, Martin P, Russell D, Franke W, Kohut M. The impact of perceived stress, social support, and

home-based physical activity on mental health among older adults. Int J Aging Hum Dev. 2011; 72:

137–154. https://doi.org/10.2190/AG.72.2.c PMID: 21639014

PLOS ONE Impact of COVID-19 lockdown on psychosocial factors, health, and lifestyle in Scottish octogenarians

PLOS ONE | https://doi.org/10.1371/journal.pone.0253153 June 17, 2021 21 / 22

https://doi.org/10.1016/j.intell.2016.08.007
https://doi.org/10.1016/j.intell.2016.08.007
http://www.ncbi.nlm.nih.gov/pubmed/27932854
https://doi.org/10.1257/aer.98.2.463
http://www.ncbi.nlm.nih.gov/pubmed/25152537
https://doi.org/10.1017/S0033291717001489
http://www.ncbi.nlm.nih.gov/pubmed/28595670
https://doi.org/10.1093/ageing/29.3.235
http://www.ncbi.nlm.nih.gov/pubmed/10855906
https://doi.org/10.1016/j.jalz.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25510382
https://doi.org/10.1016/S0895-4356%2803%2900258-0
https://doi.org/10.1016/S0895-4356%2803%2900258-0
http://www.ncbi.nlm.nih.gov/pubmed/15019011
https://doi.org/10.1136/jech-2015-205789
http://www.ncbi.nlm.nih.gov/pubmed/26700299
https://doi.org/10.1080/13825580490511134
http://www.ncbi.nlm.nih.gov/pubmed/16755303
https://doi.org/10.1017/S0033291719003933
http://www.ncbi.nlm.nih.gov/pubmed/32146913
https://doi.org/10.1002/gps.2066
http://www.ncbi.nlm.nih.gov/pubmed/18563868
https://www.R-project.org/
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1177/0743915620928110
https://doi.org/10.1177/0743915620928110
https://doi.org/10.1348/135910710X485826
http://www.ncbi.nlm.nih.gov/pubmed/20109274
https://doi.org/10.2147/RMHP.S257287
http://www.ncbi.nlm.nih.gov/pubmed/32753988
https://doi.org/10.3390/ijerph17197252
https://doi.org/10.3390/ijerph17197252
http://www.ncbi.nlm.nih.gov/pubmed/33020395
https://doi.org/10.1016/j.socscimed.2020.113370
http://www.ncbi.nlm.nih.gov/pubmed/32980677
https://doi.org/10.1037/a0024144
http://www.ncbi.nlm.nih.gov/pubmed/21644808
https://doi.org/10.2190/AG.72.2.c
http://www.ncbi.nlm.nih.gov/pubmed/21639014
https://doi.org/10.1371/journal.pone.0253153


80. Altschul DM, Deary IJ. Playing Analog Games Is Associated With Reduced Declines in Cognitive Func-

tion: A 68-Year Longitudinal Cohort Study. J Gerontol Ser B. 2020; 75: 474–482. https://doi.org/10.

1093/geronb/gbz149 PMID: 31738418

81. Gow AJ, Johnson W, Pattie A, Brett CE, Roberts B, Starr JM, et al. Stability and change in intelligence

from age 11 to ages 70, 79, and 87: The Lothian Birth Cohorts of 1921 and 1936. Psychol Aging. 2011;

26: 232–240. https://doi.org/10.1037/a0021072 PMID: 20973608

82. Johnson W, Brett CE, Deary IJ. The pivotal role of education in the association between ability and

social class attainment: A look across three generations. Intelligence. 2010; 38: 55–65. https://doi.org/

10.1016/j.intell.2009.11.008

83. Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC. The Impact of Childhood Intelligence on Later

Life: Following Up the Scottish Mental Surveys of 1932 and 1947. J Pers Soc Psychol. 2004; 86: 130–

147. https://doi.org/10.1037/0022-3514.86.1.130 PMID: 14717632

84. Johnson W, Gow A, Corley J, Redmond P, Henderson R, Murray C, et al. Can we spot deleterious age-

ing in two waves of data? The Lothian Birth Cohort 1936 from ages 70 to 73. Longitud Life Course Stud.

2012; 3: 312–331.

PLOS ONE Impact of COVID-19 lockdown on psychosocial factors, health, and lifestyle in Scottish octogenarians

PLOS ONE | https://doi.org/10.1371/journal.pone.0253153 June 17, 2021 22 / 22

https://doi.org/10.1093/geronb/gbz149
https://doi.org/10.1093/geronb/gbz149
http://www.ncbi.nlm.nih.gov/pubmed/31738418
https://doi.org/10.1037/a0021072
http://www.ncbi.nlm.nih.gov/pubmed/20973608
https://doi.org/10.1016/j.intell.2009.11.008
https://doi.org/10.1016/j.intell.2009.11.008
https://doi.org/10.1037/0022-3514.86.1.130
http://www.ncbi.nlm.nih.gov/pubmed/14717632
https://doi.org/10.1371/journal.pone.0253153

