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Abstract 30 

Background: People with dementia (PWD) are vulnerable to abrupt changes to daily routines. The 31 

lockdown enforced on 23rd March 2020 in the UK to contain the expansion of the COVID-19 32 

pandemic limited opportunities for PWD to access healthcare services and socialise. The SOLITUDE 33 

study explored the potential long-term effects of lockdown on PWD’s symptoms and carers’ burden. 34 

Methods: Forty-five carers and 36 PWD completed a telephone-based assessment at recruitment 35 

(T0) and after 3 (T1) and 6 months (T2). PWD completed measures validated for telephonic 36 

evaluations of cognition and depression. Carers completed questionnaires on their burden and on 37 

PWD’s health and answered a customised interview on symptom changes observed during the first 38 

months of lockdown. Longitudinal changes were investigated for all outcome variables with 39 

repeated-measures models. Additional post hoc multiple regression analyses were carried out to 40 

investigate whether several objective factors (e.g. demographics and time under social restrictions) 41 

and carer-reported symptom changes observed following lockdown before T0 were associated with 42 

all outcomes at T0.  43 

Results: No significant changes were observed in any outcomes over the 6 months of observations. 44 

However, post hoc analyses showed that the length of social isolation before T0 was negatively 45 

correlated with episodic and semantic memory performance at T0. Carers reporting worsening of 46 

neuropsychiatric symptoms and faster disease progression in PWD also reported higher burden. 47 

Moreover, carer-reported worsening of cognitive symptoms was associated with poorer semantic 48 

memory at T0. 49 

Conclusion: PWD’s symptoms and carers’ burden remained stable over 6 months of observation. 50 

However, the amount of time spent under social restrictions before T0 appears to have had a 51 

significant detrimental impact on cognitive performance of patients. In fact, carer-reported cognitive 52 

decline during social isolation was consistent with the finding of poorer semantic memory, a domain 53 

sensitive to progression in Alzheimer’s disease (AD). Therefore, the earlier stricter period of social 54 

isolation had a more detrimental impact on patients and their carers, followed by a plateau. Future 55 

interventions may be designed to maintain an optimal level of social and cognitive engagement for 56 

PWD in challenging times to prevent abrupt worsening of symptoms and associated detrimental 57 

consequences on patients’ families. 58 

 59 
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1 Introduction 67 

Quality of health and life expectancy are deeply influenced by the characteristics of our social 68 

environment. It has long been established that a series of quantitative and qualitative features of one’s 69 

social connections, and the social support that may derive from these, can variably but significantly 70 

affect several health domains, including cognitive health (1). Such detrimental effects appear to be 71 

particularly evident in the ageing population. Evans et al. (2) found that socially isolated older people 72 

with depression and/or anxiety show worse cognitive performance than those who are more socially 73 

connected. Both loneliness and social isolation have also been found to be associated with greater 74 

cognitive decline in older adults above 50 years of age, independently of depressive symptoms (3). 75 

Along these lines, several epidemiological studies and meta-analyses have consistently observed that 76 

smaller social networks (4), lack of close relationships (5), poor social engagement (6), loneliness 77 

and social isolation (7-9) are all associated with a higher risk of dementia. These findings suggest 78 

that an impoverished social environment can either foster or worsen cognitive decline in older adults 79 

both via a direct, e.g. lack of mental stimulation, and an indirect pathway, e.g. as a consequence of 80 

the impact on mental health. 81 

In early 2020, strict limitations to social contacts were imposed in the UK to contain the Coronavirus 82 

Disease 2019 (COVID-19) pandemic. Although these campaigns have seen periods of strict 83 

restrictions (including lockdowns) alternating to phases of more relaxed regulations, people have 84 

been unable to carry out a normal and light-hearted social life for a significant and long period of 85 

time. This has brought unprecedented changes to daily-life conditions of people less accustomed to 86 

communication technology (e.g. older adults), and has resulted in a severe long-term reduction of 87 

light-hearted social life. Leaving aside all criticisms that have been raised by stakeholders on the 88 

adoption of social isolation measures (the discussion of which is not relevant to the aim of this 89 

paper), repeated and prolonged periods of lockdown have offered the conditions for “natural 90 

experiments” that enabled researchers to investigate, in an ecological setting, the impact of abruptly 91 

imposed social isolation on older people’s health. As expected, the detrimental effects of social 92 

restrictions on mental health and cognitive decline in older adults with and without cognitive 93 

impairments were observed early on during the COVID-19 pandemic (10). This impact may have 94 

been particularly severe in older people with selective risk factors, e.g. hearing loss (11), that may 95 

exacerbate isolation and, as a consequence, increase subjective perceptions of loneliness and of 96 

decline in cognitive and mental health. Indeed, several observational studies carried out across the 97 

world consistently detected worsening of existing and emergence of new neuropsychiatric symptoms 98 

in patients with dementia after the introduction of disparate measures of social isolation (12-16). As a 99 

possible consequence of the behavioural alterations experienced by people with dementia (PWD), 100 

negative effects were also reported on the burden and mental health of their carers (13, 17, 18). 101 

In a similar fashion, the sudden and unforeseeable adoption of significant forms of restrictions to 102 

social contacts may have fostered a worrying acceleration in the annual rates of cognitive decline in 103 

people with cognitive impairments compared with those observed in the years prior to the beginning 104 

of the COVID-19 pandemic (19, 20). Memory was found to be a particularly vulnerable cognitive 105 

domain (19). These results suggest that social restrictions may have created, unfortunately, the ideal 106 

conditions for an acceleration of decline in PWD. This has been observed in a recent survey of 339 107 

Greek carers of PWD: cognitive decline was reported in patients, especially in those with moderate-108 

to-severe dementia, together with an increase in carers’ burden (21). Gan et al. (22) found signs of 109 

significant objective decline in several screening measures of global cognitive status, behavioural 110 

symptoms and daily-living activities in a sample of 205 older people with and without cognitive 111 

impairment assessed before and after enforcement of lockdown in China. A study that investigated 112 
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the pre- vs post-lockdown cognitive changes in patients with mild cognitive impairment and 113 

dementia due to Alzheimer’s disease found significant decline especially in verbal long-term memory 114 

and phonemic fluency (23).  115 

These early findings support the claims that social isolation may be, indeed, detrimental to cognitive 116 

health in older adults, in general, and even more so in PWD. However, the impact that lockdown and 117 

quarantine measures may have had on specific cognitive domains and quality of life of patients with 118 

cognitive impairments and their potential long-lasting effects have not been clarified. Indeed, so far 119 

most investigations have used only screening measures for global cognitive decline (e.g. Mini Mental 120 

State Examination and Montreal Cognitive Assessment) and/or assessed patients’ cognitive 121 

performance only once, a few weeks after the introduction of social isolation measures. The SOcial 122 

LImitations Turn Up DEmentia (SOLITUDE) (24, 25) study was set up as a multi-centre 123 

observational longitudinal study to investigate these issues in the longer term, to document changes 124 

in cognitive performance, mental health and quality of life of PWD and to assess burden of their 125 

carers over 6 months since the first lockdown was enforced in the UK (for details of the full protocol 126 

see (26)).  127 

2 Methods 128 

2.1 Participants 129 

Thirty-six PWD-carer dyads and 9 unaccompanied carers were recruited between September 2020 130 

and March 2021 from 6 secondary-care neurology/old age psychiatric clinics in the UK. Inclusion 131 

criteria were: 1) a clinical diagnosis of dementia due to any neurodegenerative aetiology (mixed 132 

cases were included if the neurodegenerative condition was the main aetiology); 2) availability of a 133 

clinical assessment of global cognitive status with a score equivalent to a Mini Mental State 134 

Examination (MMSE) score ≥ 18 (for participants screened with a scale different from MMSE, the 135 

scores were converted to an equivalent MMSE score using available conversion tables). 136 

PWD were excluded based on the following criteria: 1) major medical diagnoses other than dementia 137 

that could affect patient’s and carer’s physical and mental well-being; 2) non-neurodegenerative 138 

conditions as the primary cause of dementia; 3) history of long-term psychiatric conditions; 4) history 139 

of significant acute neurological events (e.g., stroke, traumatic brain injury); 4) absence of a reliable 140 

carer; 5) major sensory or speech impairments preventing telephone assessment; 6) no telephone 141 

service in place; 7) insufficient mastery of English. If an eligible PWD was not willing to participate, 142 

but his/her carer was, the sole carer was recruited. Exclusion criteria 5 to 7 were applied to the carer 143 

as well. 144 

2.2 Protocol of assessments 145 

All procedures were carried out in compliance with the Declaration of Helsinki. Ethical approval was 146 

granted by the NHS Health Research Authority, North West - Preston Regional Ethics Committee, 147 

reference n. 20/NW/0305 (protocol version 1). 148 

The recruitment process, as already reported in a previous study (26), involved an initial screening of 149 

eligible candidates who were first contacted by a clinician and provided with the study’s information 150 

sheet. No longer than one week since receipt of the information material, all people (both PWD and 151 

carers) willing to take part in the study provided their audio-recorded informed consent over the 152 

telephone. 153 

Participants underwent 3 telephone assessments: at recruitment (T0), at 3 months (T1) and at 6 154 

months (T2) (see Figure 1 for a full timeline). The outcome variables collected during each 155 
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assessment included cognitive tests validated for telephone administration and a series of 156 

questionnaires designed to be used with PWD and carers. Patients’ cognitive abilities were assessed 157 

using: the telephone Mini Mental State Examination (t-MMSE) (27) and the Telephone Assessment 158 

of Cognitive Function (28), i.e. a brief battery of tests comprising the Digit Span (forward and 159 

backward) and Digit Ordering tests, the Logical Memory test (immediate and delayed recall) and the 160 

Category Fluency test (animals and vegetables). Moreover, participants also completed the 9-item 161 

Patient Health Questionnaire validated for telephone assessment (29). 162 

Outcome measures collected from carers were assessed by using 3 questionnaires validated for 163 

telephone assessments (30-32): the Neuropsychiatric Inventory Questionnaire (NPI-Q) (33) to 164 

evaluate PWD’s behavioural symptoms; the Quality of Life in Alzheimer's Disease questionnaire 165 

(34) to provide information on several areas contributing to PWD’s quality of life; and the 12-item 166 

Zarit Burden Interview (ZBI-12) (35) to assess carer’s burden associated with caring for the PWD. 167 

Moreover, only at T0, each carer completed a semi-structured interview adapted from one used in 168 

previous studies (15, 17). This interview included questions on patients living conditions and 169 

socialisation before lockdown, carers’ personal mental health problems experienced and help 170 

received during lockdown, as well as carer-reported changes in PWD’s symptoms during lockdown 171 

(up to T0). Findings from the carer semi-structured interview have already been reported in Manca et 172 

al. (26). For the purpose of this study, only carer-reported changes in existing neuropsychiatric and 173 

cognitive symptoms, the emergence of new neuropsychiatric symptoms and carers’ concerns about 174 

progression of dementia were considered, among the variables collected as part of this customised 175 

interview, as predictors of all of the outcome measures. 176 

++ Please, insert Figure 1 about here ++ 177 

2.3 Statistical analysis 178 

First, all tests of the Telephone Assessment of Cognitive Function were z-transformed and used to 179 

calculate 5 composite indices at each time point: global cognition (average of all z-transformed tests), 180 

declarative memory (average of Logical Memory and Category Fluency z scores), episodic memory 181 

(average of Logical Memory z scores), semantic memory (average of Category Fluency z scores) and 182 

working memory (average of Digit Span and Digit Ordering z scores). 183 

Longitudinal changes from T0 to T1, from T1 to T2 and from T0 to T2 were assessed for all outcome 184 

measures using repeated-measures ANCOVA models (the threshold of statistical significance was set 185 

to p = 0.05). The covariates included in the analyses were: patients’ age in years at T0, years of 186 

education and sex, last clinical MMSE score available before lockdown (as described in the section 187 

on inclusion criteria), time elapsed between last pre-lockdown MMSE and T0 assessment (in days) 188 

and time elapsed between the official beginning of lockdown in the UK (23rd March 2020) and the 189 

T0 assessment (in days). For variables pertaining to carers’ mental health, the carers’ years of age at 190 

T0, years of education and sex were included in the models as covariates. 191 

Since the procedures of recruitment for the SOLITUDE study began 24 weeks after the lockdown 192 

had been announced (this was to comply with completion of administrative requirements by the 193 

organisation sponsoring the study and obtain ethics approval), we decided to investigate whether the 194 

time spent under social restrictions enforced in the UK was associated with cognitive performance 195 

and well-being outcomes at T0. Therefore, several post hoc analyses were carried out additional to 196 

those planned a priori in the registered SOLITUDE study protocol: 1) a repeated-measures 197 

ANCOVA model to investigate changes in MMSE scores from pre-lockdown to T0, including the 198 

difference in time between the two assessments as a covariate; 2) multiple regression models to 199 

predict cognitive performance and well-being of both carers and PWD at T0 including the time 200 
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elapsed between 23rd March 2020 and T0 assessment as predictor and the same covariates used in 201 

the repeated measures models (i.e. age, education, pre-lockdown MMSE score, time elapsed between 202 

pre-lockdown MMSE and T0); 3) repetition of the same multiple regression models including also 203 

carer-reported changes in PWD’s symptoms (i.e. existing behavioural, cognitive and motor, as well 204 

as new behavioural symptoms observed in the T0 semi-structured interview reported in 205 

Supplementary Table 1) as binary predictors (changes reported vs no changes) to investigate the 206 

association between carers’ observation (covering the period of time between the enforcement of 207 

social isolation measures and T0) and objectively assessed outcome measures; 4) same regression 208 

models described in point 2) and point 3), but with the exclusion of pre-lockdown MMSE score from 209 

the covariate range, to predict changes in MMSE scores occurred before T0 captured by an MMSE 210 

difference score (pre-lockdown t-MMSE – T0 t-MMSE, calculated after converting the pre-lockdown 211 

MMSE to an equivalent t-MMSE score using conversion tables). 212 

3 Results 213 

Demographic and clinical characteristics of all PWD and carers are reported in Table 1. The majority 214 

of patients received a clinical diagnosis of Alzheimer’s disease and the carer was their spouse/partner 215 

in most cases (for more details on our sample see (26)). 216 

 217 

++ Please, insert Table 1 about here ++ 218 

 219 

Of the 36 PWD who agreed to take part and completed study procedures at T0, only 32 completed 220 

the full assessment at T1 (1 patient completed only the t-MMSE at this time point) and 29 (80.5%) 221 

completed the full study (Table 2). Forty-five carers were recruited and, of these, 36 (80%) 222 

completed all assessments. Frequencies of carer-reported changes in patients’ symptoms over the first 223 

months spent under social restrictions are summarised in Supplementary Table 2. 224 

Repeated-measures ANCOVA models revealed no changes in any of the outcome measures between 225 

any time points, apart from a weak improvement only on the semantic memory composite index 226 

between T1 and T2 (F = 5.34, p = 0.03) (Table 2; see Supplementary Table 3 for full descriptive 227 

statistics). 228 

 229 

++ Please, insert Table 2 about here ++ 230 

 231 

Post hoc analyses showed no significant changes in t-MMSE scores from before lockdown (F = 232 

0.013, p = 0.91). However, multiple regression analyses revealed that the time spent under social 233 

restrictions before T0 was negatively associated with cognitive performance of PWD on the Logical 234 

Memory test, both immediate (β = -0.39, p = 0.03, r2
part = 0.11) and delayed recall (β = -0.46, p < 235 

0.01, r2
part = 0.16), and with scores on the Category Fluency test – animals (β = -0.44, p < 0.01, r2

part 236 

= 0.14) (Table 3). Similarly, a negative association was also detected with all composite indices, 237 

apart from the working memory composite index, with small-to-medium effect size (36) (global 238 

cognition r2
part = 0.14, declarative memory: r2

part = 0.18, episodic memory: r2
part = 0.15, semantic 239 

memory: r2
part = 0.13). Lower pre-lockdown MMSE score was significantly associated with worse 240 

global cognitive and episodic memory performance. Higher levels of education significantly 241 

predicted higher scores on most cognitive tests. Moreover, both higher education and younger age 242 

were associated with less severe neuropsychiatric symptomatology (i.e. lower NPI-Q scores). 243 

 244 

++ Please, insert Table 3 about here ++ 245 

 246 
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Carer-reported cognitive decline was associated with worse performance on the Category Fluency 247 

test (“animals” category) and with lower semantic memory composite indices at T0 (Figure 1; see 248 

Supplementary Table 4). Carers’ impression of faster disease progression was associated with 249 

higher NPI-Q scores and worse carers’ distress and burden. Moreover, worsening of behavioural 250 

symptoms observed by carers was also significantly associated with higher carer-reported burden (i.e. 251 

higher ZBI-12 scores) (Figure 2). 252 

++ Please, insert Figure 2 about here ++ 253 

Finally, no significant associations were detected between any of the objective and subjective (i.e. 254 

carer-reported) factors investigated and the MMSE difference score (Supplementary Table 5). 255 

4 Discussion 256 

Our sample of PWD primarily due to neurodegenerative aetiologies had been cognitively and 257 

behaviourally stable over the 6-month timeframe of the SOLITUDE study, despite their adherence to 258 

the rules imposing restrictions to social contacts. Similarly, no significant changes were observed in 259 

the levels of carers’ distress and burden. This period of observation, however, occurred at a time 260 

when people had already been experiencing restrictions to their social routines for several months. 261 

This might have given them the opportunity to develop a degree of adjustment and might have 262 

prompted them to make targeted adaptations to cope with the practical consequences of enforced 263 

social limitations. Investigations into the factors that might have been associated with the outcome 264 

measures assessed at T0 highlighted that the number of days spent under social restrictions was 265 

negatively associated with patients’ performance. This was particularly visible on tests of episodic 266 

and semantic memory. Moreover, scores on the Category fluency test at T0 were found to be 267 

significantly lower in PWD who were judged by their carers to have worsened cognitively over the 268 

first months of lockdown than in those who had been said to have remained stable. Carers who 269 

thought that the PWD experienced symptom worsening, both behaviourally and in association with 270 

their general clinical profile, also reported significantly higher burden and distress scores than carers 271 

who noticed no changes. 272 

The findings of the SOLITUDE study are in line with those of similar recent studies and seem to 273 

suggest lockdown-related decline in some cognitive domains, i.e. semantic fluency and long-term 274 

memory, in patients with cognitive impairment due to AD (23) and even other types of 275 

neurodegenerative conditions (19). In fact, the duration of the period of forced social isolation was 276 

negatively associated with patients’ memory performance at T0. On the contrary, no significant 277 

general decline was detected by means of the t-MMSE in the same timeframe, and changes on this 278 

scale were associated neither with the time spent under social restrictions nor with the carer-reported 279 

changes in patients’ symptoms. This suggests that a sudden reduction in social stimulation that is 280 

protracted over a long period of time may exert detrimental effects on specific cognitive abilities in 281 

PWD, as also found by a longitudinal study that followed up patients with AD and Lewy Body 282 

dementia over 1 year (37). These specific declines are not captured if simple screening instruments 283 

like the MMSE are used and may go undetected if assessment of cognitive status of PWD is limited 284 

to global staging measures, especially in patients with a mild level of severity. A mildly significant 285 

improvement of the semantic memory composite index was, however, noted from T1 to T2. This 286 

finding could be due either to practice effect, since the same two semantic categories were used for 287 

all assessments, or to random variation in performance, since a non-significant trend towards a 288 

decline in this composite index was noted from T0 to T1. It must be noted that some degree of 289 

practice effect may possibly explain also the lack of decline over the 6-month time frame of this 290 

study in all cognitive domains assessed. 291 
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It is possible that protracted social isolation may have had a direct impact on cognitive health of 292 

PWD by limiting the opportunities either to practice their cognitive skills and strategies that were still 293 

preserved before the enforcement of lockdown or to acquire new strategies to cope with cognitive 294 

decline, i.e. cognitive reserve of patients may have been depleted by lack of social stimulation (38). 295 

The importance of cognitive reserve is suggested by the significant associations found between 296 

education and clinical profiles at T0, i.e. better performance on most cognitive tests and lower NPI-Q 297 

scores. Although we found no significant changes in PWD’s neuropsychiatric symptoms, either 298 

patient- or carer-reported, it is also likely that socially isolated patients may experience more severe 299 

behavioural and psychological symptoms (12-16) that may precipitate cognitive decline (39, 40). 300 

Indeed, social networks can provide support for patients resulting in better physical and mental health 301 

(House et al., 2001). These detrimental effects could explain the epidemiological link between social 302 

isolation and increased risk of dementia (41), and greater levels of AD-related neural damage, as 303 

highlighted by human neuropathological studies (42). Moreover, a few recent studies investigated 304 

experimentally the neural mechanisms that could underpin this association and found that social 305 

isolation seems to foster AD pathology accumulation in an animal model of this disease (42). 306 

To the best of our knowledge, no PWD and carers were infected by Sars-Cov-2 either prior to or 307 

during participation in the SOLITUDE study, although we cannot fully rule out possible cognitive 308 

and/or behavioural disturbances that might have been caused by asymptomatic Sars-Cov-2 infections. 309 

Indeed, COVID-19 has been shown to cause neural damage and lead to cognitive decline (43), but 310 

this seems to be the case particularly in older people severely affected by the infection (44). 311 

Levels of carers’ burden and distress caused by neuropsychiatric symptoms of PWD were also found 312 

to be stable over the observation period and no association was detected between these carer-related 313 

outcomes and any of the objective factors investigated. However, carer-reported worsening in the 314 

neuropsychiatric symptoms of PWD and faster disease progression over the first months of lockdown 315 

were significantly associated with higher burden and distress scores. Although we cannot exclude 316 

that carers’ mental health status might have influenced subjective perception of burden and distress 317 

(45), it must be noted that very similar findings emerged from other investigations into the 318 

consequences of measures of social restrictions enforcement due to the COVID-19 pandemic (13, 17, 319 

18). 320 

Interesting results emerged from the association between carer-reported cognitive decline and 321 

objectively assessed patients’ neuropsychological performance at T0. In fact, carer-reported 322 

worsening of cognitive symptoms just after lockdown (until recruitment) was negatively associated 323 

with the Category Fluency score (number of animals) and the semantic memory composite index. 324 

Therefore, carers’ judgments of cognitive health of PWD appeared to be in agreement with the 325 

objective observation of lower performance in semantic memory, a domain negatively affected by the 326 

amount of time spent in social isolation and that is sensitive to disease progression in AD (46). A 327 

recent cross-sectional study has also found greater cognitive and behavioural decline in PWD who 328 

were reported by their carers as more cognitively impaired since enforcement of social isolation 329 

regulations (47). This means that carers of PWD can provide clinically meaningful information on 330 

patients and this may be particularly helpful to clinicians when a direct assessment of the patient is 331 

not possible. Indeed, previous research has highlighted that carers can detect cognitive impairment 332 

accurately, although their assessment may not help differentiate different cognitive profiles (48, 49). 333 

A first limitation of this study is the small sample size that, combined with a small number of drop-334 

outs, might have prevented the detection of subgroups characterised by distinct patterns of 335 

longitudinal changes. However, despite the limited number of patients recruited, the association 336 
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between the time spent under social restrictions and cognitive performance at T0 emerged as a 337 

significant finding (although with small and medium effect sizes, conventionally defined for multiple 338 

regression as effects in the range of 0.05-0.15 and of 0.15-0.35, respectively (36)). As a consequence 339 

of the unforeseen circumstances that affected the great majority of the population, a control group of 340 

PWD who were not socially isolated could not be included. This prevents definite conclusions on the 341 

extent to which social isolation may have affected cognition in PWD. Second, our sample lacked 342 

patients from ethnic minorities, possibly due to a range of cultural (e.g. use of health services, 343 

interpretation of cognitive symptoms) and biological factors (e.g. higher rates of vascular cognitive 344 

impairment among certain ethnic minority groups, such as South Asians (50)). This absence limits 345 

the generalisation of our conclusions to the whole clinical population of PWD due to 346 

neurodegenerative conditions, although it is highly likely that similar detrimental effects would be 347 

seen across populations of any ethno-racial background. Future studies are needed to clarify this 348 

pressing issue, considering that in the UK and other western countries, ethnic minorities have been 349 

affected by the COVID-19 pandemic more than White people (51). Third, the very small number of 350 

patients with non-AD dementias recruited for this study hindered any possibility of stratifying our 351 

sample by aetiology to gather insights into the differential impact of social isolation on people 352 

affected by different types of neurodegenerative diseases. Fourth, most carers were spouses/partners 353 

of PWD and this limited any possibility to analyse differences in outcome measures of burden 354 

between groups of carers differentially related to the PWD.  Finally, it must be noted that the 355 

SOLITUDE protocol included no visuo-spatial, executive and social cognitive tests, primarily 356 

because of two reasons: 1) the nature of the assessment, i.e. telephone-based, that prevents the 357 

administration of visual stimuli, and 2) the lack of measures validated for remote research settings. 358 

Future efforts to develop tasks that could be delivered either via telephone or video-conference to 359 

assess a broader range of cognitive abilities in PWD will be beneficial to move the field of tele-360 

neuropsychology forward. 361 

Lockdown enforced to limit the current COVID-19 pandemic has extensively impacted everybody’s 362 

life, but also offered the conditions to study the impact of social isolation on cognitive health. The 363 

SOLITUDE study, consistently with other thematically-aligned investigations world-wide, provides 364 

some insights indicating that a long-lasting reduction in social connectedness has an impact on 365 

objectively assessed cognitive performance of PWD, especially on semantic abilities. This finding 366 

was also supported by the consistent information provided by carers about changes in cognitive 367 

symptoms. Further studies in larger cohorts should ascertain what factors may either worsen or 368 

protect against the negative influence of social isolation on cognitive health of PWD. Moreover, 369 

investigations of interventions with the potential to limit cognitive decline resulting from either a 370 

reduction or lack in social connections for PWD are needed to devise and provide evidence-based 371 

support during challenging times like those caused by the COVID-19 pandemic (52). 372 
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 544 

Figure caption 545 

Figure 1. Timeline of the SOLITUDE study. 546 

Figure 2. Significant associations between carer-reported changes in patients’ symptoms and 547 

outcome measures collected at T0 (all variables were treated as binary: yes = symptom changes/faster 548 

progression reported by carer, no = carer reported no symptom changes/faster progression). 549 

 550 

  551 
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Table 1. Demographic characteristics of people with dementia and carers (mean ± SD). 552 

Variable All PWD (n = 45) PWD directly assessed (n = 36) Carers (n = 45) 
Age (years) 74.04 ± 9.33 72.25 ± 8.55 69.24 ± 10.23 

Education (years) 12.96 ± 3.01 13.25 ± 3.12 13.67 ± 2.99 

Sex (M/F) 25/20 23/13 18/27 

Pre-lockdown t-MMSE 20.93 ± 3.37 21.26 ± 3.37 - 

Diagnosisa:    

  AD 34 (75.6%) 28 (77.8%) - 

  Mixed aetiology 5 (11.1%) 2 (5.6%) - 

  DLB 3 (6.7%) 3 (8.3%) - 

  PCA 2 (4.4%) 2 (5.6%) - 

  CBD 1 (2.2%) 1 (2.7%) - 

Relation with PWDa:    

  Spouse/partner - - 38 (84.5%) 

  Child - - 6 (13.3%) 

  Friend/acquaintance - - 1 (2.2%) 

a Frequencies (proportions) 553 

AD: Alzheimer’s disease, CBD: Corticobasal degeneration, DLB: Dementia with Lewy Bodies, 554 

PCA: Posterior cortical atrophy, PWD: People with dementia, t-MMSE: telephone Mini Mental State 555 

Examination 556 

 557 

 558 

 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 

 569 
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Table 2. Changes in cognitive and clinical variables over the six months of observation.  571 

Variable T0-T1 change T1-T2 change T0-T2 change 
PWD – cognitive battery Fa p Fa p Fa p 

t-MMSE 0.12 0.73 2.70 0.11 3.11 0.09 

DSF 0.13 0.72 0.86 0.36 1.90 0.18 

DSB 0.19 0.77 0.86 0.36 0.15 0.70 

DO 0.08 0.78 1.39 0.25 0.01 0.91 

LM – IR 0.19 0.77 0.06 0.81 0.07 0.80 

LM – DR 0.37 0.55 0.68 0.42 0.04 0.83 

CFa – total 1.64 0.21 3.15 0.09 0.70 0.41 

CFv – total 0.09 0.76 0.83 0.37 0.11 0.74 

CFa – I 0.73 0.40 0.10 0.76 0.11 0.74 

CFa – P 0.12 0.73 0.03 0.87 0.10 0.75 

CFv – I 0.02 0.89 0.02 0.89 0.03 0.87 

CFv – P 0.10 0.76 0.48 0.49 0.12 0.73 

PWD – composite indices       

GC-CI 0.07 0.79 1.12 0.30 1.03 0.32 

WM-CI 0.08 0.78 0.06 0.82 0.34 0.56 

DM-CI 0.54 0.47 0.42 0.52 0.41 0.53 

EM-CI 0.01 0.93 0.04 0.85 0.00 0.96 

SM-CI 1.04 0.32 5.34 0.03 0.89 0.36 

PWD – mental health       

PHQ-9 0.89 0.35 0.58 0.45 1.50 0.23 

Carer-reported       

QoL-AD 0.47 0.50 0.03 0.85 0.04 0.83 

NPIQ – total 0.67 0.42 0.07 0.79 0.06 0.82 

NPIQ – distress 2.52 0.12 0.06 0.81 0.01 0.93 

ZBI-12 0.38 0.54 0.12 0.73 2.86 0.10 

a F-statistic associated with the variable “Time” in repeated-measures models 572 

CFa/CFv: Category Fluency test – animals/vegetables (I: Intrusions, P: Perseverations), DM-CI: Declarative Memory Composite 573 
Index, DO: Digit Ordering test, DSB: Digit Span test – backward, DSF: Digit Span test – forward, EM-CI: Episodic Memory 574 
Composite Index, GC-CI: Global Cognitive Composite Index, LM: Logical Memory test (DR: Delayed recall, IR: Immediate recall), 575 
NPIQ: Neuropsychiatric Inventory Questionnaire, PHQ-9: 9-item Patient Health Questionnaire, PWD: People with dementia, QoL-576 
AD: Alzheimer’s Disease Quality of Life, SM-CI: Semantic Memory Composite Index, t-MMSE: telephone Mini Mental State 577 
Examination, WM-CI: Working Memory Composite Index, ZBI-12: 12-item Zarit Burden Interview 578 
  579 
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Table 3. Results of the multivariate multiple regression models (βs and standard errors) to predict 580 

cognitive and clinical characteristics of PWD and carers at T0. 581 

T0 variables Age (years) Education 

(years) 

Sex Pre-lockdown 

MMSE 

Time of social 

restrictions 

(days) 
PWD – cognitive battery 

t-MMSE 0.03 (0.07), p = 

0.87 
0.32 (0.17), p = 

0.03 

0.09 (1.13), p = 

0.53 
0.44 (0.17), p < 

0.01 

-0.27 (0.01), p = 

0.11 

DSF 0.22 (0.03), p = 

0.25 
0.51 (0.07), p < 

0.01 

-0.11 (0.46), p = 

0.50 

-0.20 (0.07), p = 

0.26 

-0.04 (0.01), p = 

0.85 

DSB 0.24 (0.04), p = 

0.22 

-0.03 (0.08), p = 

0.87 

-0.21 (0.50), p = 

0.26 

0.36 (0.07), p = 

0.06 

-0.12 (0.01), p = 

0.54 

DO 0.09 (0.02), p = 

0.59 
0.37 (0.07), p = 

0.02 

0.26 (0.47), p = 

0.08 

0.29 (0.07), p = 

0.07 

-0.13 (0.01), p = 

0.41 

LM – IR 0.03 (0.01), p = 

0.87 

0.17 (0.23), p = 

0.29 

-0.02 (1.48), p = 

0.88 
0.50 (0.22), p < 

0.01 

-0.39 (0.01), p = 

0.03 

LM – DR 0.02 (0.01), p = 

0.91 

0.14 (0.31), p = 

0.35 

-0.14 (2.06), p = 

0.38 
0.51 (0.31), p < 

0.01 

-0.46 (0.02), p < 

0.01 

CFa – total 0.01 (0.01), p = 

0.97 
0.41 (0.19), p = 

0.01 

0.16 (1.22), p = 

0.30 

0.11 (0.18), p = 

0.47 
-0.44 (0.01), p = 

0.01 

CFv – total -0.16 (0.08), p = 

0.39 

0.22 (0.20), p = 

0.20 

-0.03 (1.30), p = 

0.84 

0.27 (0.19), p = 

0.14 

-0.32 (0.01), p = 

0.09 

CFa – I -0.04 (0.01), p = 

0.86 

0.13 (0.01), p = 

0.49 

-0.07 (0.09), p = 

0.71 

-0.09 (0.01), p = 

0.66 

-0.12 (0.01), p = 

0.59 

CFa – P 0.18 (0.03), p = 

0.35 

-0.09 (0.09), p = 

0.63 

-0.21 (0.57), p = 

0.25 

0.04 (0.08), p = 

0.82 

0.19 (0.01), p = 

0.34 

CFv – I 0.36 (0.02), p = 

0.05 

-0.05 (0.05), p = 

0.73 

0.27 (0.31), p = 

0.10 

-0.19 (0.05), p = 

0.28 

-0.31 (0.01), p = 

0.09 

CFv – P -0.02 (0.03), p = 

0.93 

-0.06 (0.07), p = 

0.73 

-0.34 (0.42), p = 

0.07 

-0.01 (0.06), p = 

0.98 

0.05 (0.01), p = 

0.81 

PWD – composite indices 
GC-CI 0.10 (0.01), p = 

0.52 
0.40 (0.03), p < 

0.01 

-0.02 (0.19), p = 

0.88 
0.42 (0.03), p < 

0.01 

-0.43 (0.01), p = 

0.01 

WM-CI 0.28 (0.01), p = 

0.12 
0.43 (0.03), p = 

0.01 

-0.03 (0.21), p = 

0.87 

0.23 (0.03), p = 

0.19 

-0.15 (0.01), p = 

0.41 

DM-CI -0.03 (0.02), p = 

0.87 

0.28 (0.04), p = 

0.05 

-0.01 (0.24), p = 

0.94 
0.43 (0.04), p < 

0.01 

-0.49 (0.01), p < 

0.01 

EM-CI 0.03 (0.02), p = 

0.87 

0.17 (0.04), p = 

0.26 

-0.09 (0.28), p = 

0.56 
0.54 (0.04), p < 

0.01 

-0.46 (0.01), p < 

0.01 

SM-CI -0.85 (0.02), p = 

0.62 
0.34 (0.04), p = 

0.03 

0.07 (0.29), p = 

0.67 

0.21 (0.04), p = 

0.20 
-0.42 (0.01), p = 

0.02 

PWD – mental health 

PHQ-9 -0.34 (0.09), p = 

0.08 

-0.21 (0.22), p = 

0.23 

0.03 (1.47), p = 

0.88 

0.31 (0.22), p = 

0.10 

0.15 (0.01), p = 

0.44 

Carer-reported 

QOL-AD -0.09 (0.15), p = 

0.64 

0.26 (0.36), p = 

0.13 

-0.19 (2.39), p = 

0.27 

-0.06 (0.36), p = 

0.73 

-0.12 (0.02), p = 

0.52 

NPIQ – total -0.41 (0.11), p = 

0.03 

-0.39 (0.27), p = 

0.02 

0.13 (1.79), p = 

0.43 

0.27 (0.27), p = 

0.14 

0.26 (0.02), p = 

0.17 

NPIQ – distress -0.30 (0.13), p = 

0.09 

-0.09 (0.43), p = 

0.59 

-0.08 (2.46), p = 

0.62 

-0.02 (0.37), p = 

0.89 

0.32 (0.02), p = 

0.05 

ZBI-12 -0.07 (0.16), p = 

0.71 

-0.08 (0.55), p = 

0.65 

0.15 (3.15), p = 

0.38 

-0.08 (0.48), p = 

0.63 

0.06 (0.02), p = 

0.37 

CFa/CFv: Category Fluency test – animals/vegetables (I: Intrusions, P: Perseverations), DM-CI: Declarative Memory Composite 582 
Index, DO: Digit Ordering test, DSB: Digit Span test – backward, DSF: Digit Span test – forward, EM-CI: Episodic Memory 583 
Composite Index, GC-CI: Global Cognitive Composite Index, LM: Logical Memory test (DR: Delayed recall, IR: Immediate recall), 584 
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NPIQ: Neuropsychiatric Inventory Questionnaire, PHQ-9: 9-item Patient Health Questionnaire, PWD: People with dementia, QoL-585 
AD: Alzheimer’s Disease Quality of Life, SM-CI: Semantic Memory Composite Index, t-MMSE: telephone Mini Mental State 586 
Examination, WM-CI: Working Memory Composite Index, ZBI-12: 12-item Zarit Burden Interview 587 
  588 
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Figure 2 592 
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