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Abstract
Background and purpose The COVID-19 pandemic and related social isolation measures are likely to have adverse con-
sequences on community healthcare provision and outcome after acute illnesses treated in hospital, including stroke. We 
aimed to evaluate the impact of the COVID-19 pandemic on patient-reported health outcomes after hospital admission for 
acute stroke.
Methods This retrospective study included adults with acute stroke admitted to the University College Hospital NHS Foun-
dation Trust Hyperacute Stroke Unit. We included two separate cohorts of consecutively enrolled patients from the same 
geographical population at two time points: 16th March–16th May 2018 (pre-COVID-19 pandemic); and 16th March–16th 
May 2020 (during the COVID-19 pandemic). Patients in both cohorts completed the validated Patient Reported Outcomes 
Measurement Information System–29 (PROMIS-29 version 2.0) at 30 days after stroke.
Results We included 205 patients who were alive at 30 days (106 admitted before and 99 admitted during the COVID-19 pan-
demic), of whom 201/205 (98%) provided patient-reported health outcomes. After adjustment for confounding factors, admission 
with acute stroke during the COVID-19 pandemic was independently associated with increased anxiety (β = 28.0, p < 0.001), 
fatigue (β = 9.3, p < 0.001), depression (β = 4.5, p = 0.002), sleep disturbance (β = 2.3, p = 0.018), pain interference (β = 10.8, 
p < 0.001); and reduced physical function (β = 5.2, p < 0.001) and participation in social roles and activities (β = 6.9, p < 0.001).
Conclusion Compared with the pre-pandemic cohort, patients admitted with acute stroke during the first wave of the COVID-
19 pandemic reported poorer health outcomes at 30 day follow-up in all domains. Stroke service planning for any future 
pandemic should include measures to mitigate this major adverse impact on patient health.
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Introduction

The ongoing global COVID-19 pandemic caused by the 
severe acute respiratory syndrome coronavirus 2 (SARs-
CoV-2), first documented in Wuhan, China [1], has spread 

to more than 200 countries and resulted in over 4.6 million 
deaths worldwide [2]. Many countries introduced major 
public health measures in an attempt to slow down com-
munity spread of the virus. In the UK, the primary strat-
egy was a national “lockdown” with enforced widespread 
social isolation and shielding of vulnerable people (https:// 
www. gov. uk/ gover nment/ speec hes/ pm- state ment- on- coron Members of the "the SIGNaL collaborators" are listed in 

Acknowledgements section.

 * David J. Werring 
 d.werring@ucl.ac.uk

1 Stroke Research Centre, Queen Square Institute 
of Neurology, University College London, London, UK

2 Comprehensive Stroke Service, National Hospital 
for Neurology and Neurosurgery, Institute of Neurology, 
University College London Hospitals NHS Foundation Trust, 
Queen Square, London WC1N, UK

3 Department of Statistical Science, University College 
London, Gower Street, London, UK

4 MRC Prion Unit at UCL, Institute of Prion Diseases, 
University College London, London, UK

5 Neuropsychology Department, National Hospital 
for Neurology and Neurosurgery Queen Square, 
London WC1N 3BG, UK

http://orcid.org/0000-0003-2074-1861
https://www.gov.uk/government/speeches/pm-statement-on-coronavirus-16-march-2020
https://www.gov.uk/government/speeches/pm-statement-on-coronavirus-16-march-2020
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-021-10819-9&domain=pdf


1742 Journal of Neurology (2022) 269:1741–1750

1 3

avirus- 16- march- 2020) [3]. These measures included: clo-
sure of educational institutions, workplaces and places of 
worship; bans on public events and international travel; 
movement restrictions; limiting physical interactions 
(including visiting family and friends); working from home 
where possible; one form of exercise a day; and only con-
tacting doctors or general practitioners via telephone or 
video  call3. Overnight these measures transformed societal 
behaviour, inter-community links, and social and clinical 
care services; this has led to concerns about delays in clini-
cal treatments and social support with increased regional 
disparities in health outcomes [4].

People with pre-existing or acute medical conditions may 
be more vulnerable to the psychosocial effects of a pandemic 
and associated public health measures [5]. In particular, 
health outcomes after acute stroke may be severely impacted 
by pandemic restrictions associated with fewer stroke admis-
sions (especially for those with less severe strokes concerned 
about catching COVID-19) [6], restricted family or carer 
contact in hospital, and reduced support networks includ-
ing community rehabilitation [7–9]. A recent meta-analysis 
found that depressed mood, anxiety, impaired memory, and 
sleep disturbance were present in 33–42% of patients admit-
ted to hospital for severe acute respiratory syndrome or Mid-
dle East respiratory syndrome, and that in some cases these 
effects were prolonged [10]. Furthermore, social deprivation 
and isolation are associated with unfavourable psychological 
outcomes, functional dependency and premature mortality 
among stroke survivors [11].

We are not aware of systematic research on the adverse 
impact of the first wave of the UK COVID-19 pandemic on 
patient-reported health outcomes following acute stroke. The 
aim of this study was to evaluate the impact of the pandemic 
on patient-reported health outcome domains by comparing 
a cohort of patients admitted during the pandemic to a pre-
pandemic cohort drawn from the same geographical popu-
lation, with adjustment for potential confounding factors.

Methods

Study design, setting and population

We reviewed prospectively collected data in patients pre-
senting with stroke to the Hyperacute Stroke Unit (HASU) 
at University College Hospital (UCH) which provides stroke 
care to an ethnically diverse population of approximately 
1.4 million people in North Central London. Since Febru-
ary 2015, routine clinical data from all patients have been 
included in an ongoing registry study, Stroke Investigation in 
North and Central London (SIGNaL). We included patients 
who presented during two time periods: pre-pandemic (16th 

March–16th May 2018) and during the first wave of the pan-
demic (16th March 2020–16th May 2020).

Patients were included if they were: aged > 18 years; 
resident in the North Central London boroughs of Enfield, 
Haringey, Barnet, Highbury and Islington, or Camden; diag-
nosed with ischaemic stroke (IS) or intracerebral haemor-
rhage (ICH) confirmed on brain imaging; and had completed 
at least two domains of the patient-reported health outcome 
scale (PROMIS-29; Patient-Reported Outcomes Measure-
ment Information System) at 30-day follow-up (see Fig. 1). 
During both the pre-pandemic and pandemic periods, 
patients were followed up at 30 days post stroke as part of 
standard care.

Sociodemographic and clinical characteristics

The clinical and sociodemographic variables of interest (i.e., 
those that are important to describe the included population 
or likely to affect patient-reported health outcomes) were 
identified prior to the study by two senior authors (DJW 
and RJS). These included demographic characteristics (age, 
sex, ethnic origin, and discharge location), medical history, 
stroke type (ischaemic stroke or intracerebral haemorrhage), 
admission stroke severity (assessed by the National Institutes 
of Health Stroke Scale (NIHSS) score), cardiovascular risk 
factors, medication at hospital discharge, dementia diagno-
sis, disability at hospital discharge (measured with the modi-
fied Rankin Scale (mRS)), and whether the patient had any 
general practitioner contact after hospital discharge.

Health outcome measurement

The primary outcome, PROMIS-29, consists of seven 
patient-reported health outcome domains that capture physi-
cal function, anxiety, depression, fatigue, sleep disturbance, 
participation in social roles and activities, pain interference 
(with work, social life, household tasks and daily activities) 
and pain intensity (using a visual analogue scale). Each 
domain contains four items and is assessed on a 5-point Lik-
ert response with values ranging from 1 to 5 except for the 
sub-domain on pain intensity, which is scored on 11-point 
numeric rating scale (0–10). The raw domain scores are con-
verted into T scores and standardised to the US general pop-
ulation (mean, 50: SD = 10) [12]; the pain intensity sub score 
is averaged and determined as 0 being no pain to 10 being 
the worst imaginable pain [13]. The formula for calculation 
of PROMIS-29 domain scores can be found at: (https:// www. 
healt hmeas ures. net/ score- and- inter pret/ calcu late- scores). In 
our analysis, we have oriented all of the PROMIS-29 domain 
scores so that higher mean scores always indicate worse 
patient-reported health outcomes.

https://www.gov.uk/government/speeches/pm-statement-on-coronavirus-16-march-2020
https://www.healthmeasures.net/score-and-interpret/calculate-scores
https://www.healthmeasures.net/score-and-interpret/calculate-scores
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Standard protocol approvals and patient consents

The SIGNaL registry of routinely collected clinical data is 
approved by the University College Hospitals NHS Founda-
tion Trust Governance Review Board as a continuous ser-
vice evaluation of a comprehensive clinical care programme 
(service evaluation 5-201920-SE); for this reason, informed 
patient consent was not required.

Statistical analysis

After data were entered, cleaned and verified, we compared 
data between pre-versus during the COVID-19 pandemic 
group using descriptive statistics. Continuous variables 
were compared using either the unpaired t test or Wilcoxon 
rank sum test, and categorical variables were compared 
using chi squared test or Fisher’s exact test, as appropri-
ate. Categorical variables are presented as percentages, and 
continuous variables as mean (standard deviation (SD)) or 
median (inter-quartile range (IQR)). Missing baseline data 
were handled using multiple imputation by chained equa-
tions [14, 15] using ethnicity, discharge destination, cardio-
vascular risk factors and length of hospital stay to create 18 
complete datasets.

Univariable analysis using independent t tests was used 
to test for changes and differences in each health out-
come domain between the groups (pre- versus during the 
COVID-19 pandemic). We checked normality using the 
Jarque–Bera goodness-of-fit test, and where appropriate, 
nonparametric distributional diagnostic plots and visual 
inspection of the histograms and quantile normal plots 
were used. For the multivariable adjusted linear regression 
model, we included variables that were judged as poten-
tially relevant a priori, reached the pre-defined statistical 
significance level of p ≤ 0.20 in univariable analyses, or 
both (sex, age, stroke type, dementia, heart disease, previ-
ous stroke/TIA, admission NIHSS, length of HASU stay, 
discharge mRS, discharge destination, ethnicity, antihy-
pertensive, smoking status, general practitioner visits and 
time to follow-up). Variance inflation factors (VIFs) were 
used to check for multicollinearity.

Multivariable linear regression models were also con-
structed to determine other predictors (in addition to 
pre- or during pandemic status) for each patient-reported 
domain. Covariates were determined either a priori 
for clinical relevance or by an alpha significance level 
of < 0.20 in univariable analyses (see Supplementary 
Table 1). We did not adjust for COVID-19 diagnosis as the 
number was very small (n = 18) and as this was a feature of 

Fig. 1  Flow chart of patients included pre- and during the first wave of the COVID-19 pandemic. COVID-19 coronavirus disease-2019, TIA tran-
sient ischaemic attack, SAH subarachnoid haemorrhage, NCL North Central London
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the pandemic, we did not regard it as a confounding factor. 
Backwards elimination at alpha level of < 0.10 was used to 
identify all additional predictors (apart from pre- or dur-
ing pandemic status) associated with each health domain 
score. All statistical analysis was carried out by Hatice 
Ozkan (MSc) and Gareth Ambler (Ph.D.), University Col-
lege London.

Results

Patient characteristics

The flow chart for patient inclusion is shown in Fig. 1. Of 
the 258 stroke patients that met the inclusion criteria, 205 
patients were alive at 30-day follow-up; of those, 201 (pre-
COVID-19 = 106, during the COVID-19 pandemic = 95) 
patients (98%) completed the PROMIS-29 outcome 
measure. Table 1 summarises the clinical and sociode-
mographic characteristics of patients admitted pre- and 
during the COVID-19 pandemic. There were no significant 
differences in age (mean 71.0 vs 70.4 years), sex (females 
61.3% vs 55%), stroke type (ischaemic stroke or intracer-
ebral haemorrhage) or the proportions of patients receiv-
ing intravenous thrombolysis or thrombectomy) between 
the two groups. However, compared with the pre-pandemic 
cohort, the cohort studied during the pandemic had: more 
severe strokes (median NIHSS score 6 vs 4.5); a higher 
proportion of patients from Black or Asian ethnic groups 
(24.2% vs 12.3% and 26.3% vs 11.3%, respectively); more 
severe disability at hospital discharge (median mRS 3 vs 
2); a longer HASU stay (4 vs 3 days); a higher proportion 
of patients receiving early supported discharge (53.7% vs 
34%); and a higher proportion of patients who did not 
see a general practitioner after discharge (41% vs 19.1%). 
Patients seen before the pandemic more often had a his-
tory of heart disease (21% vs 10.5%) and more frequent 
antiplatelet drug use (67.0% vs 52.6%). We identified 
significant difference in time to follow-up between the 
groups (pre-COVID-19 34 days versus during COVID-
19 = 32 days); the proportion of proxy responders (next 
of kin or carer) was lower during the pandemic (20.7% 
vs 28.9%).

Patient‑reported health outcomes

Unadjusted group changes and between group differ-
ences are reported in Table 2 and Fig. 2. Compared to the 
pre-COVID-19 pandemic group, the mean score for all 
domains of PROMIS-29 indicated worse outcomes during 
the COVID-19 pandemic, with significantly higher anxi-
ety (mean difference = 26.5, 95% Cl 23.6–29.3 p < 0.001), 

depression (mean difference = 4.2, 95% Cl 1.6–7.1 
p = 0.023), fatigue (mean difference = 8.6, 95% Cl 6.2–10.9 
p < 0.001), and pain interference (mean difference = 9.5, 
95% Cl 7.1–12.0 p < 0.001). There were lower scores for 
physical function (mean difference = 5.6, 95% Cl 3.2–8.1 
p < 0.001) and participation in social roles and activities 
(mean difference = 5.8, 95% Cl 3.9–7.6 p < 0.001). Per-
centage of patients with scores meaningfully worse than 
the pre-COVID-19 pandemic ranged from 43.8% for physi-
cal function to 74.7% in anxiety (see Table 2).

After adjusting for clinically relevant and other potentially 
confounding covariates determined in univariable analysis 
(Table 1), admission during the COVID-19 pandemic was 
independently associated with worse patient-reported health 
for all PROMIS domains in multivariate regression models, 
including anxiety β = 28.0 95% Cl [25.0–31.0] p < 0.001; 
fatigue β = 9.3 95% Cl [6.9–11.8] p < 0.001; and pain inter-
ference β = 10.8 95% Cl [8.2–13.3] p < 0.001 (see Fig. 3). The 
association between other covariates and patient-reported 
health varied by domain. However, admission pre-COVID-19 
pandemic, and discharge to home with early supported (ESD) 
was associated with better reported health in most domains. 
By contrast,  admission during the pandemic, moderate to 
severe disability at hospital discharge (mRS 3–5), black eth-
nic origin, history of heart disease, no ESD support and not 
seeing a general practitioner after discharge were associated 
with worse health in multiple domains.

Discussion

Our data clearly show that stroke survivors treated dur-
ing the COVID-19 pandemic reported substantially worse 
patient-reported health outcomes at 30 day follow-up, even 
after adjusting for potential confounding factors. Compared 
to the pre-pandemic cohort, patients admitted during the 
pandemic had worse health outcomes in all domains, includ-
ing increased anxiety, depression, fatigue, sleep disturbance, 
and pain, with reduced physical function and social partici-
pation. Although all domains were affected, we found the 
largest differences in patient-reported anxiety (which almost 
doubled), pain interference, fatigue and social participation. 
Since stroke is the commonest cause of adult complex dis-
ability in the UK, the magnitude and consistency of these 
worsened health outcomes suggest that the COVID-19 pan-
demic has led to major unmet healthcare needs for stroke 
survivors, with immediate clinical relevance for acute and 
community stroke care pathways.

Possible explanations for significantly worse patient-
reported health outcomes during the pandemic include 
behavioural factors and direct effects of the pandemic such 
as: decrease in community care; a lack of informal social 
support;  reduced monitoring of severe symptoms in the 
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Table 1  Patient characteristics 
pre- and during the COVID-19 
pandemic

ICH, intracerebral haemorrhage; tPA, tissue plasminogen activator; TIA, transient ischaemic attack; 
COVID-19, corona virus disease- 2019; mRS, modified Rankin Scale; NIHSS, NIH stroke scale; HASU, 
hyperacute stroke unit; ESD, early supported discharge; ASU, acute stroke unit; G p, general practitioner
Values are n (%) or median (IQR)
Numbers that do not add up to the appropriate totals or percentages that do not add up to 100% are a result 
of missing data
* Mann–Whitney U test comparing  pre- vs during COVID-19
† χ2 test
‡ Fisher’s exact test

Variable N Pre- COVID-19 
pandemic

During the COVID-
19 pandemic

p value

106 95

Female sex (%) n (%) 65 (61.3%) 52 (55%) 0.345†

Intravenous tPA n (%) 15 (14.2%) 12 (12.6%) 0.708
Thrombectomy n (%) 4 (3.8%) 2 (2.1%) 0.306
Age (years) Mean (SD) 71.0 ± 14.2 70.4 ± 16.5 0.8058*
Stroke type
 Ischaemic stroke n (%) 91 (85.8%) 81 (85.2%) 0.906†

 ICH n (%) 15 (14.2%) 14 (15.0%) –
Ethnicity
 White n (%) 60 (56.6%) 40 (42.1%) < 0.001†

 Asian n (%) 12 (11.3%) 25 (26.3%) –
 Black n (%) 13 (12.3%) 23 (24.2%) –

Other n (%) 21 (20%) 7 (7.3%) –
Medical history and risk factors
 Hypertension n (%) 73 (68.9%) 70 (73.7%) 0.452†

 Diabetes mellitus n (%) 24 (22.6%) 29 (30.5%) 0.205†

 Atrial fibrillation n (%) 29 (27.4%) 20 (21.1%) 0.299†

 Previous stroke/TIA n (%) 27 (25.5%) 20 (21.1%) 0.460†

 Hypercholesterolemia n (%) 37 (34.9%) 35 (36.8%) 0.775†

 Heart disease n (%) 22 (21.0%) 10 (10.5%) 0.048†

 Dementia n (%) 12 (11.3%) 9 (9.5%) 0.669†

 Smoking history n (%) 40 (37.7%) 27 (28.4%) 0.162†

 COVID-19 positive n (%) 0 18 (19.0%) –
Current medication on hospital admission
 Anticoagulants n (%) 22 (20.8%) 21 (22.1%) 0.816†

 Antiplatelet n (%) 71 (67.0%) 50 (52.6%) 0.038†

 Antihypertensive n (%) 52 (49.1%) 59 (62.1%) 0.063†

 Statin n (%) 80 (75.5%) 73 (76.8%) 0.820†

Baseline severity measures, discharge destination and follow-up
Discharge mRS Median (IQR) 2 (1–3) 3 (1–5) 0.0094*
 30-day mRS Median (IQR) 1 (0–2) 3 (1–4) 0.0324*
 NIHSS on admission Median (IQR) 4.5 (2 –7) 6 (3–12) 0.0213*
 Length of HASU stay (days) Median (IQR) 3 (2–4) 4 (2–7) 0.0527*

Discharge location
 Home with ESD n (%) 36 (34.0%) 51 (53.7%) 0.018‡

 ASU/care home n (%) 54 (51%) 35 (36.8%) –
 Time to follow-up, days Median (IQR) 34 (30–40) 32 (30–34) 0.0029*
 Proxy responders n (%) 30 (28.9%) 19 (20.7%) 0.186†

 Not seen GP after discharge n (%) 20 (19.1) 38 (41%) 0.001†
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community; lack of direct links to primary care; increased 
loneliness; the challenges of living in confined households; 
limited availability of remote healthcare interventions; and 
increased anxiety about the trajectory of stroke recovery 
[16].

We are not aware of other systematic studies of patient-
reported health outcomes after acute stroke during COVID-
19 lockdowns, although such measures are considered essen-
tial for managing, responding, and planning recovery from a 
pandemic [17]. However, our findings might not be specific 
to patients with acute stroke. Previous studies also reported 
significant associations between COVID-19-related restric-
tions and adverse mental health and quality of life outcomes 
in other groups, including the general population, healthcare 

workers, children, older people, and patients with cancer 
or Parkinson’s disease [16, 18–24]. Most previous studies 
were restricted to the general population [1, 6–13, 16–20], 
frontline healthcare staff [16], the elderly [21] or children 
[22]. Unfortunately, we do not have sufficiently detailed 
data from previous studies to assess whether the magnitude 
of the impact of COVID-19 changes is greater after stroke 
than other conditions. This question could be addressed in 
future studies.

Although a recent online UK survey of 1546 stroke sur-
vivors from Stroke Association (2020) also investigated 
patient-reported health outcomes associated with COVID-
19, only 5.49% of respondents had a stroke during the pan-
demic. By contrast with our study, this survey had a limited 

Table 2  Patient-reported health 
domain scores in stroke patients 
admitted pre- versus during the 
COVID-19 pandemic

Each domain mean score (except for pain intensity) has a range from 20 to 80; a sore of > 50 indicates 
meaningfully worse health than the general population. Pain intensity is rated from 0 to 10 on a visual ana-
logue score

Health outcome domain Pre-COVID-19 pandemic 
(n = 106), mean ± SD  
[95% Cl]

During the COVID-19 pandemic 
(n = 95), mean ± SD [95% Cl]

p value

Physical function 55.8 ± 9.7 [54.1–57.6] 61.4 ± 7.4 [60.1–62.8] < 0.001
Anxiety 38.1 ± 11.7 [35.8–40.3] 64.6 ± 8.5 [60.6–66.2] < 0.001
Depression 53.5 ± 10.7 [51.4–55.5] 57.8 ± 9.0 [56.0–59.7] 0.0130
Fatigue 55.5 ± 9.4 [53.7–57.3] 64.0 ± 7.1 [62.7–65.6] < 0.001
Sleep disturbance 54.7 ± 6.0 [53.5–55.8] 57.6 ± 6.6 [56.3–59.0] 0.0009
Participation in social 

roles and activities
54.0 ± 6.2 [52.8–55.2] 59.8 ± 7.0 [58.4–61.2] 0.001

Pain interference 51.2 ± 8.4 [49.6–52.8] 60.7 ± 9.2 [59.0–62.7] 0.001
Pain intensity (0–10) 2.6 ± 2.3 [2.2–3.1] 5.2 ± 2.6 [4.8–5.8] 0.001

Fig. 2  Point estimates to the 
right indicate worse health 
outcomes for physical function, 
anxiety, depression, fatigue, 
sleep disturbance, participation 
in social roles and activities 
pain interference, and pain 
intensity. Bold circles show 
between-group mean change 
and error bars show 95% confi-
dence intervals of each domain
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response rate, did not include a cohort representative of 
the overall stroke population, had no control group, and 
did not use a validated standardised health outcome instru-
ment. Nevertheless, the high reported rates of anxiety and 
depression, with reduced access to post-stroke support are 
consistent with our findings, which confirm and build on 
these observations. Moreover, two other small studies also 
reported adverse psychological outcomes associated with 
COVID-19, albeit with significant methodological limita-
tions. Ahmed et al. [25] reported significant increase in 
post-stroke anxiety and depression related to social depriva-
tion, but the study did not include a comparator group, was 
limited to small study cohort (n = 52) and included a large 
proportion of patients of Arab origin. Pisano et al. [26] also 
found increased anxiety in aphasic stroke survivors during 
the pandemic, but this study cohort was not representative 
of the full stroke population. By contrast, we included a 
well-phenotyped and ethnically diverse population of stroke 

survivors with a control group drawn from the same geo-
graphical population.

Although previous studies show that post-stroke pain 
affects around 40% of stroke survivors [27] we are not 
aware of studies of post-stroke pain during the COVID-
19 pandemic. We identified that during the pandemic pain 
interference and intensity was significantly higher compared 
those seen pre-pandemic. One explanation could be lack of 
access to social networks, limited social support, reduction 
in access to general practitioners during the pandemic, ina-
bility to access face-face rehabilitation or access prescribed 
opioids or other painkillers [28]. In our secondary analysis 
(supplementary document, Table 1), we identified stroke 
severity, lack of a general practitioner visits and Black ethnic 
origin as significant predictors of a worse pain interference 
score.

We found markedly worse fatigue and sleep distur-
bance during the pandemic first wave (compared to the 

Fig. 3  Adjusted beta coefficients from multivariable linear regres-
sion showing associations of the COVID-19 pandemic with patient-
reported health domains. Multivariable linear regression model 
showing the association between admission to stroke unit during 
COVID-19 pandemic and the adjusted β coefficients (with 95% con-
fidence intervals and p values) from separate multivariable linear 
regression models for each patient-reported health outcome score, 

adjusted for potential confounders and variables selected by p < 0.2 in 
univariable analyses: (age, sex, stroke type, dementia, heart disease, 
previous stroke/TIA, admission NIHSS, length of stroke unit stay, 
discharge mRS, discharge destination, ethnicity, antihypertensive, 
smoking status, general practitioner visit, proxy responder and time 
to follow-up)
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pre-pandemic period) consistent with observations that 
the phrase “pandemic fatigue” resulted in around 200 mil-
lion Google search engine hits, and searches for “pandemic 
insomnia” increased by 58% [29, 30]. Although data on post-
stroke fatigue during the COVID-19 pandemic remain very 
limited, our findings are consistent with two recent studies 
including the Stroke Association [31] online survey and a 
small observational cohort study (n = 28) from [32] which 
had methodological limitations. The increase in fatigue dur-
ing the pandemic in comparison to pre-pandemic levels may 
reflect altered perceptions of fatigue during a global health 
crisis, or its coexistence with other health comes such as 
anxiety, depression and sleep disturbance. Our findings of 
worse reported sleep during the pandemic are also consist-
ent with reports in the general population and healthcare 
workers during the COVID-19 pandemic [33–36]; but only 
a very small proportion of stroke survivors were included 
in these studies. Possible contributing factors to post-stroke 
sleep disturbance include lack of physical activity, increased 
anxiety, depression, social isolation, post-traumatic stress, 
and reduced in-person [37].

The finding of reduced social participation after stroke 
during the first wave COVID-19 lockdown was expected, 
since social isolation and shielding were the primary public 
health strategies to reduce viral spread, impacting on many 
social aspects of life [38, 39]. Worryingly, social isolation 
has adverse effects on rehabilitation compliance, engage-
ment in activities of daily living, anxiety and premature 
death amongst stroke patients [40–43]. However, data on 
how mandatory isolation affects stroke survivor’s social par-
ticipation are extremely limited [7, 25]. Potential adverse 
consequences of decreased social participation include an 
inability to work with remote technology, lack of face-face 
contact with social networks, reduction in family roles such 
as taking care of grand-children, lack of access to daycentres 
and places of worship [3].

During the pandemic, we identified significantly worse 
physical functioning compared to the pre-pandemic period. 
This finding could be related to reduced access to rehabilita-
tion which could only be accessed via virtual (online) routes, 
which were not widely available. This may also be challeng-
ing for stroke survivors who may have limited access and 
skills for the use of the required technology, especially if 
they have cognitive or language impairments [44]. However, 
Chen et al. [45] and Raefsky et al. [46] found no difference 
in physical function of stroke survivors who received remote 
rehabilitation versus those receiving standard care, despite 
patients in the remote group spending 10% more time with 
therapists and being younger. In line with our observa-
tions, Cieza et al. [47] reported rushed hospital discharges, 
absence of routine follow-up, moderate to severe functional 
disability at hospital discharge, lower back pain and limited 
face-to-face healthcare as significant predictors of decline 

in physical function, though these findings were not specific 
to stroke only and included limited information on patient 
characteristics.

Our study has important strengths. We investigated the 
impact of the first wave of the COVID-19 pandemic on key 
patient-reported health outcomes in an ethnically diverse 
representative North London stroke population. We collected 
follow-up data in 98% of eligible patients using a validated 
instrument (PROMIS-29). We avoided dichotomisation of 
patient-reported health outcomes to retain statistical power 
and eliminate loss of descriptive quantitative information 
in the study population [48]. We included a pre-pandemic 
control population from the same geographical region and 
detailed phenotype data allowed us to adjust for confound-
ing factors, including those related to the altered spectrum 
of stroke characteristics during the pandemic.

Limitations include the relatively small sample size from 
a single centre and a control population from 2018, so there 
may have been a change in healthcare trends that we were 
not able to fully adjust for (for example changes in hospital 
medical care or general practitioner behaviour). Although 
many previous studies in stroke have investigated longer-
term outcomes, we chose to focus on 30-day outcome data 
to identify the early and direct impact of healthcare changes 
during the pandemic, including rapid discharge from hospi-
tal, less face-face rehabilitation, early follow-up, and com-
munity care. Future studies should investigate the impact 
of the COVID-19 pandemic on longer-term outcomes after 
acute stroke. In summary, compared to patients admitted 
with acute stroke during a pre-pandemic period, patients 
seen during the COVID-19 pandemic had worse patient-
reported health outcomes including neuropsychological, 
physical and social participation domains. The magnitude 
and consistency of these worsened health outcomes sug-
gest that the COVID-19 pandemic has led to a major unmet 
healthcare need for stroke survivors, with immediate clinical 
relevance for acute and community stroke care pathways.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 021- 10819-9.
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