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BACKGROUND

COVID-19 has filled emergency departments around the world and

it was feared that hospitals would also be burdened by diseases

Abstract

Background: The risk of thrombosis increases in infectious diseases, yet observational
studies from single centers have shown a decrease in admission of acute ischemic stroke
patients during the COVID-19 pandemic. To investigate unselected stroke admission
rates we performed a nationwide study in Denmark.

Methods: We extracted information from Danish national health registries. The following
mutually exclusive time periods were compared to the year before the lockdown: (1) first
national lockdown, (2) gradual reopening, (3) few restrictions, (4) regional lockdown, and
(5) second national lockdown.

Results: Generally, admission rates were unchanged during the pandemic. In the unad-
justed data, we observed a small decrease in the admission rate for all strokes under the
first lockdown (incidence rate ratio: 0.93, confidence interval [Cl]: 0.87-0.99) and a slight
increase during the periods with gradual reopening, few restrictions, and the regional
lockdown driven by ischemic strokes. We found no change in the rate of severe strokes,
mild strokes, or 30-day mortality. An exception was the higher mortality for all strokes
during the first lockdown (risk ratio: crude 1.30 [Cl: 1.03-1.59]; adjusted 1.17 [Cl: 0.93-
1.47]). The quality of care remained unchanged.

Conclusion: Stroke admission rates remained largely unchanged during the pandemic,
while an increased short-term mortality rate in patients admitted with stroke observed
during the first lockdown was seen, probably reflecting that the more frail patients con-

stituted a higher proportion of admitted patients at the beginning of the pandemic.
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possibly elicited by the infection. By means of mechanisms such as
systemic hypercoagulability, endothelial injury, and infection-related
atrial fibrillation [1,2], it was observed that COVID-19 increased the

risk of stroke by 30% [3]. However, observations from single hospitals
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from around the world reported no increase in the admission rate for
stroke in the wake of COVID-19, but rather a decrease [4,5].

We undertook a nationwide study in Denmark in which we com-
pared the admission rate and 30-day mortality for all patients with
stroke (ischemic and hemorrhagic) and for transient ischemic attack
(TIA) seeking medical attention. Admission rate and mortality were
compared for the year before the outbreak (baseline) and then for vari-
ous subsequent time periods during which COVID-19 was endemic. We
also examined the quality of care by comparing a composite of quality

indicators in the various periods in relation to the baseline period.

METHODS

In Denmark there is equal, unrestricted, and tax-funded access to
acute care. All acute stroke and TIA patients are evaluated in pub-
lic hospitals where it is mandatory to report to the Danish Stroke
Registry (DSR). The DSR contains structured data that are collected
prospectively and on a nationwide basis. It is estimated that more
than 80% of all strokes are hospitalized at stroke units and registra-
tion has been found to be complete for 97% of cases [6].

We included all acute (onset <7 days prior to admission) stroke
events, both ischemic and hemorrhagic, as well as TIAs. Events for
which the date of hospital admission was missing were excluded to-
gether with recurrent strokes in order to ensure independency be-
tween observations (see Figure 1).

The time periods were divided as follows: “Baseline” was de-
fined as 13 March 2019-10 March 2020 (the year prior to the
lockdown); “First national lockdown” as 11 March-15 April 2020;
“Gradual reopening” as 16 April-8 June 2020; “Few restrictions” as
9 June-30 September 2020; “Regional lockdown” as 1 October-15
December 2020; and finally “Second national lockdown” as
16 December 2020-27 January 2021. The first vaccine arrived on
27 December 2020 and did not affect admission numbers.

Incidence rate was defined as

Casesintime period

Population size
1000

Incidencerate =

« length of period inyears .

The population size was defined as the number of people in
Denmark on 1 January for the relevant year according to Statistics
Denmark (for 2019: 5,806,000 and for 2020: 5,823,000). The inci-
dence rate was measured as rate of cases per 1000 person-years.
The incidence rate ratio (IRR) was the incidence rate for a specific
period in relation to the baseline incidence rate.

Stroke severity was measured by the Scandinavian Stroke Scale
(SSS). A mild stroke was defined as an SSS score between 30 and 58,
moderate stroke as a score between 15 and 29, and severe stroke as
a score between 0 and 14.

The quality of care performance measures were as follows:
reperfusion treatment, stroke unit door-to-needle time (<45 min),
first hospital door-to-groin puncture (<3 h), admission to a stroke
unit (s24 h after hospital admission), neuroimaging obtained (<6 h

All stroke events* in Denmark registered
between 2015 and 2021
(n =104,120)

Excluded
e Missing date of admission (n =215)

All stroke events in Denmark registered

in Danish Stroke Registry between 13th

March 2019 and 27th January 2021t
(n=31,768)

Excluded
e Recurrent strokes (n = 8,987)

I
[ Total Included n = 22,781 }

* SAH cases not included
FIGURE 1 Flow chart describing patients included in the study

from arrival), start of anti-platelet treatment for eligible patients with
ischemic stroke/TIA (within 4 h after brain scan), oral anticoagula-
tion treatment <14 days from stroke onset for eligible patients with
atrial fibrillation, assessment by physiotherapist/occupational thera-
pist (< second day of admission), out of bed orders (day of admission),
nutrition screening (< second day of admission), indirect and direct
dysphagia assessment (day of admission), imaging of carotid arter-
ies (<4 days from ischemic stroke onset), and carotid surgery/stent
(<14 days from stroke onset in patients deemed eligible for surgery).
The composite measure reflects the proportion of fulfilled perfor-
mance measures among all eligible performance measures for the
individual patient.

The 95% confidence intervals (Cls) for crude risk, incidence rates,
and IRRs were calculated using standard methods. Crude risk ratios
and their Cls were derived using Poisson regression. The risk ratios
(RR) for mortality were adjusted using weighted Poisson regression.
The adjusting variables were age, sex and SSS score. All analyses
were conducted using Stata Version 16 (StataCorp LLC).

Ethical approval is not required for register-based studies in
Denmark. Data can be accessed through the Danish Health Data
Authority and Statistics Denmark for researchers at authorized
institutions.

RESULTS

During the study period 22,781 patients were admitted with stroke/
TIA. The median age was 73.3 years and 55.1% were male. The



STROKE RISK AFTER COVID-19 ON A NATIONAL LEVEL

2271

prevalence of comorbidities (diabetes, hypertension, atrial fibrilla-
tion, prior myocardial infarction, and peripheral arterial disease) was
unchanged in the study periods (Table 1.) We only observed small
changes in admission rates during the time periods (Figure 2 and
Table 2). Compared to baseline (the year before COVID-19 where
the incidence rate for a stroke admission was 2.09 per 1000 person-
years), the admission rate for all strokes was slightly decreased dur-
ing the first national lockdown with an IRR of 0.93 (Cl: 0.87-0.99)
and then slightly elevated in the subsequent time periods. This was
driven mainly by an increase in the admission of patients with is-
chemic stroke in the time period of few restrictions (IRR: 1.08 [Cl:
1.01-1.14]) and gradual reopening (IRR: 1.05 [CI: 1.01-1.10]).

For TIA, we observed no change in admission during the lock-
down but a slight increase during the reopening (few restrictions)
(IRR: 1.16 [CI: 1.05-1.27]) and during regional lockdown (IRR: 1.10
[Cl: 1.02-1.20]). For intracerebral hemorrhage (ICH), we saw no
change in admission rates during the time periods. Risk ratio of mor-
tality (crude numbers) was increased for all strokes during the first
national lockdown (IRR: 1.28 [CI: 1.03-1.59]), but this risk estimate
was attenuated after adjustment for age, sex, and stroke severity
(IRR: 1.17 [Cl: 0.93-1.47]). Risk ratio of mortality for all other time
periods was unchanged (Table 3). Table S1 shows these data to-
gether with details on the severity of the strokes; of note, stroke
severity proportions were unchanged during the time periods inter-
rogated. We could not detect any difference in the quality-of-care
performance measures for stroke patients during any of the time pe-
riods, for example, the rate of eligible patients offered thrombolysis
<45 min after onset fluctuated between 81.1% and 86.4% and did
not change significantly during the period (p = 0.49, Chi square test.)

DISCUSSION

The rate of stroke admissions based on data from the nationwide
stroke register only showed minor changes during the first year
of the COVID-19 epidemic compared to the year before the out-

break. Stroke admission rates decreased by 7% during lockdown

and increased by 5-7% in the period of gradual reopening and the
period with few restrictions and these changes were driven by is-
chemic stroke. Admission rates for ICH were unchanged through-
out the interrogated periods. This could indicate that the hospital
admission rates for ischemic stroke and TIA were more sensitive
to the direct and indirect effects of the COVID-19 pandemic com-
pared with ICH.

The overall quality of stroke care as judged by our composite of
several performance measures of care remained unchanged during
the periods examined. The 30-day mortality rate for all strokes was
higher during the period immediately after lockdown. At the begin-
ning of the pandemic the increased mortality probably reflects the
frailest patients dying. In support of this explanation we observed
that the mortality rate estimate was attenuated after adjustment for
age, for example. We observed a slight increase in the number of
TIA patients in the period of few restrictions and regional lockdown
indicating that patients with mild symptoms did not appear to avoid
hospitalization.

Soon after the COVID-19 epidemic began in December 2019,
the first reports of neurological disease including stroke associated
with the infection appeared [7]. That infectious diseases increase
the risk of stroke has been observed in many studies. Sepsis in-
creases the risk of ischemic stroke by a factor of 28 [8]. In an ob-
servational study, the risk of stroke was reported to be increased
by a factor of 25 in patients with a laboratory-confirmed diagnosis
of Streptococcus pneumoniae infection and by a factor of 10 after an
influenza infection [9].

Studies of patients afflicted with COVID-19 also indicate an in-
creased stroke risk. In a study in New York, the risk of stroke after
COVID-19 was seen to be eight times higher than the risk of stroke
after an influenza infection [10]. In Sweden, where COVID-19 was
more prevalent than in Denmark at that time, the odds ratio for
stroke increased by 3.63 in the weeks following COVID-19 infec-
tion [11]. These numbers conflict with reports from large university
hospitals. In the Ontario province in Canada, a 20% decrease in the
numbers of stroke codes activations in the emergency department

was seen, but there was no change in the number of treated strokes.

TABLE 1 Distribution of age, sex and comorbidities in the study periods

First national Gradual Few Regional Second national

Baseline lockdown reopening restrictions lockdown lockdown

(N =11,950) (N = 1075) (N =1901) (N =3903) (N =2593) (N = 1359)
Age (years) 73.3(62.8-81) 73.4(64.4-81) 73.5 72.9 73.7 74.6 (64.4-81.8)

(63.7-80.8) (62.3-80.5) (63.8-80.7)
Sex (proportion males) 54.8% (6550) 55.0% (591) 55.0% (1046) 55.9% (2180) 54.8% (1422) 56.3% (765)
Diabetes 14.2% (1661) 15.8% (166) 13.8% (257) 13.4% (512) 14.0% (357) 15.6% (209)
Hypertension 54.3% (6466) 57.1% (612) 53.4% (1012) 53.5% (2074) 55.1% (1423) 55.3% (747)
Atrial fibrillation 16.1% (1917) 15.9% (170) 16.7% (316) 14.9% (578) 16.6% (429) 16.1% (218)
Prior myocardial 6.1% (723) 5.0% (53) 6.4% (120) 5.6% (219) 5.2% (133) 6.1% (82)
infarction

Peripheral arterial 3.7% (430) 2.6% (28) 3.2% (59) 3.4% (129) 3.7% (94) 4.0% (54)

disease
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This was believed to be due to patients being fearful of exposure
to the virus [12]. The decrease of 20% was also seen in urban cen-
ters in Berlin [13] and Tokyo [14]. In a single-center report from
England, the decrease in admissions was 40% but, as in Ontario, the
rate of reperfusion treatment remained the same, suggesting that
the decrease was driven primarily by patients with mild strokes who
“stayed at home” [15].

Incidence rates over time

!

2 25
1

!

1.5

1
!

Incidence rate
(n /1000 person years)

5
!

o
I Al strokes [ ICH
. s s A

FIGURE 2 Incidence rates per 1000 person-years for all

strokes (blue bars), ischemic strokes (IS) (green bars), intracerebral
hemorrhages (ICH) (red bars) and transient ischemic attacks (TIA)
(yellow bars) for the different time periods. Asterisk symbols (*)
indicate a significant difference compared with baseline [Colour
figure can be viewed at wileyonlinelibrary.com]

A comprehensive stroke center in New York reported a concern-
ing case series of young patients with COVID-19 and large vessel
occlusion stroke [16]. This inspired researchers behind a software
program that evaluates scans of patients with large vessel occlusion
from 856 hospitals to analyze their data. They could not confirm the
suspicion of an increased risk of large vessel occlusion since they
found a significant decrease of 39% in patients being evaluated for
large vessel occlusion in March 2020 [17]. A clinical database in the
US, again driven mostly by academic centers, examined monthly
discharges with the diagnosis of ischemic stroke and found de-
creasing numbers in March and April 2020. Numbers returned to
pre-pandemic levels by July 2020 [18]. In a multinational study in-
volving 457 stroke centers from 70 countries, a decrease of 11.5%
in the admission rate and a decrease of 13.2% in thrombolysis treat-
ment were observed [19].

International data generally found decreased admission rates for
patients with ischemic stroke. In comparison with our national data,
the admission rate decreased mildly. The hospitals participating in
the international studies were typically large teaching hospitals that
likely also admitted many patients with COVID-19; the resulting bur-
den of care may have affected the hospitals' ability to admit stroke
patients at pre-COVID-19 rates. The decreased stroke rate in these
large centers might reflect the decompensation of a local health care
system. In Denmark, decreased stroke admission rates were also
observed in the regions that were most severely affected [20]. Our
results reflect admission of stroke for an entire country and carry a

lower risk of uncertainty regarding flow on a hospital level. A study

Type of stroke Time period

TABLE 2 Incidence rate ratios (crude)

Incidence rate ratios

All First national lockdown: baseline
Gradual reopening: baseline
Few restrictions: baseline
Regional lockdown: baseline
Second national lockdown: baseline
Hemorrhagic stroke First national lockdown: baseline
Gradual reopening: baseline
Few restrictions: baseline
Regional lockdown: baseline
Second national lockdown: baseline
Ischemic stroke First national lockdown: baseline
Gradual reopening: baseline
Few restrictions: baseline
Regional lockdown: baseline
Second national lockdown: baseline
Transient ischemic attack First national lockdown: baseline
Gradual reopening: baseline
Few restrictions: baseline
Regional lockdown: baseline

Second national lockdown: baseline

0.93(0.87-0.99)
1.05(1.01-1.08)
1.09 (1.03-1.14)
1.05 (1.00-1.09)
0.98 (0.93-1.04)
1.07 (0.88-1.31)
0.97 (0.86-1.11)
0.96 (0.80-1.14)
1.26 (1.10-1.44)
0.87(0.71-1.07)
0.92(0.85-1.00)
1.05(1.01-1.10)
1.08 (1.01-1.14)
1.00 (0.95-1.05)
1.00 (0.94-1.07)
0.90 (0.80-1.02)
1.06 (0.98-1.13)
1.16 (1.05-1.27)
1.11(1.02-1.21)
0.96 (0.86-1.08)



www.wileyonlinelibrary.com

STROKE RISK AFTER COVID-19 ON A NATIONAL LEVEL

2273

TABLE 3 Mortality risk ratios

Thirty day mortality

Thirty day mortality (Crude) (weighted)

Stroke type Time period

All 1st national lockdown: baseline

All Gradual reopening: baseline

All Few restrictions: baseline

All Regional lockdown: baseline

All Second national lockdown: baseline

Intracerebral hemorrhage 1st national lockdown: baseline

Intracerebral hemorrhage Gradual reopening: baseline
Intracerebral hemorrhage Few restrictions: baseline
Intracerebral hemorrhage Regional lockdown: baseline
Intracerebral hemorrhage Second national lockdown: baseline
Ischemic stroke 1st National lockdown: baseline

Ischemic stroke Gradual reopening: baseline

1.28 (1.03-1.59)
0.92(0.75-1.12)
0.90(0.78-1.04)
1.03(0.88-1.22)
1.15(0.93-1.41)
1.04 (0.72-1.51)
1.03(0.74-1.43)
1.16 (0.92-1.45)
1.12(0.88-1.43)
1.21(0.86-1.70)
1.29 (0.99-1.68)

1.17 (0.93-1.47)
1.01(0.81-1.24)
0.98 (0.84-1.15)
1.01(0.85-1.21)
1.12(0.91-1.38)
1.01(0.67-1.52)
1.17 (0.83-1.65)
1.17 (0.92-1.49)
0.98(0.75-1.29)
1.23(0.86-1.75)
1.22(0.93-1.60)

Ischemic stroke

Few restrictions: baseline

Ischemic stroke Regional lockdown: baseline

Ischemic stroke Second national lockdown: baseline

(
0.93(0.73-1.18)
0.80(0.66-0.97)
0.94 (0.76-1.17)
1.15(0.89-1.47)

0.96 (0.74-1.23)
0.91(0.75-1.10)
0.98 (0.79-1.22

)
1.11(0.86-1.42)

in Switzerland [21] also found decreasing national admission rates,
but not to the same extent as the single-center studies, which sug-
gests that admission rates are attenuated when looking at national
data compared with single-center data.

A strength of our study is that this nationwide assessment in-
cludes stroke units and comprehensive and non-comprehensive
centers with and without reperfusion treatment. The paradox of
the missing patients has been explained by patients staying at home
due to fear of contracting COVID-19 in hospital. Also, recognition of
stroke symptoms often depends on a bystander [22] and during this
period of social distancing the lack of bystanders might also explain
the lower stroke hospitalization rate in some settings. However, we
did not find that the milder affected patients avoided admission
since our rate of TIA patients was also unchanged and, if anything,
slightly increased in the time periods of few restrictions and the re-
gional lockdown.

This prompted us to consider alternative explanations. Other in-
fections have been outcompeted by COVID-19 or almost eliminated
by the restrictions following the pandemic [23], for example, influenza
which also has a “stroke potential” [10]. The risk of stroke caused by
COVID-19 might have been counterbalanced by a lower risk of other
infections or triggers of stroke so that stroke risk ended up as a zero-
sum game in the pandemic. It has also been questioned whether the
pandemic has contributed positively to a healthy lifestyle; but sadly, if
anything, it has been reported that it has resulted in decreased physi-
cal activity [24], a moderate decline in mental health [25] and possibly
a widening of the health-related socioeconomic gap [26].

Further, we speculate whether some patients have a stroke after
they contract the virus (i.e., that they are in-hospital cases of stroke).
The delay from onset of COVID-19 symptoms to stroke is 9-10 days
[27,28], so it is conceivable that patients with a severe COVID-19
infection have a stroke after being admitted to an intensive care unit.
In this scenario it is conceivable that some strokes are overlooked

due to competing severe illness, or because the patient dies before
a stroke diagnosis can be confidently established. The latter is not
an unlikely scenario, as the odds ratio for mortality in a COVID-19
patient that has a stroke is 5.6 [3].

This might also be the main limitation of our study. Even though
we have a high completeness of data at a national level, we can-
not guarantee detection of stroke in patients severely affected by
COVID-19. It is possible that registration was affected in the time
periods interrogated when hospitals were at their busiest. Also,
our data describe admission for stroke/TIA on a cohort level with
no information on COVID-19 infection status. Following individual
patients, on a national level, with a positive test and their future risk
of stroke would be an important future research goal to improve the
current understanding of the stroke potential of COVID-19.

CONCLUSION

On a national level, the admission rate for stroke and TIA decreased
by 7% during the first lockdown and increased by 5-7% in the
subsequent time periods during the COVID-19 epidemic. These
changes suggest only a minor influence of the pandemic on stroke

hospitalization.
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