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Statins; Introduction: The role of statins after ischaemic stroke changed with the publication of the
Ischaemic stroke; SPARCL study in 2006. We analyse how this has influenced the prescription of statins in this
Hypercholesterolaemia; patient population.
SPARCL study; Methods: We conducted a retrospective study of patients discharged with ischaemic stroke at
Secondary prevention the Virgen Macarena, Virgen del Rocio, and Valme hospitals in Seville (Spain) over two periods:

1999-2001 and 2014-2016.

Results: The study included 1575 patients: 661 (42%) were women and mean age (standard devi-
ation) was 69 (10) years. Patients from the later period are older (68 [10] vs 71 [11]; P=.0001);
include a higher proportion of women; and present higher rates of dyslipidaemia, hypertension,
and diabetes. At discharge, statins were used in 18.7% of patients (vs 86.9% in the first period;
P=.0001), with high-intensity statins prescribed in 11.1% of cases (vs 54.4%; P=.0001). In both
periods, atorvastatin was the most commonly prescribed statin (80 mg: 6% vs 42.7%; 40 mg:
5.1% vs 11.1%). In the first period, the use of statins and high-intensity statins was correlated
with hypercholesterolaemia, and inversely correlated with age. In the second period, statin use
was correlated with hypertension and hypercholesterolaemia, and high-intensity statin use was
correlated with ischaemic heart disease and inversely correlated with age.

Conclusion: There has been a clear change in the prescription of statins to patients with
ischaemic stroke at discharge. However, many patients remain undertreated and the use of
these drugs needs to be optimised.
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Tendencias en el uso de estatinas tras un ictus isquémico. ;Hemos cambiado nuestra

Introduccion: El papel de las estatinas tras el ictus isquémico cambi6 con la publicacion del
estudio SPARCL en 2006. Nos planteamos valorar como ha influido en la prescripcion de estatinas

Método: Estudio retrospectivo de las altas por ictus isquémico en los hospitales Virgen
Macarena, Virgen del Rocio y Valme de Sevilla durante dos periodos: 1999-2001 y 2014-2016.

Resultado: Incluimos 1.575 pacientes, 661 (42%) mujeres, edad media 69 (£ 10) afos. Com-
parando los dos periodos, los pacientes del grupo post-SPARCL tienen mayor edad (68 + 10 vs.
71411, p=0,0001), mayor proporcion de mujeres y mayor frecuencia de dislipidemia, hiperten-
sion y diabetes. Al alta se utilizaron estatinas en el 18,7% frente al 86,9% (p =0,0001), y estatinas
de alta intensidad en el 11,1% frente al 54,4% (p=0,0001), respectivamente. En ambos perio-
dos la atorvastatina fue la estatina mas recetada (80mg, 6% vs. 42,7%; 40mg, 5,1% vs. 11,1%).
En el primer grupo, el uso de estatinas y de estatinas de alta intensidad se correlaciono con la
hipercolesterolemia, y de forma inversa con la edad. En el segundo grupo, el uso de estatinas se
correlacioné con la hipertension y la hipercolesterolemia, y el de estatinas de alta intensidad,

Conclusidn: Existe un cambio evidente en la prescripcion de estatinas al alta en pacientes con
ictus isquémico. No obstante, muchos pacientes siguen infratratados y es preciso optimizar su

© 2020 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
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secundaria en esta poblacion.
con la cardiopatia isquémica y, de forma inversa, con la edad.
uso.
nc-nd/4.0/).

Introduction

Statins, a group of drugs that inhibit the enzyme 5-hydroxy-3-
methylglutaryl-coenzyme A reductase, are regarded as the most
important advance in stroke prevention since the introduction of
aspirin and antihypertensive drugs.' In fact, a meta-analysis of tri-
als of statins, including a total of 165 792 individuals, revealed
that each 1 mmol/L (39 mg/dL) decrease in low-density lipoprotein
cholesterol (LDL-C) is equivalent to a 21.1% reduction in the relative
risk of stroke (95% Cl: 6.3-33.5; P=.009).2

The unexpected finding of a decrease in the incidence of stroke
in 2 intervention studies of statins for established coronary heart
disease paved the way for the use of statins for stroke prevention.3*
Since then, numerous studies have expanded the applications of
these drugs in cerebrovascular disease.’

However, the SPARCL trial,® published in the New England Jour-
nal of Medicine in 2006, was crucial for vascular neurology in general
and for the use of statins in stroke in particular. This was the
first study to demonstrate that high-dose statins (80 mg atorvas-
tatin) significantly reduced the risk of stroke in individuals with
recent history of cerebrovascular disease and no coronary heart
disease.

These findings were reflected in subsequent clinical practice
guidelines for the prevention of ischaemic stroke. In fact, the
2008 update of the American Heart Association/American Stroke
Association (AHA/ASA) guidelines already recommends the use
of high-intensity statin therapy in patients with atherosclerotic
ischaemic stroke or transient ischaemic attack (TIA) (class I, level
of evidence B), based on the results of the SPARCL trial’; these
results changed neurological clinical practice, with statins being
incorporated to the standard treatment of patients with ischaemic
stroke.

Statin therapy is now a key component in the secondary pre-
vention of ischaemic stroke. However, few studies have analysed

prescription trends, the factors involved in statin prescription, or
the doses used in patients with ischaemic stroke.

This study examines the changes in statin prescription patterns
in patients with recent history of ischaemic stroke, gathering real
clinical practice data from a representative sample of discharged
patients, and explores the factors associated with the use of statins
and high-intensity statin therapy.

Material and methods

We conducted a retrospective observational study of patients
diagnosed with ischaemic stroke and discharged from the Virgen
Macarena, Virgen del Rocio, and Virgen de Valme university hospi-
tals, in Seville (Spain).

Patients were gathered from 2 different periods: before the pub-
lication of the SPARCL trial (pre-SPARCL group: 1999-2001) and a
decade after its publication (post-SPARCL group: 2014-2016); we
randomly selected a representative sample of consecutive patients
from each period.

The inclusion criterion was diagnosis of ischaemic stroke at
discharge. Stroke was defined as presence of sudden-onset focal
neurological deficits persisting for over 24 hours with radiological
evidence of the event (CT or MRI).

No exclusion criteria were established.

We gathered demographic and clinical data, as well as the type
of statin and the dose prescribed at discharge.

The definition of high-intensity statin therapy was based on the
criteria proposed in the American College of Cardiology/American
Heart Association clinical practice guidelines, which defines high-
intensity statin therapy as statin treatment achieving a decrease of
over 50% in LDL-C levels, and includes rosuvastatin dosed at 20 and
40 mg daily and atorvastatin dosed at 40 and 80 mg daily.®
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Table 1 Characteristics of the study sample, by group.

Group Pre-SPARCL (n=993) Post-SPARCL (n=582) P
Factor

Age, mean (SD) 68 (10) 71 (11) .0001
Women 39.1% 46.9% .003
AHT 67.3% 73.8% .007
Diabetes mellitus 36.8% 43.6% .008
Hypercholesterolaemia 32.4% 48.9% .0001
Smoking 24.7% 23.8% NS
AF 20.5% 24.9% .044
IHD 16.3% 14.7% NS
Stroke 25.8% 24.5% NS
PAD 3.7% 5% NS
Statins 18.7% 86.9% .0001
High-intensity statin therapy 58.7% 62.6% NS

AF: atrial fibrillation; AHT: arterial hypertension; IHD: ischaemic heart disease; NS: not significant; PAD: peripheral arterial disease; SD:

standard deviation.

25 ]

20 1

@ pre-SPARCL

Opost-SPARCL

Figure 1  Type and dose of statin used.

ATORVA: atorvastatin; FLUVA: fluvastatin; PITA: pitavastatin; PRAVA: pravastatin; ROSU: rosuvastatin; SIMVA: simvastatin.

Statistical analysis

Data were analysed using the SPSS statistical software, version 22.0.
Continuous variables were expressed as means and standard devia-
tion (SD), and categorical variables were expressed as percentages.

We subsequently studied the association between patient clin-
ical characteristics and the use of statins and high-intensity statin
therapy. Continuous variables were compared using the t test for
unpaired samples and categorical variables with the chi-square
test. The variables that were found to be statistically significant
in the univariate analysis were included in a multivariate logistic
regression analysis. In all comparisons, the threshold for statistical
significance was set at P<.05.

Results

We studied 1575 patients, 661 of whom were women (42%), with a
mean age (SD) of 69 (10) years. We included 993 patients in the pre-
SPARCL group and 582 in the post-SPARCL group. Table 1 presents
the baseline characteristics of each patient group.

The post-SPARCL group presented an older mean age (68 [10]
vs 71 [11] in the pre-SPARCL group; P=.0001) and a higher pro-
portion of women (46.9% vs 39.1%; P=.003). Regarding vascular
risk factors, the post-SPARCL group presented higher prevalence of
dyslipidaemia (48.9% vs 32.5% in the pre-SPARCL group; P=.001),
hypertension (73.8% vs 67.3%; P=.008), and diabetes (43.6% vs
36.8%; P=.008). No significant differences were found in history
of cardiovascular disease, although the percentage of patients with
atrial fibrillation (AF) was higher in the second period (24.9% vs
20.5%; P=.044), probably due to the higher mean age of this group.

Statins were prescribed at discharge in 18.7% of pre-SPARCL
patients and 86.9% of post-SPARCL patients (P=.0001); an upward
trend in the use of statins was observed in both groups (15.2% in
1999, 15.5% in 2000, and 24.6% in 2001; 81.6% in 2014, 88.2% in
2015, and 89% in 2016).

In both groups, the most frequent statin prescribed at dis-
charge was atorvastatin (11.1% in the pre-SPARCL group vs 53.8% in
the post-SPARCL group), followed by simvastatin (5.8% vs 25.4%),
pravastatin (1.6% vs 0.8%), and fluvastatin (0% vs 1.4%). Finally,
rosuvastatin and pitavastatin, 2 statins that were not yet commer-
cially available during the pre-SPARCL period, were prescribed to
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Table 2 Correlation between patient characteristics and
statin use. Multivariate analysis.

Group Pre-SPARCL (P)  Post-SPARCL (P)
Factor

Age NS NS
Sex NS NS
AHT NS .012
Diabetes mellitus NS NS
Hypercholesterolaemia  .0001 .0001
Smoking NS NS
AF? .004 NS
IHD NS NS
Stroke NS NS
PAD NS NS

AF: atrial fibrillation; AHT: arterial hypertension; IHD: ischaemic
heart disease; NS: not significant; PAD: peripheral arterial dis-
ease.

@ Negative correlation.

2.6% and 3.3% of post-SPARCL patients, respectively. Differences
in statin prescription between groups were statistically significant
(P=.0001).

Statin prescription data are shown in Fig. 1.

High-intensity statin therapy was prescribed to 11.1% of pre-
SPARCL patients and 54.4% of post-SPARCL patients (P=.0001),
although the proportion of all patients under statin treatment who
received high-intensity therapy was similar in both groups (58.7% vs
62.6%; P> .05).

In the pre-SPARCL group, the univariate analysis found that statin
prescription was positively correlated with history of hypercholes-
terolaemia and ischaemic heart disease, and negatively correlated
with age and history of AF. However, only hypercholesterolaemia
(positive correlation) and age (negative correlation) were found to
be predictors of statin prescription at discharge in the multivariate
analysis. In the pre-SPARCL group, the use of high-intensity statin
therapy presented the same results in the univariate and multi-
variate analyses, as few patients received statins, with over half
receiving high-intensity therapy.

In the post-SPARCL group, statins were more frequently
prescribed to patients with arterial hypertension, diabetes, hyper-
cholesterolaemia, or history of smoking or cardiovascular disease.
However, only hypertension and hypercholesterolaemia continued
to show a significant correlation with statin prescription at dis-
charge in the multivariate analysis. The predictors of prescription
of high-intensity statin therapy were hypertension and hypercholes-
terolaemia, with a positive correlation, and age, with a negative
correlation. However, in the multivariate analysis, this treatment
was positively correlated with history of ischaemic heart disease,
and negatively correlated with age.

The results of the multivariate statistical analysis of correlations
between patient characteristics and use of statins and high-intensity
statin therapy are presented in Tables 2 and 3.

Discussion

Our results show a clear change in the prescription of statins to
patients with ischaemic stroke.
The use of statins in this patient group has undergone a four-fold
increase, now reaching nearly 90% of all discharged patients.
During the pre-SPARCL period, prescription of statins was lim-
ited to patients with hypercholesterolaemia and a smaller number
of patients with AF, probably due to the association of this condi-

Table 3 Correlation between patient characteristics and
use of high-intensity statins. Multivariate analysis.

Group Pre-SPARCL (P)  Post-SPARCL (P)
Factor

Age?® NS .001
Sex NS NS
AHT NS NS
Diabetes mellitus NS NS
Hypercholesterolaemia  .0001 NS
Smoking NS NS
AF? .021 NS
IHD NS .003
Stroke NS NS
PAD NS NS

AF: atrial fibrillation; AHT: arterial hypertension; IHD: ischaemic
heart disease; NS: not significant; PAD: peripheral arterial dis-
ease.

@ Negative correlation.

tion with cardioembolic stroke, in which cholesterol plays a less
prominent role.

To understand these findings, we should be mindful of the rec-
ommendations for the treatment of hypercholesterolaemia that
were in place during the pre-SPARCL period. In 1999, the AHA/ASA
published a set of guidelines for patients with ischaemic stroke,’
recommending a low-fat diet ("*AHA step Il diet’’: <30% fat, <7%
saturated fat, <200 mg/day cholesterol) and placing special empha-
sis on weight management and physical activity; the guidelines
recommended adding drug therapy (eg, statins) if LDL-C levels >
130mg/dL persisted, and considering drug therapy for LDL-C levels
of 100-130mg/dL.

Few studies have evaluated changes in statin prescription pat-
terns after stroke, although a study conducted in the United
Kingdom supports our results.'? This was a retrospective cohort
study of anonymised data extracted from primary care medical
records from 670 primary care physicians in a population of the
United Kingdom. In this study, the proportion of patients with
ischaemic stroke who were receiving statins within 2 years after the
event increased from 25% in 2000 to 70% in 2006; this percentage
remained at approximately 75% until 2014.

Another important finding from our study is that the statin
dose used continues to be insufficient. Surprisingly, among patients
receiving statins, the percentage of patients receiving high-
intensity statin therapy was similar in both periods (58.7% vs 62.6%;
P> .005). The AHA/ASA guidelines published in 1999 do not specif-
ically recommend high-intensity statin therapy, unlike the 2014
AHA/ASA guidelines for the secondary prevention of stroke,'" which
do recommend this treatment (class I, level of evidence B).

In fact, there is growing evidence of the importance of
administering high doses of statins for secondary prevention of car-
diovascular events.

Thus, an association has been observed between cardiovascular
events/death due to cardiovascular disease and the level of LDL-C
in patients with established atherosclerotic cardiovascular disease
(ACVD) receiving statins. In a recent study including 1854 patients
with ACVD who were followed up for nearly 6 years, the risk of a new
cardiovascular event and/or death due to cardiovascular disease
was significantly higher (31% increase) in patients with an LDL-C
level > 100 mg/dL than in those with LDL-C levels <70 mg/dL (hazard
ratio [HR]: 1.31; 95% Cl: 1.08-1.59)."

In patients with history of stroke, a subanalysis of the SPARCL
trial’® revealed that an LDL-C level < 70 mg/dL was associated with
a 28% decrease in the risk of stroke (HR: 0.72; 95% Cl: 0.59-0.89;
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P=.0018) without significantly increasing the risk of haemorrhagic
stroke (HR: 1.28; 95% Cl: 0.78-2.09; P=.3358). Furthermore, in
these patients with recent stroke or TIA, a > 50% decrease in LDL-
C levels translated into a 31% decrease in the risk of any type of
stroke (HR: 0.69; 95% Cl: 0.55-0.87; P=0.0016), a 33% decrease in
the risk of ischaemic stroke (P=.0018), and a 37% decrease in the
risk of major coronary event (P=.0323).

In Japan, the J-STARS study into secondary prevention of stroke
included 1578 patients aged 45-80 years with history of non-
cardioembolic ischaemic stroke who were randomised to receive
either 10mg/day pravastatin or a placebo and followed-up for a
mean of 4.9 years. A subsequent subanalysis of this study found
that the risk of stroke and TIA and all vascular events decreased
with LDL-C levels of 80-100mg/dL."*

The recently published guidelines for the management of dys-
lipidaemia issued by the European Society of Cardiology and the
European Atherosclerosis Society are based on the premise that the
lower LDL-C levels, the better.”® In fact, in patients at very high
risk, with history of ACVD (including ischaemic stroke and TIA), the
new target LDL-C level is < 55 mg/dL.

We should also point out that age was found to be an indepen-
dent predictor of lower likelihood of statin prescription, particularly
for high-intensity therapy; this was observed in both of the periods
analysed.

Although mean age in the SPARCL trial® was 63 years, a sub-
sequent subanalysis confirmed the effectiveness of statins in older
patients with recent ischaemic stroke. '® In this subanalysis, patients
were divided into 2 groups: older adults (> 65 years) and younger
adults (< 65 years). The study included 2249 older adults, with a
mean age of 72.4 years. Of these, 30.9% were > 70 years old, and
4.6% were > 80 years old. The risk of stroke or TIA (HR: 0.79; P=.01),
major coronary event (HR: 0.68; P=.035), coronary heart disease
(HR: 0.61; P=.0006), and revascularisation (HR: 0.55; P=.0005) also
decreased considerably in the older group.

In the retrospective cohort study of primary care medical
records mentioned previously,'® older age (>75 years) was also
correlated with lower likelihood of treatment with statins and high-
intensity statin therapy.

In the light of the above, treatment with statins or high-intensity
statin therapy should not be ruled out based solely on patient age;
rather, treatment must always be tailored to the patient’s needs.

The limitations of our study include those inherent to retro-
spective studies, such as under-reporting of patients with ischaemic
stroke, and those inherent to its observational design, such as vari-
ability of healthcare professionals and patients. However, our study
also has multiple strengths, such as its multicentre design (with data
from the main 3 hospitals in Seville), detailed data on the type and
dose of statins, and the large sample size, providing an accurate
reflection of daily clinical practice.

In conclusion, our results show a clear change in the prescription
of statins to patients with ischaemic stroke. The publication of the
SPARCL trial in 2006, which for the first time provided evidence
that high-intensity statin therapy may significantly reduce stroke
recurrence in patients with history of stroke and no coronary heart
disease, was a turning point in the treatment of these patients. In
fact, statins have emerged as a cornerstone of the pharmacological
treatment of stroke.

As shown in this study, the use and dose of statins have increased
considerably in recent years. However, a high percentage of patients
with ischaemic stroke continue to be undertreated; statin use
should be further optimised in this patient group.

Funding

None.

19

Conflicts of interest

The authors have no conflicts of interest to declare.

References

10.

1.

12.

13.

. Castilla-Guerra L, Fernandez-Moreno M, Colmenero-Camacho

MA. Statins in stroke prevention: present, future. Curr Pharm
Des. 2016;22:4638—44.

. Amarenco P, Labreuche J. Lipid management in the prevention

of stroke: review and updated meta-analysis of statins for stroke
prevention. Lancet Neurol. 2009;8:453—63.

. Randomised trial of cholesterol lowering in 4,444 patients with

coronary heart disease: the Scandinavian Simvastatin Survival
Study (4S). Lancet. 1994;344:1383—9.

. Byington RP, Davis BR, Plehn JF, White HD, Baker J, Cobbe

SM, et al. Reduction of stroke events with pravastatin: the
Prospective Pravastatin Pooling (PPP) Project. Circulation.
2001;103:387—92.

. Castilla-Guerra L, Fernandez-Moreno MDC, Leon-Jimenez D,

Rico-Corral MA. Statins in ischemic stroke prevention: what
have we learned in the post-SPARCL (The Stroke Prevention by
Aggressive Reduction in Cholesterol Levels) Decade? Curr Treat
Options Neurol. 2019;21:22.

. Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein LB, Hen-

nerici M, Rudolph AE, et al. Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) Investigators. High-
dose atorvastatin after stroke or transient ischemic attack. N
Engl J Med. 2006;355:549—-59.

. Adams RJ, Albers G, Alberts MJ, Benavente O, Furie K, Gold-

stein LB, et al. Update to the AHA/ASA recommendations for
the prevention of stroke in patients with stroke and transient
ischemic attack. Stroke. 2008;39:1647—52.

. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK,

Blumenthal RS, et al. 2018.AHA/ACC/AACVPR/AAPA/
ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA  Guideline on
the management of blood cholesterol: executive summary:
a report of the American College of Cardiology/American
Heart Association Task Force on clinical practice guidelines.
Circulation. 2019;139:e1046—81.

. Wolf PA, Clagett GP, Easton JD, Goldstein LB, Gorelick PB, Kelly-

Hayes M, et al. Preventing ischemic stroke in patients with prior
stroke and transient ischemic attack: a statement for health-
care professionals from the Stroke Council of the American
Heart Association. Stroke. 1999;30:1991—4.

Yang Z, Edwards D, Massou E, Saunders CL, Brayne C, Mant
J. Statin use and high-dose statin use after ischemic stroke
in the UK: a retrospective cohort study. Clin Epidemiol.
2019;11:495—-508.

Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz
MI, Ezekowitz MD, et al. Guidelines for the prevention of
stroke in patients with stroke and transient ischemic attack: a
guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2014;45:
2160—236.

Chamberlain AM, Cohen SS, Weston SA, Fox KM, Xiang P, Kil-
lian JM, et al. Relation of cardiovascular events and deaths to
low-density lipoprotein cholesterol level among statin-treated
patients with atherosclerotic cardiovascular disease. Am J Car-
diol. 2019;123:1739—44.

Amarenco P, Goldstein LB, Szarek M, Sillesen H, Rudolph AE,
Callahan A 3rd, et al. Effects of intense low-density lipopro-
tein cholesterol reduction in patients with stroke or transient
ischemic attack: the Stroke Prevention by Aggressive Reduc-
tion in Cholesterol Levels (SPARCL) trial. Stroke. 2007;38:
3198—-204.


http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0005
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0010
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0015
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0020
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0025
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0030
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0035
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0040
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0045
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0050
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0055
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0060
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065

L. Castilla Guerra, M.C. Fernandez Moreno, M.D. Jiménez Hernandez et al.

14.

15.

Hosomi N, Kitagawa K, Nagai Y, Nakagawa Y, Aoki S, Nezu T,
et al. Desirable low-density lipoprotein cholesterol levels for
preventing stroke recurrence: a post hoc analysis of the J-STARS
study (Japan statin treatment against recurrent stroke). Stroke.
2018;49:865—71.

Task Force Members, ESC Committee for Practice Guidelines
(CPG), ESC National Cardiac Societies. 2019 ESC/EAS guidelines

16.

20

for the management of dyslipidaemias: Lipid modification to
reduce cardiovascular risk. Atherosclerosis. 2019;290:140—205.
Chaturvedi S, Zivin JA, Breazna A, Amarenco P, Callahan A,
Goldstein LB, et al. Effect of atorvastatin in elderly patients
with a recent stroke or transient ischemic attack. Neurology.
2009;72:688—94.


http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0065
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0070
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0075
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080
http://refhub.elsevier.com/S2173-5808(22)00097-9/sbref0080

	Trends in the use of statins after ischaemic stroke: Have clinical practices changed?
	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Funding
	Conflicts of interest
	References


