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Abstract

:

Pre-stroke statin use reduces infarct size. Therefore, this retrospective study aimed to investigate whether pre-stroke statin use is associated with mild neurological deficits (mND) at the onset of acute ischemic stroke (AIS). We included patients with AIS admitted to our institution within 24 h of stroke onset between 2011 and 2019. We collected data on age, sex, pre-stroke use of statins, the National Institutes of Health Stroke Scale (NIHSS) score, the serum biomarker levels, and stroke subtypes at admission. In addition, we defined mND as an NIHSS score ≤3 points. We conducted a logistic regression analysis using variables for pre-stroke statin initiation, calculated the propensity scores for pre-stroke statin use, and implemented propensity score matching (PSM). Finally, we used the McNemar test to evaluate whether pre-stroke statin administration significantly affected mND. Of 4370 patients, 2615 met our inclusion criteria. Among the 594 patients with pre-stroke statin use, 308 presented with mND. After PSM, 555 patients received pre-stroke statin treatment, while 286 patients with pre-stroke statin use presented with mND at admission (p = 0.0411). The binary matched pairs contingency table of mND was not symmetrical (p = 0.0385). Pre-stroke statin use is thus associated with mND at the onset of AIS.
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1. Introduction


Statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors) lower low-density lipoprotein cholesterol (LDL-C) levels and the risk of cardiovascular events [1,2,3]. Additionally, they augment cerebral blood flow, exert anti-inflammatory effects [4], reduce infarct size, and improve neurological function after acute ischemic stroke (AIS) [5]. Initial neurological severity is significantly related to functional outcomes after AIS [6], and patients with mild neurological deficits (mND) at the onset of AIS are frequently discharged home [7,8,9,10]. Therefore, patients at risk of stroke may benefit from statin use [11]. Previous retrospective studies have reported equal stroke severity at admission and a better functional outcome in patients with pre-stroke statin use [12,13,14,15,16]. In atrial fibrillation-related stroke, pre-stroke statin therapy showed less neurological severity at admission and discharge [15], while post-stroke statin therapy was associated with a reduced risk of all-cause mortality [16]. Using propensity-score matching (PSM), pre-stroke statin use was found to be associated with less stroke severity and better functional outcomes [17,18,19]. Studies using PSM analysis used serum lipids levels at arrival as probable confounders to calculate the propensity scores of statin initiation [18,19]. However, statins were usually administered for primary or secondary prevention of atherosclerotic cardiovascular diseases in patients with hypercholesterolemia [20,21,22], and pre-stroke statin use influenced the serum lipid levels at the onset of AIS. Therefore, the serum lipid levels at the onset of AIS cannot be predictors of statin initiation as a response variable in patients using statins.



Statins may prevent the development of neurological symptoms at the onset of ischemic stroke. However, whether pre-stroke statin use can lead to mND at the onset of AIS remains unclear. Therefore, our retrospective cross-sectional study did not use the serum lipids levels at AIS onset as confounders for statin initiation. This study aimed to investigate whether pre-stroke statin use was associated with mND at the onset of AIS by PSM analysis.




2. Materials and Methods


2.1. Patients


We included patients with AIS admitted to our institution between April 2011 and March 2019 from the prospectively and consecutively enrolled institutional stroke registry database. Patients who were admitted to our institution 24 h after AIS onset (because information on neurological symptoms or serum biomarker levels at onset was not available), those who did not stay in the hospital to receive treatment because sufficient examinations were not performed, or those in whom pre-stroke statin use was unknown were excluded.



We retrospectively collected data from the institutional stroke registry database on age; sex; pre-stroke statin use; antiplatelets, anticoagulants, antihypertensives, and antidiabetic drugs; serum albumin, glucose, glycated hemoglobin (HbA1c), cholesterol, triglycerides, and C-reactive protein (CRP) levels; pre-stroke modified Rankin scale (mRS) and the National Institutes of Health Stroke Scale (NIHSS) scores; stroke subtypes at admission; hospitalizations; and home discharge. We defined mND as an NIHSS score ≤3 points at admission [7,8,23,24,25].




2.2. Statistical Analysis


Non-normally distributed continuous variables are expressed as medians and interquartile ranges. The Wilcoxon rank-sum test was used to compare unpaired groups. The Chi-square test was used to compare categorical variables. We compared variables between patients with and without pre-stroke statin use. A dummy variable was used to represent categorical data for multivariable analysis.



The propensity score was calculated for pre-stroke initiation of a statin on multivariate logistic regression analysis. We used variables that may have affected statin initiation and excluded those that might have been influenced by statin treatment, such as the serum lipid levels, stroke subtypes, NIHSS score, hospitalization, and home discharge. Patients who did and did not receive pre-stroke statins were matched one-to-one based on propensity scores. A nearest-neighbor caliper width of 0.2 multiplied by the standard deviation of the logit of propensity scores was used for matching [26,27,28,29,30]. A standardized difference of matched-patients’ variables was used to assess the adequacy of PSM [31]. We defined a standardized difference of <0.1 as an adequate variable balance between the two groups after PSM and evaluated whether pre-stroke statin use exerted a significant effect on mNS using the McNemar test [32], which evaluates symmetry on binary matched pairs contingency table of mNS. A p-value < 0.05 was considered statistically significant. The JMP software (version 16.2; SAS Institute, Cary, NC, USA) was used for all statistical analyses. One author (TM) had full access to all the data in the study and took responsibility for the data integrity and analysis.





3. Results


Of the 4370 patients with AIS admitted to our stroke center during the study period, 2615 met our inclusion criteria (Figure 1). Patient characteristics at admission are summarized in Table 1.



After PSM, their median age was 79 years after PSM. Approximately 748 (67.4%) of the 1110 patients were aged ≥75 years after PSM. The median hospitalization duration was 8 days after PSM. There were differences in several variables between the unmatched pairs (Table S1). Propensity scores for pre-stroke statin initiation were calculated with logistic regression analysis (Table S2). After one-to-one PSM within a caliper of 0.169, 555 patients received pre-stroke statin treatment and 414 (74.6%) were administered strong statins. Dosage of statins followed the regulations of Ministry of Health, Labour and Welfare of Japan (Table S3). There were no significant variables between the matched pairs, and standardized differences of <0.10 showed adequate variable balance (Table 2). Their median age was 79 years after PSM. Approximately 748 (67.4%) of the 1110 patients were aged ≥75 years after PSM. The median duration of hospitalization was eight days after PSM.



There was a significant difference in the NIHSS score at admission between the matched pairs (p = 0.0009), and 286 patients with pre-stroke statin use presented with mND (p = 0.0411) (Table 3). The McNemar test showed that the binary matched pairs contingency table of mND was asymmetrical (p = 0.0385) (Table 4). Among the 555 patients with pre-stroke statin use, 286 presented with mND at admission and 225 (78.7%) were discharged home. In contrast, among the 555 patients without pre-stroke statin use, 252 presented with mND at admission and 159 (67.1%) were discharged home (Table S4).



After PSM, there were differences in the NIHSS score of stroke subtypes, and the median NIHSS score in cardioembolism was the largest (Tables S5 and S6). Large artery atherosclerosis had the highest frequency, while small-vessel occlusion had the lowest frequency in patients with pre-stroke statin use. In patients with LAA, the NIHSS score was lower in patients with pre-stroke statin than in those without (Table S7). In addition, the total cholesterol and LDL-C levels were lower in patients with pre-stroke statin use than in those without. However, there were no differences in the levels of high-density lipoprotein or triglycerides between the matched pairs (Table 3).




4. Discussion


Our results demonstrated that pre-stroke statin use was significantly associated with mND having an NIHSS score ≤3 points at AIS onset, and 78.7% of the patients with pre-stroke statin use and mND at admission were discharged home within a median duration of 8 days after admission.



We strictly defined mND as an NIHSS score ≤ 3 points, as previously reported [7,8]; however, some studies have defined mND as an NIHSS score ≤4 points [23] or ≤5 points [13,17,24]. Pretreatment with statins is associated with lower stroke severity at high (40 mg of rosuvastatin or 80 mg of any other statin) and low-to-moderate (<40 mg of rosuvastatin or <80 mg of any other statin) doses [17]. Despite administering very low doses (≤10 mg/day) of statins to our patients (Table S3) compared to other studies [15,33,34,35], pre-stroke statin use was associated with mND at AIS onset. Furthermore, the median age (79 years) observed after PSM in our patients was older than that reported in previous studies (71 [36], 66.8 [18], 70.8 [19], and 68 years [34]). In addition, our results showed that pre-stroke statin use was associated with mND and early home discharge even in aged patients (≥75 years, 67.4%).



In our patients with and without pre-stroke statin after PSM, the median NIHSS scores were 3 and 4 points (Table 3), and they were almost the same as those in the reports of the Japan Stroke Data Bank [37]. However, the median hospitalization duration of 8 days was very short compared to the median hospitalization days of 16 in men and 18 in women reported by the Japan Stroke Data Bank [37].



Previous studies have included the total cholesterol and LDL-C levels as confounders for propensity-matched analysis [18,19]. Therefore, there were no differences in the total cholesterol and LDL-C levels between the matched pairs [18]. In contrast, in our study, the total cholesterol and LDL-C levels were significantly lower in patients with pre-stroke statin use than in those without after PSM. According to the Japan Atherosclerotic Society Guidelines, LDL-C ≥ 3.62 mmol/L (140 mg/dL) is regarded as hyper-LDL cholesterolemia [18]. If statins and placebo were prospectively initiated in patients with the LDL-C ≥ 3.62 mmol/L, statins would lower the serum levels of LDL-C, but the placebo would not, and the serum LDL-C level in the statin group would probably be lower than that in the non-statin group. Therefore, our study design may be close to a prospective study design.



Statins exert pleiotropic potential neuroprotective effects, and several researchers have postulated the benefits of statin initiation in AIS [16,38]. In a previous study, statin-treated patients had significantly higher angiographic collateral scores before stroke onset compared with non-statin users [36]. Furthermore, statins appear to reduce the risk of recurrent ischemic strokes in patients with a previous stroke [39]. However, early statin therapy did not show any superiority in terms of better functional outcomes than delayed statin therapy in patients with AIS [40].



If statin treatment is associated with mND having an NIHSS score ≤3 points at AIS onset in patients with hypercholesterolemia, particularly the elderly, statins may be actively initiated. Furthermore, statin treatment may reduce neurological symptoms at AIS onset even in patients without hypercholesterolemia, as patients at risk of stroke may benefit from statin treatment regardless of their serum cholesterol levels [11].



Limitations


Our study has several limitations. First, the study has a retrospective cross-sectional design, and selection bias might have occurred. The serum lipid levels before statin initiation were unknown and were not used to determine statin initiation. Furthermore, our study population is not representative of all patients with acute stroke. Most patients were Japanese and, therefore, the generalizability of the study outcomes to non-Japanese populations is uncertain; racial differences may exist in the efficacy of statins. Second, misclassification of the history of drugs might have introduced information bias. Third, there may be some unknown confounders for statin initiation. Therefore, a prospective and randomized controlled study is warranted to establish the effect of pre-stroke statin use on mND having an NIHSS score ≤ 3 points at AIS onset in patients with or without hypercholesterolemia.





5. Conclusions


Our study revealed that pre-stroke statin use is associated with mND having an NIHSS score ≤ 3 points at AIS onset. A prospective study is warranted to establish the effect of pre-stroke statin use on mND at AIS onset.
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Figure 1. Flow chart of the patient selection process. PSM, propensity score matching. 
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Table 1. Patients’ characteristics before and after propensity score matching.
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Before PSM

	
After PSM




	
Variables

	
n = 2615

	
n = 1110






	
Age, years

	
78 (70–85)

	
79 (72–85)




	
Age ≥ 75 years, n (%)

	
1630 (62.3%)

	
748 (67.4%)




	
Male sex, n (%)

	
1463 (55.9%)

	
633 (57.0%)




	
Pre-stroke mRS

	
0 (0–2)

	
0 (0–3)




	
Pre-stroke statin use, n (%)

	
594 (22.7%)

	
555 (50.0%)




	
Hx of anti-HT drugs, n (%)

	
1441 (55.1%)

	
818 (73.7%)




	
Hx of diabetes drugs, n (%)

	
411 (15.7%)

	
295 (26.6%)




	
Hx of antiplatelets drugs, n (%)

	
666 (25.4%)

	
470 (42.3%)




	
Hx of anticoagulants drugs, n (%)

	
322 (12.3%)

	
166 (15.0%)




	
Hx of hp-EPA drugs, n (%)

	
72 (2.8%)

	
48 (4.3%)




	
Albumin adm, g/L

	
40 (37–43)

	
40 (37–43)




	
Creatinine adm, μmol/L

	
74.3 (61.0–92.8)

	
76.9 (62.8–96.4)




	
Glucose adm, mmol/L

	
6.72 (5.77–8.33)

	
6.83 (5.82–8.62)




	
HbA1c adm, % (NGSP)

	
5.8 (5.5–6.3)

	
6.0 (5.6–6.6)




	
CRP adm, μg/L

	
1200 (500–3800)

	
1200 (500–3600)




	
HDL-C adm, mmol/L

	
1.42 (1.17–1.73)

	
1.41 (1.14–1.72)




	
TG adm, mmol/L

	
1.10 (0.78–1.64)

	
1.13 (0.81–1.65)




	
TCHO adm, mmol/L

	
5.07 (4.34–5.79)

	
4.81 (4.19–5.53)




	
LDL-C adm, mmol/L

	
2.93 (2.38–3.58)

	
2.73 (2.22–3.36)




	
SVO, n (%)

	
429 (16.4%)

	
159 (14.3%)




	
LAA, n (%)

	
684 (26.2%)

	
333 (30.0%)




	
Cardioembolism, n (%)

	
857 (32.8%)

	
366 (33.0%)




	
ODE or UE, n (%)

	
645 (24.7%)

	
252 (22.7%)




	
NIHSS score adm

	
4 (1–11)

	
4 (1–10)




	
NIHSS score adm ≤ 3, n (%)

	
1203 (46.0%)

	
538 (48.4%)




	
Hospitalization, days

	
8 (7–9)

	
8 (7–9)




	
Discharge to home, n (%)

	
1240 (47.4%)

	
542 (48.8%)








All values except the categorical data are presented as medians (interquartile ranges). adm, at admission; CRP, C-reactive protein; HbA1c, glycated hemoglobin; HDL-C, high density lipoprotein cholesterol; hp-EPA, highly purified eicosapentaenoic acid; HT, hypertension; Hx, history; LAA, large artery atherosclerosis; LDL-C, low density lipoprotein cholesterol; mRS, modified Rankin scale; n, number; NGSP, National Glycohemoglobin Standardization Program; NIHSS, National Institute of Health Stroke Scale; ODE, other determined etiology; p, probability; PSM, propensity score matching; SVO, small vessel occlusion; TCHO, total cholesterol; TG, triglyceride; UE, undetermined etiology.
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Table 2. Comparison of variables between the matched pairs after propensity score matching (n = 1110).
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After PSM

	

	




	
Variable

	
Statin Use

	
No Statin Use

	
p-Value

	
StD




	

	
n = 555

	
n = 555

	

	






	
Age, years

	
78 (72–84)

	
80 (71–86)

	
0.0774

	
0.0233




	
Male sex, n (%)

	
316 (56.9%)

	
317 (57.2%)

	
0.9517

	
0.0036




	
Pre-stroke mRS

	
0 (0–2)

	
0 (0–3)

	
0.1656

	
0.0074




	
Hx of anti-HT drugs, n (%)

	
408 (73.5%)

	
410 (73.9%)

	
0.8916

	
0.0082




	
Hx of diabetes drugs, n (%)

	
150 (27.0%)

	
145 (26.1%)

	
0.7341

	
0.0204




	
Hx of antiplatelets drugs, n (%)

	
234 (42.2%)

	
236 (42.5%)

	
0.9033

	
0.0073




	
Hx of anticoagulants drugs, n (%)

	
85 (15.3%)

	
81 (14.6%)

	
0.7364

	
0.0205




	
Hx of hp-EPA drugs, n (%)

	
25 (4.5%)

	
23 (4.1%)

	
0.7679

	
0.0177




	
Albumin adm, g/L

	
40 (37–43)

	
40 (37–43)

	
0.3403

	
0.0626




	
Creatinine adm, μmol/L

	
77.8 (63.6–95.5)

	
76.0 (61.0–97.2)

	
0.1113

	
0.0323




	
Glucose adm, mmol/L

	
6.94 (5.83–8.77)

	
6.77 (5.83–8.54)

	
0.4978

	
0.0269




	
HbA1c adm, % (NGSP)

	
6.0 (5.7–6.6)

	
5.9 (5.6–6.6)

	
0.0972

	
0.0016




	
CRP adm, μg/L

	
1100 (400–3600)

	
1300 (500–3700)

	
0.1142

	
0.0454








All values except the categorical data are presented as medians (interquartile ranges). adm, at admission; CRP, C-reactive protein; HbA1c, glycated hemoglobin; hp-EPA, highly purified eicosapentaenoic acid; HT, hypertension; Hx, history; n, number; mRS, modified Rankin scale; n, number; NGSP, National Glycohemoglobin Standardization Program; p, probability; PSM, propensity score matching; StD, standardized difference.
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Table 3. Comparison of variables between the matched pairs after propensity matching (n = 1110).
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After PSM

	

	




	
Variables

	
Statin Use

	
No Statin Use

	
p-Value

	
StD




	

	
n = 555

	
n = 555

	

	






	
HDL-C adm, mmol/L

	
1.41 (1.17–1.72)

	
1.41 (1.12–1.74)

	
0.8870

	
0.0342




	
TG adm, mmol/L

	
1.17 (0.83–1.65)

	
1.11 (0.79–1.64)

	
0.2502

	
0.0122




	
TCHO adm, mmol/L

	
4.63 (3.98–5.25)

	
5.12 (4.42–5.77)

	
<0.0001

	
0.4583




	
LDL-C adm, mmol/L

	
2.54 (2.03–3.03)

	
2.99 (2.44–3.57)

	
<0.0001

	
0.3668




	
SVO, n (%)

	
73 (13.2%)

	
86 (15.5%)

	
0.2651

	
0.0671




	
LAA, n (%)

	
175 (31.5%)

	
158 (28.5%)

	
0.2654

	
0.0668




	
Cardioembolism, n (%)

	
170 (30.6%)

	
196 (35.3%)

	
0.0968

	
0.0999




	
ODE or UE, n (%)

	
137 (24.7%)

	
115 (20.7%)

	
0.1148

	
0.0946




	
NIHSS score adm

	
3 (1–9)

	
4 (2–11)

	
0.0009

	
0.1145




	
NIHSS score adm ≤3, n (%)

	
286 (51.5%)

	
252 (45.4%)

	
0.0411

	
0.1227




	
Hospitalization, days

	
8 (7–9)

	
8 (7–9)

	
0.6212

	
0.0412




	
Discharge to home, n (%)

	
289 (52.1%)

	
253 (45.6%)

	
0.0306

	
0.1299








All values except the categorical data are presented as medians (interquartile ranges). adm, at admission; HDL-C, high density lipoprotein cholesterol; LAA, large artery atherosclerosis; LDL-C, low density lipoprotein cholesterol; mRS, modified Rankin scale; n, number; NGSP, National Glycohemoglobin Standardization Program; NIHSS, National Institute of Health Stroke Scale; ODE, other determined etiology; p, probability; PSM, propensity score matching; StD, standardized difference; SVO, small vessel occlusion; TCHO, total cholesterol; TG, triglyceride; UE, undetermined etiology.
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Table 4. McNemar test for a binary matched-pair contingency table of mild neurological symptoms.
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No Pre-Stroke Statin

	
Total

	
p-Value




	

	

	
NIHSS Score Adm ≤ 3

	
NIHSS Score Adm ≥ 4

	

	






	
Pre-stroke statin use

	
NIHSS score adm ≤ 3

	
134

	
152

	
286

	
0.0385




	
NIHSS score adm ≥ 4

	
118

	
151

	
269

	




	
Total

	

	
252

	
303

	
555

	








Adm, at admission; NIHSS, National Institute of Health Stroke Scale; p, probability.
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