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Abstract: A growing number of clinical data suggests that the use of antiplatelets and/or statins pre-stroke are 

associated with reduced severity and better functional outcomes for ischemic stroke. Studies have shown that 

the long-term use of ACEI/ARB pre-stroke is beneficial in reducing severity at onset and improving functional 

outcomes. We aimed to compare stroke severity and early functional outcome between patients taking 

ACEI/ARB and those who were not, and to identify any additional effects to taking ACEI/ARB with 

antiplatelets, statins, or both. In this retrospective case-control study, we assessed 218 patients who presented 

with ischemic stroke to the stroke unit in Padeh-Poriyah Hospital between 2019-2020. Of these patients, 119 

took ACEI/ARB pre-stroke. A significantly higher percentage of ACEI/ARB-treated patients had a history of 

hypertension (HTN) and hyperlipidemia and were taking antiplatelets and/or statins, compared to the non-

ACEI/ARB group. We observed that pre-stroke treatment with ACEI/ARB is associated with worsened stroke 

severity and reduced early functional outcomes. No significant benefit to taking ACEI/ARB with antiplatelets 

and/or statins pre-stroke was observed. Due to the nature of our study, the data should be interpreted as 

suggestive. Thus, prospective studies of these medications on ischemic stroke severity and early outcomes are 

warranted. 

Keywords: ACEI – Angiotensin converting enzyme inhibitor; HTN – Hypertension; mRS – Modified ranking 

scale; NIHSS – National institute of health stroke scale 

 

1. Introduction 

Recent trials suggest that pre-stroke use of antiplatelets with or without statins is associated with 

reduced severity and better functional outcome of ischemic strokes, particularly in those with no 

prior history of stroke or transient ischemic attack (TIA) [1,2]. Moreover, the pre-stroke use of statins 

is independently associated with reduced stroke severity at presentation and better early functional 

recovery in patients with acute ischemic stroke [3]. Traditionally, most studies used The National 

Institutes of Health Stroke Scale (NIHSS score)1 to measure stroke severity, while the modified Rankin Score 

(mRS score)2 was used as a primary measure of functional outcome. A growing number of studies suggest 

that the long-term use of angiotensin-converting enzyme inhibitors/ angiotensin receptor blocker 

(ACEI/ARB) pre-stroke may be beneficial in reducing stroke severity at onset (measured by NIHSS 

score on admission) and better functional outcome (as measured by mRS score at discharge) [4]. 

However, these findings must be validated in larger-scale randomized studies, particularly the 

independent effect of pre-stroke use of ACEI/ARB.  
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Table 1. Research summary for the effect of pre-stroke treatment with ACEI/ARB, antiplatelets, 

and/or statins on stroke severity and functional outcome. 

Paper Main finding 

Pre-stroke use of antihypertensive, 

antiplatelets, or statins and early 

ischemic stroke outcomes [5]. 

Pre-stroke use of statins and the combination of 

antihypertensive, antiplatelets, and statins were associated 

with a favorable functional outcome at ten days post-

stroke. Conversely, angiotensin-II-decreasing agents were 

associated with increased initial stroke severity. 

Antiplatelets, ACE inhibitors, and 

statin combination reduces stroke 

severity and tissues at risk [6]. 

Using a combination of available drugs for stroke 

prevention may reduce stroke severity, as measured by 

NIH Stroke Scale, and the volume of ischemic tissue at risk, 

as assessed by perfusion-weighted imaging–diffusion-

weighted imaging mismatch. These findings require 

further validation in larger-scale, randomized, prospective 

studies. 

------------------------------------------------------------------ 
1 The National Institutes of Health Stroke Scale (NIHSS) is a tool healthcare providers use to 

objectively quantify the impairment caused by a stroke. The NIHSS comprises 11 items, each scoring 

a specific ability between 0 and 4. For each item, a score of 0 typically indicates a normal function in 

that specific ability, while a higher score indicates some level of impairment. Each item’s scores are 

summed to calculate a patient's total NIHSS score. The maximum and minimum possible score is 42 

and 0, respectively. 

2 The modified Rankin Scale (mRS) is a commonly used scale for measuring the degree of disability 

or dependence in the daily activities of people who have suffered a stroke or other causes 

of neurological disability. The scale runs from 0-5, from perfect health without symptoms to severe 

disability. 

Effect of pretreatment with statins on the 

severity of acute ischemic 

cerebrovascular events [7]. 

Pretreatment with statins seems to be associated with reduced 

clinical severity in patients with acute ischemic cerebrovascular 

events, particularly in patients with diabetes. 

Effect of pre-stroke statin use stroke 

severity and early functional recovery: a 

retrospective cohort study [3]. 

Pre-stroke statin use was associated with reduced stroke severity 

at presentation and improved early functional recovery in 

patients with acute ischemic stroke. 

Is pre-stroke use of angiotensin-

converting enzyme inhibitors associated 

with better outcomes? [8]. 

Within this large community-based cohort, pre-stroke use of 

ACEI was associated with a reduced risk of severe stroke. 

2. Methods 

2.1. Study Design and Patient Selection 

We retrospectively studied 218 patients who presented with ischemic stroke and were admitted 

to the stroke unit in Tzafon medical center between 2019-2020. The stroke was confirmed by a clinical 

presentation (serial neurological examinations performed by stroke-trained neurologists) and brain 

CT/CTA images. Magnetic resonance imaging (MRI) was performed In many patients to confirm 

their clinical diagnosis. When the patient presented at the clinic, we calculated and used the NIHSS 

score as the primary measure of clinical stroke severity. We adopted changes in the modified ranking 

scale (mRS ) from the pre-stroke mRS state to measure functional outcomes. We included patients 
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who had received thrombolytic treatment. We excluded patients with questionable diagnoses, those 

referred to other medical centers for endovascular treatment, and those with a negative diffusion 

weighted image/perfusion weighted image (DWI/PWI).  

2.2. Data Collection and Assessment  

We obtained the following data from all patients: demographic data; risk factors for stroke, i.e., 

hypertension (HTN), diabetes mellitus (DM), hyperlipidemia, atrial fibrillation (AF), and smoking, 

as reported by the patient and their family; and medications upon admission, particularly 

antiplatelets, anticoagulants, statins, and antihypertensives including ACEI/ARB. We contested the 

duration of medication(s) use, daily use and compliance. Patients with poor compliance with 

medication use were excluded (particularly in the last week before the stroke occurred).  

1. The baseline Modified Rankin Scale (mRS). 

2. NIHSS (National Institutes of Health Stroke Scale) at admission. 

3. mRS and NIHSS scores at discharge. 

The last three data were assessed and calculated by stroke-trained neurologists qualified to 

apply both measures. 

2.3. Outcome Measures 

We assessed patients at presentation using the NIHSS score as the primary measure of clinical 

stroke severity. On discharge, we adopted the change of mRS scale from the baseline mRS scale to 

measure the functional outcome of a stroke. A stroke was radiologically confirmed in all patients by 

CT/CTA brain images. In many patients, a brain MRI was performed to confirm a diagnosis. The 

brain MRIs were assessed and reported by specialist radiologists certified in MRI radiology. 

2.4. Statistical Workup 

For both of these variants (NIHSS score on admission and MRS change on discharge), we 

separately compared two major groups and four subgroups:  

1. The overall number of patients taking ACEI/ARB compared to those who were not. 

2. Of particular clinical significance, we compared patients taking ACEI/ARB to those not, among 

all patients not taking statins or antiplatelets.  This direct comparison evaluated if the pre-stroke 

use of ACEI/ARB had an independent effect on stroke severity and functional outcome by 

removing any possible advantage of statins and/or antiplatelets. 

3. Patients taking ACEI/ARB and on statin treatment versus those on statin treatment not taking 

ACEI/ARB. 

4. Patients taking ACEI/ARB and antiplatelet treatment versus those on antiplatelet treatment not 

taking ACEI/ARB.  

5. Patients on ACEI/ARB and antiplatelet and statin treatment versus those on antiplatelet and 

statin treatment not taking ACEI/ARB. 

The intersectional comparison between the last three subgroups allowed us to evaluate whether 

the pre-stroke use of ACEI/ARB has additional benefits over using antiplatelets and/or statins on both 

severity and stroke outcome. 

2.5. Inclusion Criteria 

Patients of all ages presenting with ischemic stroke confirmed by a serial neurological 

examination (performed by a stroke-specialist neurologist) and radiological evidence from brain CT, 

CTA, or MRI. 

2.6. Exclusion Criteria 

Patients with an uncertain diagnosis or with a high potential for an alternate diagnosis were 

excluded from the study. Other exclusion criteria include in compliance with medication, particularly 

to the use of ACEI/ARB, antiplatelets, and statins; pre-morbid debilitated and frail states where 
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changes in mRS state and the functional outcome may be largely influenced by other co-morbidities 

besides a stroke; and referral to other medical centers for endovascular intervention. 

2.7. Statistical Analysis 

Patients were divided into two major groups: those taking ACEI/ARB before their stroke and 

those who had not. We compared inter-group differences between individual categorical variables. 

SPSS version 23 was utilized to run the following list of tests and define results. We used statistical 

tools to examine the hypothesis and questions as follows:  

1. Frequencies and percentages to describe the characteristics of the patient characteristic. 

2. The median and the first and third quartiles of the interquartile range for non-normally 

distributed data. 

3. For non-normally distributed data, a Mann-Whitney U Test was used to examine the differences 

in the functional outcome (change in mRS score) and stroke severity (NIHSS score on 

admission). 

4. A p-value of < 0.05 was considered statistically significant for all analyses.  

3. Results 

3.1. Patient Characteristics (Demographic and Clinical Profiles) 

Two hundred and eighteen patients met the inclusion criteria and were included in subsequent 

analyses. Among these, 119 patients (54%) were taking ACEI (34%) or ARB (20%) before the stroke 

occurred. Table 2 summarizes the patient’s demographic and clinical features in the ACEI/ARB 

treated and non-treated groups. There were no significant differences in the mean age or sex 

distribution between the two groups. Expectedly, a significantly higher percentage of ACEI/ARB-

treated patients had a history of HTN and hyperlipidemia and were taking antiplatelets and/or statins 

compared to the non-ACEI/ARB group. Slightly higher but statically insignificant percentages of 

ACEI/ARB-treated patients had diabetes mellitus and atrial fibrillation. There was no significant 

difference in the distribution of smokers between the two groups.  

Table 2. Comparison of demographic and clinical features between ACEI/ARB-treated and 

ACEI/ARB-nontreated groups. 

 ACE/ARB users ACEI/ARB non-users p-value 

Demographics 

Age     0.439 

< 50 4 (3.4) 4 (4.1)  

50 – 59 24 (20.2) 27 (27.5)  

60  - 69 46 (38.6) 39 (39.8)  

≥  70 45 (38.8) 28 (28.6)  

Sex   0.116 

Male 86 (72.3) 61 (62.2)  

Female  33 (27.7) 37 (37.8)  

Risk Factors 

Hypertension   0.000** 

Yes  118 (99.2) 61 (62.2)  

No  1 (0.08) 37 (37.8)  

Diabetes Mellitus   0.058* 

Yes  70 (58.8) 45 (45.9)  

No  49 (41.2) 53 (54.1)  
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Hyperlipidemia   0.006** 

Yes  103 (86.6) 70 (71.4)  

No  16 (13.4) 28 (28.6)  

Smoking   0.847 

Smoker  39 (32.8) 33 (34.0)  

Non-smoker  80 (67.2) 64 (66.0)  

Atrial fibrillation   0.509 

Yes  13 (10.9) 8 (8.2)  

No  106 (89.1) 89 (91.8)  

Pre-Stroke Medications   

Statins   0.016** 

User  94 (79.0) 63 (64.3)  

Non-user  25 (21.0) 35 (35.7)  

Antiplatelets   0.008** 

User  85 (71.4) 53 (54.1)  

Non-user  34 (28.6) 45 (45.9)  

Note: **p<0.05 and *p<0.10; cells represent count (percentage within  

ACE/ARB users) 

3.2. Outcomes 

3.2.1. Difference in Stroke Severity (NIHSS Score at Admission) between ACEI/ARB Treated 

Patients and ACEI/ARB Non-Treated Patients 

There is a significant difference in stroke severity between ACEI/ARB users and non-users (p-

value=0.010), with reduced NIHSS scores and milder stroke severity among ACEI/ARB non-treated 

patients who received ACEI/ARB prior to the onset of the stroke (Table 3, Figure 1). The median 

NIHSS score for ACEI/ARB users is one point higher than that for ACEI/ARB non-users. In 

approximately 75% of patients, the NIHSS score is less than five in ACEI/ARB and less than four in 

ACEI/ARB non-users (Figure 1). 

Table 3. Stroke severity (NIHSS score at admission) comparison between ACE/ARB treated and 

ACEI/ARB non-treated patients and their subsequent groups. 

 N Median IQR p-value 

Total patients   

ACEI/ARB users  119 3.0 3.00 (5.00– 2.00) 0.010** 

ACEI/ARB non-users 98 2.0 3.00 (4.00– 1.00)  

Antiplatelets and statins  non-users 

ACEI/ARB users  16 3.0 5.50 (5.75 – 0.25) 0.071* 

ACEI/ARB non-users 30 1.5 3.00 (3.00– 0.00)  

Antiplatelets users 

ACEI/ARB users  9 3.0 2.00 (5.00 – 3.00) 0.631 

ACEI/ARB non-users 5 3.0 6.00 (6.00– 0.00)  

Statins users 

ACEI/ARB users  18 3.5 4.50 (5.25 – 1.75) 0.674 

ACEI/ARB non-users 15 2.0 5.00 (6.00– 1.00)  

Antiplatelets and statins users 
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ACEI/ARB users  76 3.0 3.00 (5.00 – 2.00) 0.404 

ACEI/ARB non-users 48 3.0 4.00 (5.00– 1.00)  

ACEI vs ARB users 

ARB users  43 3.0 3.00 (5.00 – 2.00) 0.765 

ACEI users 76 3.0 3.00 (5.00–2.00)  

ACEI/ARB users 

Diabetics   70 3.5 3.00 (5.00 – 2.00) 0.265 

Non-diabetics  49 3.0 4.00 (5.00– 1.00)  

Note: **p<0.05 and *p<0.10; cells represent Interquartile Range (third quartile- first quartile). 

 

Figure 1. Comparison of stroke severity (median NIHSS score) between ACEI/ARB users and non-

users. 

This unexpected result was further confirmed when the same variant was compared between 

patients taking ACEI/ARB and those not, among all patients not taking statins and/or antiplatelets. 

There was a milder stroke severity and reduced median NIHSS score in patients not taking 

ACEI/ARB.  This difference was not statistically significant (p-value=0.071). The median NIHSS 

score of ACEI/ARB users is higher by 1.5 points than in ACEI/ARB non-users. In approximately 75% 

of the patients, the NIHSS score is less than 5.75 in the first group and less than 3 in the second group 

(Figure 2). To our knowledge, this study is among a few studies with relatively large sample sizes, 

allowing direct statistically-significant comparisons between ACEI/ARB users and non-users who are 

not taking statins or antiplatelets. This comparison is of clinical significance to assess the independent 

effect of ACEI/ARB on stroke severity by removing any possible additive/primary effect of 

concomitant treatment with antiplatelets and/or statins. This direct comparison of an independent 

effect of ACEI/ARB showed that pre-stroke treatment with ACEI/ARB was associated with worse 

stroke severity on admission, validated by significant statistical indexes.  
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Figure 2. Comparison of stroke severity (NIHSS score) between ACEI/ARB users and non-users’ sub-

groups. 

There was no significant difference in stroke severity between ACE/ARB users and non-users in 

patients taking antiplatelets, statins, or both (Table 3, Figure 2). Among patients taking antiplatelets 

without statins, there was no significant difference in the NIHSS score between ACEI/ARB users and 

ACEI/ARB non-users (p-value=0.631). The median score of the two groups was roughly equal. In 

approximately 75% of ACEI/ARB and antiplatelet users, the score was less than 5, compared to less 

than 6 in 75% of patients taking antiplatelets without ACEI/ARB. There was no significant difference 

in NIHSS score between ACEI/ARB users and ACEI/ARB non-users (p-value=0.674) among patients 

taking statins without antiplatelets. The median NIHSS score of ACEI/ARB and statins users is higher 

than the median score of patients using statins without ACE/ARB. In approximately 75% of patients 

taking statins and ACEI/ARB the score was 5.25; in 75% of patients taking statins without ACEI/ARB 

the score was less than 6. Moreover, there was no significant difference in NIHSS scores among 

patients taking antiplatelets and statins between ACEI/ARB users and ACEI/ARB non-users (p-

value=0.404). The median NIHSS score of both sub-groups was roughly equal. In approximately 75% 

of patients in both sub-groups, the NIHSS score was less than 5. 

When the NIHSS score was compared between ACEI/ARB users and non-users in these three 

subgroups, it is clear that the addition of ACEI/ARB to pre-stroke treatment with antiplatelets, statins, 

or both did not reduce stroke severity. Nevertheless, patients taking ACEI/ARB appeared to have 

milder stroke severity; however, this finding was not statistically significant.   

3.2.2. Difference in Functional Outcome (Changes in MRS Score) between ACEI/ARB Treated 

Patients and ACEI/ARB Non-Treated Patients 

We used the change in mRS scale at discharge from the baseline pre-stroke mRS scale as a 

negative measure of functional outcome. Thereafter, we refer to the change in mRS score as ΔmRS.  

There is no significant difference in functional outcome and ΔmRS between overall ACEI/ARB users 

and non-user (p-value=0.006)( Table 4, Figure 3). The ΔmRS median for ACEI/ARB users and 

ACEI/ARB non-users was equal. In approximately 75% of patients, the ΔmRS is less than two in both 

groups (Figure 3).   
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Figure 3. Comparison between functional outcome (change in baseline mRS score) between 

ACEI/ARB users and non-users. 

Table 4. Comparison of functional outcome (change in mRS scale) between ACE/ARB treated and 

ACEI/ARB non-treated patients and their subsequent groups. 

 N Median IQR p-value 

Total patients   

ACEI/ARB users  119 1.0 2.00 (2.00–0.00) 0.006** 

ACEI/ARB non-users 98 1.0 2.00 (2.00–0.00)  

Antiplatelets and statins non-users 

ACEI/ARB users  16 1.5 4.00 (4.00 – 0.00) 0.023** 

ACEI/ARB non-users 30 0.0 1.00 (1.00– 0.00)  

Antiplatelets users 

ACEI/ARB users  9 2.0 3.00 (3.00 – 0.00) 0.223 

ACEI/ARB non-users 5 0.0 2.00 (2.00– 0.00)  

Statins users 

ACEI/ARB users  18 1.0 2.00 (2.00 – 0.00) 0.656 

ACEI/ARB non-users 15 1.0 3.00 (3.00–0.00)  

Antiplatelets and  statins users 

ACEI/ARB users  76 1.00 2.00 (2.00– 0.00) 0.094* 

ACEI/ARB non-users 48 1.00 2.00 (2.00– 0.00)  

ACEI vs ARB users 

ARB users  43 1.0 2.00 (2.00 – 0.00) 0.015** 

ACEI users 76 1.0 2.75 (3.00–0.25)  

ACEI/ARB users 

Diabetics   70 1.0 2.00 (2.00 – 0.00) 0.656 

Nondiabetics  49 1.0 3.00 (3.00–0.00)  

Note: **p<0.05 and *p<0.10; cells represent Interquartile Range (third quartile - first quartile). 

We got the same absolute indifference when comparing functional outcomes and ΔmRS between 

ACEI/ARB users and non-users among patients taking both antiplatelets and statins (p-value=0.094). 

The median ΔmRS of both sub-groups was equal. The ΔmRS in approximately 75% of patients in 

both sub-groups was less than two (Figure 4). 
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Figure 4. Comparison in functional outcome (ΔmRS) in sub-groups between ACEI/ARB users and 

non-users. 

Comparing functional outcomes and ΔmRS between ACEI/ARB users and non-users among 

patients not taking antiplatelets or statins is important. The functional outcome was significantly 

better among patients who did not use ACEI/ARB than those pre-treated with ACEI/ARB (p-

value=0.023) (Table 4, Figure 4). The median ΔmRS score in ACEI/ARB users is higher by 1.5 points 

than the ΔmRS of ACEI/ARB non-users. Approximately 75% of ACEI/ARB users had a ΔmRS smaller 

than four. There is a better functional outcome and smaller ΔmRS among ACEI/ARB non-users, 

where 75% of the patients had ΔmRS less than one (Figure 4). This research included a significantly 

large sample cohort to allow statistically valid and direct comparisons between ACEI/ARB users and 

non-users not taking antiplatelets or statins. 

Moreover, there is no statistically significant difference in functional outcome when comparing 

ΔmRS between ACEI/ARB users and non-users among patients taking antiplatelets, or statins. 

Among patients taking antiplatelets (p-value=0.223), the median ΔmRS in ACEI/ARB users is higher 

by two points than the median ΔmRS of ACE/ARB non-users, reflecting a worse functional outcome 

among ACEI/ARB users. However, this finding is not statistically significant. The ΔmRS in 

approximately 75% of ACEI/ARB and antiplatelet users is less than three, compared to less than two 

in ACEI/ARB non-users. Among the subgroup of statin users, there is no statistically significant 

difference. The p-value was relatively high (0.656) when comparing the median ΔmRS between 

ACEI/ARB users and non-users. The ΔmRS of approximately 75% of ACEI/ARB users was less than 

2, compared to less than 3 in ACEI/ARB non-users. 

These statistically insignificant results cannot prove or deny any positive or negative effect of 

adding ACEI/ARB to antiplatelets or statins on the functional outcome of stroke. When combining 

ACEI/ARB usage to statins, a statistically unproven positive effect on functional outcome was 

observed. In contrast, an adverse effect was observed when ACEI/ARB usage was combined with 

antiplatelet treatment.  

In summary, pre-stroke treatment with ACEI/ARB negatively impacts stroke severity and 

functional outcome, as shown with significant statistical indices when comparing overall ACEI/ARB 

users and non-users data. This was further statistically proven and confirmed with a direct 

comparison between ACEI/ARB users and non-users among patients not taking statins or 

antiplatelets, thus asserting to remove any possible positive impact of concomitant use of antiplatelets 

or/and statins. Furthermore, there was no statistically significant evidence of a positive effect on 

stroke severity or functional outcome when ACEI/ARB was added to statins and/or antiplatelets. The 

intersectional analysis and comparison among these subgroups favor a negative additive effect of 

ACEI/ARB (although the statistical indices were insignificant).  
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3.2.3. Further Outcomes: Comparison between ACEI and ARB 

A few recent publications suggest a better neuroprotective effect of ARB over ACE, depending 

on the notion that the AT2 receptor stimulation with AT1 receptor blockade could contribute to 

protection against ischemic brain damage, at least partly due to an increase in cerebral blood flow 

and decrease in oxidative stress [10]. 

We separately compared stroke severity between all patients using ACEI and ARB. According 

to the result shown in Figure 5, there is no significant difference in stroke severity between ACEI and 

ARB users (p-value=0.756). The median NIHSS score of ACEI and ARB users was roughly equal. The 

quartile distribution was similar in both groups, with approximately 75% having NIHSS scores of 

less than 5 in both ACEI and ARB users. 

 

Figure 5. Comparison of stroke severity (median NIHSS score) between ACEI and ARB users. 

Similar results are observed when comparing functional outcomes (ΔmRS) between overall 

ACEI and ARB users. There was no significant difference in the ΔmRS median between ACEI and 

ARB users (p-value=0.015) (Figure 6), as they were roughly equal. Nevertheless, the quartile 

distribution demonstrates a better outcome for ARB users, as  75% of ARB users had an ΔmRS less 

than two, while 75% of ACEI users had an ΔmRS  less than three. 

 

Figure 6. Comparison of functional outcome (ΔmRS) between ACEI and ARB users. 

Although these results are statistically significant (p-value <0.05), there is no significant 

difference in the functional outcome between ACEI and ARB users as the median ΔmRS was roughly 

equal in both groups. The quartile distribution demonstrates a better functional outcome for ARB 
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users with a ΔmRS less by one. These results must be validated in a larger cohort in prospective 

randomized studies. 

3.2.4. Further Outcomes: Comparison of Functional Outcome and Stroke Severity between 

ACEI/ARB Users and Non-Users among Diabetic and Non-Diabetic Patients 

Many experimental studies and medical textbooks mention the molecular and dynamic 

protective effect of ARB/ACEI among diabetic patients, particularly in preserving renal function.  

This study did not observe a significant neuroprotective effect when comparing stroke severity 

and functional outcome of ACEI/ARB among diabetic patients. There is no significant difference in 

stroke severity (NIHSS score) between diabetic and non-diabetic patients using ACEI/ARB (p-

value=0.265). The median NIHSS score was roughly equal in both groups (Figure 7). The quartile 

distribution was also similar, where the NIHSS score in approximately 75% of the patients is less than 

5 in both sub-groups. 

 

Figure 7. Comparison of stroke severity (NIHSS score) between diabetic and non-diabetic patients 

taking ACEI/ARB. 

There is no significant functional difference (ΔmRS) between diabetic and non-diabetic patients 

using ACEI/ARB (p-value=0.656). The median (ΔmRS) was equal in patients with diabetes and those 

without diabetes (Figure 8).  

 

Figure 8. Comparison of functional outcome (ΔmRS) between diabetic and non-diabetic patients 

taking ACEI/ARB. 

4. Discussion 

In summary, pre-stroke treatment with ACEI/ARB is associated with worse stroke severity (at 

admission) and reduced functional outcome (at discharge). This difference was proven in a direct 

comparison among patients not taking statins or antiplatelets, thus abolishing any advantage of a 

positive effect that contributed to these medications. These results were similar in both diabetic and 
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non-diabetic patients. There was no significant difference between ACEI and ARB users in stroke 

severity and functional outcome. Moreover, there was no significant evidence of additional benefit 

when using ACEI/ARB in addition to antiplatelets and/or statins prior to the stroke. 

When comparing the angiotensin-II-modifying agents, angiotensin-II-suppressing medications 

were associated with greater stroke severity. Previous studies have documented superior stroke 

protection with angiotensin-II-increasing agents following this observation. Several authors have 

attributed the greater cerebroprotection to activating angiotensin-II type 2 receptors [10–12]. 

Several animal studies have shown that treatment with angiotensin-II increases before or after 

the induction of brain ischemia leading to improved survival [13,14]. This supports the hypothesis 

that ARB confers neuroprotection by selectively blocking angiotensin-II type 1 receptors leading to 

an upregulation and unopposed stimulation of the type 2 receptors. The type 2 receptors are also 

thought to be specifically upregulated in areas of ischemia, leading to enhanced collateral circulation 

to the regions with vascular compromise [11]. This suggests that ACEI blunts the cerebroprotective 

effect by blocking the production of angiotensin-II entirely, inactivating both type 1 and type 2 

receptors, potentially explaining increased stroke severity in the group pre-treated with ACEI. 

The study’s retrospective design does not consider the adequacy of blood pressure control prior 

to stroke and the presence of end-organ damage, such as left ventricular hypertrophy. Both factors 

were previously shown to affect early stroke outcomes [9]. Moreover, our study design did not allow 

us to assess the patients compliance with ACEI/ARB medication prior to the stroke or other 

medications.  

Our study has some limitations due to the retrospective design and sample size. We cannot 

entirely exclude the possibility of residual confounding. For example, patients taking multiple 

medications can reflect that they have multiple risk factors for stroke and may suffer more severe 

strokes (confounding by indication). Conversely, these patients benefit from a closer follow-up with 

aggressive risk factor management and thus will benefit from a better outcome. We were also unable 

to collect information on the medication dosages, duration of treatment, and patient compliance. The 

relatively small number of samples does not allow us to test for possible differences among the 

various ACEIs/ARBs or dose regimens. Due to incomplete data, we could not control for potential 

confounders, such as orthopedic comorbidities and limitations or pre-morbid cognitive states that 

may affect NIHSS, mRS, or both.  

This study has limitations unrelated to the retrospective design and sample size. The length of 

hospitalization was not assessed or intersectionally analyzed. A better mRS and functional outcome 

can be partially attributed to the natural, spontaneous recovery, which may be more prominent in 

more extended hospitalization. The confounding effect of the ischemic stroke subtype was not 

considered when the interplay between antiplatelets and/or statin use and stroke severity was 

evaluated. We did not analyze the possible differences in ACEI/ARB benefits on stroke severity in 

the various etiological stroke subgroups. Imaging surrogates of severity could be more advantageous 

and accurate compared to clinical scales while seeking a slight benefit due to their better 

interexaminer reliability and higher statistical power. We only analyzed the first ischemic stroke and 

have no evidence regarding patients with previous ischemic strokes, nor those with a hemorrhagic 

stroke. We did not analyze data referring to post-stroke use of ACEI/ARB. Therefore, consequently, 

we cannot draw any conclusion regarding the long-term effect on outcomes induced by their 

continuation. 

5. Conclusions 

Pre-stroke usage of angiotensin-II-decreasing agents, such as ACEI and ARB was associated 

with an increased initial stroke severity at admission and worse functional outcome at discharge.  

However, because of its retrospective nature, our study can only be interpreted as suggestive; thus, 

prospective studies of these medications on ischemic stroke severity and early outcomes are 

warranted. 
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