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ABSTRACT 

Objective: This study was carried out to look at the prescribing pattern of angiotensin-converting enzyme inhibitors (ACEIs) and their 

related factors. The prescribing pattern of ACEIs and factors affecting such prescribing trends among stroke patients were evaluated. 

Methods: This study was conducted among 96 stroke patients aged from 30 to 92 years in a hospital in Malaysia. Descriptive and 

logistic regression analyses were performed. Results: A total of 88 patients were available for descriptive analysis and logistic 

regression analysis. On average, patients were aged 67.62 years (standard deviation of 13.14) and had a higher incidence in Malay 

ethnicity (42.7%). Ischemic stroke accounted for 91.67% of the study, with a slightly higher proportion of female patients (51.04%). 

Hypertension was a major risk factor for the incidence of stroke and secondary stroke. The majority of the patients complained of 

generalized body weakness as their major symptom (19.81%). Calcium channel blockers (CCBs) were found to be the most 

prescribed antihypertensive agents among stroke patients (40.9%), followed by ACEIs (31.8%). The relative odds of patients 60 years 

old and below are most likely to be prescribed with ACEIs at discharge (p=0.006). On the other hand, patients with existing 

dyslipidemia and taking ACEIs (p=0.018) or angiotensin receptor blockers (ARBs) prior to admission are less likely to be prescribed 

with ACEIs at discharge (p=0.002). Conclusion: Despite the growing evidence on the efficacy of ACEIs in reducing the risk of getting 

stroke recurrence by 20-30% in the normotensive and hypertensive stroke patients, its use is still below the par level throughout this 

period in relation to other antihypertensive drugs in the secondary prevention of stroke.   
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1. INTRODUCTION 

Stroke is a major global health problem and one of the leading causes of morbidity and mortality worldwide. A literature search 

showed that previous studies focused on a combination of medication as the preventive strategy for stroke, including antiplatelets, 

angiotensin-converting enzyme inhibitors (ACEIs), and statin medications. Stroke is an important root of disability worldwide by 

becoming the second most common cause of mortality. It is said that the burden will be increasing exponentially during the next 20 

years due to current aging population (Donnan et al., 2008). WHO 2001 estimates, 90% of the world stroke mortality have been 

contributed by the developing countries (Mathers et al., 2004). In Malaysia, stroke is the third major cause of mortality following 

ischemic heart disease (IHD) and pneumonia (PSDSRC, 2014).  

Angiotensin-converting enzyme inhibitors (ACEIs) have shown promising results in decreasing the incidence and severity of 

stroke in populations at risk, and in improving stroke outcomes (Arima et al., 2011). Although high blood pressure is the main 

modifiable vascular risk factor for stroke, evidence from previous studies has shown that angiotensin-converting enzyme inhibitors 

(ACEIs) medications can decrease the risk of stroke by other mechanisms in addition to their antihypertensive effects, including 

neuroprotective properties and beneficial properties on the endothelium (Kaul, 2010). Despite having strong evidence that the use 

of ACE inhibitors aids to prevent secondary stroke, there are cases of underutilization still been reported. The under utilization of 

ACEI may be explained by physicians concentrating on the presence of other comorbidities thus showing less attention to the stroke 

condition (Hasan et al., 2010).  

According to the prevention of stroke guidelines by the American Heart Association (AHA) and American Stroke Association 

(ASA), antihypertensives are the best to prescribe for patients with established hypertension (MISGWG, 2012). The ASA and AHA also 

acknowledge the optimumuse of antihypertensives, diuretics, a combination of diuretics and ACEIs to manage secondary stroke. 

This study aimed to evaluate the prescribing pattern of ACEIs and the factors affecting them among secondary stroke patients. The 

results of this study might serve as reference data for healthcare providers in determining first-line drug therapy patterns in the 

prevention of secondary stroke. 

 

2. MATERIALS AND METHODS 

Settings and Study Design 

This study was conducted among patients with secondary stroke patients (ischemic and hemorrhagic) admitted to a hospital in 

Malaysia. The hospital provides health care and emergency treatment for all illnesses and accidents. Before the initiation of this 

study, all aspects of research approval, including access to and use of patient clinical information were authorized by the local health 

authorities and medical research and ethics committee. 

 

Participants and Data Collection 

Data were collected from October 2017 until March 2018, and the secondary stroke patients who had a history or were newly 

diagnosed were included. A total of 96 secondary stroke patients were conveniently sampled, and 88 of them who met the selection 

criteria were included in this study. Patients with incomplete data and pregnant were excluded from this study. A pre-validated data 

collection form, which was adopted from Pharmacist's Workup of Drug Therapy, was used to collect patients' data and information. 

It was designed to collect the information about the patients' demographic characteristics, which included age, gender, ethnicity, 

smoking status, stroke subtypes, stroke onset, allergy to ACEIs, comorbidities, vital signs, serum creatinine, patients' past 

medications, ward, and discharge medications. The data collection form also collected the data about the prescribing patterns of 

ACEIs for stroke patients at discharge. Medications prescribed were noted by its generic name. Moreover, the use of ACEIs as the 

preventative measurement from getting secondary stroke for both normotensive and hypertensive patients was also recorded and 

further analyzed to study the factors affecting its use. All medications prescribed by physicians were recorded in the data collection 

form and re-categorized into four main classes, which were antihypertensives, antihyperlipidemics, anti-diabetic, and antiplatelets. 

The four classes of medications were reviewed and compared with the recommended medication, as stated in the Malaysian CPG for 

management for Ischemic Stroke since both ischemic and hemorrhagic stroke are managed similarly for secondary prevention 

(MSH, 2007). Hence, the most used medications from each class were identified and recorded. Besides that, the use of ACEIs was 

studied further to identify mean dose prescribed by physicians for each type of medication under this class. All patients were 

screened for any contraindications to ACEIs. 

 

Statistical Analyses   

Data were collected from patients' medical files and analyzed using Statistical Package for Social Sciences (SPSS) version 24. All 

received information was coded into categorical variables. All cases were entered using the same serial number as used in the data 
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collection form. Moreover, all medications that were taken before admission and at discharge were recorded into different variables. 

These medications were classified according to their pharmacological class in which antihypertensive agents were classified in their 

main groups: ACEIs, ARBs, beta-blockers (BBs), CCBs, diuretics, and alpha-blockers. Besides that, antihyperlipidemics, antidiabetics, 

anticoagulants, and antiplatelets were also categorized into their own class and recorded into variables. Categorical data was 

presented on frequency and percentage, while continuous data were reported as mean ± standard deviation. Logistic regression 

analysis was used to describe the association between independent variables and the utilization of ACEIs. For logistic regression 

analysis, all p-value less than 0.05 were considered statistically significant.  

 

3. RESULTS 

Table 1 compares the demographic characteristics of stroke patients. The average age of these patients was 67.62 + 13.14 years 

(range: 30-92). Approximately comparable proportions of ischemic stroke subtypes were observed. It was also found that first stroke 

attack and history of stroke attack 43.20%, respectively. It was also found that 70.50% of the study patients were non-smokers, and 

only 20.50% were active smokers. 

 

Table 1 Demographic characteristics of stroke patients 

Variables        N 

Age (years), Mean + SD 67.62 ±13.14 

Gender   

Male 44 (50.0%) 

Female 44 (50.0%) 

Race   

Malay 38 (43.20%) 

Chinese 25 (28.40%) 

Indian 25 (28.40%) 

Stroke event   

First  38 (43.20%) 

Recurrent 12 (15.60%) 

History 38 (43.20%) 

Stroke subtypes   

Ischemic 82 (93.20%) 

Hemorrhagic 6 (6.80%) 

Smoking status   

Active smoker 18 (20.50%) 

Non-smoker 62 (70.50%) 

Ex-smoker 8 (9.10%) 

 

Figure 1 demonstrates prescribed medicines at discharge. Besides that, the secondary prevention measures using 

pharmacological intervention among stroke patients at discharge were also studied. It was found that 67% of patients were 

discharged with antihypertensive drugs and 33% were not. Among the 33% patients, 24.32% were hypertension patients. CCBs 

marked higher usage among all the other classes (40.9%), followed by ACEIs (31.8%). The commonly prescribed antihypertensive 

medication was amlodipine (75%), followed by perindopril. On the other hand, the total percentage of patients that were discharged 

with anti-hyperlipidemic drugs was 86.4%, which are 76 out of 88 patients. Among those discharged with antihyperlipidemics, 70 

had an ischemic stroke and 6 with hemorrhagic stroke. A total of 12 (13.6%) patients were not discharged with anti-hyperlipidemic 

medications as recommended in the Malaysian CPG of Ischemic Stroke management.  

Table 2 shows the results of the multivariate analysis of leading factors for all patients with stroke to get ACEIs at discharge 

status. The results indicated that patients below the age of 60 years old were more likely to receive an ACEI agent at discharge 

(p=0.006). It also showed that patients with dyslipidemia were less likely to receive an ACEI agent at discharge (p=0.018). Besides 

that, the study also showed that patients used ACEIs/ARBs prior to admission were less likely to receive alone ACEI agent at 

discharge (p=0.002) (figure 2). 
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Figure 1 Prescribed medicines at discharge (N) 

 

Table 2 Multivariate analysis of predictors for ACEIs 

Reference  

Variables* 

ACEIs 

 
Odds Ratio 95% CI 

p-

value 

Age < 60 yearsa 24 1.820 2.236-111.913 0.006 

Male sexb 44 0.751 0.180-3.135 0.694 

Malay ethnicc 38 1.037 0.252-4.262 0960 

Admitted for Ischemic Stroked 76 6.311 0.180-3.135 0.178 

First stroke attacke 38 2.939 0.580-14-890 0.193 

Comorbidities & risk factorsf     

Hypertension 74 0.622 0.069-5.614 0.672 

Diabetes Mellitus 53 0.800 0.157-4.073 0.789 

Dyslipidemia 16 0.993 0.013-0.666 0.018 

Ischemic Heart Disease 22 0.271 0.056-1.312 0.105 

Renal dysfunction 61 0.604 0.107-3.407 0.568 

Sign &symptomsg     

Paresis 39 1.106 0.233-5.248 0.192 

Speech deficit 24 0.727 0.132-4.008 0.714 

Sensory deficit 30 1.650 0.353-7.708 0.524 

Gait disturbance 38 1.486 0.292-7.551 0.633 

Prior use ACEIs/ARBsh 27 0.770 0.014-0.383 0.002 

Concomitant medication use     

BBsh 19 0.259 0.043-1.577 0.143 

CCBsh 36 1.106 0.233-5.248 0.899 

Diureticsh 12 0.424 0.08-2.653 0.359 
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Anticoagulantsh 7 1.912 0.181-20.144 0.590 

Antiplateletsh 65 1.164 0.154-8.815 0.883 

Antidyslipidemicsh 76 0.319 0.12-8.253 0.491 

aCompared with > 60years of age, b Compared with female, c Compared with non-Malay ethnicity, d Compared with hemorrhagic 

stroke, e Compared with patients with history of stroke, f Compared with patients without disease, g Compared with patients with no 

sign and symptoms, h Compared with no use of the therapy. CI confidence interval 

 

 

      Figure 2 Predictors (pure) of prescribing pattern of ACEIs (p<0.05)  

 

4. DISCUSSION 

This study found the mean age (± SD) of stroke patients was 67.62 ± 13.14 years. This figure was comparable to a previous study 

done by the National Stroke Association, Malaysia, where the mean age was found to be 62.7 ±12.5 years (Aziz et al., 2015). In 

addition, another study done in Malaysia showed 65.3 (SD, 12.28) years as the mean age of stroke (Jaya et al., 2002). The possible 

factors for increased stroke prevalence among the elderly population were due to the decreased metabolic capacity of neural cells 

to counteract extreme stressors and/or neurotoxic challenges (Popa-Wagner et al., 2012). The medication classes prescribed at 

discharge were also studied to see the appropriateness of preventative measures in order to reduce the risk of getting recurrent 

attacks for both ischemic and hemorrhagic stroke. Based on the descriptive analysis done on the number of total antihypertensive 

medications received by patients at discharge, it was found that 67% of patients were discharged with antihypertensive medications, 

and 33% were not. This was further supported by another study findings where a SBP of 110 mmHg or below in older people is 

associated with an increased risk of falls when prescribed with antihypertensive and may lead to serious clinical consequences (Papp 

et al., 2012). The twofold protective effect of CCBs against vessel wall changes and antiatherosclerosis properties make them be the 

choice of antihypertensive to prevent cerebrovascular accidents (Morrissey et al., 2016; Inzitari et al., 2005). On the other hand, the 

prescription of anti-hyperlipidemias at discharge for stroke patients accounts for 86.4%. According to a meta-analysis, clear benefit 

from cholesterol-lowering intervention on the risk of getting recurrence stroke can be expected when the percent reduction of 

serum cholesterol is 42–43%, the clinical benefit becoming statically significant when triglyceride is reduced by 8% (p=0.013) (De 

Caterina et al., 2016). Based on our findings, simvastatin was the commonly prescribed anti-hyperlipidemia at discharge for stroke 

patients among all the other types of anti-hyperlipidemic medications. 

A recurrent stroke is expected to bring higher mortality and greater residual disability in a patient with existing diabetes medical 

conditions (Yeh et al., 2010; Kissela et al., 2006). Our finding showed there were a total of 53 (60.2%) stroke patients with diabetes. 

However, only 40 (45.5%) of them were discharged with anti-diabetic agents either as mono or polytherapy. An increased blood 

glucose level has serious implications on the structure and function of the vascular bed, including small and large cerebral vessels, 

which can attribute to the recurrence of stroke (Kissela et al., 2006; Mostafa et al., 2015). However, the studied stroke patients with 
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the potential risk of getting hypoglycemia were advised not to get discharged with any anti-diabetics agents and need to follow up 

after two weeks. This practice is in line with research that stated that hypoglycemia is known to produce neurological signs that 

mimic ischemic stroke and may lead to further brain injury, which can cause stroke recurrence at a shorter interval. The goal should 

be to restore normoglycemia in stroke patients, but excessive post hypoglycemia elevation of blood glucose levels was not 

recommended (Radermecker et al., 2010).  

There were several factors that could affect the prescribing pattern of ACEIs studied. Based on our findings, it was shown that the 

patient age 60 years old and below was more likely to receive an ACEI agent at discharge. A few studies reported that utilization 

rates of ACEIs in older patients are low because these subgroups are at greater risk of developing first-dose hypotension due to the 

high plasma concentration of active ACEIs secondary to reduced renal clearance (Abdelsaid et al., 2015; Vítovec et al., 2000). 

However, according to another study, ACEIs treatment is well tolerated in young as well as elderly patients (Arima et al., 2011). This 

study also showed that patients with dyslipidemia were less likely to receive ACEI agents at discharge. An earlier study showed that 

ACEIs were found to increase HDL-C levels and lowered TC and TG levels in long term therapy (Tziomalos et al., 2011). However, this 

contradicts our findings that showed ACEIs would be less likely used in dyslipidemia patients. This result may be due to the reason 

that our study samples were mostly 60 years old above and 50 of them were having hyperlipidemias. So, the prescription of ACEIs 

was lesser in the older age patient group due to first dose hypotension complications, which indirectly caused most of the 

hyperlipidemic patients not to be placed on ACEIs as well (Ghiadoni et al., 2011). Besides that, our study also found that a patient 

taking ACEIs or ARBs prior to admission was less likely to receive an ACEI agent at discharge. A study done in California found that 

ACEI discontinuation may be more likely associated with factors that may increase serum creatinine or a low threshold of concern for 

serum creatinine elevations (Jackevicius et al., 2014). Both ACEIs and ARBs were beneficial in the prevention of stroke, but ARBs have 

been shown to be well-tolerated agents, with specifically lower incidences of cough than ACEIs (Sarah et al., 2006). This suggestively 

showed that patients on ARBs prior to hospitalization would be less likely to get ACEIs at discharge due to its better tolerability.  

 

5. CONCLUSION 

In conclusion, our study highlights the prescribing pattern of ACEIs and the predictors affecting them among stroke patients. In this 

prospective exploratory study, it was observed that the ACEIs for secondary prevention of stroke has been underutilized despite 

having many studies proving their efficacy in a greater reduction in potential risks of secondary stroke and its management.  
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