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Article History Abstract 

Original Research Article Introduction: The incidence of stroke among both young and older adults is on the rise, with 

cardiovascular risk factors playing a key role in its occurrence. Cardiac conditions can act 

as either predisposing factors or consequences of stroke. The distribution of cardiovascular 

and cerebrovascular risk factors across age groups may influence electrocardiographic 

(ECG) findings in stroke patients. 

Objective: This study aimed to assess and compare the prevalence and pattern of ECG 

abnormalities among young (<45 years) and older (≥45 years) stroke patients, considering 

various stroke subtypes. 

Methodology: A cross-sectional comparative study involving 180 participants—90 young and 

90 older adults diagnosed with stroke—was carried out at DELSUTH, Nigeria. Each 

participant underwent electrocardiography, and ECG findings were analyzed across age 

groups using chi-square and t-tests. 

Results: The mean age was 40.23 ± 2.75 for young and 65.77 ± 12.34 years for older 

participants. The male-to-female ratio was 1.4:1 and 1.6:1, respectively. Ischaemic stroke was 

the dominant subtype (54.4% in young; 68.9% in older patients). Haemorrhagic types 

(intracerebral and subarachnoid) were more common in younger patients (45.6%) than in 

older patients (31.1%), showing statistical significance (p = 0.046). 

Electrocardiographic left ventricular hypertrophy (LVH) was the most frequent abnormality 

in both age groups based on both Sokolow-Lyon and Araoye’s criteria. ST segment/T wave 

changes followed closely with no significant age-related differences. However, rhythm 

disorders were significantly more prevalent among older adults (51.1% vs. 14.4%; p < 0.001). 

Atrial fibrillation appeared more frequently in the older group (10%) but without statistical 

significance. 

Conclusion: While many ECG abnormalities did not differ significantly between age groups, 

rhythm disorders were more common in older adults. Routine ECG evaluation is 

recommended for all stroke patients regardless of age. 
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Introduction 

According to the American Heart Association and 

American Stroke Association (AHA/ASA), stroke is 

defined as a sudden onset of a global neurological deficit 

caused by a vascular event, supported by evidence of 

infarction or haemorrhage in the central nervous system, 

regardless of how long the symptoms last. Stroke remains 

one of the leading causes of disability and death among 

individuals of African descent. In developed nations, it 

ranks as the second most common cause of mortality and a 

primary source of long-term disability. Its incidence has 

also been rising in Africa. Strokes are generally categorized 

into two main types: ischaemic and haemorrhagic [1–5]. 
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Several studies have noted a growing incidence of stroke 

among younger individuals, although the condition still 

occurs more frequently in the elderly. There is no universal 

definition of "young stroke," but many researchers classify 

individuals under the age of 45 as part of this group. This 

age threshold has been widely adopted in previous studies 

assessing the distinct characteristics of stroke in younger 

adults [5–12]. 

 

Previous research indicates that strokes in younger 

populations account for 7.2% to 26.9% of total stroke cases. 

The prevalence continues to grow globally, particularly in 

low- and middle-income countries. Cardiogenic embolism 

contributes to 15%–30% of ischaemic stroke cases, with 

mitral valve disease being a significant contributor, 

especially in younger patients from regions with high rates 

of rheumatic heart disease [7,13–16]. 

 

Historically, rheumatic heart disease was the predominant 

cardiac condition found in young stroke sufferers. Although 

its prevalence has declined, strokes in young adults are still 

rising, suggesting that other factors, such as hypertension, 

may be playing a more significant role. Additional causes 

of cardioembolic stroke include non-rheumatic valvular 

diseases, atrial fibrillation (AF), congenital conditions such 

as patent foramen ovale, acute myocardial infarction, left 

atrial tumors, ventricular dysfunctions or aneurysms, 

hypertrophic cardiomyopathy, and prosthetic valves—all of 

which have been reported in earlier studies [8,16–21]. 

 

Accurate assessment of cardiac conditions in stroke patients 

is greatly enhanced through a combination of clinical 

evaluation, ECG, and other diagnostic tools. Stroke 

currently affects approximately 15 million people 

worldwide each year, resulting in roughly 5 million deaths 

and another 5 million permanent disabilities. Without 

timely intervention, global stroke-related mortality could 

rise to 7.8 million annually by 2030. Sub-Saharan Africa, 

particularly low- and middle-income countries, bears a 

disproportionate share of this burden [22–26]. 

 

In Nigeria, the stroke prevalence was reported as 1.14 per 

1,000 population in 2011, with a 30-day fatality rate of 

40%. A study in Ilorin, Nigeria, by Sanya et al. in 2015 

found an increased rate of 1.31 per 1,000 people. 

Individuals under 65—who typically make up the nation's 

workforce—are frequently affected. Globally, stroke is the 

most common cause of acquired disability. In 1990, it 

accounted for 38 million Disability Adjusted Life Years 

(DALYs), with a projected increase to 61 million by 2020 

[9, 27–29]. 

 

Cardiac disorders are well-established risk factors for 

stroke. When present alongside stroke, cardiac 

abnormalities—such as arrhythmias, structural defects, 

intracardiac masses, and congenital anomalies—are linked 

to worse outcomes. Numerous studies have used tools like 

echocardiography and electrocardiography to detect such 

conditions in stroke patients. However, debate continues 

regarding whether all stroke patients should routinely 

undergo cardiac screening, regardless of age or clinical 

suspicion [15, 21,23,30–33]. 

 

Comparative data on ECG abnormalities in young versus 

older adult stroke patients is limited. Many existing studies 

are constrained by small sample sizes, with younger 

individuals underrepresented. Others focus only on 

ischaemic stroke, overlooking haemorrhagic types. This 

study aims to fill that gap by evaluating ECG findings in 

both age groups across all stroke subtypes, with 

implications for improving routine cardiac screening 

protocols in stroke management [19,34–37]. 

 

Materials & Methods 

This comparative cross-sectional study was carried out at 

Delta State University Teaching Hospital (DELSUTH), 

Nigeria. A total of 180 stroke patients were enrolled, 

comprising 90 younger adults (below 45 years) and 90 older 

adults (45 years and above). All participants were evaluated 

using electrocardiography to detect cardiac abnormalities. 

Eligibility criteria included patients with confirmed stroke 

based on CT or MRI imaging, who consented to take part 

in the study. Exclusion criteria involved patients with CT 

or MRI findings suggestive of conditions that mimic stroke 

(e.g., brain tumors), or those who declined consent. 

Data analysis was conducted using SPSS software (version 

22). Statistical comparisons between the groups were made 

using chi-square and t-tests where appropriate. A p-value of 

less than 0.05 was considered statistically significant. 

 

 

  Frequency (%) Chi-square p-value 

Types of stroke Young (<45years) Older (≥45years)     

Ischaemic 49 (54.4) 62 (68.9)     

Intracerebral haemorrhage 34 (37.8) 24 (26.7) 4.065 0.131 

Subarachnoid haemorrhage 7 (7.8) 4 (4.4)     

  Young Older     
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Haemorhagic stroke 41(45.6) 28(31.1) 3.972 0.046 

Ischaemic stroke 49(54.4) 62(68.9)     

Total 90 90     

Table 1: Types of strokes among patients 

 

Electrocardiographic Findings 

Left Ventricular Hypertrophy (LVH):  

Based on the Sokolow-Lyon criteria, 62.2% of the older 

participants showed signs of LVH, compared to 51.1% of 

younger patients. Although the prevalence was higher in the 

older group, the difference was not statistically significant 

(p = 0.133). In contrast, using Araoye's criteria, LVH was 

observed slightly more frequently among the younger 

group (53.3%) than the older participants (50%). This 

difference was also not statistically significant (p = 0.655). 

Left Atrial Enlargement (LAE):  

A marginally higher percentage of older patients (25.5%) 

exhibited left atrial enlargement compared to 23.3% of the 

younger group. This variation was not statistically 

meaningful (p = 0.720). 

Right Atrial Enlargement (RAE):  

Right atrial enlargement was observed in 6.7% of the older 

group and 4.4% of the younger group. However, this 

difference did not reach statistical significance (p = 0.515). 

ST Segment and T-Wave Abnormalities:  

ST segment or T-wave changes were slightly more 

common in younger patients (50%) than in older ones 

(46.7%). Nevertheless, this variation was not statistically 

significant (p = 0.655). 

QTc Interval and Prolongation:  

The mean QTc interval was comparable between both age 

groups. QTc prolongation was identified in 21.1% of the 

younger participants, which was higher than the 14.4% 

recorded in the older group. However, this difference was 

not statistically significant (p = 0.242). 

Conduction Abnormalities:  

The occurrence of conduction defects, such as Left Bundle 

Branch Block (LBBB), was noted in 14.4% of older 

patients and 10% of the younger ones. Right Bundle Branch 

Block (RBBB) was present in 3.3% of younger and 2.2% 

of older participants. These differences were not 

statistically significant (p = 0.609).

 

Refer to Table 2 for detailed data. 

  Categories 
Frequency (%)   

Chi-square                 p-value  
<45years (n=90) ≥45years (n=90) 

LVH Sokolow-Lyon hypertrophy (LVH) Aroaye Present 48 (53.3) 45 (50.0) 0.200 0.655 

  Absent 42 (46.7) 45 (50.0)     

LVH Araoye’s Present 46 (51.1) 56 (62.2) 2.262 0.133 

  Absent 44(48.9) 34(27.8)     

Left atrial enlargement Present 21 (23.3) 23 (25.5) 0.120 0.720 

  Absent 69 (76.7) 67 ( 74.5)     

Right atrial enlargement Present 4 (4.4) 6 (6.7) 0.424 0.515 

  Absent 86 (85.6) 84 (83.3)     

ST/T wave abnormality Present 45 (50.0) 42 (46.7) 0.200 0.655 

  Absent 45 (50.0) 48 (53.3)     

Conduction abnormality None 78 (86.7) 75 (83.3)     

  RBBB 3 (3.3) 2 (2.2) 0.992 LR 0.609* 

  LBBB 9 (10.0) 13 (14.4)     

QTc interval prolongation Prolonged 19 (21.1) 13 (14.4) 1.368 0.242 

  Normal 71 (78.9) 77 (75.6)     

QTc interval (mean)   432.63 ± 24.24 432.46 ±15.37 t  =0.059 0.953 

Table 2: Pattern of ECG abnormality among Stroke patients 
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LR Likelihood ratio; Chi-square; LBBB: Left bundle branch block; RBBB: Right bundle branch block; LVH: left ventricular 

hypertrophy 

 

Cardiac Rhythm Findings 

As presented in Table 3, sinus rhythm was observed more frequently among younger stroke patients (85.6%) compared to 

their older counterparts (48.9%), and this difference was statistically significant (p < 0.001). 

Rhythm abnormalities were significantly more common in the older age group, with over half (51.1%) exhibiting irregular 

rhythms, compared to just 14.4% of the younger group (p < 0.001). 

While atrial fibrillation was more prevalent among the older patients (10%) than in the younger group (3.3%), the difference 

did not reach statistical significance (p = 0.073). 

However, premature atrial complexes (PACs) were found significantly more often in older individuals (10%) than in 

younger ones (2.2%) (p = 0.029). Similarly, premature ventricular complexes (PVCs) occurred more frequently in the older 

group (27.8%) than in the younger group (8.9%), and this difference was statistically significant (p = 0.001). 

 

                                        Frequency (%)     

    <45years (n=90) ≥45years (n=90) Chi-Square p-value 

ECG rhythm Sinus rhythm 77 (85.6) 44 (48.9)     

  Abnormal rhythm 13 (14.4) 46 (51.1) 27.458 <0.001 

PAC Present 2 (2.2) 9 (10.0) 4.744 0.029 

  Absent 88 (97.8) 81 (90.0)     

PVC Present 8 (8.9) 25 (27.8) 10.724 0.001 

  Absent 82 (91.1) 65 (72.2)     

MAT Present 0 (0.0) 1 (1.1) *0.000 1.000 

  Absent 90 (100) 99 (98.9)     

PAC+ abberancy Present 0 (0.0) 2 (2.2) *0.506 0.477 

  Absent 90 (100.0) 88 (87.8)     

Atrial fibrillation Present 3 (3.3 9 (10.0) 3.214 0.073 

  Absent 87 (96.7) 81 (90.0)     

Table 3: Pattern of ECG Rhythm among Stroke patients 

*Likelihood ratio 

Electrocardiographic Findings by Stroke Type 

Table 4 shows that left ventricular hypertrophy (LVH), assessed using the Sokolow-Lyon criteria, was significantly more 

common among patients with ischaemic stroke compared to those with haemorrhagic stroke. Among younger patients, 

63.3% of those with ischaemic stroke exhibited LVH, versus 36.6% with haemorrhagic stroke (p = 0.012). Similarly, in the 

older age group, 69.4% of ischaemic stroke cases had LVH compared to 46.4% in those with haemorrhagic stroke (p = 0.038). 

When Araoye’s criteria were applied, a higher prevalence of LVH was also noted among patients with ischaemic stroke 

compared to haemorrhagic stroke in both age groups—59.2% versus 46.3% in the younger group (p = 0.224), and 51.6% 

versus 46.4% in the older group (p = 0.646). However, these differences were not statistically significant. 

Abbreviations: 

i. PAC: Premature Atrial Complexes 

ii. PVC: Premature Ventricular Complexes 

iii. MAT: Multifocal Atrial Tachycardia 
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    Types of stroke 
    X2     P-value 

Younger patients   Ischaemic n (%)   Haemorrhagic n (%) 

LVH SOKOLOW-LYON 
Present 31 (63.3) 15 (36.6) 6.359 0.012 

Absent 18 (26.7) 26 (63.4)     

LVH ARAOYE 
Present 29 (59.2) 19 (46.3) 1.479 0.224 

Absent 20 (40.8) 22 (53.7)     

QTc  interval prolongation 
Prolonged 9 (18.4) 10 (24.4) 0.486 0.486 

Normal 40 (81.6) 31 (75.6)     

ST/Twave abnormality 
Present  19 (38.8) 26 (63.4) 5.421 0.024 

Absent 30 (61.2) 15 (36.6)     

Conduction abnormalities 
None 43 (87.7) 35 (85.4) 0.68FE 0.953 

RBBB 2 (4.1) 1 (2.4)     

  LBBB 4 (8.2) 5 (12.2)     

Older patients           

LVH SOKOLOW-LYON Present 43 (69.4) 13 (46.4) 4.313 0.038 

  Absent 19 (30.6) 15 (53.6)     

LVH ARAOYE Present 32 (51.6) 13 (46.4) 0.207 0.649 

  Absent 30 (48.4) 15 (53.6)     

QTC interval prolongation Prolonged 9 (14.6.) 4 (14.2) 0.000 1.000* 

  Normal 53 (85.4) 24 (85.8)     

ST/T wave abnormality 
Present  34 (54.8) 14 (50.0) 0.181 0.670 

Absent 28 (45.2) 14 (50.0)     

Conduction abnormalities 

None 50 (80.6) 25 (89.3) 1.95FE 0.746 

RBBB 2 (3.2) 0 (0.0)     

LBBB 10 (16.1) 3 (10.7)     

Table 4: Electrocardiography Pattern versus Pathologic Type of Stroke 

 

Electrocardiographic Findings by Stroke Type and Age 

Group (Table 5 Summary) 

Abbreviations: 

i. FE: Fisher’s Exact Test 

ii. χ²: Chi-square Test 

iii. LVH: Left Ventricular Hypertrophy 

iv. QTc: Corrected QT Interval 

v. ST/T Abnormalities: ST Segment and T Wave 

Changes 

vi. RBBB: Right Bundle Branch Block 

vii. LBBB: Left Bundle Branch Block 

viii. PAC: Premature Atrial Complexes 

ix. PVC: Premature Ventricular Complexes 

x. MAT: Multifocal Atrial Tachycardia 

xi. Ischaemic Stroke (n = 49 for young; 62 for 

older) 

xii. Haemorrhagic Stroke (n = 41 for young; 28 for 

older) 

xiii. Young: <45 years; Older: ≥45 years 

xiv. Yates correction applied where appropriate 

In the younger patient group, QTc prolongation was 

observed more frequently among those with haemorrhagic 

stroke (24.4%) than those with ischaemic stroke (18.4%). 

However, this difference did not reach statistical 

significance (p = 0.486). Among older patients, the 

prevalence of QTc prolongation was similar in both stroke 

types—14.6% in ischaemic and 14.2% in haemorrhagic 
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strokes (p = 1.000). 

 

ST-segment and T-wave abnormalities were 

significantly more common in young patients with 

haemorrhagic stroke (63.4%) compared to those with 

ischaemic stroke (38.8%), with a statistically significant 

difference (p = 0.024). Among older adults, these 

abnormalities occurred in 54.8% of ischaemic stroke cases 

and 50.0% of haemorrhagic stroke cases, a difference that 

was not statistically significant (p = 0.670). 

 

Conduction abnormalities, such as bundle branch blocks, 

did not show a statistically significant difference between 

haemorrhagic and ischaemic stroke in either age group. In 

the younger group, the p-value was 0.953, and in the older 

group, it was 0.746. 

 

Arrhythmias and Stroke Type 

 

 Younger patients: 

i. PVCs were significantly more frequent in 

ischaemic stroke cases (16.3%) compared 

to 0.0% in haemorrhagic stroke (p = 

0.019). 

ii. Atrial fibrillation showed a low and 

similar occurrence: 2.0% in ischaemic vs. 

4.9% in haemorrhagic stroke (p = 0.875), 

not statistically significant. 

 Older patients: 

i. Atrial fibrillation appeared more 

frequently in ischaemic stroke patients 

(13.0%) compared to 3.6% in 

haemorrhagic stroke, though the 

difference was not statistically 

significant (p = 0.324). 

ii. Other arrhythmias such as PVCs (27.4% 

in ischaemic vs. 28.6% in haemorrhagic, 

p = 0.850), PACs (8.1% vs. 4.1%, p = 

0.595), and MAT (1.6% vs. 0.0%, p = 

1.000) also showed no significant 

variation by stroke type. 

 

  
Types of Strokes       

Ischaemic   Haemorrhagic   χ² P-value OR (CI) 

Young   n = 49 (%) n = 41 (%)       

PAC Present 2 (4.0) 0 (0.0) 0.348 *0.555   

  Absent 47 (96.0) 41 (100.0)       

PVC Present 8 (16.3) 0 (0.0) 5.469 *0.019   

  Absent 41 (83.7) 41 (100.0)       

Atrial fibrillation Present 1 (2.0) 2 (4.9) *0.025 *0.875 0.41 (0.04-4.53) 

  Absent 48 (88.0) 39 (95.1)       

Older   n = 62 (%) n = 28 (%)       

PAC Present 5  (8.1) 4 (1.4) 0.282 *0.595 0.53 (0.13-2.09) 

  Absent 57 (91.9) 24 (98.6)       

PVC Present 17 (27.4) 8 (28.6) 0.013 0.910 0.66 (0.19-2.36) 

  Absent 45 (72.6) 20 (71.4)       

MAT Present 1 (1.6) 0 (0.0) 0.000 *1.000   

  Absent 61 (98.4) 28 (100.0)       

PAC+Abberancy Present 2 (3.2) 0 (0.0) 0.036 *0,850   

  Absent 60 (96.8) 289 (100.0)       

Atrial fibrillation Present 8 (13.0) 1 (3.6) 0.974 *0.324 3.84 (0.47-31.7) 

  Absent 54 (87.0) 27 (96.4)       

 Table 5: Arrhythmias versus Type of Stroke among participants 

 

Discussion 

Cerebrovascular accidents (CVAs) remain a significant 

complication of cardiovascular disease globally, including 

in Africa. Although cardiac abnormalities have long been 

recognized among older stroke patients, there has been a 

notable increase in stroke incidence among younger 

individuals in recent years. While cardiac issues have been  
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implicated in strokes across all adult age groups—either as 

direct cardioembolic sources or as co-morbidities—

comparative analyses between young and older stroke 

patients remain limited. This study aimed to evaluate and 

compare electrocardiographic abnormalities among young 

and older stroke patients in Nigeria [15,23]. 

The average age of young participants (18–44 years) was 

approximately 40 years, aligning with findings by Razzaq 

et al. in Southeast Asia (mean age: 38 years) [36]. However, 

this is slightly older than the 31-year average reported by 

Karaye et al. [10], which may be attributable to their smaller 

sample of young patients. The older group in this study 

(≥45 years) had a mean age of 65 years, comparable to that 

in the study by Ezennaka et al. conducted in Port Harcourt, 

Nigeria [22]. The age gap between the two groups was 

statistically significant. 

Males predominated in both age categories, supporting 

previous findings that suggest male sex is a risk factor for 

stroke, especially among younger populations. This trend 

has been observed in earlier works by Kolo et al. in Ilorin 

and Fromm et al. in Norway [23,37–39]. 

Electrocardiographic abnormalities in stroke patients can 

arise from three interconnected factors: (a) pre-existing 

cardiovascular conditions like atherosclerosis or 

hypertension; (b) neurogenic cardiac effects from acute 

stroke-induced sympathetic over activity; and (c) 

myocardial necrosis secondary to the previous two factors 

[40–42]. 

In this study, left ventricular hypertrophy (LVH) was the 

most prevalent ECG finding across both age groups. The 

difference in prevalence between the groups was not 

statistically significant, possibly due to the shared high 

prevalence of hypertension and obesity. This aligns with 

findings by Kolo et al. (61.8%) and Selvetella et al. (56%) 

but contrasts with lower rates in studies by Goldstein et al. 

and Hoshino et al., where fewer patients had hypertension 

[23,40,43]. 

Hypertension is a leading cause of LVH and can result in 

structural remodeling of the heart. The high prevalence of 

LVH among ischaemic stroke patients in both age groups 

may reflect shared cardiovascular risk factors that lead to 

neurohormonal imbalances—such as increased aldosterone 

and natriuretic peptide levels—that may predispose to 

cerebral ischemia. Though the precise mechanism linking 

LVH to stroke remains unclear, it is postulated to reflect the 

systemic impact of hypertension on both the heart and brain 

[41,46,49]. 

Interestingly, the SIREN study by Adeoye et al. reported a 

higher prevalence of LVH in haemorrhagic stroke cases, 

attributed to significantly elevated blood pressure levels in 

those patients, reinforcing the role of hypertension in LVH 

development [50]. 

The second most common ECG abnormality in this study 

was ST segment/T-wave changes, more frequently 

observed in the younger group. These findings are in line 

with the 50% prevalence reported by Kumar et al. [45] and 

are only slightly lower than Dogan et al.'s findings in 

Turkey (65%) among patients with acute ischaemic stroke 

and no prior heart disease [44]. However, they are markedly 

higher than the 24.2% prevalence reported by Hoshino et 

al. in a retrospective study in Tokyo [43]. 

ST segment and T wave abnormalities often signify 

myocardial strain or ischemia due to heightened 

sympathetic activity during stroke episodes. This effect 

may be more pronounced in ischaemic stroke due to 

concurrent cerebral and myocardial hypo perfusion. 

Rhythm abnormalities—including premature ventricular 

complexes (PVCs), premature atrial complexes (PACs), 

and atrial fibrillation (AF)—were significantly more 

prevalent in the older group. While traditional 

cardiovascular risk factors were comparable across groups, 

age-related conditions like endocrine disorders or chronic 

pulmonary disease may contribute to the higher arrhythmic 

burden in older individuals. Similar findings were reported 

by Karaye et al. and Fromm et al., who observed higher 

rates of AF in older stroke patients [36,39]. Subha et al. in 

India, however, noted a higher AF prevalence in young 

stroke patients, potentially due to differing risk profiles, 

such as alcohol use or pre-existing cardiac disease [39]. 

QTc interval prolongation was slightly more common 

among the young patients in this study. The reason is 

unclear but may relate to a more robust sympathetic 

response in younger individuals compared to age-related 

autonomic decline in older adults [51]. Previous studies, 

such as those by Adeoye et al. and Dogan et al., reported 

similar prevalence of QTc prolongation without age 

stratification [42,44,52]. Our findings, however, showed a 

lower prevalence than those from Davoka et al. (51.4%) and 

Goldstein et al. (45%), possibly due to the acute phase of 

stroke in their cohorts, which amplifies sympathetic activity 

and myocardial strain [48,52]. 

Conclusion 

Although most electrocardiographic abnormalities, 

including LVH, did not differ significantly between young 

and older stroke patients, this study did observe important 

trends. Notably, rhythm disturbances were significantly 
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more common in older individuals. Given the clinical 

implications, routine electrocardiographic evaluation 

should be considered for all adult CVA patients, 

regardless of age, to improve risk stratification and guide 

comprehensive management. 
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