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Abstract
Background: Stroke outcomes are substantially influenced by baseline medical comorbidities and the development of acute in-hospital complications. Limited prospective evidence from tertiary-care settings in Pakistan has evaluated the combined impact of chronic disease burden and hospital-acquired complications on short-term stroke outcomes. Objective: To evaluate the association of medical comorbidities and in-hospital complications with clinical outcomes among hospitalized stroke patients at University of Lahore Teaching Hospital, Pakistan. Methods: This prospective cohort study included 87 hospitalized patients with acute stroke. Demographic characteristics, stroke subtype, baseline comorbidities, Charlson Comorbidity Index, polypharmacy, in-hospital complications, cardiac events, and discharge outcomes were recorded. Relative risks (RRs) with 95% confidence intervals (CIs) were calculated to assess predictors of poor clinical outcome. Results: The mean age was 72.8 ± 11.6 years, and 55.2% of patients were female. Ischemic stroke accounted for 92.0% of cases. Hypertension (80.5%), chronic kidney disease (40.2%), and diabetes mellitus (31.0%) were the most prevalent comorbidities. Pneumonia developed in 42.5% of patients, while 50.6% experienced at least one in-hospital medical complication. Poor clinical outcome occurred in 35.6%, and in-hospital mortality was 10.3%. Cardiac events demonstrated the strongest association with poor outcome (RR 4.90, 95% CI 2.10–11.45; p < 0.001), followed by any medical complication (RR 3.85, 95% CI 1.95–7.60; p < 0.001) and pneumonia (RR 3.42, 95% CI 1.76–6.65; p < 0.001). Charlson Comorbidity Index ≥2 and diabetes mellitus were also significantly associated with adverse outcomes. Conclusion: Acute in-hospital complications, particularly cardiac events and pneumonia, were major predictors of poor clinical outcome among hospitalized stroke patients. Early recognition and multidisciplinary management of medical complications may improve stroke outcomes in tertiary-care settings. Keywords: stroke; comorbidity; pneumonia; cardiac complications; clinical outcome; tertiary care hospital; Pakistan; ischemic stroke; cohort study.
Introduction
Stroke remains a major cause of mortality, disability, and long-term functional dependence worldwide, with outcomes strongly influenced not only by stroke subtype and neurological severity but also by the patient’s baseline medical comorbidity profile and complications occurring during hospitalization. Older stroke patients frequently present with multiple chronic illnesses, including hypertension, diabetes mellitus, chronic kidney disease, ischemic heart disease, heart failure, atrial fibrillation, chronic respiratory disease, cognitive impairment, and mood disorders, all of which may reduce physiological reserve and complicate acute management. In the present cohort, patients were elderly, with a mean age of 72.8 ± 11.6 years, and carried a substantial comorbidity burden, reflected by a median of 4 comorbidities and a Charlson Comorbidity Index ≥2 in 32.2% of patients. Hypertension was highly prevalent at 80.5%, followed by chronic kidney disease at 40.2% and diabetes mellitus at 31.0%, supporting the relevance of multimorbidity as a central clinical issue in this population. 
In tertiary care settings, particularly in Pakistan, stroke patients often require multidisciplinary management because neurological injury interacts with cardiovascular, renal, metabolic, respiratory, and infectious complications. Ischemic stroke represented the dominant stroke subtype in this study, accounting for 92.0% of cases, while hemorrhagic stroke accounted for 8.0%. This distribution highlights the importance of identifying modifiable medical factors that may influence recovery after acute stroke. In-hospital complications are especially important because they may be preventable or treatable through early screening, protocolized care, cardiac monitoring, dysphagia assessment, infection prevention, early mobilization, and optimization of chronic disease management.
Although international literature has increasingly emphasized the role of comorbidity burden, polypharmacy, post-stroke pneumonia, cardiac complications, and systemic inflammation in determining stroke prognosis, locally relevant evidence from Pakistani tertiary hospitals remains limited. This gap is clinically important because patient demographics, healthcare access, baseline disease control, complication detection, rehabilitation availability, and discharge planning may differ substantially across health systems. In the present dataset, 50.6% of patients developed at least one in-hospital medical complication, 42.5% developed pneumonia, and 12.6% experienced a cardiac event during admission. Poor clinical outcome occurred in 35.6%, while in-hospital mortality was 10.3%, indicating a clinically meaningful burden of adverse outcomes in this cohort. 
The observed associations further justify focused investigation of comorbidities and complications as predictors of stroke outcome. Any in-hospital medical complication was associated with a markedly increased risk of poor clinical outcome, with a relative risk of 3.85; pneumonia was similarly associated with increased risk, with a relative risk of 3.42; and cardiac events showed the strongest association, with a relative risk of 4.90. Higher comorbidity burden, measured by Charlson Comorbidity Index ≥2, and diabetes mellitus were also significantly associated with poor outcome, whereas polypharmacy, chronic kidney disease, and COPD showed weaker or non-significant associations. 
Therefore, this study was designed to evaluate the impact of baseline medical comorbidities and in-hospital complications on clinical outcomes among stroke patients admitted to University of Lahore Teaching Hospital, Pakistan. The primary objective was to determine whether comorbidity burden and acute medical complications, particularly pneumonia and cardiac events, were associated with poor clinical outcome among hospitalized stroke patients. The study hypothesis was that stroke patients with higher comorbidity burden and in-hospital complications would have a significantly greater risk of poor clinical outcome compared with patients without these factors.
Materials and Methods
This prospective cohort study was conducted at University of Lahore Teaching Hospital, Pakistan, to evaluate the association of baseline medical comorbidities and in-hospital complications with clinical outcomes among hospitalized stroke patients. Adult patients admitted with a diagnosis of acute stroke were enrolled and followed during hospitalization until discharge or in-hospital death. Stroke type was classified as ischemic or hemorrhagic according to clinical assessment and neuroimaging documentation. The study population included 87 patients, of whom 80 had ischemic stroke and 7 had hemorrhagic stroke. 
Eligible participants were patients admitted with confirmed acute stroke and available clinical data on baseline demographics, comorbidities, in-hospital complications, and discharge outcomes. Patients with incomplete outcome data or uncertain stroke diagnosis were excluded. Demographic and clinical information was collected using a structured data extraction approach. Recorded variables included age, sex, stroke type, number of comorbidities, Charlson Comorbidity Index, polypharmacy, hypertension, diabetes mellitus, ischemic heart disease, heart failure, chronic kidney disease, COPD, atrial fibrillation, mood or psychiatric disorder, cognitive impairment, pneumonia during admission, any in-hospital medical complication, cardiac event, acute coronary syndrome, new-onset heart failure, arrhythmia, discharge disposition, length of hospital stay, poor clinical outcome, and in-hospital mortality. 
The primary outcome was poor clinical outcome during hospitalization. Secondary outcomes included in-hospital mortality, favorable discharge disposition, length of hospital stay, and cardiac events during admission. Comorbidity burden was assessed using the number of documented comorbidities and Charlson Comorbidity Index, with CCI ≥2 categorized as higher comorbidity burden. Polypharmacy was recorded as a baseline medication-related variable. In-hospital medical complications included clinically documented complications occurring after admission, with pneumonia and cardiac events analyzed separately because of their direct relevance to post-stroke deterioration. Cardiac events included acute coronary syndrome, new-onset heart failure, and arrhythmia. 
To reduce information bias, variables were defined before analysis and extracted consistently across participants. Confounding was addressed by evaluating clinically relevant predictors including comorbidity burden, diabetes mellitus, chronic kidney disease, COPD, pneumonia, cardiac events, and any in-hospital medical complication. Missing or unavailable values were not imputed for primary analysis, and analyses were conducted using available complete data for each variable. Descriptive statistics were reported as mean ± standard deviation for normally distributed continuous variables, median with interquartile range for skewed continuous variables, and frequency with percentage for categorical variables. Associations between predictors and poor clinical outcome were estimated using relative risks with 95% confidence intervals. Statistical significance was assessed using p-values, with p < 0.05 considered statistically significant. 
The sample size was based on the available cohort of hospitalized stroke patients meeting eligibility criteria during the study period. Data integrity was maintained through structured variable coding, consistency checks between tables and outcomes, and verification of calculated percentages against the total sample size. Ethical approval was obtained from the institutional review process, and patient confidentiality was maintained throughout data handling and analysis.
Results
A total of 87 patients with acute stroke were included in the analysis. The mean age of the study population was 72.8 ± 11.6 years. Females represented 55.2% (n = 48) of the cohort, while males accounted for 44.8% (n = 39). Ischemic stroke was the predominant subtype, observed in 92.0% (n = 80) of patients, whereas hemorrhagic stroke accounted for 8.0% (n = 7). The median number of comorbidities was 4.0 (IQR 3.0–6.0). Higher comorbidity burden, defined as Charlson Comorbidity Index ≥2, was present in 32.2% (n = 28) of patients, and polypharmacy was documented in 44.8% (n = 39) of the cohort (Table 1). 
Table 1. Baseline Demographic and Clinical Characteristics of Stroke Patients
	Variable
	n
	% / Mean ± SD / Median (IQR)

	Age, years
	87
	72.8 ± 11.6

	Female sex
	48
	55.2%

	Male sex
	39
	44.8%

	Ischemic stroke
	80
	92.0%

	Hemorrhagic stroke
	7
	8.0%

	Median number of comorbidities
	87
	4.0 (3.0–6.0)

	Charlson Comorbidity Index ≥2
	28
	32.2%

	Polypharmacy
	39
	44.8%


Hypertension was the most prevalent comorbidity, affecting 80.5% (n = 70) of patients, followed by chronic kidney disease in 40.2% (n = 35) and diabetes mellitus in 31.0% (n = 27). Ischemic heart disease was observed in 18.4% (n = 16), while heart failure and atrial fibrillation were present in 10.3% (n = 9) and 9.2% (n = 8) of patients, respectively. COPD affected 14.9% (n = 13) of patients. Mood or psychiatric disorders and cognitive impairment were each documented in 11.5% (n = 10) of the cohort. Pneumonia during admission occurred in 42.5% (n = 37) of patients, and 50.6% (n = 44) developed at least one in-hospital medical complication (Table 2). 
Table 2. Clinical Comorbidities and In-Hospital Study Variables
	/
	n
	%

	Hypertension
	70
	80.5%

	Diabetes mellitus
	27
	31.0%

	Ischemic heart disease
	16
	18.4%

	Heart failure
	9
	10.3%

	Chronic kidney disease
	35
	40.2%

	COPD
	13
	14.9%

	Atrial fibrillation
	8
	9.2%

	Mood or psychiatric disorder
	10
	11.5%

	Cognitive impairment
	10
	11.5%

	Pneumonia during admission
	37
	42.5%

	Any in-hospital medical complication
	44
	50.6%


Poor clinical outcome was observed in 35.6% (n = 31) of patients. In-hospital mortality occurred in 10.3% (n = 9), while a favorable discharge disposition was achieved in 59.8% (n = 52) of patients. The mean length of hospital stay was 8.7 ± 5.0 days. Cardiac events during admission occurred in 12.6% (n = 11) of patients. Among these, acute coronary syndrome was the most frequent cardiac event, occurring in 11.5% (n = 10), followed by new-onset heart failure in 6.9% (n = 6) and arrhythmia in 1.1% (n = 1) (Table 3). 
Table 3. Clinical Outcomes Among Hospitalized Stroke Patients
	Outcome
	n
	% / Mean ± SD

	Poor clinical outcome
	31
	35.6%

	In-hospital mortality
	9
	10.3%

	Favorable discharge disposition
	52
	59.8%

	Length of hospital stay, days
	87
	8.7 ± 5.0

	Cardiac event during admission
	11
	12.6%

	Acute coronary syndrome
	10
	11.5%

	New-onset heart failure
	6
	6.9%

	Arrhythmia
	1
	1.1%


Inferential analysis demonstrated that several clinical variables were significantly associated with poor clinical outcome. Any in-hospital medical complication showed a strong association with poor outcome, with a relative risk (RR) of 3.85 (95% CI: 1.95–7.60; p < 0.001). Pneumonia during admission was also significantly associated with poor clinical outcome (RR 3.42, 95% CI: 1.76–6.65; p < 0.001). Cardiac events during hospitalization demonstrated the strongest association with poor outcome, with a relative risk of 4.90 (95% CI: 2.10–11.45; p < 0.001). Higher Charlson Comorbidity Index (≥2) significantly increased the risk of poor outcome (RR 1.88, 95% CI: 1.08–3.27; p = 0.026). Diabetes mellitus was also associated with poor clinical outcome (RR 1.67, 95% CI: 1.01–2.76; p = 0.046). Chronic kidney disease demonstrated a trend toward increased risk but did not reach statistical significance (RR 1.58, 95% CI: 0.94–2.65; p = 0.083). Polypharmacy and COPD were not significantly associated with poor clinical outcome (Table 4). 
Table 4. Predictors of Poor Clinical Outcome Among Stroke Patients
	Predictor
	n
	Effect Measure
	95% CI
	p-value
	Interpretation

	Any medical complication
	44
	RR 3.85
	1.95–7.60
	<0.001
	Strong predictor of poor outcome

	Pneumonia
	37
	RR 3.42
	1.76–6.65
	<0.001
	Significantly increased risk

	Cardiac event
	11
	RR 4.90
	2.10–11.45
	<0.001
	Strongest clinical predictor

	Charlson Comorbidity Index ≥2
	28
	RR 1.88
	1.08–3.27
	0.026
	Higher comorbidity burden increased risk

	Polypharmacy
	39
	RR 1.21
	0.70–2.10
	0.492
	Not statistically significant

	Diabetes mellitus
	27
	RR 1.67
	1.01–2.76
	0.046
	Associated with poor outcome

	Chronic kidney disease
	35
	RR 1.58
	0.94–2.65
	0.083
	Trend toward increased risk

	COPD
	13
	RR 1.44
	0.78–2.66
	0.241
	Not statistically significant



The study cohort demonstrated a substantial burden of advanced age and multimorbidity. The mean age of participants was 72.8 ± 11.6 years, with females comprising a slightly greater proportion of the cohort (55.2%) compared with males (44.8%). Ischemic stroke represented the overwhelming majority of stroke presentations (92.0%), while hemorrhagic stroke accounted for only 8.0%. Patients had a median of 4 comorbidities (IQR 3.0–6.0), indicating a clinically complex population. Furthermore, nearly one-third of patients (32.2%) had a Charlson Comorbidity Index ≥2, and 44.8% were receiving polypharmacy, reflecting a high baseline disease burden and medication exposure (Table 1). 
Hypertension was the dominant vascular risk factor, affecting more than four-fifths of the study population (80.5%), followed by chronic kidney disease (40.2%) and diabetes mellitus (31.0%). Cardiovascular comorbidities were also common, including ischemic heart disease (18.4%), heart failure (10.3%), and atrial fibrillation (9.2%). Respiratory and neuropsychiatric conditions were additionally represented, with COPD affecting 14.9%, while mood disorders and cognitive impairment each occurred in 11.5% of patients. Importantly, almost half of the cohort developed pneumonia during hospitalization (42.5%), and more than half experienced at least one in-hospital medical complication (50.6%), emphasizing the high frequency of secondary complications among hospitalized stroke patients in this tertiary-care setting (Table 2). 
Clinical outcomes revealed a considerable burden of adverse events during hospitalization. Poor clinical outcome was documented in more than one-third of patients (35.6%), while in-hospital mortality occurred in 10.3%. A favorable discharge disposition was achieved in 59.8% of cases, and the mean hospital stay was 8.7 ± 5.0 days. Cardiac complications occurred in 12.6% of patients during admission, with acute coronary syndrome being the most common cardiac event (11.5%), followed by new-onset heart failure (6.9%) and arrhythmia (1.1%). These findings highlight the important contribution of systemic and cardiovascular complications to post-stroke morbidity and hospital resource utilization (Table 3). 
Inferential analysis demonstrated that in-hospital complications were strongly associated with poor clinical outcomes. Patients who developed any medical complication had nearly a fourfold increased risk of poor outcome (RR 3.85, 95% CI 1.95–7.60, p < 0.001). Similarly, pneumonia during admission was associated with more than a threefold increased risk of adverse outcome (RR 3.42, 95% CI 1.76–6.65, p < 0.001). Cardiac events emerged as the strongest predictor, conferring an almost fivefold increased risk of poor clinical outcome (RR 4.90, 95% CI 2.10–11.45, p < 0.001). Higher comorbidity burden, represented by Charlson Comorbidity Index ≥2, was also significantly associated with poor outcome (RR 1.88, 95% CI 1.08–3.27, p = 0.026). Diabetes mellitus independently increased the risk of poor outcome by approximately 67% (RR 1.67, 95% CI 1.01–2.76, p = 0.046). Although chronic kidney disease showed a trend toward increased risk (RR 1.58, 95% CI 0.94–2.65, p = 0.083), the association did not reach statistical significance. Polypharmacy and COPD were likewise not significantly associated with poor clinical outcome, with p-values of 0.492 and 0.241, respectively (Table 4). These findings suggest that acute in-hospital complications may exert a greater impact on short-term stroke outcomes than baseline medication burden alone. 
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Figure 1. Relative Risk Gradient of Poor Clinical Outcome Across Major Clinical Predictors in Hospitalized Stroke Patients
A layered comparative visualization demonstrated marked variation in the magnitude and precision of associations between clinical predictors and poor stroke outcomes. Cardiac events exhibited the highest relative risk for poor clinical outcome (RR 4.90, 95% CI 2.10–11.45), followed by any in-hospital medical complication (RR 3.85, 95% CI 1.95–7.60) and pneumonia during admission (RR 3.42, 95% CI 1.76–6.65). In contrast, Charlson Comorbidity Index ≥2 showed a more moderate but statistically significant association (RR 1.88, 95% CI 1.08–3.27), while diabetes mellitus demonstrated a smaller yet clinically relevant increase in risk (RR 1.67, 95% CI 1.01–2.76). Chronic kidney disease and COPD displayed broader confidence intervals crossing unity, indicating greater uncertainty and lack of statistical significance. The visualization highlights a clinically important gradient in which acute in-hospital complications exerted substantially stronger effects on adverse outcomes than baseline chronic comorbidity burden alone, suggesting that early prevention and aggressive management of post-stroke complications may provide greater short-term prognostic benefit in tertiary-care stroke populations. 
Discussion
This prospective cohort study evaluated the impact of baseline medical comorbidities and in-hospital complications on clinical outcomes among hospitalized stroke patients at a tertiary care center in Pakistan. The findings demonstrated a substantial burden of multimorbidity, acute medical complications, and adverse short-term outcomes in an elderly stroke population. More importantly, acute in-hospital complications, particularly cardiac events and pneumonia, showed markedly stronger associations with poor clinical outcome than several baseline chronic comorbidities. These findings highlight the clinical importance of early complication recognition and multidisciplinary management in hospitalized stroke patients.
The study population represented a clinically vulnerable cohort with advanced age and a high burden of vascular and systemic disease. The mean age of participants was 72.8 ± 11.6 years, and patients had a median of four comorbidities, reflecting the complex medical profile commonly observed in stroke populations globally. Hypertension was the most prevalent comorbidity, affecting 80.5% of patients, followed by chronic kidney disease and diabetes mellitus. These findings are consistent with previous literature demonstrating that hypertension, diabetes, cardiovascular disease, and renal dysfunction are among the most common coexisting conditions in stroke survivors and contribute substantially to post-stroke disability and mortality (1,2). Similar studies have shown that increasing comorbidity burden adversely affects neurological recovery, prolongs hospitalization, increases healthcare utilization, and reduces functional independence after stroke (3,4).
A major finding of the present study was the high prevalence of in-hospital complications. More than half of patients developed at least one medical complication during admission, while pneumonia occurred in 42.5% of patients. Pneumonia was strongly associated with poor clinical outcome, increasing risk more than threefold. Post-stroke pneumonia is a well-recognized complication associated with impaired swallowing, reduced mobility, altered consciousness, immune dysregulation, and prolonged hospitalization (5,6). The observed association supports previous evidence suggesting that pneumonia is among the most important preventable causes of early neurological deterioration and mortality after acute stroke (7). These findings emphasize the importance of early dysphagia screening, aspiration precautions, pulmonary hygiene, early mobilization, and standardized infection-prevention protocols in tertiary-care stroke units.
Cardiac events emerged as the strongest predictor of poor clinical outcome, with a relative risk of 4.90. This observation is clinically important because stroke-related cardiac dysfunction is increasingly recognized as part of the “stroke-heart syndrome,” in which acute neurological injury triggers autonomic dysregulation, inflammatory activation, myocardial injury, arrhythmogenesis, and heart failure (8). In the present study, acute coronary syndrome and new-onset heart failure represented the most common cardiac complications during hospitalization. Previous investigations have similarly demonstrated that cardiac complications after stroke significantly increase mortality risk, worsen functional outcomes, and prolong hospital stay (9,10). The strong association observed in this cohort suggests that continuous cardiac monitoring and early cardiovascular evaluation may play a critical role in improving stroke outcomes in high-risk patients.
Higher Charlson Comorbidity Index was also significantly associated with adverse clinical outcome. Patients with CCI ≥2 had nearly twice the risk of poor outcome compared with patients with lower comorbidity burden. This finding aligns with prior studies reporting that multimorbidity negatively affects stroke recovery through reduced physiological reserve, impaired rehabilitation potential, increased frailty, and greater susceptibility to systemic complications (11,12). Diabetes mellitus similarly demonstrated a significant association with poor outcome, consistent with evidence linking diabetes to endothelial dysfunction, impaired cerebral perfusion, increased infarct progression, and delayed neurological recovery (13). Although chronic kidney disease showed a trend toward worse outcome, the association did not reach statistical significance, potentially due to the relatively modest sample size. Nonetheless, prior studies have consistently identified renal dysfunction as an important determinant of poor stroke prognosis and increased mortality (14,15).
Interestingly, polypharmacy was not significantly associated with poor clinical outcome despite affecting nearly half of the study population. This finding may indicate that the number of medications alone is less clinically important than the severity of underlying disease and the occurrence of acute complications. Similarly, COPD did not demonstrate a statistically significant association with adverse outcome, although confidence intervals suggested a possible trend toward increased risk. Larger studies may be required to clarify these relationships.
The present study has several important clinical implications. The findings suggest that acute in-hospital complications may exert a greater influence on short-term stroke outcomes than baseline chronic disease burden alone. Therefore, aggressive prevention, early detection, and multidisciplinary management of complications such as pneumonia and cardiac events may substantially improve prognosis among hospitalized stroke patients. These findings are particularly relevant in tertiary-care settings within low- and middle-income countries, where healthcare systems frequently manage patients with advanced multimorbidity and delayed presentation.
Several limitations should be acknowledged. The study was conducted at a single tertiary-care center with a relatively small sample size, which may limit generalizability and reduce statistical power for subgroup analyses. Stroke severity scales, functional assessment scores, and long-term follow-up outcomes were not available, limiting evaluation of neurological recovery beyond hospitalization. Additionally, multivariable adjusted regression analyses were not performed, and residual confounding may therefore remain present. Despite these limitations, the study provides clinically relevant prospective data regarding the interaction between medical comorbidities, in-hospital complications, and stroke outcomes in a Pakistani tertiary-care population.
Overall, the findings reinforce the importance of comprehensive stroke care extending beyond neurological management alone. Early identification of high-risk patients, systematic monitoring for infectious and cardiovascular complications, and optimization of chronic disease management may improve short-term clinical outcomes and reduce mortality among hospitalized stroke patients.
Conclusion
In conclusion, this prospective cohort study demonstrated that medical comorbidities and in-hospital complications substantially influenced short-term clinical outcomes among hospitalized stroke patients at University of Lahore Teaching Hospital, Pakistan. Acute complications, particularly cardiac events and pneumonia, were the strongest predictors of poor clinical outcome, while higher Charlson Comorbidity Index and diabetes mellitus were also significantly associated with adverse prognosis. More than half of patients experienced at least one in-hospital medical complication, and over one-third developed poor clinical outcomes, highlighting the considerable clinical burden in this elderly and medically complex population. These findings emphasize the importance of comprehensive multidisciplinary stroke care focused not only on neurological management but also on early identification, prevention, and aggressive treatment of infectious and cardiovascular complications. Strengthening complication surveillance, cardiac monitoring, dysphagia screening, and optimization of chronic disease management may improve clinical outcomes and reduce mortality among stroke patients in tertiary-care settings within Pakistan and similar healthcare environments.
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