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Abstract

Background—Factors associated with stroke mortality are understudied in sub-Saharan Africa 

but have implications for designing interventions that improve stroke outcomes. We investigated 

predictors of in-hospital and 90-day post-discharge stroke mortality in Lusaka, Zambia.

Methods—Data from consecutive adults admitted with stroke at University Teaching Hospital 

in Lusaka, Zambia between October 2018 and March 2019 were retrospectively reviewed for 

clinical in-hospital outcomes. Vital status at 90-days post-discharge was determined through phone 

calls. Factors associated with stroke mortality were included in multivariable logistic regression 

models utilizing multiple imputation analysis to determine independent predictors of in-hospital 

and 90-days post-discharge mortality.

Results—In-hospital mortality was 24%, and 90-day post-discharge mortality was 22% among 

those who survived hospitalization. Hemorrhagic and unknown strokes, ICU care, seizures, and 

aspiration pneumonia were significantly associated with in-hospital mortality. Among these, 
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hemorrhagic stroke (OR 2.88, 95% CI 1.27–6.53, p=0.01) and seizures (OR 29.5, 95% CI 2.14–

406, p=0.01) remained independent predictors of in-hospital mortality in multivariable analyses. 

Ninety-day post-discharge mortality was significantly associated with older age, previous stroke, 

atrial fibrillation, and aspiration pneumonia, but only older age (OR 1.04, 95% CI 1.01–

1.06, p=0.007) and aspiration pneumonia (OR 3.93, 95% CI 1.30–11.88, p=0.02) remained 

independently associated with 90-day mortality in multivariable analyses.

Conclusion—This Zambian stroke cohort had high in-hospital and 90-day post-discharge 

mortality that were associated with several in-hospital complications. Our data indicate the need 

for improvement in both acute stroke care and post-stroke systems of care to improve stroke 

outcomes in Zambia.
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Introduction

Stroke is the second leading cause of mortality worldwide [1]. In high-income countries 

(HICs), a decreasing trend in both acute and post-discharge stroke-related mortality 

have resulted from a variety of interventions, including concerted efforts to control 

modifiable stroke risk factors such as hypertension and diabetes; development of stroke 

units that improve post-stroke functional outcome and reduce the occurrence of in-hospital 

complications such as aspiration pneumonia; enhanced acute endovascular interventions that 

lead to improved long-term outcomes; and optimization of post-discharge rehabilitations 

services [2]. On the contrary, stroke incidence and mortality are increasing in low- and 

middle-income countries (LMICs), including countries in sub-Saharan Africa (SSA) where 

in-hospital stroke mortality ranges from 20%- 40% [3]. Factors contributing to increased 

stroke mortality in SSA include limited diagnosis and sub-optimal control of common stroke 

risk factors such as hypertension and diabetes, limited access to acute stroke interventions 

such as thrombolysis and thrombectomy, limited resources to prevent and treat in-hospital 

complications of stroke, few available stroke units, and few post-stroke rehabilitation 

systems [4].

In addition to high rates of in-hospital mortality, individuals in SSA who survive their 

hospitalization for acute stroke continue to be at high risk of morbidity and mortality 

after their discharge. Potential post-discharge complications leading to significant morbidity 

include recurrent stroke, aspiration pneumonia, the development of decubitus ulcers or deep 

vein thromboses secondary to mobility difficulties, cognitive decline, and emotional or 

behavioral changes. However, the limited data on stroke epidemiology and outcomes from 

the SSA region hinders development of targeted interventions and therapies to improve 

post-discharge stroke outcomes [3].

Zambia is an SSA country with a high stroke burden and high stroke-related mortality [5]. 

We previously described the significant stroke burden at the University Teaching Hospital 

(UTH), the 1600 bed national referral hospital in the capital city of Lusaka and the only 
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hospital in the country with a dedicated neurology service [6]. Adults with stroke account 

for 43% of all inpatient admissions to the neurology inpatient service at UTH. In-hospital 

post-stroke complications such as aspiration pneumonia are frequent (16%), and in-hospital 

mortality is high (24%) [6]. In this work, we investigated factors associated with in-hospital 

and 90-day post-discharge mortality at UTH.

Methods

Study Population and Setting.

We conducted a retrospective cohort study of adults (≥ 18 years old) admitted to the 

neurology service at UTH, Zambia’s national referral hospital, between October 2018 and 

March 2019. As a tertiary center, patients are referred to UTH for specialist care, including 

neurological care, from across Zambia. In this study, patients were included in the study if 

their stroke was confirmed on computed tomography (CT) imaging or if clinical suspicion 

for stroke was high by the evaluating neurologist in the absence of imaging. This cohort and 

detailed study procedures have been previously described in detail [6].

Study Procedures.

Data from individuals meeting inclusion criteria were retrospectively retrieved and included 

demographics, clinical presentation, medical co-morbidities, family history, social history, 

neurological examination findings on presentation, laboratory and imaging results, and 

final stroke subtype classification. Stroke was classified as ischemic or hemorrhagic stroke 

based on CT imaging and as unknown stroke if neuroimaging was not obtained during the 

admission. Intracerebral hemorrhage (ICH) score [7] was collected for participants with 

hemorrhagic stroke. Hospitalization details including length of stay, ICU care, and diagnoses 

of aspiration pneumonia were also extracted. Further details on the study protocol and 

variable definitions have been previously described [6]. Of note, measures of stroke severity, 

including the NIH Stroke Scale (NIHSS) and modified Rankin Scale (mRS), were not 

routinely collected at UTH during this study period, so these details were not available for 

analysis. At discharge, patients were given an appointment for a three-month follow-up in 

the hospital’s neurology outpatient clinic. Patients received a reminder phone call a few days 

before their scheduled appointment. If a patient was deceased at the time of the phone call, 

this was recorded in the clinic register. Patient follow-up dates, phone calls to patients, 

and attendance on clinic days are in hand-written registers available in the outpatient 

clinic. We matched individuals from our in-hospital stroke cohort to the clinic registers 

to ascertain vital status at 90-days after patients’ discharge from UTH. Mortality is reported 

as in-hospital mortality if death occurred during the participant’s initial hospitalization, 

90-day post-discharge mortality if the individual survived their hospitalization but died in 

the first 90-days after discharge, and 90-day total mortality which includes both in-hospital 

and post-discharge mortality.

Statistical Analyses.

Means and standard deviations were used to describe parametric continuous variables while 

medians and interquartile ranges and proportions were used to describe non-parametric 

continuous variables and categorical variables, respectively. Potential predictors of in-
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hospital and 90-day post-discharge stroke mortality were initially analyzed using Student’s 

t-tests for parametric continuous variables, Wilcoxon rank-sum tests for non-parametric 

continuous variables, and Chi-square or Fisher’s exact tests for categorical variables. 

All variables with p<0.20 for their association with mortality were then included in 

multivariable logistic regression models using multiple imputation analysis to investigate 

independent associations between predictors and in-hospital and 90-day mortality. While 

vital status was missing for very few participants (Figure 1), multiple imputation analysis 

was used to overcome high proportions of missingness in several predictor variables that 

otherwise limited the development of multivariable regression models. Data were entered 

into REDCap [8,9] and all analyses were conducted with Stata 14 (College Station, Texas) 

[10].

Standard Registrations and Ethical Approvals.

Our data were acquired through retrospective analysis of clinical information collected from 

routine clinical practice. No identifying patient information was gathered or used for study 

purposes, and, as such, informed consent was not obtained from participants. This study 

was approved by the University of Zambia Biomedical Research Ethics Council, the Zambia 

National Health Research Authority, and the Johns Hopkins Institutional Review Board.

Results

Demographic and Medical Characteristics

This Zambian stroke cohort (n=324) had an average age of 60 ±18 years and consisted 

of 62% females. Ischemic strokes were the most common stroke subtype (n=188; 

58%), followed by hemorrhagic stroke (n=91; 28%) and unknown stroke (n=45; 14%). 

Hypertension was the most common stroke risk factor (80%), followed by heart disease 

(34%), prior stroke (22%), HIV (18%), diabetes (16%), and atrial fibrillation (9%). Other 

demographic, clinical, and hospitalization characteristics are summarized in Table 1.

Predictors of In-Hospital Mortality

Nearly a quarter of participants with stroke died during their hospitalization (n=77; 24%). 

Average age (63±22 years) was higher among participants who died than among those who 

survived their hospitalization (59±16 years), although this difference did not reach statistical 

significance (p=0.14) (Table 2). The median time to death was 5.5 days (IQR 3–10), and 

21% of deaths occurred within the first 24 hours of admission (Figure 2).

Individuals with hemorrhagic and unknown strokes were overrepresented among those 

who died in the hospital than among those who survived (Figure 3). Additionally, ICH 

Score was significantly higher among those with hemorrhagic stroke who died than those 

who survived [2.6 ± 1.2 vs 1.3 ±1.1, p<0.001). There were no significant differences in 

the prevalence of medical co-morbidities in univariable analyses, except for heart disease 

which was less prevalent among those who died than those who survived (21% vs 39%, 

p=0.003). Compared to those who survived their hospitalization, participants who died were 

more likely to have lower Glasgow Coma Scale (GCS) scores upon presentation [8.0±3 

(dead) vs 11±3 (alive), p<0.001] to have altered mental status on hospital admission (93% 
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(dead) vs. 49% (alive), p<0.001), and to be admitted to the ICU (4% (dead) vs. 0.4% 

(alive), p=0.04). In-hospital complications including aspiration pneumonia (35% (dead) vs. 

10% (alive), p<0.001), fever (27% (dead) vs. 12% (alive), p=0.001), decubitus ulcers (4% 

(dead) vs. 0.4% (alive), p=0.04) and seizures (4% (dead) vs. 0.4% (alive), p=0.04) were 

significantly more prevalent in individuals who died during hospitalization compared to 

those who survived. In multivariable models, hemorrhagic stroke was associated with 2.88 

increased odds of death (95% CI 1.27 – 6.54, p=0.01) while altered mental status and 

seizures were associated with 3.57 (95% CI 1.18 – 10 .8, p=0.02) and 29.5 (95% CI 2.14 – 

406, p=0.01) increased odds of death, respectively (Table 2).

Predictors of 90-Day Post-Discharge Mortality

Ninety-day vital status was obtained for 97% (236/243) of participants who survived their 

initial hospitalization. At 90-days post-discharge, mortality among those individuals who 

survived their hospitalization and were successfully contacted was 22% (51/236).

Compared to those who survived to 90-days post-discharge, individuals who died in the 

post-discharge period were more likely to be older (68±15 vs. 56±16 years, p<0.001) 

and female (82% vs. 58%, p=0.002) (Table 3). As with in-hospital mortality, factors 

significantly higher in frequency among individuals who died within 90-days of hospital 

discharge included lower GCS upon initial presentation to the hospital (9.8±3.4 (dead) 

vs. 11.7±3.3(alive), p=0.02) and altered mental status on admission (72% (dead) vs. 41% 

(alive), p=0.001). Similarly, in-hospital complications, including fever (22% (dead) vs. 

9% (alive), p=0.01) and aspiration pneumonia (31% (dead) vs. 5% (alive), p<0.001), 

were higher in frequency among individuals who died before 90-days post-discharge. 

No significant difference in 90-day post-discharge mortality was observed by stroke 

subtype (Figure 3). Compared to those who were alive at 90-days after hospital discharge, 

individuals who died were more likely to have diabetes (24% vs. 12%, p=0.048), prior stroke 

(37% vs. 16%, p=0.001) and atrial fibrillation (20% vs. 8%, p=0.01). Among all the risk 

factors associated with 90-day post-discharge mortality, only age (OR 1.04, 95% CI 1.01 – 

1.06, p=0.007) and aspiration pneumonia during the inpatient hospitalization (OR 3.93, 95% 

CI 1.30 – 11.88, p=0.02) remained significant in the multivariable model (Table 3).

Total mortality at 90-days for the cohort of hospitalized adults with stroke at UTH was 40%.

Discussion

In this cohort of adults hospitalized for strokes at the national referral hospital in 

Zambia, in-hospital mortality was 24% and 90-day post-discharge mortality for those 

who survived their hospitalization was 22%, bringing total mortality by 90-days to 40%. 

Significant independent predictors of in-hospital mortality included hemorrhagic stroke 

and altered mental status on admission while significant independent predictors of 90-day 

post-discharge mortality were older age and post-stroke aspiration pneumonia during their 

hospitalization.

In-hospital mortality of 24% in this Zambian stroke cohort was similar to rates reported 

from other countries in SSA, including Zimbabwe (25%) [11], Kenya (22%) [12], Malawi 
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(23%) [13], and Cameroon (27%) [14]. It is lower than rates reported from tertiary hospitals 

in West African countries such as Nigeria (35%) [15] and Ghana (43%) [16], likely due 

to higher hemorrhagic stroke frequency in these cohorts. Our reported in-hospital stroke 

mortality, as well as those reported in other SSA countries, was markedly higher than that 

reported from high-income countries (HICs), where stroke mortality has been significantly 

and steadily decreasing [2,17,18].

Our reported in-hospital mortality can be attributed, at least in part, to the higher proportion 

of hemorrhagic strokes compared to Western cohorts. Hemorrhagic stroke is associated 

with higher mortality than ischemic strokes, and hemorrhagic stroke was found to be an 

independent predictor of in-hospital mortality in our study, a finding similar to studies 

in Cameroon [14] and Burkina Faso [19]. In HICs, the combination of public health 

efforts that have enhanced both hypertension awareness and diagnosis [20], and advances in 

treatments [21, 22] have substantially reduced rates of uncontrolled hypertension and risk 

for hemorrhagic stroke, thereby resulting in lower rates of stroke-related mortality. However, 

uncontrolled hypertension and resultant hemorrhagic strokes continue to contribute to higher 

in-hospital stroke mortality in the SSA region [23]. In fact, our data likely underestimate 

the proportion of hemorrhagic stroke since individuals with “unknown” strokes comprised 

14% of our cohort and had significantly higher mortality than individuals with ischemic 

stroke. Thus, they may have been disproportionately likely to have hemorrhagic strokes. 

As such, our data reinforce the urgent need for public health programs to enhance 

primary stroke prevention through stroke risk factor management, especially improved 

hypertension diagnosis and treatment, increased stroke risk factor awareness and education, 

and promotion of lifestyle modifications including low-salt diets and exercise.

However, we suspect the higher in-hospital mortality in our cohort is multifaceted and 

includes barriers to optimal stroke care. Challenges to optimal stroke care in Zambia, and 

the larger SSA region, include a limited range of available blood pressure medications, 

particularly intravenous formulations, limited neurosurgical interventions for post-stroke 

complications, and absence of acute interventions for stroke, including tissue plasminogen 

activator (tPA) and endovascular therapies, among others [4,24]. In addition, UTH does 

not currently have a dedicated stroke unit. As seen in Conakry, Guinea, an SSA country 

in which reported stroke mortality is similar to that of our cohort, the implementation 

of a three-bed stroke unit with continuous vital sign monitoring and dysphagia screening 

significantly reduced post-stroke in-hospital mortality [25]. As such, the development of 

stroke-specific systems of care would likely reduce the high stroke mortality observed in our 

cohort.

In addition, patient factors likely contribute to the higher in-hospital mortality as well. 

Patients in LMICs often face significant delays between stroke onset and accessing stroke 

care [24]. For example, in our cohort, 19% of stroke patients faced at least a one-day 

delay from stroke onset to initial presentation to care, and 62% waited more than 24 hours 

between admission and neuroimaging, when neuroimaging was obtained at all. Delays 

in accessing post-stroke care reduces the window for providing timely and appropriate 

treatment, such as treatment for high blood pressure and hyperglycemia, while increasing 

the risk of the development of post-stroke complications such as aspiration pneumonia 
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and decubitus ulcers prior to hospital admission, all of which could further increase in-

hospital stroke mortality. Delays in obtaining neuroimaging – the only validated method 

to differentiate ischemic and hemorrhagic strokes – once care is accessed also likely 

contribute to higher in-hospital mortality. Acute treatment of ischemic and hemorrhagic 

strokes differs, and the inability to definitively identify stroke subtype prevents initiation 

of subtype-specific treatment. Nearly one-fifth of participants in our cohort died within 

24 hours of hospitalization, which likely can be attributed to two major factors. First, 

patients with higher stroke severity are less likely to be stabilized in the absence of acute 

interventions like tPA, endovascular therapy and neurosurgical interventions. Second, many 

individuals either delay seeking care altogether or are only referred from primary health 

care settings after developing complications such as aspiration pneumonia that leave them 

critically ill.

In comparison to a prior stroke cohort studied at UTH in 2010, our current cohort had 

a lower in-hospital mortality (40% vs. 24%, p<0.001), likely due at least in part to the 

decreased proportion of hemorrhagic strokes in our cohort (35% vs. 28%, p=0.07) [26]. The 

development of the first neurology inpatient service and post-graduate neurology training 

program at UTH likely also contributed to the lower mortality in the current cohort. 

However, our cohort also showed continued high prevalence of in-hospital complications, 

including aspiration pneumonia (11% vs. 16%, p=.12). The continued burden of modifiable 

stroke risk factors, hemorrhagic strokes, and continued high post-stroke complications at 

UTH suggests a crucial need for targeted interventions to improve stroke care within and 

outside the hospital.

The 90-day mortality of 22% in our stroke cohort highlights limitations in post-stroke 

acute care facilities. In our setting, patients are almost exclusively discharged from the 

hospital into their home setting, most under the care of an informal family caregiver with 

little training in caring for individuals with complex chronic medical needs [27]. As such, 

these high rates of early post-discharge mortality may be reflective of a lack of post-acute 

care facilities, limited medical follow-up, limited rehabilitation services in the hospital and 

community [28], and limited caregiver education prior to and in the days after discharge 

[27]. This highlights the need to improve stroke care not only in the hospital but also in 

the community setting with improved access to close medical follow-up and rehabilitation 

services such as physical, occupational and speech therapy, and provision of community 

programs for caregiver education and support.

In our setting, older age was an independent risk factor of 90-day post-stroke mortality, 

as seen in other stroke cohorts in SSA including Kenya [12] and Uganda [29]. It is likely 

that the higher rates of co-morbidities such as hypertension and diabetes that increase risk 

of recurrent stroke, reduced neural plasticity with age, and reduced mobility that impairs 

recovery from stroke [30] are major factors that play a role in increased mortality due to age.

Of note, female sex was associated with higher 90-day post-discharge mortality in our 

cohort, a finding that was also reported in other SSA stroke cohorts [12, 31]. In the SSA 

setting, nearly all post-stroke care is provided by family caregivers, who tend to be close 

female relatives who often reside in the same household as the patient [32, 33]. As such, 
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we hypothesize that higher rates of post-discharge mortality among females in our cohort 

may reflect absence of a female caregiver in the house. Females, especially older females, 

are also less likely to be the primary income earners in our setting which may lead toother 

disparities in access to post-stroke care. However, this finding should be further clarified 

with future studies on differences in access to healthcare and care seeking behavior in 

Zambia by sex of both the patient and the primary caregiver, especially amongst older 

adults.

Our findings also showed atrial fibrillation detected on in-hospital electrocardiogram or 

echocardiogram was significantly associated with in-hospital and 90-day mortality. Previous 

studies conducted in HICs also shared this finding [34]. In SSA settings, atrial fibrillation 

is an under-reported risk factor of stroke due to limited continuous cardiac monitoring 

and limited access to electrocardiograms and echocardiograms in many healthcare settings 

[35]. In these settings, difficulty managing atrial fibrillation extends beyond its diagnosis 

to challenges with providing and monitoring anticoagulation. Novel oral anticoagulants are 

available on the private market in Zambia, but their expense precludes their use by the vast 

majority of individuals, leaving warfarin as the only viable option. Warfarin is not readily 

available in most public health facilities and must be purchased from private pharmacies. 

The regular long-term INR monitoring whilst on warfarin is also not readily available in 

public laboratory facilities but is available in private facilities where investigations tend to be 

more costly. Furthermore, the laboratory monitoring required is logistically complicated as 

laboratories capable of performing INR are largely limited to large metropolitan areas, and 

transportation is expensive and logistically complicated for stroke survivors with mobility 

limitations as most of the Zambian population does not own private vehicles.

High rates of post-stroke complications, including aspiration pneumonia, fever, seizures, 

and decubitus ulcers, were also seen in our cohort and were associated with in-hospital 

mortality in univariable analyses, although only seizures remained associated with mortality 

in multivariable models. Our findings are similar to studies from across SSA, including 

Nigeria [15], Sierra Leone [36], and Ethiopia [37], where post-stroke complications were 

high and associated with mortality. Higher rates of these complications in our stroke 

cohort and similar stroke cohorts in other LMICs likely reflect the limited availability of 

standardized post-stroke protocols for in-hospital stroke care in these settings, including 

limited access to stroke centers. As such, a strategy to develop standardized protocols, such 

as bedside swallowing evaluations, head of bed elevation, and modified diets in the setting of 

dysphagia, as part of a stroke unit using available resources in Zambia warrants further study 

in our setting to evaluate whether it can reduce post-stroke complications and mortality.

The major limitation to our study is its retrospective nature such that outcomes that 

may contribute significantly to in-hospital mortality, including decubitus ulcers, catheter-

associated urinary tract infections, and deep vein thromboses, were likely not systematically 

captured. Furthermore, as this study was retrospectively conducted during the first six 

months of Zambia’s first neurology training program, stroke severity scales (mRS and 

NIHSS) were not routinely performed or collected, thus limiting our ability to quantify the 

severity of strokes in our cohort beyond admission GCS. Missing data for some potential 

predictors of stroke mortality required the use of multiple imputation analysis and limited 
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our ability to analyze mortality by stroke subtype. However, given that most patients with 

stroke in SSA are cared for in hospital settings where neuroimaging is unavailable, this 

distinction is likely less important in our setting. Because this was an exploratory study, we 

did not correct for multiple comparisons so some of the associations found here may be due 

to chance alone. Finally, our data showing nearly 21% of in-hospital deaths happened within 

24 hours of admission suggests a selection bias of the most severe strokes being referred 

to our hospital. Thus, our results may not be generalizable to all clinical settings in Zambia 

since this cohort was recruited from Zambia’s national referral hospital and cared for by 

neurology specialists. Still, the results of this study provide preliminary data that can be used 

to guide the development of interventions to reduce in-hospital and post-discharge mortality 

in Zambia.

In conclusion, our findings reflect the need for better systems of both in-hospital and post-

stroke care in Zambia to prevent post-stroke complications, especially aspiration pneumonia, 

and reduce stroke-related mortality. Development of stroke units adapted to resource-limited 

settings that could reduce in-hospital stroke-related morbidity and mortality, just as they 

have done in HICs, is one potential solution. In addition, our results demonstrate the 

need for further post-discharge interventions to reduce early post-discharge mortality such 

as increasing access to close medical follow-up and rehabilitation services and caregiver 

education and community support services, especially for women with stroke.
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FIGURE 1. 
Participant retention from hospitalization to 90-days post-discharge.
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FIGURE 2. 
Distribution of in-hospital deaths showing median time of 5.5 days to death and 21% of 

in-hospital deaths occurring within 24 hours of admission.
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FIGURE 3. 
In-hospital (p=0.005) and 90-day post-discharge (p=0.47) mortality breakdown by stroke 

subtype.
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TABLE 1.

Demographics, clinical characteristics, and risk factors by in-hospital mortality and 90-day post-discharge 

mortality.

In-Hospital Mortality 90-day Post-Discharge Mortality

Overall n=324 Dead (n=77) Alive (n=243) p Dead (n=51) Alive (n=185) p

Age, mean years (SD) 60 (18) 63 (22) 59 (16) 0.14 68 (15) 56 (16) <0.001

Female, n (%) 200 (62%) 44 (57%) 155 (64%) 0.3 42 (82%) 108 (58%) 0.002

Stroke type [n (%)] 

Ischemic 188 (58%) 33 (43%) 155 (64%)

0.005

33 (65%) 117 (63%)

0.47Hemorrhagic 91 (28%) 29 (38%) 59 (24%) 10 (20%) 48 (26%)

Unknown 45 (14%) 15 (19%) 29 (12%) 8 (16%) 20 (11%)

Stroke risk factors [n (%)] 

Hypertension 259 (80%) 65 (84%) 192 (79%) 0.3 43 (84%) 142 (77%) 0.34

Diabetes 51 (16%) 14 (18%) 36 (15%) 0.48 12 (24%) 23 (12%) 0.048

Hyperlipidemia 44 (14%) 7 (9%) 37 (15%) 0.19 12 (24%) 24 (13%) 0.06

Heart Disease 111 (34%) 16 (21%) 95 (39%) 0.003 23 (45%) 70 (38%) 0.35

Previous Stroke 71 (22%) 22 (29%) 49 (20%) 0.12 19 (37%) 29 (16%) 0.001

Atrial Fibrillation 30 (9%) 5 (6%) 25 (10%) 0.38 10 (20%) 14 (8%) 0.01

HIV 58 (18%) 12 (19%) 46 (22%) 0.65 8 (18%) 38 (23%) 0.54

Current alcohol use 47 (16%) 13 (19%) 33 (14%) 0.58 1 (2%) 30 (17%) 0.02

Current tobacco use 26 (8%) 5 (7%) 19 (8%) 0.97 17 (9%) 0 (0%) <0.001

Family history of stroke 48 (15%) 10 (13%) 38 (16%) 0.57 7 (14%) 30 (16%) 0.66

Family history of 
hypertension

135 (42%) 10 (13%) 38 (16%) 0.57 14 (27%) 92 (50%) 0.005

Family history of diabetes 49 (15%) 26 (34%) 108 (44%) 0.1 8 (16%) 28 (15%) 1

Stroke characteristics [n (%)] 

Altered mental status on 
admission (n=242) 146 (60%) 56 (93%) 89 (49%) <0.001 28 (72%) 57 (41%) 0.001

In-hospital complications [n (%)] 

ICU admission 4 (1%) 3 (4%) 1 (0.4%) 0.04 1 (2%) 0 (0%) 0.22

Fever 50 (15%) 21 (27%) 29 (12%) 0.001 11 (22%) 16 (9%) 0.01

Aspiration pneumonia 51 (16%) 26 (34%) 25 (10%) <0.001 16 (31%) 9 (5%) <0.001

Decubitus ulcers 4 (1%) 3 (4%) 1 (0.4%) 0.04 0 (0%) 1 (0.5%) 1

Seizures 4 (1%) 3 (4%) 1 (0.4%) 0.04 0 (0%) 1 (0.5%) 1
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TABLE 2:

Stroke characteristics, risk factors, and post-stroke in-hospital complications as predictors of in-hospital 

mortality.

Univariable Regression Multivariable Regression

OR 95% CI p OR 95% CI p

Age (years) [mean (SD)] 1.01 (1.0, 1.03) 0.03 1.008 (0.99, 1.03) 0.36

Stroke characteristics 

Stroke type [n (%)]

Ischemic reference reference

Hemorrhagic 2.31 (1.29, 4.13) 0.005 2.88 (1.27, 6.53) 0.01

Unknown 2.42 (1.17, 5.03) 0.02 1.81 (0.73, 4.47) 0.2

Altered mental status on admission [n (%)] (n=242) 14.6 (5.09, 42.0) <0.001 3.57 (1.18, 10.8) 0.02

Stroke risk factors 

Hyperlipidemia 0.56 (0.24, 1.30) 0.18 0.57 (0.18, 1.74) 0.32

Heart Disease 0.41 (0.22, 0.75) 0.004 0.31 (0.14, 0.68) 0.004

Prior stroke 1.58 (0.88, 2.84) 0.12 1.44 (0.65, 3.20) 0.37

Post-stroke in-hospital complications 

ICU admission 10.1 (1.03, 98.6) 0.047 4.25 (0.16, 109) 0.38

Fever 2.77 (1.47, 5.22) 0.002 1.38 (0.56, 3.36) 0.48

Aspiration pneumonia 4.44 (2.37, 8.33) <0.001 2.39 (0.98, 5.80) 0.055

Decubitus ulcers 9.81 (1.005, 95.7) 0.049 4.46 (0.36, 55.7) 0.25

Seizures 9.81 (1.005, 95.7) 0.049 29.5 (2.14, 406) 0.01
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TABLE 3:

Stroke characteristics, risk factors, and post-stroke in-hospital complications as predictors of 90-day post-

discharge stroke mortality.

Univariable Regression Multivariable Regression

OR 95% CI p OR 95% CI p

Age (years) [mean (SD)] 1.06 (1.03, 1.08) <0.001 1.04 (1.01, 1.06) 0.007

Female [n (%)] 3.33 (1.53, 7.24) 0.002 1.96 (0.71, 5.43) 0.19

Stroke characteristics 

Altered mental status on admission [n (%)]
(n=242) 3.62 (1.66, 785) 0.001 1.49 (0.44, 5.07) 0.52

Stroke risk factors 

Diabetes [n (%)] 2.17 (0.99, 4.73) 0.052 1.5 (0.54, 4.15) 0.44

Hyperlipidemia [n (%)] 2.06 (0.95, 4.48) 0.07 1.84 (0.68, 4.98) 0.23

Prior stroke 3.19 (1.24, 7.18) 0.02 1.32 (0.55, 3.20) 0.53

Atrial fibrillation 1.83 (1.04, 3.22) 0.04 1.55 (0.46, 5.17) 0.48

Post-stroke in-hospital complications 

Fever during hospitalization 2.9 (1.25, 7.74) 0.01 1.24 (0.38, 3.99)0 0.72

Aspiration pneumonia during hospitalization 8.94 (3.66, 31.8) <0.001 3.93 (1.30, 11.88) 0.02
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