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Abstract: Background. Specific clinical risk factors that may be associated with ambulatory outcome 
following thrombolysis therapy in ischemic stroke patients with pre-stroke depression is not fully 
understood. This was investigated. Methods. Multivariate analyses were performed to identify 
predictors of functional ambulatory outcomes. Patient demographics and clinical risk factors served 
as predictive variables, while improvement or no improvement in ambulatory outcome was 
considered as the primary outcome. Results. A total of 595 of these patients received rtPA of which 
310 patients presented with pre-stroke depression, 217 had no improvement in functional outcome, 
while 93 patients presented with an improvement in functional outcome. Carotid artery stenosis 
(OR= 11.577, 95% CI, 1.281 – 104.636, P=0.029) and peripheral vascular disease (OR= 18.040, 95% CI, 
2.956-110.086, P=0.002) were more likely to be associated with an improvement in ambulation. 
Antihypertensive medications (OR= 7.810, 95% CI, 1.401 –43.529, P=0.019), previous TIA (OR= 0.444, 
95% CI, 0.517 –0.971, P=0.012), and congestive heart failure (OR= 0.217, 95% CI, 0.318 –0.402, P=0.030) 
were associated with a no improvement in ambulation. Conclusion. After adjustment for covariates, 
more clinical risk factors were associated with no improvement when compared with improvement 
in functional outcome following thrombolysis therapy in an acute ischemic stroke population with 
pre-stroke depression. 

Keywords. Ambulation; Ischemic stroke; pre-stroke depression; recombinant tissue plasminogen 
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1. Introduction 

Clinical outcomes following ischemic stroke in patients with depression manifest in various 
forms, including ambulation, which is relevant in the assessment of treatment outcomes [1]. 
Ambulatory behavior is known to be modulated by emotions and has long been recognized as an 
integral sign of depression [2], and can predict the course of the disease [3, 4]. Alterations in the 
ambulatory status are well-known as clinically observable phenomena of depressed patients [5]. 
These alterations may be linked to abnormalities in the motor pathways that may also lead to 
alterations of ambulatory patterns in depressed patients [6]. Several studies [7-10] provide evidence 
that an improvement or lack of improvement in the ambulatory status of patients with depression is 
relevant for evaluation of course and treatment response [3, 4, 11]. After stroke, more than 60% of 
survivors present with a reduced ambulatory status [12, 13]. It is known that in ischemic stroke 
patients, pre-stroke clinical risk factors may predict ambulatory recovery following thrombolysis 
therapy [14, 15].  

While post-stroke depression is a common occurrence and linked with poor outcome [16-19], 
the effect of pre-stroke depression on treatment outcome in ischemic stroke patients is not well 
understood. Pre-stroke depression may be associated with abnormal modification of risk factors in 
ischemic stroke [20, 21], and may affect functional ambulatory outcome following rtPA. However, 
clinical risk factors that may predict ambulatory outcome of ischemic stroke patients with pre-stroke 
depression are yet to be fully understood. We developed a logistic regression model to predict the 
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recovery of ambulatory functions 14 days after stroke recovery. We tested the hypothesis that specific 
clinical risk factors may be predictive of ambulatory outcome in ischemic stroke patients with pre-
stroke depression treated with thrombolysis therapy. There is a likelihood that the population of 
ischemic stroke patients with pre-stroke depression with improvement in functional ambulation after 
treatment with thrombolysis therapy maybe different from those with no improvement.  In this 
context, there is a possibility that different clinical risk factors would be associated with 
improvement, when compared with no improvement in ambulatory function after rtPA in ischemic 
stroke patient with pre-stroke depression. The aim of this study is to identify clinical risk factors 
associated with ambulatory recovery in ischemic stroke patients with pre-stroke depression treated 
with thrombolysis therapy 14 days after recovery. Thrombolysis therapy is an FDA-approved 
treatment for acute ischemic stroke, and there is no clinical reason to withhold the use of rtPA based 
on pre-stroke depression alone. Therefore, understanding clinical risk factors that may affect 
ambulatory recovery in ischemic stroke patients with pre-stroke depression may help in the 
development of management strategies to improve the use of rtPA in ischemic stroke patients with 
pre-stroke depression. 

2. Materials and Methods 

2.1. Research Design 

This study contains retrospective data obtained from a large stroke registry and was approved 
by the institutional Ethics Committee (approval number Pro00046787). Data within the Greenville 
Health System (GHS) stroke registry has been standardized according to the “Get with The 
Guidelines” (GWTG) stroke registry formed by the American Heart Association (AHA). Details in 
the ascertainment and data collection have previously been described [22-24]. Briefly, data was 
collected from 1466 ischemic stroke patients admitted to the stroke Unit of GHS between January 
2014 and June 2016 with a diagnosis of acute ischemic stroke. Eligibility for rtPA was based on the 
AHA inclusion guidelines for early management of patients with acute ischemic stroke [25]. All cases 
of prospective clinical identification of acute ischemic stroke were confirmed by computed 
tomography (CT). Our data analysis utilized retrospective data of confirmed cases of acute ischemic 
stroke from the standardized registry. In this study, patients were included if they were, 1) 
discharged from the stroke unit of GHS between January 2014 and June 2016 with acute ischemic as 
their primary cause for hospitalization, 2) entered into the GWTG-Stroke registry and, 3) with 
documented history pre-stroke depression on admission.  

We excluded patients if there was no documentation of medical history on admission, as well as 
patients with mild or improving stroke symptoms. Data on symptomatic hemorrhage was not 
included in our data collection.  Our inclusion criteria allowed us to focus our analysis on ischemic 
stroke patients with a history of pre-stroke depression. We collected data on patient demographics, 
including age, sex, race (African–American/black, white or other) and Hispanic ethnicity. 
Information about medical history was obtained from electronic medical records, and we collected 
and analyzed data on clinical risk factors for stroke in patients with pre-stroke depression. Clinical 
risk factors include atrial fibrillation, coronary artery disease or prior myocardial infarction, carotid 
stenosis, drug abuse, diabetes mellitus, dyslipidemia, congestive heart failure, obesity, hypertension, 
peripheral vascular disease, previous stroke, transient ischemic attack (TIA), renal insufficiency, or 
smoking. While data from history of pre-stroke depression was abstracted from the medical record, 
data collected for antidepressant medication was not directly linked to pre-stroke depression for each 
patient. Data for use of antihypertensive medication, cholesterol reducing agents, and 
antihypertensive agents also collected. Medical records on hospital course, initial NIHSS score and 
examination findings including weakness, aphasia, systolic and diastolic blood pressures, and status 
at discharge were collected. Clinical parameters relating to the hospital course included data of stroke 
patients in the use of rtPA for the 4.5 hours of the protocol. We included data on laboratory analyses 
of samples including serum lipid panel, LDL, total cholesterol and creatinine levels. Ambulatory 
status was characterized using a three-level tiered system at both admission and at discharge, 
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assigning each patient to one of the following: 1) unable to ambulate, 2) able to ambulate with 
assistance, 3) able to ambulate independently. This allowed us to analyze changes in ambulation 
status from admission to discharge in patients who received rtPA, as well as identify risk factors 
associated with improvement or no improvement in ambulatory status.  

3. Statistical analysis  

We analyzed our data using the SPSS Statistics Software version 15.0 (Chicago, IL). We utilized 
descriptive statistics to characterize the demographic and clinical risk factors in ischemic stroke 
patients with pre-stroke depression treated with rtPA and characterize them based on improvement 
or no improvement in ambulatory status. We tested the normality of our data using the Kolmogorov-
Smirnov test. All continuous variables were analyzed using a Student-t-test, while discrete variables 
were analyzed using Pearson’s Chi-Squared analyses. The mean, standard deviation, and range were 
determined for all continuous variables and significant differences at P<0.05 were determined. The 
number of patients and percentage of patients in each category were analyzed for all discrete 
variables.  

We used logistic regression analysis to identify predictive clinical risk factors in a population of 
ischemic stroke patients with pre-stroke depression who were treated with rtPA.  This sample 
population was then divided into two groups: improvement ambulatory status after treatment and 
no improvement in ambulatory status after treatment. In our logistic regression analysis, we retained 
parameters that the p-value were less than 0.05, and parameters with p-values > 0.05 were excluded 
and eliminated stepwise. We then re-considered and added parameters that were initially eliminated 
in the model if they met the criteria of p < 0.05. We adjusted for clinical covariates that were significant 
in the unadjusted univariate analysis using the backward elimination method with conventional P 
value <0.05.   

The primary outcome of our logistic model was the identification of baseline clinical risk factors 
that were significantly associated with improvement or no improvement in ambulation following 
thrombolysis therapy in ischemic stroke patients with pre-stroke depression. This approach allowed 
us to identify specific clinical risk factors associated with an improvement or no improvement in 
ambulation recovery in the multivariate analysis. We used the variance inflation factor to determine 
independence of variables included in the regression model to address the issue of collinearity or 
interactions between independent variables. We tested the validity of our model using a Hosmer-
Lemeshow test, and the overall correct classification percentage and the area under the Receiver 
Operating Curve (ROC) for score prediction was determined. This allowed us to test the sensitivity, 
specificity and accuracy of our logistic model. Odds ratios (ORs) were determined from the logistic 
regression and significance was set at the probability level of 0.05. We then use the odds ratio values 
to predict the odds of attaining a specific ambulation outcome in ischemic stroke patients with pre-
stroke depression treated with thrombolysis therapy. 

4. Results 

A total of 4,665 ischemic stroke patients were identified. Of this population, 1,446 patients were 
eligible for rtPA and 595 of these patients received rtPA. Of the 595 patients treated with thrombolysis 
therapy, 310 patients presented with a documented history of pre-stroke depression. Of the acute 
ischemic stroke patients with pre-stroke depression who received rtPA, 217 patients presented with  
no improvement, and there was an improvement in ambulation for 93 patients (Table 1).Compared 
to the no improvement group, the improvement rtPA population was younger (64.18 ± 15.2 vs. 67.17 
± 14.5), included more males (66.7% vs 61.3%), and fewer females (33.3% vs 38.7%).Those with an 
improvement in ambulation were more likely to present with lower rates of atrial fibrillation or atrial 
flutter (15.1% vs 19.8%), less likely to have dyslipidemia (60.2% vs. 64.1%), family history of stroke 
(9.7% vs 13.4%), congestive heart failure (9.7% vs. 17.5%), hypertension(82.8% vs 85.3%), prior TIA 
(9.7% vs 14.7%),chronic renal disease (9.7% vs 15.7%),  diabetes (40.9% vs 44.2%), and are less likely 
to receive  treatment in a telestroke setting (8.6% vs 10.1%). 
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Table 1. Demographic and clinical characteristics of ischemic stroke patients with pre-stroke 
depression. Results for continuous variables are presented as Mean ± S.D, while discrete data are 
presented percentage frequency. Pearson’s Chi-Squared is used compare differences between 
improvement and no improvement in ambulatory outcome in rtPA treated groups. 

 
In addition, the improvement in ambulation group demonstrated higher rates of carotid artery 

stenosis (7.5% vs 6.9%), prior   stroke(35.5% vs 34.1 %), history of drug abuse (11.8% vs 7.4%), 
obesity (73.1% vs 70.5%), peripheral vascular disease (11.8% vs 9.2%), and smoking history (31.2% vs 
24.4%). Patients with improvement in ambulation were less likely to take antihypertensive 
medication (75.3% vs 78.3%), and cholesterol reducing agents (54.8% vs 57.6%). Compared with the 
no improvement group, those with an improvement in ambulation were more likely to take 
antidepressants(86.0% vs 78.3%), present with higher NIHSS scores (12.29±7.6 vs 8.84±8.0), high 
serum cholesteroal (170.27±51.8 mg/dl vs 168.34±47.9 mg/dl), and BMI ( 29.96±8.1 vs 29.56±7.1), lower 
low density lipoprotein (LDL) (98.26±8.1 vs 100.77±38.6 mg/dl), serum creatine(1.24±0.96 vs 
1.47±2.3mg/dl), high systolic blood pressure (150.2±19.0 vs 146.2±27.0mm Hg) and diastolic blood 
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pressure values (84.1 ±17.0 vs 80.3±23 mm Hg). Apart from use of rtPA, and NIH scale scores, all 
other clinical variables including age, race, gender, atrial fibrillation or atrial flutter, carotid artery 
disease, dyslipidemia, congestive heart, hypertension, prior stroke, prior, and chronic renal disease 
were not significantly different between the  improvement and the no improvement  in ambulation 
group. 

Following adjustment for the cofounding effects of non-significant variables in the total 
population (Table 2), only NIHSS score (OR= 1.275, 95% CI, 1.006 - 1.616, P=0.045) was associated 
with an improvement in ambulatory outcome. The area under the curve (AUROC= 0.707, 95% CI, 
0.639-0.776, P<0.001) of accurate classification, indicates a good fit for the regression model. For the 
improvement in ambulation group (Table 3), carotid artery stenosis (OR= 11.577, 95% CI, 1.281 – 
104.636, P=0.029) and peripheral vascular disease (OR= 18.040, 95% CI, 2.956-110.086, P=0.002) were 
more likely to be associated with an improved ambulatory outcome, while antihypertensive 
medication (OR= 0.192, 95% CI, 0.035 – 1.067, P=0.051) was predicted to be associated with no 
improvement in ambulation following thrombolysis therapy. The discriminatory capability of the 
model was strong with area under the curve (AUROC= 0.827, 95% CI, 0759-0.895, P<0.001).   

For the no improvement group, NIH scale score (OR= 0.887, 95% CI, 0.830 - 0.948, P<0.001), 
antihypertensive medications (OR= 7.810, 95% CI, 1.401 –43.529, P=0.019), previous TIA (OR= 0.444, 
95% CI, 0.517 –0.971, P=0.012), and congestive heart failure (OR= 0.217, 95% CI, 0.318 –0.402, P=0.030) 
were significantly associated with no improvement in ambulation (Table 4). The discriminating 
ability of the model was strong as shown by the ROC curve, with area under the curve (AUROC= 
0.842, 95% CI, 0778-0.906, P<0.001).  

Table 2. Results for the logistic regression model that predicts clinical risk factors associated with 
improvement or no improvement in ambulatory recovery for an ischemic stroke population with pre-
stroke depression.  

 
Adjusted OR<1 indicates clinical and demographic factors associated with no improvement in 
ambulation while Adjusted OR>1 reveal factor associated an improvement in ambulation following 
thrombolysis therapy. Hosmer-Lemeshow test, Cox & Snell (R2=0.0.707), and the overall classified 
percentage of 70.7% was applied to check the model fitness. * Indicates statistical significance (P<0.05) 
with 95% a confidence interval.  
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Table 3. Predictive clinical and demographic variables associated with an improvement in 
ambulation for ischemic stroke population with pre-stroke depression, treated with rtPA.  

 
Adjusted OR<1 denote factors that are associated with no improvement in ambulation while adjusted 
OR>1 denote factors that are associated with an improvement in ambulation. Hosmer-Lemeshow test, 
Cox & Snell (R2=0.827). The overall classified percentage of 82.7% was applied to check for the fitness 
of the logistic regression model. * Indicates statistical significance (P<0.05) with 95% a confidence 
interval. 
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Table 4. Clinical factors that were associated with no improvement in ambulation for ischemic stroke 
population with pre-stroke depression treated with rtPA.  

 
Adjusted OR<1 indicates factors associated with no improvement while adjusted OR>1 indicates 
factors associated with an improvement. Hosmer-Lemeshow test, Cox & Snell (R2=0.842), and the 
overall classified percentage of 84.2% was applied to check for the fitness of the logistic regression 
model. * Indicates statistical significance (P<0.05) with 95% a confidence interval. 

5. Discussion 

The goal of this study was to investigate clinical risk factors that may be associated with an 
improvement or no improvement in the recovery of ambulatory functions following thrombolysis 
therapy in acute ischemic stroke patients with pre-stroke depression. In the univariate analysis, we 
found that the proportion of ischemic stroke patients with pre-stroke depression who presented with 
no improvement in ambulation after treatment with rtPA was higher than those with an 
improvement in ambulation. This may be linked to differences in the proportion of clinical factors 
between patients that presented with an improvement and those with no improvement in their 
ambulation status. We expected that the use of antidepressants would be identified as a variable 
associated with ambulatory status.  However, the univariate analysis as well as the adjusted analysis 
did not reveal a significant association of antidepressants with ambulatory outcome in ischemic 
stroke patients with pre-stroke depression treated with thrombolysis therapy. It is possible that the 
variation in the effects or use of antidepressants may be associated with stroke severity, rather than 
with the ambulation status.  

In the univariate analysis, NIHSS (indicator of stroke severity) was associated with a significant 
improvement in ambulation among ischemic stroke patients with pre-stroke depression. This effect 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 June 2019                   doi:10.20944/preprints201906.0048.v1

https://doi.org/10.20944/preprints201906.0048.v1


 8 of 11 

was sustained in the adjusted analysis for the total population of ischemic stroke patients with pre-
stroke depression and was associated with no improvement in the group with no improvement in 
ambulation following rtPA. In general, the initial NIHSS score is a strong predictor of stroke severity 
and may predict functional outcome as well. In the univariate analysis, stroke severity, demonstrated 
by NIHSS, was between 0 and 14 for many of the patients with no improvement following treatment 
with rtPA. The adjusted analysis associated initial NIHSS with both an improvement and no 
improvement in ambulation following rtPA. This finding indicates that the severity of stroke is not 
enough to predict functional ambulatory outcomes, and that clinical risk factors may as well play a 
significant role [26, 27].  

In the population that presented with an improvement in ambulation, we observed that in the 
adjusted analysis, patients that presented with carotid artery stenosis and peripheral vascular disease 
were more likely to be associated with an improvement in ambulation. However, patients that took 
antihypertensive medications were more likely to be associated with no improvement following 
thrombolysis therapy. Because clinical risk factors associated with an improvement in functional 
ambulatory recovery maybe be different between the population with an improvement and those 
with no improvement, we performed additional analyses to evaluate if these factors may significantly 
differ. Our findings indicate that in the no improvement group, the effect of carotid artery disease 
and peripheral vascular disease, which were significant in the improvement group, were attenuated 
in the no improvement group. Moreover, our adjusted analysis revealed that previous TIA, 
congestive heart disease, and use of antihypertensive medications were more likely to be significantly 
associated with no improvement in functional ambulatory recovery in ischemic stroke patients with 
pre-stroke depression. 

Previous TIA is not a formal contraindication for rtPA, especially if the TIA was at least three 
months before the onset of stroke [28] [22, 29]. However, it has been shown that the onset of TIA 
within 24 hours of stroke may lead to a poor outcome following rtPA [30, 31]. It is possible that some 
ischemic stroke patients with pre-stroke depression may present an invisible TIA in the CT scans 
making it difficult to detect and this may affect treatment outcome with rtPA. This might be the case 
in ischemic stroke patients with pre-stroke depression that received rtPA resulting in no 
improvement outcome in functional ambulatory recovery. The association between antihypertensive 
medication and depression is well documented in the literature [32, 33]. It is known that if depression 
occurs prior to stroke, medication use plays a role in the treatment outcome of the stroke [21, 34]. It 
is also known that clinical risk factors contribute to, or worsen, the underlying disease such as 
depression and stroke [28]. However, the relationship between certain clinical risk factors, such as 
congestive heart failure, with treatment response to rtPA and functional ambulatory outcome in 
ischemic stroke patients with pre-stroke depression is not known.  

Depression is an independent risk factor for the onset of congestive heart failure [35, 36], and 
subclinical depressive symptoms are also correlated with an increased risk of stroke [37]. The 
biological variables that trigger this relationship are due to multiple alterations in 
neuroimmunoendocrine proteins in depressed patients, especially in the acute phase [38]. It is not 
clear how these factors interact with rtPA to affect functional ambulatory recovery in ischemic stroke 
patients with pre-stroke depression, and this is beyond the scope of the current study.  However, 
ample evidence indicates that congestive heart failure may have a causal relationship with depression 
in stroke patients [39-42]. This is especially important since certain areas in the brain, including the 
medial temporal region, an area associated with the pathophysiology of depression, are particularly 
vulnerable to perfusion deficits which arise in the context of congestive heart failure [43, 44]. 
Clinically, our results indicate that congestive heart failure, antihypertensive medications, and 
previous TIA are important clinical risk factors that may affect the treatment outcomes of 
thrombolysis therapy and affect functional ambulatory recovery in ischemic stroke patients with pre-
stroke depression. Our findings have practical implications and suggest the need for the development 
of an effective strategy to manage the combined effect of congestive heart failure, antihypertensive 
medications, and TIA in ischemic stroke patients with pre-stroke depression. 
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Our study has limitations. The retrospective nature of our data may indicate the possibility of 
selection bias. In addition, the absence of pre-stroke functional status data including pre-stroke mRS 
and post treatment NIHSS scores did not allow for the comparison of ambulatory recovery and 
NIHSS scores or mRS to be evaluated. Depression is a common post-stroke complication and pre-
stroke depression is known to contribute to treatment outcome following thrombolysis therapy. An 
important contribution of the current study to existing literature is identification of specific clinical 
risk factors that are significantly associated with functional ambulatory outcome in ischemic stroke 
patient with incidence of pre-stroke depression who received thrombolysis therapy. 

6. Conclusion 

In this study, we have shown that few acute ischemic stroke patients with pre-stroke depression 
received rtPA, and more clinical risk factors were associated with  no improvement in functional 
outcome when compared with those that were associated an improvement in ambulation among 
ischemic stroke patients with a history of pre-stroke depression. Our findings reveal that congestive 
heart failure, antihypertensive medications, and previous TIA are significant clinical risk factors that 
may affect the treatment outcomes of thrombolysis therapy in ischemic stroke patients with a history 
of pre-stroke depression. Future studies should focus on effective strategies to manage these clinical 
risk factors to improve treatment outcomes of thrombolytic therapy in ischemic stroke patients with 
pre-stroke depression. 
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