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Lifetime and acute stress predict functional outcomes following 
stroke: Findings from the longitudinal STRONG Study

E. Alison Holman, PhD, FNP1,2, Steven C. Cramer, MD3 The STRONG Study Investigators
1Sue & Bill Gross School of Nursing, Room 4517, Nursing & Health Sciences Hall, University of 
California, Irvine, CA 92697

2Department of Psychological Science, 4201 Social & Behavioral Sciences Gateway, University of 
California, Irvine, CA 92697

3Department of Neurology, University of California, Los Angeles; and California Rehabilitation 
Institute

Abstract

Background: Stroke is a sudden-onset, uncontrollable event; stroke-related stress may impede 

rehabilitation and recovery. Lifetime stress may sensitize patients to experiencing greater stroke-

related stress and indirectly affect outcomes. We examine lifetime stress as predictor of post-stroke 

acute stress and examine lifetime and acute stress as predictors of 3- and 12-month functional 

status, and we compare acute stress and baseline National Institute of Health Stroke Scale 

(NIHSS) as predictors of post-stroke functional status.

Methods: Between 2016–2020 the STRONG Study enrolled adults with new radiologically-

confirmed stroke 2–10 days post-stroke onset at 28 acute care U.S. hospitals. Participants were 

interviewed three times: acute admission (acute stress; Acute Stress Disorder Interview), 3-months 

(Fugl-Meyer Upper Extremity motor impairment [FM;N=431], modified Rankin Scale [mRS;3-

mo N=542], Stroke Impact Scale-Activities of Daily Living [SIS-ADL;3-mo N=511], Lifetime 

Stress Exposure Inventory) and 12-months (mRS,N=533; SIS-ADL,N=485; Telephone-Montreal 

Cognitive Assessment,N=484) post-stroke. Structural equation models examined whether acute 

stress predicted 3- and 12-month functional outcomes, and/or mediated an association between 

lifetime stress and outcomes controlling for demographics and initial NIHSS. Standardized betas 

are reported.

Results: Sample (N=763) was 19–95 years old (M=63;SD=14.9); 448(58.7%) male. Acute 

stress scores ranged from 0–14 (M=3.52,95%CI=3.31,3.73). Controlling for age, gender, baseline 

NIHSS, and race/ethnicity, higher lifetime stress predicted higher acute stress (β=.18,p<.001), 

which predicted lower 3-mo FM scores (β=−.19,p<.001), lower SIS-ADL scores at 3-mo 

(β=−.21,p<.001) and 12-mo (β=−.21,p<.001), higher mRS scores at 3-mo (β=.23,p<.001) and 

12-mo (β=.22,p<.001), and lower 12-mo tMOCA scores (β=−.20,p<.001). Acute stress predicted 

12-mo tMoCA (χ2 (1)=5.29,p=.022) more strongly, 3-mo and 12-mo mRS and SIS scores as 
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strongly (all ps>.18), but Fugl-Meyer scores (χ2 (1)=7.01,p=.008) less strongly than baseline 

NIHSS.

Conclusions: Lifetime stress/trauma is associated with more post-stroke acute stress, which 

is associated with greater motor and cognitive impairment and disability 3- and 12-months post-

stroke. Post-stroke interventions for acute stress may help mitigate stroke-related disability.

Graphical Abstract
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acute stress; functional impairment; stroke rehabilitation; lifetime stress

Introduction

Stroke is a leading cause of human disability and the leading neurological cause of lost 

disability-adjusted life years.1 It is also a sudden-onset, unexpected, uncontrollable, highly 

disruptive life event. These features make having a stroke extremely stressful and potentiate 

its debilitating effects.2–4 Indeed, stroke-related stress is likely to place stroke survivors 

at great risk for functional impairments, independent of the stroke-related damage to the 

brain.5,6 Voluminous evidence links stressful life events (SLEs) with physical ailments, 

including stroke, highlighting the importance of studying how SLEs may affect psychosocial 

and functional outcomes over time.7–9 A small, growing body of research has examined 

stroke-related post-traumatic stress symptoms (PTSS) or disorder (PTSD), documenting 
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wide variability (6%-~40%) in PTSS/PTSD among stroke patients.10–13 Yet few have 

studied how lifetime exposure to stressful or traumatic events is associated with functional 

sequelae of stroke,14 and we found no studies juxtaposing early post-stroke psychological 

sequelae with more traditional early assessments (e.g., NIHSS scores) as predictors of 

longer-term functional outcomes in stroke survivors.15,16

Rehabilitation therapy following stroke emphasizes early, preventative interventions. As 

such, optimal post-stroke rehabilitation may require identifying highly-stressed individuals 

so that appropriate care can begin immediately after the stroke. However, most studies 

addressing stress-related symptoms in patients who had a stroke are not methodologically 

rigorous as they often used small samples,3,17–19 with either cross-sectional or retrospective 

designs.4,10,18–20 or had limited short-term follow-up assessments.21,22 Prospective, 

longitudinal studies are needed to identify early acute-phase predictors of chronic 

impairment and disability. Toward this end, this paper reports findings from a study 

designed to examine the unique, independent roles of lifetime stress/trauma and acute stress 

as early predictors of long-term functional sequelae following a stroke and to calibrate 

early psychological response known to complicate post-stroke recovery10 with the NIHSS 

score. Calibrating early psychological responses with the NIHSS as predictors of functional 

outcomes could inform development of more comprehensive early predictive tools for 

guiding post-stroke interventions.

Methods

Recruitment

The multi-center longitudinal STRONG Study recruited new stroke patients at 28 hospitals 

across the U.S. (see Supplementary Materials) to examine genetic markers, lifetime stress/

trauma, and acute stress experiences that may affect stroke recovery. Genetic analyses will 

be reported elsewhere. Entry criteria included age ≥18 years, ischemic stroke or intracerebral 

hemorrhage confirmed radiologically, onset 2–10 days before initial interview, able to 

understand/respond in English, and able to respond to study assessments. Excluded patients 

had expected survival <1 year, experienced a stroke <90 days before index stroke, moderate-

severe disability before index stroke (pre-stroke modified Rankin Scale [mRS] score>2), 

and significant psychiatric/neurological diagnosis before index stroke. To ensure consistency 

across sites, interviewers at each site underwent standardized training before enrolling/

interviewing patients. The standardized protocol did not monitor who conducted which 

interviews over time, so stressful life events (SLE), acute stress, and outcome assessments 

may have been assessed by the same person over time. However, acute stress—a baseline 

assessment—was not consistently assessed by the same person who conducted 3-mo and 

12-mo interviews. Patient attrition was due to mortality, inability to return to enrollment 

hospital, and COVID-19 restrictions (see Supplemental Figure 1). This study was approved 

by the local IRB at each participating institution. All participants provided informed consent 

with no surrogate consent permitted. The data that support the findings of this study are 

available from the corresponding author upon reasonable request.
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Measures

Visit 1 (acute) was a live exam 2–10 days after stroke onset that included the well-

validated and reliable 14-item Acute Stress Disorder Interview (ASDI),23 a dichotomous 

assessment of the presence/absence of early stroke-related post-traumatic stress symptoms 

(e.g., intrusions, hypervigilance, avoidance). This interview also included demographics, 

medical history, and extraction of initial NIH Stroke Scale24,25 (NIHSS) score from the 

medical record. Positive ASDI symptoms were summed to create a total score ranging from 

0 to 14, with higher scores indicating greater acute stress.

Visit 2 (3-mo) was a live exam approximately 3 months post-stroke. Measures included 

Fugl-Meyer Upper Extremity (FM) assessment26–28, a 66-point scale where higher scores 

indicate less upper extremity motor impairment; the mRS29, a 7-level scale where 

higher scores indicate greater global disability, the Stroke Impact Scale 3.0 Activities of 

Daily Living subsection (SIS-ADL)30, a 40-point scale where higher scores indicate less 

functional disability; and a modified version of the Lifetime Stress Exposure Inventory31 

of respondents’ exposure to 31 major stressful/traumatic life events (heretofore SLEs; 

e.g., domestic violence, bereavement, childhood maltreatment, discrimination, living in 

dangerous neighborhood, sexual assault, disasters) in childhood, and in adulthood before 

or after the index stroke with higher scores indicating greater SLE exposure. The SLEs 

measure was developed by a member of the team in a study of 1456 chronically ill primary 

care patients,32 and has reliably produced comparable rates of population-level SLEs as 

standardized measures.33 SLEs occurring during childhood and adulthood before the index 

stroke were summed to create an index of pre-stroke lifetime SLE exposure. Visit 3 data 

were collected 6-months post-stroke but are not relevant to the current paper.

Visit 4 (12-mo) occurred via telephone, approximately 12 months post-stroke, and included 

three measures of mental and physical functioning: the mRS,29 the SIS-ADL,30 and the 

Telephone Montreal Cognitive Assessment (tMOCA).34,35

Data Analysis

Analyses were conducted using the Stata version 1736 structural equation modeling 

program. Mediation path models were constructed predicting each outcome: mRS scores (3-

mo and 12-mo), SIS-ADL scores (3-mo and 12-mo), FM scores (3-mo) and tMOCA scores 

(12-mo). Lifetime SLE was the main predictor with total acute stress score (ASDI) tested 

as an explanatory mediator linking lifetime SLEs with post-stroke functional outcomes. 

Each model included age, gender, race-ethnicity, and initial NIHSS total score as covariates. 

All models were estimated using Full Information Maximum Likelihood (FIML) to retain 

participants by using all available data to estimate a likelihood function for each participant. 

This approach analyzes the full sample and minimizes bias on parameter estimates due 

to missing data.37 Indirect effects of lifetime SLEs (Lifetime Stress Exposure Inventory 

score) on each outcome through acute stress (ASDI score) were then tested. For each 

model, a Wald χ2 test compared the strengths of acute stress versus baseline NIHSS 

scores as predictors of each outcome. Continuous variables were standardized before 

analyses to provide standardized betas as effect sizes. Analyses were repeated on cases 

with complete data and the findings were essentially identical across all outcomes. FIML 
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data are presented. Analyses were rerun controlling for hypertension and diabetes, and again 

to examine the independent associations of childhood, adulthood, and post-stroke SLE. In all 

analyses findings and effect sizes for lifetime SLE, acute stress, and NIHSS were essentially 

identical to those presented herein, but model fit worsened, so analyses are presented with 

pre-stroke lifetime SLE and acute stress as key predictors of 3- and 12-month outcomes. 

This manuscript follows the STROBE38 reporting guidelines.

Results

Sample demographics

We enrolled 763 patients between 10/2016 and 2/2020. Complete data were available in 510 

patients at 3-mo; and 482 at 12-mo. Table 1 displays sample demographics. Participants 

were enrolled a median of 4 [IQR: 3–6] days post-stroke. This was the first stroke in 80.9%; 

32.4% received acute reperfusion therapy (IV tPA or neurointerventional procedure or both). 

Hypertension was present in 71.6%; diabetes mellitus, in 30.0%.

Lifetime and acute stress

SLEs ranged from 0–31 events (M=7.25, SD=6.10; 95% CI=6.75,7.76; Md=6). Acute stress 

symptoms ranged from 0–14, where higher scores indicate higher acute stress (M=3.52, 

SD=2.94; 95% CI[3.31,3.73]; Md=3), with 6.61% (N=50) reporting nine or more symptoms 

consistent with DSM-V acute stress disorder diagnosis. In all models reported, lifetime 

SLEs directly predicted patient reports of stroke-related acute stress (ASDI score) 2–10 

days post-stroke: As SLEs increased, post-stroke acute stress symptoms also increased 

significantly (β=.19, 95% CI[.11,.26], p<.001).

Visit 2 outcomes

Modified Rankin Scores.—Acute stress predicted 3-mo functional outcomes; ASDI 

scores were associated with poorer 3-mo mRS scores after controlling for age, gender, 

self-reported race/ethnicity, lifetime SLEs, and baseline NIHSS scores. The mediation path 

model predicting 3-mo mRS scores from lifetime SLE and acute stress had good model 

fit: χ2(4, N=763)=5.23, p=.264, with acute stress R2=.07, mRS score R2=.15, and model 

R2=.18.

As acute stress increased, mRS scores also increased (β=.23,95% CI[.15,.31],p<.001). 

There was a small but significant positive indirect effect of lifetime SLEs on 3-mo mRS 

scores through acute stress--more lifetime SLEs were associated with poorer functioning 

(β=.04,95% CI[.02,.07],p<.001; Figure 1a). Finally higher baseline NIHSS scores directly 

(β=.20,95% CI[.12,.28],p<.001) and indirectly (β=.03,95% CI[.01,.05],p=.006) predicted 

higher 3-mo mRS scores. When compared to the baseline NIHSS scores, acute stress was as 

strong a predictor of 3-mo mRS scores after controlling for SLEs and covariates, Wald χ2 

test χ2(1, N=763)=0.25, p=.615.

Stroke Impact Scale-ADL.—Acute stress predicted 3-mo disability outcomes, as 

higher acute ASDI scores were associated with poorer 3-mo SIS-ADL scores after 

controlling for age, gender, self-reported race/ethnicity, lifetime SLEs, and baseline 
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NIHSS scores. The mediation path model predicting 3-mo SIS-ADL scores from lifetime 

SLEs and acute stress had good model fit: χ2(4, N=763)=5.28, p=.26, with acute 

stress R2=.07,SIS-ADL scores R2=.22, and model R2=.23. Both higher acute stress 

(β=−.21,95% CI[−.29,−.14],p<.001) and lifetime SLEs (β=−.15,95% CI[−.23,−.07],p<.001) 

directly predicted lower 3-mo SIS-ADL scores. Lifetime SLEs also indirectly predicted 

lower SIS-ADL scores through acute stress (β=−.04,95% CI[−.06,−.02],p<.001;Figure 1b). 

Finally, higher baseline NIHSS scores directly (β=−.22, 95% CI[−.30,−.14], p<.001) and 

indirectly (β=−.03,95% CI[−.04,−.01],p=.006) predicted lower 3-mo SIS-ADL scores. When 

compared to the baseline NIHSS scores, acute stress was as strong a predictor of 3-mo 

disability after controlling for SLEs and covariates, Wald χ2 test χ2(1, N=763)=0.02, p=.88.

Fugl-Meyer Scores.—Acute stress predicted 3-mo motor impairment outcomes, as higher 

acute ASDI scores were associated with poorer 3-mo FM scores after controlling for 

age, gender, self-reported race/ethnicity, lifetime SLEs, and baseline NIHSS scores. The 

mediation path model predicting 3-mo FM total scores from lifetime SLE and acute stress 

scores had good model fit: χ2(4, N=763)=5.24, p=.26, with acute stress R2=.07, FM scores 

R2=.21, and model R2=.23. Acute stress directly predicted 3-mo FM scores—as acute 

stress increased, FM scores decreased (β=−.19, 95% CI[−.28,−.10], p<.001). There was a 

small but significant indirect effect of lifetime SLEs on 3-mo FM scores through acute 

stress (β=−.04, 95% CI[−.06,−.01], p=.001; Figure 1c). Higher baseline NIHSS scores also 

directly (β=−.37, 95% CI[−.46,−.28], p<.001) and indirectly (β=−.02, 95% CI[−.04,−.01], 

p=.010) predicted lower 3-mo FM scores. When compared to baseline NIHSS scores, 

acute stress was a weaker a predictor of 3-mo impairment after controlling for SLEs and 

covariates, Wald χ2 test χ2 (1, N=763)=6.61, p=.01.

Visit 4 outcomes

Acute stress also predicted 12-mo functional and cognitive impairment outcomes, as 

acute ASDI scores were associated with 12-mo mRS, SIS-ADL, and tMOCA scores after 

controlling for age, gender, self-reported race/ethnicity, lifetime SLEs, and baseline NIHSS 

scores. When compared to baseline NIHSS scores, acute stress was as strong a predictor of 

3-mo mRS and SIS-ADL scores, but a stronger predictor of the 12-mo tMOCA scores.

Modified Rankin Scores.—Higher ASDI scores were associated with poorer 12-mo 

mRS scores after controlling for age, gender, self-reported race/ethnicity, lifetime SLEs, 

and baseline NIHSS scores. The mediation path model predicting 12-mo mRS scores from 

lifetime SLEs and acute stress had good model fit: χ2(10, N=763)=13.43, p=.201, with acute 

stress R2=.07, mRS score R2=.13, and model R2=.16. As acute stress increased, mRS scores 

also increased (β=.22,95% CI[.14,.31],p<.001). Lifetime SLEs did not directly predict 

12-mo mRS scores (β=−.04,95% CI[−.13,.04],p = .329), however, a small but significant 

indirect effect emerged linking lifetime SLEs with 12-mo mRS scores through acute stress; 

more lifetime SLEs were associated with poorer functioning (β=.04,95% CI[.02,.06],p<.001; 

Figure 2a). Finally, higher baseline NIHSS scores directly (β=.18,95% CI[.10,.26],p<.001) 

and indirectly (β=.03, 95% CI[.01,.05], p=.007) predicted higher 12-mo mRS scores. When 

compared to baseline NIHSS scores, acute stress was as strong a predictor of 12-mo mRS 

scores after controlling for SLEs and covariates, Wald χ2 (1,N=763)=0.60, p=.439.
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Stroke Impact Scale-ADL.—Higher ASDI scores predicted poorer 12-mo SIS-ADL 

scores after controlling for age, gender, self-reported race/ethnicity, lifetime SLEs, and 

baseline NIHSS scores. The mediation path model predicting 12-mo SIS-ADL from lifetime 

SLEs and acute stress had good model fit: χ2(10, N=763)=13.43, p=.20, with acute stress 

R2=.07, SIS-ADL scores R2=.15, and model R2=.16. Higher acute stress (β=−.21, 95% 

CI[−.29,−.13], p<.001) and lifetime SLEs (β=−.19, 95% CI[−.28,−.10], p<.001) directly 

predicted lower 12-mo SIS-ADL scores. Lifetime SLEs also indirectly predicted lower 

SIS-ADL scores through acute stress (β=−.04, 95% CI[−.06,−.02], p=.001; Figure 2b). 

Finally, higher baseline NIHSS scores directly (β=−.13, 95% CI[−.21,−.04], p=.003) and 

indirectly (β=−.02, 95% CI[−.04,−.01], p=.008) predicted lower 12-mo SIS-ADL scores. 

When compared to baseline NIHSS scores, acute stress was as strong a predictor of 12-mo 

disability after controlling for lifetime trauma and covariates, Wald χ2 (1, N=763)=1.78, 

p=.182.

tMOCA scores.—ASDI scores predicted poorer 12-mo tMOCA scores after controlling 

for age, gender, self-reported race/ethnicity, lifetime SLEs, and baseline NIHSS scores. 

The mediation path model predicting 12-mo tMoCA scores from lifetime SLEs and acute 

stress scores had good model fit: χ2 (10, N=763)=13.67, p=.189, with acute stress R2=.07, 

tMoCA scores R2=.13, and model R2=.18. Higher acute stress directly predicted lower 

12-mo tMOCA scores (β=−.20, 95% CI[−.28,−.11], p<.001). Lifetime SLEs were not 

directly associated with 12-mo tMOCA (β=.06, 95% CI[−.03,.15], p=.215), but indirectly 

predicted 12-mo tMOCA scores through their association with acute stress (β=−.04, 95% 

CI[−.06,−.01], p=.001; Figure 2c). Similarly, baseline NIHSS scores were not directly 

associated (β=−.05, 95% CI[−.14,.04], p=.263) but were indirectly associated with lower 

12-mo tMOCA scores through acute stress (β=−.02, 95% CI[−.04,.01], p=.010). When 

compared to baseline NIHSS scores, acute stress was a stronger predictor of 3-mo 

impairment after controlling for lifetime trauma and covariates, Wald χ2(1, N=763)=5.29, 

p=.022.

Discussion

Identifying early predictors of long-term disability following stroke is essential for 

developing early interventions that enable a personalized approach to optimizing long-term 

outcomes. The NIHSS score is commonly used as the best deficit rating scale of long-term 

outcomes amongst data available during the acute stroke admission.15,16 In this prospective 

longitudinal study of 763 patients with stroke, greater lifetime exposure to stress/trauma was 

associated with higher acute psychological stress symptoms reported 2–10 days after stroke 

onset, which in turn were a strong predictor of 3-month disability and motor impairment 

as well as 12-month disability and cognitive impairment. Effect sizes show acute stress 

symptoms are as strong a predictor of mRS and SIS-ADL scores at 3- and 12-months, and 

a stronger predictor of cognitive impairment at 12-months post-stroke, when compared to 

initial NIHSS scores. The NIHSS was the strongest predictor of 3-month motor impairment, 

as expected given that the NIHSS is strongly driven by motor deficits. These novel findings 

suggest that above and beyond current rehabilitation to address early physical impairments 

(e.g., NIHSS score), early psychological sequelae of stroke may serve as an important target 
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for early intervention to mitigate the negative downstream disability often seen in stroke 

survivors. Given the link between lifetime SLEs and acute stress, early interventions that 

connect stroke survivors with a support system to bolster coping with both the psychological 

sequelae of the stroke and any lifetime/chronic stress affecting patients’ rehabilitation would 

be best.

Acute stress is independently associated with short- and long-term disability

An early psychological sequela of stroke was consistently one of the two strongest 

predictors of 3-month outcomes alongside NIHSS score and age. At 12-months post-stroke, 

the same pattern emerged: acute stress was either the strongest predictor (tMoCA) or was 

one of two equally-strong top predictors of post-stroke disability alongside baseline NIHSS 

(for mRS and SIS-ADL). Substantial evidence suggests that post-stroke rehabilitation 

therapy treatment gains are: (a) highly variable in stroke survivors,39 and (b) often smaller 

than the effects of key covariates (i.e., age, severity) included in the model.40 This suggests 

that some important predictors have yet to be included in these predictive models. To address 

this problem, several prediction tools have been developed in recent years to improve 

clinicians’ ability to accurately identify treatment outcomes.41–44 Findings reported here 

suggest that incorporating assessments of acute stress in these tools may further strengthen 

their prognostic utility for predicting functional and perhaps motor outcomes. New strategies 

are needed to optimize prescription of rehabilitation therapy and better predict the wide 

variability in response to post-stroke rehabilitation therapy; our findings suggest these 

strategies need to address the acute stress experienced by stroke patients as a possible 

mechanism through which lifetime SLE exposure may exacerbate long-term disability. 

Doing so may improve patients’ post-stroke long-term functioning.

These findings extend decades of research documenting stress-related mental and physical 

health outcomes from basic7 and epidemiological research9 to shed light on psychological 

processes that may impact stroke recovery. While post-stroke depression is an extensively-

studied known contributor to poor recovery outcomes among stroke survivors45, the role 

of PTSD–a common comorbid disorder–has heretofore received far less attention among 

stroke survivors.10 This study draws from the rich prior literature on stress-related disorders 

to identify early PTSD symptoms as a risk factor that can be measured during initial 

hospitalization, opening the possibility of using an early intervention to reduce post-stroke 

disability. As is the case with disaster response, receiving early psychological first aid–

perhaps implemented by a trained nurse–may prove beneficial for acute stroke patients.46 

Encouraging use of Chronic Disease Self-Management Programs47–50 may also benefit 

patients by improving their quality of life and self-efficacy.51 Future research is needed 

to identify the most appropriate early interventions to mitigate stress-related symptoms 

experienced acutely during hospitalization and examine their potential impact on long term 

disability among stroke survivors.

Prior lifetime SLE as a predictor of stroke outcomes

A growing body of research identifies lifetime SLEs as a risk factor for subsequent 

stroke,12,52–54 but comprehensive assessments of lifetime SLE exposure is rare. We 

document that patient reports of pre-stroke lifetime SLE directly predict stroke-related acute 
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stress as measured within days of stroke onset, with the latter being a strong predictor 

of wide-ranging 3-mo and 12-mo functional outcomes. Indirect effects identified through 

mediation path modeling further show that acute stress is one of the mechanisms linking 

lifetime SLE with these outcomes. These findings support calls for screening patients about 

their lifetime and ongoing SLE exposure53,55 so that appropriate follow-up care can be 

provided to offset any negative impact of these exposures.

Importantly, lifetime stress and trauma exposure is a well-documented social determinant of 

health. Assessing and addressing the structural racism,56 other forms of discrimination,57 

experiences of financial strain, food/housing insecurity, neighborhood safety – all 

components of our SLE assessment – should be implemented in research and clinical 

settings, with attention paid to informing policymakers about the significant cardiovascular 

benefits of tackling these issues. Moreover, greater understanding of the mechanisms 

by which social determinants adversely affect the health of people from marginalized 

communities could also inform more effective stroke prevention efforts. Recent multi-

disciplinary teams have started to identify specific biological processes associated with 

discrimination that may contribute to health disparities.58 These findings also highlight the 

critical issue of providing person-centered care for each patient.59 While recognizing each 

patient as a unique individual with unique life experiences may improve post-stroke care 

and outcomes, few patients are screened for lifetime stress/trauma exposure.60 Implementing 

such screening would provide evidence for the value of consistent, in-depth support from a 

social worker and/or psychologist and in so doing, could support providers’ care planning 

by documenting the need for more comprehensive, multi-disciplinary team approaches to 

planning patient care.

Finally, prior research documents biological pathways that may underlie these findings. 

Psychological stress is known to precipitate immune responses that promote inflammatory 

processes (e.g., atherosclerosis),61–63 and increase risk for both stroke and post-stroke 

depression, dementia, or other neuropsychiatric disease.64–66 Animal studies further 

document that the link between stress exposure and stroke-related outcomes may be 

modulated by expression of genes related to growth and transcription factors involved in 

brain plasticity.14 Future research is needed to identify genetic and other stress-related 

physiologic pathways that may be targeted for early intervention to prevent poor stroke-

related outcomes. One physiologic system for which there is a solid body of evidence 

linking stress with cerebrovascular outcomes is the renin-angiotensin-aldosterone system, 

making it a plausible target for such research.66

Limitations

This large, nationwide, prospective longitudinal study of stroke survivors provides a 

robust examination and comparison of acute stress with NIHSS score as key predictors 

of long-term functional outcomes following stroke. The sample was diverse with racial/

ethnic breakdown similar to the U.S population. Nonetheless, a sizable minority (~1/3) 

of patients enrolled as the COVID-19 pandemic began, forcing us to conduct 3-mo 

assessments by phone, foregoing the 3-mo Fugl-Meyer assessment in some patients. 

Baseline FM assessments, a potentially valuable covariate, were not included in study 
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protocol. The sample excluded (a) non-English-speaking patients, many of whom may be 

recent immigrants who experienced the stress of immigration; (b) patients unable to provide 

consent, some of whom may have had aphasia; and (c) the most severe stroke patients, 

who would not have been able to complete study protocols. Hence, selection bias restricts 

generalization of our findings, and probably underestimates the amount of stress reported, 

which could limit the range of our lifetime and acute stress assessments and the strength of 

our findings. Retrospective recall of SLE may also be biased by current life circumstances, 

which could have affected our findings.67 Participants’ pre-stroke cognitive status and living 

in an area with regional deprivation were not assessed; both may help explain the findings 

reported. Approximately one-third of the sample was lost to follow-up due to mortality, 

inability to return to enrollment hospital, and COVID-related factors, however analyses used 

FIML to retain the full analytic sample and prevent bias from missing data.37

Conclusion

Lifetime SLE exposure and stroke-related acute stress symptoms were associated with 

greater disability and impairment at 3- and 12-months post-stroke. When compared to the 

baseline NIHSS score, acute stress was a weaker predictor of 3-month motor impairment, 

but as strong a predictor of 3- and 12-month mRS and SIS-ADL, and a stronger predictor of 

12-month cognitive impairment. Assessments of lifetime stress and early post-stroke acute 

stress symptoms could help identify patients at risk for subsequent disability and be an 

appropriate target for early intervention to mitigate this risk.
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APPENDIX

Appendix:

List of the STRONG Study Investigators, in alphabetical order by study site

Author Name Study Site

Shreyansh Shah, MD Duke University

Christoph J. Griessenauer, MD
Geisinger Health; Geisinger Commonwealth School of 
Medicine

Nirav Patel, MD Los Alamitos Medical Center

David J. Lin, MD Massachusetts General Hospital

Joey Gee, DO Providence Mission Hospital Mission Viejo
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Author Name Study Site

Johnson Moon, MD Providence St. Jude Medical Center

Julie Schwertfeger, PT, PhD, DPT, MBA Rosalind Franklin University of Medicine and Science

Arun Jayaraman, PT, PhD Shirley Ryan Ability Lab

Robert Lee, MD St. David’s Medical Center

Maarten Lansberg, MD, PhD Stanford University

Jeremy Payne, MD, PhD University of Arizona

Carolynn Patten, PhD, PT University of California, Davis

Steven C. Cramer, MD, MMSc; E. Alison Holman, PhD, 
FNP University of California, Irvine

Kunal Agrawal, MD University of California, San Diego

Stacey DeJong, PT, PhD University of Iowa

John Cole, MD, MS University of Maryland

Brian Silver, MD University of Massachusetts Chan

Brett Cucchiara, MD University of Pennsylvania

Ania Busza, MD, PhD University of Rochester

Sook-Lei Liew, PhD, OTR/L University of Southern California

Susan Alderman, PhD, RN University of Texas, Houston

Heather Hayes, PT, PhD, DPT; Jennifer J. Majersik, MD, 
MS

University of Utah

Brad Worrall, MD University of Virginia

David Tirschwell, MD, MSc University of Washington

Cheryl Bushnell, MD, MHS; Nada El Husseini, MD, MHS Wake Forest School of Medicine

Jin-Moo Lee, MD, PhD Washington University in St. Louis

Guido J. Falcone, MD, ScD, MPH Yale University

Non-standard Abbreviations and Acronyms

ASDI Acute Stress Disorder Interview

FM Fugl-Meyer Upper Arm Assessment

NIHSS National Institutes of Health Stroke Scale

PTSD Post-traumatic stress disorder

SIS-ADL Stroke Impact Scale 3.0 Activities of Daily Living

SLE Stressful Life Events

STRONG Stroke, Stress, Rehabilitation, and Genetics

tMOCA Telephone Montreal Cognitive Assessment
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Figure 1. 
Prospective standardized associations among lifetime SLEs, acute stress, and 3-month (a) 

mRS, (b) SIS-ADL, and (c) FM scores. Solid lines = direct effects, dashed line = indirect 

effect. Continuous variables were standardized prior to analysis; model was estimated using 

a maximum likelihood approach.
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Figure 2. 
Prospective standardized associations among lifetime SLEs, acute stress, and 12-month (a) 

mRS scores, (b) SIS-ADL scores, and (c) tMOCA scores. Solid lines = direct effects, dashed 

line = indirect effect. Continuous variables were standardized prior to analysis; model was 

estimated using a maximum likelihood approach.
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Table 1.

Demographics of the sample (N=763)

Age (years) Mean 63 (SD14.9), Range 19–95

Gender

Male 448 (58.7%)

Female 314 (41.2%)

Other 1 (0.01%)

Race

White 529 (69.4%)

Black 127 (16.7%)

Asian 41 (5.4%)

Mixed race 37 (4.9%)

American 12 (1.6%)

Indian/Hawaiian or Pacific Islander

Other 17 (2.1%)

Ethnicity

Non-Hispanic 656 (86%)

Hispanic 99 (13%)

Unknown 8 (1%)

Marital status

Married 388 (50.8%)

Divorced/widowed 185 (24.3%)

Single 168 (22.0%)

Other 22 (2.9%)
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