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A B S T R A C T

Objective: Individuals with “minor stroke” lack a dense hemiparesis or aphasia; however, commonly endorse
persistent cognitive and motor problems despite low NIHSS scores. They also report problems with mood, en-
ergy, and the ability to think clearly that are less well characterized. Socioeconomic factors and stroke severity
can influence patient-reported outcomes. In this study we explore patient-reported outcomes and the influence of
these factors after minor stroke.
Patients and Methods: Patients returning to clinic post-stroke with an NIHSS of≤ 4 were administered a scale to
quantify problems with daily activities and resulting functional burden, along with measures of fatigue and
depression. T-tests, chi square analysis, and linear regression were used to compare functional outcomes of
patients to controls (TIA or stroke mimic (n=40)), and evaluate the association between patient-reported
outcomes, stroke characteristics, and socioeconomic factors.
Results: 151 stroke patients were seen a mean 83.6 days post-infarct. Patients reported more problems (11.7
versus 6.9, p=0.02), resulting in higher functional burden (26.5 versus 12.3, p=0.01), increased depression
(p=0.07), and greater fatigue (p=0.02) compared to controls. There was no relationship between stroke
characteristics (other than NIHSS), baseline education, income, marital status, or living situation and perception
of recovery; however, those actively working prior to their stroke reported better outcomes across all categories
(p for each<0.02), and differences persisted in multivariable regression models.
Conclusion: Prior occupational status may represent an important prognostic indicator for patients with minor
stroke. Individuals working at the time of their infarct report better functional outcomes irrespective of age or
stroke severity.

1. Introduction

Stroke is a leading cause of long-term disability in the United States,
affecting nearly 800,000 individuals each year [1,2]. Advances in
stroke care have dramatically improved outcomes, decreasing the
morbidity and mortality from large vessel occlusions. Now, large
hemispheric strokes receive aggressive interventional treatments, re-
ducing the severity of deficits such as hemiparesis, aphasia, or neglect.
Nevertheless, the resulting patient population continues to endorse
difficulty with an alternative group of problems including concentra-
tion, multi-tasking, depression and fatigue despite smaller infarct vo-
lumes and lower NIH Stroke Scale (NIHSS) scores. Identification and
treatment of these symptoms are vital to improving the long-term

outcomes and quality of life of patients with minor stroke.
The NIHSS is frequently used to quantify stroke severity [3]. A score

of 4 or less has classically defined a “minor stroke" [4,5] As a recovery
metric, the scale suffers from known limitations, particularly in the
chronic setting [6]. It is well established that those with low NIHSS
scores can continue to have difficulty with walking and dexterity (not
captured by the scale) that greatly impact their activities of daily living
and functional status [7]. Other studies have demonstrated persistent
cognitive dysfunction on tests such as the Montreal Cognitive Assess-
ment (MoCA) even in lacunar syndromes; [8–11] however less is known
regarding the functional impact and evolution of subtler deficits such as
inattention and impaired processing speed in those with otherwise
minor residual deficits. This necessitates the need to use alternative
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outcome measures that capture mobility such as the modified Rankin
Scale (mRS) [12], as well as patient-reported quality of life measures
when discussing functional outcomes [13]. Patient-reported outcomes
have been increasingly emphasized in the literature. To optimize these
outcomes it is important to identify factors that influence patient per-
ception of recovery. Prior rehabilitation studies have shown that in-
ability to communicate and hemiparesis of the dominant side were
directly associated with patient satisfaction of their recovery and
quality of life [14–16]. Historically, these studies have evaluated those
with larger strokes, and the factors affecting individuals with low
NIHSS scores and no major cortical deficits remain unexplored.

In this study, we evaluate patient-reported outcomes in a cohort of
patients with minor stroke (NIHSS of 4 or less) who lack a dense
hemiparesis or aphasia. We evaluate functional outcome measures in-
cluding: number of self-reported residual functional problems, the re-
sulting functional burden of impairment, depression, and fatigue with
respect to NIHSS. We hypothesized that individuals with higher NIHSS
scores and more severe impairment at follow-up would report more
problems with a higher functional burden; however, that even patients
with very low scores, considered by most physicians to have had a
“good recovery”, would endorse persistent impairment. In a subsequent
analysis, we explore whether specific factors, such as degree of im-
provement on NIHSS score from hospitalization to follow-up, stroke
characteristics such as size and location of the lesion, and socio-
economic factors such as education, occupation, and marital status in-
fluence perception of functional status, in order to determine prognostic
signs of better patient-reported recovery.

2. Patients and methods

2.1. Patient population

This study was approved by our institution’s Institutional Review
Board. Patient data were obtained as part of the stroke program’s
quality improvement clinical research database and therefore informed
consent was not required. Over a 14 month period, a prospectively
collected consecutive series of all patients presenting to our inpatient
stroke center with acute stroke (imaging confirmed) were scheduled in
follow-up clinic approximately 3 months post-stroke. Patients with an
NIHSS score of 4 or less, consistent with minor stroke, were included in
analysis. Data were prospectively collected from the medical record at
the time of their clinic visit regarding their: demographics (age, race
(self reported black versus non-black), sex, median income, level of
education, occupational status before and after hospitalization, marital
status, degree of support at home); stroke characteristics (NIHSS on
hospital admission, stroke subtype defined by TOAST criteria [17],
volume of infarct, affected hemisphere lesion location), whether or not
they received intravenous tissue plasminogen activator (tPA); pre-ad-
mission ambulatory status; history of: depression, mild cognitive im-
pairment, and prior stroke; antidepressant use; and follow-up status
(discharge disposition, repeat NIHSS, modified Rankin Scale (mRS),
performance on depression and fatigue screens, and subjective function
scales). A control group of patients presenting to clinic for follow-up
after transient ischemic attack (TIA) (with no findings of ischemia on
MRI) or stroke mimic (transient, episodic neurologic symptoms due to a
diagnosed non-ischemic cause such as migraine or seizure with full
resolution of their symptoms) was prospectively recruited for compar-
ison.

2.2. Evaluating subjective function, depression, fatigue, and cognitive
impairment

Patients were administered the assessment battery while in the
waiting room prior to their visit. The majority of individuals were able
to fill out the questionnaires independently, though could be assisted by
a caregiver if needed. In order to participate, patients had to be able to

answer questions regarding their recovery autonomously and con-
sistently, so those with more severe cognitive impairment (including
prior diagnoses of dementia) were excluded. Subjective function was
assessed using a Memory and Behavior Scale (MBS). This questionnaire
is based on the Stroke Impact Scale (SIS) [18] and is composed of 50
questions. Patients must indicate whether they have had problems in a
certain area (e.g., difficulty expressing themselves or participating in
conversations) over the past month, and then grade the severity and
impact of the problem on a scale of 1–3. The MBS is scored by the: 1)
number of problems a patient identifies (scale: 0-50); and 2) burden of
the problems, calculated by taking a sum of the impact (1=mild,
2=moderate, 3= severe) for all problems indicated (scale: 0-150).

The Patient Health Questionnaire (PHQ-9) [19] was used to eval-
uate for depression (scale: 0–27). Higher scores indicate a higher se-
verity of illness: 5-9 indicates mild, 10-14 moderate, 15-19 moderately
severe, and 20-27 severe depression.

The Functional Assessment of Chronic Illness Therapy (FACIT)-
Fatigue Scale [20] was used to evaluate for fatigue (scale: 0–52). Lower
scores indicate a higher severity of illness. A score of less than 30 in-
dicates severe fatigue.

2.3. Statistical analysis

2.3.1. Primary analysis
In univariate analysis, Student’s t-tests, chi square analysis, and

linear regression were used to evaluate associations between follow-up
NIHSS, other baseline factors, and the outcome variables: subjective
function (number of problems and burden of functional impact on
MBS), post-stroke depression (performance on PHQ-9), and post-stroke
fatigue (FACIT score) in stroke patients compared to our control group.
Linear regression was also used to evaluate the influence of stroke
characteristics and socioeconomic factors on patient-reported out-
comes. A p-value of 0.05 was considered statistically significant.

2.3.2. Multivariable modeling and correction for confounders
Associations between outcome variables and other variables of in-

terest determined a priori including: age, race, sex, admission NIHSS,
time from stroke to follow-up, history of depression, and factors de-
termined to be statistically significant in univariate analysis were en-
tered into multivariable models. Results for more objective outcome
measures (e.g., number of reported problems) were compared to more
subjective measures (e.g., burden of functional impact).

3. Results

3.1. Baseline characteristics

Characteristics of the stroke cohort and control population for all
variables of interest are displayed in Table 1. One hundred fifty-one
stroke patients and 40 controls were seen in follow-up (approximately
70% of hospitalized patients). The mean length of time between stroke
onset and follow-up was 83.6 days (SD 190.0, median 51 days). The
mean age of stroke patients was 67.1 years (SD 13.8). Twenty-one
percent were black and 51% were women. The average admission
NIHSS was 3.9 (SD 3.6), and 55% were able to be discharged home
following hospitalization. The mean NIHSS on follow-up was 1.2 (SD
1.3). Given the voluntary nature of the study, not all patients completed
the MBS, FACIT, and PHQ-9; however, a similar number of patients
completed all three questionnaires and there were no major differences
in baseline demographics or stroke severity for those who chose to
participate fully versus those with incomplete testing.

3.2. Patient-reported outcomes

3.2.1. Activities of daily living
One hundred twenty-six of the patients seen in clinic filled out the
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Memory and Behavior Scale (MBS) (99 stroke patients, 27 controls).
Despite a low NIHSS, the mean number of problems reported by stroke
patients at follow-up was 11.7 (SD 9.6) with a mean burden of 26.5 (SD
26.5), significantly higher than controls (problems=6.9, p= 0.02;
functional burden=12.3, p= 0.01), see Table 1.

3.2.2. Depression and fatigue
Stroke patients also reported higher degrees of depression and fa-

tigue than controls. The mean score on the PHQ-9 (for 107 stroke pa-
tients, 33 controls) was 5.7 for stroke patients (versus 3.5 for controls;
p= 0.07), indicative of mild depression; and 31% of stroke patients
met criteria for moderate to severe depression despite many being on an
antidepressant at the time of follow-up [21]. The average score on the
FACIT (for 104 stroke patients, 32 controls) was 37.0 for stroke patients
(versus 42.7 for controls; p= 0.02), and 26/104 scored less than 30,
indicative of severe fatigue (versus 6/32 controls).

3.3. Factors influencing perception of recovery

Complete results are displayed in Table 2. In univariate analysis,
follow-up NIHSS along with other estimates of stroke severity such as
mRS were associated with a larger number of problems (p

NIHSS=0.003, mRS < 0.001), greater reported functional burden
(p= 0.01,< 0.001), higher degrees of depression (p=0.02,< 0.001),
and greater fatigue (p=0.006,< 0.001). Being discharged home after
hospitalization was, not surprisingly, associated with fewer reported
problems with daily activities (p= 0.04) along with history of prior
stroke (p= 0.05; possibly due to poorer baseline function). Patients
who reported higher numbers of problems and functional impact
tended to also report higher degrees of depression and fatigue; however
when these factors were adjusted for in multivariable regression, stroke
patients continued to have significantly more problems (p=0.05) with
higher functional burden (p= 0.06) than controls. There was no re-
lationship between degree of improvement (change in NIHSS), time
from stroke onset to follow-up, and socioeconomic factors including
education, income, marital status, or help at home with the perception
of recovery. However, actively working prior to the stroke resulted in
uniformly better outcomes across categories (p for each< 0.02). This
relationship persisted in multivariable modeling, along with a history of
depression, see Table 3. While several markers of stroke severity had
been statistically significant in univariate analysis, we chose admission
NIHSS to include in our model, as it is available on initial presentation
and therefore most clinically useful to predict outcome. It lost statistical
significance after adjustment for confounders.

We hypothesized that working prior to hospitalization likely in-
cluded a healthier group of individuals. Compared to patients who were
unemployed, working individuals were younger (53 versus 73;
p < 0.001), with slightly lower follow-up NIHSS (0.9 versus 1.4;
p= 0.03) and mRS (1.2 versus 1.9; p < 0.001) scores, with lower rates
of prior cognitive decline (7% versus 35%; p=0.03) and stroke (15%
versus 41%; p=0.01). We next evaluated the effect of any prior em-
ployment (actively working or retired) compared to those who were
unemployed and found that there remained a statistically significant
difference that was attenuated (likely due to the larger number of older
retired individuals). The association between actively working and
better patient-reported outcomes persisted in models adjusted for age,
income, marital status, history of prior stroke or cognitive impairment,
and stroke subtype.

4. Discussion

The main objective of this study was to evaluate patient-reported
outcomes in individuals with minor stroke and to determine factors that
may be useful in helping to prognosticate recovery. Not surprisingly, we
found an association between stroke severity and outcome, even in
those with low NIHSS scores. Patients with higher scores at follow-up
reported more ongoing problems with activities of daily living and that
these problems had a higher impact (or burden) on their ability to
function than those with lower scores. However, the difference in
NIHSS was small and, given our definition of minor stroke (NIHSS≤ 4),
all patients had relatively mild symptoms. This builds on the existing
body of literature that deficits unmeasured by the NIHSS (eg., prosody),
and highlights that these, along with post-stroke depression and fatigue,
impair function, even in individuals with “minor stroke”. The impact of
these types of deficits on patient satisfaction with recovery is no longer
surprising, considering that the inability to text on a smart phone or
email is now one of the most commonly reported deficits affecting
quality of life [22]. Though this phenomenon has been previously re-
ported predominantly in those with larger lesions [8–10,23–25], our
study indicates that even without dense concomitant language or motor
deficits, individuals with minor stroke can have similar debilitating
impairment. The way these deficits recover over time and their direct
impact on return to work and quality of life warrants further in-
vestigation.

It is important to note that change in NIHSS from presentation to
follow-up was not predictive of a patient’s perception of their functional
status. We had initially hypothesized that individuals who saw a larger
degree of improvement may be more positive regarding their recovery,

Table 1
Characteristics of Stroke Patients Compared to Controls.

Total
Population

Stroke
Cohort

Controls

Variable n=191 n=151 n=40 p-value

Mean (Standard
Deviation)

age (years) 66.3 (14.5) 67.1 (13.8) 63.4 (16.9) 0.16
time since event

(days)
88.3 (191.6) 83.6 (190.0) 116.0

(202.3)
0.43

admission NIHSS
(points)

3.4 (3.5) 3.9 (3.6) 1.0 (1.8) < 0.001

follow-up NIHSS
(points)

0.9 (1.3) 1.2 (1.3) 0.1 (0.5) < 0.001

change in NIHSS
(points)

2.4 (3.2) 2.7 (3.3) 0.5 (1.5) 0.01

stroke volume (cc) 10.9 (20.0)
median income 62,370

(25,500)
61,198
(25,036)

66,818
(27,065)

0.22

Memory and Behavior
Scale:

number of problems 10.6 (9.3) 11.7 (9.6) 6.9 (6.7) 0.02
burden of dysfunction 23.4 (25.3) 26.5 (26.5) 12.3 (16.4) 0.01
PHQ9 score 5.2 (6.0) 5.7 (6.4) 3.5 (3.9) 0.07
FACIT score 38.4 (12.0) 37.0 (12.0) 42.7 (10.8) 0.02
mRS (points) 1.4 (1.2) 1.6 (1.2) 0.4 (1.0) < 0.001

Number/Total (%)
race (black) 37/191 (19) 32/151 (21) 5/40 (13) 0.22
sex (male) 91/191 (48) 74/151 (49) 17/40 (43) 0.46
tPA 16/151 (11)
dominant hemisphere 60/146 (41)
anterior circulation 100/146

(68)
pre-admit ability to

walk
150/156 (96) 117/122

(96)
33/34 (97) 0.76

discharged home 89/156 (58) 75/136 (55) 14/17 (82) 0.03
college education 33/69 (48) 22/52 (42) 11/17 (65) 0.11
working prior 67/178 (38) 46/141 (33) 21/37 (57) 0.01
back to work 16/27 (59) 9/19 (47) 7/8 (88) 0.05
retired 91/178 (51) 76/141 (54) 15/37 (41) 0.15
married 99/188 (53) 74/149 (50) 25/39 (64) 0.11
help at home 158/167 (95) 134/142

(94)
24/25 (96) 0.74

anti-depressant use 77/184 (42) 63/146 (43) 14/38 (37) 0.48

History of:
depression 38/173 (22) 24/135 (18) 14/38 (37) 0.01
cognitive impairment 18/191 (9) 16/151 (11) 2/40 (5) 0.28
prior stroke 42/182 (23) 36/144 (25) 6/38 (16) 0.23
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and report fewer overall problems with activities of daily living and a
lower functional burden. This was not the case in our cohort; but may
have been due to the uniformly low initial NIHSS scores. We also did
not find an association between stroke location and outcome, but in-
stead that many locations resulted in functional impairment. De
Oliveira and others have suggested that considering the connections
underlying neural plasticity may be critical when considering func-
tional outcomes [26]. Time from stroke onset was also not associated
with functional outcomes, though the majority of patients followed-up
in the first 1–3 months after infarct. It would be interesting to de-
termine if the burden of reported problems decreases over time as pa-
tients adjust to their deficits, or if they report a greater burden because

they are increasingly frustrated by their problems. We did find that
actively working prior to stroke is a statistically significant indicator of
better patient-reported outcomes. This group was younger, as they were
still part of the work-force; however when retirees were included in
analysis to evaluate the effect of any prior occupational experience, the
difference remained. Likely, those able and willing to work represent a
healthier group with a higher baseline functional status and increased
resilience. To investigate further, other socioeconomic factors that
could be related to both occupation and recovery were adjusted for
including income and marital status (more help at home), but working
status continued to be independently associated with a better recovery.
This indicates that by itself, actively working prior to one’s stroke may

Table 2
Factors Influencing Patient-Reported Outcomes: Univariate Linear Regression.

Number of problems Burden of dysfunction PHQ9 FACITa

Variable coefficient p-value coefficient p-value coefficient p-value coefficient p-value

age (years) 0.10 0.13 0.22 0.26 0.04 0.32 −0.09 0.27
race (black) −1.30 0.57 −2.83 0.66 −1.29 0.38 0.29 0.92
sex (male) 0.50 0.80 1.62 0.77 −0.07 0.96 2.40 0.31
time since stroke (days) 0.00 0.62 0.00 0.94 0.00 0.96 1.15 0.82
admission NIHSS (points) 0.47 0.11 1.12 0.17 0.13 0.49 0.00 0.99
follow-up NIHSS (points) 2.24 0.003 5.87 0.01 1.11 0.02 −2.47 0.01
change in NIHSS (points) 0.14 0.63 0.19 0.82 −0.08 0.68 0.48 0.21
mRS (points) 4.32 < 0.001 11.65 < 0.001 2.07 <0.001 −5.42 <0.001
pre-stroke ability to walk −7.94 0.07 −22.92 0.06 −7.28 0.03 10.13 0.07
anti-depressant use 3.58 0.07 11.32 0.04 1.46 0.26 −2.96 0.22

Stroke Characteristics:
stroke volume (cc) 0.06 0.30 0.13 0.40 0.04 0.26 0.01 0.84
dominant hemisphere −2.52 0.21 −6.36 0.27 0.91 0.48 0.19 0.94
anterior circulation −0.68 0.75 −5.39 0.38 0.04 0.98 2.51 0.34
TOAST
large vessel occlusion −3.27 0.21 −2.73 0.71 −1.60 0.34 2.73 0.38
cardioembolic 2.82 0.23 7.16 0.29 0.91 0.55 1.03 0.73
discharged home −4.09 0.04 −8.83 0.13 0.63 0.65 0.92 0.73
tPA 1.89 0.48 4.23 0.57 −0.17 0.93 −2.49 0.50

Socioeconomic Factors:
college education −2.01 0.63 −6.85 0.53 −2.88 0.20 1.97 0.64
working prior −5.55 0.01 −14.40 0.02 −4.50 0.001 6.67 0.01
back to work −2.17 0.62 −6.00 0.62 0.48 0.88 2.86 0.75
retired 2.11 0.30 4.47 0.44 0.23 0.86 −0.88 0.73
married −0.10 0.96 −0.54 0.92 −0.47 0.71 1.48 0.54
help at home 6.72 0.08 16.41 0.15 1.60 0.53 −3.66 0.45
median income 0.00 0.44 0.00 0.43 0.00 0.97 0.00 0.85

History of:
depression 5.78 0.03 15.61 0.03 6.13 <0.001 −8.58 0.01
cognitive impairment 1.37 0.67 −5.40 0.55 −0.26 0.91 4.72 0.32
prior stroke 4.76 0.05 9.14 0.18 2.36 0.14 −4.08 0.19

Memory and Behavior Scale:
number of problems 2.60 < 0.001 0.44 <0.001 −0.84 <0.001
burden of dysfunction 0.34 < 0.001 0.17 <0.001 −0.31 <0.001
PHQ9 score 1.13 < 0.001 3.23 < 0.001 −1.47 <0.001
FACIT score −0.54 < 0.001 −1.54 < 0.001 −0.43 <0.001

a negative values indicate better performance on the FACIT.

Table 3
Multivariable Modeling of Factors Influencing Perception of Recovery.

Number of problems Burden of dysfunction PHQ9 FACITa

Variable coefficient p-value coefficient p-value coefficient p-value coefficient p-value

age (years) 0.01 0.91 −0.14 0.64 −0.12 0.05 0.03 0.83
race (black) −0.97 0.71 −3.79 0.61 −2.19 0.16 0.01 0.99
sex (male) 1.45 0.48 5.47 0.35 0.26 0.83 1.37 0.59
admission NIHSS (points) 0.35 0.23 0.81 0.33 0.06 0.75 0.11 0.76
time since stroke (days) 0.004 0.35 0.005 0.68 0.001 0.69 −0.003 0.54
working prior −5.07 0.09 −17.03 0.04 −6.76 <0.001 7.36 0.04
history of depression 5.58 0.06 17.05 0.04 6.57 <0.001 −9.81 0.01

a negative values indicate better performance on the FACIT.

E.B. Marsh et al. Clinical Neurology and Neurosurgery 165 (2018) 38–42

41



be a useful factor when prognosticating outcome.
This study has important implications for prognostication and

highlights a group that will likely recover well, but also who may
benefit from aggressive rehabilitation to address their functional im-
pairments. Currently, many programs are geared toward stroke patients
with fairly pronounced deficits (hemiparesis and aphasia). Many pa-
tients within our cohort were evaluated and deemed not to qualify for
resources when clearly they exhibited need. This is because despite
subjective reports they perform well on baseline screening neurological
examinations and tests of basic activities of daily living such as
climbing stairs and dressing. These functions do not necessarily trans-
late into successful re-integration into their prior home and workplace
environments. With a larger population of patients experiencing minor
stroke, it will become even more important to identify those who may
benefit from additional rehabilitation and to design therapies to meet
their individual needs.

4.1. Study limitations

This study has several limitations. It is from a single tertiary referral
stroke center and findings may not be generalizable to all populations.
We depended on not only follow-up in clinic after hospital discharge,
but also the patient and/or caregiver to fill out questionnaires so some
patients lack complete data. In addition, there may have been un-
accounted for confounders not adjusted for in our regression models. It
is notable that many patients had a stroke prior to their most recent
event which may have served as a potential confounder despite not
being statistically significant; however, functional baseline was also
determined prior to their most recent event using ambulatory and
employment status and for most was quite good (ambulatory, still
working or retired). Finally, we analyzed patient-reported outcomes
and the influence of various factors on perception of recovery; but did
not formally address how “satisfied” a patient was with their current
status. It is possible that despite rating their performance higher, those
with a better pre-stroke baseline actually have higher expectations and
are less pleased overall with their degree of recovery and quality of life
despite better performance. While this will be an important question for
upcoming studies on perception of recovery and quality of life, we feel
that our data provide evidence that those with a higher functional
baseline, specifically those actively working, are more likely to report
better patient-reported outcomes after minor stroke.

5. Conclusion

Results of this study illustrate that despite a low NIHSS, patients
with “minor strokes” who have “recovered well” continue to experience
deficits that adversely impact their lives, as well as post-stroke de-
pression and fatigue. Factors indicating pre-stroke functional baseline
such as occupational and ambulatory status may represent important
prognostic signs for patients with minor stroke. Individuals actively
working at the time of their infarct report better functional outcomes
irrespective of age or stroke severity.
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