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Abstract
Background: Spasticity often leads to symptomatic and functional problems that can cause disability for stroke
survivors. We studied whether spasticity has a negative impact on health-related quality of life (HRQoL).
Methods: As part of the Greater Cincinnati/Northern Kentucky Stroke Study (NCT00642213), 460 ischemic stroke
patients were interviewed during hospitalization and then followed over time. HRQoL was measured by the Physical
Component Summary (PCS) and Mental Component Summary (MCS) scores of the Short Form-12 (SF-12), EuroQol-5
dimension (EQ-5D), and Stroke-Specific Quality of Life (SSQOL) instruments, with lower scores indicating worse health.
HRQoL differences between stroke survivors with and without spasticity were compared, adjusting for age, race, stroke
severity, pre-stroke function, and comorbidities.
Results: Of the 460 ischemic stroke patients, 328 had spasticity data available 3 months after their stroke (mean
age of 66 years, 49 % were female, and 26 % were black). Of these patients, 54 (16 %) reported having spasticity.
Three months following their stroke, patients who reported spasticity had lower mean scores on the PCS (29.6 ± 1.4 vs
37.3 ± 0.6; P < .001), EQ-5D (0.59 ± 0.03 vs 0.71 ± 0.01; P < .001), and SSQOL (3.57 ± 0.08 versus 3.78 ± 0.03; P = .03)
compared with patients who did not report spasticity. Lower HRQoL scores were also observed at the 1-year
(PCS, EQ-5D, and SSQOL) and 2-year (EQ-5D and SSQOL) interviews in those with spasticity compared with those
without spasticity.
Conclusions: Statistically and clinically meaningful differences in HRQoL exist between stroke survivors with and
without spasticity.
Keywords: Stroke, spasticity, quality of life, stroke rehabilitation

Background
Each year, 15 million people worldwide, including approximately 795,000 Americans, experience a new or
recurrent stroke [1, 2]. Stroke ranks fourth among all
causes of death and is a leading cause of serious, longterm disability in the United States [2]. Spasticity, a sensorimotor disorder characterized by a velocity-dependent
increase in muscle tone with exaggerated tendon jerks,
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has been estimated to occur in up to 46 % of patients
12 months after stroke [3–5].
Although spasticity can be regional or generalized,
stroke survivors commonly experience focal spasticity
in their upper and/or lower limbs. In an analysis by
Urban and colleagues, PSS in the upper and/or lower
limbs occurred in approximately 43 % of patients
6 months after stroke among patients with clinical signs
of central paresis [4]. Stroke survivors with spasticity
often experience secondary limb deformities, physical
disability, and pain that limits their ability to perform basic
activities of daily living, such as holding or picking up
objects, self-care, and ambulation. Stroke survivors with
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spasticity also often suffer from psychological and emotional issues, such as depression and poor self-image
[6]. As a result, spasticity has been hypothesized to
have a significant negative impact on the health-related
quality of life (HRQoL) of stroke survivors. To date, the
published evidence to support this negative association
is limited [7]. Most existing supportive information
comes from clinical trials that are short in duration and
not generalizable to the United States population.
Given the extent to which spasticity is present in stroke
survivors and the paucity of data examining the impact of
spasticity on stroke survivors’ HRQoL, we utilized a longitudinal cohort study of stroke survivors to examine the
impact of spasticity on HRQoL.

Methods
Study design

This work was undertaken through the Greater Cincinnati/
Northern Kentucky Stroke Study (GCNKSS), a 5-county
population-based study designed to characterize the stroke
population in the greater Cincinnati metropolitan area and
to determine the regional incidence of stroke and mortality.
GCNKSS was approved by the institutional review boards
at all participating institutions. Study methods have been
described elsewhere [8].
Study participants

As part of the 2005 cohort of the GCNKSS, a group of
ischemic stroke patients was prospectively identified
from the larger cohort in order to examine poststroke
clinical and HRQoL outcomes. Ischemic stroke patients
were identified as having had an ischemic stroke based
on the clinical criteria adapted from the Classification of
Neurological Disorders III and epidemiological studies
of stroke for cerebral ischemia and a review of medical
records, including all available neuroimaging. All adult
(≥18 years of age) ischemic stroke patients who presented
during 2005 at any of the 17 hospitals in the study area
were eligible for study enrollment if they resided in
the 5 study area counties.
After a potential patient was identified, the patient’s
treating physician was contacted for permission to approach the individual for informed consent. Written
informed consent was obtained either from the patient
or from a proxy for patients who were unable to supply
reliable information or were unresponsive, aphasic, or
confused. Patients unable to be interviewed or provide
informed consent (independently or by proxy) and patients diagnosed with a terminal illness prior to stroke
with a life expectancy of <12 months were not enrolled
in the study.
For each enrolled patient, detailed medical record abstractions were undertaken by trained nurses to capture
key information about demographics, pre-stroke level of
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functioning, past medical history, and testing and laboratory results. Stroke severity was estimated from the
medical record using the retrospective National Institutes of Health Stroke Scale (rNIHSS) score [9]. To
assess functional and HRQoL outcomes, a detailed inperson interview was performed in the early poststroke
period, and phone interviews were conducted at 3 months,
1 year, and 2 years poststroke in surviving cohort members. Interviews were conducted by trained study nurses.
Comorbidities and other medical conditions were first
identified by retrospective review of hospital charts during
the 3-month poststroke period and by phone interview at
3 months, 1 year, and 2 years. Details of the interviews
have been published previously [10].
As part of the 3-month and annual interviews, each
surviving poststroke patient was asked if he or she had
experienced spasticity following his or her stroke (e.g.,
“Did you have any spasticity following your stroke?”). The
interviewer explained the term “spasticity” as if the patient
did not recognize the term. For this analysis, if the patient
answered “yes” to this question, he or she was classified as
a poststroke patient with spasticity. A patient who answered “no” to the spasticity question was classified as a
poststroke patient without spasticity. At different time
points (3 months, 1 year, and 2 years), poststroke patients
would be reclassified as with or without spasticity depending on their answer to the same question.

Outcome measures

Three instruments were used to assess HRQoL. As part of
each poststroke interview, the interviewer administered
the EuroQol-5 dimension (EQ-5D), the Short Form-12
(SF-12), and the Stroke-Specific Quality of Life (SSQOL)
instruments.
The EQ-5D (3 levels) is a widely used preferencebased generic HRQoL measure that consists of 2 components, the self-classifier and the visual analog scale.
The self-classifier (the section of the EQ-5D used in
this analysis) provides a simple method for capturing
self-reported descriptions of health problems according
to a 5-dimension classification system. The 5 dimensions include mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. Each dimension
comprises the following 3 levels: (1) no problem, (2)
some or moderate problems, and (3) severe or extreme
problems. Scores for the 5 dimensions were converted
into a utility index that ranges between −0.11 and 1
(United States–weighted) by applying the scores from
value sets (i.e., preference weights) elicited from the
United States population [11, 12]. A maximum score of 1
indicates perfect health, whereas a score of 0 represents
death. A negative score is indicative of health states worse
than death (i.e., an individual would prefer death versus
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being in these health states). There is evidence for the
validity of the EQ-5D in the stroke population [13].
The SF-12 is also a widely used generic HRQoL instrument derived from the Short Form-36. The SF-12
includes 12 questions that represent the following 8
health domains: Physical Functioning, Role Limitations
due to Physical Health, Bodily Pain, General Health,
Vitality, Social Functioning, Role Limitations due to
Emotional Problems, and Mental Health. Weighted scores
from the 8 health domains were aggregated into the Physical Component Summary (PCS) and the Mental Component Summary (MCS) scores. Scores were normalized for
age and sex, resulting in SF-12 scores centered around 50,
reflecting the average domain scores of the United States
population. Scores >50 indicate better HRQoL, whereas
scores <50 denote worse HRQoL [14]. The SF-12 has been
shown to be valid in the stroke population.
Unlike the EQ-5D and the SF-12, the SSQOL is a
stroke-specific HRQoL instrument that has been validated
for telephone data gathering [15]. Although the SSQOL
cannot measure HRQoL across populations and across
diseases, it may capture important disease-specific information not captured by the generic instruments. A reduced version of the SSQOL consists of 35 items that
measure the following 7 health domains: Energy, Role
Function, Language, Physical Function, Mood, Thinking,
and Vision [16]. Each item is measured on a 5-point Likert
scale using 1 of 3 different response sets (e.g. “no trouble
at all” to “couldn’t do it at all” for task-oriented items).
The overall score was computed as an unweighted average
of the domain scores, with higher scores indicating better
HRQoL. Although this shortened form of the strokespecific instrument has not been published, other shortened forms of the stroke-specific instrument have been
published [17].
Statistical analysis

Demographic and baseline clinical characteristics of the
stroke cohort were assessed using descriptive statistics
and were compared between stroke survivors with and
without 3-month spasticity using 2-sample t-tests for age;
Chi-square test for sex, race, marital status, employment
status, smoking status, education, and baseline comorbid
conditions; Wilcoxon rank sum test for body mass index,
modified Rankin Scale (mRS), lesion volume, and rNIHSS;
and Fisher’s exact test for residence status at admission. A
cross-sectional approach was used to evaluate differences
in mean HRQoL instrument scores between stroke patients with and without spasticity at each time point
(3 months, 1 year, and 2 years) using multivariable linear
regression models, adjusting for age, race, stroke severity
(rNIHSS), pre-stroke function (mRS), and time-specific
comorbidities. The SF-12 was not collected at the 2 year
follow-up by design to limit the length of the interview
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questionnaire. As such, analyses using the SF-12 are
limited to 3 months and 1 year follow-up. This was
followed by linear regression models for longitudinal
measures of HRQoL in association with spasticity using
generalized estimating equations to account for repeated
measurements. This modeling approach accommodates
missing data and allows for the use of all data points available to estimate a model, potentially minimizing bias from
missing data [18]. Spasticity status was included in the
models as a time-varying independent variable. Age, race,
rNIHSS, and pre-stroke mRS were included as timeinvariant covariates. Comorbidities of cardiovascular disease, diabetes, depression, seizure, and infection in the
prior month were included as time-varying covariates.
Analyses were conducted using SAS software (version 9.3;
SAS Institute Inc., Cary, NC).

Results
A total of 460 ischemic stroke patients were enrolled in
the 2005 cohort. The mean (± standard deviation [SD])
age was 67 ± 14 years, 48 % were female, and 25 % were
black. At 3 months poststroke, 328 had spasticity data
available and 54 (16 %) reported having spasticity. At
3 months, the mean age of patients with spasticity was
lower than those who did not report spasticity (60 vs
67 years), a higher proportion of patients with spasticity
was black (39 % vs 23 %), and a higher proportion was
on disability (22 % vs 7 %) (Table 1). Employment status
at 3 months poststroke differed significantly between patients with spatisticy and patients without spasticity with
a higher proportion employed (33 % vs 29 %) and on disability (22 % vs 7 %) and a lower proportion unemployed
(44 % vs 64 %) for those with spasticity compared to those
without spasticity (P < .01). In addition, a higher proportion of patients with spasticity had a seizure history (15 %
vs 4 %) and patients with spasticity had a more severe
stroke (median rNIHSS 6 vs 4) compared with those patients without spasticity (Table 2). At 1 year poststroke,
243 patients had spasticity data available and 43 (18 %)
reported having spasticity. Thirty eight (16 %) patients
changed spasticity status [19 (8 %) present to absent; 19
(8 %) absent to present]. At 2 years poststroke, 187 patients had spasticity data available and 31 (17 %) reported
having spasticity. Twenty five (13 %) patients changed
spasticity status [14 (7 %) present to absent; 11 (6 %) absent to present]. Over the 3 poststroke time points, 365
patients had spasticity data available at some point during
follow-up, and those patients were included in the longitudinal HRQoL models. Of the 365 patients included in the
longitudinal models, 91 patients reported having spasticity
at least once.
The mean (± standard error [SE]) PCS score was lower
for patients who reported spasticity at 3 months than for
those who did not report spasticity (29.6 ± 1.4 vs 37.3 ± 0.6,
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Table 1 Sociodemographic characteristics of the stroke cohort
All poststroke patients Patients with spasticity dataa Patients with spasticitya Patients without spasticitya P value*
N

460

328

54

274

Age, mean ± SD, y

67.0 ± 14.0

65.8 ± 13.9

59.7 ± 14.1

67.1 ± 13.5

<.01

Female, n (%)

219 (47.6)

159 (48.5)

25 (46.0)

134 (49.0)

.73

Black, n (%)

113 (24.6)

84 (25.6)

21 (38.9)

63 (23.0)

.01

Home

437 (95.0)

312 (95.1)

51 (94.4)

261 (95.3)

.73

Not home

23 (5.0)

16 (4.9)

3 (5.6)

13 (4.7)

Married/Partner

236 (51.3)

167 (50.9)

25 (46.3)

142 (51.8)

Single

224 (48.7)

161 (49.1)

29 (53.7)

132 (48.2)

Residence at admission, n (%)

Marital status, n (%)

Employment status, n (%)

.46

< .01

Employed

97 (29.6)

18 (33.3)

79 (28.8)

Unemployed/Retired/Other 290 (63.0)

131 (28.5)

199 (60.7)

24 (44.4)

175 (63.9)

On disability

32 (9.8)

12 (22.2)

20 (7.3)

39 (8.5)

Education

.93

<HS

153 (33.5)

102 (31.2)

18 (33.3)

84 (30.8)

HS/GED test

127 (27.9)

93 (28.4)

15 (27.8)

78 (28.6)

Some college

176 (38.6)

132 (40.4)

21 (38.9)

111 (40.7)

Abbreviations: GED general education development, HS high school, SD standard deviation
a
At 3 months
*Comparison between patients with and without spasticity

Table 2 Clinical characteristics of the stroke cohort
P value*

All poststroke patients

Patients with spasticity dataa

Patients with spasticitya Patients without spasticitya

N

460

328

54

274

BMI, median (IQR)

27.4 (24.2–31.5)

27.9 (24.6–32.3)

28.1 (24.4–33.8)

27.9 (24.6–31.7)

.50

Current smoker, n (%)

143 (31.0)

103 (31.0)

19 (35.0)

84 (31.0)

.51

Comorbidities, n (%)
Cardiovascular

201 (43.7)

134 (41.0)

20 (37.0)

114 (41.6)

.53

Diabetes

164 (35.6)

115 (35.0)

21 (38.9)

94 (34.3)

.52

Depression (CESD ≥10)

180 (39.2)

125 (38.0)

24 (44.4)

101(36.9)

.29

Seizure

30 (6.5)

20 (6.0)

8 (14.8)

12 (4.4)

.01

82 (17.9)

54 (17.0)

8 (14.8)

46 (16.8)

.71

Prestroke Rankin (premRS), median (IQR)

Infection

1 (0, 2)

1 (0, 2)

1 (0, 2)

1 (0, 2)

.68

Lesion volume, median
(IQR)

N = 205

N = 143

N = 23

N = 120

.20

2 (0–14)

2 (0–16)

2 (1–39)

2 (0–12)

Estimated rNIHSS, median
(IQR)

4 (2–7)

4 (2–7)

6 (3–10)

4 (2–6)

Abbreviations: BMI body mass index, CESD Center for Epidemiologic Studies Depression scale, IQR interquartile range, mRS modified Rankin Scale, rNIHSS
retrospective National Institute of Health Stroke Scale
a
At 3 months
*Comparison between patients with and without spasticity

.02

Gillard et al. Health and Quality of Life Outcomes (2015) 13:159

respectively; mean difference −7.7; 95 % confidence
interval [CI] [8] –10.7 to −4.6; P < .001). A significant
difference between spasticity groups was not observed
in 3-month mean MCS scores (50.3 ± 1.4 vs 49.5 ± 0.6;
mean difference 0.8; 95 % CI −2.2 to 3.8; P = .59). Similar results were observed for PCS and MCS mean
scores at 1 year (Fig. 1). Lower EQ-5D scores were reported by those with spasticity than without spasticity
at 3 months (0.59 ± 0.03 vs 0.71 ± 0.01; mean difference
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−0.12; 95 % CI −0.18 to −0.06; P < .001) and at 1 and
2 years (Fig. 2). SSQOL scores were also lower in those
with spasticity compared with those without spasticity
at 3 months (3.57 ± 0.08 vs 3.78 ± 0.03; mean difference −0.20; 95 % CI −0.38 to −0.02; P = .03), as well
as at 1 and 2 years (Fig. 3). In the longitudinal
models, the effects of spasticity did not vary by followup
time (i.e., the impact of spasticity on HRQoL did not vary
significantly from 3 months to 1 year or 1 year to 2 years).

Fig. 1 Adjusted mean Short Form-12 (SF-12) scores, by patient-reported spasticity presence. Significantly lower mean Physical Component Summary
(PCS) and Mental Component Summary (MCS) scores were reported by survivors with spasticity than those without spasticity at 3 months (mean PCS
difference, −7.7; 95 % confidence interval [CI] –10.7 to −4.6; P < .001 and mean MCS difference 0.8; 95 % CI, −2.2 to 3.8; P = .59) and at 1 year (mean
PCS difference −6.9; 95 % CI −10.3 to −3.6; P < .001 and mean MCS difference 0.1; 95 % CI −3.3 to 3.5; P = .96) poststroke. The SF-12 was not
administered at the 2-year interview. Scores were adjusted for age, race, stroke severity using the retrospective National Institute of Health
Stroke Scale, prestroke function using the modified Rankin Scale, and comorbidities
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Fig. 2 Adjusted mean EuroQol-5 dimension (EQ-5D) scores by patient-reported spasticity presence. Significantly lower EQ-5D scores were reported by
survivors with spasticity than those without spasticity at 3 months (mean difference −0.12; 95 % confidence interval [CI] –0.18 to −0.06; P < .001), at
1 year (mean difference −0.12; 95 % CI −0.19 to −0.06; P < .001), and at 2 years (mean difference −0.08; 95 % CI −0.16 to −0.0004; P = .049) poststroke.
Scores were adjusted for age, race, stroke severity using the retrospective National Institute of Health Stroke Scale, prestroke function using
the modified Rankin Scale, and comorbidities

Therefore, an average effect of spasticity over the followup
time is presented in Table 3.

Discussion
Stroke causes a decrease in HRQoL with multiple factors,
such as age, gender, dependency in activities of daily living,
social support, depression, institutionalization, and diabetes associated with poorer HRQoL in stroke survivors
[19]. The results of this study demonstrate that the presence of spasticity also independently impacts the HRQoL
of stroke survivors. Stroke survivors with spasticity were

associated with lower HRQoL compared with stroke survivors without spasticity.
Although minimal clinically important differences
(MCID; the smallest difference in score that would be
considered meaningful by a patient) for the EQ-5D, SF12, and SSQOL have not been established in the stroke
population, the differences in EQ-5D scores observed
in this study between stroke survivors with spasticity and
without spasticity met MCIDs established in other diseases. For example, Walters and Brazier estimated the
average MCID of the EQ-5D to be 0.07 across studies that
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Fig. 3 Adjusted mean Stroke-Specific Quality of Life (SSQOL) scores by patient-reported spasticity presence. Significantly lower SSQOL scores were
reported by survivors with spasticity than those without spasticity at 3 months (mean difference −0.20; 95 % CI −0.38 to −0.02; P = .03), at 1 year
(mean difference −0.51; 95 % CI −0.70 to −0.32; P < .001), and at 2 years (mean difference −0.30; 95 % CI −0.52 to −0.09; P = .01) poststroke. Scores
were adjusted for age, race, stroke severity using the retrospective National Institute of Health Stroke Scale, prestroke function using the modified
Rankin Scale, and comorbidities

included patients with leg ulcers, back pain, rheumatoid
arthritis, osteoarthritis, irritable bowel, acute myocardial
infarction, and chronic obstructive pulmonary disease,
and Le et al. recently estimated the MCID of the EQ-5D
to range from 0.3 to 0.1 in patients with posttraumatic
stress disorder [20, 21]. In our study, the mean EQ-5D
differences between patients with and without spasticity at
3 months, 1 year, and 2 years were 0.12, 0.12, and 0.08, respectively. To clinicians who manage stroke survivors with
spasticity, these meaningful differences likely do not come
as a surprise given the day-to-day effect that spasticity has

on individuals suffering from this condition. When individuals with spasticity have been asked which single aspect
of spasticity has the greatest impact on their HRQoL, the
most common answers were limited range of motion,
stiffness or contracture of muscles, and limitations in activities of daily living [7]. To our knowledge, the results of
this study are the first to quantify the impact of poststroke
spasticity on HRQoL.
The implications of these results are 3-fold. First, spasticity must be prevented if at all possible and identified
once presenting in stroke survivors. Unfortunately, little
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Table 3 Poststroke adjusted mean HRQoL scores by spasticity
reporting
HRQoL

Patients with
spasticity,
mean ± SE

Patients without Mean
spasticity,
difference
(95 % CI)a
mean ± SE

(95 % CI)

(95 % CI)

Physical
Component
Summary

31.1 ± 0.9

37.0 ± 0.5

(29.4–32.9)

(36.0–38.0)

Mental
Component
Summary

50.7 ± 1.3

50.11 ± 0.5

(48.2–53.2)

(49.2–51.0)

SF-12
−5.8
(−7.8 to −4.0)
0.6
(−2.1 to 3.2)

EQ-5D
Index score
(US weighted)

0.63 ± 0.02

0.71 ± 0.01

(0.59–0.68)

(0.69–0.73)

3.6 ± 0.05

3.8 ± 0.03

(3.5–3.7)

(3.8–3.9)

−0.07
(−0.12 to −0.03)

SSQOL
Overall score

−0.21
(–0.32 to–0.11)

Abbreviations: CI confidence interval, EQ-5D EuroQol-5 dimension, HRQoL
health-related quality of life, SF-12 Short Form-12, SE standard error, SSQOL
Stroke-Specific Quality of Life, and US United States
a
Adjusted for age, race, and retrospective National Institute of Health Stroke Scale

is known about the predictors of spasticity and a simple
measure to identify spasticity does not exist. Future work
to understand the predictors of spasticity and improve the
identification of spasticity is needed, specifically in the
community setting. Second, once identified, a stroke survivor with spasticity should be assessed for treatment or
be referred to a physician educated in spasticity management. Last, if treatment is required, a multidisciplinary
approach needs to be taken in order for the patient to get
the most benefit from existing treatments. Potential treatments include physical rehabilitation, oral medications,
botulinum toxin A, phenol, and surgery.
There are limitations to this study. The findings may
not be generalizable to all ischemic stroke patients
since study participates had to survive their stroke
hospitalization and reside in the Greater Cincinnati/
Northern Kentucky region. The prevalence of spasticity in the cohort was 16 % at 3 months poststroke,
lower than rates reported in other studies. This may be
in part due to spasticity being patient-reported, which
may have led to the classification of stoke survivors as
nonspastic when indeed spasticity was present. Also,
the study did not examine current use of spasticity
medication and did not include a spasticity-specific
HRQoL measure. The validation of the shortened
version of the stroke-specific instrument (SSQOL)
used in this study has not been published. As is the
case for all observational studies, all confounding factors may not have been controlled for, but a diligent
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attempt was made to adjust for known confounders,
such as age, race, stroke severity, pre-stroke function,
and comorbidities.

Conclusions
Spasticity is associated with a negative impact on the
HRQoL of stroke survivors with statistically and clinically
meaningful differences existing between stroke survivors
with and without spasticity. These results suggest an opportunity to improve HRQoL among stroke survivors with
spasticity.
Abbreviations
CI: confidence interval; EQ-5D: EuroQol-5 dimension; GCNKSS: Greater
Cincinnati/Northern Kentucky Stroke Study; HRQoL: health-related quality
of life; MCID: minimal clinically important differences; MCS: Mental Component
Summary; mRS: modified Rankin Scale; PCS: Physical Component Summary;
rNIHSS: retrospective National Institutes of Health Stroke Scale; SE: standard
error; SF-12: Short Form-12; SSQOL: Stroke-Specific Quality of Life.
Competing interests
This study was partially funded by National Institute of Neurological
Disorders and Stroke grant R01NS30678.
P.J. Gillard and S. Varon are employees of Allergan, Inc. H. Sucharew and
C. Moomaw are funded by National Institute of Neurological Disorders
and Stroke grant R01NS30678. B. Kissela has acted as a consultant for
Allergan, Inc. The other authors have no conflicts of interest to report.
Authors’ contributions
PG, SV, and BK conceived of this analysis, participated in data analysis and
interpretation, and helped draft the manuscript. HS conducted all data
analyses for this study and helped draft the manuscript. HS, DK, SB, KA, CM,
DW, PK, MF, OA, SF, and BK were involved in the larger GCNKSS study and
participated in study design and data interpretation of this analysis. All
authors read and approved the final manuscript.
Acknowledgments
Editorial assistance with formatting the article for this journal was provided to
the authors by Kristine W. Schuler, MS, of Complete Healthcare
Communications, Inc. (Chadds Ford, PA) and Jordanna Bermack, PhD, on
behalf of Allergan, Inc. (Irvine, CA). Editorial assistance with manuscript
formatting was also provided by Evidence Scientific and was funded by
Allergan, Inc. All authors met the ICMJE authorship criteria. Neither
honoraria nor payments were made for authorship. The study design,
data collection, analysis, and interpretation of the data were partially
funded by National Institute of Neurological Disorders and Stroke grant
R01NS30678. The decision to submit to this journal was at the sole
discretion of the investigators.
Author details
1
Department of Global Health Outcomes Strategy and Research, Allergan,
Inc., 2525 Dupont Drive, Irvine, California 92612-1531, USA. 2Division of
Biostatistics and Epidemiology, Cincinnati Children’s Hospital Medical Center,
3333 Burnet Avenue, MLC 5041, Cincinnati, OH 45229-3039, USA.
3
Department of Neurology and Rehabilitation Medicine, University of
Cincinnati, 260 Stetson St., Suite 2300, PO Box 670525, Cincinnati, OH
45267-0525, USA. 4Departments of Neurology and Rehabilitation Medicine,
Emory University School of Medicine, Faculty Office Building, Rm# 375, 80
Jesse Hill Jr Dr. SE, Atlanta, GA 30303, USA. 5Department of Neurology and
Rehabilitation Medicine, University of Cincinnati, Division of Neurocritical
Care, University of Cincinnati, 231 Albert Sabin Way, ML 0769, Cincinnati, OH
45267, USA. 6Department of Emergency Medicine and Neurosurgery,
University of Cincinnati, 231 Albert Sabin Way, ML 0769, Cincinnati, OH
45267, USA. 7Department of Neurology and Rehabilitation Medicine,
University of Cincinnati, University Hospital Medical Arts Building, 222
Piedmont Avenue, Suite 3200, Cincinnati, OH 45219, USA.

Gillard et al. Health and Quality of Life Outcomes (2015) 13:159

Page 9 of 9

Received: 13 April 2015 Accepted: 9 September 2015

References
1. Mackay J, Mensah G. The atlas of heart disease and stroke. Geneva: World
Health Organization; 2004.
2. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al.
Heart disease and stroke statistics–2013 update: a report from the American
Heart Association. Circulation. 2013;127:e6–e245.
3. Opheim A, Danielsson A, Alt Murphy M, Persson HC, Sunnerhagen KS.
Upper-limb spasticity during the first year after stroke: stroke arm
longitudinal study at the University of Gothenburg. Am J Phys Med Rehabil.
2014;93:884–96.
4. Urban PP, Wolf T, Uebele M, Marx JJ, Vogt T, Stoeter P, et al. Occurence and
clinical predictors of spasticity after ischemic stroke. Stroke. 2010;41:2016–20.
5. Sommerfeld DK, Gripenstedt U, Welmer AK. Spasticity after stroke: an
overview of prevalence, test instruments, and treatments. Am J Phys Med
Rehabil. 2012;91:814–20.
6. Thompson AJ, Jarrett L, Lockley L, Marsden J, Stevenson VL. Clinical
management of spasticity. J Neurol Neurosurg Psychiatry. 2005;76:459–63.
7. Esquenazi A. The human and economic burden of poststroke spasticity and
muscle overactivity. J Clin Outcomes Manag. 2011;18:607–14.
8. Broderick J, Brott T, Kothari R, Miller R, Khoury J, Pancioli A, et al. The Greater
Cincinnati/Northern Kentucky Stroke Study: preliminary first-ever and total
incidence rates of stroke among blacks. Stroke. 1998;29:415–21.
9. Williams LS, Yilmaz EY, Lopez-Yunez AM. Retrospective assessment of initial
stroke severity with the NIH Stroke Scale. Stroke. 2000;31:858–62.
10. Kissela B, Lindsell CJ, Kleindorfer D, Alwell K, Moomaw CJ, Woo D, et al.
Clinical prediction of functional outcome after ischemic stroke: the
surprising importance of periventricular white matter disease and race.
Stroke. 2009;40:530–6.
11. Calculating the U.S. Population-based EQ-5D™ Index Score. [http://
www.ahrq.gov/rice/EQ5Dscore.htm]. Accessed 17 Sept 2015.
12. Shaw JW, Johnson JA, Coons SJ. US valuation of the EQ-5D health states:
development and testing of the D1 valuation model. Med Care.
2005;43:203–20.
13. Dorman PJ, Waddell F, Slattery J, Dennis M, Sandercock P. Is the EuroQol a
valid measure of health-related quality of life after stroke? Stroke.
1997;28:1876–82.
14. Office of Public Health Assessment, Center for Health Data. Health Status in
Utah: The Medical Outcomes Study SF-12 (2001 Utah Health Status Survey
Report). Salt Lake City: Utah Department of Health; 2004.
15. Williams LS, Redmon G, Saul DC, Weinberger M. Reliability and telephone
validity of the Stroke-Specific Quality of Life (SS-QOL) scale. Stroke.
2000;32:339-b.
16. Williams LS, Stump T, McHorney CA. Development of the Stroke-Specific
Quality of Life (SS-QOL) scale: item and domain reduction. Stroke.
2003;34:236.
17. Post MW, Boosman H, van Zandvoort MM, Passier PE, Rinkel GJ, Visser-Meily
JM. Development and validation of a short version of the Stroke Specific
Quality of Life Scale. J Neurol Neurosurg Psychiatry. 2011;82:283–6.
18. Hofer SM, Hoffman L. Statistical analysis with incomplete data: a developmental
perspective. In: Little TD, Bovaird JA, Card NA, editors. Modeling contextual
effects in longitudinal studies. Mahwah: LEA; 2007. p. 13–32.
19. Abubakar SA, Isezuo SA. Health related quality of life of stroke survivors:
experience of a stroke unit. Int J Biomed Sci. 2012;8:183–7.
20. Walters SJ, Brazier JE. Comparison of the minimally important difference for
two health state utility measures: EQ-5D and SF-6D. Qual Life Res.
2005;14:1523–32.
21. Le QA, Doctor JN, Zoellner LA, Feeny NC. Minimal clinically important
differences for the EQ-5D and QWB-SA in Post-traumatic Stress Disorder
(PTSD): results from a Doubly Randomized Preference Trial (DRPT). Health
Qual Life Outcomes. 2013;11:59.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

