Research Article

Progression of Aphasia Severity
in the Chronic Stages of Stroke
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Chris Rorden,b and Julius Fridriksson?

Background and Purpose: The severity of aphasic
impairment in chronic stroke survivors is typically thought
to be stable by 6 months postonset. However, a recent
study showed that stroke survivors with aphasia experience
language improvement or decline in the chronic phase,
years beyond onset. Little is known about why some
individuals improve whereas others remain stable or decline.
Additionally, no study has tracked changes in aphasia
from assessments completed at multiple time points across
many years. The current study offers a comprehensive
analysis of potential predictive demographic and health
information to determine which factors predict dynamic
changes in aphasia severity in chronic stroke.

Methods: Individuals in the chronic stage of a single-
event, left-hemisphere ischemic stroke were identified
from an archival database and included for study (N = 39).
Participants were included if they had undergone 2 or
more standardized language assessments acquired at time
points at least 6 months apart, with the 1st assessment
at least 6 months postinjury. A linear mixed-effects model
was used to determine the impact of treatment and a

variety of demographic and health factors on language
change.

Results: Over time, half of the participants improved
(51%), whereas approximately a quarter (26%) decreased,
and a quarter (23%) remained stable. A greater number of
aphasia treatment hours significantly predicted language
improvement (p = .03), whereas older stroke age was
associated with long-term decline (o = .04). Two interactions
were found to be significant in predicting improvement in
individuals with diabetes: Increased exercise and younger age
at stroke were significant in predicting outcomes (p < .05).
Conclusions: Factors that significantly influence language
recovery in chronic aphasia include stroke age and
receiving aphasia treatment. For those with diabetes,
increased exercise was shown to improve outcomes.
Results from this study offer clinicians greater insight

into the influence of patient factors on long-term recovery
from stroke aphasia while suggesting a potential adjunct to
language therapy: exercise.

Supplemental Material: https://doi.org/10.23641/asha.
7849304

onvention assumes that language deficits in stroke

aphasia remain relatively stable after the initial

phase of spontaneous recovery, particularly about
6 months post-stroke onset, thus entering the chronic
stage of aphasia (Allen, Mehta, Mcclure, & Teasell, 2012;
Breitenstein et al., 2017; Robey, 1998). This notion has
clear clinical implications, with some advocating that
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treatment should focus on the early stages where plasticity
appears most active (Krakauer & Marshall, 2015). Grow-
ing evidence, however, suggests that persons in the chronic
stage of aphasia may be more fluid in recovery than previ-
ously thought (Holland, Fromm, Forbes, & MacWhinney,
2017; Hope et al., 2017). Treatment studies involving in-
tensive speech-language therapy (e.g., Basso & Macis, 2011;
Breitenstein et al., 2017; Fridriksson, Richardson, Fillmore,
& Cai, 2012; Moss & Nicholas, 2006; Pulvermuller et al.,
2001; Smania et al., 2010), involvement with interactive tech-
nology (Aftonomos, Steele, & Wertz, 1997), neural stimu-
lation (Fridriksson, Richardson, Baker, & Rorden, 2011;
Turkeltaub, 2015), and changes in neural organization
(Elkana, Frost, Kramer, Ben-Bashat, & Schweiger, 2013;
Hope et al., 2017; Naeser et al., 1998) are among the most
persuasive evidence for recovery in the chronic stage of apha-
sia. Although promising evidence has shown that language
abilities in individuals with chronic aphasia can improve with
language treatment, transcranial cortical stimulation, and
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participation in intervention-based research studies, it is still
relatively uninvestigated whether there are certain predisposi-
tions to language recovery, decline, or stability.

Previous small group and case studies investigating
language improvement in chronic aphasia have found that
speech-language treatment results in language improvement
for some individuals (Aftonomos, Appelbaum, & Steele,
1999; Robey, 1998). Few studies exist that investigate
long-term aphasia change with larger samples. Basso,
Capitani, and Vignolo (1979) reported that rehabilitation
and time between aphasia onset and first examination were
significantly related to long-term aphasia recovery in a
sample of 281 persons with aphasia (PWAs). Similarly, in
a Phase III trial that included a large sample of individuals
with chronic aphasia (N = 156), Breitenstein et al. (2017)
found that participants benefited significantly from 3 weeks
of intensive language therapy. Those with chronic aphasia
enhanced verbal communication in everyday life scenarios
(using the Amsterdam—Nijmegen Everyday Language
Test) after participating in intensive speech and language
therapy (Breitenstein et al., 2017). Although aphasia treat-
ment studies suggest chronic aphasia recovery is more dy-
namic in nature than previously thought, research employing
relatively large sample sizes and detailed health and demo-
graphic data have been few and far between. One exception
was an epidemiological study published by Plowman,
Hentz, and Ellis (2012), who related potential prognostic
factors (sex, handedness, education, socioeconomic status
[SES], and age) to language recovery among patients who
had a stroke in both the chronic and acute stages. Although
the results showed no significant effect regarding the rela-
tionship between demographic factors and recovery, stroke-
related factors such as lesion size, lesion location, and initial
aphasia severity appeared to significantly influence long-
term outcomes (Plowman et al., 2012). However, this study
did not include health-related factors that could shed light
on possible predispositions to successful language recovery
in the chronic stage. Price, Seghier, and Leff (2010) have re-
lied on a comprehensive data set including brain imaging,
aphasia testing, basic demographic information, stroke sta-
tus, and other comorbidities to predict long-term aphasia
recovery (Predicting Language Outcome and Recovery After
Stroke). Using the Predicting Language Outcome and
Recovery After Stroke data set, Hope, Seghier, Leff, and Price
(2013) predicted speech production skills in 270 patients who
had a stroke. Hope and colleagues report that demographic
information alone (handedness, gender, age at stroke, and
time since stroke occurred) did not produce a statistically
significant model of predicting chronic aphasia recovery.
More recently, in a study that aimed to evaluate long-term
changes in chronic (at least 6 months poststroke) aphasia,
Holland et al. (2017) evaluated a group of participants who
had completed two assessments of aphasia at least 1 year
apart. Using the Western Aphasia Battery-Revised (WAB-R)
created by Kertesz (2007), participants were divided into
three groups based on whether their aphasia severity im-
proved, declined, or remained stable between the initial and
final assessment sessions. Aphasia severity was defined by

the WAB-Aphasia Quotient (WAB-AQ), a 100-point
scale on the WAB-R, which encompasses several submeasures
of language ability, including spontaneous speech, speech
repetition, naming, and verbal comprehension. Overall, most
participants showed improvement on WAB-AQ, and it was
reported that there were no statistically significant correla-
tions found between age and WAB-AQ change score (r = .2;
Holland et al., 2017). Holland and colleagues did not ad-
dress additional demographic and health-related data, so it
is unclear if such factors lead to language improvement.

As far as we can tell, no study has evaluated changes in
chronic aphasia severity using language testing at more than
two time points. In addition to evaluating aphasia testing at
multiple time points, this study also evaluated potential prog-
nostic factors to determine long-term recovery from aphasia.

Method
Participants

Participant data were extracted from an archival
database collected at the Center for the Study of Aphasia
Recovery at the University of South Carolina and the
Medical University of South Carolina. Written informed
consent was obtained from all participants when admitted
into initial and subsequent studies. These data represent a
convenience sample and are based on recruitment through
advertising, referrals from neurologists and speech patholo-
gists, and active recruitment within support/aphasia groups.
Available data included demographic information and a vari-
ety of behavioral test scores collected at varying poststroke
intervals. WAB administrations typically coincided with base-
line testing for studies in which the PWA participated; there-
fore, some of the participants who participated in more than
one study were tested at multiple time points (M = 2.5 times).
For this reason, and because the WAB is a common clinical
measure, the WAB was used here as the behavioral measure
of interest. See Supplemental Material S1 for individual
participant data.

This study included individuals in the chronic stage
of stroke at the time of both the initial assessment and
subsequent assessments who (a) had two or more WAB
assessments acquired at least 6 months apart; (b) had no
accompanying neuropsychological disorders (self-report);
(c) had a single-event, left-hemisphere ischemic stroke;
and (d) were less than 85 years of age. Thirty-nine indi-
viduals (13 women, 26 men) with a mean age of 54.7 years
(SD = 9.8) at the time of stroke met the inclusion criteria.
At initial assessment, the group had a mean WAB-AQ of
53.5 (range = 5.6-88.8, SD = 21.5) and a mean time (in
months) poststroke of 38.0 (range = 6.0-224.0, SD = 47.2).
The average number of months between assessments was
27.2 (range = 6-86, SD = 20.3). A summary of participant
data is presented in Table 1. Twenty-six participants in this
sample completed two WABS, six participants completed three
WABES, six participants completed four WABs, and one par-
ticipant completed five WABs. In total, 99 WAB assessments
met the inclusion criteria and were used in analysis.
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Table 1. Demographic information of participants.

Demographic variables Overall (N = 39) Improving (n = 20) Stable (n = 9) Declining (n = 10)
Age at stroke (years)

M 54.7 53.3 52.6 59.5

SD 9.8 8.9 12.0 8.8

Range 39.0-71.0 39.0-69.0 39.0-68.0 46.0-71.0
Sex, n (%)

Female 13 (33.3) 6 (30) 6 (66.7) 1(10)

Male 26 (66.7) 14 (70) 3 (33.3) 9 (90)
Diabetes, n (%)

Presence 10 (25.6) 5 (25) 2 (22.2) 3 (30)

Absence 29 (74.4) 15 (75) 7(77.8) 7 (70)
Education (years)

M 15.0 15.2 14.4 15.1

SD 2.8 2.6 2.5 3.6

Range 10.0-22.0 10.0-20.0 12.0-18.0 12.0-22.0
Time poststroke® (months)

M 38.0 21.3 56.4 54.6

SD 47.2 16.5 67.5 59.5

Range 6.0-224.0 6.0-59.0 7.0-224.0 7.0-201.0
No. of WABs

M 2.5 2.9 2.2 2.4

SD 0.9 1.0 0.4 0.8

Range 2.0-5.0 2.0-5.0 2.0-3.0 2.0-4.0
WAB-AQ?

M 53.5 46.4 63.2 58.9

SD 215 21.8 231 15.3

Range 5.6-88.8 5.6-88.8 20.9-87.6 25.2-73.5

Note. WAB = Western Aphasia Battery; WAB-AQ = Western Aphasia Battery—Aphasia Quotient.

2At initial assessment.

Behavioral Assessment

Because participant recruitment to populate our data-
base began in 2006, 16 of the 99 assessments were adminis-
tered using the original WAB (Kertesz, 1982), whereas the
remaining 83 assessments relied on the WAB-R (revised in
2007; Kertesz, 2007). Both versions of the WAB include the
same behavioral measures, including spontaneous speech,
auditory comprehension, speech repetition, and naming.
Additionally, both versions of the WAB estimate overall
aphasia severity (AQ) by totaling the four aforementioned
subscores (spontaneous speech, auditory verbal comprehen-
sion, speech repetition, and naming and word finding).
Participant AQ scores below 93.8 are classified as having
aphasia, and aphasia subtypes are determined based on
the patterns of subscores. Table 2 provides details of
WAB assessment for all participants. All language assess-
ments were administered by or under the supervision of
an American Speech-Language-Hearing Association certi-
fied speech-language pathologist with extensive experience
working with individuals with aphasia. Video recordings
of assessment administration were collected for offline
scoring in order for the certified speech-language patholo-
gist to verify WAB scoring. None of the WAB assessments
was used as an outcome measure in treatment studies but
was merely used to classify aphasia type and measure severity
at the beginning of individual studies. Therefore, changes
in severity measured on the WAB were not reflective of
immediate posttreatment effects as the mean time between

repeated WAB assessment after the enrollment in any
treatment study was 33 months (SD = 20.18, range =
6-18 months). The focus of this study was on changes in
overall aphasia severity over time; therefore, WAB-AQ
scores were used in the outcome analyses.

Demographic Information

To accompany the aphasia severity assessments, our
database included comprehensive demographic information
on each participant. In the current analysis, the variables
of interest were chosen based on previous literature investi-
gating demographic and health variables as pertaining to
aphasia severity and outcomes: age at stroke (Breitenstein
et al., 2017; Laska, Hellblom, Murray, Kahan, & Von
Arbin, 2001), education level (Hillis & Tippett, 2014), apha-
sia treatment hours (Fridriksson, Richardson, et al.,
2012; Moss & Nicholas, 2006; Pulvermiiller et al., 2001;
Smania et al., 2010), number of days exercised per week
poststroke (Harnish et al., 2018), presence of diabetes
(Megherbi et al., 2003), use of antidepressants (Hillis &
Tippett, 2014), and SES (Connor, Obler, Tocco, Fitzpatrick,
& Albert, 2001). The number of treatment hours was quanti-
fied by totaling the number of hours the PWA was involved
in treatment research studies at either the Aphasia Lab at
the University of South Carolina or the Medical University
of South Carolina. Treatment hours that a participant
may have received include group-based intensive language
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Table 2. Western Aphasia Battery—Aphasia Quotient (AQ) data.

WAB data Overall (N = 39) Improving (n = 20) Stable (n = 9) Declining (n = 10)
AQ: initial
M 53.5 46.4 63.2 58.9
SD 21.5 21.8 23.1 15.3
Range 5.6-88.8 5.6-88.8 20.9-87.6 25.2-73.5
AQ: final
M 56.6 56.6 63.4 50.3
SD 20.7 21.6 23.3 15.8
Range 20.0-97.6 20.1-97.6 20.7-88.6 20.5-68.9
AQ: change
M 3.1 10.2 0.2 -8.6
SD 9.3 5.7 0.9 5.0
Range -19.8 t0 23.0 3.2t023.0 -161t01.3 -19.8t0 -3.8
Fluency?
Fluent 17 8 4 5
Nonfluent 22 12 5 5
Aphasia types®
Anomic 5 3 2 NA
Broca’s 20 9 7 4
Conduction 6 3 NA 3
Global 3 2 NA 1
Transcortical sensory 2 NA NA 2
Wernicke’s 3 3 NA NA

2At initial assessment.

action therapy (Pulvermiiller et al., 2001), speech entrainment
treatment (Fridriksson, Basilakos, Hickok, Bonilha, &
Rorden, 2015; Fridriksson, Hubbard, et al., 2012), cueing
hierarchy (Fridriksson, Richardson, et al., 2012), computer-
ized naming treatment (Fridriksson et al., 2009, 2018),
phonological-based treatment, or semantic-based treatment.
The total treatment hours do not include aphasia treatment
hours a person may have completed in other settings (i.e., in-
patient or outpatient rehabilitation programs). Although
chronic patients typically do not receive aphasia treatment
in traditional rehabilitation settings, the number of aphasia
treatment hours included here is likely an underestimate of the
overall number of treatment hours completed by participants.

Participants were only included in this analysis if the
previously listed variables of interest had been provided
(i.e., there were no missing data points).

Statistical Analyses

To accommodate the variation between and within
subjects, linear mixed-effects models (LMEs) were used to
predict changes in WAB-AQ based on demographic infor-
mation: age at stroke onset, age at WAB testing, sex, edu-
cation, time poststroke of WAB testing (in months), fluent
versus nonfluent aphasia type, days of exercise per week
poststroke, use of antidepressants, presence of diabetes, and
number of hours of participation in aphasia treatment stud-
ies. Information on presence of diabetes, years of education,
and days exercised poststroke were derived from a demo-
graphic questionnaire completed by participants at the time
of initial assessment. Speech fluency (i.e., fluent, nonfluent)
was determined by the type of aphasia an individual was
classified as having at the initial assessment. For statistical

analyses of WAB-AQ scores over time, p values < .05 were
considered significant. All statistical analyses were done in
statistical software R (R Core Team, 2017). Linear mixed
models were applied using R package NLME (Pinheiro, Bates,
DebRoy, Sarkar, & R Core Team, 2017), and all figures
were made using package GGPLOT2 (Wickham, 2009).

Results

Data detailing WAB assessments are included in
Table 2. The mean time postonset at initial WAB admin-
istration was 3.2 years, which is well within what is typi-
cally considered the chronic stage of aphasia. To better
estimate language change, each participant was assigned a
group based on the WAB-SEM (2.5 points)." Similar to
Holland et al. (2017), we rounded up and used +3 points to
determine improvement (+3 points), stability (-3 < x < 3),
and decline (-3 points). The estimated test-retest reliability
of the WAB-R, which was reported in the WAB-R manual
(Kertesz, 2007) for 35 individuals with chronic aphasia
(initial assessment mean of 2.05 years poststroke and final
assessment at 3.91 years poststroke on average), indicates
high test-retest reliability (r = .99), with a mean AQ change
between tests of 0.12 AQ points. This mean change is vastly
less than the WAB-SEM that we adopted as a metric of
change.

'The WAB-SEM was calculated in the same fashion as described by
Holland et al.’s (2017) study: data provided in the WAB-R manual
for the second standardization group of 141 “aphasics with infarcts
(Kertesz, 2007). The standard deviation (29.9) was divided by the
square root of the sample size (141), resulting in an SEM of 2.52.

2
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Tables 1 and 2 include participant demographic in-
formation for the three subgroups (improvers, decliners,
and those who remained stable) as well as the group as a
whole. Summary statistics for WAB-AQ at baseline were
calculated between the whole group and subgroups using
two-tailed paired ¢ tests to determine if there were any sta-
tistically significant differences between the groups. Results
showed that there were no statistically significant differ-
ences for AQ at baseline between improvers and decliners
(p = .08), between stable and decliners (p = .65), and be-
tween stable and improvers (p = .09). In addition, there
were no statistical differences for age of stroke between im-
provers and decliners (p = .08), stable and decliners (p = .88),
and stable and improvers (p = .18). Although these group
differences are not statistically significant, results should be
interpreted with caution until replication with a larger
sample of participants.

Figure 1 provides a graphical display showing the
WAB-AQ by the number of aphasia treatment hours (indi-
cated by the size of the circle) that each participant (indicated
by different colors) completed at the time of their WAB as-
sessment (x-axis). All but one participant completed their
first WAB before the initiation of aphasia treatment admin-
istered in the chronic phase.

Table 3 provides statistics for significant effects for
the LME results. Two main effects, illustrated in Figure 2,
were statistically significant: age at stroke (p = .04) and
cumulative number of aphasia treatment hours (p = .03).

The results reveal that, for every year increase in age at
stroke, WAB-AQ decreased by 1.51 points, and for every
additional hour of aphasia treatment, WAB-AQ in-
creased 0.07 points on average. Two factor interactions
(illustrated in Figure 3) reached statistical significance:
the interaction between exercise poststroke and presence
of diabetes and the interaction between age at stroke and
presence of diabetes. For individuals with diabetes, results
suggest that, for every extra day one exercises per week,
WAB-AQ is expected to go up, on average, by approximately
8.16 points. The second significant interaction suggests that,
for every year a person with diabetes gets older, WAB-AQ is
expected to decrease by approximately 3.60 points.

Although direct information on SES was not avail-
able in our database, an estimate of SES was calculated
based on a U.S. Census Bureau method from Gonzalez-
Fernandez, Christian, Davis, and Hillis (2013). In this
post hoc analysis, mean household income was not correlated
with change between the first and last WAB assessments
(r=.20, p = .22), nor was it a significant predictor when
entered into an LME model (F = —0.00003, p = .83); there-
fore, this factor was not included in our final model.

Discussion

In this study, 20 of the 39 participants showed improve-
ments on WAB-AQ by more than 3 points, providing further
evidence that many individuals experience aphasia recovery

Figure 1. Spaghetti plot of all included participants’ aphasia quotient (AQ; y-axis) as a function of treatment. The x-axis
depicts the order of Western Aphasia Battery assessment. Point size is indicative of treatment hours, where larger points
indicate more treatment hours (see inset legend). Colors are used to distinguish between different participants.
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Table 3. Mixed linear effects model including all demographic factors.

Demographic factors Value SE df t P
(Intercept) 50.21 30.77 53 1.63 12
Age at stroke -1.51 0.72 53 -2.10 .04
Exercise poststroke -1.34 1.73 32 -0.78 44
Sex (female) 0.83 30.39 32 0.03 .98
Age at WAB 1.72 0.89 53 1.93 .06
Diabetes (present) 89.09 48.26 32 1.85 .07
Time poststroke of WAB -0.19 0.10 53 -1.91 .06
Treatment cumulative 0.07 0.03 53 2.22 .03*
Fluency (fluent) 3.44 3.61 53 0.95 .35
Months between test 0.05 0.08 53 0.67 .51
Education -0.28 117 53 -0.24 .81
Sex (female):age at WAB 0.00 0.50 53 0.00 1.00
Exercise poststroke:diabetes (present) 9.51 3.76 32 2.53 .02*
Age at stroke:diabetes (present) -2.09 1.01 32 -2.08 .05*

Note. WAB = Western Aphasia Battery.
*0 < .05.

in the chronic phase of stroke. By using multiple WABs col-
lected in the chronic stage, we were able to investigate the ef-
fects of demographic factors on language recovery after the
effects of early spontaneous recovery have run their course.
Although there are no studies that have investigated
test—retest reliability of the WAB across greater than two
time points, test-retest reliability of the WAB has been shown
to be excellent across a variety of intervals between two
administrations assessments (Kertesz & McCabe, 1977;
Shewan & Kertesz, 1980). In a study investigating test—
retest reliability in 22 PWAs in the chronic stage of recovery
(Pedersen, Vinter, & Olsen, 2001), Kertesz and McCabe (1977)
reported excellent within-subject variability using Pearson
r correlation (r = .99). Similarly, Shewan and Kertesz
(1980) reported WAB test-retest reliability across all sub-
tests and AQ as having a Pearson r correlation of .88 or
higher (WAB-AQ Pearson r = .968) in a sample of 38 per-
sons with chronic aphasia with time interval between
assessment anywhere from 6 months to 6.5 years apart
(M = 12-23 months). Finally, in a study by Pederson
et al. (2001), test-retest reliability of the WAB in Pedersen
with chronic aphasia was reported to have a Pearson r
correlation of .96 with assessment interval at 3.5 months,
with no significant change in WAB scores between the two
time points. Nevertheless, it is possible that practice effects
contributed slightly to changes in AQ for those who had
greater than two evaluations.

Age-Related Changes

Based on previous literature, it is unclear which
demographic factors are reliable predictors of aphasia re-
covery (Breitenstein et al., 2017; Harnish et al., 2018; Hillis
& Tippett, 2014; Laska et al., 2001; Megherbi et al., 2003).
Language changes in healthy aging are heavily debated,
and despite rapid, multiple computations required, core
aspects of speech comprehension are left relatively pre-
served as individuals age (Shafto & Tyler, 2014). However,

older adults have been reported to have worse accuracy on
a comprehension task compared to younger adults when
speech is rapid or presented in noise (Tun, 1998). Age dif-
ferences in healthy older and younger adults are smaller
when words appear in context (Thornton & Light, 2006;
Tun, 1998). Healthy older adults have also been reported
to perform similarly to their younger counterparts on
speech comprehension tasks, suggesting that task difficulty
and the cognitive processes the task might recruit are rea-
sons for conflicting results in the literature (DeDe, Caplan,
Kemtes, & Waters, 2004; Tyler, Cobb, & Graham, 1992;
Tyler, Wright, Randall, Marslen-Wilson, & Stamatakis,
2010; Waters & Caplan, 2001). Contrary to speech compre-
hension, literature on speech production has produced reli-
able age-related declines (Shafto & Tyler, 2014). In healthy
older adults, speech is simplified, more vague, and slower
as word-finding difficulties become apparent (Bortfeld, Leon,
Bloom, Schober, & Brennan, 2001; Kemper & Sumner, 2001;
Neumann-Werth, Obler, Gomes, & Shafer, 2009). Age has
also been reported as a factor of aphasia recovery across a
range of symptoms (Ellis & Urban, 2016; Ferro & Crespo,
1988; Hillis et al., 2018; Hillis & Tippett, 2014; Holland,
Greenhouse, Fromm, & Swindell, 1989; Ogrezeanu, Voinescu,
Mihailescu, & Jipescu, 1994). Our results provide further
evidence of this, suggesting that older age at stroke onset
has negative effects on language recovery (p = .04).

Effects of Exercise

Previous studies have shown that aerobic exercise
can positively affect recovery poststroke in both motor and
cognitive abilities (Cumming, Tyedin, Churilov, Morris, &
Bernhardt, 2012; Ploughman, McCarthy, Bossé, Sullivan,
& Corbett, 2008). More specifically, exercise has been shown
to benefit executive functioning (Kluding, Tseng, & Billinger,
2011; Rand, Eng, Liu-Ambrose, & Tawashy, 2010), speed
of processing (Quaney et al., 2009), memory (Pyorié et al.,
2007; Rand et al., 2010), and visuospatial processing (Pyorid
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Figure 2. (Top) Main effect of age at stroke by aphasia quotient
with 95% confidence intervals (p = .04). (Bottom) Main effect of
estimated treatment by aphasia quotient with 95% confidence
intervals (p = .03).
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et al., 2007). In a study investigating cognitive and functional
capacity in individuals who had suffered a stroke, Pyoria
et al. (2007) reported that language was shown to improve
significantly for those who received physiotherapy. The in-
fluence of exercise on language recovery in aphasia due to
stroke has been relatively unexplored. One study suggested
that exercise may positively influence language recovery
when used as an adjunct to aphasia therapy (Harnish et al.,
2018). Although no main effect of exercise was found in
our current analysis, there was an interaction between exer-
cise and presence of diabetes, showing that the more days
exercised per week in individuals who have diabetes, the
more their WAB-AQ improved over time (p = .02). It is im-
portant to consider that approximately a quarter of our
participants (z = 10) had diabetes. Accordingly, the results
related to diabetes should be interpreted in the context of
this clear limitation. Nevertheless, further research on the
effects of exercise is needed to determine if exercise could
be beneficial for improving cognitive function in acute or

Figure 3. (Top) Interaction between diabetes presence and days
exercised per week (p = .02). (Bottom) Interaction between diabetes
presence and age at stroke (p = .05). yrs = years.
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chronic aphasia, perhaps eventually used as an adjuvant to
aphasia therapy.

Effects of Diabetes/ Health

Evidence from neurocognitive examinations suggests
that cognitive declines should be listed along with neuropathy,
nephropathy, and cardiovascular disease as one of the many
complications of diabetes (Kodl & Seaquist, 2008). Cognitive
declines that accompany diabetes include slower processing
speed (Brands et al., 2006; Ryan, Geckle, & Orchard, 2003;
Ryan, Williams, Finegold, & Orchard, 1993; Wessels et al.,
2007) and more deficits in vocabulary (Hershey, Craft,
Bhargava, & White, 1997; Northam, Anderson, Werther,
Warne, & Adler, 1998; Schoenle, Schoenle, Molinari, &
Largo, 2002; Weinger et al., 2008; Wessels et al., 2007),
attention (Wessels et al., 2007), memory (Weinger et al.,
2008), and executive function compared to controls (Northam
et al., 1998; Weinger et al., 2008). A meta-analysis by Brands,
Biessels, de Haan, Kappelle, and Kessels (2005) revealed that
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overall cognition, fluid intelligence, and speed of processing
were reduced in patients with diabetes compared to con-
trols. Few studies have investigated the influence of dia-
betes on poststroke recovery. One study evaluating language
poststroke reported that presence of diabetes predicts
presence of dysarthria and reduced cognitive outcomes
(Megherbi et al., 2003). However, others have failed to find
a significant influence for diabetes in predicting poststroke
motor recovery (Nannetti, Paci, Baccini, Rinaldi, & Taiti,
2009). In this study, there was a numerical trend associated
with diabetes (p = .07), and an interaction between age at
stroke and presence of diabetes was statistically significant
(p = .05). Diabetes often presents with other chronic condi-
tions (i.e., obesity, hypertension, depression, chronic kidney
disease, cardiovascular disease, sleep disorders, and cancer)
that may affect performance on cognitively demanding
tasks. It has been reported that most individuals with dia-
betes have at least one additional comorbid disease (Druss
et al., 2001) and 40% have at least three (Maddigan, Feeny,
& Johnson, 2005; Wolff, Starfield, & Anderson, 2002). One
of the most prevalent comorbidities seen in adults with
diabetes is hypertension. It has been reported the 75% of
adults with diabetes present with hypertension, thus further
provoking the microvascular and macrovascular complica-
tions that are initially present in diabetes alone and in-
creasing the risk of neurological damage (Long & Dagogo-
Jack, 2011). In language production and comprehension,
high-level cognitive processing abilities are critical for suc-
cessful communication. One explanation for why those
with diabetes are predicted not to recover as well as those
without is due to the general cognitive declines experienced
by those with diabetes (leading to reduced cognitive reserve).
Results from the current study provide preliminary evi-
dence that age-related cognitive decline and diabetes have
negative effects on long-term aphasia recovery. Again,
our sample of individuals with aphasia and diabetes was
relatively small (N = 10), which limits the potential im-
pact of these preliminary findings. Clearly, further re-
search including a larger sample size is needed to verify
the potential effects of diabetes on aphasia recovery.

Role of Speech-Language Therapy

Speech-language therapy is an important factor in
aphasia recovery (Aftonomos et al., 1999; Breitenstein
et al., 2017; Fridriksson, Richardson, et al., 2012; Moss
& Nicholas, 2006; Pulvermiiller et al., 2001; Smania et al.,
2010). In a comprehensive meta-analysis of aphasia recov-
ery, Robey (1998) highlighted aphasia treatment effects in
both the acute and chronic stages, albeit to a varying degree.
Pulvermiiller, Hauk, Zohsel, Neininger, and Mohr (2005)
reported improved language performance as measured
by clinical assessments after only 2 weeks of therapy in
individuals with chronic aphasia. Several other studies
have reported similar findings (Breitenstein et al., 2017;
Fridriksson, Richardson, et al., 2012; Moss & Nicholas,
2006; Pulvermiiller et al., 2001; Smania et al., 2010), and
the current research further supports the claim that aphasia

treatment supports long-term recovery in chronic patients.
These results provide further evidence that policies that deny
reimbursement on treatment during the chronic stage of
aphasia should be reevaluated.

Limitations

This study aimed to determine what health-related or
demographic factors are associated with changes in apha-
sia severity in chronic stroke. Although this study involved
health factors that have often not been considered when
investigating aphasia recovery, it is important to note that
this study would benefit from a denser sample with a vari-
ety of health conditions, also complete with a measure of
initial severity in the acute stage of stroke. For example,
10 participants in our study had diabetes, which constitutes
only a quarter of the sample. Additionally, because this
study was retrospective in nature, changes to participant
case history may have occurred and have been underre-
ported. Factors of interest were based exclusively on infor-
mation collected at admission into our database; therefore, it
is unclear if and how much exercise habits or other perti-
nent health information changed between WAB assessments.
As mentioned previously, it is important to note that the
factor “therapy hours” only reflected the number of treatment
hours a participant received while participating in a research
study in our laboratory. The potential number a participant
used aphasia therapy apps or websites, or attended in-
person speech therapy, is not included in our database,
making it possible that we underestimated the amount of
treatment participants received between assessments. It is
unclear whether participant-identifying factors that influ-
ence aphasia recovery is a complex question that involves
a large, demographically sparse data set. Investigating
these factors in a larger sample is certainly warranted to
verify the current findings.

Conclusions

The main strengths of our study lie in a relatively
large sample size as well as inclusion of demographic factors
not examined in previous studies. By analyzing results of
multiple language assessments in relation to demographic
factors, we were able to explore what are important predic-
tors of aphasia severity changes in chronic stroke. Clinical
tradition typically assumes that the severity of behavioral
impairment is stable among chronic patients; however,
results from our study suggest that continuing treatment is
a reliable predictor of aphasia recovery, even in the chronic
stage. Maintaining good, overall health by exercising—and
thus managing diabetes if present—may also lead to greater
recovery. Additionally, further studies investigating how
initial aphasia severity in the acute stage interacts with these
health factors are also necessary. Further investigation is
needed to determine how other health demographics not
reflected in our database influence long-term aphasia recov-
ery in stroke. In summary, patients continuing to seek out
and receive aphasia treatment have a greater likelihood of
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recovery, suggesting that language impairment and its se-
verity in the chronic phase of stroke are much more dy-
namic than previously reported.
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