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Background and Purpose

Saocial functioning isimpaired in about two third of stroke patientsin vocational age, even
several months after afirst-ever mild to moderate stroke. The known predictors of social
functioning were initial stroke severity, anxiety and depression and the Mini Mental State
Evaluation, suggesting that cognitive deficits contribute to post-stroke social dysfunctioning.
Our am was to evaluate whether cognitive domains correlated with social functioning and to
determine the cognitive predictors of social dysfunctioning.

Methods

We prospectively included 74 patients, 6 months after afirst-ever stroke. NIHSS, modified
Rankin scale, depression and anxiety were recorded. Social functioning was recorded using
the Work and Social Adjustment Scale (WSAS). An extensive neuropsychological tests
battery explored general cognitive functioning, episodic memory, instrumental functions,
executive functions and working memory. Univariate comparisons assessed the relationships
between the neuropsychological tests and the scores of the WSAS. Predicting factors of
WSA S were determined using ordinal logistic regression.

Results

Fifty two patients (70%; 95%CI 58 — 80%) complained of significant perturbation of work
and socia functioning. In univariate comparisons, general cognitive functioning, memory,
instrumental functions, executive functions and working memory significantly correlated with
social functioning. Working memory was the most affected domain. With multivariate
modelling, the NIHSS at admission, Hospital Anxiety-Depression scale and Owen’s Spatial
Working Memory test were independent predictors of WSAS.

Conclusions

All cognitive domains were associated with socia functioning, working memory being the
main cognitive determinant. Our results suggest that cognitive impairment impacts on social
dysfunctioning, which is known to be a component of quality of life.



Major improvement in stroke prognosis has been achieved by stroke units implementation and
increasing routine use of thrombolysis. Therefore, the frequency of patients with a good
outcome is rising. Outcome is usually assessed in clinical trials and in routine clinical
practice, using the NIHSS score[1] for the neurological deficit and using the modified Rankin
score (mRankin) [2] for the handicap. However, despite ratings considered as good outcomes,
many patients fully independent in daily living activities still complain of difficulties in many
domains of functioning[3, 4]. Edwards et a.[5] reported that as high as 87% of patients were
complaining 6 months after a mild stroke of related changes in domains such as work, driving
and recreational activities. Age and motor impairment were not predictors of life satisfaction.
They suggested that mild strokes may suffer from different and more subtle neurologic

impai rment impacting in life satisfaction, than more severe stroke patients[5]. We have
recently reported that about 2 out of 3 patientsin vocational age complained of significant
difficultiesin social functioning months after afirst-ever mild to moderate stroke.[6] Social
functioning was associated with initial stroke severity measured using the NIHSS score at
admission, depression and anxiety measured using Hospital Anxiety and Depression scale
(HAD)[7] and Mini Mental State Examination (MM SE)[8] at study time, suggesting arole for
cognitive impairment. However, the MM SE, which was designed as a diagnostic tool for the
detection of dementia, may be inaccurate in detecting post stroke cognitive impairment.[9]
Sensitive neuropsychological tests can detect performance below the norm in patients whose
performance on MM SE is well within the normal range.[10] With a median of 29 (25%-75%
inter-quartile 27-30), the MM SE of our population presented an obvious ceiling effect, giving
an excessive weight to any error. The MM SE allows exploring orientation, working memory,
verbal recall, comprehension-praxis and naming, which can be classified into three domains:
working memory, episodic memory and instrumental functions.[11] However, executive
functions are not examined, while they appear to be frequently impaired after stroke.[9]
Therefore, the MM SE, as an explanatory variable of cognition, suffered from many pitfalls,
the main one being an over simplified approach to cognition making difficult to determine
which domains of cognition are mainly affected in relation to socia dysfunctioning after
stroke.

We had two purposes. Fist, in a heuristic approach to investigating the contribution of
cognition to social functioning, we correlated social functioning with acomprehensive battery
of neuropsychological tests exploring all cognitive domains. Second, we wanted to test if after
adjustment for the already established determinants depression and neurological deficit, some
domain of cognition also contributes to social functioning in patients with afirst ever mild to
moderate stroke in vocational age.

METHODSAND SUBJECTS

Inclusion criteria
Methods have been described in details elsewhere [6]. This prospective cohort included
patients admitted consecutively to the stroke unit with afirst-ever stroke providing they
met the following criteria: arecent 6 + 3 months stroke demonstrated on MRI, and a
vocational age from 16 yearsto 65 years. To be included a score > 23/30 was required for
the MM SE[ 8] to exclude patients with dementia or those who were not able to sustain the



whole set of tests. To beincluded, an mRankin scale < 2 was chosen to exclude patients
who had severe limitations of physica activities. Patients were not eligibleif they
presented with transient ischemic attack, NIHSS > 4 at study time, severe aphasia, aexia,
non-compensated hemianopia, neglect, decreased visual acuity, illiteracy, psychiatric
disorder, symptomatic prior stroke or silent stroke on imaging, other neurological disease.
The Medical Ethics Committee (CCPRB) of the institution approved the study. We
obtained signed informed consent from all the subjects.

Clinical evaluation
Self-estimated work and social dysfunctioning was assessed with the WSAS12], which
explores five domains: ability to work, home management, socia leisure, private leisure
and ability to form and maintain close relationships with others. The WSAS s based on
subject’s estimated capacities and resources and not on subject’ s actual performance
(“what | have done"). The consequences of an identified condition such as a stroke are
assessed since each question begins by “because of my ‘condition X' stroke my activity 'y’
isimpaired”. The five items of the WSAS were rated from O (no impairment) to 8 (very
severely impaired), and the scores obtained for each item were summed in atotal score. A
score of O reflects normal functioning and a score of 40 the worst score possible. To be
consistent with validation publications on the WSAS, we applied similar categorization of
WSAS into 3 categories as those reported in other diseases. A score> 20 suggested
moderately severe to severe impairment, from 10 to 19 significant dysfunctioning, and less
than 10 a subclinical dysfunctioning.[12]

Neuropsychological Evaluation

To test cognitive contribution to socia functioning, the patients underwent an extensive
standardized neuropsychological battery. We evaluated handedness[13], and patients
completed a battery of cognitive testsincluding

(1) Depression using Beck’ s depression inventory[14] and hospital anxiety and depression
scale (HAD)[7]

(2) Global cognitive functioning was assessed using MM SE[15], pattern matrices 1938
(PM 38)[16], and verbal automatisms[17]

(3) Memory: the Grober & Buschke[18, 19] and Pattern Recognition Memory (PRM)
Cambridge neuropsychological test automated battery (CANTAB® )[20]

(4) Instrumental functions: visuo-spatial and visuo-constructive functions were assessed
with the visual object and space perception battery (VOSPs)[21] and the bells test[22],
graphomotor praxias, and language with the Lexis[23]

(5) Executive functions: the categorica and al phabetic fluency test[24], the Toronto
Tower[25], and the Trail-Making Tests A and B (TMA and TMB) [26, 27] and STOOP
color word test were used[28]

(6) Working memory was tested using the forward digit span from the Wechsler adult
intelligence scale (WAIS-R) digit span subtest[29, 30], spatial span pattern of the
CANTAB® [20], backward digit span (WAIS 3), Paced Auditorial Serial Addition Test or
PASAT([31, 32], Owen’s spatial working memory test (Owen SWM)[33] using the
CANTAB® battery[20] and the visual patterns (2 scores) from CANTAB®.[20]



Brain imaging A 1.5-TeslaMRI was used to obtain DWI, T2 and FLAIR images with 5-
mm thickness within the first week after stroke onset. A neurologist, who was unaware of
clinical data, drew the stroke lesion to determine the stroke type, side, and arterial territory.
This allowed discarding patients with prior strokes, silent strokes and leukoarai osis.

Data and statistical analysis

Demographic, stroke related and neuropsychological variables were tested between the 3
severity categories of the WSAS. These ordinate categories provided a higher sensitivity to
detect significant trends according to severity than binary comparisons. For univariate
comparisons with WSAS, we used anova, chi-square test, Fisher's exact test, Kruskal-
Walistest and Cuzick’ s test for trends when appropriate. We wished to be able to
conclude about associations based on univariate comparisons. As we had 39 univariate
variables to compare to WSAS, we corrected the level of significance with Sidak’s
correction for 39 comparisons. Therefore, we considered significant the comparisons with
ap-value lower than 0.0013.

We used ordinal logistic regression modelling to evaluate which cognitive domains were
expressed by the WSAS. Ordinal logistic regression fits specifically to ordinal
categorization of the dependant variable, providing the proportional odds assumption is
satisfied [34]. Moreover, it displays proportional odds ratio which have similarities with
odds ratios from binary logistic regression. Considering its limitations, MM SE was not
included in the model. All the other variables associated with WSAS at univariate analysis
with level at p<0.2 wereinitially included and removed in a backward stepwise analysis.
Were kept in the model the variables significant at p<0.05. The proportiona odds
assumption also called parallel regression assumption of the ordinal logistic model was
assessed with Brant’ s test.[35] Confidence intervals were computed using
bootstrapping[36] with 1500 replications. Statistical analyses were performed using
STATA 10.1 (STATA Corp, College Station, Tex).

Results
We included 74 patients in the study.
Demographic and clinical characteristics are reported in table 1.

Table 1. Demographic and clinical characteristics of the patients

Demogr aphics Total (N=74)
Mean Age mean years (SD) 42.5 (12.3)
Males N (%) 38 (51.3)
Females N (%) 36 (48.7)
Education Primary& secondary N (%) 35 (47.3)
Education University Level N (%) 39 (52.7)




Clinical findings

Handedness (Edinburgh score) > 90%
Beck Depression Inventory mean (SD)

HAD mean (SD)

MMSE median (25%-75% Q)
NIHSS mean (SD) — on admission
NIHSS mean (SD) — at study time
Modified Rankin median (25" -75" 1Q) — at study time
Delay S-E months mean (SD)
Taking antidepressant drug N (%)

Description of stroke

Infarction N (%)
Haematoma N (%)

Right hemispheric infarct N (%)
Left hemispheric infarct N (%)
Bilateral hemispheric infarcts N (%)
Brainstem, cerebellum N (%)

67 (90.5)
12.2(9.7)
14.8 (7.2)
29 (27 - 30)
5.8 (4.4)
0.7 (1.1)
2 (1-2)
7.4 (3.4)
32 (43)

69 (93)
5(7)
34 (45.9)
26 (35.1)
7(9.5)
7(9.5)

NIHSS on admission: NIHSS at admission with acute stroke in the stroke unit;
NIHSS at study time: NIHSS at inclusion in the study, mean 7.4 months after
stroke; HAD: Hospital Anxiety and Depression scale; Delay S-E: Delay from
stroke to evaluation; 1Q: interquartile

Using the 3 scores categorisation of the WSAS, 22 patients had a WSAS score under 10
which means a subclinical score, 22 had a significant work and socia dysfunctioning and
30 amoderately severe to severe impairment. So atotal of 52 patients (70%; 95% CI 58%
—80%) complained of at least significant work and social dysfunctioning due to stroke.
The univariate analysis with the 3 categories of the WSAS isreported in table 2.

Table 2. Univariate analysis of the WSAS deter minants

WSAS<10 WSAS 10to19 WSAS>20 P-value

N=22 N=22 (29.7%) N=30
(29.7%) (40.6%)

Demographic characteristics
Age mean (SD)A 40.3 (14.3) 40.5 (13.3) 45.7 (9.4) P=0.198
Gender male N (%)~ 13 (59.1) 13 (59.1) 12 (40.0) P=0.27
Education university N (%)~ 15(39) 13(33) 11(29) P=0.06
Right HandednessN (%) 20 (30) 20 (30) 27 (40) P=1
NIHSS on admission mean (SD)"" ! 4.6 (4.6) 5.7 (4.5) 6.6 (3.9) P=0.02




NIHSS at study timemean (SD)N

mRankin mean (SD) NPt

Delay S-E mean (SD)K'W
AntidepressantsN (%)F
Side of stroke”

Depression

HAD mean (SD)

HAD depression mean (SD)A
HAD anxiety mean (SD)"
Beck DI mean (SD)K'W

Global cognitive functioning
MMSE mean (SD)<W
PM 38 mean (SD)"

t

Verbal automatismsmean (SD)K-W

Memory

Grober & Buschke normal mean (SD)F
PRM (CANTAB®) mean (SD)™"

I nstrumental functions
VOSP spatial - mean (SD)
VOSP congtruct VTt N
BellstestN (%)

Graphomotor praxi a"
(0.25-0.751Q)

Language™ median (0.25-0.75 1Q)

Executive functions

Categorical fluency mean (SD)A

Alphabetic fluency mean (SD)"

Toronto tower N normal N (%)F

TMA mean (sD) <™V

TMB mean (SD) <™

Stroop color mean (SD)K-W

Stroop motor mean (SD)NP't

Stroop ink mean (SD)™ !

Working Memory

P-t .
median

0.3(05)

1.1(0.7)

7.2 (35)
3(9.4)

10.2 (5.3)
3.0(2.3)
7.2(35)
6.6 (6.4)

29.4(0.7)
110.2 (14.6)
107.3 (11.6)

21 (95.4)
88.9 (17.0)

22 (100)
17
22 (100.0)

3(3-3)

78 (76-79)

32.1(9.5)

21.4(9.2)

20 (90.1)
33.3 (11.5)
70.3 (35.0)
65.1 (19.2)
46.7 (10.6)
118.3 (41.9)

0.8 (1.1) 1.0(L3)
1.7 (0.6) 1.7 (0.6)
6.8(3.2) 7.9(3.6)
9 (28.1) 20 (62.5)
13.7 (5.4) 19.1 (7.4)
5.7 (3.2) 8.6 (3.8)
8.0 (3.5) 105 (4.3)
10.6 (6.4) 18.0 (11.0)
28.3(1.7) 27.1(2.5)
99.3 (16.0) 91.1 (16.1)
1115(12.0)  101.8(17.5)
21 (95.4) 23 (76.7)
87.9 (11.7) 72.7 (19.0)
20 (91) 25 (83)
13 8
20 (90.9) 30 (100.0)
3(2.5-3) 3(3-3)
79 (75-80) 77 (75-78)
27.3(9.4) 24.2 (7.3)
205 (7.3) 18.4 (8.0)
14 (63.6) 19 (71.6)
36.9 (16.7) 57.5(39.8)
884 (444)  1416(1355)
66.0 (14.3) 77.9 (19.0)
50.0 (10.5) 55.3 (15.8)
1224(39.7)  141.6(42.8)

P=0.08
P=0.003
P=0.67
P=0.001*
P=0.83

P<0.000*
P<0.000*
P<0.007

P=0.0002*

P=0.003
P=0.0002*
P=0.16

P=0.20
P=0.0001*

P=0.28
P<0.000*

P=0.17

P=0.11

P=0.48

P=0.007
P=0.41
P=0.01

P=0.001*
P=0.002
P=0.019
P=0.039
P=0.01



Spatial span mean (SD)" 5.5(1.3) 5.1(1.0) 4.4(1.6) P=0.016
Backward digit span mean (SD)" 47 (1.0) 3.9 (1.0 35(1.2) P=0.0001*
PASAT (normal )N (%) 12 (54.5) 9(40.1) 6 (20.7) P=0.01
Owen’s SWM tes< mean (sp)™" 20.4 (18.0) 38.0(23.3) 47.8(25.1)  P=0.0003*
Owen’s strategy errorsmean (SD)" W~ 31.9(85) 329(7.7) 37.3(6.0) P=0.02
Visual patternsmean (D)< 89.0 (17.0) 87.8 (11.7) 72.7(190)  P=0.0001*

Education university: Education university level: *: ANOVA; : Fisher’'s exact test; “"*: Pearson’s Chi2;
NPt Cuzick’stest for trends; “™: Kruskal-Wallis; N*° Number of patients with the highest score of 20in
the VOSP construct; 0.25-0.75 1Q 0.25-0.75 interquartile range; Spatial WM Owen’ stest: Owen's
spatial working memory test; * significant test with Sidak’s correction for 39 comparisons.

With ordinal logistic regression, the Brant test confirmed that parallel regression
assumption also known as the proportional odds assumption was respected (Chi2=0.75;
p>0.86). Three variables were selected in the model, NIHSS at admission, HAD and
Owen’s SWM test (Table 3).

Table3. Ordinal logistic modd of the 3 variables predicting WSAS

Odds Bootstrap

()
Ratio  Std. Err. P>|z| 95% Conf. Interval

NIHSS Day 1 117 009 0036 101 1.36
Owen’s SWM 1.04 001 0.003 101 1.06

HAD 1.25 0.09 0001 1.09 143
NIHSS Day 1: NIHSS at admission; HAD: Hospital Anxiety and
Depression scale; Spatial WM Owen's test: spatial working
memory Owen's test

Interpretation of odds ratios in ordinal logistic regression is close to binary logistic regression.
For example, for an increase of 1 point in the NIHSS going from O to 1, the odds from a lower
WSAS category compared with a higher category are changed by afactor 1.17, holding all
other variables constant.[34] We tested a possibility of interaction between Owen’'s SWM and
the level of education in the ordinal logistic model. The interaction did not reach statistical
significance (P=0.09), the patients with alow level of education were more severely affected
than those with ahigh level.

Discussion
As high as 70% (95% CI 58% — 80%) of our patients complained of significant impairment in
work and socia functioning. Each category of WSAS was evenly represented. In univariate
comparisons between the different tests of each cognitive domain and the 3 categories of the
WSAS (table 2). As we corrected with a conservative method the p-value threshold according
to the number of comparisons, the results of the univariate analysis can be considered as



robust. All the cognitive domains, global cognitive functioning (PM 38), memory (PRM -
CANTAB®, instrumental functions (VOSP), executive functions (TMA) and working
memory (backward digit span, Owen’s SWM test, visual patterns) were significantly
associated to WSAS in at least one of their test. However, considering globally all the
univariate comparisons, it may be stressed that depression and working memory were the
main domains associated with WSAS. To our knowledge, it is the first time that such aclear
contribution of cognition to social functioning has been shown. Moreover, it highlights the
impact of cognition deficitsin asubset of patients suffering afirst ever mild to moderate
stroke and in vocational age, representing the subset of the youngest stroke patients with a
good outcome.[6]

When adjusting for initial stroke severity and depression with ordinal logistic regression,
Owen'’ s spatial working memory test significantly contributed to WSAS (table 3). Working
memory refers to the processes acting as “ a system for temporary holding” and the
manipulation of thisinformation ‘that operates on the contents of storage’[37] as part of a
wide range of essential cognitive abilities, such as reasoning, planning and spatial processing.
When considering the relation between MM SE and working memory, it has to be stressed that
the most often failed item in MM SE was backward counting which obviously carries some
working memory component.[11, 38]

It could be supposed that working memory was mainly impaired in patients with a pre morbid
high order of functioning characterizing the sub population with pre morbid high percentiles
in neuropsychological evaluations, usually associated with high educational levels. This sub
group may be more sensitive to any deficit. However, when testing interaction between
Owen’s SWM and educational level, we only found atrend toward significance, the low order
functioning patientsi.e. those with alow educational level, tended to be more affected. It has
to be stressed that neuropsychological tests grading is adjusted to age and educational level,
likely contributing to the absence of definite statistical significance. Furthermore, it can be
supposed that a spatial test is less sensitive to educational training than averbal one, and
therefore is more appropriate for detecting abnormalities over the whole range of functioning.
One can argue that concentration deficit or fatigue caused poor performance on
neuropsychological tests, working memory deficit being a confounder. However, it would be
hard to defend that fatigue or loss of concentration may cause so predominantly working
memory deficits. Moreover, the items of Beck’ s depression inventory that relate to
concentration deficits (p=0.21) and fatigue (p=0.63) were not correlated to Owen’s SWM test,
suggesting a direct relationship between social functioning and working memory impairment.
The association between leucoaraiosis and executive functions impairment has been
demonstrated in many studies.[39, 40] Theinclusion criteria of the study were stringent and
we did not include patients with silent strokes or other cerebral diseases and the selection was
based on T2, FLAIR and DWI MRI for all the patients. Therefore, patients with leucoaraiosis
were not present in our population. Furthermore, our stroke population wasin vocational age,
had a mean age of 42.5 years and only 2 patients were older than 60 years. Therefore, our
results cannot be biased by a confounder such as leucoaraiosis.

Our study confirms the high risk of cognitive impairment after mild stroke. However, asa
complementary study to others[41] it also stresses that non focal deficits are major
contributors to cognitive impairment. This study shows that work and social functioning after
amild to moderate stroke receives contributions from initial neurological severity, mood and
within cognitive functions a special contribution from working memory. To improve social
functioning, treatments and trials focused on neurological deficit, mood and within cognitive
rehabilitation, those focused on working memory training[42] may become of major
relevance. Furthermore, as social functioning isamajor dimension of quality of life[5], it can



be inferred that cognition impairment, especially working memory impairment, represents a
major contributor to quality of life in stroke patients.
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