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 improvements in the MMSE or the Cognitive Summary.  Con-
clusions:  Our results suggest that emotional support may 
promote cognitive resilience while social ties provide cogni-
tive reserve that protects against impaired cognition after 
stroke. Social ties did not predict cognitive recovery how-
ever, so reverse causation cannot be ruled out. 
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 Introduction 

 Stroke is a leading cause of cognitive impairment in 
the elderly, but many stroke survivors retain normal cog-
nitive function  [1] . Identifying determinants of stroke 
survivors’ cognitive outcomes may enrich our under-
standing of both stroke recovery and the etiology of de-
mentia. Given the role of vascular factors in cognitive
aging  [2] , characteristics that promote resilience or vul-
nerability of cognitive function after stroke may also in-
fluence cognitive aging and dementia in populations 
without clinical stroke.

  The relationship between aspects of social connec-
tions and cognitive function and recovery after stroke is 
a promising but not well-understood area. Although evi-
dence suggests that social contacts and social support im-
prove physical recovery after stroke (reviewed in Berk-
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 Abstract 

  Background/Aims:  Little is known about the possible ef-
fects of social resources on stroke survivors’ level and change 
in cognitive outcomes. Understanding this association may 
help us identify strategies to improve stroke recovery and 
help elucidate the etiology of dementia.  Methods:  We ex-
amined the relationship of social ties and social support to 
cognitive function and cognitive change 6 months after 
stroke. Participants in the Families in Recovery from Stroke 
Trial (FIRST) (n = 272) were interviewed approximately 17 
days (baseline) and 6 months (follow-up) after stroke. Cogni-
tion was assessed with the Mini Mental State Examination 
(MMSE) and a summary battery of 7 neuropsychological 
tests. Median-based regression was used to model cognitive 
outcomes by level of baseline intimate, personal and orga-
nizational social ties and received emotional and instrumen-
tal support.  Results:  Baseline social ties and emotional sup-
port independently predicted 6-month Cognitive Summary 
Scores. Emotional support also predicted greater improve-
ments in Cognitive Summary Scores from baseline to the
6-month follow-up. No other social exposures predicted 
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man and Glass  [3] ), this work has only rarely been ex-
tended to cognitive outcomes  [4] . Social integration may 
promote cognitive recovery through several mechanisms. 
The cognitive demands of social interactions, such as re-
ceptive and expressive communication, recall of shared 
experiences and problem solving, may have direct bene-
fits for neurologic function. Members of close social net-
works may also encourage patients to engage in health-
preserving behaviors (e.g. medication adherence). Final-
ly, social interactions and social support may offset harm 
to physical and cognitive function arising from highly 
stressful events.

  Prior studies of cognitive aging link social connec-
tions and support to maintenance of cognitive function 
and prevention of dementia in elderly populations (re-
viewed in Fratiglioni et al.  [5] ), suggesting that social en-
gagement may facilitate cognitive resilience. The evi-
dence linking social ties and cognitive decline in the
elderly is suggestive but not conclusive. An important
critique of this research has been difficulty in establish-
ing a temporal order, i.e. cognitive declines may lead to 
disengagement from social resources  [6] . It has been very 
difficult to identify the time of onset of cognitive chang-
es and thus to establish that social ties measures precede 
the cognitive changes. Examining the relationship be-
tween social resources and cognitive recovery among 
stroke survivors helps circumvent this problem: the pro-
cess of cognitive recovery begins only after the stroke, 
thus measures of social connections at the time of the 
stroke or immediately thereafter are unlikely to be influ-
enced by the extent of recovery.

  We hypothesize that stroke survivors with more ex-
tensive social ties and greater emotional and instrumen-
tal social support immediately after stroke will experi-
ence greater improvements in cognitive function over 6 
months of follow-up and achieve a higher level of cogni-
tive functioning 6 months after stroke. We examine these 
hypotheses in the Families in Recovery from Stroke Trial 
(FIRST), a randomized trial of 291 poststroke patients, 
analyzed here as a prospective observational cohort of 
stroke survivors.

  Social network research contrasts the benefits of dif-
ferent types of ties  [3] . We consider 3 domains of social 
integration: intimate ties, other personal relationships, 
and social engagement (voluntary affiliations or activi-
ties). In addition to examining structural aspects of social 
networks (number and types of ties), which are unlikely 
to change immediately after stroke onset, we also mea-
sured received emotional and instrumental support. 
Structural measures of ties offer the best opportunity to 

determine whether social integration – independent of 
stroke characteristics – alters the course of recovery. So-
cial support may more directly measure the pathways 
through which social connections affect health.

  Methods 

 Sample 
 The FIRST was a randomized trial of a psychosocial interven-

tion targeting functional recovery after stroke    [7]  .  Patients aged 
45 years or older admitted to 8 Boston area hospitals and reha-
bilitation facilities were eligible if they met National Institute of 
Neurologic Diseases and Stroke criteria for ischemic or nontrau-
matic hemorrhagic stroke. Exclusion criteria were: limited com-
prehension and expressive capability; extreme social isolation; 
residence in a nursing home prior to stroke or at discharge; pre-
stroke cognitive impairment; residence outside of metropolitan 
Boston, or impairment from the stroke either too mild or too se-
vere, i.e. NIH Stroke Severity (NIHSS) index  ! 3 or  1 8, developed 
in Adams et al.  [8] . All randomized patients (n = 291) provided 
written informed consent. Baseline interviews were conducted 
shortly after index stroke and before randomization. Subsequent 
interviews were scheduled for 3 and 6 months later (with 2-week 
windows). Although the FIRST was a randomized trial, the psy-
chosocial intervention had little effect on social ties  [9]  and can-
not be used to test our hypotheses. Our analyses disregard ran-
domization and treat the data as a prospective observational co-
hort.

  Measures 
 Social ties and received social support were assessed at the ini-

tial interview, an average of 17–20 days after stroke. Social sup-
port was measured using a modified version of Barrera’s Inven-
tory of Socially Supportive Behaviors  [10] , with 7 emotional sup-
port items (e.g. ‘In the last month, how often did someone tell you 
that they care about you?’) and 5 instrumental support items
(e.g. ‘In the last month, how often did someone help you with 
household chores such as cooking, doing laundry or cleaning 
up?’). Responses on a 5-point frequency scale (from ‘not at all’ to 
‘every day’) were summed. For ease of interpretation of the pa-
rameter coefficients, the support variables were transformed to 
z-scores by subtracting the mean and dividing by the standard 
deviation. We did not combine the instrumental and emotional 
support measures because of evidence that these dimensions of 
social support have qualitatively different effects on stroke recov-
ery  [11] . We did not use the informational support domain of Bar-
rera’s inventory because this was strongly associated with mea-
sured stroke severity on the NIHSS. Emotional and instrumental 
supports were independent of baseline NIHSS after age adjust-
ment. Individuals who did not answer the social support ques-
tions (n = 43) were retained in the model using the missing indi-
cator method.

  To assess social ties, we created 3-point measures of  intimate  
ties, other  personal  ties,  organizational  ties and a summary social 
ties measure. The intimate ties index assigned 1 point each for 
spouses/live-in partners and confidantes seen at least weekly. The 
personal ties index assigned 1 point each if patients reported ties 
with 1 or more children, 2 or more friends and 2 or more relatives; 
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the 2 most isolated categories were combined. Participants who 
refused questions on a type of tie were considered not to have that 
tie. Organizational ties were assessed with questions about un-
paid volunteer or community work, paid work, religious atten-
dance and attendance at civic organizations (nonchurch). The or-
ganizational ties scale assigned 1 point each for up to 2 types of 
ties. Questions were phrased ‘In the last month have you…’ with 
yes/no responses. Thus, the referenced time periods spanned 
stroke onset date. We created a summary Social Ties Index by 
counting the domains (intimate, personal, organizational) in 
which patients scored above zero. The 2 lowest categories of the 
index were combined, giving a range of 0–2 on the summary in-
dex and each subcomponent index. This resulted in somewhat 
unequal numbers of participants in each category, with the fewest 
individuals in the least connected group. Because of the limited 
granularity of the social network items, alternative categoriza-
tions that achieve more even sample sizes in each group combine 
individuals with substantively distinct levels of social integra-
tion.

  Cognitive function was assessed at baseline and the 6-month 
follow-up using the Mini Mental State Examination (MMSE) and 
a battery of 7 neuropsychological examinations. For each cogni-
tive test, we considered 2 outcomes: cognitive function at 6-month 
interview, and change in cognitive function between baseline and 
6 months. The MMSE has a possible range of 0–30  [12] . Up to 5 
missing items were considered errors; respondents who refused 
or skipped  1 5 items were considered missing the MMSE.

  The cognitive battery included the Wechsler Digit Span For-
ward (revised to assess attention)  [13] , Boston Diagnostic Aphasia 
Examination Repetition and Comprehension (combined, possi-
ble range 0–12)  [14] , Immediate Recall of a 10-word list, Delayed 
Word Recall (11-min average delay), the 1-min Animal Naming 
test and Trailmaking tests A and B. We present results for each 
test separately and for a combined summary cognitive measure. 
Trailmaking tests  [15]  were administered following the Reitan as-
sessment method  [16] , and lower times indicate better perfor-
mance. The Trails B test was usually interrupted after 300 s. Re-
spondents who exceeded 300 s, quit without completing the task 
or completed Trails A, but not Trails B, were assigned the worst 
possible score of 301. In addition to considering each cognitive 
domain separately, we constructed a cognitive summary measure 
to provide a broad assessment of cognitive performance in mul-
tiple domains. Using an approach similar to that found in prior 
research  [17] , we constructed the cognitive summary measure by 
averaging z-scores for each instrument (see Lezak  [16]  for back-
ground on the neuropsychological measures). The Cognitive 
Summary Score was correlated 0.70 with the MMSE score at the 
6-month assessment. All of the cognitive outcomes were modeled 
as continuous variables.

  Analyses 
 Several of the cognitive tests have artificial ceilings and floors, 

a measurement problem that can seriously bias ordinary least 
squares regression coefficient estimates of the effect of social ties 
(or any other exposure) on cognitive function or change  [18, 19] . 
To avoid this bias, we used censored least absolute deviations 
(CLAD) regression models. CLAD estimate differences in the  me-
dian  (or other quantile) outcome across levels of the exposure, in 
contrast to ordinary least squares which estimate differences in 
 means   [20] . Analyses used a modified version of the CLAD pro-

gram, implemented in Stata 8  [21]  (code available from authors). 
CLAD coefficients are interpreted similarly to conventional re-
gression coefficients: the coefficient is the predicted difference in 
median outcome value per unit increase in the exposure variable. 
CLAD estimates do not converge if the median value of the out-
come is equal to the ceiling, which was the case for the aphasia 
measure. For this outcome, we specified estimation for the effect 
of the independent variables on the 25th percentile. Confidence 
intervals (CIs) were bootstrapped by resampling individuals (500 
resamples) instead of observations, in order to handle correla-
tions between repeated measures on the same individual. We 
present bias-corrected 95% CIs. If the 95% CI does not include the 
null value of zero, we interpret this as evidence of statistical sig-
nificance; borderline significance is noted if less than 8% of the 
width of the 95% CI extends beyond the null value (this value ap-
proximately corresponds to a 90% CI or a p  !  0.10 if the estimator 
follows a normal distribution).

  We first present estimates of the association between each so-
cial ties measure and cognitive outcomes at 6 months after stroke. 
When there was evidence of a statistically significant association, 
we also tested for modification by age, using an interaction term 
between the social ties measure and age dichotomized at the sam-
ple median (71 years). To identify predictors of change, we next 
estimated models using data that included both the baseline and 
follow-up outcome value. All models included the social ties vari-
able, an indicator for assessment wave (baseline vs. follow-up) and 
the interaction term (product) of these two variables. We inter-
preted the coefficient of the interaction term as the effect of the 
social variable on the amount of recovery between baseline and 
follow-up, as in simple growth curve models. This coefficient 
could also be interpreted as the effect of the social variable on the 
rate of recovery, because the period of time between baseline and 
6-month follow-up was very similar for all patients.

  To ameliorate bias potentially arising from missing 6-month 
cognitive scores, analyses were inverse probability weighted  [22] . 
We calculated inverse probability weights using the covariates in-
cluded in each regression model, plus baseline Augmented Bar-
thel Index (measuring activities of daily living independence), 
baseline value of the cognitive outcome, baseline MMSE (wheth-
er or not MMSE was the outcome) and baseline Cognitive Sum-
mary Score.

  All models were adjusted for age and education ( ! 12, 12 or  1 12 
years). Age was modeled using linear splines with a knot at the age 
of 70, which allowed the slope of change associated with an extra 
year of age to be estimated separately for ages under 70 and ages 
70 and above. Spline models are often preferable to alternative ap-
proaches to controlling for continuous confounders, such as con-
verting to categorical indicators or using arbitrary polynomials 
 [23] . Age and education were forced into all models because of 
their strong relations with cognitive outcomes. Regression coef-
ficients are also presented after adjustment for additional covari-
ates including: race (white/all other), sex, self-reported household 
income (USD  ! 15,000 per year, USD  6 15,000 or missing), a co-
morbidity index (based on medical record review of the number 
of the following conditions present: myocardial infarction, vascu-
lar disease, pulmonary disease, endocrine disease, renal or liver 
disease, gastrointestinal disease, cancer, rheumatologic disease, 
psychiatric condition or other serious debilitating chronic condi-
tion), diabetes, lesion side (left/all other), cortical stroke and base-
line NIHSS.
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  Respondents missing data on social ties (n = 10) or comorbid-
ity index (n = 9) were excluded from all analyses. Data from all of 
the remaining 272 subjects were used to calculate inverse proba-
bility weights to account for missing values of the 6-month cogni-
tive test scores; baseline characteristics of all these people are pre-
sented in  table 1 . Other exclusions in analyses of the 6-month out-
comes were patients who died prior to the final interview (n = 12), 
were too sick to be interviewed (n = 6), refused to continue in the 
study (n = 7) or refused follow-up cognitive testing. Because of the 
small sample size, we included all respondents with data on that 
outcome for each assessment, even if the respondent did not com-
plete the other cognitive outcome tests. The analyses of cognitive 
function at 6 months after stroke used data on 242 MMSE respon-
dents, 234 cognitive summary respondents and ranged from 212 
(Trails B) to 231 (Digit Span) for the component cognitive tests. 
Respondents with valid outcome scores at either baseline or fol-
low-up were included in the corresponding analyses of change.

  Results 

 The sample was 49% female, with an average age of 70 
years (range 45–93). Characteristics of sample members, 
stratified by score on the summary Social Ties Index, are 
presented in  table 1 . Baseline cognitive assessments oc-

curred an average of 17 days after stroke, and 6-month 
follow-ups were conducted an average of 205 days after 
stroke. The Social Ties Index correlated with received 
emotional (Spearman’s r = 0.25, p  !  0.01) and instrumen-
tal support (r = 0.24, p  !  0.01). Emotional and instrumen-
tal supports were also correlated with each other (r = 0.27, 
p  !  0.01). The NIHSS did not predict the Social Ties Index 
(p = 0.73), emotional support (p = 0.76) or instrumental 
support (p = 0.47).

  The FIRST was a randomized trial of a psychosocial 
intervention intended to improve social networks and so-
cial support for stroke survivors and ultimately benefit 
functional recovery from stroke. This would provide an 
ideal opportunity to test the hypothesis that social ties 
benefit cognitive recovery from stroke if the intervention 
had successfully changed the key aspects of social rela-
tionships. However, as reported elsewhere, the trial did 
not appear to change any of the social ties variables that 
we hypothesized might affect cognitive recovery  [9, 24] . 
There were no significant differences between treatment 
groups with respect to social ties measured at 6-month 
follow-up (p = 0.38 for intimate ties, p = 0.64 for person-
al ties, p = 0.13 for organizational ties, p = 0.18 for Social 

Table 1. Characteristics of FIRST participants, by summary Social Ties Index

Characteristic Social Ties Index

score 0 score 1 score 2

Full sample 60 (100) 119 (100) 93 (100)
Age at stroke, years 72.2811.3 69.9810.1 66.3811.3
White race/ethnicity 50 (83) 107 (90) 77 (83)
Female* 35 (58) 58 (49) 39 (42)
Level of education*

!12 years 26 (43) 29 (24) 18 (19)
12 years 17 (28) 43 (36) 29 (31)

613 years 17 (28) 47 (39) 46 (49)
Household income USD 15,000 or more 18 (30) 41 (34) 37 (40)
Diabetes* 24 (40) 38 (32) 19 (20)
Left-sided stroke 21 (35) 36 (30) 26 (28)
Cortical stroke 13 (22) 33 (28) 18 (19)
Comorbidity score 3.8382.45 3.6482.19 3.4982.28
Baseline NIHSS score 6.083.6 6.184.1 6.284.0
Emotional support –0.4980.98 0.0881.00 0.2280.92
Instrumental support –0.4480.79 0.0381.03 0.2280.94
Stroke to baseline assessment, days 17.387.9 17.987.6 16.487.1
Stroke to 6-month assessment, days 204.988.2 205.587.5 203.487.7

Results are means 8 standard deviation or numbers with percentages in parentheses. The Social Ties Index 
is a combined measure of intimate, personal or organizational ties, based on the number of domains in which 
the participant had some ties, with the bottom two categories combined. * p < 0.05: significantly associated with 
the social ties variable.
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Ties Index, p = 0.92 for emotional support and p = 0.45 
for instrumental support). The remainder of this paper 
treats the data set as an observational study of a cohort of 
stroke survivors and uses social ties and social support 
measures at the first poststroke assessment (baseline) to 
predict 6-month cognitive function and the magnitude 
of change in cognitive function between baseline and 6 
months.

  A high proportion of respondents received the maxi-
mum possible MMSE score at baseline and the 6-month 
follow-up ( table 2 ). There were similar measurement ceil-
ings for the Digit Span, Boston Diagnostic Aphasia Ex-
amination and Trailmaking tests. A measurement floor 
was evident for the Delayed Recall test. The proportion 
of respondents scoring the maximum possible MMSE 
differed across Social Ties Index, indicating that the ceil-
ing could bias conventional ordinary least squares regres-
sion coefficients, and the CLAD regression coefficients 
are more appropriate. For example, 21% of respondents 
with the highest social ties score reported a 6-month 

MMSE of 30, versus only 5% of respondents in the lowest 
social ties category (results not shown).

  Social Integration and 6-Month Cognitive Outcomes 
 Although individuals with higher baseline Social Ties 

Index scores and more emotional support had higher me-
dian 6-month MMSE scores, both relations are of border-
line statistical significance in age- and education-adjust-
ed models ( table 3 ). Neither relationship remained statis-
tically significant after full covariate adjustment. No 
other social ties variables were significantly associated 
with 6-month MMSE.

  The Social Ties Index was a significant predictor of the 
6-month Cognitive Summary Score, even after full co-
variate adjustment ( �  = 0.21, 95% CI: 0.06, 0.36). This 
relationship was not clearly attributable to intimate, per-
sonal or organizational ties; none of these component so-
cial ties measures was significantly related to the Cogni-
tive Summary Score. The Social Ties Index was statisti-
cally significantly associated with only 2 component 

Table 2. Distribution of cognitive outcomes among FIRST participants

Tests n Mean 8 SD 25th 
percentile

Median 75th 
percentile

At measure-
ment floor

At measure-
ment ceiling

MMSE Baseline 259 24.9783.55 22.0 25.0 27.0 0 (0) 12 (5)
6 months 242 26.0583.56 25.0 27.0 28.0 0 (0) 28 (12)

Cognitive Summary 
Score

Baseline 249 –0.0380.68 –0.5 0.0 0.3 n.a. n.a.
6 months 234 –0.0280.71 –0.5 –0.1 0.4 n.a. n.a.

Digit Span Forward Baseline 249 8.3082.59 6.0 8.0 10.0 2 (1) 20 (8)
6 months 231 8.6582.36 7.0 9.0 11.0 1 (0) 18 (8)

BDAE Baseline 246 11.0981.32 10.0 11.0 12.0 0 (0) 132 (54)
6 months 214 11.1581.26 11.0 12.0 12.0 0 (0) 115 (54)

Immediate Recall Baseline 241 5.0581.61 3.7 5.0 5.7 2 (1) 0 (0)
6 months 220 5.4881.69 4.3 5.7 6.7 0 (0) 0 (0)

Delayed Recall Baseline 241 3.7082.58 1.0 3.0 5.0 42 (17) 2 (1)
6 months 229 4.4382.45 3.0 5.0 6.0 20 (9) 1 (0)

Animal Naming Baseline 240 12.4685.61 8.0 11.0 15.0 2 (1) 2 (1)
6 months 228 14.0085.56 10.0 50.0 75.0 1 (0) 7 (3)

Trailmaking A Baseline 219 113.43881.70 55.0 74.5 110.0 n.a. 25 (11)
6 months 215 88.47858.21 51.0 70.0 107.0 n.a. 8 (4)

Trailmaking B Baseline 211 232.63884.21 132.3 252.5 301.0 n.a. 104 (49)
6 months 212 209.85891.06 120.3 224.0 301.0 n.a. 88 (42)

Figures in parentheses are percentages. SD = Standard deviation; n.a. = the floor or ceiling is undefined for this outcome; BDAE = 
Boston Diagnostic Aphasia Examination. In the Trailmaking Tests, lower scores indicate better performance; individuals at the mea-
surement ceiling have the worst possible score.
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measures of the 6-month Cognitive Summary Score: Im-
mediate and Delayed Word Recall. The associations be-
tween the Social Ties Index and Animal Naming and 
Trails A were both of borderline significance. There was 
no evidence that the associations between Social Ties and 
the Cognitive Summary, Immediate or Delayed Word 
Recall measures were modified by age.

  Emotional support also predicted the Cognitive Sum-
mary Score ( �  = 0.14; 95% CI: 0.03, 0.31) after full covari-
ate adjustment. Baseline instrumental support did not 
predict the 6-month Cognitive Summary Score. Because 
both the Social Ties Index and emotional support were 
significant predictors of the Cognitive Summary Score, 
we also tested whether emotional support might mediate 
the relationship between Social Ties Index and Cognitive 
Summary Score. In a model adjusted for all covariates, 
both the Social Ties Index ( �  = 0.25; 95% CI: 0.09, 0.42) 
and emotional support ( �  = 0.12; 95% CI: 0.01, 0.28) vari-
ables retained independent relationships with the cogni-
tive summary outcome. There was no evidence that the 
association between emotional support and the Cogni-
tive Summary Score was modified by age.

  Social Relations and Cognitive Change between 
Baseline and 6 Months 
 None of the social ties or social support variables

significantly predicted changes in MMSE between base-
line and 6-month follow-up ( table 4 ). Higher levels of 
emotional support predicted greater levels of recovery 
(change) on the Cognitive Summary Score in models 
with full covariate adjustment ( �  = 0.15; 95% CI: 0.07, 
0.30). This relationship did not differ significantly for in-
dividuals older or younger than 71 ( �  for interaction = 
–0.01; 95% CI: –0.19, 0.27).  Figure 1  displays the predict-
ed median change in Cognitive Summary Score by level 
of emotional support. Emotional support was signifi-
cantly related to recovery in the Immediate Recall score 
( �  = 0.28; 95% CI: 0.04, 0.55) but not with any other com-
ponent cognitive test. No other social ties variable pre-
dicted recovery on the Cognitive Summary Score.

  Discussion 

 Our results indicate that stroke survivors who report-
ed social ties in multiple areas and those with higher 
emotional support immediately after stroke have better 
Cognitive Summary Scores 6 months later compared to 
socially isolated individuals or those with less emotional 
support. Contrary to our hypotheses, baseline social ties 

did not predict greater recovery (improvements) during 
the follow-up period; in other words, the advantage evi-
dent at the 6-month follow-up was similar to the advan-
tage that prevailed at the baseline poststroke assessment. 
Higher levels of emotional support at baseline predicted 
better cognitive recovery during the follow-up period 
such that a 1-standard-deviation increase in emotional 
support was associated with a 0.14-standard-deviation-
larger improvement in the Cognitive Summary Score. 
These results should be interpreted cautiously in light of 
the study’s limitations.

  Study Strengths and Limitations 
 FIRST participants may not be representative of the 

population of stroke survivors. The trial excluded pa-
tients with either extreme social isolation or cognitive 
impairment. Comparisons with the distributions of cog-
nitive scores of stroke survivors in the Health and Retire-
ment Study/Aging, Demographics and Memory substudy 
suggest that FIRST participants are generally more high-
ly functioning than community samples (results avail-
able from authors). If the effects of social integration and 
health are strongest at extreme levels of isolation, our re-
sults may underestimate relationships between social ties 
and poststroke cognitive outcomes. Selection based on 
stroke survival, differential dropout or test refusal may 
also bias findings, although there was not a strong asso-
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  Fig. 1.  Predicted trajectory of the Cognitive Summary Score, by 
level of emotional support. 
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ciation between social ties and loss to follow-up. Enroll-
ment of stroke survivors made it difficult to conduct 
careful cognitive assessments promptly after stroke, and 
recovery during the period between stroke and first cog-
nitive assessment (averaging 17 days) could obscure ef-
fects of social ties on cognitive recovery. The relatively 
small sample of 272 stroke survivors is an additional lim-
itation, reflected in wide CIs for some parameter esti-
mates. The small sample also precludes correction for 
multiple-hypothesis testing, suggesting that caution is 
appropriate in interpreting the statistical tests of signifi-
cance. However, samples of stroke survivors are typically 
small and replication of results in independent samples is 
usually necessary for confirmation.

  This study also has several important strengths. We 
used social ties measures tapping multiple domains and 
assessed at baseline. Using social ties measures that tem-
porally precede the cognitive assessments helps rule out 
the possibility of reverse causation. We present results on 
an unusually comprehensive battery of cognitive assess-
ments. Measurement problems such as practice effects 
and ceilings often complicate research on cognitive out-
comes  [19] . Our analyses circumvented the measurement 
ceiling problem by focusing on changes in median per-
formance instead of mean performance. Because the bias 
from measurement ceilings introduced in analyses of 
change is of unknown direction, this is a substantial ad-
vantage.

(a) Cognitive resilience: poststroke social ties or support promote cognitive recovery

(b) Confounding by stroke severity: stroke characteristics affect both social ties and
      cognitive function after stroke

(c) Reverse causation: cognitive function prior to stroke affects social ties and
      cognitive function before and after stroke

(d) Cognitive reserve: social ties prior to stroke affect cognitive function before stroke
      

Cognitive function
(17 days after stroke)

Cognitive function
(before stroke)

Social ties and support
(17 days after stroke)

Social ties and support
(17 days after stroke)

Social ties and support
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Cognitive recovery
(change 17 days to 6 months)

  Fig. 2.  Alternative causal structures con-
sistent with an association between social 
ties and poststroke cognitive function. 
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  Association of Social Integration and 6-Month 
Cognitive Function 
 Compared to measures of social ties in any single do-

main, the summary Social Ties Index, capturing isolation 
in any of these 3 areas, was the most robust predictor of 
cognitive function 6 months after stroke. This index was 
similar to that used by Bassuk et al.  [25]  to predict cogni-
tive function and cognitive change in a population sam-
ple of elderly individuals followed for 12 years. The rela-
tive strength of the summary Social Ties Index compared 
to any of the individual domains (intimate, personal or 
organizational) suggests a discontinuous relationship, 
with the absence of ties being the most important factor 
influencing cognitive function. We also found a robust 
association between emotional support and 6-month 
Cognitive Summary Score. Emotional support did not 
seem to mediate the association between Social Ties In-
dex and Cognitive Summary Score, rather both measures 
were independent predictors of the outcome. This is in-
teresting in light of prior research on social integration 
and cognitive aging. Social network or contact measures 
have more frequently been found to predict cognitive 
outcomes  [5, 25, 26] , but some studies find emotional 
support to be important  [27] . Our results suggest that so-
cial integration and emotional support may relate to in-
dependent processes that link to cognitive outcomes. For 
example, social contacts may operate through cognitive 
stimulation, similar to environmental enrichment in an-
imal models  [28, 29] , while emotional support operates 
through stress or behavioral pathways  [3] .

  There was no evidence that receipt of instrumental 
support predicted better 6-month cognitive function in 
any domain. Prior research on instrumental support and 
physical independence suggests that too much instru-
mental support can be harmful  [11] . Reverse causation 
may also influence this association, if individuals with 
cognitive limitations require extra instrumental sup-
port.

  Association between Social Integration and
Cognitive Recovery 
 Although the relationship between social ties and 

poststroke cognitive function suggests that social inter-
actions promote cognitive resilience, there are other ex-
planations for our findings as well. A stronger test of the 
hypothesis is provided by our assessment of the relation 
between social ties and cognitive change after stroke (in-
stead of level of function at 6 months). However, our re-
sults for this outcome were mixed.

  We consider 4 causal structures that could generate an 
association between social ties and cognitive function 6 
months after stroke ( fig. 2 a–d). In the cognitive resilience 
model ( fig. 2 a), social interactions promote cognitive 
plasticity and thus recovery after stroke, producing the 
6-month associations we witnessed. Our results for emo-
tional support are most consistent with this hypothesis. 
Alternatively, stroke severity may affect both poststroke 
social connections and cognitive function ( fig. 2 b). This 
structure cannot be ruled out with certainty for social 
support measures, but there was no evidence that mea-
sures of stroke severity, such as the NIHSS, were corre-
lated with emotional support. Confounding by stroke 
 severity seems even less plausible for the social ties mea-
sures, because we selected measures likely to tap rela-
tionships as they existed before the stroke: existence of 
core network members  [30]    and engagement in organiza-
tional activities.

  The association between social ties and cognitive 
function may exist before stroke, either because prestroke 
cognitive function affects social ties (i.e. reverse causa-
tion, as in  fig. 2 c) or because social ties prior to stroke 
influence prestroke cognitive function ( fig. 2 d). Using 
Stern’s  [31]  framework for types of cognitive resilience, 
the model in  figure 2 d suggests that social ties predict 
brain or cognitive reserve, but do not affect cognitive 
compensation or plasticity after stroke.

  Our results for social ties are consistent with the caus-
al structures in either  figure 2 c or d, and prior research 
also suggests that either structure is plausible. For exam-
ple, although Bassuk et al.  [25]  and others found that so-
cial integration and related measures predict cognitive 
change, others have found the reverse causal direction to 
operate. Cognitive declines sometimes lead to social dis-
engagement  [6, 32] .

  Conclusion 

 In summary, our results suggest that emotional sup-
port may promote cognitive resilience while social ties 
provide cognitive reserve that protects against impaired 
cognition after stroke. Because social ties did not predict 
cognitive change, other explanations, such as reverse 
causation, are also possible. Stroke recovery provides an 
interesting window into determinants of cognitive plas-
ticity. In the context of stroke recovery, some of the dif-
ficulties of drawing causal inferences can be avoided, be-
cause the timing of the onset of cognitive change is 
known. Although the results of this study should be in-
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terpreted cautiously, it overcomes many of the difficulties 
in prior research on cognitive plasticity and points the 
way to future research that may illuminate the relation-
ship between social integration and cognitive change. 
Specifically, the limitations of the current study could be 
addressed using data with both pre- and poststroke inter-
views, assessments immediately following stroke onset, 
characterization of the measurement properties of the 
cognitive outcomes, and large population samples of 
stroke survivors.
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