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Background: The effect of serum rheumatoid factor (RF) on poststroke cognitive
impairment remains unknown. We aimed to investigate the association of serum RF
in the acute phase with cognitive impairment at 3 months after ischemic stroke onset.
Methods: Our study was based on a random sample from the China Antihypertensive
Trial in Acute Ischemic Stroke, a total of 582 patients from 7 of 26 participating sites of
the trial with serum RF levels were included in this analysis. Cognitive impairment
was defined as Mini-Mental State Examination less than 27 or Montreal Cognitive
Assessment less than 25. Results: According to Mini-Mental State Examination score,
the multivariate-adjusted odds ratio and 95% confidence interval of cognitive
impairment for the highest tertile of serum RF was 1.79 (1.08-2.99) compared with the
lowest tertile. Each standard deviation increase of log-transformed RF was associated
with 33% (95% confidence interval: 7%-66%) increased risk of cognitive impairment,
and a linear association between serum RF and risk of poststroke cognitive
impairment was observed (P for linearity < .01). Adding log-transformed RF to a
model containing conventional risk factors improved the predictive power for post-
stroke cognitive impairment (net reclassification improvement: 26.21%, P < .01; inte-
grated discrimination index: 1.24%, P= .02). Similar significant findings were observed
when cognitive function was defined by Montreal Cognitive Assessment score.
Conclusions: Elevated serum RF levels in the acute phase were independently associ-
ated with 3-month cognitive impairment among ischemic stroke patients. Further
studies are needed to replicate our findings and to clarify the potential mechanisms.
Key Words: Rheumatoid factor—ischemic stroke—cognitive impairment—risk
factors—prognosis
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Introduction

Stroke is the leading cause of long-term disability and the
second leading cause of death worldwide.1 Due to the shared
pathophysiologic mechanisms between cognitive impair-
ment and cerebrovascular disease,2 cognitive impairment is a
common complication of stroke and the prevalence of post-
stroke cognitive impairment is nearly 81% in China.3 Cogni-
tive impairment can cause disability with major impacts on
quality of life and has indirect effects on functional recovery
after stroke through poor adherence to treatment guidelines.4

Therefore, in order to improve early prevention of poststroke
cognitive impairment through aggressive monitoring and
therapeutic interventions, it is urgent to discover some novel
biomarkers to identify patients at high risk of cognitive
impairment after stroke onset.
Rheumatoid factor (RF) is an autoantibody targeting the

Fc region of IgG antibodies, which is most widely used in
the classification of rheumatoid arthritis (RA).5 Recently, an
association between elevated RF concentration and
increased mortality has been described in RA patients6 and
in a general population.7 Apart from that, RF was reported
to be associated with atherosclerosis in a community-based
non-RA cohort,8 indicating that RF might play a role in the
pathogenesis of atherosclerosis. In terms of stroke, some
studies had demonstrated that the risk of stroke was
increased in RA patients compared with general popula-
tion,9,10 and RA was also associated with poor functional
outcome11 and increased mortality9 after stroke onset.
However, the association between serum RF and poststroke
cognitive impairment remains unclear, and the curve of
relationship between them also deserves to be studied. We
aim to investigate the pattern and magnitude of association
between serum RF and subsequent cognitive impairment
after ischemic stroke among patients from the China Anti-
hypertensive Trial in Acute Ischemic Stroke (CATIS).
Methods

Study Patients

This prospective observational study was based on a
preplanned ancillary study, which was designed to inves-
tigate the effects of early blood pressure (BP) reduction on
cognitive function at 3 months after randomization
among a random sample of CATIS trial. Details on the
rationale, design, and major results of both studies have
been reported previously.12,13 Briefly, CATIS was a multi-
center, single-blind, blinded end points randomized clini-
cal trial conducted in 26 hospitals across China.12 From
August 2009 to May 2013, a total of 4071 patients aged
over 22 years who had first-ever ischemic stroke con-
firmed by computed tomography or magnetic resonance
imaging of the brain within 48 hours of symptom onset,
and with an elevated systolic BP between 140 mm Hg and
220 mm Hg were recruited. Patients with a systolic BP
greater than or equal to 220 or diastolic BP greater than or
equal to 120 mm Hg, severe heart failure, acute myocar-
dial infarction or unstable angina, atrial fibrillation, aortic
dissection, cerebrovascular stenosis (�70%), resistant
hypertension, coma, and treatment with intravenous
thrombolytic therapy were excluded.
In the preplanned ancillary study, 660 CATIS trial par-

ticipants were systemically selected prior to randomiza-
tion from seven participating hospitals for cognitive
function assessment at their 3-month follow-up visit.13

The exclusion criteria for the ancillary study were visual
or hearing impairment substantial enough to hinder per-
formance on cognitive testing. Each of the 7 participating
hospitals recruited 80-100 patients consecutively. The
recruitments were completed by November 2012. At the
3-month visit, 15 patients were lost to follow-up and 7
patients were deceased. A total of 638 patients completed
the cognitive function tests at 3 months. Trained neurolo-
gists who were unaware of treatment assignment made
an appointment with patients to assess their cognitive
function in the hospital or at the patient’s home. Cognitive
function assessment was conducted by face to face using
Mini-Mental State Examination (MMSE)14 and Montreal
Cognitive Assessment (MoCA)15 in Chinese. For present
study, a further 56 patients were excluded because we did
not have their blood samples. Finally, 582 participants
were included in this analysis (Supplemental Figure 1).
This study was approved by the institutional review

boards at Soochow University in China and Tulane Univer-
sity in the United States, as well as ethical committees at the
participating hospitals. Written consent was obtained from
all study participants or their immediate family members.

Data Collection

Baseline data on demographic characteristics, clinical
features, and medication history were collected at the
time of enrollment. The National Institutes of Health
Stroke Scale was used to evaluate stroke severity.16

According to the symptoms and imaging data of the
patients, ischemic stroke was classified as large artery ath-
erosclerosis, cardiac embolism, and small artery occlusion
lacunae.17 Three BP measurements were obtained at base-
line by trained nurses while the patient was in the supine
position using a standard mercury sphygmomanometer.
The mean of the 3 BP records was used in analyses.

Serum RF Measurement

Blood samples were collected after at least 8 hours of
fasting within 24 hours of hospital admission. All serum
samples were separated and frozen at ¡80°C in the Cen-
tral Laboratory of School of Public Health in Soochow
University until laboratory testing. Serum RF was mea-
sured with the immunological transmission turbidimetry
using a Cobas c 501 automatic biochemical analyzer
(Roche, Basel, Switzerland). Intra- and interassay coeffi-
cients of variation were 3.0% and 5.0%, respectively.
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Laboratory technicians who performed these measure-
ments were blind to the clinical characteristics and out-
comes of the study participants.

Outcome Assessment

The primary outcome for this ancillary study was cogni-
tive impairment at 3 months using MMSE14 and MoCA.15

TheMMSE contains 20 items that test cognitive performance
in domains including orientation, registration, attention and
calculation, recall, language, and visual construction.14 The
MoCA is a 30-item test that evaluates the following 7 cogni-
tive domains: visuospatial/executive functions, naming,
memory, attention, language, abstraction, and orientation.15

One additional point was added to the MoCA score for par-
ticipants with education less than 12 years.15 Both MMSE
and MoCA have been translated into Chinese and validated
as a screening tool for cognitive impairment and dementia
in the Chinese population. According to the recommended
cutoffs, cognitive function was categorized as follows: 0-22
(severe cognitive impairment), 23-26 (mild cognitive
impairment), and 27-30 (no cognitive impairment) for
MMSE scores; 0-19 (severe cognitive impairment), 20-24
(mild cognitive impairment), and 25-30 (no cognitive
impairment) for MoCA scores.18,19 In this analysis, a score
of less than 27 on the MMSE18-20 and less than 25 on the
MoCA18,21 indicated cognitive impairment.

Statistical Analysis

All participants were categorized into 3 groups accord-
ing to tertiles of serum RF levels. Baseline characteristics
were presented and compared among the 3 groups. Tests
for linear trend were performed using covariance analysis
for continuous variables, and chi-square trend analysis for
categorical variables. Logistic regression models were used
to assess the association between baseline serum RF levels
and subsequent cognitive impairment, and odds ratio (OR)
and 95% confidence interval (CI) were calculated. Serum
RF was modeled in terms of OR across tertiles and also per
one standard deviation (SD) increment of log-transformed
RF level. We performed 3 multiple-adjusted logistic regres-
sion models. Model 1 adjusted for age, sex, and education.
Model 2 included the factors in model 1 as well as time
from onset to randomization, current smoking, alcohol
drinking, systolic BP, blood glucose, body mass index,
baseline National Institutes of Health Stroke Scale scores,
antihypertensive treatment, and hypoglycemic treatment
during hospitalization. Model 3 included the factors in
model 2 as well as medical history (hypertension, diabetes
mellitus, hyperlipidemia, and coronary heart disease), fam-
ily history of stroke, and ischemic stroke subtype. The
effect of serum RF on cognitive impairment severity was
analyzed using ordinal logistic regression model adjusted
for the aforementioned variables. To assess the robustness
of these associations, sensitivity analyses were conducted
by further adjusting for serum high-sensitivity C-reactive
protein in the multiple-adjusted models, or excluding
patients using antihypertensive medications or lipid-lower-
ing drugs before stroke onset to eliminate the potential
effects of these factors on the relationship between serum
RF and cognitive impairment.
In the secondary analyses, spline regression models

were used to provide more precise estimates and explore
the shape of association between serum RF and cognitive
impairment, fitting a restricted cubic spline function with
4 knots placed at the 5th, 35th, 65th, and 95th percentiles
of RF.22 Furthermore, we calculated the continuous net
reclassification index (NRI) and integrated discrimination
improvement (IDI) to evaluate the incremental predictive
value of serum RF levels in the risk of subsequent cogni-
tive impairment based on conventional model.23 Two-
tailed P< .05 was considered to be statistically significant.
All analyses were conducted using SAS statistical soft-
ware (version 9.4, Cary, NC).
Results

Baseline Characteristics

Most baseline characteristics were well balanced
between patients who were enrolled and those who were
excluded in the present study (Supplemental Table 1). A
total of 582 patients (405 males and 177 females) were
included in the current analysis and the average age was
60 years old, with a range from 30 to 88 years. Baseline
characteristics were balanced between the 3 groups by ter-
tiles of serum RF levels (Table 1).
Association Between Baseline Serum RF and Subsequent
Cognitive Impairment

At 3-month follow-up, the median (interquartile range)
scores of MMSE and MoCA were 26 (22-29) and 22
(18-26), respectively. Patients in the third tertile of serum
RF had the highest incidence of cognitive impairment
according to either MMSE or MoCA score (Table 2).
According to MMSE score at 3 months, a total of 308

patients had cognitive impairment, among which 151
were mild cognitive impairment and 157 were severe cog-
nitive impairment. After adjustment for potential con-
founders, the OR of cognitive impairment associated with
the highest tertile of serum RF was 1.79 (95% CI, 1.08-2.99;
Ptrend = .03). On continuous analysis, each SD increase of
log-transformed RF was associated with 33% (95% CI:
7%-66%) increased risk of cognitive impairment. More-
over, multivariable ordinal logistic regression analysis
showed a significant association between each SD
increase of log-transformed RF and cognitive impairment
severity (OR, 1.23; 95% CI, 1.02-1.49; P = .03).
In terms of MoCA score at 3 months, 376 patients had

cognitive impairment (175 were mild cognitive
impairment and 201 were severe cognitive impairment).
The participants in the third tertile had a significant



Table 1. Baseline characteristics of study participants according to serum rheumatoid factor tertiles

Characteristics* Total Rheumatoid factor (RF), IU/mL

<1.11 1.11-7.61 �7.61 P value

for trend

Number of subjects 582 192 192 198

Demographics

Age, years 60.5 § 10.4 59.7 § 10.2 60.4 § 10.4 61.5 § 10.5 0.10

Male 405 (69.6) 132 (68.8) 134 (69.8) 139 (70.2) 0.76

Education, years 7.7 § 4.1 8.2 § 3.9 7.2 § 4.2 7.7 § 4.1 0.17

Current cigarette smoking 220 (37.8) 74 (38.5) 81 (42.2) 65 (32.8) 0.24

Current alcohol drinking 196 (33.7) 65 (33.9) 65 (33.9) 66 (33.3) 0.91

Clinical features

Time from onset to randomization, h 10.0 (5.0-24.0) 11.7 (5.0-24.0) 12.0 (5.0-24.0) 8.6 (4.0-24.0) 0.26

Systolic BP, mm Hg 167.3 § 16.6 167.0 § 15.6 168.0 § 17.6 166.8 § 16.6 0.94

Diastolic BP, mm Hg 98.3 § 10.0 98.8 § 9.8 98.4 § 10.1 97.6 § 10.2 0.26

Blood glucose, mmol/L 5.8 (5.1-7.2) 5.8 (5.1-7.0) 5.7 (5.1-7.0) 5.7 (5.1-7.3) 0.94

Body mass index, kg/m2 24.9 § 3.1 25.1 § 2.7 24.7 § 3.4 24.8 § 3.1 0.51

Baseline NIHSS score 4.0 (3.0-7.0) 4.0 (2.0-7.0) 4.0 (2.5-7.0) 5.0 (3.0-8.0) 0.06

Medical history

History of hypertension 448 (77.0) 159 (82.8) 142 (74.0) 147 (74.2) 0.05

History of hyperlipidemia 42 (7.2) 17 (8.9) 10 (5.2) 15 (7.6) 0.63

History of diabetes mellitus 97 (16.7) 37 (19.3) 35 (18.2) 25 (12.6) 0.08

History of coronary heart disease 61 (10.5) 16 (8.3) 21 (10.9) 24 (12.1) 0.22

Family history of stroke 96 (16.5) 30 (15.6) 34 (17.7) 32 (16.2) 0.89

Ischemic stroke subtypey

Thrombotic 371 (63.8) 127 (66.2) 125 (65.1) 119 (60.1) 0.21

Embolic 23 (4.0) 7 (3.7) 8 (4.2) 8 (4.0) 0.84

Lacunar 197 (33.9) 64 (33.3) 61 (31.8) 72 (36.4) 0.52

Treatment during hospitalization

Antihypertensive treatment 282 (48.5) 98 (51.0) 88 (45.8) 96 (48.5) 0.62

Hypoglycemic treatment 97 (16.7) 39 (20.3) 32 (16.7) 26 (13.1) 0.06

Abbreviations: BP, blood pressure; NIHSS, National Institute of Health Stroke Scale.

*Continuous variables are expressed as mean § standard deviation, or as median (interquartile range). Categorical variables are
expressed as frequency (percent).

†Nine patients with thrombotic and lacunar subtypes; 1 patient with all 3 subtypes.
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increased risk of cognitive impairment (adjusted OR, 2.08;
95% CI, 1.20-3.60; Ptrend = .01) compared to those in the
lowest tertile of RF, and each SD increase of log-trans-
formed RF was associated with 37% (95% CI: 8%-73%)
increased risk of cognitive impairment. Similarly, there
was a significant association between each SD increase of
log-transformed RF and cognitive impairment severity
(OR, 1.24; 95% CI, 1.03-1.50; P = .02).
In the sensitivity analyses, after adjusting for serum

high-sensitivity C-reactive protein in the multiple-
adjusted models, or excluding the participants using anti-
hypertensive medications or lipid-lowering drugs before
stroke onset, the association between baseline serum RF
concentrations and subsequent cognitive impairment
remained significant (Supplemental Table 2).
The Curve of Association Between Serum RF and
Cognitive Impairment

We used a logistic regression model with restricted
cubic splines to evaluate the curve of association between
baseline serum RF and subsequent cognitive impairment,
and we found a positive linear dose-response relationship
between them. As shown in Fig 1, A, with an increase of
serum RF levels, the risk of cognitive impairment (MMSE
score < 27) at 3 months after stroke onset increased (P for
nonlinearity = .50; P for linearity < .01). Similarly, the risk
of 3-month cognitive impairment (MoCA score < 25)
increased with an increase in baseline serum RF levels
(Fig 1, B; P for nonlinearity = .17; P for linearity = .02).
Incremental Discriminatory Ability of Serum RF for
Cognitive Impairment

We examined whether adding serum RF to the condi-
tional logistic regression model consisting of conventional
risk factors improved the discriminatory abilities for the
risk of subsequent cognitive impairment among patients
with acute ischemic stroke. As shown in Table 3, adding
baseline log-transformed RF to the conventional model
significantly improved the discriminatory ability for
3-month cognitive impairment (MMSE score < 27:



Table 2. Odds ratios and 95% confidence intervals for the risk of cognitive impairment* according to rheumatoid factor tertiles

Rheumatoid factor (RF), IU/mL P value

for trend

Each SD (0.54, IU/mL)

increase in log-RF

<1.11 1.11-7.61 �7.61

MMSE score <27, n (%) 94 (49.0) 91 (47.4) 123 (62.1) 308 (52.9)

Model 1 1.00 0.92 (0.61-1.40) 1.63 (1.08-2.48) 0.02 1.21 (1.02-1.44)

Model 2 1.00 0.95 (0.58-1.55) 1.81 (1.09-2.98) 0.02 1.35 (1.09-1.68)

Model 3 1.00 0.92 (0.56-1.51) 1.79 (1.08-2.99) 0.03 1.33 (1.07-1.66)

MMSE categories, n (%)y

None (27-30) 98 (51.0) 101 (52.6) 75 (37.9) 274 (47.1)

Mild (23-26) 46 (24.0) 42 (21.9) 63 (31.8) 151 (26.0)

Severe (0-22) 48 (25.0) 49 (25.5) 60 (30.3) 157 (27.0)

Model 1 1.00 0.92 (0.62-1.35) 1.40 (0.96-2.05) 0.07 1.17 (1.00-1.37)

Model 2 1.00 0.93 (0.59-1.46) 1.48 (0.94-2.31) 0.08 1.24 (1.03-1.50)

Model 3 1.00 0.89 (0.56-1.40) 1.46 (0.93-2.29) 0.10 1.23 (1.02-1.49)

MoCA score <25, n (%) 114 (59.4) 119 (62.0) 143 (72.2) 376 (64.6)

Model 1 1.00 1.13 (0.74-1.72) 1.73 (1.12-2.67) 0.01 1.24 (1.04-1.49)

Model 2 1.00 1.25 (0.76-2.08) 2.01 (1.18-3.41) 0.01 1.38 (1.10-1.74)

Model 3 1.00 1.22 (0.73-2.04) 2.08 (1.20-3.60) 0.01 1.37 (1.08-1.73)

MoCA categories, n (%)y

None (25-30) 78 (40.6) 73 (38.0) 55 (27.8) 206 (35.4)

Mild (20-24) 53 (27.6) 63 (32.8) 59 (29.8) 175 (30.1)

Severe (0-19) 61 (31.8) 56 (29.2) 84 (42.4) 201 (34.5)

Model 1 1.00 0.93 (0.64-1.36) 1.54 (1.06-2.24) 0.02 1.19 (1.02-1.39)

Model 2 1.00 0.98 (0.63-1.52) 1.67 (1.07-2.59) 0.02 1.26 (1.04-1.51)

Model 3 1.00 0.94 (0.60-1.46) 1.65 (1.05-2.58) 0.03 1.24 (1.03-1.50)

Abbreviations: MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; RF, rheumatoid factor; SD, standard

deviation.

Model 1, adjusted for age, sex, and education.

Model 2, adjusted for Model 1 and further adjusted for time from onset to randomization, current smoking, alcohol drinking, systolic blood

pressure, blood glucose, body mass index, baseline NIHSS scores, antihypertensive treatment and hypoglycemic treatment during

hospitalization.

Model 3, adjusted for Model 2 and further adjusted for medical history (hypertension, diabetes mellitus, hyperlipidemia, and coronary

heart disease), family history of stroke, and ischemic stroke subtype.

*MMSE score < 27 or MoCA score < 25 indicate cognitive impairment.
†Odds ratios are derived from ordinal regression.

Figure 1. Association of serum rheumatoid factor (RF) with risk of cognitive impairment after acute ischemic stroke. Odds ratios and 95% confidence intervals
derived from restricted cubic spline regression, with knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of serum RF. The reference point
for serum RF is 1.11 IU/mL. Odds ratios were adjusted for the same variables as model 3 in Table 2. Panel A: MMSE score less than 27; Panel B: MoCA score
less than 25.

RF AND POST STROKE COGNITIVE IMPAIRMENT 1137



Table 3. Reclassification and discrimination statistics (95% CI) for cognitive impairment* by serum RF among patients with acute

ischemic stroke

Continuous NRI, % IDI, %

Estimate (95% CI) P value Estimate (95% CI) P value

MMSE score <27

Conventional model Reference Reference

Conventional model + log-RF 26.21 (7.79-44.62) <0.01 1.24 (0.17-2.32) 0.02

MoCA score <25

Conventional model Reference Reference

Conventional model + log-RF 29.38 (9.88-48.88) <0.01 1.36 (0.20-2.52) 0.02

Abbreviations: IDI, integrated discrimination index; NRI, net reclassification improvement; RF, rheumatoid factor.

Conventional model included age, sex, education, time from onset to randomization, current smoking, alcohol drinking, systolic blood

pressure, blood glucose, body mass index, baseline NIHSS scores, antihypertensive treatment during hospitalization, hypoglycemic treatment

during hospitalization, medical history (hypertension, diabetes mellitus, hyperlipidemia, and coronary heart disease), family history of stroke,

and ischemic stroke subtype.

*MMSE score < 27 or MoCA score < 25 indicate cognitive impairment.
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NRI = 26.21%, IDI = 1.24%; MoCA score < 25:
NRI = 29.38%, IDI = 1.36%; all P value < .05).
Discussion

To our knowledge, this is the first prospective multicen-
ter study to investigate the association between baseline
serum RF concentration and cognitive impairment after
acute ischemic stroke onset. In this preplanned ancillary
study of CATIS, we observed a dose-response association
between serum RF levels at baseline and 3-month cognitive
impairment in acute ischemic stroke patients, and sensitive
analyses further confirmed this finding. Furthermore, add-
ing serum RF to conventional risk factors could improve
risk prediction for the subsequent cognitive impairment.
The routine laboratory analysis of RF in clinical practice

is used for classification of RA, a chronic systemic inflam-
matory disease which can cause significant morbidities
due to synovial inflammation, joint destruction, and asso-
ciated disabilities.5 In the general population, individuals
with higher RF levels were confirmed to have greater
long-term risk of RA.24 Apart from that, serum RF concen-
tration was also reported to be associated with the risk
and prognosis of cardiovascular disease. A community
non-RA cohort based on Multi-Ethnic Study of Athero-
sclerosis revealed that serum RF levels were associated
with subclinical and clinical atherosclerosis in African
American women.8 Another study conducted in entire
Danish population found that the risks of atrial fibrillation
and stroke increased in RA patients.10 Similarly, Soderg-
ren et al analyzed the data of northern Sweden register
and observed that the incidence of stroke and the subse-
quent fatality were higher among RA patients compared
with the general population.9 In a large prospective cohort
of 11,872 subjects, RF was associated with increased car-
diovascular mortality after adjustment for cardiovascular
risk factors, even in those without joint symptoms.7 In
addition, Nguyen-Oghalai et al’s analysis of 47,853 stroke
patients indicated that RA was associated with poor func-
tional outcome at discharge and follow-up.11 However,
little is known about the relationship between serum RF
level at admission and subsequent cognitive impairment
after acute ischemic stroke.
In the present study, we investigated the association of

baseline serum RF level with 3-month cognitive
impairment among acute ischemic stroke patients and we
found a strong dose-response relationship between them.
In other words, the risk of poststroke cognitive impairment
at 3 months increased with an increase of RF levels at
admission, indicating that serum RF might be a valuable
marker in prediction of subsequent cognitive impairment
after stroke onset. As mentioned previously, intact cogni-
tive function is critical for performing fundamental daily
activities in general population. For patients with ischemic
stroke, cognitive impairment has adverse effects on adher-
ing to treatment regimens and initiating activities after
stroke onset based on individual’s health condition.4

Hence, identifying biomarkers to predict cognitive
impairment after ischemic stroke onset is an initial step for
developing effective and targeted interventions to mini-
mize its adverse outcomes. From the findings of our study,
ischemic stroke patients with high serum RF levels should
receive aggressive monitoring and therapeutic interven-
tions to prevent subsequent cognitive impairment.
The precise mechanisms underlying the detrimental effect

of elevated serum RF on cognitive function after ischemic
stroke remain to be elucidated. RF is an autoantibody target-
ing the Fc region of IgG antibodies.5 Animal and human
studies have found that autoimmune process may play a
role in the development of poststroke cognitive decline,25

and the primary harmful mechanism of autoantibodies in
the central nervous system is inhibition of signal transduc-
tion and interference with neuronal function.26 In addition,
inflammation and cardiovascular disease risk factors have
been considered as the mechanisms of incident cognitive
impairment and cognitive decline in the general
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population.27,28 High serum RF is well known to be associ-
ated with inflammation,29 smoking,30 and diabetes,31 which
may partly explain the effects of serum RF on the risk of
poststroke cognitive impairment. Moreover, RF has been
shown to have direct pathological effects on the endothe-
lium through circulating immune complexes, and can lead
to endothelial dysfunction32 which is associated with subse-
quent infarct expansion33 and hemorrhagic transformation,34

thus increase the risk of poststroke cognitive impairment.
Several strengths of our study deserve to be mentioned.

First, this is the first study to investigate the association
between baseline serum RF and cognitive impairment after
acute ischemic stroke onset. Second, this prospective study
was from the CATIS randomized clinical trial with stan-
dardized protocols and rigid quality control procedures in
data collection and outcome assessment. Third, compre-
hensive information about relevant covariates was con-
trolled in the multivariable models, so the present study in
methodology was appropriate and provide a more valid
appraisal of the association between serum RF and the risk
of poststroke cognitive impairment. However, some limita-
tions should be discussed here. First, this is an observa-
tional study based on a random sample of CATIS trail,
thus a selection bias might exist. This trial excluded ische-
mic stroke patients with BP greater than or equal to 220/
120 mm Hg, severe heart failure, acute myocardial infarc-
tion or unstable angina, atrial fibrillation, aortic dissection,
cerebrovascular stenosis, resistant hypertension, coma, or
treatment with intravenous thrombolytic therapy at admis-
sion. Therefore, the results of present study may not be
generalizable to all ischemic stroke patients. Further stud-
ies from other samples of ischemic stroke patients are
needed to replicate our findings. Second, the possibility of
residual confounding might not be fully eliminated in an
observational study, although several important potential
confounders had been controlled in the multivariable-
adjusted models. Third, it was difficult to conduct the test
of cognitive function in acute phase of ischemic stroke, so
we had no data of participants’ cognitive function at base-
line and we could not control the potential confounding
effect of prestroke cognitive impairment. However, the
characteristics associated with cognitive function were bal-
anced across RF tertiles at baseline and we adjusted these
characteristics when we investigated the association of RF
with poststroke cognitive impairment, indicating that the
confounding effect of baseline cognitive function might be
minimal. Finally, we did not conduct serial measurements
of serum RF levels after stroke onset, so we were unable to
assess the association between RF changes and poststroke
cognitive impairment and further studies were needed to
investigate this association.
Conclusions

In summary, we found that elevated serum RF levels in
the acute phase were associated with 3-month cognitive
impairment among ischemic stroke patients, independent
of established conventional risk factors. Further prospec-
tive studies conducted among stroke patients with differ-
ent social and cultural backgrounds are needed to
replicate our findings and to clarify the potential biologi-
cal mechanisms underlying this association.
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