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Purpose: To investigate the associations among homocysteine (Hcy), inflammation and cognitive
impairment in patients with acute ischemic stroke (AIS) and transient ischemic attack (TIA).
Patients and Methods: Patients included were enrolled from a subgroup of China National
Stroke Registry-III (CNSR-III). We used a Chinese version of Montreal Cognitive Assessment
(MoCA) to screen for cognitive impairment. We used high-sensitivity C-reactive protein
(hsCRP) level to reflect the inflammatory status, which was assessed at baseline together with
Hcy concentration. The primary outcome was the incidence of post-stroke cognitive impairment
(PSCI) at 3 months after AIS and TIA. Multivariable logistic regression analysis was used to
evaluate the correlation between Hey and hsCRP, and their effects on cognition.

Results: We enrolled 1466 patients with a median age of 62 (54-70) years old, including
895 (61.05%) patients with elevated Hcy levels, 466 (31.79%) with increased hsCRP
concentrations, and 755 (51.50%) with PSCI. In the group of patients with hyperhomocys-
teinemia (HHcy), higher hsCRP levels were related to cognitive impairment, whether or not
adjusted for multiple potential confounders (crude OR: 1.71,95% CI: 1.29-2.27, p < 0.01;
adjusted OR: 1.42, 95% CI: 1.04-1.93, p = 0.03). No significant interactions for the impact
on PSCI were observed in subgroups stratified by age, sex or Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification (P interaction > 0.05 for all).

Conclusion: High inflammatory levels increase the risk of cognitive impairment in HHcy
patients after AIS and TIA.

Keywords: stroke, transient ischemic attack, inflammation, homocysteine, cognitive
function

Introduction
In addition to its high lethality, stroke is also recognized as a vital contributor to
disability and cognitive impairment.'* Among them, cognitive impairment signifi-
cantly delays functional recovery and affects the life quality of patients,> as well
as increases healthcare costs. Therefore, early and accurate identification of risk
factors associated with cognitive impairment to improve the prediction of PSCI is
critical for optimizing the treatments.

Serum homocysteine, as a kind of sulfur-containing amino acids, is identified as
a reactive vascular injury amino acid due to the strong oxidative effects on vascular
endothelial cells and subsequent vascular lesions.® Meanwhile, serum Hey levels are
affected by several factors, including age, sex (male), pregnancy, high methionine-rich
protein diet, vitamin (such as folic acid, vitamin B6, and B12) deficiency, renal
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failure,”® genetic mutation including heterozygous/homozy-
gous cystathionine-f synthase (CBS) gene and MTHFR
gene, medication (such as methotrexate and niacin) use,

and so on,>'°

all of which can contribute to HHcy. As
a risk factor for cardiovascular diseases, Hcey is also closely
related to multiple neurological diseases such as stroke and
cognitive decline.'"'? In recent years, emerging evidence
has been discovered to support the link between homocys-
teine and PSCL,"*'* among which inflammatory pathway is
regarded as one of the essential underlying mechanisms. As
an acute-phase protein and the most sensitive biomarker of
nonspecific inflammatory response, hsCRP is elevated in

15,16

patients with cognitive impairment, and can indepen-

dently predict PSCI,'” thus exhibiting the potential for eval-
uating cognitive disorders in clinics.'®

To our knowledge, no individual study has analyzed
the relationships among homocysteine, hsCRP and PSCI.
In this study, we aim to investigate their relationship based

on CNSR-III in patients with AIS and TIA.

Patients and Methods
Study Design and Subjects

We obtained the data from the Impairment of Cognition and
Sleep (ICONS) subgroup of CNSR-IIL.'? The ICONS study
is a multicenter (40 hospitals) prospective registry. It

Patients enrolled in CNSR-III
(n=15166)

Y

Patients enrolled in ICONS
(n=2625)

recruited AIS or TIA inpatients (within 7 days of onset)
between August 15, 2015 and January 2018, with 1-year
follow-up finished in March 2019 and 2625 patients were
included. Patients who met the preplanned inclusion criteria
were eligible: age over 18 years old; in-hospital AIS or TIA
without any history of severe cognitive impairment prior to
stroke or any comorbidity that could interfere with cognitive
assessment. After excluding 825 individuals with missing
information on Hey,84 individuals with missing information
on hsCRP at baseline and 250 individuals without MoCA
assessments at 3-month follow-up, we finally included 1466
subjects for subsequent analysis (Figure 1).

Prior to data collection, we have obtained approval
from the ethics committee of Beijing Tiantan Hospital,
and signed informed consent from all included patients.

Baseline Data

Patients with AIS or TIA with complete data of baseline
Hcy and hsCRP levels as well as cognitive evaluation at
3-month by trained neurologists were included. Other
baseline characteristics including age, gender, body mass
index (BMI) as well as past history were collected by
a professional physician during the interview. We dichot-

omized the levels of Hey and hsCRP as follows, normal

—————>» Baseline homocysteine data missing; (n=825)

\ 4

Patients with homocysteine and high-

sensitivity C-reactive protein data
(n=1716)

> Baseline high-sensitivity C-reactive protein data missing (n=84)

A 4

Patients included in this Study
(n=1466)

Figure | Patient Flowchart.

[——————— > Loss to 3-month MoCA (n=250)
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Hcy (<15 mmol/L), HHcy (>15 mmol/L),?° normal hsCRP
(<3 mg/L), and high hsCRP (>3 mg/L).*!

Outcome Assessment

The MoCA was employed to detect PSCI and assess global
cognition.”* Specifically, a patient with a MoCA score
below 26, or less than 12 years of education and
a MOCA score below 25 was considered cognitively
impaired.”> The primary outcome was the prevalence of
PSCI at 3 months after the onset of AIS or TIA.

Statistical Analysis

The data analyses were conducted using SAS 9.4 (SAS
Institute Inc, Cary, NC). Continuous variables were
exhibited as medians with interquartile ranges and
categorical variables as percentages. For comparisons,
we used one-way analysis of variance or Kruskal—
Wallis test for the continuous variables and chi-square
statistics for the categorical variables. We employed
multivariable logistic regression analysis to evaluate
the correlations among hsCRP, Hcy, and PSCI.
Results were reported as odds ratios (ORs) with 95%
confidence interval (95% CI). P < 0.05 was considered

statistically significant.

Results

Demographic and Clinical Characteristics
We selected 1466 eligible patients from the 2625
patients in the ICONS study with a median age of 62
years old. Four hundred and fourteen (28.24%) of them
were female. Compared with patients excluded, the
included patients had higher rates of history of hyper-
lipidemia but lower BMI, as shown in Table 1.
Baseline characteristics of study patients are dis-
played in Table 2. Among participants included in our
study, 466 (31.79%) patients had higher hsCRP levels.
Compared with the NCRP (normal high-sensitivity
C-reactive protein) group, more patients in the HCRP
(high high-sensitivity C-reactive protein) group had
elevated Hcy levels. The median Hcy levels were
16.5 pmol/L (NCRP group) and 16.6 pmol/L (HCRP
groups), respectively. Participants in the HCRP groups
were older, more likely to have higher proportions of
history of hypertension and diabetes, had higher systo-
lic blood pressure at admission, furthermore, they had
higher baseline white blood cell (WBC) counts and

Vitamin B12 levels. While, in the HHcy group, patients
with increased hsCRP concentrations were older, had
higher WBC counts, folate, and vitamin B12 levels, as
well as higher baseline NIHSS. While in the NHcy
group, patients with increased hsCRP concentrations
were older, more likely to have higher proportions of
history of hypertension and diabetes, had higher base-
line WBC counts and NIHSS score.

Clinical Outcomes

Table 3 exhibits the comparison of outcomes between
the groups. No significant differences of the PSCI were
found between the NCRP and HCRP groups after
adjusting for potential variables (crude OR: 1.54,95%
CI: 1.23-1.92, p < 0.001; adjusted OR: 1.27, 95% CI:
0.99-1.62, p = 0.06). In the HHcy group, patients with
high hsCRP level were significantly likely to suffer
from cognitive impairment, even if the confounding
factors were controlled (crude OR: 1.71,95% CI:
1.29-2.27, p < 0.01; adjusted OR: 1.42, 95% CI:
1.04-1.93, p = 0.03). However, no similar correlation
in the NHcy group was identified (crude OR: 1.30,
95% CI: 0.91-1.87, p = 0.15; adjusted OR: 1.05, 95%
CI: 0.70-1.58, p = 0.80). When comparing the four
groups directly, only the high hsCRP and high homo-
cysteine groups were related to cognitive impairment,
but this association was attenuated after adjustment for
potential confounders (crude OR: 1.48, 95% CI: 1.09—
2.01, p = 0.01; adjusted OR: 1.23, 95% CI: 0.88-1.72,
p = 0.23). Furthermore,
according to age, sex, and TOAST criteria, those who
were older (adjusted OR: 1.45, 95% CI: 1.02-2.05, p =
0.04), male (adjusted OR: 1.67, 95% CI: 1.05-2.65,
p = 0.03), or large-artery atherosclerosis (LAA) classi-
fication (adjusted OR: 1.96, 95% CI: 1.05-3.66, p =
0.04) were more likely to have cognitive impairment if

after classifying patients

presenting high homocysteine and high hsCRP levels at
the same time (Table 4). Of note, no significant inter-
action for the impact on PSCI was observed in sub-
groups stratified by age, sex, or TOAST classification
(P interaction=0.9537,0.6288 and 0.8233 respectively).

Discussion

Significantly increased risk of cognitive impairment
was only found in patients with both elevated hsCRP
and Hcy levels in our study. The associations among
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Table | Baseline Characteristics of Patients Included versus Not Include

Characteristic All Other Patients Patients Included P value
No. (%) 1159(44.15) 1466(55.85)
Age, median (IQR) 61.00(53.00-68.00) 62.00(54.00-70.00) 0.0493*
Female, (%) 311(26.83) 414(28.24) 0.4235
BMI, median (IQR) 24.98(23.32-27.04) 24.69(22.84-26.83) 0.01096*
Education, (%) 0.4755

llliteracy or primary school 360(31.06) 438(29.88)

Middle School 422(36.41) 518(35.33)

High school or higher 377(32.53) 510(34.79)
Current smoker, (%) 420(36.24) 521(35.54) 0.7107
Heavy drinker, (%) 193(16.65) 232(15.83) 0.5679
Hypertension, (%) 708(61.09) 934(63.71) 0.1678
Diabetes, (%) 245(21.14) 354(24.15) 0.0682
Hyperlipidaemia, (%) 99(8.54) 160(10.91) 0.043*
SBP, median, mmHg 146.00(133.50—160.00) 147.50(132.00-162.50) 0.83245
Hcy, median, pmol/L 16.30(12.90-22.20) 16.55(13.10-21.90) 0.58202
White blood cell counts, 10°/L 6.70(5.67-8.11) 6.70(5.64-8.06) 0.5094
hsCRP, mg/L 1.65(0.76-3.94) 1.50(0.73-3.75) 0.54385
Folate, nmol/L 9.82(5.60-15.30) 9.42(5.22-15.49) 0.6088
Vitamin BI2 (pmol/L); 259.50(176.00—436.50) 249.00(175.00-378.00) 0.26276
mRS score before the onset of index events 0.8214

0-2 1119(96.55) 1413(96.38)

3-5 40(3.45) 53(3.62)
NIHSS at admission, median (IQR) 2.00(1.00—4.00) 3.00(1.00-5.00) 0.05659

Note: *p<0.05.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; Hcy, homocysteine; hsCRP, high-sensitivity C reactive protein; mRS, modified Rankin Scale; NIHSS,

National Institutes of Health Stroke Scale; IQR, interquartile range.

inflammation, homocysteine, and cognitive impairment
were significant in patients who were male, older (over
65 years), and those with the TOAST classification of
LAA type. For each MoCA subgroup, no significant
interaction for the impact on PSCI was observed in
stratified by TOAST
classification.

subgroups age, sex, or

Previous reports indicated hyperhomocysteinemia as

a unique risk factor for cognitive impairment,***

Sachdev et al in 2003 found that high Hcy level was
associated with cognitive impairment, especially in
frontal executive functions. In 2019, a prospective
multi-center registry conducted by Zhu et al showed
that a risk model based on combined tHcy, rheumatoid
factor (RF), and matrix metalloproteinase-9 (MMP-9)
might enhance the predictive power for cognitive
impairment after stroke.”® Furthermore, an observa-

tional study discovered that homocysteine level was
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Table 3 Multivariate-Adjusted Odd Ratios (ORs) for Cognitive Impairment According to hsCRP Levels and HCY at 3 Month

No. (%) Crude OR, 95% CI P Adjusted OR, 95% CI P

hsCRP<3 mmol/L 481(48.1) | |
hsCRP 23mmol/L 274(58.8) 1.54(1.23-1.92) * <0.001 1.27(0.99-1.62) 0.06
Hcy<I5mmol/L

hsCRP <3 mg/L 202(67.79) [ |

hsCRP 23 mg/L 96(32.21) 1.30(0.91-1.87) 0.15 1.05(0.70-1.58) 0.8
Hecy=15mmol/L

hsCRP <3 mg/L 279(46.66) [ |

hsCRP 23 mg/L 178(59.93) 1.71(1.29-2.27)* <0.001 1.42(1.04-1.93)* 0.03
Hey<I5mmol/L, hsCRP <3 mg/L 202(50.25) | |
Hcy<15mmol/L, hsCRP23 mg/L 96(56.80) 1.30(0.91-1.87) 0.15 1.06(0.72—1.56) 0.78
Hcy2I5mmol/L, hsCRP <3 mg/L 279(46.66) 0.87(0.67-1.12) 0.26 0.87(0.66—1.14) 0.31
Hcy2I5mmol/L, hsCRP23 mg/L 178(59.93) 1.48(1.09-2.01) * 0.0l 1.23(0.88-1.72) 0.23

Notes: Adjusted for age, sex, NIHSS, hypertension, education, hyperlipidemia, diabetes, white blood cell. *P < 0.05.
Abbreviations: Hcy, homocysteine; hsCRP, high-sensitivity C reactive protein; OR, odds ratios; Cl, confidence interval.

correlated with cerebral microbleeds (CMBs) in cogni-
tively impaired patients.”’” Moreover, a research con-
ducted in 2013 found that hsCRP combined with Hcy
could predict the prognosis of AIS patients among the
Chinese mainland populations.*®

High concentrations of homocysteine can directly exert
toxic effects on neurons, which may be caused through
amino acid-induced toxicity, reactive oxidative stress
(ROS), endoplasmic reticulum, and N-methyl-D-aspartate
receptor (NMDAr)-mediated neurotoxicity, leading to neu-
ronal death.””? In addition, homocysteine may cause
vascular endothelial function damage and alter permeabil-
ity of blood-brain barrier, resulting in cerebral small ves-
sel disecase. Combined with the above findings, we
speculate that Hey induces cognitive dysfunction through
direct effects on glutamatergic neurotransmission and
endothelin, indirect inhibition of methylation processes,
enhancement of amyloid neurotoxicity, and promotion of
tau phosphorylation.®® In addition, previous studies have
found that endothelial inflammation under high Hcy con-

4 which in turn led to

ditions promoted vascular injury,’
cognitive impairment. However, the underlying mechan-
isms remain obscure. On the one hand, Hcy can stimulate
CRP expression through ROS and mitogen activated pro-
tein kinase (MAPK) signaling pathways,*> which in turn

activates NF-kB and further promotes inflammation in rat

vascular smooth muscle cells.>® On the other hand, homo-
cysteine also enhances the expression of NMDAr,*> thus
stimulating CRP production and triggering inflammatory
responses.’’ Finally, Hcy has been shown to promote
neuroinflammation and microglia activation through
STAT3 activation subsequent to the ischemic stroke.®
Meanwhile, it has been reported that chronic mild hyper-
homocysteinemia could cause damage on nuclear acids
and protein, as well as ultrastructural alterations in the
cerebral cortex in an inflammation-dependent manner.*
In subgroup analysis, for patients with both high
homocysteine and hsCRP levels, those who were older,
male, with a TOAST classification of atherosclerosis
type had a higher risk of cognitive impairment com-
pared to those with normal hsCRP levels. Age indepen-
dently influences MoCA score,’ and high age generally
reflects a high level of chronic inflammation in the body
because CRP level increases with age.*® Moreover,
female stroke patients seem to have a worse clinical
outcome due to distinct hormone levels.*"** In addition,
homocysteine is an independent risk factor for
atherosclerosis,”> which may be attributed to increased
collagen synthesis, oxidative damage, endothelial dys-
function, and degradation of elastic material.
Meanwhile, CRP is directly involved in the progression
of atherosclerosis, chronic

a typical inflammatory
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disease,**** by participating in multiple inflammatory
processes.*® In light of the above findings, we examined
a stratified analysis of age, sex, and TOAST classifica-
tion in this study, but no interactions were found.

There are several limitations in our study. First, part
of the patients in this study experienced a more than 24
h time period from onset to admission, and thus, their
CRP and Hcy levels on admission could not accurately
reflect the authentic situation at the time of stroke.
Secondly, we only obtained baseline Hcy and CRP
levels without any follow-up measures, which made it
impossible to study the association between changes in
hsCRP and Hcy and cognitive impairment. Thirdly, we
stratified the patients into groups according to the
hsCRP and Hcy level and make comparisons of clinical
characteristics between groups, which will cause the
problem of increased type 1 error by multiple compar-
ison. Fourthly, genetic analysis was not included in this
study, while MTHFRTT homozygote for homocysteine
genotype was confirmed to be related to the increased
homocysteine level.?” Finally, bias existed when select-
ing hospitalized patients. Some older patients with
other serious diseases may refuse admission at an
early stage, and they may have higher levels of both
homocysteine and inflammation.

Conclusion

Our study shows that in patients with hyperhomocysteine
post AIS and TIA, high hsCRP concentrations increase the
risk of cognitive impairment.

Abbreviations

Hcy, homocysteine; hsCRP, high sensitive C-reaction pro-
tein; AIS, acute ischemic stroke; TIA, transient ischemic
attack; PSCI, post-stroke cognitive impairment; ICONS,
Impairment of Cognition and Sleep; CNSR-3, China
National Stroke Registry-3; MoCA, Montreal Cognitive
Assessment; NIHSS: National Institutes of Health Stroke
Scale; mRS, modified Rankin Scale; TOAST: Trial of Org
10172 in Acute Stroke Treatment, LAA, large artery ather-
osclerosis, CE: Cardioembolism; SAA: small-artery occlu-
sion; BMI, body mass index; SBP, systolic blood pressure;
IQR, interquartile range; OR, odds ratio; CI, confidence
interval.
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