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The relationship between
 a fish-rich diet and
poststroke cognitive impairment
A cross-sectional study with a follow-up in China
Jia-Rui Li, MDa,b, Yang Yu, MDa, Fan-Xia Meng, MDa, Jie Yu, MDa, Ben-Yan Luo, MDa,∗, Jian Gao, MDc
Abstract
Whether a fish-rich diet is positively associated with cognitive function after stroke remains unclear; thus, the present study
investigated the relationship between them.
The present study was part of a prospective multicenter study, in which 920 individuals (609 males, mean age, 62.78±11.79

years) were included from November 2013 to December 2015. The cognitive function of the patients was evaluated, and the
diagnosis of poststroke cognitive impairment (PSCI) was made during their stay in the hospital. A subgroup of 439 patients from a
single center was followed up for 4 to 6years and was reassessed for cognitive function.
According to the diagnostic criteria, the PSCI prevalence was lower in the fish-rich diet group (P< .05). After adjusting for

demographic and clinical variables by logistic regression, patients with a habit of consuming a fish-rich diet had a lower risk of
developing PSCI than patients without a fish-rich diet (odds ratio [OR]: 0.74; 95% confidence interval [CI]: 0.46–0.95). When MMSE
score was considered the cognitive function outcome variable, the long-term cognitive function of the fish-rich diet groupwas better
(28 [26–30] vs 27 [25–29], P< .01), but the statistical results were not significant after correcting for the related confounding factors
(b: 0.13; 95% CI: �0.99–1.25; P= .82).
There was a negative relationship between consuming a fish-rich diet and the prevalence of PSCI, and there was no statistically

significant difference in the relationship of a fish-rich diet on long-term cognitive function after stroke, which requires further study.

Abbreviations: 95% CI = 95% confidence interval, AD = Alzheimer’s disease, AHA/ASA = American Heart Association/
American Stroke Association, AIS = acute ischemic stroke, BMI = body mass index, CDR = clinical dementia rate, CE =
cardioembolism, CT = computerized tomography, CVD = cardiovascular disease, DHA = docosahexaenoic acid, DWI = diffusion-
weighted imaging, EPA = eicosapentaenoic acid, FBG = fast blood glucose, IQRs = interquartile ranges, LAA = large-artery
atherosclerosis, MMSE=mini-mental state examination, MRI=magnetic resonance imaging, mRS=modified Rankin Scale, NC=
normal control, NIHSS=National Institutes of Health Stroke Scale, NINDS-AIREN=National Institute of Neurological Disorders and
the Stroke-Association Internationale pour la Recherche et l’Enseignement en Neurosciences, OR = odds ratio, PSCI = poststroke
cognitive impairment, PUFAs = plasma phospholipid v-3 polyunsaturated fatty acids, SDs = standard deviations, SOE = stroke of
other determined etiology, SUE = stroke of other undetermined etiology, SVO = small-vessel occlusion lacunar, TIA = transient
ischemic attacks, TOAST = trial of org 10172 in acute stroke treatment, VaD = vascular dementia, VaMCI = vascular mild cognitive
impairment.
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1. Introduction

Poststroke cognitive impairment (PSCI) is a common sequela of
acute stroke and has been an important independent predictor of
long-term adverse outcomes after stroke.[1–4] The prevalence of
PSCI ranges from 20% to 80% worldwide,[5] and according to
previous screening results, approximately 52.7% of patients
with stroke develop PSCI in China.[6] There is a north-to-south
gradient in stroke prevalence in China; the annual incidence and
mortality rate of stroke in the northeast region are highest, while
those in the eastern coastal region are relatively lower.[7]

Vascular risk factors, including hypertension, insulin resistance,
diabetes, obesity, hyperhomocysteinemia, and hyperlipidemia,
are considered to be independent risk factors for the develop-
ment of PSCI.[8]

As with the primary prevention of cerebrovascular diseases,
healthy lifestyles such as a healthful diet and reasonable nutrition
are related to better performance on cognition.[9] High
consumption of fish might be helpful to improve metabolic
function, regulate blood pressure, and regulate blood lipids and
could also prevent stroke, cardiovascular disease (CVD) and
diabetes.[10–12] Research has shown that the intake of fish may
protect against all-cause dementia, including Alzheimer’s disease
(AD).[13] Some observational studies have found that intake of
fish may be related to a lower risk of AD and to slower cognitive
decline.[14,15] In short, eating fish is beneficial to the protection of
cognitive functions, but there are still few studies directly
concentrating on the relationship between fish and PSCI.
In the present study, we explored the relationship between a

fish-rich diet and the prevalence of PSCI by logistic regression.
Figure 1. The study flow chart. A total of 920 patients were enrolled in the study; 4
in the statistics. MCI=mild cognitive impairment, mRS=modified Rankin scale.
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Stratified analysis was conducted to examine whether the
relationship was consistent across people with different
characteristics. A 4- to 6-year follow-up was also carried out
to evaluate the association between a fish-rich diet and long-term
cognitive impairment. We present the following article in
accordance with the STROBE reporting checklist.
2. Methods

2.1. Ethical approval

This study was approved by the Ethics Committee of the First
Affiliated Hospital, College of Medicine, Zhejiang University
(No. 2014-135) and was conducted in accordance with the
Declaration of Helsinki. All subjects or their legal guardians
signed informed consent forms.
2.2. Study design and participants

The present study was a cross-sectional study conducted to
explore the relationship between a fish-rich diet and PSCI. This
was part of a prospective multicenter cohort study designed to
investigate the incidence and outcomes of patients with cognitive
impairment after stroke. The trial was registered in the Chinese
Clinical Trial Registry (registry number: ChiCTR-PRCH-
14004805). This large-scale observational study, performed at
seven Chinese medical centers, consisted of consecutive patients
who received a confirmed diagnosis of acute stroke between
November 2013 and December 2015. All of the centers are
located in Zhejiang Province, East China.
39 patients were followed up, and follow-up data of 330 patients were included



Table 1

Characteristics of no fish-rich diet group and fish-rich diet group.

Variables Total (n=920) No fish-rich diet (n=661) Fish-rich diet (n=259) P

Demographic characteristics
Age (yr), mean±SD 62.78±11.79 62.66±11.81 63.13±11.74 .596
Male, n (%) 609 (66.20) 442 (66.87) 167 (64.48) .513
Education (yr), median (IQR) 6 (4–9) 6 (3–9) 6 (6–9) .010

∗

Vascular risk factors
BMI (kg/m2), mean±SD 23.74±3.21 23.71±3.27 23.82±3.02 .657
Smoking, n (%) 268 (29.13) 198 (29.38) 70 (27.03) .785
Drinking, n (%) 320 (34.78) 245 (37.07) 75 (28.96) .098
Hypertension, n (%) 597 (64.89) 435 (65.81) 162 (62.55) .712
Diabetes, n (%) 237 (25.76) 174 (26.32) 63 (24.32) .950
Hyperlipidemia, n (%) 91 (9.89) 64 (9.68) 27 (10.42) .506

Arial fibrillation, n (%) 13 (1.41) 11 (1.66) 2 (0.77) .352
TC (mmol/L), mean±SD 4.31±1.05 4.30±1.05 4.35±1.05 .505
TG (mmol/L), mean±SD 1.37 (0.99–1.90) 1.34 (0.98–1.88) 1.46 (1.05–2.03) .095
HDL (mmol/L), mean±SD 1.05 (0.89–1.25) 1.06 (0.89–1.25) 1.02 (0.87–1.23) .161
LDL (mmol/L), mean±SD 2.45 (1.92–3.08) 2.48 (1.88–3.09) 2.43 (1.98–3.01) .943
GLU (mmol/L), mean±SD 5.81±2.30 5.82±2.24 5.80±2.45 .911

Other related living habits
Tea-drinking habit, n (%) 488 (53.04) 326 (49.32) 162 (62.55) <.001

∗∗∗

Coffee-drinking habits, n (%) 252 (27.39) 188 (28.44) 64 (24.71) .285
Vegetable-rich diet, n (%) 701 (76.2) 490 (74.13) 211 (81.47) .020

∗

Regular sports, n (%) 348 (37.83) 241 (36.46) 107 (41.31) .175
Stroke-related characteristics

mRS score, median (IQR) 2 (1–3) 2 (1–3) 2 (1–3) .204
NIHSS score, median (IQR) 2 (1–4) 2 (1–4) 2 (0–4) .920
Intravenous thrombolysis, n (%) 47 (5.11) 41 (6.20) 6 (2.32) .646
TOAST type, n (%) n=730
LAA 61 (8.36) 47 (9.09) 14 (6.57)
CE 489 (66.99) 343 (66.34) 146 (68.54) .438
SVO 160 (21.92) 110 (21.28) 50 (23.47)
SOE 10 (1.37) 8 (1.55) 2 (0.94)
SUE 10 (1.37) 9 (1.74) 1 (0.47)

Fazekas scale for white matter lesions (n=906)
Periventricular white matter, n (%) <0.001

∗∗∗

0 223 (32.9) 154 (67.5)
1 284 (41.9) 52 (22.8)
2 121 (17.8) 16 (7.0)
3 50 (7.4) 6 (2.7)

Deep white matter, n (%) <.001
∗∗∗

0 330 (48.7) 164 (71.9)
1 187 (27.6) 38 (16.7)
2 103 (15.2) 19 (8.3)
3 58 (8.6) 7 (3.1)

Infarction location (%) <.001
∗∗∗

Frontal lobe 0.12 0.13
Parietal lobe 0.11 0.11
Temporal lobe 0.09 0.10
Occipital lobe 0.07 0.08
Basal ganglia 0.25 0.29
Thalamus 0.07 0.08
Brainstem 0.11 0.12
CDR score, n (%) n=893 .022

∗

0 228 (0.35) 112 (0.46) .004
∗∗

0.5 340 (0.52) 97 (0.39) .001
∗∗

1 66 (0.10) 29 (0.12) .687
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Table 1
(continued).

Variables Total (n=920) No fish-rich diet (n=661) Fish-rich diet (n=259) P

2 13 (0.02) 8 (0.03) .383
PSCI, n (%) 526 (57.17) 401 (60.66) 125 (46.26) .018

∗

BMI=body mass index, CDR= clinical dementia rating, CE= cardioembolism, GLU=glucose, HDL=high density lipoprotein, IQR= interquartile range, LAA= large-artery atherosclerosis, LDL= low density
lipoprotein, mRS=modified Rankin scale, NIHSS=National Institutes of Health Stroke Scale, PSCI=post-stroke cognitive impairment, SD= standard deviation, SOE= stroke of other determined etiology,
SUE= stroke of undetermined etiology, SVO= small-vessel occlusion, TOAST= trial of org 10172 in acute stroke treatment, TC= total cholesterol, TG= triglyceride.
∗
P< .05.

∗∗
P< .01.

∗∗∗
P< .001.
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A subgroup of patients from a single center (the First Affiliated
Hospital, College of Medicine, Zhejiang University) was
followed up continuously for 4 to 6years. Variable comparisons
between the follow-up population and the overall population are
shown in Table S1, Supplemental Digital Content, http://links.
lww.com/MD2/A991. There was no significant difference
between the two, indicating that the follow-up population
could be considered representative. Cognitive assessment was
performed again at follow-up. Information about patient deaths
during follow-up, including the exact dates and causes of death,
was determined by family members’ reports and medical
records. The study flow chart is shown in Figure 1.
The following inclusion criteria were used to select patients

eligible for inclusion in the present study: age ≥18years and
clinical diagnosis of acute ischemic stroke (AIS) according to the
definition of stroke by the World Health Organization
(WHO)[16] and confirmed by computerized tomography (CT)
or magnetic resonance imaging (MRI) within 6months.
Figure 2. The distribution of infarcts of the no fish-rich diet group and the fish-ric
infarction locations and the number of infarcts were recorded as: frontal lobe, pa
cerebellum, and subcortical regions (mainly including the radiative crown and the s
as a percentage of the total number of infarcts in all patients.
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The exclusion criteria were as follows:
(1)
h d
rieta
emi
inability to complete the assessment due to various reasons
(including language barriers, aphasia, and consciousness
disorder);
(2)
 a history of cognitive impairment before stroke;

(3)
 refusal to sign the informed consent;

(4)
 modified Rankin scale (mRS) score >1 before stroke;

(5)
 comorbid hemorrhagic stroke.
2.3. Demographic and clinical variables

Demographic characteristics, vascular risk factors, living habits,
and other clinical characteristics were collected using question-
naires specifically designed for the cohort study at the time of
enrollment.
Demographic characteristics included age, sex, and years of

education. Vascular risk factors included hypertension (previous
iet group. According to the head MRI results of the patients, the cerebral
l lobe, temporal lobe, occipital lobe, basal ganglia, thalamus, brainstem,
dovale center). The figure shows the number of infarcts in this brain region
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Figure 3. The distribution ratio of CDR scores of the no fish-rich diet group
and the fish-rich diet group. CDR=clinical dementia rate; ∗∗P< .01.
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diagnosis of hypertension, blood pressure >140/90mmHg with
random >3 times, or taking antihypertensive drugs), diabetes
(previous diagnosis of diabetes, random blood glucose≥11.1
mmol/L or fasting blood glucose (FBG)≥7.0mmol/L), history of
hyperlipidemia, cerebrovascular disease and CVD, smoking
(smoking ≥1cigarette/day with duration of ≥1year), drinking
(drinking hard liquor at least once a week, drinking>50mL, and
duration of >6months, or drinking mild liquor converted into
alcoholic liquor according to its general alcohol content, in
accordance with the above regulations), and body mass index
(BMI).[8] Related living habits included vegetable-rich diet
(eating vegetables at least once a day), tea-drinking habit (drink
tea at least four times per week), coffee-drinking habit (drink
coffee at least four times per week) and regular exercise was (at
least 30minutes one to three times a week with sweating or
significantly increased heart rate during exercise). The fish-rich
diet was defined as eating fish more than five times a week.
The following clinical characteristics were also included in the

present study: laboratory examinations (triglyceride and total
cholesterol), intravenous thrombolysis, TOAST type (large-
artery atherosclerosis [LAA], cardioembolism [CE], small-vessel
occlusion lacunar [SVO], stroke of other determined etiology
[SOE], stroke of other undetermined etiology [SUE]),[16] Fazekas
scales,[17] National Institutes of Health Stroke Scale (NIHSS)
score,[18] and head MRI (the scan sequence included T1-
weighted imaging, T2-weighted imaging, and diffusion-weight-
ed imaging [DWI]). According to the head MRI results of the
patients, the cerebral infarction site and the number of infarcts
were recorded. The whole brain was divided into the following
parts when the infarct site was recorded: the frontal lobe,
parietal lobe, temporal lobe, occipital lobe, basal ganglia,
thalamus, brainstem, cerebellum, and subcortical region (mainly
including the radiative crown and the semidovale center).
Figure 4. Effects of a fish-rich diet on PSCI, as analyzed by logistic regression
models. Model I is the unadjusted model and shows the relationship with fish-
rich diet and PSCI. Model II was adjusted for the demographic variables,
including sex, age, and years of education. The adjustment factors of model III
included the above factors and other clinical variables: BMI, smoking, drinking,
tea-drinking habit, coffee-drinking habit, vegetable-rich diet, regular sports,
hypertension, hyperlipidemia, diabetes, a history of AIS, blood total
cholesterol, and blood triglycerides. AIS=acute ischemic stroke, BMI=body
mass index, CI=confidence interval, OR=odds ratio, PSCI=poststroke
cognitive impairment. ∗P< .05.
2.4. Assessment and PSCI diagnosis

Assessments and PSCI diagnoses were carried out by evaluators
who were all senior neurologists who had received standardized
and unified training by professional neuropsychological eval-
uators in the First Affiliated Hospital, College of Medicine,
Zhejiang University. Global cognitive status was evaluated at the
time of enrollment.
In the present study, the term PSCI indicates all forms of

cognitive disorder after a clearly identified incident ischemic
stroke within 6months, including vascular mild cognitive
impairment (VaMCI) and vascular dementia (VaD). The
diagnostic criteria include those listed by the American Heart
Association/American Stroke Association (AHA/ASA)[19] and
the National Institute of Neurological Disorders and the Stroke-
Association Internationale pour la Recherche et l’Enseignement
en Neurosciences (NINDS-AIREN).[20] Only patients diagnosed
as cognitively normal according to both criteria were considered
cognitively normal, while other patients were considered to have
PSCI.
The clinical dementia rate (CDR) and the modified Rankin

score (mRS) were assessed during the hospital stay. The CDRhas
been shown to be an excellent scale for assessing cognitive state
and has been used at all stages of dementia.[21,22] The mRS was
also used to evaluate the degree of disability of patients.
The MMSE (mini-mental state examination) and mRS scores

were assessed again at the 4- to 6-year follow-up among a
subgroup from a single center, the First Affiliated Hospital of
5

Zhejiang University, to evaluate the long-term outcomes of
cognitive and physical function.
2.5. Statistical analysis

Counting data are expressed as numbers (%), while continuous
data are expressed as medians (interquartile ranges [IQRs]) or
means± standard deviations (SDs). When comparing character-
istics between two groups, the categorical variables were
analyzed with the x2 test; the continuous variables with a
normal distribution were analyzed with the independent t test,
and measurement data without a normal distribution were
analyzed with the Mann–Whitney U test. Missing values were
not processed during the statistical analysis.
Three unconditioned logistic regression models were gradual-

ly established; the dependent variable was whether the patient
had been diagnosed with PSCI. Model I was the unadjusted
model, showing the relationship between a fish-rich diet and
PSCI without excluding the influence of any confounding
factors. Model II was adjusted for demographic variables
(including sex, age, and years of education). The adjustment
factors of model III included the above factors and other clinical
variables: BMI, smoking, drinking, tea-drinking habit, coffee-
drinking habit, vegetable-rich diet, regular sports, hypertension,
hyperlipidemia, diabetes, a history of AIS, blood total
cholesterol, and blood triglycerides. The statistical results are
expressed as odds ratios (ORs) and 95% confidence intervals
(CIs).

http://www.md-journal.com


Figure 5. Forest plot of the stratified analysis of the effects of a fish-rich diet. BMI=body mass index, CI=confidence interval, OR=odds ratio. ∗P< .05, ∗∗P< .01.
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A multivariate logistic regression model was used for the
stratified analysis. The classification variables included age (≥65
years or not), sex (male or female), years of education (�6years or
not), smoking (yes or no), drinking (yes or no), vegetable-rich diet
(yes orno), regular sports (yes orno), BMI (�23.9ornot), diabetes
(yes or no), hypertension (yes or no), and hyperlipidemia (yes or
no). The long-term effects of a fish-rich diet on cognitive recovery
were calculated using a multiple linear regression, and theMMSE
scores were used as outcome variables, with adjustment factors
including sex, age, and years of education.
All statistical analyses were conducted using Statistical

Product and Service Solutions v20.0 (SPSS, Inc., IBM Company,
Chicago, IL). All statistical tests were two-tailed, and a value of
P< .05 was considered significant.
3. Results

3.1. Patient characteristics

From November 2013 to December 2015, a total of 1081
consecutive participants with AIS were enrolled from seven
6

medical centers in Zhejiang Province. According to the exclusion
criteria, 161 patients were excluded for the following reasons:
previous diagnosis of MCI (3 patients), comorbid hemorrhagic
stroke (11 patients), failure to complete the cognitive assessment
within 6months after stroke (87 patients), death (12 patients),
and an mRS score >1 before stroke onset (48 patients).
Ultimately, 920 individuals (mean age, 62.78±11.79years) were
recruited; 311 (34%)were female, and 609 (66%)weremale (see
flow chart, Fig. 1).
According to the diagnostic criteria, 526 patients were

diagnosed with PSCI, and 394 patients had normal cognitive
function. The prevalence of PSCI was 57.17% (95% CI:
53.97%–60.37%). The characteristics of the study population
are described in Table 1. Compared with the normal control
(NC) group, there were more females (P< .001) in the PSCI
group. In addition, individuals in the PSCI groups were older
(P< .05), less educated (P< .001), fatter (P< .01), drank more
(P< .05), ate less fish (P< .01), and had more histories of AIS
(P< .05), CVD (P< .001) and hyperlipidemia (P< .05).
Patients were divided into two groups according to whether

they had a fish-rich diet (no fish-rich diet: 661 vs fish-rich diet:
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259). The characteristics of the two groups were compared, and
the results are shown in Table 1. In the fish-rich diet group,
individuals were more educated (P< .05). They also had more
tea-drinking habits (P< .001).and more vegetable-rich diet
(P< .05). There were fewer white matter lesions (including
paraventricular and deep white matter) (P< .001) and fewer
subcortical infarctions (P< .001) in the fish-rich diet group (the
distribution of infarcts of the two groups is shown in Fig. 2).
The prevalence of PSCI in the fish-rich diet group was
significantly lower than that in the no fish-rich diet group
(P< .05). For the CDR score, the distribution of scores was
significantly different between the two groups (P< .05). There
was no significant difference in mRS scores between the two
groups. The outcome of the scale assessment of the two groups
is shown in Figure 3.

3.2. Analysis of the effect of the fish-rich diet

Three unconditioned logistic regression models were estab-
lished gradually, while the outcome variable was set to
determine whether PSCI occurred. Model I showed the
relationship between a fish-rich diet and PSCI: OR: 0.70;
95% CI: 0.52–0.94. Model II was adjusted for sex, age, and
years of education: OR: 0.72; 95% CI: 0.52–0.98). Model III
was further adjusted for all possible confounding factors,
including the above factors, BMI, smoking, drinking, tea-
drinking habit, coffee-drinking habit, vegetable-rich diet,
regular sports, hypertension, hyperlipidemia, diabetes, a
history of AIS, blood total cholesterol, and blood triglycerides:
OR: 0.74; 95%CI: 0.46–0.95 (as shown in Fig. 4). This showed
that there was a significant relationship between the fish-rich
diet and a lower prevalence of PSCI.
Multivariate logistic regression analysis was used for stratified

analysis of the effect of the fish-rich diet. We stratified the
population according to some factors and analyzed the
relationship between fish-rich diet and PSCI in different
populations. The results showed that the fish-rich diet was
associated with a lower prevalence of PSCI in the following
conditions: years of education >6 (OR: 0.66; 95% CI: 0.44–
0.99), no smoking (OR: 0.67; 95% CI: 0.47–0.95), no drinking
(OR: 0.63; 95% CI: 0.44–0.90), BMI under 23.9 (OR: 0.54;
95% CI: 0.36–0.81), no diabetes (OR: 0.58; 95% CI: 0.41–
0.82), no hypertension (OR: 0.34; 95% CI: 0.20–0.57), or no
hyperlipidemia (OR: 0.64; 95% CI: 0.47–0.88) (as shown in
Fig. 5).
Table 2

Follow-up outcomes of no fish-rich diet and fish-rich diet.

Total

Included in follow-up n=439
Included in the analysis, n (%) 330 (75.17)
Age (yr), mean±SD 65.86±12.03
Male, n (%) 205 (62.12)
Education (yr), median (IQR) 6 (4–9)
mRS score, median (IQR) 1.00 (0.00–2.00)
MMSE score, median (IQR) 27.00 (25.00–29.00) 2

IQR= interquartile range, MMSE=mini-mental state examination, mRS=modified Rankin scale, SD=
∗
P< .05.

∗∗
P< .01,

∗∗∗
P< .001.
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3.3. Long-term effect of the fish-rich diet on cognitive
function

The longitudinal follow-up results of the single center of the First
Affiliated Hospital of Zhejiang University are shown in Table 2.
A total of 439 patients in our institution were included in the 4-
to 6-year follow-up cohort (average follow-up time, 57.53±
12.42months), and 330 of them completed the cognitive
assessment (as shown in Fig. 1). Among them, there were 205
males (62.12%), and 77 patients (23.33%) belonged to the fish-
rich diet group. TheMMSE scores of the fish-rich diet group and
the no fish-rich diet group were compared between groups
during follow-up, and the MMSE score of the fish-rich diet
group was significantly higher than that of the no fish-rich diet
group (28 [26–30] vs 27 [25–29], P< .01). Multiple linear
regression was used to correct the influences of sex, age, and
education, with the MMSE scores as outcome variables, of
which the variable type was a continuous variable. After
correcting for other factors, the fish-rich diet had no significant
effect on cognitive function, suggesting that the difference in
scores between the two groups may be a false positive caused by
confounding factors (b: 0.13; 95% CI: �0.99 to 1.25; P= .82).
4. Discussion

This prospective multicenter cross-sectional study included 1081
AIS survivors from seven medical institutions in Zhejiang
Province, and 920 patients met the inclusion criteria. A 4- to 6-
year longitudinal follow-up was carried out among the 439
patients at one center, of whom 330 completed a cognitive
assessment at the end of the follow-up. The patient character-
istics of the PSCI and NC groups were compared, and the
relationship of the fish-rich diet and PSCI was explored by
logistic regression. We found that a fish-rich diet was
significantly related to a lower risk of PSCI after adjusting for
the relevant demographic and clinical variables. There was no
statistically significant difference in the effects of a fish-rich diet
on long-term cognitive function after stroke, which requires
further study in terms of expanding the sample size and further
subgroup analysis.
In the present study, the prevalence of PSCI was 57.17%,

which was similar to the averages of previous national and
international studies.[5,6] The differences might be due to
different timing and diagnostic criteria for poststroke assess-
ment. This study found that PSCI patients were older, had a low
No fish-rich diet Fish-rich diet P

n=334 n=105
253 (75.75) 77 (73.33) .617
66.22±12.35 64.70±10.77 .332
154 (60.87) 51 (66.23) .369
6 (3–9) 6 (6–9) .027

∗

1.00 (0.00–2.00) 1.00 (0.00–2.00) .998
7.00 (25.00–29.00) 28.00 (26.00–30.00) .006

∗∗

standard deviation.
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education level, and had more histories of TIA, CVD, and
hyperlipidemia, which was similar to the results of previous
studies,[23–25] indicating that the common risk factors for stroke
were significantly correlated with PSCI. In addition, compared
with the NC group, the proportion of women in the PSCI group
was higher, which was different from other studies.[26,27]

Whether this was related to the geographical locations and
living habits of our patients remains to be further explored. The
cognitive outcome of ischemic stroke was also associated with
reperfusion therapies. There was a study showing that patients
with endovascular treatment plus intravenous thrombolysis had
better cognitive performance than those with intravenous
thrombolysis alone.[28] Since thrombectomy was not carried
out in relevant hospitals during the study period, only some
patients received thrombolysis in the present study. The
relationship between fish-rich diet, reperfusion, and cognitive
function after stroke may be further clarified by subsequent
studies.
Most importantly, this study supported the protective effect of

a fish-rich diet on the occurrence of PSCI. We confirmed the
relationship between the fish-rich diet and lower PSCI by
multivariable logistic regression. Several previous studies have
shown the positive effect of a fish-rich diet on cognitive function.
Fish consumption is cross-sectionally associated with a lower
risk of dementia.[14,15,29] In addition, the Mediterranean diet, as
a diet mainly composed of unrefined cereals, vegetables, fruits,
legumes, potatoes, fish and olive oil, has also received attention
regarding its impact on cognitive function.[30] Researchers have
found that the Mediterranean diet has a protective effect on
cognitive function[31]; fish are an important part of this diet.[32]

Fish intake is associated with a reduction in vascular risk factors,
including lowering BMI and reducing the incidence of diabetes,
hypertension, and hyperlipidemia.[10,11,33] Eating fish is associ-
ated with a lower prevalence of subcortical infarcts and white
matter abnormalities.[34–36] This lower risk may be related to
favorable effects of ingredients in fish diets, such as plasma
phospholipid v-3 polyunsaturated fatty acids (PUFAs) (e.g.,
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and
other essential PUFAs), which have important effects on blood
pressure, lipids, red blood cell deformability, inflammation,
endothelial cell function, cerebral arteriolar reactivity, and
platelet function.[34] In our study, there was a significant
difference in the distribution of stroke sites between the fish-rich
diet group and the no fish-rich diet group, and the fish-rich diet
group had fewer subcortical infarctions.
According to our results, the fish-rich diet was associated with

a lower prevalence of PSCI in patients with more than 6years of
education and those with no smoking, no drinking, BMI under
23.9, no diabetes, no hypertension or no hyperlipidemia. A
randomized controlled study showed that a 2-year multidomain
intervention (diet, exercise, cognitive training, vascular risk
monitoring) could improve or maintain cognitive functioning in
at-risk elderly people from the general population.[37] In
summary, vascular risk factors and a fish-rich diet were both
associated with PSCI. Diet is not a decisive factor in PSCI. To
reduce the occurrence of PSCI, we need to comprehensively
manage the overall risk factors for stroke and adopt a healthier
lifestyle to have a better protective effect on cognitive function
after stroke.
This study is subject to several limitations. First, in terms of

diet plan, we only calculated statistics on whether patients could
eat a fish-rich diet more than 5days a week, whereas the method
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and amount of fish consumptionwere not recorded and analyzed
in detail. The detail of other diet habits was not be recorded by
professional dietary habit questionnaire. Second, we only
suggested that the fish-rich diet before stroke had a protective
effect on cognitive function, but in our long-term follow-up, no
protective effect of a fish-rich diet on the brain was found. This
may mean that there is a time limit to the protective effect of a
fish-rich diet on cognitive function after stroke; further research
is needed to confirm this possibility. As a prospective study, the
selection centers of this study were all located in the southeast
coastal area of China; thus, the representation of the whole
dietary habits of China is limited. We speculate that populations
in other parts of China will have lower proportions of fish-rich
diets. A more detailed subgroup analysis is needed to screen the
most effective components and mechanisms of cognitive effects
in fish.
In conclusion, there was a negative relationship between

consuming a fish-rich diet and the prevalence of PSCI, and there
was no statistically significant difference in the effects of a fish-
rich diet on long-term cognitive function after stroke, which
requires further study.
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