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ABSTRACT
Background: Stroke is one of the leading causes of death worldwide, and it can lead to the development of small

vessel disease in the brain, which in turn exacerbates the unintended and long‐term consequences of this condition.

Given that various factors are involved in the development and exacerbation of this disease, the aim of the present study

is to determine the relationship between blood omega‐3 levels and the small vessel disease in ischemic stroke

patients.

Methods: The present study is a case‐control study. The target population in this study consists of ischemic stroke

patients enrolled in a hospital through a census over the course of 1 year. The sample size was 72 patients, who were

assessed using MRI and/or CT scans for the extent of small vessel blood vessel changes. They were then divided into two

groups: those with small vessel changes (31 individuals—cases) and those without small vessel changes (41 individuals—
controls). Subsequently, individuals in both groups were evaluated for their blood omega‐3 levels. Statistical analysis was

conducted using SPSS‐20.
Results: The research findings revealed that the majority of individuals in both the case and control groups were in the 51–70
age range and were female. Apart from the gender variable, the two groups did not significantly differ in other variables. Upon

comparing the two groups, it was evident that men comprised a larger portion of the case group. Analytical findings also

indicated a significant relationship between blood omega‐3 levels and small vessel changes in the brain. This is because the

results of the mean blood omega‐3 levels of the two case and control groups showed a statistically significant difference between

the two groups (p= 0.001 < 0.05).

Conclusion: Based on the research findings, there is an association between low levels of omega‐3 in blood and the occurrence

of small vessel changes in the brain.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
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1 | Background

Ischemic stroke, characterized as infarction in the brain, spinal
cord, or retina, accounts for 71% of all strokes globally [1]. Both
ischemic and hemorrhagic strokes annually affect approxi-
mately 13.7 million people worldwide, making it the second
leading cause of death, causing 5.5 million deaths annually [2].
It is estimated that one in every four adults experiences a stroke
in their lifetime, with more than 80 million stroke survivors
worldwide [3]. Various pathological processes affecting the
structure or function of small arteries, capillaries, or venules in
the brain, and causing substantial damage to cerebral arteries
and venules, as well as impacting subcortical white and gray
matter, are collectively referred to as small vessel disease of the
brain [4].

Non‐modifiable risk factors for small vessel disease of the brain
and the occurrence of ischemic stroke include age, gender, and
genetic factors. A more rapid increase in the risk of ischemic
stroke after the age of 49 has been observed, with a higher
prevalence after the age of 39 in developed countries compared
to developing countries [5]. According to the Global Burden of
Disease study, ischemic stroke is more common in men than in
women [6]. Several modifiable risk factors for ischemic stroke
have been identified, including high blood pressure (with a
threshold of 90/160mmHg), low levels of regular physical
activity, a high apolipoprotein B to A ratio, dietary factors,
waist‐to‐hip ratio, psychosocial stress and depression, smoking,
cardiac causes (such as atrial fibrillation and prior myocardial
infarction), excessive alcohol consumption, and diabetes mel-
litus [7].

A reverse relationship between fish consumption and the risk of
stroke has been reported in numerous studies [8, 9], although not
all past studies have shown such an association [10, 11]. Fish
consumption creates a protective mechanism against stroke by
preventing platelet aggregation [12, 13], lowering blood pressure
[14], reducing insulin resistance [15], and reducing plasma
fibrinogen [16]. It is possible that fish consumption may increase
the risk of hemorrhagic strokes. Ecological studies were con-
ducted on the indigenous population in Greenland, which con-
sumed high levels of omega‐3 polyunsaturated fatty acids
(omega‐3 PUFAs) through fish intake. These studies found a
higher mortality rate from hemorrhagic strokes in comparison to
the Danish population [17]. Studies have demonstrated that fish
oil rich in N‐3 PUFAs can reduce the cardiovascular and cere-
brovascular diseases [18]. Moreover, the omega‐3 fatty acids in
the diet may reduce insulin resistance and glucose intolerance
[15], potentially lowering the risk of lacunar infarctions since
glucose intolerance and diabetes are strongly associated with this
event [19, 20].

Considering the severe and often chronic consequences of
stroke, including small vessel disease of the brain, and the
heavy burden it imposes on the healthcare system, individuals,
families, and communities, it is necessary to investigate all
factors that can contribute to the reduction of this disease [2, 3].
Among these factors, the potential role of omega‐3 in reducing
strokes is of great significance [18]. Due to the lack of sufficient
studies in this area and its significant importance, we decided to
conduct a study with the aim of determining the relationship

between blood omega‐3 levels and the small vessel disease in
ischemic stroke patients.

2 | Methods

This study is a matched case‐control study with a purpose to
investigate the relationship between the small vessel disease
and blood omega‐3 levels in ischemic stroke patients. The
ethical approval for this study was obtained from Kermanshah
University of Medical Sciences (IR.KUMS. REC.1399.936).

The study population included all patients who were hospital-
ized due to ischemic stroke in the Neurology Department of one
hospital in Kermanshah during the year 2021–2022. The
inclusion criteria for the study was a diagnosis of ischemic
stroke and informed patient consent. We enrolled patients who
were diagnosed with a first‐episode, non‐cardioembolic ische-
mic stroke mechanism and admitted to our hospital within
7 days after symptom onset. All of the patients were evaluated
by CT scan. Patients with evidence of severe small vessel dis-
eases (Fazekas score equal or more than 2) were enrolled in the
case group. Other patients were evaluated by MRI, and the
participants with evidence of SVD in MRI were added to the
case group, and patients with no evidence of SVD in MRI were
enrolled in the control group. The sampling method in this
study was continuous census over the course of 1 year, and a
total of 72 patients were included in the study. After evaluating
the patients using MRI and/or CT scans to assess the extent of
small vessel blood vessel changes, they were divided into two
groups: those with small vessel changes (31 individuals) and
those without small vessel changes (41 individuals). Subse-
quently, data collection began.

3 | Measure

Following informed consent from participants, demographic
characteristics (patient age, gender, occupation, education,
marital status), medical and clinical history (body mass index,
age of disease onset, type of medication used, average daily
medication dosage, duration of medication use, type of
accompanying medication, average daily dosage of accompa-
nying medication, duration of accompanying medication use,
blood pressure, diabetes, lipids, cholesterol, smoking, smoking
history, substance use, alcohol consumption, family history of
physical illness, type of physical illness in the family), and
laboratory results (triglycerides, lipids, cholesterol, blood pres-
sure, BMI, FBS, LDL, HDL, BUN, Cr) of patients were ex-
amined and recorded from their medical records and through
patient interviews. The diagnosis and assessment of omega‐3
among patients involved a comprehensive process. This process
evaluated blood plasma phospholipids and expressed them as a
percentage of total phospholipid fatty acids based on weight for
measuring the phospholipid. Firstly, plasma total lipids were
extracted using the Folch method. Then, the phospholipid
fraction was isolated through a thorough thin‐layer chroma-
tography process using a development solvent composed of
hexane, diethyl ether, and acetic acid (80:20:2). Subsequently,
the phospholipid fractions were methylated to FA methyl esters
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(FAMEs) using the Lepage and Roy method. The FAMEs of
individual FAs of phospholipids were then separated by gas
chromatography using a model 6890 apparatus (Agilent
Technologies, Palo Alto, CA, USA) with a 30 m Omegawaz TM
250 capillary column (Supelco, Bellefonte, PA, USA). Peak
retention times were obtained by comparison with known
standards (37 component FAME mix and PUFAs‐2, Supelco;
GLC37, NuCheck Prep, Elysian, MN, USA) and analyzed with
ChemStation software (Agilent Technologies). Finally, plasma
phospholipid FAs were expressed as the percentage of total
FAs, and the mean value was calculated from duplicate mea-
surements of each sample. The diagnosis and assessment of
omega‐3 among patients were determined by a comprehensive
process, evaluating blood plasma phospholipids and expres-
sing them as a percentage of total phospholipid fatty acids
based on weight for measuring the phospholipid. Plasma total
lipids were extracted according to the Folch method, and the
phospholipid fraction was isolated by a thin‐layer chroma-
tography process using a development solvent composed of
hexane, diethyl ether, and acetic acid (80:20:2). The phos-
pholipid fractions were then methylated to FA methyl esters
(FAMEs) by the Lepage and Roy method. The FAMEs of
individual FAs of phospholipids were separated by gas chro-
matography using a model 6890 apparatus (Agilent Technol-
ogies, Palo Alto, CA, USA) with a 30 m Omegawaz TM 250
capillary column (Supelco, Bellefonte, PA, USA). Peak reten-
tion times were obtained by comparison with known standards
(37 component FAME mix and PUFAs‐2, Supelco; GLC37,
NuCheck Prep, Elysian, MN, USA) and analyzed with
ChemStation software (Agilent Technologies). Plasma phos-
pholipid FAs were expressed as the percentage of total FAs.
The mean value was calculated from duplicate measurements
of each sample.

4 | Data Analysis

After collecting and entering the data into the software, data
analysis was performed using SPSS 20. Qualitative variables
were described in terms of frequency and percentage, while
quantitative variables were described in terms of mean, stan-
dard deviation, and range of variation.

To compare variables between the case and control groups, the
χ2 test was used for qualitative variables, and independent
t‐tests or one‐way analysis of variance (ANOVA) were used for
quantitative variables. Logistic regression was used to control
confounding factors.

5 | Results

The current study was conducted on 72 ischemic stroke pa-
tients, with 31 ischemic patients without small vessel changes
in the control group (Group 1) and 41 ischemic patients with
small vessel changes in the case group (Group 2). Demo-
graphic characteristics (age, gender, occupation, education,
marital status) and self‐reported histories (smoking, substance
use, alcohol consumption) are reported in Table 1. Except for
the gender variable, the two groups did not show significant

differences in other variables. It was observed that men com-
prised a larger portion of the case group compared to the
control group.

Table 2 reports the examination of medical and clinical his-
tories of the patients. Based on this table, the two groups did
not have a significant difference in terms of medical and
clinical histories.

The following table shows that in the case group, where all
patients had some level of small vessel changes, 14 patients
(34.1%) were in the “punctate” category, 15 patients (36.6%)
were in the “beginning confluent” category, and 12 patients
(29.3%) were in the “large confluent area” category. In the
control group, all patients were devoid of any small vessel
changes, and they all fell into the “absent” category regarding
small vessel changes.

In the case group, for the 14 patients in the “punctate” category,
the average blood omega‐3 level was reported as a mean of 4.59
(0.78%), and for the 15 patients in the “beginning confluent”
category, the average blood omega‐3 level was reported as a
mean of 4.22 (1.18%). For the 12 patients in the “large confluent
area” category, the average blood omega‐3 level was reported as
a mean of 3.73 (0.67%).

These results indicate that the average blood omega‐3 level of
ischemic patients in the “punctate” small vessel changes cate-
gory was higher than that of ischemic patients in the “beginning
confluent” and “large confluent area” small vessel changes
categories. However, the comparison of the average omega‐3
levels among these three categories did not show any statisti-
cally significant difference (p= 0.072 > 0.05), meaning that the
average blood omega‐3 level of ischemic patients with different
levels of small vessel changes did not have a statistically sig-
nificant relationship.

In the control group, the average blood omega‐3 level of
ischemic patients without small vessel changes was reported as
a mean of 5.88 (1.52%). The results of these analyses are shown
in the following table (Table 3).

The average blood omega‐3 level in the case group with 41
ischemic patients with small vascular changes was reported as
4.21 (0.96%), while in the control group with 31 patients with-
out small vascular changes, it was reported as 5.88 (1.52%).
These results indicate that the average blood omega‐3 level in
the case group is 1.68 units lower than the control group. The
results of the comparison of the mean blood omega‐3 levels in
patients between the two case and control groups showed a
statistically significant difference (p= 0.0001 < 0.05), with the
case group having significantly lower levels than the control
group. These findings are presented in the following table
(Table 4).

In the regression model, the Wald statistical values and their
significance levels indicated that only the presence of the
omega‐3 factor in the logistic model is significant (B=−1.07,
Twald = 14.51, p< 0.0001). On the other hand, the results
showed that in the logistic regression model, considering the
value of the Wald statistical variable and its significance level,
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the gender factor (B=−1.07, TWald = 14.51, p= 0.164) did not
have significant presence in the model (Table 5).

6 | Discussion

The current study was conducted with the aim of determining
the relationship between blood omega‐3 levels and the small
vessel disease in ischemic stroke patients. The results of the
current study showed that the average blood omega‐3 level in
the case group is 1.68 units lower than the control group. The
comparison of the mean blood omega‐3 levels among the two
case and control groups showed a statistically significant dif-
ference between the two groups (p= 0.0001 < 0.05), with the
case group having a significantly lower mean than the control
group.

In line with the current study, Song et al. also found in their
study that low plasma omega‐3 levels are associated with
pathological changes in small brain vessels in patients suffering
from ischemic stroke. In the Song et al. study, conducted on an
Asian population, low omega‐3 levels were linked not only to
ischemic stroke but also to hemorrhagic stroke in SVD. Fur-
thermore, low omega‐3 levels were associated with higher SVD
scores, indicating its severity. Additionally, their study revealed

that a diet rich in omega‐3 can reduce the disease burden and
the severity of cerebral SVD, irrespective of hemorrhagic or
ischemic characteristics [21]. Chowdhury et al., in their study,
investigated the relationship between fish consumption,
omega‐3 fatty acids, and the risk of cerebral vascular disease.
They reported that individuals with high blood omega‐3 levels
have a lower risk of cerebral vascular disease [22]. Another
systematic study by Abdelhamid et al. in 2018 reported that the
increase in omega‐3 levels, when having a beneficial effect on
the outcomes, is only partially effective. They found strong
evidence indicating that omega‐3 fatty acids reduce the risk of
death from stroke in individuals with high omega‐3 consump-
tion by 8.8% compared to the control group [23].

Based on the results of the study, individuals with ischemic
stroke who have lower levels of omega‐3 are more likely to
experience intracranial artery stenosis or occlusion compared to
the healthy control group [24]. It can be argued that N‐3
polyunsaturated fatty acids (PUFAs), including eicosapentae-
noic acid and docosahexaenoic acid, have potent anti‐
inflammatory effects, reduce platelet aggregation, and prevent
atherosclerotic plaque regression [25]. Ueno et al. also pointed
out the effects of omega‐3 fatty acids on cerebral vascular
changes in their systematic study in 2019 [25]. In another study
by Bhat et al., the effect of omega‐3 in reducing cardiovascular

TABLE 1 | Comparison of the frequency distribution of demographic characteristics among study groups.

Factor Levels
Control

group N= 31
Case

group N= 41 Total
χ2 (significance

level)

Current age 50 > 11 (35.5) 9 (22.0) 20 (28.7) 5.690 (0.26)

51–70 13 (41.9) 16 (39.0) 29 (40.3)

> 70 7 (22.6) 16 (39.0) 23 (31.9)

Sex Male 10 (32.3) 23 (56.1) 33 (45.8) 4.041* (0.03)

Female 21 67.7) 18 (43.9) 39 (54.2)

Education level Illiterate/elementary
school

9 (29.0) 13 (31.7) 22 (30.6) 6.982 (0.72)

High school 11 (35.5) 18 (43.9) 29 (40.3)

Post‐secondary
education and above

11 (35.5) 10 (24.4) 21 (29.2)

Occupation Unemployed 1 (3.2) 5 (12.2) 6 (8.3) 6.110 (0.14)

Self employed 9 (29.0) 20 (48.8) 29 (40.3)

Government 4 (12.9) 5 (12.2) 9 (12.5)

Housekeeper 17 (54.8) 11 (26.8) 28 (38.9)

Marital status Single 3 (9.7) 3 (7.3) 6 (8.3) 0.351 (0.83)

Married 26 (83.9) 34 (82.9) 60 (83.3)

Widowed 2 (6.5) 4 (9.8) 6 (8.3)

Smoking Yes 18 (58.1) 26 (63.4) 44 (61.1) 0.213 (0.64)

No 13 (41.9) 15 (36.6) 28 (38.9)

Drug use Yes 6 (19.4) 13 (31.7) 19 (26.4) 1.378 (0.18)

No 25 (80.6) 28 (68.3) 53 (73.6)

Alcohol
consumption

Yes 4 (12.9) 8 (19.5) 12 (16.7) 0.55 (0.45)

No 27 (87.1) 33 (80.5) 60 (83.3)

*At a significance level of 0.05.
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diseases and strokes was confirmed [26]. Cupino et al. in a
prospective cohort study also declared a reduced risk of devel-
oping cerebrovascular disease in individuals with lower con-
sumption of N‐3 polyunsaturated fatty acids (PUFAs) than the
control group [27]. The results of these studies are consistent
with the current study [27].

Iso et al. found that increased fish consumption and
omega‐3 intake are associated with a decreased ischemic
stroke [28]. The results of the present study are supported by
a study conducted by Park et al., which identifies low
omega‐3 as a risk factor for ischemic stroke in Asian pop-
ulations [29].

TABLE 2 | Medical and clinical histories of patients.

Factor Levels
Control

group N= 31
Case

group N= 41 Total χ2 (significance level)

The disease diagnosis age < 50 15 (48.4) 12 (29.3) 27 (37.5) 2.924 (0.232)

51–70 12 (38.7) 20 (48.8) 32 (44.4)

70 < 4 (12.9) 9 (22.0) 13 (18.1)

High blood pressure disease Yes 27 (87.1) 39 (95.1) 66 (91.7) 1.488 (0.214)

No 4 (12.9) 2 (4.9) 6 (8.3)

Hyperlipidemia Yes 21 (67.7) 34 (82.9) 55 (76.4) 2.257 (0.111)

No 10 (32.3) 7 (17.1) 17 (23.6)

Diabetes Yes 11 (35.5) 22 (53.7) 33 (45.8) 2.349 (0.098)

No 20 (64.5) 19 (46.3) 39 (54.2)

Hypercholesterolemia No (54.8) 171 24 (58.5) 41 (56.9) 0.638 (0.291)

Yes 14 (45.2) 17 (41.5) 31 (43.1)

Brain stroke history No 27 (87.1) 32 (78.0) 59 (81.9) 0.977 (0.251)

Yes 4 (12.9) 9 (22.0) 13 (18.9)

Heart attack history No 27 (87.1) 36 (87.7) 62 (87.3) 0.008 (0.921)

Yes 4 (12.9) 5 (12.2) 9 (12.7)

Triglycerides (mg/dL) 150 > 20 (64.5) 19 (46.3) 39 (54.2) 3.723 (0.155)

151–199 7 (22.6) 9 (0.22) 16 (22.2)

200 < 4 (12.9) 13 (31.7) 17 (23.6)

LDL (mg/dL) 130 > 13 (41.9) 14 (34.1) 27 (37.5) 2.555 (0.279)

130–159 16 (51.6) 19 (46.3) 35 (48.6)

159 < 2 (6.5) 8 (19.5) 10 (13.9)

HDL (mg/dL) 40 > 8 (25.8) 10 (24.4) 18 (25.0) 0.700 (0.705)

41–60 20 (64.5) 29 (70.7) 49 (68.1)

60 < 3 (9.7) 2 (4.9) 5 (6.9)

BUN (mg/dL) 6 > 6 (19.4) 6 (14.6) 12 (16.7) 0.676 (0.713)

6–20 19 (61.3) 24 (58.5) 43 (59.7)

20 < 6 (19.4) 11 (26.8) 17 (23.6)

Cr (mg/dL) 0.5 > 1 (2.3) 2 (4.9) 3 (4.2) 0.397 (0.820)

0.5–1.3 28 (90.3) 35 (85.4) 63 (87.5)

1.3 < 2 (6.5) 4 (9.8) 6 (8.3)

FBS (mg/dL) > 70 1 (2.3) 0 (0.0) 1 (1.4) 2.148 (0.144)

70–1110 20 (64.5) 23 (56.1) 43 (59.7)

110 < 10 (32.3) 18 (43.9) 28 (38.9)

Blood pressure (mmHg) 80 > 0 (0.0) 0 (0.0) 0 (0.0) 1.925 (0.588)

120–80 8 (25.8) 8 (19.5) 16 (22.2)

121–129 2 (6.5) 2 (4.9) 4 (5.6)

13–139 13 (41.9) 41 (34.1) 27 (37.5)

140 < 8 (25.8) 71 (41.5) 25 (34.5)
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In the current study, most patients who experienced ischemic
stroke with small vessel changes in the brain were male. This
finding is consistent with the Ryu et al. study, which examined
a population of 477 individuals with ischemic stroke. They
observed that 61% of the participants were male [30]. In a study
conducted by Ge et al., among 965 patients with ischemic
stroke, 78.9% were male [31]. The Rawlley et al. study estimated
the gender distribution in an interventional study and found
that women comprised the majority of stroke patients. They
attributed this result to health barriers for women and less
frequent medical visits [32]. The results of this study do not
align with the current study, which could be attributed to dif-
ferences in sample size, study population, and study design.

One of the limitations of the current study was the data col-
lection, which relied on self‐reporting by participants and
information extraction from patients' medical records. How-
ever, the researchers aimed to minimize this bias by adhering to
data confidentiality principles and collecting information from
complete and unaltered medical records. Additionally, because
this study was a case‐control study, there was a potential for
recall bias in the participant interviews.

Despite these limitations, the current study has several
strengths. Firstly, the study was conducted continuously over
the course of 1 year, and all eligible patients were enrolled.

All demographic, medical, and clinical variables were ex-
amined in both groups, with significant differences. The only
variable that differed between the two groups, apart from
omega‐3, was gender, which was investigated through logistic
regression analysis.

7 | Conclusion

Based on the present study's findings, a low level of omega‐3 in
the blood is associated with SVD occurrence. Blood omega‐3
levels can predict the likelihood of developing SVD in patients
with ischemic stroke. Omega‐3 can be introduced as a risk‐
reducing or preventive factor for SVD. Therefore, as a first step,
it is recommended to conduct further studies with larger sample
sizes to strengthen the results. Given the importance of the role
of omega‐3 in reducing this disease, it is advisable for in-
dividuals in the community to use dietary sources or pharma-
ceutical supplements containing omega‐3 as needed.
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