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Dietary cholesterol intake and stroke risk: a meta-analysis
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ABSTRACT
Background/Objectives: The association between dietary cholesterol and stroke
risk has remained controversial over the past two decades. The aim of this metaanalysis was to assess the relationship between dietary cholesterol and stroke risk.
Results: Seven prospective studies including 269,777 non-overlapping individuals
(4,604 strokes) were included. The combined RR of stroke for higher cholesterol
intake (> 300 mg/day) was 0.98 (95% CI, 0.90–1.07), and the combined RR of stroke
for higher cholesterol intake (> 300 mg/day) in females (age of ≥ 60 years or body
mass index of ≥ 24 kg/m2) was 1.18 (95% CI, 1.02–1.36).
Materials and Methods: The PubMed, Medline, Embase, Web of Knowledge,
and Google Scholar databases were searched. Relevant studies were identified by
searching these online databases through September 2017. The relative risk (RR) and
95% confidence interval (CI) were used to investigate the strength of the association.
Conclusions: Higher cholesterol intake has no association with the overall stroke
risk. Age and body mass index affect the relationship between dietary cholesterol
intake and stroke risk. However, the association between higher dietary cholesterol
and stroke risk in males remains unclear.

INTRODUCTION

recent decades [7–9]. Stroke survivors are more frequently
disabled and have a higher risk of dementia than strokefree individuals [10]. High dietary cholesterol increases
the degree of lipid peroxidation, which is related to the
development of atherosclerosis [11]. Some evidence [12]
has shown that dietary cholesterol intake has a positive
relationship with blood pressure, which is a crucial risk
factor for stroke [13–15]. The association between dietary
cholesterol intake and stroke risk has been examined
over the past 20 years. However, these studies reported

Stroke, also known as cerebrovascular accident,
is the third leading cause of death and the main cause of
disability in both developed and developing countries
worldwide [1–3]. Stroke results in many complications
[4, 5] and caused an estimated 5.5 million deaths annually
[6]. Approximately 15 million people develop a stroke
every year according to World Health Organization
reports, and stroke has become a great health burden in
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cholesterol intake using different measurement units (e.g.,
grams, servings, or tertiles, quartiles, and quintiles), and
grams of cholesterol intake varied among the studies.
Therefore, evidence of a relationship between a certain
cholesterol intake in grams and stroke risk is lacking.
Evidence of a relationship between dietary cholesterol
intake and the risks of different types of stroke (ischemic
or hemorrhagic) is also lacking. Moreover, whether
the body mass index (BMI) influences the relationship
between higher cholesterol intake and stroke risk remains
unknown. Therefore, the association between cholesterol
intake and the risk of stroke must be clarified to formulate
efficient preventive strategies.
We performed a systematic review and metaanalysis of cholesterol intake and stroke risk to identify the
associations between (i) cholesterol intake and stroke risk
based on the epidemiologic characteristics of the study
population and (ii) the dietary cholesterol intake and the
risk of stroke according to stroke subtype.

in Table 1. The studies included in this meta-analysis were
published from 1997 to 2012. Five studies [16, 18, 19, 21,
22] used the Food Frequency Questionnaire, which was
validated by the investigators. Two studies [17, 20] used
24-hour recall to assess the dietary cholesterol intake, and
both of these studies confirmed the reproducibility of the
24-hour recall data. The follow-up duration ranged from
7.6 to 15.5 years. The number of participants ranged from
2,283 to 87,025, and the number of stroke events ranged
from 75 to 1,680. Three studies [17, 20, 21] were from
Japan, three studies [16, 18, 22] were from the United
States, and one study [19] was from Sweden. The study
quality scores are shown in Supplementary Table 1.

RESULTS

Subgroup and sensitivity analyses

The search strategy revealed 420 citations
(Figure 1). After screening of the titles and abstracts, 47
full-text articles were evaluated. After the ﬁnal exclusions,
7 original studies [16–22] were included in this metaanalysis, comprising 269,777 individuals and 4,604 stroke
events (Figure 1). The baseline characteristics are shown

Table 2 shows that the combined RRs of stroke for
high cholesterol intake were 0.87 (95% CI, 0.78–0.97) for
the < 60-year age subgroup and 1.18 (95% CI, 1.02–1.36)
for the ≥ 60-year age subgroup (Figure 3). The combined
RR of stroke for high cholesterol intake was 1.18 (95% CI,
1.02–1.36) for females (age of ≥ 60 years, BMI of ≥ 24 kg/

Cholesterol intake and stroke risk
The combined RR of stroke for the highest versus
lowest dietary cholesterol intake was 0.98 (95% CI, 0.90–
1.07) (overall stroke risk) (Figure 2).

Figure 1: Flow chart of studies selection.
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Table 1: Baseline characteristics of included studies
First
author

Year

Age range
(mean
age)

Sex

No. of
Participants

Cholesterol
intake
assessment

Average
BMI

Average
Followup, yr

Stroke
Events

Country

Fatal or nonfatal strokes

Maximum adjustment
available

Seino

1997

40–89

Both

2,283

FFQ

< 24

15.5

75

Japan

Both

Age, sex, DBP, atrial fibrillation, and
total energy intake.

Iso

2001

34–59
(< 60)

Female

85,764

FFQ

NA

14

690

USA

Both

Age, smoking, time interval,
BMI, alcohol, menopausal status,
hormone use, exercise, aspirin use,
multivitamin use, vitamin E use, n-3
fatty acid intake, calcium intake,
hypertension, diabetes, cholesterol
levels, and total energy intake.

He

2003

40–75
(53)

Male

51,529

FFQ

NA

14

725

USA

Both

Age, BMI, physical activity,
hypertension, smoking, aspirin,
multivitamins, alcohol, potassium,
fiber, vitamin E, fruit and
vegetables, total energy intake, and
hypercholesterolaemia at baseline.
Additional adjustments based on
other fat categories.

Iso

2003

40–69
(< 60)

Both

4,775

24-hour recall

< 24

14.3

295

Japan

Both

Age, sex, total energy intake and
BMI, hypertension, diabetes, serum
cholesterol, smoking, ethanol intake,
and menopausal status.

Sauvaget

2004

35–89
(< 60)

Both

3,731

24-hour recall

< 24

14

90

Japan

Fatal

Sex and age, radiation dose, city,
BMI, smoking, alcohol, hypertension
and diabetes.

Larsson

2012

49–83
(≥ 60)

Female

34,670

FFQ

≥ 24

10.4

1,680

Sweden

Both

Age, smoking, education, BMI,
physical activity, hypertension,
diabetes, aspirin use, myocardial
infarction, alcohol, protein, dietary
fiber, specific types of fat and
cholesterol.

Yaemsiri

2012

50–79
(≥ 60)

Female

87,025

FFQ

≥ 24

7.6

1,049

USA

Both

Age, race, education, income,
smoking, hormone use, total
metabolic equivalent task hours
per week, alcohol, coronary heart
disease, atrial fibrillation, diabetes,
aspirin use, use of antihypertensive
medication, use of cholesterollowering medication, BMI, SBP,
and energy, dietary vitamin E, fruits,
vegetable, and fiber.

SBP, systolic blood pressure; BMI, body mass index; DBP, diastolic blood pressure; FFQ, frequent food questionnaire; NA, not available.

Figure 2: Meta-analysis of relative risks for cholesterol intake and overall stroke risk. RR, relative risk; IS, ischemic stroke;
HS, hemorrhagic stroke. The RRs of total, ischemic and hemorrhagic stroke for Iso et al. (2001) were retrieved from the supplemental data.
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Table 2: Stratification analysis of dietary cholesterol intake and stroke risk
Heterogeneity
P value

I2 (%)

24.25

0.06

38

0.95 (0.80–1.12)

24.91

0.009

55.8

1.03 (0.85–1.25)

4.96

0.894

0

3

0.79 (0.61–1.03)

11.23

0.081

46.6

3

1.04 (0.94–1.15)

6.32

0.176

36.7

1

0.88 (0.71–1.08)

-

-

-

Ischemic

3

1.09 (0.97–1.23)

7.46

0.113

46.4

Hemorrhagic

2

1.12 (0.89–1.42)

2.24

0.896

0

< 60 years

4

0.87 (0.78–0.97)

12.12

0.277

17.5

≥ 60 years

2

1.18 (1.02–1.36)

0.11

0.735

0

< 60 years

1

1.37 (0.88–2.13)

NA

NA

NA

≥ 60 years

2

1.18 (1.02–1.36)

0.11

0.735

0

< 14 years

2

1.18 (1.02–1.36)

0.11

0.735

0

≥ 14 years

5

0.89 (0.80–0.99)

15.03

0.306

13.5

3

0.79 (0.61–1.03)

11.23

0.081

46.6
19.9

Group

No. of studies

RR (95% CI)

X

7

0.98 (0.90–1.07)

Ischemic

6

Hemorrhagic

4

Both
Female
Male

Overall stroke

2

Stroke type

Sex

Stroke risk for females

Age

Age for females

Follow up duration

Race/Ethnicity
East-Asians

4

1.01 (0.92–1.11)

9.99

0.266

Fatal stroke risk

Non East-Asians

1

0.46 (0.29–0.74)

-

-

-

Maximum multivariates

6

0.97 (0.89–1.06)

22.76

0.030

47.3

< 24

3

0.79 (0.61–1.03)

11.23

0.081

46.6

≥ 24

2

1.18 (1.02–1.36)

0.11

0.735

0

< 24

0

NA

NA

NA

NA

≥ 24

2

1.18 (1.02–1.36)

0.11

0.735

0

USA

3

0.96 (0.86–1.06)

5.47

0.603

0

Japan

3

0.79 (0.61–1.03)

11.23

0.081

46.6

Sweden

1

1.20 (1.00–1.44)

-

-

-

Score > 8

2

1.05 (0.91–1.20)

6.4

0.171

37.5

Score ≤ 8

5

0.95 (0.85–1.05)

16.51

0.086

39.4

Yes

5

0.96 (0.87–1.06)

8.42

0.751

0

No

2

1.06 (0.89–1.26)

14.87

0.001

86.6

BMI

BMI for females

Country

Quality

Caloric intake controlled

Abbreviations: NA, not available; BMI, body mass index.

m2, or follow-up duration of < 14 years). The association
between cholesterol intake and stroke risk did not differ
substantially by stroke type, sex, stroke risk for females,
age, age for females, follow-up duration, ethnicity,
www.oncotarget.com

country, study quality, or caloric intake. To determine
the impact of multivariable adjustment, we performed
additional sensitivity analyses by excluding studies that
did not simultaneously adjust for hypertension, diabetes,
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and smoking. The sensitivity analyses did not lead to any
change in the significance or direction of effect for the
association between cholesterol intake and stroke risk after
applying the leave-one-out method (Figure 4A).

present meta-analysis remained inconsistent. The results
of five of the seven included prospective studies [16–18,
21, 22] did not support an association between cholesterol
intake and stroke risk, one study [20] suggested that
high animal fat and cholesterol intake was associated
with a reduced risk of cerebral infarction-related death,
and another study [19] suggested that dietary cholesterol
intake was positively associated with stroke risk. Although
a previous study [24] demonstrated that dietary cholesterol
was not associated with the risk of stroke, this could be
well explained by the fact that two additional cohort
studies were added to our meta-analysis, and the results
were re-estimated based on a much higher number of
participants. The novelty of our study lies in the fact
that the studies included in this meta-analysis reported
cholesterol intake with different measurement units (e.g.,
grams, servings, or tertiles, quartiles, and quintile), and
because grams of cholesterol intake varied among the
studies, we demarcated cholesterol intake of > 300 mg/
day as the high category for each study to ensure the
credibility of the results. In addition, we estimated the
relationship between dietary cholesterol and stroke risk by
more subgroups such as sex, age, stroke risk for females,
BMI, and others.
The results of the stratification analysis suggest that
higher dietary cholesterol intake appears to raise the risk
of stroke in older individuals. The increment of dietary
cholesterol intake is associated with the elevation of
serum cholesterol concentration [25, 26]. Consist with our
previous studies [5, 27–31], lipoproteins were found to be

Meta-regression analysis
We performed a meta-regression analysis to explore
the potential sources of heterogeneity. We found that race,
country, stroke type, age, study quality, follow up duration,
sex, BMI, or caloric intake could alone could not explain
the sources of heterogeneity (p > 0.05).

Publication bias
No publication bias was found for cholesterol intake
and stroke risk by Egger’s test (p = 0.441) or by visual
inspection of symmetry (Figure 4B).

DISCUSSION
This meta-analysis included 7 prospective cohort
studies [16–22] involving 269,777 individuals and
demonstrated that high dietary cholesterol intake is not
associated with the overall stroke risk. In the past two
decades, the role of dietary cholesterol in the development
of stroke has been increasingly recognized. Some studies
[12, 23] have proven that dietary cholesterol intake has
a positive relationship with blood pressure. However,
the results of all seven prospective cohort studies in the

Figure 3: Meta-analysis of relative risks for cholesterol intake in sex subgroups. RR, relative risk; IS, ischemic stroke; HS,
hemorrhagic stroke.
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abnormal in peripheral body fluids of some patients with
neuropsychiatric disorders. We also found disturbances
in lipid metabolism of central nervous system in animal
models of neuropsychiatric disorders [32–34]. Cholesterol
supplementation can increase the levels of total
cholesterol, low-density lipoprotein (LDL) cholesterol,
and high-density lipoprotein (HDL) cholesterol [35,
36], and evidence has shown that a higher cholesterol
concentration is associated with a risk of ischemic
cerebrovascular disease [37, 38]. Higher cholesterol
intake can increase the degree of lipid peroxidation,
which is one of the early stages of atherosclerosis [39–
41]. Additionally, higher cholesterol intake upregulates
the serum concentration of NG-dimethylarginine, which is
thought to contribute to the development of atherosclerosis
[42]. Our stratification results also demonstrated that
higher cholesterol intake increases the stroke risk for
older females and females with a higher BMI. Evidence
shows that clearance of lipemia after intake of fat
deteriorates with age [43]. The BMI is another important
risk factor influencing stroke risk [44–46], and physical

activity has been proven to be efficient in the treatment
of elevated LDL cholesterol levels [47]. However, the
results demonstrated no associations between cholesterol
intake and stroke risk in other subgroups such as stroke
type, sex, stroke risk for females, age, age for females,
follow-up duration, ethnicity, country, study quality, and
caloric intake. In addition, the sensitivity analyses led to
no change in the significance or direction of effect for the
association between cholesterol intake and stroke risk after
applying the leave-one-out method.
We performed a meta-regression analysis to
detect the sources of heterogeneity, but no sources of
heterogeneity were identified. However, the heterogeneity
among studies decreased in both the age and follow-up
duration subgroups while analyzing the associations
between cholesterol intake and stroke risk, which may
partly explain the sources of heterogeneity. The funnel
plot was basically symmetrical by visual inspection, and
Egger’s test demonstrated no publication bias.
This study has several limitations. First, only one
study [20] provided fatal stroke risk data for dietary

Figure 4: Funnel plot for cholesterol intake and stroke risk.
www.oncotarget.com
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cholesterol intake; thus, the fatal stroke risk with respect
to cholesterol intake could not be assessed in this study.
Future studies should be performed to investigate the
associations between fatal stroke risk and cholesterol
intake. Second, the possibility that other factors may have
affected the observed association cannot be excluded.
For instance, based on our results, there seems to be a
positive association between cholesterol intake and risk
of stroke in females aged > 60 years. Women, particularly
of this age group, have reached menopause and thus
have an altered lipoprotein profile because of their low
estrogen concentration. Thus, even if their diet is not high
in cholesterol, they still have a slightly abnormal lipid
profile [48]. Our data should therefore be interpreted
with caution. Dietary potassium, magnesium, fiber, and
protein are factors [49–52] influencing dietary cholesterol
intake and risk of stroke. However, when we confined the
maximum multivariates analysis to the included studies,
there remained no association between dietary cholesterol
intake and stroke risk. Third, this meta-analysis included
both East Asians and non-East Asians. The upper limit
of a normal BMI for Asian populations should be 23 kg/
m2, and the 1997 World Health Organization guidelines
specify that the upper limit of a normal BMI was 25 kg/m2
[53]. Thus, we used a midpoint BMI of 24 kg/m2 to divide
the subgroups and minimize the bias of the observational
results. Fourth, only one study [16] in this meta-analysis
reported the association between dietary cholesterol
intake and stroke risk in males, preventing evaluation of
the pooled RRs of stroke for cholesterol intake in males.
Fifth, familial hypercholesterolemia is an important factor
that contributes to the incidence of stroke [54]. However,
only one study [16] in this meta-analysis reported RRs
with control for hypercholesterolemia at baseline. Future
studies should report RRs for the association between
cholesterol intake and stroke risk with control for this
factor. Sixth, no data regarding changes in the serum lipid
profile (i.e., LDL, VLDL and HDL cholesterol levels)
were available in the studies of this meta-analysis; dietary
cholesterol intake of LDL alone is known to be involved
in the pathogenesis of atherosclerosis and HDL cholesterol
is considered to be cardio protective.
In summary, higher cholesterol intake has no
association with the overall stroke risk. Age and BMI
affect the relationship between dietary cholesterol intake
and stroke risk. However, the association between high
dietary cholesterol intake and stroke risk in males remains
unclear.

combined with (“stroke” OR “cerebrovascular disease”
OR “cerebrovascular disorder” OR “cerebrovascular
accident”). Other potential articles (if any) were identified
by consulting previous reviews and reference lists of
retrieved records.

Inclusion and exclusion criteria
We excluded letters, comments, reviews, metaanalyses, ecological studies, and experimental studies.
Studies were included if they were cohort studies, involved
more than 2,000 participants, studied the effects of specific
levels of cholesterol intake, provided details regarding
cholesterol intake in grams, provided relative risks (RRs)
and 95% confidence intervals (CIs), and reported the risk of
all types of stroke ischemic stroke, hemorrhagic stroke, or
fatal stroke as the outcome of interest. Potentially relevant
studies were independently identified by two investigators
(F.P.C. and W.H.); any discrepancies were resolved by
consensus or consultation with a third author (P.X.). We
used the Newcastle–Ottawa Scale [55] to assess the quality
of the studies in this meta-analysis.

Data extraction
Data were independently extracted by two
investigators (P.F.C. and W.H.), and differences were
resolved by discussion with a third investigator (S.J.B.).
We retrieved relevant epidemiological data; the ﬁrst
author’s name; the publication year; the country of the
study population; the age, sex, and number of participants;
assessment of cholesterol intake; BMI; follow-up duration;
number of stroke events; outcome assessment (fatal or
nonfatal); RRs of stroke and corresponding 95% CIs for
cholesterol intake; and covariates adjusted in the statistical
analysis.

Statistical analysis
The studies included in this meta-analysis reported
cholesterol intake with different measurement units (e.g.,
grams, servings, or tertiles, quartiles, and quintiles), and
because the grams of cholesterol intake varied among
studies, we demarcated a cholesterol intake of > 300 mg
[56] per day as the high category for each study. The
summary RR was combined using the inverse variance
method for this meta-analysis, and the 95% CI was
used to interpret the results. An I2 of 25%, 50%, and
75% represented low, moderate, and high heterogeneity,
respectively. We used a fixed-effects model when I2 <
50%; otherwise, we used a random-effects model to
calculate the pooled RRs of stroke for dietary cholesterol
intake. We retrieved all supplemental files of the included
studies for the RRs of specific stroke types, if available.
Subgroup analyses were conducted based on the
following 14 stratifications: stroke type, sex, stroke risk

MATERIALS AND METHODS
Literature search strategy
We searched PubMed, Medline, Embase, Web
of Knowledge, and Google Scholar without language
restrictions using the following keywords: (“cholesterol”)
www.oncotarget.com
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for females, age, age for females, follow-up duration,
ethnicity, fatal stroke risk, maximum multivariates
(hypertension, diabetes, and smoking adjusted
simultaneously because these 3 factors are closely related
to stroke risk [57–60]), BMI, BMI for females, country,
study quality, and caloric intake. Hypertension, diabetes,
and smoking were not controlled simultaneously in one
study [21], and this study did not explicitly exclude
individuals with diabetes or smoking; therefore, we did
not include this study in the maximum multivariateadjusted analysis. We evaluated the heterogeneity among
the studies with the Q and I2 statistics [61]. The sensitivity
analyses for the association between cholesterol intake and
stroke risk were conducted by applying the leave-one-out
method. Egger’s test was used to check for any particular
publication biases and their magnitude, and a funnel plot
was prepared for visual inspection of symmetry. Data
analyses were conducted with the Stata software package
(version 12.0; StataCorp, College Station, TX, USA)
and Review Manager (RevMan) 5.3 software (version
5.3.5; The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

Chain N-3 Polyunsaturated Fatty Acid Intake and Stroke
Risk: a Meta-Analysis. Sci Rep. 2015; 5:14161. https://doi.
org/10.1038/srep14161.
3. Wang T, Li B, Gu H, Lou Y, Ning X, Wang J, An Z. Effect of
age on long-term outcomes after stroke with atrial fibrillation:
a hospital-based follow-up study in China. Oncotarget. 2017;
8:53684–90. https://doi.org/10.18632/oncotarget.15729.
4. Pan J, Liu H, Zhou J, Liu Z, Yang Y, Peng Y, You H, Yang D,
Xie P. Ipsilateral hippocampal proteomics reveals mitochondrial
antioxidative stress impairment in cortical-lesioned chronic mild
stressed rats. Curr Mol Med. 2014; 14:1186–96. https://doi.org/1
0.2174/1566524014666141021143333.
5. Zhan Y, Yang YT, You HM, Cao D, Liu CY, Zhou CJ, Wang
ZY, Bai SJ, Mu J, Wu B, Zhan QL, Xie P. Plasma-based
proteomics reveals lipid metabolic and immunoregulatory
dysregulation in post-stroke depression. Eur Psychiatry. 2014;
29:307–15. https://doi.org/10.1016/j.eurpsy.2014.03.004.
6. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA,
Connor M, Bennett DA, Moran AE, Sacco RL, Anderson L,
Truelsen T, O’Donnell M, Venketasubramanian N, BarkerCollo S, et al.; Global Burden of Deiseases, Injuries, and
Risk Factors Study 2010 (GBD 2010); GBD Stroke Experts
Group. Global and regional burden of stroke during 1990–
2010: findings from the Global Burden of Disease Study
2010. Lancet. 2014; 383:245–54. https://doi.org/10.1016/
S0140-6736(13)61953-4.
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