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Abstract

Findings from observational studies on the associations between vitamin E intake and stroke risk remain controversial, and the dose—response
relationship between vitamin E intake and risk of stroke remains to be determined. We conducted a meta-analysis of prospective studies
aiming to clarify the relationships between vitamin E intake and risk of stroke. Relevant studies were identified by searching online databases
through to June 2018. We computed summary relative risks (RR) with corresponding 95% CI. Among 3156 articles retrieved from online
databases and relevant bibliographies, nine studies involving 3284 events and 220 371 participants were included in the final analyses. High
dietary vitamin E intake was inversely associated with the risk of overall stroke (RR=0-83, 95 % CI 0-73, 0-94), and with the risk of stroke for
individuals who were followed-up for <10 (RR=0-84, 95% CI 0-72, 0-91). There was a non-linear association between dietary vitamin E intake
and stroke risk (P=0-0249). Omission of any single study did not alter the summary result. In conclusion, this meta-analysis suggests that there
is a significant inverse relationship between dietary vitamin E intake and stroke risk. This meta-analysis provides evidence that a higher dietary
vitamin E intake is associated with a lower stroke risk.
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Stroke is a main cause of death globally and the most common Methods
cause of permanent disability in adults in most regions'. Pri-

. . . . } Literature search and inclusion criteria
mary prevention strategies are required to limit the growing

burden of stroke. A recent meta-analysis study'® of randomised
controlled trials (RCT) suggested that vitamin E supplementa-
tion demonstrated no beneficial effects in prevention of stroke
or its subtypes. However, RCT have tended to have short
duration, and to use high doses. Thus, the effect of long-term
moderate dietary vitamin E intake on the incidence of stroke
needs to be clarified.

Many observational epidemiological studies
examined stroke risk related to dietary vitamin E intake
with a few studies®”'”’ suggesting a protective effect, but
others studies™™® suggest that there is no effect. However,
the results comparing vitamin E with stroke risk have, thus
far, been inconsistent”''7'* . Given these conflicting results,
we conducted this meta-analysis of prospective studies to
clarify the associations between vitamin E intake and risk of
stroke.

GO have

We performed a literature search using PubMed (Medline),
Embase, Scopus, the Cochrane library, Web of Knowledge and
Google Scholar through to June 2018 using keywords related to
vitamin E intake and cerebrovascular diseases. The keywords
were as follows: ‘vitamin E’ or ‘tocopherol’; and ‘stroke’ or
‘cerebrovascular disorders’ or ‘cerebrovascular disease’ or
‘cerebrovascular event’ or ‘cerebrovascular accident’ or ‘intra-
cranial haemorrhage’ or ‘brain haemorrhage’ or ‘transient
ischemic attack’; and ‘diet’ or ‘dietary’ or ‘intake’ or ‘consump-
tion’. Then, we reviewed the references from the retrieved
articles to identify any additional relevant publications. No
language restrictions were imposed.

Study selection

For inclusion, studies had to meet the following criteria:
(1) a prospective cohort study or a nested case—control study;

Abbreviations: RCT, randomised controlled trial; RR, relative risk.
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(2) evaluated the association between dietary vitamin E intake
and stroke risk; (3) the outcome of interest was stroke and (4)
the relative risk (RR) estimates or OR in nested case—control
studies with 95% CI were provided. We excluded RCT, non-
human experimental studies and non-original research (edi-
torials, reviews or commentaries).

Data extraction

The following data were extracted: the first author’s last name,
publication year, study quality, study location, age of partici-
pants, stroke events and outcomes (fatal or non-fatal), number
of participants, assessment of vitamin E intake, length of follow
up duration, sources of vitamin E, RR and the corresponding CI
of stroke for the maximum ». the minimum level, and variables
that were controlled for in the analysis. The literature search
and data extraction were conducted independently by two
authors. Disagreements were resolved by discussion or con-
sultation with a third author.

Assessment of methodological quality

19 1o evaluate

We used the nine-star Newcastle-Ottawa Scale
the quality of the included studies. Studies were graded as high

quality if they achieved a rating of >7 stars.

Main and subgroup analyses

We investigated the association between dietary vitamin E and
cerebrovascular events. We also performed subgroup meta-
analyses for vitamin E intake and stroke risk by type of stroke
(ischaemic ». haemorrhagic), race (Non-East Asians v. East
Asians), sex (female v. male), sources of vitamin E intake (foods
or supplements), number of participants (=20000 v. <20 000),
BMI adjusted (yes v. no).

Statistical analysis

Log RR of the highest compared with the lowest for cohort
studies were weighed by the inverse variance method to obtain
pooled RR, and the OR were deemed equivalent to RR.
Although three studies'*!® provided the RR of stroke from
supplemental vitamin E intake, one of these studies*” did not
provide the available RR and its CI for stroke on the highest
supplemental vitamin E intake. We contacted the authors to
request data, but were unsuccessful in making contact with
them. Thus, we did not include this study"®
analysis of supplemental vitamin E intake and stroke risk.

Between-study heterogeneity was evaluated via the Cochran
O test and P statistic. Heterogeneity was determined with a
significance level of P<0-10 or an F* statistic >50%, and we
observed the presence of significant heterogeneity. A random
effects model was applied when significant heterogeneity was
observed; otherwise, a fixed-effect model was used!”'®. We
also pooled RR if the individual study reported risk estimates
based on stroke subtypes.

We performed a dose-response meta-analysis using the

method developed by Greenland & Longnecker!”

in the meta-

and Orsini

et al*® to estimate the trend from the correlated log RR across
categories of dietary vitamin E intake. The amount of dietary
vitamin E intake, distributions of cases and person years, and RR
and 95 % CI were extracted using this method. The median or
mean dietary vitamin E consumption in each intake category
was used as the corresponding consumption dose. For studies
that provided dietary vitamin intake using intake ranges, we
estimated the midpoint for each category by using the average
of the lower and upper bound. When the highest or lowest
category was open-ended, we considered the bound to be the
same as the closest adjacent category. We estimated a potential
non-linear relationship between dietary vitamin E and stroke
risk, using restricted cubic splines with three knots at percen-
tiles 10, 50 and 90 % of the distribution®”. A P value for non-
linearity was calculated by making the coefficient of the second
spline equal to zero.

We assessed publication bias was assessed using Begg'’s
funnel plot and Egger’s test. If publication bias exists, the Begg’s
funnel plot is asymmetric or the Egger’s test P value is <0-05.
Data analysis was performed using Review Manager 5.3 Soft-
ware (version 5.3.5; The Nordic Cochrane Centre, The
Cochrane Collaboration) and the R 3.2.2 software packages.

Results
Literature search

The initial search identified 3165 potential articles. A flow chart
showing the details of study selection is shown in Fig. 1. Briefly,
nine studies were identified and included in the analysis of the
highest compared with the lowest dietary vitamin E intake and
stroke risk. In all, eight studies®™'® on dietary vitamin E intake,
three studies®!'*'® on supplemental vitamin E intake, and two
(016 on total vitamin E intake were included in the
meta-analysis. In all, five studies were awarded seven stars,

studies

3156 studies identified from database searches

3099 studies excluded after
title/abstract review

|

‘ Fifty-seven potentially relevant studies identified for retrieval

Fifty studies excluded
 Five association not evaluated
* Twelve reviews
* Twenty-five non cerebrovascular
disease studies
¢ Eight animal studies

Two additional studies included
from reference review

Seven prospective or nested case—control
studies on vitamin E

|

Nine studies on dietary vitamin E and stroke risk included in
this meta-analysis

Fig. 1. Flow chart of articles included in this meta-analysis.
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three studies were awarded eight stars, and studies with seven
awarded stars were considered as high quality (online Sup-
plementary Table S1).

Study characteristics

Table 1 shows the characteristics of the nine studies on vitamin E
intake. These studies had a total of 220371 non-overlapping
participants and 3284 stroke events. In the studies that reported
age, the mean age of the participants ranged from 40 to 99
years. The year of publication of the included studies ranged
between 1996 and 2012, spanning 16 years. In all, two
studies'®'® were conducted in the USA, two™ in Nether-
lands, two™” in Finland, one® in Italy, one® in China and
one'® in Japan. A total of four studies included males only, four
studies included both males and females, one study included
females only and the remaining one included a separate result
for males or females. The follow-up duration ranged between
6-1 and 16-5 years.

Vitamin E intake and stroke risk

A total of eight studies®™”

ary vitamin E intake with the risk of overall stroke. The sum-
mary RR for the high compared with low dietary vitamin E
intake was 0-83 (95 % CI 0-73, 0-94) (Fig. 2). The effect of total
vitamin E intake on stroke risk was reported in two stu-
dies"%1® and the summary RR for the high-v.-low vitamin E
intake was 1-13 (95 % CI 0-84, 1-51), with low heterogeneity (P
heterogeneity = 0-314, F=1-2%). In all, three studies 1019
including 770 stroke patients reported results for supplemental
vitamin E intake. However, only two studies®1® provided the
available RR for supplemental vitamin E intake and stroke risk.
The summary RR for the high-v.-low intake was 1-10 (95 % CI
0-85, 1-44), with no heterogeneity (P heterogeneity =0-74,
F=00%).

examined the association of diet-

Dose-response meta-analysis

In all, six studies® %19 were included in the dose—response

analysis, with a total of 2837 events among 180 231 participants.
We found evidence of a non-linear association for dietary
vitamin E intake (P=0-0249 for non-linearity) with risk of stroke
(online Supplementary Fig. S1).

Subgroup and sensitivity analyses for vitamin E intake

The subgroup analysis showed that dietary vitamin E intake was
associated with reduced risk of stroke for mixed stroke types
(RR=0-80; 95% CI 0-66, 0-97), for Non-East Asians (RR=0-82;
95% CI 0-70, 0-95), females (RR=0-58; 95% CI 0-34, 0-99),
>20000 participants in the cohort (RR=0-84; 95% CI 0-73,
0-96), BMI adjusted (RR=0-83; 95% CI 0-73, 0-95), and <10
follow-up years (RR=0-84; 95% CI 0-72, 0-91) (Fig. 3). How-
ever, dietary vitamin E intake was not significantly associated
with the risk of haemorrhagic stroke (RR=1-05; 95% CI 0-49,
2:28). In addition, dietary vitamin E intake was not associated
with stroke risk for East Asians (RR=0-84; 95% CI 0-68, 1-04),

males (RR=0-87; 95 % CI 0-75, 1-02), <20 000 participants in the
cohort (RR=0-79; 95% CI 0-61, 1-03), BMI non-adjusted (RR=0-78;
95% CI 0-52, 1-17), and >10 years follow-up (RR=0-79; 95%
CI 0-53, 1-18; Fig. 2). In addition, omitting any single study did
not remarkably alter the summary risk estimates (RR ranged
between 0-80 and 0-84; Table 2).

Meta-regression

We used meta-regression analysis to explore the potential
sources of heterogeneity. However, stroke type, race, sex,
participants, stroke events, BMI, publication year, or years of
follow-up was not determined to be the source of heterogeneity
in the meta-regression analyses.

Publication bias

The funnel plot was basically symmetrical, and there was no
evidence of publication bias using Egger’s test (P Egger’'s =0-843)
(online Supplementary Fig. S2).

Discussion

Our meta-analysis supports an inverse association between
dietary vitamin E and stroke risk. Compared with individuals
who have less dietary vitamin E intake, those with high dietary
vitamin E intake have 17 % reduction in the risk of stroke. Total
or supplemental vitamin E intake was not significantly related
to a reduced risk of stroke. As a lipid soluble antioxidant,
vitamin E demonstrates its ability to inhibit lipid peroxidation
via scavenging reactive oxygen species and to preserve cell
membranes®?. In addition, some evidence shows that vitamin E
can improve atherosclerotic plaque stability and vasomotor
function, and inhibit platelet aggregation and thrombus
formation®2?,

The role of dietary vitamin E intake in stroke prevention was
found to be inconsistent in the previous studies. Results from
four prospective studies™>”® agree that vitamin E has no
overall effect on the prevention of stroke or its subtypes
(ischaemic or haemorrhagic stroke). Several lines of evidence
show that dietary vitamin E may have a protective effect against
stroke mortality in postmenopausal women'”
mic smoke in male smokers®, while another prospective study
suggests that a high vitamin E intake may be positively asso-
ciated with the risk of haemorrhagic stroke™.

The subgroup results reveal that dietary vitamin E tends to be
beneficial in prevention of stroke for Non-East Asians (six
cohorts) but not for East-Asians (two cohorts), and a possible
explanation is that vitamin E intake (39-45mg/d) in the China
cohort is higher than the amount in all the remaining studies,
while vitamin E intake (6-4mg/d for females and 6-6 mg/d for
males) in the Japan cohort is lower than the amount in all the
remaining studies. Conversely, the vitamin E intake (from 10-96
to 24mg/d) tends to be beneficial in preventing stroke among
the remaining cohorts. The dietary vitamin E intake ranges from
6-4 to 39-45 mg/d. It is of interest that the online Supplementary
Fig. S1 shows a ‘break in the downward slope’ associated with

, and on ischae-
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Table 1. Characteristics of the included prospective studies on vitamin E intake and stroke risk 5
(Relative risks (RR) and 95 % confidence intervals) [
Quality score Average
First author (0-9, 9is Age range Vitamin E intake follow-up 95 % ClI, high
(year) best) Location (years) Stroke events Participants assessment (years) Sources RR V. low Maximum adjustment
Keli (1996) 8 Netherlands 40-59 42 TS (fatal + non- 552 M Cross-check 15 Foods 1.64 0-54, 4.97 Age, SBP, serum cholesterol,
fatal) dietary history smoking, intakes of fish,
alcohol and energy
Ross 7 China 45-64 245 TS (fatal) 18244 M FFQ 8 Foods 0-8 06, 1-2 BMI, education, marital
(1997) status, smoking, alcohol
and hypertension
Ascherio 8 USA 40-75 328 TS, 210 1S, 70 43738 M FFQ 8 Total TS:1.25 TS:0-88, 1.78 Age, calendar time, smoking,
(1999) HS (fatal + non- I1S: 1.18 1S: 0-77, 1.82 energy, alcohol,
fatal) HS: 1.31  HS: 062, 2.76 hypertension, parental
Supplements TS: 1-13  TS: 0-84, 1.52 history of MI, profession,
IS: 1-16 1S: 0-81, 1-67 BMI and physical activity
HS: 103 HS: 0-52, 2-03
Hirvonen 8 Finland 50-69 736 1S, 95 ICH, 83 26593 M FFQ 6-1 Foods I1S: 0-86 I1S: 0-70, 1.06  Age, supplementation group,
(2000) SAH (fatal + non- SAH: 0-81 SAH: 0-44, SBP, DBP, serum total
fatal) 1-50 cholesterol and HDL-
ICH: 0-64 ICH: 0-36, 1-15 cholesterol, BMI, height,
smoking, history of
diabetes or CHD, alcohol
intake and education v
Yochum 9 USA 55-69 215 TS (fatal) 34492 F FFQ 11 Total 091 0-55, 1-52 Age, BMI, waist:hip ratio, 9
(2000) Foods 0-40 0-20, 0-80 hypertension, diabetes, a
Supplements  1-21 0-38, 1-19 estrogen replacement 0
therapy, education, marital &
status, smoking, physical _&
activity, intakes of total
energy, cholesterol,
alcohol, saturated fat, fish,
vitamin E, carotenoids,
dietary fibre and whole
grains
Voké 8 Netherlands 67-6 227 1S (fatal + non- 5197 mixed FFQ 6-4 Foods 0.72 042, 1.25 Age, sex, total energy intake,
(2003) fatal) M and F Supplements 1-01 0-56, 1-83 smoking, hypertension,
diabetes mellitus, history
of CHD, transient
ischaemic attacks, and, in
case of vitamin E, PUFA
intake
Marniemi 8 Finland 65-99 70 TS (fatal + non- 755 mixed M FFQ 10 Foods 0-663 0-32, 1-37 Age, sex, smoking, functional
(2005) fatal) and F capacity and weight-
adjusted energy intake
Del Rio 8 Italy 44-61 194 TS, 112 1S, 48 41620 FFQ 79 Foods TS:1.08 TS:0-68, 1-72 Age, center, sex,
(2011) HS (fatal + non- mixed M IS: 0-76 IS: 0-40, 1-42 hypertension, smoking,
fatal) and F HS:2.94 HS: 1.13, 7.62 education, energy intake,

alcohol, waist
circumference, obesity
and physical activity.
Participants being treated
for hyperlipidaemia or
diabetes were excluded
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Table 1. Continued

Average

Quality score

First author (0-9, 9 is

95% Cl, high

V. low

follow-up
(years)

Vitamin E intake

Participants assessment

Age range

Maximum adjustment

RR

Sources

Stroke events

Location (years)

best)

(vear)

Age, hypertension, diabetes,

0-78, 1-85

M: 1-20
F: 0-71

Foods

165

FFQ

1227 TS (fatal) 58730 M

40-79

Japan

9

Kubota

smoking, BMI, mental

0-50, 1-00

and F

(2011)

stress, walking, sports,

education, intakes of total

energy, alcohol,

cholesterol, SFA, n-3 fatty

acids and Na

TS, total stroke; M, males; SBP, systolic blood pressure; IS, ischaemic stroke; HS, haemorrhagic stroke; MI, myocardial infarction; ICH, intracerebral haemorrhagic; SAH, subarachnoid haemorrhagic; DBP, diastolic blood pressure;
F, females.
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approximately 15mg/d, this is the same value as the recom-
mended intake in the USA®. Thus, based on this evidence and
the results of our meta-analysis, dietary vitamin E intake
between 15 and 39-45mg/d appears to be beneficial in pre-
vention of stroke. The proportion of participants in the popu-
lation who eat insufficient vitamin E is approximately 75 %.
Although nine studies involving 3284 events and 220371 par-
ticipants were included in the final analyses, the statistical
power was still limited. Therefore, the recommended daily
allowances for vitamin E in prevention of stroke needs to be
further addressed.

Dietary vitamin E tends to be beneficial in the prevention of
stroke for females but not for males. However, the biological
mechanisms are not clear. When the analysis was performed in
cohorts with a larger number of participants (>20000), the
beneficial effect of vitamin E persisted. BMI is a factor affecting
the incidence of stroke®*?”, and when the analysis was
adjusted for this confounder, the beneficial effects of dietary
vitamin E persisted. Based on our results, dietary vitamin E
intake is associated with a reduced risk of stroke for follow-up
<10 years but not for follow-up >10 years. Thus, there may be
an optimal time window for dietary vitamin E intake in the
prevention of stroke, this may be explained by the incon-
sistencies of a wider range for studies with follow-up >10 years
(range, 10-16-5 years) compared with studies with follow-up
<10 years (range, 6-1-8 years). There was low heterogeneity
(17 %) between the included studies. However, the sources of
heterogeneity could not be determined using meta-regression
analyses and subgroup meta-analyses.

Our findings, however, are inconsistent with those of the pre-
vious meta-analysis® of RCT, which suggested that vitamins E
intake is not associated with stroke risk. In addition, the use of
vitamin E supplements in RCT should not be considered to be
equivalent to the intake of olive oils, nuts and vegetables in
prospective cohort studies, because these contain various other
nutrients. For example, olive oil is rich in MUFA, which is
inversely associated with haemorrhagic stroke®®. Nuts have a
low SFA content (4-16%) and high MUFA content, as well as a
variable amount of PUFA, such as linolenic acid®”, which is
inversely associated with ischaemic stroke, possibly through
potential mechanisms of decreased blood pressure, reduced
platelet aggregation, and enhanced deformability of erythrocyte
cells®”. Vegetables are rich sources of K and antioxidants (such
as vitamin C), which are significantly associated with lower rates
of stroke®*?. Based on the included studies, the main dietary
sources of vitamin E are derived from consumption of fruits, nuts,
vegetable oils, and vegetables, and the proportion of vitamin E in
each food varies. Therefore, our results suggest that the bene-
ficial effects of vitamin E on the risk of stroke might be obtained
from a combination of a higher proportion of vitamin E and a
specific proportion of other dietary components.

There are several limitations in the current study. First, het-
erogeneity is present among the included studies, but the meta-
regression analyses did not reveal any source of heterogeneity.
Second, the included studies used both the cross-check dietary
history method and the FFQ to assess dietary vitamin E intake,
and thus, the estimated consumption of vitamin E might not be
accurate. However, vitamin E intake was cross checked or
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Study ID RR  95%Cl Weight (%)
:

Keli (1996) : +- 1-64 0-54, 4-97 1-28

Ross (1997) ——OI——— 0-80 0-60, 1-20 13-08

Hirvonen (2000) (Cl) —_— 0-86 0:70, 1-06 36-49

Hirvonen (2000) (SH) A.: 081 0-44,1:50 418

Hirvonen (2000) (IH) . : 064 0-36,1-15 466

Yochum (2000) ra - E 040 0-20,0-80 327
i

Voko (2003) —4—%—— 072 042,125 5-28

Marniemi (2003) + E 0-66 0-32,1-37 2:97

Del Rio (2011) —i-’— 1-08 0-68,1-72 7-30
'

Kubota (2011) (M) -i——o— 120 078,185 8-42

Kubota (2011) (F) —o—i— 071 050, 1-00 1308

Overall 12:17'3%, P=0-279) @ 0-83 073,094 100-00
X
|

L X I
0-2 1 5

Fig. 2. Meta-analysis of dietary vitamin E intake and risk of stroke. Cl, cerebral infarction; SH, subarachnoid haemorrhage; IH, intracerebral haemorrhage; M, males;

F, females.

Study ID

RR 95%Cl Weight (%)

Follow years 210

.
I
Keli (1996) : - 1-64 0-54,4.97 174
Yochum (2000) ¢ * E 0-40 0-20, 0-80 4.25
Marniemi (2003) - 0-66 0-32,1-37 3-89
Kubota (2011) (M) -5——4— 1-20 078, 1-85 9.75
Kubota (2011) (F) —_— 0-71 050, 1-00 1377
Subtotal (/2=58-2%, P=0-049) <: 079 0-53,1-18 33-39
|
Follow years <10 E
Ross (1997) — 0-80 0-60, 1-20 1377
Hirvonen (2000) (Cl) — 0-86 070, 1-06 26-48
Hirvonen (2000) (SH) -~ 0-81 0-44,1-50 5-31
Hirvonen (2000) (IH) — 0-64 0-36,1-15 5-86
Voko (2003) —_— ] 0-72 0-42,1-25 655
Del Rio (2011) _ 1:08 0-68, 1-72 8-65
Subtotal (/2=0-0%, P=0-789) <:> 0-84 072,097 66-61
.
|
Overall (12=17-3%, P=0-279) <> 0-82 071,0-95 100-00
|
L : I
0-2 5

Fig. 3. Meta-analysis of vitamin E intake and stroke risk for follow-up years subgroups. M, males; F, females; Cl, cerebral infarction; SH, subarachnoid haemorrhage;

IH, intracerebral haemorrhage.

validated in most of the included studies. Moreover, although
observational studies adjusted for several confounders, residual
confounding is still an issue, and confounding factors in each
study may not be consistent. However, adjustment for major

confounding factors should reduce the potential bias. Third, the
results of subgroup analyses may not be robust because of the
limited number of studies included. Finally, most of the studies
were from America and Europe, and few studies were
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Table 2. Subgroup analyses of dietary vitamin E intake and stroke, high v. low intake

(Relative risks (RR) and 95 % confidence intervals)

Outcome Studies RR 95% Cl P for heterogeneity P for heterogeneity
Total stroke 8 0-83 073, 0-94 173 0-279
Stroke type

Ischaemic 3 0-83 0-69, 1-00 0 0-800

Haemorrhagic 2 1.05 0-49, 2.28 72-8 0-025*

Mixed 5 0-80 0-66, 0-97 477 0-089
Race

Non-East Asians 6 0-82 0-70, 0-95 170 0-296

East Asians 2 0-84 0-68, 1-04 44.4 0-165
Sex

Female 2 0-58 0-34, 0-99 52-5 0-147

Male 4 0-87 0-75, 1-02 0 0-448
BMl-adjusted

Yes 5 0-83 0-73, 0-95 30-1 0-188

No 3 078 0-52, 1-17 0-4 0-366
Participants

>20000 4 0-84 0-73, 0-96 397 0127

<20000 4 079 0-61, 1-03 0 0-569
Follow years

>10 4 079 0-53, 1-18 582 0-049*

<10 4 0-84 0-72, 0-97 0 0-789

* P<0-05, statistical difference.

conducted in East Asia. Therefore, more studies need to be
included from other parts of the world such as Asia.

In conclusion, this meta-analysis provides evidence that a
higher dietary vitamin E intake is associated with a reduced risk
of stroke.
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