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Background and Objectives: Vegetarian and prudent diets are associated with several health benefits but their 
role in stroke epidemiology is not as clear. This study aimed to evaluate stroke risk with vegetarian, low-animal, 
and high-animal diets. Methods and Study Design: Studies reporting stroke risk with high versus low use of 
vegetarian or low/high-animal diets were identified by conducting literature search in Ebsco, Ovid, PubMed, Sci-
ence Direct, and Web of Science databases. Relative risks (RRs) of stroke between high and low use of vegetari-
an, low-animal, and high-animal were pooled to achieve overall estimates. Relationship between stroke risk and 
increasing quantiles of dietary patterns was sought by performing metaregression analyses. Results: 17 studies 
(932545 individuals; follow-up 11.7 years [95% confidence interval (CI): 9.5, 13.9]) were included. Compared to 
low use, high use of vegetarian and low-animal diets was associated with lower risk of hemorrhagic stroke (RR: 
0.71 [95% CI: 0.47, 0.96] and 0.82 [95% CI: 0.64, 0.99]), ischemic stroke (RR: 0.78 [95% CI: 0.66, 0.91] and 
0.70 [95% CI: 0.45, 0.95]) and total stroke (RR: 0.84 [95% CI: 0.71, 0.96] and 0.72 [95% CI: 0.61, 0.83]) respec-
tively. Dose-response analyses further supported these findings. High use of high-animal diet was associated with 
relatively higher risk of stroke [RR: 1.12 [95%CI: 0.94, 1.29]. In vegetarians, relative to high use of vegetables, 
high use of fruits posed lower risk of stroke. Conclusions: Stroke risk is lower with more use of a vegetarian or 
low-animal diet but relatively higher with more use of a high-animal diet. 
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INTRODUCTION 
Human dietary patterns without meat are called vegetari-
an diets. These can be vegan (a diet totally based on 
plants), lacto-vegetarian, ovo-vegetarians, or lacto-ovo-
vegetarian (a plant-based diet with dairy products and/or 
eggs).1 Among the low-animal (prudent) diets, the most 
prominent is the Mediterranean diet which is character-
ized by high use of vegetables, legumes, fruit, nuts, and 
cereals; a moderate intake of fish, poultry, and wine; low 
use of dairy products, red meat, and sweets; and olive oil 
as the main lipidic source.2 Because of the environmental 
concerns of farming and animal welfare, vegetarian and 
prudent diets are increasingly being consumed and advo-
cated.3 Commonly used foods vary widely in carbon di-
oxide and methane production. Plant-based foods con-
tribute to these greenhouse gasses much lower than ani-
mal-based foods.4  

The health benefits of vegetarian and low animal diets 
are well-reported. Many meta-analyses have found an 
inverse association between the vegetarian diet and diabe-
tes,5,6 blood pressure,7 cardiovascular diseases,8,9 frac-
tures,10 and cancer.11-13 Prudent diets are also found to be 
associated with the reduced risk of several conditions  

 
 
including metabolic syndrome,14 cardiovascular diseas-
es,15 dementia,16 and cancer,17 whereas the consumption 
of more meat in the diet is reported to be associated with 
chronic diseases including diabetes,18 cardiovascular dis-
eases,19,20 and cancer.21 A meta-analysis of 6 prospective 
studies (329495 individuals with 10630 stroke cases) 
found that the consumption of red meat (fresh or pro-
cessed) was associated with an increased risk of ischemic 
but not hemorrhagic stroke.22 The data are however in-
conclusive regarding the association of vegetarian and 
low-animal diets with stroke risk.  
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A large prospective cohort study of over 480000 partic-
ipants who were followed for 18 years examined the 
stroke risk in meat eaters, fish eaters, vegetarians, and 
vegans and found higher risks of hemorrhagic and total 
stroke in vegetarians in comparison with meat-eaters.23 
Another epidemiological study found that high animal fat 
and cholesterol consumption were associated with a re-
duced risk of death from ischemic stroke.24 A prospective 
cohort study of over 40000 individuals reported that daily 
use of green-yellow vegetables and fruits lowered the risk 
of mortality due to total, hemorrhagic or ischemic 
stroke.25 This scenario necessitated a systematic review of 
this area.  

In the literature, there is no review article to report the 
pooled risk of stroke with high versus low use of vegetar-
ian or low-animal diet. A need for the synthesis of the 
outcomes of epidemiological studies stems from the in-
consistencies and variabilities in the reported outcomes of 
these studies. The present study aimed to evaluate the risk 
of stroke with vegetarian and low-animal, and high-
animal diets by conducting a literature survey for the 
identification of all relevant studies and to perform meta-
analyses of relative risks (RRs) of stroke between the 
high and low use of a dietary pattern in order to gain re-
fined evidence of the stroke risk modification associated 
with vegetarian, low-animal and high-animal diet in the 
general population. 
 
METHODS 
Inclusion and exclusion criteria 
For inclusion in the meta-analysis a study had to have a) 
prospective longitudinal cohort design; b) recruited indi-
viduals from the general population; c) a follow-up of at 
least 3 years; d) evaluated the risk of stroke incidence or 
mortality with the vegetarian, low-animal, or high-animal 
dietary pattern; and e) reported risk indices (hazard ratio 
or risk ratio) of stroke incidence or mortality between 
high versus low intake of a dietary pattern. Studies were 
excluded if they: a) evaluated the risk of stroke with a 
specific food or nutrient rather than a dietary pattern; b) 
evaluated stroke risk with whole versus refined food; c) 
carried out a direct comparison between dietary patterns 
but not the risk assessment with high vs low intake of 
dietary patterns; and d) case-control studies. For the pre-
sent study, the outcomes of interest were the RRs of 
stroke (hemorrhagic, ischemic, or total) incidence or mor-
tality between the highest quantile versus the lowest 
quantile of vegetarian, low-animal, or high-animal diet.  

 
Literature search 
For data acquisition, a comprehensive literature search 
was conducted in Ebsco, Ovid, PubMed, Science Direct 
and Web of Science databases using following key terms: 
‘diet’, ‘dietary pattern’, ‘vegetarian’, ‘plant-based’, ‘low-
animal’, ‘prudent’, ‘vegetables’, ‘fruits’, ‘stroke’, ‘hemor-
rhagic’, ‘ischemic’, ‘cerebrovascular disease’, ‘epidemio-
logical study’, ’survey’, ‘longitudinal’ and ‘follow-up’. 
Additional searches included the screening of biblio-
graphic sections of important research articles and data-
base software corroborations. The search encompassed 
research articles published in the English language with-
out the restriction of publication period. 

Data analyses 
Data extraction and quality assessment of the included 
studies were performed by 2 reviewers independently and 
then outputs were unified. A third reviewer was also in-
volved in the process when necessary. The Newcastle-
Ottawa Scale was used for the assessment of the quality 
of included studies. Publication bias assessment was per-
formed with Begg’s rank correlation test. 

Random effects meta-analyses were performed with 
Stata software (Stata Corporation, College Station, Texas, 
USA) by pooling the RRs reported by the individual stud-
ies to generate weighted RRs using the DerSimonian-
Laird method. The point estimates (hazard or risk ratios) 
were pooled interchangeably based on the following ob-
servations: a) statistical procedures of included studies for 
these point estimates involved either Cox proportional 
hazard model (15 studies), logistic regression (1 study) or 
Poisson regression (1 study); and b) that the incidence of 
stroke was relatively infrequent in these cohorts. Only 
multivariate RRs adjusted for several variables including 
age, BMI, sex, smoking status, education, energy intake, 
alcohol consumption, physical activity, marital status, 
nutritional supplements, history of diabetes mellitus, can-
cer and heart disease, hypertension, and hypercholesterol-
emia were used for the meta-analyses. To seek the rela-
tionship between the risk of stroke and ascending number 
of quantiles of dietary patterns, metaregression was per-
formed using the restricted maximum likelihood method 
with Stata software. A p-value of <0.05 was considered to 
show a significant relationship. 
 
RESULTS 
Seventeen prospective longitudinal cohort studies 25-41 
of 932545 participants who were followed for 11.7 years 
[95% confidence interval (CI): 9.5, 13.9] were included 
(Figure 1). These studies were of high quality. An as-
sessment with the Newcastle-Ottawa Scale is presented in 
Supplementary Table 1. There was no significant publica-
tion bias according to Begg’s test (Adjusted Kendall's 
score: 8±22.2; p=0.719; Supplementary Figure 1). Im-
portant characteristics of the included studies are given in 
Supplementary Table 2.  

In comparison with low use, the high use of vegetarian 
diet was associated with a lower risk of hemorrhagic 
stroke (RR: 0.71 [95% CI: 0.47, 0.96]), ischemic stroke 
(RR: 0.78 [95% CI: 0.66, 0.91]), and total stroke (RR: 
0.84 [95% CI: 0.71, 0.96]). Compared to low use, the 
high use of low-animal diet was also associated with a 
lower risk of hemorrhagic stroke (RR: 0.82 [95% CI: 0.64, 
0.99]), ischemic stroke (0.70 [95% CI: 0.45, 0.95]), and 
total stroke (RR: 0.72 [95% CI: 0.61, 0.83]). Sensitivity 
analyses endorsed these outcomes. The risk of mortality 
from stroke was also less with high use of vegetarian/low-
animal diet in comparison with the low use (Supplemen-
tary Figure 2). In comparison with low use, the high use 
of a high-animal diet was associated with a relatively 
higher risk of total stroke (RR: 1.12 [95% CI: 0.94, 1.29]) 
(Figure 2). In sensitivity analyses, the RR deviated from 
1.05 [95% CI: 0.91, 1.18] to 1.18 [95% CI: 0.95, 1.41].  

A statistically significant inverse relationship was ob-
served between the risk of any stroke (hemorrhag-
ic/ischemic/total) and increasing quantiles of a vegetarian 



424                                                                  Dietary patterns and stroke risk 

diet (metaregression coefficient (MC): −0.080 [−0.098, 
−0.061]; p<0.0001) or low-animal diet (MC: −0.074 
[−0.095, −0.053]; p<0.0001). On the other hand, there 
was no statistically significant relationship between the 
risk of any stroke and the increasing quantiles of high-
animal diet (MC: 0.014 [95% CI: −0.021, 0.049]; 
p=0.425) (Figure 3a-c). 

Within the vegetarian group, the risk of hemorrhagic 
stroke was relatively lower with high use of fruits (RR 
0.61 [95% CI: 0.49, 0.73]) than with high use of vegeta-
bles (RR 0.99 [95% CI: 0.79 1.18]). The risk of ischemic 
stroke was also lower with high fruit use (RR 0.72 [95% 
CI: 0.64, 0.81]) than with high use of vegetables (0.80 
[95% CI: 0.63, 0.96]). Total stroke risk was lower with 
high fruit use (0.72 [95% CI: 0.64, 0.81]) than with high 
vegetable consumption (RR 0.88 [95% CI: 0.72, 1.04]) 
(Figure 4). Sensitivity analyses endorsed these outcomes. 
 
DISCUSSION 
We have found that the higher use of vegetarian or low-
animal diet poses lower risk of ischemic, hemorrhagic, or 

total stroke in a dose-dependent fashion whereas the 
higher use of a high-animal diet was associated with a 
relatively higher risk of total stroke. The stroke mortality 
risk was also lower with high use of a vegetarian or low-
animal diet. Among vegetarians, the use of higher 
amounts of fruits was associated with a lower risk of 
stroke than with high use of vegetables.  

A previous meta-analysis found that high adherence to 
the Mediterranean diet was associated with a lower risk of 
stroke (RR 0.71 [95% CI: 0.57, 0.89]).42 On the other 
hand, a meta-analysis of 6 prospective studies (329495 
individuals; 10630 stroke cases) found that the consump-
tion of red meat (fresh or processed) was associated with 
an increased risk of ischemic but not hemorrhagic 
stroke.22 Another meta-analysis also found a higher risk 
of stroke with high meat consumption.43 A review that 
combined data from 5 prospective studies (Adventist 
Mortality, Health Food Shoppers, Adventist Health, Hei-
delberg, and Oxford Vegetarian) found that mortality 
from ischemic heart disease was 20% lower in occasional 
meat eaters, 34% lower in fish-eaters, 34% lower in lacto-

 
 
Figure 1. A flowchart of literature search output, study screening and selection process. 
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ovo-vegetarians, and 26% lower in vegans in comparison 
with regular meat-eaters. In this study, the stroke risk was 
7% less in vegetarians than in non-vegetarians.44 A re-
cently published report of a large epidemiological study 
with 416104 participants followed for over 16 years re-
vealed lower stroke mortality risk with higher plant pro-
tein intake (HR: 0.70 [95% CI: 0.57, 0.89]). Moreover, 
the authors found a 10% increased risk of stroke mortality 
if 3% of protein intake was substituted with animal pro-
teins.45 Another epidemiological study of 2 Taiwanese 
cohorts (13352 individuals) also found that vegetarians 
were at lower risk of stroke than non-vegetarians.46 

There is a predominance of studies to find a stroke 
risk-reducing role of vegetarian and low-animal diets. 
However, contradictions do exist. In a large prospective 
cohort study, the EPIC-Oxford study, in which over 
480000 participants were followed for 18 years, a higher 
risk of hemorrhagic stroke was found with the vegetarian 
diet in a comparison with high-animal diet (hazard ratio: 
1.48 [95% CI: 1.11, 1.97]). Vegetarians in this study were 

found deficient in nutrients like vitamin B12, vitamin D, 
and some important amino acids and fatty acids.23 Cai et 
al also found a higher risk of stroke with high use of veg-
etables and a lower risk of stroke with high use of meat.27 

Another study reported a higher risk of stroke mortality 
with the high intake of vegetal proteins and fats, although 
these outcomes were not linear across the quantiles of 
dietary intake. In this study, the risk of stroke mortality 
was lower with a higher intake of animal fats and proteins. 
However, in this population, only about 20% of energy 
was derived from animal sources in the high-animal diet 
group.24 

Generally, it appears that whereas high meat consump-
tion is associated with ischemic stroke, it is not associated 
with hemorrhagic stroke.22,43,47 The reason for this associ-
ation may be attributed to the lipid profiles associated 
with meat consumption. Meat eaters usually have higher 
levels of total cholesterol and non-high-density lipopro-
tein cholesterol.48 A meta-analysis of 23 prospective stud-
ies (1430141 participants with 7960 hemorrhagic stroke 

 
 
Figure 2. A forest graph showing the pooled risk ratios of stroke incidence between high vs low use of dietary patterns. DASH: dietary 
approach to stop hypertension; HEI: Healthy Eating Index; GMI: Greek Mediterranean Index; Italian Mediterranean Index; Proc.: pro-
cessed; veg.: vegetables. 
 

 



426                                                                  Dietary patterns and stroke risk 

cases) found in a high versus low comparison that total 
cholesterol and low-density lipoprotein (LDL)-cholesterol 
levels were inversely associated with hemorrhagic stroke 
risk.49 However, in vegetarians, especially vegans, total 
cholesterol and LDL-cholesterol levels are usually found 
nearest to the healthy range.48 This may explain the ab-
sence of an increased risk of hemorrhagic stroke observed 
in the present meta-analysis.  

Research on the effects of diet on adverse health out-
comes is usually affected by the controls and confounders. 
It is suggested that a healthy diet and lifestyle can reduce 
the human, social and economic burden of cardiovascular 
and cerebrovascular diseases.50,51 Healthy dietary habits 
are usually conjoined with many other positive behaviors, 
thereby confounding the effects of each other.52 In a case-
control study of over 13000 stroke cases from 32 coun-
tries, reduction in stroke risk was associated with the use 
of vegetables and fruits along with the adherence to rec-
ommended physical activity.53 Pannizza et al54 who ex-
amined the association between the Healthy Eating Index-
2015 (HEI-2015) and CVD, cancer, and all-cause mortali-
ty in a multiethnic cohort of over 215000 individuals 
found that the higher HEI-2015 scores were associated 
with reduced all-cause mortality and the risk of mortality 
due to CVD and cancer. They suggested that increasing 
the intake of fruits and vegetables, whole grains, mono-
unsaturated and polyunsaturated fatty acids while reduc-
ing the use of refined grains, sodium, and saturated fats 
can improve healthy survival.      

The outcomes of the present study have public health 
implications. Stroke is a major public health problem to 
cause mortality and disability. Any preventive measure 
that can be taken to reduce the burden of the disease will 
benefit society as well as healthcare. Plant-based and pru-
dent diets have proven benefits in reducing the incidence 
of cardiovascular and cerebrovascular diseases whereas 
higher intake of meat is found to be associated with an 
increased risk of several diseases. Because the consump-
tion of plant-based diets is also associated with reduced 
risks of several other conditions including diabetes, and 
cancer, these have the potential for preventing or reducing 
comorbidities. Additionally, the use of plant-based diets 
can also help in mitigating climate change-related health 
risks and can benefit efforts devoted to tackling climate 
change.  

In this meta-analysis of 17 prospective epidemiological 
studies with over 930000 participants who were followed 
for approximately 12 years, stroke risk was lower with 
high use of vegetarian and low-animal diets but was rela-
tively higher with high use of high-animal diet. Higher 
use of fruits was found to pose a lower risk of stroke than 
with higher use of vegetables. Thus, the use of vegetarian 
and low-animal diets, especially fruit-rich diets appear to 
confer benefits in stroke prevention. 
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Figure 3. A forest graph showing the pooled risk ratios of stroke incidence between high vs low use of dietary patterns. DASH: dietary 
approach to stop hypertension. 
 

 



                                                          Y Liu, L Zhu, D Li, L Wang, H Tang and C Zhang                                               427                                                 

REFERENCES 
1. McEvoy CT, Temple N, Woodside JV. Vegetarian diets, 

low-meat diets and health: a review. Public Health Nutr. 
2012;15:2287-94. doi: 10.1017/s1368980012000936. 

2. Castro-Quezada I, Román-Viñas B, Serra-Majem L. The 
Mediterranean diet and nutritional adequacy: a review. 
Nutrients. 2014;6:231-48. doi: 10.3390/nu6010231. 

3. Koneswaran G, Nierenberg D. Global farm animal 
production and global warming: impacting and mitigating 
climate change. Environ Health Perspect. 2008;116:578-82. 
doi: 10.1289/ehp.11034. 

4. Carlsson-Kanyama A, González AD. Potential contributions 
of food consumption patterns to climate change. Am J Clin 
Nutr. 2009;89:1704s-9s. doi: 10.3945/ajcn.2009.26736AA. 

5. Carter P, Gray LJ, Troughton J, Khunti K, Davies MJ. Fruit 
and vegetable intake and incidence of type 2 diabetes 
mellitus: systematic review and meta-analysis. BMJ. 2010; 
341:c4229. doi: 10.1136/bmj.c4229. 

6. Lee Y, Park K. Adherence to a vegetarian diet and diabetes 
risk: A systematic review and meta-analysis of observational 
studies. Nutrients. 2017;9:603. doi: 10.3390/nu9060603. 

7. Yokoyama Y, Nishimura K, Barnard ND, Takegami M, 
Watanabe M, Sekikawa A, Okamura T, Miyamoto Y. 
Vegetarian diets and blood pressure: a meta-analysis. JAMA 
Intern Med. 2014;174:577-87. doi:  10.1001/jamainternmed. 
2013.14547. 

8. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, 
Norat T, Greenwood DC, Riboli E, Vatten LJ, Tonstad S. 
Fruit and vegetable intake and the risk of cardiovascular 
disease, total cancer and all-cause mortality-a systematic 
review and dose-response meta-analysis of prospective 
studies. Int J Epidemiol. 2017;46:1029-56. doi: 10.1093/ije/ 
dyw319. 

9. Zurbau A, Au-Yeung F, Blanco Mejia S, Khan TA, Vuksan 
V, Jovanovski E, Leiter LA, Kendall CWC, Jenkins DJA, 
Sievenpiper J. Relation of different fruit and vegetable 
sources with incident cardiovascular outcomes: A systematic 
review and meta-analysis of prospective cohort studies. J 
Am Heart Assoc. 2020;9:e017728. doi: 10.1161/jaha.120. 
017728. 

10. Brondani JE, Comim FV, Flores LM, Martini LA, Premaor 
MO. Fruit and vegetable intake and bones: A systematic 
review and meta-analysis. PLoS One. 2019;14:e0217223. 
doi: 10.1371/journal.pone.0217223. 

11. Godos J, Bella F, Sciacca S, Galvano F, Grosso G. 
Vegetarianism and breast, colorectal and prostate cancer risk: 
an overview and meta-analysis of cohort studies. J Hum 
Nutr Diet. 2017;30:349-59. doi: 10.1111/jhn.12426. 

12. Steinmaus CM, Nuñez S, Smith AH. Diet and bladder 
cancer: a meta-analysis of six dietary variables. Am J 
Epidemiol. 2000;151:693-702. doi: 10.1093/oxfordjournals. 
aje.a010264. 

 
 
Figure 4. A forest graph showing the pooled risk ratios of stroke incidence between high vs low use of vegetables and fruits. 
 

 



428                                                                  Dietary patterns and stroke risk 

13. Tantamango-Bartley Y, Jaceldo-Siegl K, Fan J, Fraser G. 
Vegetarian diets and the incidence of cancer in a low-risk 
population. Cancer Epidemiol Biomarkers Prev. 2013;22: 
286-94. doi: 10.1158/1055-9965.epi-12-1060.  

14. Papadaki A, Nolen-Doerr E, Mantzoros CS. The effect of 
the Mediterranean diet on metabolic health: A systematic 
review and meta-analysis of controlled trials in adults. 
Nutrients. 2020;12:3342. doi: 10.3390/nu12113342. 

15. Grosso G, Marventano S, Yang J, Micek A, Pajak A, Scalfi 
L, Galvano F, Kales SN. A comprehensive meta-analysis on 
evidence of Mediterranean diet and cardiovascular disease: 
Are individual components equal? Crit Rev Food Sci Nutr. 
2017;57:3218-3232. doi: 10.1080/10408398.2015.1107021. 

16. Singh B, Parsaik AK, Mielke MM, Erwin PJ, Knopman DS, 
Petersen RC, Roberts RO. Association of Mediterranean diet 
with mild cognitive impairment and Alzheimer's disease: a 
systematic review and meta-analysis. J Alzheimers Dis. 
2014;39:271-82. doi: 10.3233/JAD-130830.  

17. Morze J, Danielewicz A, Przybyłowicz K, Zeng H, 
Hoffmann G, Schwingshackl L. An updated systematic 
review and meta-analysis on adherence to Mediterranean 
diet and risk of cancer. Eur J Nutr. 2021;60:1561-1586. doi: 
10.1007/s00394-020-02346-6. 

18. Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, 
Willett WC, Hu FB. Red meat consumption and risk of type 
2 diabetes: 3 cohorts of US adults and an updated meta-
analysis. Am J Clin Nutr. 2011;94:1088-96. doi: 10.3945/ 
ajcn.111.018978.  

19. Micha R, Wallace SK, Mozaffarian D. Red and processed 
meat consumption and risk of incident coronary heart 
disease, stroke, and diabetes mellitus: a systematic review 
and meta-analysis. Circulation. 2010;121:2271-83. doi: 10. 
1161/CIRCULATIONAHA.109.924977.  

20. Papier K, Knuppel A, Syam N, Jebb SA, Key TJ. Meat 
consumption and risk of ischemic heart disease: A 
systematic review and meta-analysis. Crit Rev Food Sci 
Nutr. 2021:1-12. doi: 10.1080/10408398.2021.194957.  

21. Farvid MS, Sidahmed E, Spence ND, Mante Angua K, 
Rosner BA, Barnett JB. Consumption of red meat and 
processed meat and cancer incidence: a systematic review 
and meta-analysis of prospective studies. Eur J Epidemiol. 
2021;36:937-51. doi: 10.1007/s10654-021-00741-9. 

22. Kaluza J, Wolk A, Larsson SC. Red meat consumption and 
risk of stroke: a meta-analysis of prospective studies. Stroke. 
2012;43:2556-60. doi: 10.1161/strokeaha.112.663286. 

23. Tong TYN, Appleby PN, Bradbury KE, Perez-Cornago A, 
Travis RC, Clarke R, Key TJ. Risks of ischaemic heart 
disease and stroke in meat eaters, fish eaters, and 
vegetarians over 18 years of follow-up: results from the 
prospective EPIC-Oxford study. BMJ. 2019;366:l4897. doi: 
https://doi.org/10.1136/bmj.l4897. 

24. Sauvaget C, Nagano J, Hayashi M, Yamada M. Animal 
protein, animal fat, and cholesterol intakes and risk of 
cerebral infarction mortality in the adult health study. Stroke. 
2004;35:1531-7. doi: 10.1161/01.str.0000130426.52064.09. 

25. Sauvaget C, Nagano J, Allen N, Kodama K. Vegetable and 
fruit intake and stroke mortality in the Hiroshima/Nagasaki 
Life Span Study. Stroke. 2003;34:2355-60. doi: 10. 
1161/01.str.0000089293.29739.97. 

26. Agnoli C, Krogh V, Grioni S, Sieri S, Palli D, Masala G et 
al. A priori-defined dietary patterns are associated with 
reduced risk of stroke in a large Italian cohort. J Nutr. 
2011;141:1552-8. doi: 10.3945/jn.111.140061. 

27. Cai H, Shu XO, Gao YT, Li H, Yang G, Zheng W. A 
prospective study of dietary patterns and mortality in 
Chinese women. Epidemiology. 2007;18:393-401. doi: 10. 
1097/01.ede.0000259967.21114.45. 

28. Fung TT, Stampfer MJ, Manson JE, Rexrode KM, Willett 
WC, Hu FB. Prospective study of major dietary patterns and 
stroke risk in women. Stroke. 2004;35:2014-9. doi: 10. 
1161/01.str.0000135762.89154.92. 

29. Gillman MW, Cupples LA, Gagnon D, Posner BM, Ellison 
RC, Castelli WP, Wolf PA. Protective effect of fruits and 
vegetables on development of stroke in men. JAMA. 1995; 
273:1113-7. doi: 10.1001/jama.1995.03520380049034. 

30. Johnsen SP, Overvad K, Stripp C, Tjønneland A, Husted SE, 
Sørensen HT. Intake of fruit and vegetables and the risk of 
ischemic stroke in a cohort of Danish men and women. Am 
J Clin Nutr. 2003;78:57-64. doi: 10.1093/ajcn/78.1.57. 

31. Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm 
EB, Speizer FE, Hennekens CH, Spiegelman D, Willett WC. 
Fruit and vegetable intake in relation to risk of ischemic 
stroke. JAMA. 1999;282:1233-9. doi: 10.1001/jama.282.13. 
1233. 

32. Judd SE, Gutiérrez OM, Newby PK, Howard G, Howard VJ, 
Locher JL, Kissela BM, Shikany JM. Dietary patterns are 
associated with incident stroke and contribute to excess risk 
of stroke in black Americans. Stroke. 2013;44:3305-11. doi: 
10.1161/strokeaha.113.002636. 

33. Kinjo Y, Beral V, Akiba S, Key T, Mizuno S, Appleby P, 
Yamaguchi N, Watanabe S, Doll R. Possible protective 
effect of milk, meat and fish for cerebrovascular disease 
mortality in Japan. J Epidemiol. 1999;9:268-74. doi: 10. 
2188/jea.9.268. 

34. Larsson SC, Wallin A, Wolk A. Dietary approaches to stop 
hypertension diet and incidence of stroke: Results from 2 
prospective cohorts. Stroke. 2016;47:986-90. doi: 10.1161/ 
strokeaha.116.012675. 

35. Maruyama K, Iso H, Date C, Kikuchi S, Watanabe Y, Wada 
Y, Inaba Y, Tamakoshi A; JACC Study Group. Dietary 
patterns and risk of cardiovascular deaths among middle-
aged Japanese: JACC Study. Nutr Metab Cardiovasc Dis. 
2013;23:519-27. doi: 10.1016/j.numecd.2011.10.007. 

36. Mizrahi A, Knekt P, Montonen J, Laaksonen MA, 
Heliövaara M, Järvinen R. Plant foods and the risk of 
cerebrovascular diseases: a potential protection of fruit 
consumption. Br J Nutr. 2009;102:1075-83. doi: 10.1017/ 
s0007114509359097. 

37. Nagura J, Iso H, Watanabe Y, Maruyama K, Date C, 
Toyoshima H et al. Fruit, vegetable and bean intake and 
mortality from cardiovascular disease among Japanese men 
and women: the JACC Study. Br J Nutr. 2009;102:285-92. 
doi: 10.1017/s0007114508143586. 

38. Oude Griep LM, Verschuren WM, Kromhout D, Ocké MC, 
Geleijnse JM. Raw and processed fruit and vegetable 
consumption and 10-year stroke incidence in a population-
based cohort study in the Netherlands. Eur J Clin Nutr. 
2011;65:791-9. doi: 10.1038/ejcn.2011.36. 

39. Shimazu T, Kuriyama S, Hozawa A, Ohmori K, Sato Y, 
Nakaya N, Nishino Y, Tsubono Y, Tsuji I. Dietary patterns 
and cardiovascular disease mortality in Japan: a prospective 
cohort study. Int J Epidemiol. 2007;36:600-9. doi: 10.1093/ 
ije/dym005. 

40. Steffen LM, Jacobs DR, Jr., Stevens J, Shahar E, Carithers T, 
Folsom AR. Associations of whole-grain, refined-grain, and 
fruit and vegetable consumption with risks of all-cause 
mortality and incident coronary artery disease and ischemic 
stroke: the Atherosclerosis Risk in Communities (ARIC) 
Study. Am J Clin Nutr. 2003;78:383-90. doi: 10.1093/ajcn/ 
78.3.383. 

41. Stricker MD, Onland-Moret NC, Boer JM, van der Schouw 
YT, Verschuren WM, May AM, Peeters PH, Beulens JW. 
Dietary patterns derived from principal component- and k-
means cluster analysis: long-term association with coronary 



                                                          Y Liu, L Zhu, D Li, L Wang, H Tang and C Zhang                                               429                                                 

heart disease and stroke. Nutr Metab Cardiovasc Dis. 
2013;23:250-6. doi: 10.1016/j.numecd.2012.02.006. 

42. Psaltopoulou T, Sergentanis TN, Panagiotakos DB, 
Sergentanis IN, Kosti R, Scarmeas N. Mediterranean diet, 
stroke, cognitive impairment, and depression: A meta-
analysis. Ann Neurol. 2013;74:580-91. doi: 10.1002/ana. 
23944. 

43. Chen GC, Lv DB, Pang Z, Liu QF. Red and processed meat 
consumption and risk of stroke: a meta-analysis of 
prospective cohort studies. Eur J Clin Nutr. 2013;67:91-5. 
doi: 10.1038/ejcn.2012.180. 

44. Key TJ, Fraser GE, Thorogood M, Appleby PN, Beral V, 
Reeves G et al. Mortality in vegetarians and nonvegetarians: 
detailed findings from a collaborative analysis of 5 
prospective studies. Am J Clin Nutr. 1999;70:516s-24s. doi: 
10.1093/ajcn/70.3.516s. 

45. Huang J, Liao LM, Weinstein SJ, Sinha R, Graubard BI, 
Albanes D. Association between plant and animal protein 
intake and overall and cause-specific mortality. JAMA 
Intern Med. 2020;180:1173-84. doi: 10.1001/jamainternmed. 
2020.2790. 

46. Chiu THT, Chang HR, Wang LY, Chang CC, Lin MN, Lin 
CL. Vegetarian diet and incidence of total, ischemic, and 
hemorrhagic stroke in 2 cohorts in Taiwan. Neurology. 
2020;94:e1112-e21. doi: 10.1212/wnl.0000000000009093. 

47. Yang C, Pan L, Sun C, Xi Y, Wang L, Li D. Red meat 
consumption and the risk of stroke: A dose-response meta-
analysis of prospective cohort studies. J Stroke Cerebrovasc 
Dis. 2016;25:1177-86. doi: 10.1016/j.jstrokecerebrovasdis. 
2016.01.040. 

48. Bradbury KE, Crowe FL, Appleby PN, Schmidt JA, Travis 
RC, Key TJ. Serum concentrations of cholesterol, 
apolipoprotein A-I and apolipoprotein B in a total of 1694 
meat-eaters, fish-eaters, vegetarians and vegans. Eur J Clin 
Nutr. 2014;68:178-83. doi: 10.1038/ejcn.2013.248. 

49. Wang X, Dong Y, Qi X, Huang C, Hou L. Cholesterol levels 
and risk of hemorrhagic stroke: a systematic review and 
meta-analysis. Stroke. 2013;44:1833-9. doi: 10.1161/ 
strokeaha.113.001326. 

50. Di Carlo A, Baldereschi M, Inzitari D. Eating the 
Mediterranean style: A tasty way for stroke prevention. 
Agriculture and Agricultural Science Procedia. 2016;8:762-
8. https://doi.org/10.1016/j.aaspro.2016.02.063. 

51. Campbell T. A plant-based diet and stroke. J Geriatr Cardiol. 
2017;14:321-6. doi: 10.11909/j.issn.1671-5411.2017.05.010. 

52. Kant AK. Dietary patterns and health outcomes. J Am Diet 
Assoc. 2004;104:615-35. doi: 10.1016/j.jada.2004.01.010. 

53. O'Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, 
Zhang H et al. Global and regional effects of potentially 
modifiable risk factors associated with acute stroke in 32 
countries (INTERSTROKE): a case-control study. Lancet. 
2016;388(10046):61-75. doi: 10.1016/s0140-6736(16)305 
06-2. 

54. Panizza CE, Shvetsov YB, Harmon BE, Wilkens LR, Le 
Marchand L, Haiman C, Reedy J, Boushey CJ. Testing the 
predictive validity of the healthy eating index-2015 in the 
multiethnic cohort: Is the score associated with a reduced 
risk of all-cause and cause-specific mortality? Nutrients. 
2018;10:10. doi: 3390/nu10040452. 



430                                                                  Dietary patterns and stroke risk 

 
 
 
 

Supplementary table 1. Newcastle–Ottawa scale for assessment of quality of cohort studies† 
 
NOS criteria Representativeness of 

exposed cohort? 

Selection of  
non-exposed 
cohort? 

Ascertainment of exposure 
Demonstration that  
outcome of interest was 
not present at start 

NOC criteria from the 
perspective of the  
present study 

Representative of 
general population Same population 

Study database, regional 
mortality/ hospital  
discharge database 

Absence of stroke at  
baseline 

Sauvaget 2003 17 ★ ★ ★ ★ 
Agnoli 2011 18 ★ ★ ★ ★ 
Cai 2007 19 ★ ★ ★ ★ 
Fung 2004 20 ★ ★ ★ ★ 
Gillman 1995 21 ★ ★ ★ ★ 
Johnsen 2003 22 ★ ★ ★ ★ 
Joshipura 1999 23 ★ ★ ★ ★ 
Judd 2013 24 ★ ★ ★ ★ 
Kinjo 1999 25 ★ ★ ★ ★ 
Larssson 2016 26 ★ ★ ★ ★ 
Maruyama 2013 27 ★ ★ ★ ★ 
Mizrahi 2009 28 ★ ★ ★ ★ 
Nagura 2009 29 ★ ★ ★ ★ 
Oude Griep 2011 30 ★ ★ ★ ★ 
Shimazu 2007 31 ★ ★ ★ ★ 
Steffen 2003 32 ★ ★ ★ ★ 
Stricker 2013 33 ★ ★ ★ ★ 
 

NOS criteria Comparability of 
cohorts on basis 
of design or 
analysis 

Study controls for 
at least 3 additional 
risk factors? 

Assessment 
of outcome 

Was follow-up 
long enough for 
outcomes to  
occur 

Adequacy of follow up 
of cohort 

NOC criteria from the 
perspective of the  
present study 

Low vs high use 
of dietary pat-
terns 

Age, gender,  
physical exercise, 
obesity, morbidity 

Record  
linkage At least 5 years Follow-up completion 

rate 

Sauvaget 2003 17 ★ ★ ★ ★  
Agnoli 2011 18 ★ ★ ★ ★ ★ 
Cai 2007 19 ★ ★ ★ ★ ★ 
Fung 2004 20 ★ ★ ★ ★  
Gillman 1995 21 ★ ★ ★ ★  
Johnsen 2003 22 ★ ★ ★ ★  
Joshipura 1999 23 ★ ★ ★ ★ ★ 
Judd 2013 24 ★ ★ ★ ★ ★ 
Kinjo 1999 25 ★ ★ ★ ★  
Larssson 2016 26 ★ ★ ★ ★  
Maruyama 2013 27 ★ ★ ★ ★  
Mizrahi 2009 28 ★ ★ ★ ★  
Nagura 2009 29 ★ ★ ★ ★  
Oude Griep 2011 30 ★ ★ ★ ★  
Shimazu 2007 31 ★ ★ ★ ★  
Steffen 2003 32 ★ ★ ★ ★ ★ 
Stricker 2013 33 ★ ★ ★ ★ ★ 
 
†Each asterisk represents if individual criterion within the subsection was fulfilled. 
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Supplementary table 2. Important characteristics of the included studies 
 
Study identity Name of study Participants Follow-up (years) Age (years) % Females BMI (kg/m2) % Smokers % Hypertensive % Diabetic 
Sauvaget 2003 17 Life Span Study 14966 16 56 60 22 32 23 9 
Agnoli 2011 18 EPICOR 47021 7.9 50±8 69 26±4 27 37 

 

Cai 2007 19 SWHS 18766 5.7 54±10 100 24±4.1 4  
 

Fung 2004 20 NHS 121700 14  100 24.7±2.4 24 20 
 

Gillman 1995 21 832 Framingham 20 56  26.5    
Johnsen 2003 22 DCH 54506 3.1 56±4 54 26±4 54 47 1.8 
Joshipura 1999 23 

 
114279 8 48 66 24.7 20 19 

 

Judd 2013 24 REGARDS 30239 5.7 
 

62 
  

 
 

Kinjo 1999 25 
 

265070 15 
    

 
 

Larssson 2016 26 CSM-SMC 74404 11.9 60±10 46 
 

24 21 6 
Maruyama 2013 27 JACC 26598 12.6 

 
58 

  
19 6.3 

Mizrahi 2009 28 FMCHE 3932 24 52 52 26.4 26 16 3 
Nagura 2009 29 JACC 59485 13 56 58 22.5 25 20 4.5 
Oude Griep 2011 30 MORGEN 20069 10.3 41±11 64 25±4 40  

 

Shimazu 2007 31 ONHI 40547 7 60±10 47 23.5±3.3 53 24 
 

Steffen 2003 32 ARIC 11940 11 54±1 
 

27.2±1.1 26 32 
 

Stricker 2013 33 EPIC-NL 40011 13 49±12 57 25.7±4 62  1.4 
 
CSM-SMC: Cohort of Swedish Men-Swedish Mammography Cohort; DCH: Diet: Cancer: and Health study; FMCHE: Finnish Mobile Clinic Health Examination Survey; GMI: Greek Mediterranean index; IMI: 
Italian Mediterranean index; NHS: Nurses; Health Study; ONHI: Ohsaki National Health Insurance (NHI) Cohort study; SWHS: Shanghai Women’s Health Study. 
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Supplementary figure 1. A funnel plot corresponding to the Begg’s test of publication bias. 
 

 
 
Supplementary figure 2. A forest graph showing the pooled relative risks of stroke mortality between high vs low use of dietary patterns. 
 


