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Abstract

Purpose High glycemic load (GL) has been associated

with excess stroke risk. Data suggest a different role of diet

in the etiology of ischemic and hemorrhagic stroke.

Methods We analyzed data from 19,824 participants of

the Greek cohort of the population-based European Pro-

spective Investigation into Cancer and nutrition (EPIC),

who were free of cardiovascular diseases, cancer, and

diabetes at baseline and had not developed diabetes. Diet

was assessed at enrollment through a validated, inter-

viewer-administered semi-quantitative food frequency

questionnaire. The average daily GL was derived using

standard tables. We also conducted a meta-analysis on GL

and stroke (overall, ischemic and hemorrhagic), using

random-effects models.

Results In the Greek EPIC cohort, 304 incident stroke

cases were identified (67 ischemic, 49 hemorrhagic). Using

Cox proportional hazards regression models adjusted for

potential confounders, the hazard ratios for the highest

versus the lowest GL tertiles were 1.07 [95 % confidence

interval (CI) 0.74–1.54] for overall stroke, 1.55 (95 % CI

0.72–3.36) for ischemic and 0.48 (95 % CI 0.18–1.25) for

hemorrhagic stroke (p-heterogeneity \0.01). The meta-

analysis, including a total of 3,088 incident cases and 247

deaths from stroke (1,469 cases and 126 deaths ischemic;

576 cases and 94 deaths hemorrhagic), estimated pooled

relative risks for the highest versus the lowest GL levels of

1.23 (95 % CI 1.07–1.41) for overall, 1.35 (95 % CI

1.06–1.72) for ischemic, and 1.09 (95 % CI 0.81–1.47) for

hemorrhagic stroke (p-heterogeneity = 0.275).

Conclusions This study indicates that GL is an important

determinant of the more common ischemic—though not of

the hemorrhagic—stroke.

Keywords Diet � Glycemic load � Stroke � Cohort study �
Meta-analysis

Introduction

The ability of different carbohydrates to rise blood glucose

is expressed in terms of glycemic index (GI), which is a

characteristic of a food, and glycemic load (GL), which is

the product of GI by the amount of carbohydrates, and

consequently considers both the quality and the quantity of

carbohydrates [16]. GL has been positively associated with

the risk of both coronary heart disease (CHD) and stroke in

a recent meta-analysis [8]. In particular, pooling data from
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three studies [8], high levels of GL have been associated

with about 20 % increased risk of stroke, of borderline

statistical significance. No summary data on ischemic and

hemorrhagic stroke separately have been reported. Subse-

quently, the EPICOR study, part of the Italian segment of

the European Prospective Investigation into Cancer and

nutrition (EPIC), including 355 stroke cases, found a

twofold excess risk of stroke for the highest GL quintile

compared to the lowest one [30].

We analyzed data from the Greek segment of EPIC

cohort to investigate the relation between GL and stroke

[25]. Using the same dataset, Misirli et al. [25] found that a

favorable effect of Mediterranean diet (MD) was evident

for ischemic but not for hemorrhagic stroke. Thus, we have

examined GL in relation to ischemic and hemorrhagic

stroke for all incident stroke cases for whom this infor-

mation was available. Moreover, we summarized evidence

on GL and stroke from all prospective studies, using a

systematic meta-analytic approach. We also estimated

summary relative risks (RR) for ischemic and hemorrhagic

stroke separately for the first time.

Methods

Cohort study

The data were derived by the Greek EPIC cohort including

28,572 participants recruited between 1994 and 1999, and

followed-up to 2009 [23]. The study protocol was approved

by the ethics committees of the International Agency for

Research on Cancer and the University of Athens Medical

School. All participants provided written informed consent,

and all procedures were in accordance with the Declaration

of Helsinki.

Trained interviewers collected baseline information on

several socio-demographic and lifestyle characteristics,

medical history, and medication use. Anthropometric and

blood pressure measurements were undertaken by trained

personnel. Hypertension was based on the blood pressure

measurements and on the information on drug use.

A semi-quantitative food frequency questionnaire (FFQ)

was used to assess usual intake of about 150 foods and

beverages, as well as several complex recipes commonly

used in Greece, during the year preceding enrollment. The

questionnaire was administered in person by trained

interviewers at recruitment. For each dietary item, partic-

ipants were asked to report their frequency of consumption

and portion size. The questionnaire was validated in terms

of dietary records, including those that contributed to the

computation of GI and GL [10]. In particular, the intraclass

correlation coefficients between two FFQs over a period of

1 year were between 0.5 and 0.7 for total caloric intake,

polysaccharides, and fiber, in both men and women.

GI values assigned to individual food items of the

questionnaire were obtained from the Foster-Powel table

[9], British values [13], and Internet updates (http://www.

glycemicindex.com), using glucose as the Ref. [29].

Attention was paid to aspects that might influence the GI,

including cooking method, preservation method, type of

sugar, and country-specific types of foods. For typical

Greek recipes for which a GI had not been determined, we

assigned the GI of the nearest comparable food, when

available, or the GI of their food components or individual

ingredients. Food items containing negligible or no car-

bohydrates (chiefly meat and fish, fats, eggs) were not

assigned any values.

We calculated daily dietary GI of each subject by

multiplying the GI value of each food item with its car-

bohydrate content and frequency of consumption, and

dividing the sum of these values over all food items by the

total amount of carbohydrates consumed. Daily dietary GL

of each subject was calculated in the same manner without

dividing by the total amount of carbohydrate consumed.

The MD score was computed according to the definition

by Trichopoulou et al. [31]. Total energy intake was cal-

culated using a Greek food composition database [32].

Participants were actively followed to record changes in

health status, diet, and lifestyle by means of telephone

interviews or next of kin in cases of a participant’s death.

Specifically, during follow-up, participants were asked to

report any health problem they had developed since the last

contact, the date of diagnosis, and the place of hospital-

ization if applicable. When an incident cerebrovascular

event or death from cerebrovascular disease was reported,

the information was verified, wherever available, through

pathology reports, medical records, discharge diagnoses, or

death certificates.

The endpoint of interest was incident stroke (ICD-10:

codes I60 to I69; codes G45 and G46) [23]. We included

only verified first-ever stroke cases, which were confirmed

either through medical records for nonfatal first events or,

in the case of first events that were fatal, through death

certificates. This was a country-wide study, and several

hospitals in the country were unable to provide the type of

stroke diagnoses (hemorrhagic vs. ischemic).

From the initial cohort, we excluded 7,374 participants

who had suffered a stroke before enrollment and/or had

other selected prevalent conditions (CHD, cancer, diabetes)

and/or incident diabetes. After additional exclusion of 928

individuals who could not be traced during the follow-up

and of 446 individuals with missing information on at least

one of the covariates used in the analysis, the final sample

consisted of 19,824 persons.
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Time to event was calculated till the date of diagnosis of

stroke (for cases) or the date of death from causes other

than stroke (censored) or the date of the last contact till

December 2009 (censored).

We estimated the hazard ratios (HRs) and corresponding

95 % confidence intervals (CIs), according to tertiles of GL

and GI, for stroke overall, as well as for its subtypes, using

Cox regression. All estimates were adjusted for sex, age,

education, smoking, body mass index (BMI), physical

activity, presence of hypertension, MD score, and energy

intake without carbohydrates. We presented the results

overall and by sex. We also assessed the heterogeneity of

the risk across strata of BMI (\ and C25 kg/m2).

To test for heterogeneity, the likelihood ratio test of the

models with and without interaction terms was used.

Meta-analysis

We carried out a literature search of all prospective studies

on the relation between GL and the risk of stroke published

up to March 2014, using the PubMed and Embase dat-

abases, following the rules set up by the PRISMA state-

ment [21]. We used the following string: ‘‘(glycemic load

OR glycaemic load) AND (stroke OR cerebrovascular).’’

Studies were included if (1) the outcome was stroke inci-

dence or mortality, (2) they examined the association with

GL, (3) they had a prospective design, and (4) they were

published as original articles in English. We estimated the

pooled RR and the corresponding 95 % CI for the com-

parison between the highest versus the lowest categories of

GL intake. When insufficient information was available to

obtain the appropriate effect size, study authors were

contacted [2].

Two investigators independently screened titles and

abstracts and eventually examined the full text of origi-

nal articles for study inclusion (Fig. 1). Eighteen publi-

cations were identified in PubMed and 44 in Embase, for

a total of 45 unique publications. Of these, 37 were

excluded by screening of titles and abstracts (30 were

not relevant toward the subject matter, and other seven

were not original articles), thus leaving eight publications

for full-text examination. Among these, one publication

[18] did not provide quantitative data on GL and stroke,

and one [28] did not provide original data. Thus, con-

sidering results from the present cohort, the meta-ana-

lysis was based on seven studies [1, 2, 20, 26, 27, 30]

including a total of 3,255 cases (3,008 incident stroke,

247 deaths from stroke) overall. Their main characteris-

tics are given in Table 1.

We calculated the summary RR estimate of stroke for

the highest versus the lowest category of GL (as reported in

each study) using the random-effects model to incorporate

between-study heterogeneity [7]. Pooled RRs were calcu-

lated also for ischemic and hemorrhagic stroke, separately.

6 studies selected for the meta-analysis

45 unique records after duplicates removed

18 records identified
through searches of

PubMed

37 studies excluded from titles and abstracts:
- 30 were not relevant towards the subject matter
- 7 were not original articles

44 records identified
through searches of

EMBASE

8 full-text articles assessed for eligibility

2 studies excluded from full-texts:
- 1 did not provide quantitative data on GL and stroke
- 1 did not provide original data

Present study included

7 studies included in the meta-analysis

Fig. 1 Flowchart for the selection of studies for the meta-analysis
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Table 1 Main characteristic of the studies included in the meta-analysis

Study Country No of cases Size of the

cohort

Duration

of follow-

up

Ascertainment

of outcome

GL highest

versus lowest

categorya

Adjustment/matching

variables

Rossi et al.

[29]

(present

data) EPIC

Greece 304 (67 ischemic;

49 hemorrhagic)

19,824

(men

and

women)

Median:

10.6 year

Medical records

and death

certificates

III (men:

[142.9,

women:

[116.6)

versus I

tertile (men:

B108.6;

women:

B90.7)

Age, sex, education, BMI,

physical activity,

smoking, hypertension,

adherence to the

Mediterranean diet, and

noncarbohydrate energy

Sieri et al.

[30] EPIC

Italy 355 (195

ischemic; 83

hemorrhagic)

44,099

(men

and

women)

11 year Hospital

discharge and

regional

mortality

registry

V (median:

186) versus I

quintile

(median:

121)

Age, sex, education,

physical activity,

smoking, alcohol, type

of FFQ, energy, cereal

fiber, and saturated,

monounsaturated and

polyunsaturated fats

Burger et al.

[2] EPIC-

MORGEN

The

Netherlands

229 (120 men; 109

women)

19,608

(8,855

men;

10,753

women)

Mean:

11.9 year

Hospital

discharge

diagnoses and

municipal

administration

registries

IV ([136.8)

versus I

quartile

(\111.0)

Age, education, BMI,

physical activity,

smoking, alcohol, OC

use, hypertension,

energy, vitamin C,

dietary fiber, saturated,

monounsaturated and

polyunsaturated fats,

plasma total cholesterol,

and HDL- and

L-cholesterol

Oba et al.

[26]

(mortality)

Takaiama

Study

Japan 247 (120 men; 127

women) (60 men

and 66 women

ischemic; 48

men and 46

women

hemorrhagic)

27,862

(12,561

men and

15,301

women)

7 year Death

certificates

IV versus I

quartile

Age, education, BMI,

physical activity,

smoking, alcohol,

hypertension, energy,

fiber, salt, total fats for

overall stroke. Age for

type of stroke

Levitan et al.

[20]

Swedish

Men

Sweden 857 (692

ischemic; 165

hemorrhagic)

36,246

(men)

6 year Hospital

discharge

IV (median:

82.9) versus I

quartile

(median:

73.0)b

Age, education, marital

status, BMI, physical

activity, smoking,

aspirin use,

hypertension, family

history of myocardial

infarction, energy, and

cereal fiber (plus

alcohol, saturated and

polyunsaturated fats,

protein for ischemic

stroke)

Beulens

et al. [1]

Prospect-

EPIC

The

Netherlands

243 15,714

(women)

9 year Hospital

discharge

diagnoses and

municipal

administration

registries

IV (mean:

121.8) versus

I quartile

(mean: 78.5)

Age, BMI, physical

activity, smoking,

alcohol, menopausal

status, OC use, HRT use,

hypertension,

cholesterolemia, systolic

pressure, energy,

vitamin E, dietary fiber,

protein, folate, and

saturated,

monounsaturated, and

polyunsaturated fats
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The Cochrane Q test and the I2 statistic were used to

evaluate statistical heterogeneity across studies [14].

Results

Cohort study

Overall, 304 incident strokes were identified. Of these, 67

were ischemic and 49 hemorrhagic strokes; no sufficient

information on the type of stroke was available for the

remaining cases. Table 2 gives HRs of overall stroke, as

well as for ischemic stroke and hemorrhagic stroke, in

relation to GL tertiles, overall and in strata of sex. The HRs

comparing the intermediate and the highest with the lowest

GL tertile (baseline) were, respectively, 0.96 (95 % CI

0.72, 1.29) and 1.07 (95 % CI 0.74, 1.54) for overall stroke

(p-trend 0.79); 1.30 (95 % CI 0.71, 2.39) and 1.55 (95 %

CI 0.72, 3.36) for ischemic stroke (p-trend 0.25); and 0.96

(95 % CI 0.49, 1.90) and 0.48 (95 % CI 0.18, 1.25) for

hemorrhagic stroke (p-trend 0.17). The p for heterogeneity

for the full models by the type of stroke was significant

(\0.01). No clear differences emerged between men and

women. However, the numbers were small in strata of sex.

Table 1 continued

Study Country No of cases Size of the

cohort

Duration

of follow-

up

Ascertainment

of outcome

GL highest

versus lowest

categorya

Adjustment/matching

variables

Oh et al. [27]

Nurses’

Health

Study

USA 1,020 (515

ischemic; 279

hemorrhagic)

78,779

(women)

18 year Medical records V (median:

166.8) versus

I quintile

(median:

96.4)

Age, BMI, physical

activity, smoking,

alcohol, menopausal

status, HRT use, aspirin

use, hypertension,

hypercholesterolemia,

diabetes, family history

of myocardial infarction,

multivitamin use,

vitamin E supplement

use, energy, and cereal

fiber

GL glycemic load, BMI body mass index, FFQ food frequency questionnaire, OC oral contraceptive use, HRT hormone replacement therapy
a Reference food: glucose
b Reference food: white bread

Table 2 Hazard ratios and 95 % confidence intervals for incidence of overall stroke, ischemic, and hemorrhagic stroke, according to tertiles of

glycemic load (GL) overall and by strata of sex

Overall stroke Ischemic strokea Hemorrhagic strokea

Men

(n = 150)

Women

(n = 154)

Overall

(n = 304)

Men

(n = 36)

Women

(n = 31)

Overall

(n = 67)

Men

(n = 31)

Women

(n = 18)

Overall

(n = 49)

GL tertiles

II

Men: [108.6–B142.9

Women: [90.7–B116.6

0.98

0.66, 1.47

0.96

0.62, 1.47

0.96

0.72, 1.29

1.27

0.56, 2.92

1.30

0.53, 3.18

1.30

0.71, 2.39

0.66

0.29, 1.53

2.09

0.63, 6.99

0.96

0.49, 1.90

III

Men: [142.9

Women: [116.6

0.87

0.52, 1.47

1.26

0.74, 2.14

1.07

0.74, 1.54

1.65

0.58, 4.68

1.42

0.44, 4.55

1.55

0.72, 3.36

0.33

0.10, 1.09

1.16

0.22, 6.20

0.48

0.18, 1.25

p for trend 0.64 0.45 0.79 0.34 0.53 0.25 0.066 0.74 0.17

Estimated through proportional hazards regression models adjusted for sex, age (\55, 55–64, or ?65 years, categorically), education (ordered

categories of none, completion of primary school, completion of secondary school, or higher education), smoking status (never-, ex-, and current-

smokers, categorically), body mass index (\25, 25–29.9, or C30 kg/m2, categorically), physical activity (in ordered quintiles of metabolic

equivalents, METs), arterial hypertension (Yes, No), adherence to the Mediterranean diet (in ordered categories of 0, 3–4, 5–6, 9 Mediterranean

diet score), and total energy intake without carbohydrates (quintiles, categorically)
a p for heterogeneity for the full models by the type of stroke \0.01
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We also tested the heterogeneity across strata of BMI, and

the risk estimates were consistent in normal and over-

weight individuals (p for heterogeneity = 0.849).

The results on GI were consistent with those of GL; in

particular, the HR for overall stroke was 1.23 (95 % CI

0.90–1.70) for the intermediate and 1.40 (95 % CI

1.03–1.91) for the highest versus the lowest GI tertile

(p-trend 0.035).

Meta-analysis

The meta-analysis of GL and stroke is presented in Fig. 2.

The pooled RR of stroke for the highest versus the lowest

level of GL was 1.23 (95 % CI 1.07–1.41), with low het-

erogeneity (I2 = 0.0 %, p = 0.459). Beside our cohort,

four other original studies were able to distinguish between

ischemic and hemorrhagic stroke, for a total of 1,469

incident cases and 126 deaths from ischemic stroke, and

576 incident cases and 94 deaths from hemorrhagic stroke.

The pooled RR was 1.35 (95 % CI 1.06, 1.72; p for het-

erogeneity among studies = 0.760) for ischemic and 1.09

(95 % CI 0.81, 1.47; p for heterogeneity = 0.193) for

hemorrhagic stroke, with a p for heterogeneity between

types of stroke of 0.275.

Discussion

The collective evidence points to a positive association

between dietary GL and stroke, in line with the previous

studies [8, 30]. The association is largely explained by the

positive association with ischemic stroke. Available evi-

dence on hemorrhagic stroke from previous studies is less

consistent, and our data—as well as results from our meta-

analysis—did not support any association.

The apparent heterogeneity in the association of GL

with ischemic and hemorrhagic stroke is not surprising,

since there is compelling evidence from several studies

All strokes combined

Oh et al, 2005 (W)

Beulens et al, 2007 (W)

Levitan et al, 2007 (M) (Hemorrhagic stroke)

Levitan et al, 2007 (M) (Ischemic stroke)

Oba et al, 2010 (M) (Mortality)

Oba et al, 2010 (W) (Mortality)

Burger et al, 2011 (M)

Burger et al, 2011 (W)

Sieri et al, 2013 (M+W)

Present study (M+W)

Subtotal  (I−squared = 0.0%, p = 0.459)

Ischemic stroke

Oh et al, 2005 (W)

Levitan et al, 2007 (M)

Oba et al, 2010 (M) (Mortality)

Oba et al, 2010 (W) (Mortality)

Sieri et al, 2013 (M+W)

Present study (M+W)

Subtotal  (I−squared = 0.0%, p = 0.760)

Hemorrhagic stroke

Oh et al, 2005 (W)

Levitan et al, 2007 (M)

Oba et al, 2010 (M) (Mortality)

Oba et al, 2010 (W) (Mortality)

Sieri et al, 2013 (M+W)

Present study (M+W)

Subtotal  (I−squared = 32.4%, p = 0.193)

Study

1020 / 78,779

243 / 15,714

165 / 36,246

692 / 36,246

120 / 12,561

127 / 15,301

120 / 8855

109 / 10,753

355 / 44,099

304 / 19,824

515 / 78,779

692 / 36,246

60 / 12,561

66 / 15,301

195 / 44,099

67 / 19,824

279 / 78,779

165 / 36,246

48 / 12,561

46 / 15,301

83 / 44,099

49 / 19,824

participants

Study events /

1.23 (0.98, 1.53)

1.55 (0.81, 2.97)

1.05 (0.74, 1.49)

1.44 (0.91, 2.27)

1.00 (0.47, 2.15)

1.17 (0.51, 2.68)

1.98 (0.89, 4.42)

0.72 (0.32, 1.65)

2.21 (1.16, 4.20)

1.07 (0.74, 1.54)

1.23 (1.07, 1.41)

1.23 (0.81, 1.89)

1.44 (0.91, 2.27)

0.92 (0.47, 1.83)

1.59 (0.70, 3.65)

2.02 (0.86, 4.78)

1.55 (0.72, 3.36)

1.35 (1.06, 1.72)

1.12 (0.81, 1.54)

1.05 (0.74, 1.49)

0.86 (0.43, 1.73)

2.30 (0.90, 5.88)

2.58 (0.71, 9.47)

0.48 (0.18, 1.25)

1.09 (0.81, 1.47)

RR (95% CI)

39.09

4.59

15.83

9.28

3.36

2.82

3.02

2.88

4.69

14.44

100.00

32.71

28.10

12.71

8.61

7.98

9.89

100.00

33.72

31.40

13.66

8.44

4.77

8.00

100.00

Weight

%

1.1 10

Fig. 2 Study specific and pooled relative risks (RRs) and corresponding 95 % confidence intervals (CIs) of overall stroke, ischemic, and

hemorrhagic stroke, for the highest versus the lowest glycemic load levels. Summary estimates are from random-effect models
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linking high GL diets with increased incidence of CHD [8],

a disease that is overwhelmingly of ischemic nature. The

distinct pathogenesis of the two subtypes of stroke is also

supported by findings indicating that other aspects of diet,

including MD, flavonoids, total antioxidant capacity, and

fish consumption, are related to ischemic, but not to hem-

orrhagic stroke [3, 6, 12, 23]. Moreover, a healthy lifestyle,

consisting of abstinence from smoking, low BMI, moderate

alcohol consumption, regular exercise, as well as healthy

diet, has a greater favorable effect on ischemic than hem-

orrhagic stroke [4, 18].

High GL diets can lead to the formation of advanced

glycation end products, oxidative stress related to hyper-

glycemia, and consequent inflammation and hence to

endothelial impairment and vessel dysfunction [11, 22].

High GL can raise triglycerides and LDL cholesterol

concentrations and reduce HDL levels, which are important

determinant of ischemic outcomes [22]. Moreover, GL,

which leads to more infusion of circulating glucose and

higher postprandial insulin levels, has been associated with

diabetes [22, 29], a condition that has been found to

increase the risk of ischemic but not hemorrhagic stroke

[15, 24].

Only one study included in the meta-analysis investi-

gated overall stroke mortality, from a Japanese cohort

including 120 deaths among men and 127 among women

[26]. GL was not related to overall stroke mortality, but

there was a nonsignificant increased risk of both hemor-

rhagic and ischemic stroke for the highest versus the lowest

GL levels in women only [26]. In general, the distinction

between ischemic and hemorrhagic stroke, however, is less

valid on death certificates than on clinical records on which

incidence data frequently are based [19].

Across different populations and countries, there is an

appreciable variation in the mean and range of GL. Indeed,

data from the EPIC study suggest that the Greek diet

considered in this study is characterized by a much lower

level of total carbohydrate [5] and GL [33] compared to the

Italian and the Dutch diets. Fan et al. [8] in a meta-analysis

calculated a pooled RR of 1.05 (95 % CI 1.02–1.08) per

50-unit increment in GL.

Results on the relation between GI and stroke from

previous studies were less convincing. Among the six

studies [1, 17, 20, 26, 27, 30] on the issue, two cohort

studies found a significant positive association with stroke

mortality overall [17] and in men [26], whereas the others

found null results.

The prospective nature of the study, besides ensuring the

temporal relation between exposure and disease, minimizes

the likelihood of information bias related to dietary habits

recorded after disease occurrence. However, since this is an

ongoing study and diet is a modifiable factor, we cannot be

confident that the dietary habits of the cohort as recorded at

baseline were consistent throughout the follow-up period.

This, however, would have probably led to an underesti-

mation of the real association with ischemic stroke. We

have excluded individuals with prevalent cardiovascular

diseases (including stroke), cancer, and diabetes, as well as

incident diabetes, since these conditions may lead to

changes in diet after diagnosis. We were not able to eval-

uate possible differential effects of GL in strata defined by

levels of available covariates because of power limitations.

As far as confounding is concerned, we were able to adjust

for major known or likely risk factors for stroke, including

smoking, BMI, physical activity, hypertension, as well as

total energy intake.

In conclusion, our data from the Greek EPIC cohort, as

well as the analysis of accumulating evidence, indicate that

GL is an important determinant of ischemic—but not

hemorrhagic—stroke.
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