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Abstract

Background: Studies on the association of stroke risk to dietary glycemic index (GI) and glycemic load (GL) have produced
contrasting results.

Objective: To investigate the relation of dietary GI and GL to stroke risk in the large EPIC-Italy cohort (EPICOR) recruited
from widely dispersed geographic areas of Italy.

Design: We studied 44099 participants (13,646 men and 30,453 women) who completed a dietary questionnaire.
Multivariable Cox modeling estimated adjusted hazard ratios (HRs) of stroke with 95% confidence intervals (95%CI). Over
11 years of follow-up, 355 stroke cases (195 ischemic and 83 hemorrhagic) were identified.

Results: Increasing carbohydrate intake was associated with increasing stroke risk (HR = 2.01, 95%CI = 1.04–3.86 highest vs.
lowest quintile; p for trend 0.025). Increasing carbohydrate intake from high-GI foods was also significantly associated with
increasing stroke risk (HR 1.87, 95%CI = 1.16–3.02 highest vs. lowest, p trend 0.008), while increasing carbohydrate intake
from low-GI foods was not. Increasing GL was associated with significantly increasing stroke risk (HR 2.21, 95%CI = 1.16–4.20,
highest vs. lowest; p trend 0.015). Dietary carbohydrate from high GI foods was associated with increased both ischemic
stroke risk (highest vs. lowest HR 1.92, 95%CI = 1.01–3.66) and hemorrhagic stroke risk (highest vs. lowest HR 3.14,
95%CI = 1.09–9.04). GL was associated with increased both ischemic and hemorrhagic stroke risk (HR 1.44, 95%CI = 1.09–1.92
and HR 1.56, 95%CI = 1.01–2.41 respectively, continuous variable).

Conclusions: In this Italian cohort, high dietary GL and carbohydrate from high GI foods consumption increase overall risk of
stroke.
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Introduction

Hyperglycemia, insulin resistance and associated disorders of

lipid metabolism (dyslipidemias) are known to increase the risk of

cardiovascular disease (CVD) and are also known to be caused, at

least in part, by diet [1]. High carbohydrate diets seem not only to

promote hyperglycemia, but also to raise fasting triacylglycerol

levels and reduce levels of high-density lipoprotein (HDL)

cholesterol [2]. Postprandial hyperglycemia is emerging as an

important and independent risk factor for stroke [3] from which it

follows that a high carbohydrate diet is likely to increase the risk of

stroke. However, carbohydrates vary markedly in physical form,

chemical structure, particle size, and fiber content, and also in

their ability to increase postprandial blood glucose levels. The

glycemic index (GI) of a food is a commonly used marker of

postprandial blood glucose response [4]. Given that the amount of

carbohydrate in a food (or overall diet) can vary and have a

variable influence on the postprandial glycemic response, the

glycemic load (GL) (product of the GI of a food item and its

available carbohydrate content) is also used as an estimator of the

overall glycemic effect of the diet.

Associations of dietary GI and GL with risk of stroke have been

assessed in various populations. Two of six prospective studies

reported higher risk of stroke [5] or death from stroke [6] in

persons with high dietary GI. Other studies found associations in

one or more subgroups; thus a positive association between GI and

risk of stroke was reported in men [7], while both GI and GL were
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associated with increased stroke risk in overweight women [8].

Furthermore risk has been found to vary with type of stroke. Two

studies found that carbohydrate and GL were associated with

increased risk of hemorrhagic stroke but not of ischemic stroke

[5,9].

We have previously investigated the association of GL and GI

with risk of coronary heart disease (CHD) in the Italian EPICOR

cohort – a large cohort recruited from widely dispersed geographic

areas of Italy. We found that high dietary GL and high

carbohydrate intake from high-GI foods increased the risk of

CHD in women but not men [10]. In the present study we

investigated the relation of dietary GL and GI to stroke in the

same cohort.

Subjects and Methods

EPICOR is a prospective collaborative investigation of the

causes of cardiovascular diseases being performed on Italian

volunteers recruited from 1993 to 1998 as part of the European

Prospective Investigation into Cancer and Nutrition (EPIC) [11].

A total of 47,021 participants (14,863 men; 32,158 women, aged

35–75) were recruited to EPICOR from five centers: Varese

(n = 11,809) and Turin (n = 10,528) in northern Italy; Florence

(n = 13 436) in central Italy; and Ragusa (n = 6264) and Naples

(n = 4984) in the South. Only women were recruited in Naples.

We excluded participants with prevalent CVD at baseline

(n = 776); those who did not complete the dietary or lifestyle

questionnaires (n = 907); and those in whom the ratio of total

energy intake (determined from the questionnaire) to basal

metabolic rate (determined by Harris-Benedict equation [12] at

either extreme of the distribution (cutoffs first and last-half

percentiles) (in order to reduce the impact of implausible extremes)

(n = 794). We also excluded those stating they had diabetes and

reported receiving medication for diabetes (n = 404). Thus, the

analyses were performed on 44,099 participants with a mean

follow-up of 10.9 years.

Ethics Statement
The study protocol was approved by the ethics committees at

the Human Genetics Foundation (Turin, Italy). At baseline,

participants signed a written informed consent to use clinical data

for research. All consent forms were stored with barcode ID for

subject identification. The ethics committees approved this

consent procedure.

Baseline measurements
Diet. Dietary information was obtained using semi-quantita-

tive food frequency questionnaires designed to capture local

dietary habits during the previous year. Three FFQs were

developed: one for the northern and central Italian centers of

Varese, Turin and Florence, one for Ragusa, and one for Naples.

The southern (Ragusa and Naples) questionnaires were adminis-

tered by trained interviewers, whereas the north-central question-

naires were self-administered. All FFQs were validated [13].

Detailed descriptions of the FFQ are given elsewhere [14]. The

food items were then linked, using specifically designed software

[14], to Italian Food Tables [15] to obtain estimates of daily intake

of 37 macro- and micro-nutrients plus energy. GIs of food items

containing available carbohydrates were obtained from the Italian

Glycemic Index Table (unpublished data, Brighenti F, PhD,

Department of Public Health, University of Parma). This Table

lists over 150 food items covering over 90% of the carbohydrate

intake of people living in Italy, and includes all major Italian food

items/preparations; it also contains recent data from the literature

on the GIs of foods similar to those consumed in Italy. If there was

no food item in the Table sufficiently similar to a given consumed

item, GIs published elsewhere (International GI Tables [16] and

www.glycemicindex.com.) and not specifically related to an Italian

diet, were used. A detailed description of this Table is given

elsewhere [10].

The average dietary GI for each participant was calculated as

the sum of the GIs of each food item consumed, multiplied by the

average daily amount consumed and the percentage of carbohy-

drate content, all divided by the total daily carbohydrate intake.

The GL was calculated similarly except that there was no division

by total carbohydrate intake. Each unit of GL is equivalent to the

blood glucose-raising effect of consuming 1 g of glucose.

We divided carbohydrate intake into high- and low-GI foods,

choosing a GI of 57 as the cutoff; we adopted this cutoff in order

that high- and low-GI foods each contributed 50% of mean total

carbohydrate intake in our cohort. The main sources of

carbohydrates from high-GI foods in our cohort were bread

(60.8%), sugar/honey and jam (9.1%), pizza (5.4%), and rice

(3.2%); the main sources of carbohydrates from low-GI foods were

pasta (33.3%), fruit (23.5%), and cakes (18.6%).

Lifestyle variables and anthropometric

measurements. A standardized lifestyle questionnaire was

completed by each participant; it was designed to obtain detailed

information on reproductive history, alcohol consumption, smok-

ing history, exposure to environmental tobacco smoke, medical

history, physical activity and other lifestyle factors.

Weight and height were measured at enrolment according to

the EPIC protocol, with participants in light clothing and shoes

removed. Body mass index (BMI) was calculated as weight divided

by height squared (kg/m2).

Ascertainment and verification of major cerebrovascular
disease

Record linkage between the EPICOR database and regional

mortality and hospital discharge databases was performed after

quality control of the EPICOR database. Suspected cerebrovas-

cular disease (CBVD) deaths were identified from mortality files

when International Classification of Diseases 10th edition codes

I60–I69 were reported as an underlying cause of death or when

codes E10–E14, I10–I15, I46, I49, and I70 were reported as an

underlying cause in association with I60–I69. Fatal CBVD was

assigned after verification against hospital discharge and clinical

records. Persons with suspected CBVD were identified on hospital

discharge forms through ICD9-CM codes 342, 430–434, or 436–

438, or by procedure codes for carotid revascularization. Clinical

records were always retrieved to verify CBVD. We used

MONICA criteria to define CBVD [17]. Ischemic thrombotic

stroke was diagnosed when brain infarction or similar was

mentioned in the diagnosis and supported by computed tomog-

raphy (CT) or magnetic resonance imaging (MRI) information.

Hemorrhagic stroke was diagnosed when cerebral hemorrhage or

similar was mentioned in the diagnosis and again supported by CT

or MRI.

Follow-up. Subjects were followed up from study entry and

until stroke diagnosis, death, emigration or until the end of the

follow-up period, whichever occurred first. The date of the end of

follow-up varied by center because hospital discharge file

availability for updating varied as follows: December 31, 2003,

for Florence; December 31, 2006, for Varese and Naples;

December 31, 2007 for Ragusa; and December 31, 2008, for

Turin.

Glycemic Load and Index and Risk of Stroke
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Statistical Analysis
Carbohydrate, carbohydrate from high GI- foods and carbo-

hydrate from low GI- foods, starch, sugar, fiber intake, dietary GL

and dietary GI were analyzed as categorical variables and adjusted

for the energy intake using the regression-residual method [18].

Quintiles were defined on the whole cohort. The distributions of

lifestyle and dietary baseline characteristics of study participants

were assigned to quintiles of energy-adjusted GL. Multivariate

Cox proportional hazard models were used to assess the

association of these dietary components with stroke risk. Age

was the primary time variable. All analyses were stratified by type

of FFQ (north-central Italy, Naples and Ragusa) to control for

differences in questionnaire design, and age at baseline (1-year

categories). HRs with 95%CI were estimated for quintiles of

dietary components (based on whole population), with the lowest

quintile as reference. HRs were also calculated for 1 standard

deviation increments of dietary variables as continuous variables.

Two models are presented: a ‘crude’ model (adjusted only for

sex and stratified by type of questionnaire and age) and an

adjusted model also adjusted for smoking (never smoker/former

smoker/current smoker), years of education (,8 years/$8 years),

BMI (kg/m2), alcohol intake (g/day), non alcohol energy intake

(kcal/day), physical activity (inactive, moderately inactive, moder-

ately active, active), cereal fiber intake (g/day), saturated fat (g/

day), monounsaturated fat (g/day), polyunsaturated fat (g/day).

To test for trends, we determined the median of each quintile and

modeled this as a continuous variable.

We tested the proportional hazard assumption for each food

variable in relation to stroke risk using the method of Grambsch

and Therneau [19]. In all cases, the proportional hazards

assumption was satisfied (not shown).

To assess whether associations of stroke with total carbohydrate,

GI and GL differed with sex or BMI, we stratified by sex and BMI,

using product terms (0 and 1 for male and female, respectively,

and for BMI #25 and .25, respectively) that were multiplied by

the median value of the carbohydrate, GL or GI quintile to which

the subject belonged. To assess the significance of interactions, we

used a likelihood ratio test that compared the model that included

the product term and the model that did not include it. STATA

software (version 11.2; Stata Corp., TX) was used to perform the

statistical analyses.

Results

After a mean follow-up of 10.9 years, 355 participants were

diagnosed as follows: 195 ischemic stroke and 83 hemorrhagic

stroke, 42 carotid revascularizations, 31 death certificate only

(DCO) cerebrovascular events and 4 unspecified types of stroke;

148 in men and 207 in women. Stroke incidence was highest in

Varese (144 per 126,892 person-years), followed by Florence (80

cases per 104,464 person-years), Turin (78 cases per 124,392

person-years), Naples (25 cases per 55, 019 person-years) and

Ragusa (28 cases per 69,581 person-years). Table 1 shows the

distribution of participant characteristic across quintiles of energy-

adjusted dietary GL. Participants in the highest dietary GL

quintile consumed less protein, saturated, monounsaturated,

polyunsaturated fat and alcohol, higher intake of fiber from

cereals and fruit and were more sedentary than those in the lowest

GL quintile.

Table 2 shows the associations of overall stroke risk with

quintiles of energy-adjusted dietary carbohydrate, carbohydrate

from high-GI foods, carbohydrate from low-GI foods, starch,

sugar, dietary GL, dietary GI and fiber. Increasing intake of

carbohydrate was associated with increasing risk of stroke,

adjusted model, (HR = 2.01, 95%CI = 1.04–3.86 highest vs. lowest

quintile; p for trend across quintiles 0.025). When carbohydrate

intake was considered as a continuous variable, stroke hazard ratio

for increasing carbohydrate intake was statistically significant

(HR = 1.49, 95%CI = 1.18–1.90 for 1 standard deviation incre-

ments-adjusted model).

Increasing intake of carbohydrate from high-GI foods was also

significantly associated with increasing risk of stroke, adjusted

model (HR 1.87, 95%CI = 1.16–3.02 highest vs. lowest quintile, p

for trend across quintiles 0.008), while increasing the intake of

carbohydrate from low-GI foods was not. Carbohydrate from

high-GI foods intake was also associated with increased risk in the

continuous model (HR = 1.20, 95%CI = 1.03–1.41 for 1 standard

deviation increments-adjusted model). No significant association of

starch and sugar intake with stroke risk was found.

GI had no significant influence on risk of stroke; whereas the

forth (HR 1.95, 95%CI = 1.14–3.33) and fifth quintiles (HR 2.21,

95%CI = 1.16–4.20) of GL were associated with significantly

higher stroke risk than the lowest quintile with p for trend across

quintiles of 0.015. Increasing GL intake was also associated with

increased risk in the continuous model (HR 1.44, 95%CI = 1.16–

1.77 for 1 standard deviation increments-adjusted model).

Increasing fiber intake tended to be associated with lowered

stroke risk but the reductions were not significant.

Table 3 shows the associations of ischemic stroke with the same

energy-adjusted variables as in Table 2. Increasing carbohydrate

from high-GI foods consumption was associated with increasing

risk of ischemic stroke in the adjusted model with p trend across

quintiles 0.044 and only the highest quintile had an HR

significantly above reference: adjusted model (HR 1.92,

95%CI = 1.01–3.66). Carbohydrate from high-GI foods was also

significantly associated with increased ischemic stroke risk in the

continuous model (HR 1.24, 95%CI = 1.01–1.53 for 1 standard

deviation increments-adjusted model).

Increasing GL intake was associated with increased risk of

ischemic stroke only in the continuous model (HR for 1standard

deviation increments, 1.44, 95%CI = 1.09–1.92- adjusted model).

Increasing fiber intake was associated with decreasing ischemic

stroke risk in the crude model but after adjustment for the other

covariates risk reduction remained only in the second quintile and

was no longer significant in the others.

Table 4 shows the associations of hemorrhagic stroke risk with

the same energy-adjusted variables as in Table 2. Carbohydrate

and GL intake were significantly associated with increased

ischemic stroke risk only in the continuous model (HR for 1

standard deviation increments 1.73, 95%CI = 1.04–2.87 and HR

1.56, 95%CI = 1.01–2.41, respectively- adjusted model).

Increasing carbohydrate consumption from high-GI foods was

significantly associated with increasing hemorrhagic stroke risk

(HR 3.14, 95%CI = 1.09–9.04 highest vs. lowest quintile, adjusted

model), with a p for trend of 0.050. When carbohydrate from

high-GI foods consumption was considered as a continuous

variable, increasing intake was not statistically significant.

None of the other variables investigated, including carbohydrate

intake from low-GI foods, was associated with hemorrhagic stroke

risk. For all variables investigated, stroke risk did not differ

significantly between men and women (tests for interaction were

not significant), HRs were in the same direction and of similar size

for both sexes (Data not shown). A similar lack of significant

interaction was found for the high and low BMI categories (data

not shown), however it is unlikely that the study has the statistical

power to adequately examine such associations.

Glycemic Load and Index and Risk of Stroke
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Discussion

The present study is the first prospective study to find that high

dietary GL is associated with significantly increased risk of overall

stroke. By contrast dietary GI was not associated with stroke. The

study also found that high carbohydrate intake was significantly

associated with increased stroke risk – but on dividing carbohy-

drate into that derived from high GI foods and that from low GI

foods, only carbohydrate from high GI foods was significantly

associated with stroke risk. Thus, stroke risk depended not only on

overall GL and quantity of carbohydrate intake, but also on the

quality of carbohydrate consumed.

That increased stroke risk is associated with both high dietary

GL and high carbohydrate from high GI foods is unsurprising,

since total dietary GL is the sum of the products of each food’s GI

by its carbohydrate content. As its name suggests, therefore,

dietary GL is a more sensitive measure of postprandial glycemia

and insulin demand than dietary GI [20,21]. And if stroke is

related to the overall insulin demand of the diet, it is expected to

be more strongly related to dietary GL than to dietary for GI, as

we have observed.

Our findings are in agreement with those of two other studies, in

which high dietary GL was non-significantly associated with

increased risk of all types of stroke [8,22]. In one of these, the

Nurses’ Health Study [8], stroke risk was significantly related to

dietary GL only in overweight women. The other prospective

investigations [5,7,9] found no association of dietary GL on overall

stroke risk but two of them did find a weak association of GL with

hemorrhagic stroke [5,9]. Unlike previous studies, we found that

dietary GL was associated with both ischemic and hemorrhagic

stroke, however only when the variable was considered as

continuous. Furthermore, we found that carbohydrate from high

Table 1. Baseline distribution of nutrients and cardiovascular risk factors (standard deviation in parentheses) by quintiles of
energy-adjusted glycemic load (GL) in EPICOR study.*

Quintiles of energy-adjusted GL

I II III IV V

N 8824 8819 8814 8826 8816

Overall glycemic index 51.8(2.7) 52.6(2.5) 53.3(2.4) 54.1(2.34) 55.5(2.54)

Glycemic load 130.9(47.5) 132.1(45.3) 141.2(44.3) 157.8(45.3) 203.4(54.4)

Protein (g/day) 108.5(30.5) 92.1(25.7) 87.4(25.2) 86.8(25.9) 93.8(26.2)

Saturated Fat (g/day) 39.4(13.2) 31.7(10.4) 29.0(9.8) 27.7(9.8) 27.5(9.6)

Monounsaturated Fat (g/day) 52.1(15.9) 42.6(12.6) 39.1(12.1) 37.4(12.1) 37.5(12.1)

Polyunsaturated Fat (g/day) 12.5(4.9) 10.5(3.93) 9.9(3.7) 9.8(3.7) 10.5(3.8)

Carbohydrate (g/day) 252.7(90.9) 251.6(86.5) 265.7(84.3) 292.7(86.3) 367.0(99.1)

High GI carbohydrate (g/day) 107.1(48.3) 112.3(47.6) 125.1(47.9) 148.2(51.3) 212.8(70.3)

Low GI carbohydrate (g/day) 145.5(61.1) 139.3(57.5) 140.6(55.4) 144.4(56.7) 154.1(59.5)

Starch (g/day) 148.5(67.7) 149.7(64.1) 161.6(64.0) 184.1 (67.6) 246.9 (82.0)

Sugars (g/day) 103.9(42.7) 101.7(40.9) 103.8(40.6) 108.4 (42.1) 119.8(49.9)

Fiber from potatoes(g/day) 0.54(0.5) 0.44(0.4) 0.42(0.36) 0.42(0.36) 0.45(0.39)

Fiber from vegetables(g/day) 5.14(2.6) 4.34(2.1) 3.99(1.9) 3.80(1.8) 3.78(1.9)

Fiber from legumes(g/day) 1.76(1.7) 1.63(1.6) 1.62(1.6) 1.62(1.8) 1.74(1.9)

Fiber from fruit (g/day) 6.84(4.5) 6.85(4.3) 7.18(4.6) 7.65(5.3) 8.77(6.5)

Fiber form cereals (g/day) 7.4(4.4) 7.8(4.5) 8.7(5.0) 10.6(6.2) 15.8(10.1)

Energy no alcohol (kcal/day) 2379(707) 2124(635) 2094(619) 2163(631) 2477(663)

Alcohol (g/day) 22.7(22.8) 13.8(15.9) 10.7(13.6) 8.7(12.4) 7.14(11.1)

Age (years) 49.8(7.4) 50.2(7.6) 50.1(7.9) 50.1(7.8) 49.8(7.9)

Body mass index (kg/m2) 26.4(4.0) 26.0(4.1) 25.8(3.9) 25.7(4.1) 25.8(4.0)

Total physical activity index (%)

Sedentary 15.4 17.8 19.8 21.4 25.6

Moderately sedentary 20.7 21.6 20.7 20.0 17.0

Moderately active 22.5 20.4 20.0 19.3 17.8

Active 24.2 19.7 18.4 18.1 19.6

Education (% $8 years) 19.8 19.9 20.2 20.1 21.0

Smoking

Current (%) 21.0 18.8 19.2 19.2 21.8

Former (%) 22.6 20.1 19.1 19.2 19.0

Never (%) 17.9 20.6 21.0 20.9 19.6

*Unless otherwise indicated, data are expressed as mean (SD).
doi:10.1371/journal.pone.0062625.t001
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GI foods was significantly associated with risk of both ischemic and

hemorrhagic stroke.

As noted, we found no significant association of GI with stroke.

This is in contrast to previous findings that high dietary GI

increased stroke risk in men [7] and in women [5], and also

increased the risk of dying from stroke [6]. Oba et al. also reported

that high GI increased the risk of ischemic stroke in women [5]. In

two of these studies [5,6] the mean energy-adjusted GI ranged

Table 2. Hazard ratios (with 95% confidence intervals) for stroke by increasing energy-adjusted quintiles of carbohydrate, high GI
carbohydrate, low GI carbohydrate, starch, sugar, dietary glycemic index, glycemic load and fiber intake.*

I II III IV V
P for
trend

Intake as a
continuous
variable ç

Carbohydrate

N cases/N non-cases 85/8749 57/8749 68/8749 71/8749 74/8748

Median (g/day) 232 266 287 307 339

Crude HR (95% CI){ 1 0.72 (0.49–1.06) 0.88 (0.61–1.26) 0.93 (0.64–1.34) 1.18 (0.81–1.70) 0.313 1.09 (0.96–1.23)

Adjusted HR (95% CI)
$ 1 0.95 (0.62–1.45) 1.30 (0.81–2.08) 1.50 (0.87–2.57) 2.01 (1.04–3.86) 0.025 1.49 (1.18–1.90)

High GI carbohydrate

N cases/N non-cases 72/8749 69/8749 69/8749 71/8749 74/8748

Median (g/day) 86 116 137 160 203

Crude HR (95% CI){ 1 0.93 (0.64–1.35) 0.90 (0.61–1.32) 1.08 (0.74–1.57) 1.48 (1.00–2.20) 0.037 1.14 (1.00–1.30)

Adjusted HR (95% CI)
$ 1 1.10 (0.74–1.63) 1.14 (0.75–1.73) 1.40 (0.91–2.16) 1.87 (1.16–3.02) 0.008 1.20 (1.03–1.41)

Low GI carbohydrate

N cases/N non-cases 77/8749 58/8749 69/8749 75/8749 76/8748

Median (g/day) 99 126 143 162 192

Crude HR (95% CI){ 1 0.75 (0.51–1.10) 0.91 (0.63–1.31) 0.86 (0.59–1.26) 0.93 (0.63–1.35) 0.930 0.96 (0.84–1.09)

Adjusted HR (95% CI)
$ 1 0.86 (0.58–1.28) 1.09 (0.74–1.60) 1.03 (0.69–1.54) 1.01 (0.67–1.54) 0.731 0.98 (0.86–1.12)

Starch

N cases/N non-cases 81/8749 64/8749 70/8749 68/8749 72/8748

Median (g/day) 121 154 176 199 239

Crude HR (95% CI){ 1 0.85 (0.59–1.21) 0.82 (0.57–1.19) 0.89 (0.61–1.29) 1.13 (0.77–1.66) 0.657 1.03 (0.90–1.17)

Adjusted HR (95% CI)
$ 1 0.99 (0.67–1.46) 1.06 (0.68–1.65) 1.21 (0.74–1.98) 1.50 (0.85–2.67) 0.151 1.17 (0.96–1.41)

Sugar

N cases/N non-cases 77/8749 64/8749 70/8749 59/8749 85/8748

Median (g/day) 69 90 104 120 150

Crude HR (95% CI){ 1 1.00 (0.68–1.47) 0.91 (0.61–1.35) 0.83 (0.56–1.25) 1.31 (0.90–1.90) 0.161 1.07 (0.95–1.21)

Adjusted HR (95% CI)
$ 1 1.16 (0.78–1.73) 1.09 (0.72–1.64) 0.99 (0.65–1.53) 1.42 (0.93–2.16) 0.156 1.06 (0.93–1.21)

Glycemic index

N cases/N non-cases 74/8749 64/8749 77/8749 75/8749 65/8748

Median 50.0 52.0 53.4 54.8 56.9

Crude HR (95% CI){ 1 0.92 (0.62–1.36) 1.17 (0.80–1.69) 1.30 (0.90–1.87) 1.03 (0.69–1.52) 0.417 1.09 (0.97–1.23)

Adjusted HR (95% CI)
$ 1 0.91 (0.61–1.36) 1.16 (0.79–1.70) 1.29 (0.88–1.89) 1.04 (0.68–1.58) 0.427 1.10 (0.96–1.26)

Glycemic load

N cases/N non-cases 75/8749 70/8749 65/8749 77/8749 68/8748

Median 121 140 153 165 186

Crude HR (95% CI){ 1 1.06 (0.73–1.53) 0.91 (0.62–1.33) 1.15 (0.79–1.67) 1.27 (0.86–1.88) 0.225 1.11 (0.97–1.26)

Adjusted HR (95% CI)
$ 1 1.42 (0.94–2.15) 1.36 (0.84–2.20) 1.95 (1.14–3.33) 2.21 (1.16–4.20) 0.015 1.44 (1.16–1.77)

Fiber

N cases/N non-cases 94/8749 67/8749 61/8749 71/8749 62/8748

Median (g/day) 16.1 19.8 22.5 25.8 34.3

Crude HR (95% CI){ 1 0.61 (0.43–0.89) 0.59 (0.41–0.86) 0.66 (0.46–0.96) 0.72 (0.46–1.13) 0.196 0.92 (0.77–1.09)

Adjusted HR (95% CI)
$ # 1 0.72 (0.49–1.06) 0.73 (0.49–1.09) 0.83 (0.55–1.24) 0.87 (0.53–1.44) 0.802 0.99 (0.83–1.18)

*energy adjusted by residual method; {Adjusted for sex and stratified by FFQ and age;$ also adjusted for education, smoking, body mass index, alcohol, non alcohol
energy intake, cereal fiber intake, saturated fat, monounsaturated fat, polyunsaturated fat and physical activity; # not adjusted for cereal fiber; ç for 1 SD increase.
doi:10.1371/journal.pone.0062625.t002

Glycemic Load and Index and Risk of Stroke

PLOS ONE | www.plosone.org 5 May 2013 | Volume 8 | Issue 5 | e62625



from about 52 in the lowest to 70 in the highest quartile, while in

our study the GI range was 52 to 55 indicating lower GI range in

our Italian diet (data not shown) than in the diet of the Dutch and

Japanese populations. In the other study [7], mean energy-

adjusted GI across quartiles was not available.

There are likely to be several reasons why we have found

consistent evidence of a relation between a high GL diet and

increased risk of stroke, while other studies have found no or weak

evidence for such an association.

Firstly, carbohydrate intake and dietary GL were high in our

Mediterranean population, ranging form 252 g/day in the lowest

to 355 g/day the highest quartile for carbohydrate and 131 in the

lowest to 196 highest quartile for GL (data not shown), whereas in

other studies [8,9,22] the corresponding figures were approxi-

mately 122 to 314 for carbohydrate and 79 to 175 g/day for GL.

However, dietary differences in carbohydrate consumption and

GL are unlikely to fully explain our results given that consumption

was higher in a Japanese [5] study which found no influence of

dietary carbohydrate in stroke risk.

Secondly, GL sources differed: in our population the major GL

sources were white bread (36%), followed by pasta (13%); and

when we divided carbohydrate according to GI, the major high GI

source was white bread and major low GI food source was pasta.

In other studies the major contributors to dietary GL were white

bread and potatoes in Sweden (14.2%, 10.5% respectively) and the

US (5.2%, 7.7% respectively) [23,24] and rice in Japan [5] – all

Table 3. Hazard ratios (with 95% confidence intervals) for ischemic stroke by increasing energy-adjusted quintiles of carbohydrate,
high GI carbohydrate, low GI carbohydrate, starch, sugar, dietary glycemic index, glycemic load and fiber intake.*

I II III IV V
P for
trend

Intake as a
continuous variable ç

Carbohydrate

N cases/N non-cases 51/8749 29/8749 34/8749 44/8749 37/8748

Crude HR (95% CI) { 1 0.55 (0.33–0.92) 0.63 (0.38–1.04) 0.84 (0.52–1.35) 0.80 (0.48–1.33) 0.582 0.95 (0.80–1.12)

Adjusted HR (95% CI)
$ 1 0.80 (0.45–1.43) 1.06 (0.56–2.02) 1.58 (0.77–3.21) 1.70 (0.70–4.10) 0.152 1.37 (0.99–1.88)

High GI carbohydrate

N cases/N non-cases 43/8749 36/8749 39/8749 36/8749 41/8748

Crude HR (95% CI) { 1 0.77 (0.47–1.28) 0.78 (047–1.31) 0.83 (0.50–1.39) 1.18 (0.70–1.99) 0.539 1.06 (0.89–1.27)

Adjusted HR (95% CI)
$ 1 1.03 (0.61–1.75) 1.16 (0.66–2.02) 1.31 (0.73–2.36) 1.92 (1.01–3.66) 0.044 1.24 (1.01–1.53)

Low GI carbohydrate

N cases/N non-cases 49/8749 29/8749 34/8749 41/8749 42/8748

Crude HR (95% CI) { 1 0.67 (0.40–1.12) 0.74 (0.45–1.22) 0.82 (0.49–1.35) 0.77 (0.46–1.29) 0.495 0.88 (0.74–1.05)

Adjusted HR (95% CI)
$ 1 0.81 (0.48–1.37) 0.93 (0.55–1.57) 1.04 (0.61–1.78) 0.89 (0.50–1.57) 0.912 0.93 (0.77–1.11)

Starch

N cases/N non-cases 45/8749 36/8749 35/8749 42/8749 37/8748

Crude HR (95% CI) { 1 0.90 (0.56–1.45) 0.67 (0.40–1.13) 0.94 (0.58–1.53) 0.87 (0.51–1.50) 0.627 0.94 (0.79–1.13)

Adjusted HR (95% CI)
$ 1 1.29 (0.77–2.17) 1.17 (0.63–2.17) 1.93 (1.00–3.71) 1.95 (0.88–4.31) 0.072 1.25 (0.97–1.62)

Sugar

N cases/N non-cases 43/8749 41/8749 36/8749 32/8749 43/8748

Median

Crude HR (95% CI) { 1 1.02 (0.62–1.69) 0.75 (0.43–1.30) 0.84 (0.49–1.42) 1.11 (0.67–1.84) 0.789 1.01 (0.85–1.19)

Adjusted HR (95% CI)
$ 1 1.22 (0.73–2.04) 0.90 (0.51–1.58) 0.96 (0.55–1.70) 1.09 (0.61–1.94) 0.958 0.97 (0.81–1.17)

Glycemic index

N cases/N non-cases 39/8749 33/8749 51/8749 37/8749 35/8748

Crude HR (95% CI) { 1 0.89 (0.51–1.55) 1.45 (0.88–2.40) 1.28 (0.76–2.14) 1.04 (0.60–1.80) 0.533 1.10 (0.93–1.30)

Adjusted HR (95% CI)
$ 1 0.88 (0.50–1.55) 1.48 (0.89–2.47) 1.36 (0.80–2.31) 1.14 (0.64–2.05) 0.331 1.16 (0.96–1.39)

Glycemic load

N cases/N non-cases 46/8749 33/8749 38/8749 42/8749 36/8748

Crude HR (95% CI) { 1 0.77 (0.47–1.26) 0.73 (0.44–1.21) 0.91 (0.55–1.48) 0.89 (0.53–1.51) 0.775 0.99 (0.83–1.17)

Adjusted HR (95% CI)
$ 1 1.17 (0.67–2.04) 1.29 (0.68–2.43) 1.89 (0.93–3.86) 2.02 (0.86–4.78) 0.079 1.44 (1.09–1.92)

Fiber

N cases/N non-cases 62/8749 34/8749 31/8749 37/8749 31/8748

Crude HR (95% CI){ 1 0.43 (0.26–0.72) 0.46 (0.28–0.76) 0.53 (0.32–0.86) 0.46 (0.24–0.88) 0.024 0.80 (0.63–1.01)

Adjusted HR (95% CI)
$ # 1 0.52 (0.31–0.89) 0.59 (0.34–1.02) 0.70 (0.40–1.21) 0.60 (0.30–1.23) 0.284 0.90 (0.71–1.14)

*energy adjusted by residual method; {Adjusted for sex and stratified by FFQ and age;$ also adjusted for education, smoking, body mass index, alcohol, non alcohol
energy intake, cereal fiber intake, saturated fat, monounsaturated fat, polyunsaturated fat and physical activity; # not adjusted for cereal fiber; ç for 1 SD increase.
doi:10.1371/journal.pone.0062625.t003
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foods with high GI. Thus while in Italy the two main sources of

GL had markedly different GIs permitting us to investigate a wide

range of dietary GL; in the other countries it is likely that the range

of dietary GL variation was much narrower.

We did not stratify the analyses by sex because there was no

significant interaction between sex and carbohydrate, GL or GI; in

fact HRs were in the same direction and of similar size for both

sexes. Only two previous studies have presented analyses for men

and women separately [5,7], and although risk patterns related to

dietary GI were reported to differ between the sexes, interactions

were not significant. In a previous analysis of the same Italian

EPICOR cohort [10], we found that high dietary GI, and high

carbohydrate from high GI diet, were associated with significantly

increased risk of coronary heart disease in women but not men,

whereas in the present study the effect on stroke was the same in

both sexes. Coronary heart disease and stroke share several [25]

but not all risk factors, and how sex can influence the development

of CHD and stroke differentially remains to be clarified.

All the carbohydrate-stroke associations found in this study

support the hypothesis that high postprandial glycemia is the

mechanism leading to increased stroke risk. Low GI carbohydrate

sources such as whole grains and pasta are digested slowly so that

the blood glucose peak is contained and the overall insulin

response is low. By contrast consumption of high GI foods such as

white bread results in a rapid and marked blood glucose peak that

elicits a marked insulin response. Persistently high blood glucose

Table 4. Hazard ratios (with 95% confidence intervals) for hemorrhagic stroke by increasing energy-adjusted quintiles of
carbohydrate, high GI carbohydrate, low GI carbohydrate, starch, sugar, dietary glycemic index, glycemic load and fiber intake.*

I II III IV V
P for
trend

Intake as a
continuous
variable ç

Carbohydrate

N cases/N non-cases 19/8749 14/8749 16/8749 16/8749 18/8748

Crude HR (95% CI){ 1 0.87 (0.40–1.86) 1.01 (0.47–2.13) 1.01 (0.47–2.17) 1.51 (0.72–3.16) 0.297 1.28 (0.99–1.66)

Adjusted HR (95% CI)
$ 1 0.87 (0.37–2.02) 1.05 (0.41–2.71) 1.04 (0.35–3.15) 1.40 (0.37–5.32) 0.628 1.73 (1.04–2.87)

High GI carbohydrate

N cases/N non-cases 11/8749 22/8749 13/8749 20/8749 17/8748

Crude HR (95% CI){ 1 2.12 (0.95–4.69) 1.07 (0.42–2.69) 2.24 (0.98–5.09) 2.62 (1.09–6.31) 0.043 1.24 (0.94–1.62)

Adjusted HR (95% CI)
$ 1 2.39 (1.04–5.50) 1.29 (0.48–3.46) 2.84 (1.12–7.23) 3.14 (1.09–9.04) 0.050 1.24 (0.89–1.72)

Low GI carbohydrate

N cases/N non-cases 16/8749 15/8749 18/8749 17/8749 17/8748

Crude HR (95% CI){ 1 0.66 (0.29–1.50) 1.01 (0.48–2.11) 0.83 (0.39–1.78) 0.84 (0.39–1.83) 0.829 1.06 (0.82–1.36)

Adjusted HR (95% CI)
$ 1 0.67 (0.29–1.55) 1.02 (0.48–2.18) 0.80 (0.36–1.78) 0.71 (0.30–1.66) 0.542 1.00 (0.76–1.33)

Starch

N cases/N non-cases 22/8749 14/8749 16/8749 17/8749 14/8748

Crude HR (95% CI){ 1 0.61 (0.29–1.28) 0.86 (0.43–1.71) 0.83 (0.40–1.72) 1.04 (0.47–2.31) 0.905 1.08 (0.82–1.42)

Adjusted HR (95% CI)
$ 1 0.50 (0.22–1.14) 0.65 (0.27–1.55) 0.60 (0.23–1.58) 0.61 (0.19–1.95) 0.464 0.98 (0.66–1.46)

Sugar

N cases/N non-cases 14/8749 13/8749 18/8749 14/8749 24/8748

Crude HR (95% CI){ 1 1.13 (0.48–2.64) 1.22 (0.53–2.80) 0.78 (0.31–1.96) 1.74 (0.79–3.80) 0.174 1.21 (0.97–1.51)

Adjusted HR (95% CI)
$ 1 1.18 (0.50–2.81) 1.35 (0.57–3.19) 0.87 (0.33–2.27) 1.83 (0.77–4.39) 0.195 1.23 (0.95–1.59)

Glycemic index

N cases/N non-cases 13/8749 20/8749 14/8749 21/8749 15/8748

Crude HR (95% CI){ 1 1.80 (0.82–3.93) 1.24 (0.53–2.94) 1.99 (0.90–4.36) 1.49 (0.64–3.49) 0.333 1.12 (0.88–1.43)

Adjusted HR (95% CI)
$ 1 1.79 (0.81–3.93) 1.25 (0.52–2.99) 2.00 (0.89–4.52) 1.55 (0.63–3.81) 0.321 1.13 (0.87–1.48)

Glycemic load

N cases/N non-cases 15/8749 20/8749 15/8749 15/8749 18/8748

Crude HR (95% CI){ 1 1.46 (0.70–3.08) 1.15 (0.51–2.57) 1.02 (0.44–2.40) 2.12 (0.98–4.61) 0.153 1.28 (0.99–1.66)

Adjusted HR (95% CI)
$ 1 1.59 (0.69–3.62) 1.33 (0.50–3.55) 1.28 (0.41–4.04) 2.58 (0.71–9.47) 0.219 1.56 (1.01–2.41)

Fiber

N cases/N non-cases 12/8749 20/8749 16/8749 19/8749 16/8748

Crude HR (95% CI){ 1 1.47 (0.66–3.27) 1.13 (0.48–2.65) 1.51 (0.66–3.46) 2.17 (0.87–5.41) 0.110 1.23 (0.88–1.71)

Adjusted HR (95% CI)
$ # 1 1.53 (0.67–3.49) 1.17 (0.47–2.89) 1.48 (0.60–3.66) 1.87 (0.67–5.22) 0.292 1.12 (0.78–1.60)

*energy adjusted by residual method; {Adjusted for sex and stratified by FFQ and age;$ also adjusted for education, smoking, body mass index, alcohol, non alcohol
energy intake, cereal fiber intake, saturated fat, monounsaturated fat, polyunsaturated fat and physical activity; # not adjusted for cereal fiber; ç for 1 SD increase.
doi:10.1371/journal.pone.0062625.t004
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and insulin as a result of a diet high in high GI carbohydrate may

cause metabolic abnormalities giving rise to dyslipidemia that in

turn increase the risk of stroke risk. Randomized trials have shown

that low-GI and low-GL diets affect plasma concentrations of LDL

cholesterol [26,27], HDL cholesterol [28], triglycerides [29,30],

markers of inflammation [29] and thrombosis [30], and insulin

resistance [31], in ways expected to reduce the risk of cerebro-

vascular disease. However, the observed effect of dietary

interventions have been relatively modest and have not been

observed consistently across trials [9].

Strengths of our study are its prospective design, and small

number of participants lost to follow-up, limiting the possibility of

selection bias. Furthermore, the fact that associations strengthened

after adjustment for several recognized risk factors for cerebro-

vascular disease reduces the possibility of residual confounding.

Another strength, particularly in comparison to previously

published cohort studies, is that we used GI values that had

mostly been determined on Italian foods. Since the glucose

response, and probably also insulin response of a food, varies with

the variety (for example rice) or mode of manufacture/preparation

(e.g. parboiled vs. non parboiled rice, boiled rice vs. risotto),

measured GIs of local foods are likely to be more accurate than

those derived from international food tables. With regard to the

food frequency questionnaires, these were designed to quantify the

food items and preparations typically eaten in specific regions of

Italy, and also to estimate the carbohydrate content of the diet; but

they were not designed to produce measures of dietary GI or GL.

However, it was relatively simple to apply GI values to the food

items consumed. A study by Liu et al. [23] on food-frequency

questionnaires broadly similar to ours showed it was possible to

accurately estimate dietary GI and GL from questionnaire

responses.

Another limit of our study is that dietary exposure is based on a

single dietary assessment in which participants were asked about

eating habits over the preceding year. Some participants may have

changed their diet during follow-up, giving rise to some

misclassification of exposure which would have weakened diet-

disease associations. Finally, people do not generally eat single

foods, but meals in which the GI value of an individual food can

vary widely depending on how it is combined with other

components and it is not possible to take such interactions into

account using a food-frequency questionnaire. However strong

correlations have been found between observed GI and GI values

of mixed meals calculated from their components [32].

To conclude, in this Italian cohort we have found that high

dietary GL and high consumption of carbohydrate from high-GI

foods significantly increases risk of all types of stroke. However

further prospective studies on larger cohorts and sufficiently long

follow-up, are required to clarify the association of carbohydrate

with stroke subtypes.
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