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Abstract Consumption diets of high glycemic index (GI)

and glycemic load (GL) may increase the risk of breast

cancer. We aimed to conduct a meta-analysis of prospec-

tive cohort studies to evaluate the associations between

dietary GI and GL and risk of breast cancer. We searched

the PubMed database for relevant studies through

November 2010, with no restrictions. We included pro-

spective cohort studies that reported relative risk (RR) with

95% confidence intervals (CIs) for the associations of

dietary GI and GL with breast cancer risk. Summary RRs

were calculated using both fixed- and random-effects

models. We identified 10 prospective cohort studies eligi-

ble for analysis, involving 15,839 cases and 577,538 par-

ticipants. The summary RR of breast cancer for the highest

GI intake compared with the lowest was 1.08 (95% CI:

1.02–1.14), with no evidence of heterogeneity (P = 0.72,

I2 = 0%). For GL, the summary RR was 1.04 (95% CI:

0.95–1.15), and substantial heterogeneity was observed

(P = 0.02, I2 = 55.6%). The GI and GL and breast cancer

associations did not significantly modified by geographic

region, length of follow-up, number of cases, or meno-

pausal status at baseline. Dose–response analysis was not

performed due to limited number of eligible studies. There

was no evidence of publication bias. In summary, the

present meta-analysis of prospective cohort studies sug-

gests that high dietary GI is associated with a significantly

increased risk of breast cancer. However, there is no sig-

nificant association between dietary GL and breast cancer

risk.
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Introduction

There is growing interest in the role of dietary glycemic

index and glycemic load in relation to risk of breast cancer.

The glycemic index (GI), introduced by Jenkins et al. [1] in

1981, ranks the carbohydrate content of individual foods

according to their postprandial glycemic effects. Consump-

tion of high-GI diets is associated with high blood glucose

and insulin levels [2], which are proposed to be important

risk factors for breast cancer [3–5]. The glycemic load (GL),

which is the product of the GI of a food item and the available

carbohydrate content, quantifies both the overall glycemic

effects and insulin demand [6]. High dietary GI and GL,

therefore, may potentially increase risk for breast cancer.

During the past decade, a number of epidemiologic

studies that examined the associations between dietary GI

and GL and risk of breast cancer have been published.

However, the results were inconsistent, with most studies

showing null or weak associations. A previous meta-analysis

[7] summarized these individual studies but failed to detect

significant associations of GI or GL with risk of breast can-

cer. The absence of association was likely due to the insuf-

ficient statistical power, as only seven cohort studies were

included in their analysis. Recently, several cohort studies

[8–10] subsequent to that meta-analysis have emerged, and

most showed positive, although not significant, associations

of dietary GI and GL with breast cancer risk.

With the most up-to-date evidence, we aimed to conduct

a meta-analysis of prospective cohort studies to evaluate

the associations between dietary GI and GL and risk of

breast cancer.
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Methods

Search strategy

We attempted to follow the proposed MOOSE guidelines

[11] to plan, conduct, and report this meta-analysis.

A PubMed database search through November 2010 was

conducted to identify relevant studies describing the asso-

ciations between dietary GI and GL and risk of breast

cancer. We used two search themes and combined them by

the Boolean operator ‘‘AND’’. The first theme is ‘‘glycemic

index OR glycemic load’’; and the second, ‘‘breast cancer

OR breast neoplasms’’. No restrictions were imposed. In

addition, we reviewed the reference lists of retrieved arti-

cles. We did not contact authors of primary studies for

additional information. No attempt was made to identify

unpublished studies.

Study selection

We first performed an initial screen of identified abstracts

or titles. The second screen was based on full-text review.

Studies were considered eligible if they met the following

criteria: (1) prospective cohort design; (2) the exposure of

interest was dietary GI or GL intake; (3) the outcome of

interest was breast cancer; and (4) relative risks (RRs) with

corresponding 95% confidence intervals (CIs) for the

highest versus lowest categories of GI or GL were reported.

Data collection

We extracted all data using a standardized data-collection

form. Information was recorded as follows: last name of

the first author, publication year, and location; study period

and duration of follow-up; number of cases and partici-

pants; range of dietary GI and GL intake; RRs from the

most fully adjusted model for the highest versus the lowest

category of GI and GL intake and the corresponding 95%

CIs; and statistical adjustments for the main confounding

factors of interest. Two authors independently conducted

the studies selection and data extraction. Any disagree-

ments were resolved by discussion.

Statistical analysis

The RR was used as the common measure of association

across studies, and the hazard ratio was directly considered

as RR. RRs from individual studies for each category of GI

and GL and the corresponding standard errors, which were

derived from CIs, were transformed to their natural loga-

rithms to stabilize the variances and to normalize the

distributions.

Homogeneity of RRs across studies was tested by

Cochran Q statistic (significance level at P \ 0.10) and the

I2 statistic, which is a quantitative measure of inconsistency

across studies [12]. Both the fixed- and random-effects

models [13] were used to calculate the summary risk

estimates.

We conducted a subgroup analysis stratified by geo-

graphic region, duration of follow-up, number of cases, and

menopause status at baseline to assess the impacts of these

variables on outcomes. We also conducted a sensitivity

analysis to investigate the influence of a single study on the

overall risk estimate by omitting one study in each turn.

We planned to quantify dose–response relationships of

GI and GL with risk of breast cancer. This analysis is based

on data for categories of average GI and GL intake, number

of cases, person-year of follow-up, and adjusted logarithm

of the RR with its standard error [14, 15]. However, nearly

half of the included studies did not provide required data

(e.g., number of cases or average GI and GL intake in each

category). Due to limited number of eligible studies, the

dose–response analysis was not performed.

Potential publication bias was assessed by visual

inspection of Begg’s funnel plot and Egger’s regression test

at the P \ 0.10 level of significance [16]. All analyses

were performed using STATA version 10.0 (StataCorp,

College Station, Texas). P value \ 0.05 was considered

statistically significant, except where otherwise specified.

Results

Literature search

We initially retrieved 44 unique citations. Of these, 31

citations were excluded after the first screening based on

abstracts or titles, mainly because they were reviews, case–

control studies, or not relevant to our analysis. Manual

search of the reference lists of retrieved articles did not

identify additional studies. Therefore, 13 articles were left

for full-text review. One study [17] was excluded, because

it used a retrospective cohort design. We further excluded

two studies [18, 19] in which GI and GL were treated as

continuous variables but not category of intake. We

therefore included 10 prospective cohort studies [8–10, 20–

26] for this meta-analysis. A flow chart showing the study

selection is presented in Fig. 1.

Study characteristics

The characteristics of the 10 prospective cohort studies are

presented in Table 1. The association between GI and GL
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and breast cancer was the primary outcome of interest in

nine studies, whereas it was a secondary question in one

study [10]. The included studies were published between

2003 and 2010. Five studies were conducted in United

States, three in Europe, one in Canada, and one in China.

The number of cases diagnosed in these studies ranged

from 289 to 4,092, with a sum of 15,839. The number of

participants ranged from 8,959 to 90,655, with a sum of

577,538. Two studies involved premenopausal women

only, two studies involved postmenopausal women only,

and the other six studies included overall women, of which

five presented results separately by menopausal status. The

length of follow-up ranged from 5 to 18 years, with a

median of 8.5 years. Ranges of GI and GL intake varied

across studies, e.g., average intake of GI in the highest

categories across studies ranged from 55 to 96 g/day. Most

risk estimates were adjusted for age, body mass index

(BMI), family history of breast cancer, age at menarche,

age at first birth, parity, oral contraceptives use, hormone

replacement therapy use, alcohol use, and intake of total

energy. However, smoking and physical activity, two

potential confounding factors [27, 28], were controlled in

only a few studies.

GI and GL and risk of breast cancer

The adjusted RRs for each study and the summary RRs for

the highest versus the lowest categories of GI and GL intake

are presented in Fig. 2. Among the 10 included studies, all

but one [24] found a positive association between GI and

risk of breast cancer, whereas only one [25] reached sta-

tistical significance. GL intake was associated with an

increased risk of breast cancer in six studies, among which

one [25] showed a significant relation. The summary RR of

breast cancer for the highest GI intake compared with the

lowest was 1.08 (95% CI: 1.02–1.14, fixed-effect model),

with no evidence of heterogeneity (P = 0.72, I2 = 0%).

For GL, the summary RR was 1.04 (95% CI: 0.95–1.15,

random-effects model), and substantial heterogeneity was

observed (P = 0.02, I2 = 55.6%).

Subgroup and sensitivity analyses

The results of subgroup analyses according to geographic

region, length of follow-up, number of cases, and meno-

pausal status are presented in Table 2. No evidence of het-

erogeneity was observed within any subgroup for dietary GI

and risk of breast cancer, and a significantly increased risk

was observed among studies in Europe, with duration of

follow-up C9 years, with number of cases C1000, and

among studies in postmenopausal women. However, no

significant association of GL was observed in any subgroup.

In addition, the magnitudes of the associations between

dietary GI and breast cancer risk across subgroups were

similar and close to the combined risk estimate. Overall, the

associations between dietary GI and GL and breast cancer

did not significantly modified by these variables.

The sensitivity analyses omitting one study at a time and

calculating the combined RR for the remaining studies

showed the combined risk estimate for GI was not sub-

stantially affected by any single study. Of note, the sum-

mary RRs for GI were all statistically significant and

similar among each other, with a narrow range from 1.07

(95% CI: 1.01–1.14) to 1.09 (95% CI: 1.03–1.15). The

substantial heterogeneity in the GL and breast cancer

association was most likely attributed to one study [25], as

omitting this study resulted in a homogenous, although

not significant, result (RR = 1.02, 95% CI: 0.97–1.08,

Pheterogeneity = 0.47, I2 = 0%).

Publication bias

The Begg’s funnel plot did not show substantial asymmetry

(plot not shown). Egger’s regression test also indicated no

evidence of publication bias (P = 0.80 for GI, P = 0.37

for GL).

Discussion

The present meta-analysis of 10 prospective cohort studies

involving 15,839 cases and 577,538 participants provided

evidence that high dietary GI intake was associated with a

significantly increased risk for breast cancer. The highest

GI intake compared with the lowest was associated with a

significant increase of 8% in breast cancer risk. There was

no evidence of heterogeneity among studies on GI and

breast cancer. In addition, the GI and breast cancer

Potentially relevant studies identified through PubMed search (n = 44) 

31 articles excluded 
Not cohort studies 
Endpoint not relevant 

Full-text articles reviewed for more detailed evaluation (n = 13) 

Articles accepted for analysis (n = 10) 

3 articles excluded 
Retrospective cohort studies (n = 1) 
Exposure as continuous variables (n = 2) 

Fig. 1 Flow chart of study selection
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association did not significantly affected by study charac-

teristics. However, there was no significant association

between dietary GL and breast cancer risk.

In contrast to the previous meta-analysis [7], we did not

observe heterogeneity among studies on GI and breast

cancer. This is possibly because our analysis included

prospective cohort studies only and had an enlarged

number of studies. Unlike the previous one [7], we did not

perform main analysis separately by menopausal status.

Although menopausal status may have potential impacts

on the relations between GI and GL and breast cancer, our

subgroup analysis showed there were no significant dif-

ferences in the associations according to menopausal sta-

tus. For GL, the substantial heterogeneity was most likely

due to one exception [25], which found GL was strongly

and significantly associated with an increased risk of breast

cancer (RR = 2.53, 95% CI: 1.54–4.16). However, chance

may explain their finding as the numbers of cases

(n = 289) and participants (n = 8,959) were much smaller

than other studies.

In our subgroup analysis, the GI and GL and breast

cancer associations did not significantly modified by geo-

graphic region, length of follow-up, number of cases, or

menopausal status at baseline. In addition to these vari-

ables we examined, other factors are worth considering,

including BMI, waist circumference, and estrogen receptor

status. BMI, a predictor of insulin resistance, may affect

the relations between GI and GL and breast cancer risk.

The previous meta-analysis [7] has combined studies that

reported results by BMI categories and found the associ-

ations did not significantly differ by BMI. One subsequent

Swedish study [8] also did not find significant differences

according to BMI. On the other hand, waist circumference

is suggested to be a better predictor of insulin resistance

than BMI [29]. The French cohort study has found strong

and significant associations between GI and GL and breast

cancer among women with the highest category of waist

circumference (RR = 1.35, 95% CI: 1.04–1.75 for GI;

RR = 1.37, 95% CI: 1.05–1.77 for GL) [26]. However,

none of other cohort studies examined the effects of waist

circumference on the GI and GL and breast cancer rela-

tions. Similarly, there were few studies [8, 18, 19, 26] that

assessed the associations stratified by estrogen receptor

status. Moreover, the results were rather conflicting. Two

studies [18, 26] found a positive relation of GI or GL with

estrogen receptor-negative breast cancer, whereas another

study [8] observed significant dose–response relationship

between GI and GL and risk of estrogen receptor-positive/

progesterone receptor-negative breast cancer. Given the

limited available data, no clear conclusion can be drawn,

and further studies regarding these factors are warranted.

The positive relation between GI and breast cancer risk

potentially involves insulin. High-GI meals initiallyT
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produce a period of high blood glucose levels, conse-

quently resulting in elevated levels of insulin [2]. It is

known that insulin promotes growth and progression of

breast cancer cells. Two recent prospective cohort studies

have documented that insulin is an important, probably

independent, risk factor for breast cancer [4, 5].

Fig. 2 Meta-analysis of

associations between glycemic

index, glycemic load, and breast

cancer risk (D ? L: random-

effects model, I–V: fixed-effects

model)

Table 2 Subgroup analyses of glycemic index, glycemic load, and breast cancer risk

Group Glycemic index Glycemic load

No. of

studies

Relative risk

(95% CI)

Pheterogeneity I2, % Pinteraction No. of

studies

Relative

risk (95% CI)

Pheterogeneity I2, % Pinteraction

Total 10 1.08 (1.02–1.14) 0.72 0 10 1.04 (0.95–1.15) 0.02 55.6

Geographic region 0.22 0.12

United States 5 1.07 (0.99–1.15) 0.94 0 5 0.97 (0.89–1.05) 0.81 0

Europe 3 1.12 (1.03–1.23) 0.22 34.4 3 1.29 (0.99–1.66) 0.007 79.9

Length of follow-up (years) 0.52 0.36

\9 5 1.05 (0.95–1.16) 0.95 0 5 0.96 (0.86–1.07) 0.74 0

C9 5 1.09 (1.03–1.17) 0.28 21.2 5 1.11 (0.96–1.28) 0.03 75.1

No. of cases 0.80 0.59

\1000 5 1.10 (0.97–1.23) 0.42 0 5 1.15 (0.89–1.48) 0.01 69.5

C1000 5 1.08 (1.01–1.15) 0.68 0 5 1.02 (0.96–1.09) 0.16 40

Menopausal status 0.89 0.88

Premenopause 7 1.09 (0.97–1.23) 0.29 18.9 7 1.13 (0.90–1.42) 0.005 67.3

Postmenopause 7 1.11 (1.03–1.19) 0.16 35.8 7 1.02 (0.95–1.10) 0.4 3.4
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Furthermore, chronic elevated insulin levels could lead to

insulin resistance and hence type 2 diabetes, which is

significantly associated with an increased risk of breast

cancer [3].

Our study has several strengths. First, our meta-analysis

involved a large number of cases and participants and,

therefore, enhanced the statistical power to detect a sig-

nificant association. Second, all the included studies used a

prospective cohort design. Thus, the likelihood of recall

and selective biases that are always of concern in case–

control studies were greatly reduced. Third, the absence of

heterogeneity among studies on GI and breast cancer and

consistent results from sensitivity analyses indicated our

findings were reliable and robust. Finally, publication bias

was unlikely to account for our findings, as suggested by

Begg’s funnel plot and egger’s regression test.

Limitations in the present meta-analysis should be

acknowledged. Although there was no evidence of heter-

ogeneity among studies on GI and breast cancer, study

features were inconsistent. For instance, the ranges of GI

intake between the highest and lowest categories differed

across studies, which probably resulted from the differ-

ences in dietary assessment tools, i.e., the scales and con-

tents of the food frequency questionnaires. In fact, these

food frequency questionnaires were not primarily designed

to assess GI and GL. Moreover, residual confounders were

of concern. Many potential risk factors for breast cancer

were adjusted for in most studies, whereas smoking and

physical activity, two important risk factors [27, 28], were

controlled in only half of the included studies. Although

two cohort studies [22, 24] showed that physical activity

did not significantly modify the relations between GI and

GL and breast cancer, we still can not rule out the possi-

bility that these uncontrolled confounders might bias the

associations. Nevertheless, more complete adjustments for

potential confounders help achieve accurate results. In

addition, dietary assessment is inevitably subject to mea-

surement errors. Few studies [8, 9, 20] measured dietary

intakes more than once, and random misclassifications,

therefore, may attenuate or mask the true relations. Finally,

given the limited number of eligible studies, we were not

able to perform dose–response analysis, which prevented

us providing further evidence in support of the observed GI

and breast cancer association.

Dietary GI and GL are of clinical and public health

importance. High-GI food consumption has been hypoth-

esized to increase risks for obesity, type 2 diabetes, and

heart disease [2]. Recent systematic reviews and meta-

analyses [30, 31] have provided evidence that diets with a

high GI or GL, or both, are associated with greater risks for

many chronic diseases. Our meta-analysis with most up-to-

date evidence suggests that high dietary GI significantly

increases the risk of breast cancer. Reducing intake of

high-GI foods, such as refined carbohydrates, in the general

populations may offer benefits in preventing breast cancer,

which is the most common cancer in women.

In summary, the present meta-analysis of prospective

cohort studies suggests that high dietary GI is associated

with a significantly increased risk of breast cancer. How-

ever, there is no significant association between dietary GL

and breast cancer risk.
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